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15 Numerous sunscreen compounds are commercially available with varying
ability to shield the body from ultraviolet light. For example, the various sunscreen
compounds may absorb or block ultraviolet different portions of the ultraviolet
spectrum, such as ultraviolet light having wavelengths in both the UV-A range (from
about 320 to 400 nm) and the UV-B range (from about 280 to about 320 nm), or some

20  combination of both of these spectral ranges.

It has been suggested to use sunscreen molecules having high molecular
weights in order to reduce the penetration of the sunscreen molecule through the
epidermis. However, only a limited number of options for high molecular weight
sunscreen compounds exist. As such, applicants have recognized it would desirable

25  to have new polymeric sunscreen compounds (ultraviolet radiation-absorbing
polymers) that are suitable for inclusion in topical sunscreen compositions. It would
also be desirable for the UV-absorbing polymers to, when formulated, provide
compositions that are capable of imparting one or more of good spreadibility, low
gloss, non-greasy texture, waterproofing, high SPF, high PFA, and favorable

30  PFA/SPF ratio (broad spectrum protection). Applicants have discovered that UV-
absorbing polymers comprising a first pendant group that comprises a UV-absorbing

moiety and a second pendant group that comprises at least one siloxane linkage and/or



an i nternedi
used al one

I NVENTION 5 In one aspect,

havi ng t he

| east one, such as 1 to about 50, siloxane |linkages, b) a saturated or
unsat ur at ed hydrocarbon noi ety having an internedi ate nunber of 15 carbon

[ or c) a conbination thereof; each R
: isl to 6000; and inis 2 to 6300.

one enbedi nent, the’UV-absorbing pol ymer has a wei ght average nol ecul ar

at ons, such
i ndependent |

ate length carbon chain provide particul ar advant ages, whet her

or blended with other UV-absorbing polynmers. SUMWARY OF THE
the invention features a UV-absorbing pol ynmer

following chem cal structure: R R CHs-CCHs-C C=0 CcO OO

RI 10 . wher ei ' first t . t hat i
Ov- absor bi g FBieate [agtteretben dnaREaE Pl St B ab e SR LIE R
UV- absor bi ngidnkiopBRh&sd Wah btheR USLERREhiRE Pelgers. gr oup that conprises: a) at

is
In

wei ght of at |east about 2000 and conprises at |east about 5 nole % of RI.
enbodi pehaspeg2thednyangien dfatures abYortsoryngroelymesbavingthen anot her

| n anot her
aspect, the
a UV- absor bi

"HORY

S
CH2- i CH2 CGGOC0 OO RLR2Z nm

10

15

20

_ - - _
R' R'
I I
——CHz—ti‘. CHZ—(.l‘. —
=0 c=o0
I I
o o
I I
R4 R,

wherein R) is a first pendant group that comprises a UV-absorbing moiety, such as a
UV-A absorbing moiety, preferably a UV-absorbing triazole; R is a second pendant
group that comprises: a) at least one, such as 1 to about 50, siloxane linkages, b) a
saturated or unsaturated hydrocarbon moiety having an intermediate number of
carbon atoms, such as 7 to 16 carbon atoms, or ¢) a combination thereof; each R’ is
independently H or C; to C; alkyl; nis 1 to 6000; and m is 2 to 6300. In one
embodiment, the UV-absorbing polymer has a weight average molecular weight of at
least about 2000 and comprises at least about 5 mole % of R;. In another
embodiment, R, is free of UV-absorbing moieties.

In another aspect, the invention features an aqueous composition comprising

water and a UV-absorbing polymer having the following chemical structure:

i hvention featur an aqueous conposition conprising water and
ﬁék ﬁ@?wﬁgﬁvﬁgn?he foll owi ng chemical structure: 2 R R



wherein R, is a first pendant group that conprises a UV-absorbing noiety,
such as a UV-A absorbing noiety, preferably a Uv-absorbing triazole; R2 is
a second pendant 5 group that conprises: a) at |east one, such as 1 to
about 50 sil oxane |inkages, b) a saturated or unsaturated hydrocarbon noiety
havi ng an internedi ate nunber of carbon atons, such as 7 to 16 carbon
atons, or c) a conbination thefeof; each R s independgntly Hor C, to C 2
alkyl; nis | to 6000; and mip 2 tor6300, I|n one Renbodijment, the

UV- absor bi ng pol ynmer has a wei ght avérage Iecularlmeigrt of at 10 | east
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enbodi nent, R2 is free of UV-apsorbi g-go etjes. | | t her aspect, the
invention relates to nmethod of | prote¢ti ng nmal i anf skin or hair from W/
radi ati on conprising topically|applybng tp tlhe skirpor hair the

UV- absor bi ng pol yner of the inyentioh. 15 1n| anothef aspgct, the invention
features a conposition that cofmpriseBia fjrs UV- dasor bilng pol ynmer t hat
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i ncludes a UV-B absorbing noiety. The blend is capable of providing both
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pol ymer havica®oad aaishouthclRdit6 16CafBonhesikd)one) adsnbihgion thelevfl@actaR SisUV- A
absorbing noiety; and 2) a second WV-absorbi ng pol ynmer having a sil oxane
backbone andndehéndepﬂﬁﬁm&lt&@JWBYh@S&)ﬂtWﬁ@PQ?ﬁngﬂyl. 2tg 63ABt hepneaspect, the
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one sil oxane group, wherein the second pendant group is free of UV-absorbing
embodiment, R; is free of UV-absorbing moieties.

In another aspect, the invention relates to method of protecting mammalian
skin or hair from UV radiation comprising topically applying to the skin or hair the
UV-absorbing polymer of the invention.

15 In another aspect, the invention features a composition that comprises a first
UV-absorbing polymer that includes a UV-A absorbing moiety and a second UV-
absorbing polymer that includes a UV-B absorbing moiety. The blend is capable of
providing both synergistic SPF and synergistic PFA protection over a mass percent
range of the two polymers of at least about 40%.

20 In another aspect, the invention features a composition comprising a first UV-
absorbing polymer that includes a UV-A absorbing moiety; and a second UV-
absorbing polymer that includes a UV-B absorbing moiety, wherein the first UV-
absorbing polymer has a PFA/SPF ratio greater than 0.3 and the second UV-absorbing
polymer has a UV-B absorber has a PFA/SPF ratio less than 0.3.

25 In another aspect, the invention features a composition comprising: 1) a first

UV-absorbing polymer having a carbon chain (C-C) backbone and that includes a



noi eties; and 2) a second UV-absorbing polymer that includes at |east one
sil oxane and a second WV absorbing noiety. 10 BRI EF DESCRI PTI ON OF THE
DRAW NG Fi gure 1 shows the absorbance spectra for the UV-absorbing pol yners
of Exanples 5 and 6 and t he honopol ynmer of Exanple 8. 15 DETAI LED

DESCRI PTI ON THE | NVENTION It s beli d, that one skilled in the art can,
based upon the-AjRkserhing meityandi2 ?SWWW@%@H&P@ é‘?‘Ftrh?W\‘}‘gﬁtSHB%‘F‘“Fo its
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mol ecul ar wWgi,ghtoec v aﬂb‘?bihg%miét Bss ratio" as used herein refers to
rati o of the mass percentage one conponent to the mass percentage of a
second conponent, for exanple, two UV-absorbing polyners; 30 two nononers
that are used to react wth one another in a polynerization reaction; or
two repdft BRUEF DESCRIFITONOX THEDRAWING, after pol ymerization. Mass
rati o can be expressed either as a ratio of percentages that add up to
100% (e.g., 90% 10% or in "ratio format" (e.g., 9:1). 4 UV- ABSORBI NG
POLYMER Enbodi mefigurefl shbes thewvabsdrbercerspéatacfot the ddvipabsirbingpelynmab ofli ng an
ultraviolet _radiation-absorbing polymer, (i.e., "UV-absorbing polyner"). By
" UV- absor bi FgaBIDis|Syansio and; the h@mﬁﬁ‘&b@eh"fa@)’f%‘? 8that absorbs radiation in
some portion of the wultraviolet spectrum (290nm 400nm), and preferably has
an extinction coefficient of at |east about 1000 nmol-1 cm 1, for exanple

great er 1I5SharDEDADDEDDESORIPTOON OF THRINVENTION' cm 1, for at |east one
wavel ength wthin the above-defined ultraviol et

It is believed that one skilled in the art can, based upon the description herein,
utilize the present invention to its fullest extent. The following specific embodiments
are to be construed as merely illustrative, and not limitative of the remainder of the

20  disclosure in any way whatsoever.

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which the invention belongs. Also, all publications, patent applications, patents, and
other references mentioned herein are incorporated by reference. As used herein,

25  unless otherwise indicated, all alkyl, alkenyl, and alkoxy groups may be straight,
cyclic, or branched chain groups. As used herein, unless otherwise indicated, the term
“molecular weight” refers to weight average molecular weight, (M,,). The term “mass
ratio” as used herein refers to ratio of the mass percentage of one component to the
mass percentage of a second component, for example, two UV-absorbing polymers;

30  two monomers that are used to react with one another in a polymerization reaction; or
two repeat units that are present in a polymer after polymerization. Mass ratio can be
expressed either as a ratio of percentages that add up to 100%, (e.g., 90%/10%) or in

“ratio format” (e.g., 9:1).



spectrum 10 In one preferred enbodi nent, the UV-absorbing polynmer has the
chem cal structure: - (A)n - (B)m The UV-absorbing polynmer generally
includes n noles of a first repeat unit, A, and in 15 noles of a second
repeat unit, B. As such, the inventive UV-radi ati on absorbing polyner is a
copol yner t h Ill epeat units. The polyner generally

i ncl udes a H bonded carbon atons (e.g., a carbon chain
or CC backbone) from which pendant groups are attached. As will be

recogni zed by those of skill in the art, the "backbone" refers generally 20
to the portion oEmbedeaentuaf the inventiomrslaterter compositione insbidingan ulraviolttied t o

adj acent repeat. units. If nmultiple,suc rtions exi «the.backbone is
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bonded atons are consi dered péndant groups that branch fromthe backbone.
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| i nking group, e.g., an ester linking group as shown above. The CC

backbone gempgctiiuly consi sts of at | east about 7 carbon atons, preferably

from abgyt 7 o qhou 1090 AR AN T UVTRES g hEh ARl hoMaRRY 10 To

structure:

= (An- (B)m -

The UV-absorbing polymer generally includes n moles of a first repeat unit, A; and m
15 moles of a second repeat unit, B. As such, the inventive UV-radiation absorbing
polymer is a copolymer that has at least two repeat units. The polymer generally
includes a backbone of covalently bonded carbon atoms (e.g., a carbon chain or C-C
backbone) from which pendant groups are attached.
As will be recognized by those of skill in the art, the “backbone” refers generally
20  to the portion of repeat units in a polymer that are covalently bonded to adjacent repeat
units. If multiple such portions exist, the backbone is that portion of the polymer
molecule having the largest number of continuous and covalently bonded atoms. Other
smaller groups of covalently bonded atoms are considered pendant groups that branch
from the backbone.
25

30



carbon atons, even nore preferably from about 100 to about 4000 carbon
atons, and 10 even nore preferably from about 200 to about 3000 carbon
atons. The first pendant group, Rl, includes a first UV-absorbing noiety
(also referred to herein as a "UV-absorbing chronophore,”™ a "W/
chromophore,” or, for simplici " C hore" absor bi ng
moi ety absorbs i P PREe }I’(ﬁflgwtotttl"ééﬁls'ﬁ@@ﬁ?ﬁﬁ Yrﬁerorﬂéy}b ﬁepfeé?ﬂt%glrl?y%ﬁreferred
embodi nent, gifgvihg EidmibNsBR&ARPi Ng moiety is a 15 UW/-A absorbing noiety. By
"UV-A absorblng noiety," it is meant that the noiety has appreciable
absorbance in the UV-A portion (320nmto 400 nm of the ultraviolet
spectrum For exanple, when a conpound that includes the particular chem cal
noiety is cast into a fil it is pogsible to generaje a nolar extinction
coefficient nmeasured for at vel engkh in this wavel ength range
of at |east about 1000 noll| cm1,| 20 erably |at | east about 2000 moll cm
1, nore preferably at | HCHer€— T preferred

enbodi nent, the nolar extinction hggfficient aming at |l east 40% of the

wavel engths in this portio umis & Ceaft about 1000 mol | cm
1. Exanples of noieties th orbingg nclugle triazoles such as
benzotri azol es; canphors such as ene carnphor and its derivatives
(such as 25 terephthalylld ne di cgnph r sulfonlaza0|d al so known as ECAMSULE
or Mexoryl SX, available fomL' Oe dlbenzoylne anes and their

derivatives.i, & I gl §¥H%P ng
noiety is a ID@{A %Bg%%gﬁgﬁlte rﬁ?%lé%iegtrlglﬁl gla)e ﬁg/ﬁg%sor .er?gggg gyﬁsn‘g!tilﬁgne
a furtheb priefiskedeathe€ividdckimnt vial fbrexzdﬁpsle Jtadinhir@vdroep, b@t,lan phtet laskirghi | ity and

strong WV-A absorbﬁnce the UV-absorbing noiety is a UV-absorbing triazole.
5 By "UV- ab<EP4Riaighewn abd®e” it is neant UV-absorbing noiety containing a

five- menbered hejy gg{)@yb%k&ln 'g%r g@&n&%’ofﬁﬁ&?ﬂab@ﬂm %B%Fatﬁx‘ng rﬁ?%@ﬂ})@t ons

UV- absorbing triazoles Inc exanpl e, conpoun
(1) 10 OH Hidm abhéut 7 to about 7000 carbon atoms, more preferably from about 10 to about 5000

carbon atoms, even more preferably from about 100 to about 4000 carbon atoms, and
10 even more preferably from about 200 to about 3000 carbon atoms.
The first pendant group, R}, includes a first UV-absorbing moiety (also referred
to herein as a “UV-absorbing chromophore,” a “UV chromophore,” or, for simplicity a
“chromophore”). The first UV-absorbing moiety absorbs in the ultraviolet spectrum.
In one particularly preferred embodiment, the first UV-absorbing moiety is a

15 UV-A absorbing moiety. By “UV-A absorbing moiety,” it is meant that the moiety has
appreciable absorbance in the UV-A portion (320nm to 400 nm) of the ultraviolet
spectrum. For example, when a compound that includes the particular chemical moiety
is cast into a film, it is possible to generate a molar extinction coefficient measured for at
least one wavelength in this wavelength range of at least about 1000 mol cm’,

20  preferably at least about 2000 mol™ ecm™, more preferably at least about 4000 mol™ em™.
In a preferred embodiment, the molar extinction coefficient among at least 40% of the
wavelengths in this portion of the spectrum is at least about 1000 mol™ ¢cm™.

Examples of moieties that are UV-A absorbing include triazoles such as
benzotriazoles; camphors such as benzylidene camphor and its derivatives (such as

25  terephthalylidene dicamphor sulfonic acid also known as ECAMSULE or Mexoryl SX,

available from L’Oreal); dibenzoylmethanes and their derivatives.



R4 \N R21 (Il) R144 R7T4 NNNN NHo/ ~OH \CHZ\ \I 15 R15 R22
wherein each R14 is independently selected fromthe group consisting of
hydrogen, C i- C20 al kyl, al koxy, acyl, alkyloxy, alkylam no, and hal ogen;
each of R 5 and R22 are independently selected fromthe group consisting of

hydr ogen, C,-C20.al kyl. alkox 4~ acvl. al kyl.oxy, and al kyl am po, at | east
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al kyl', al koxysoriay triazelekyli/oxy Uvaasorikybeasdylethhie. ARaTuttiter pref@kddner of the
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| and Il are described in U S Patent No. 5,869,030, and include, but are
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(TINSORB M .Ci ba Specialty Chem cal s rparatio Greensboro, North

Car ol 1 na, | USSR REe gk EaiE SRS b PR et oyt ot hanes | nel ude
2-(4-diethyl amno - 2 hydroxybenzol)-benzoic acid hexyl kester,
commercially available as UVINUL A Plus from BASF of Parsippany, NJ. 15 In

one preferréb enbodi nent, the Uv-absorbing triazole is a conpound of
For nul aAh in which R14 is a hal ogen, preferably chlorine, RL5 is a butyl

group a R21 is -CH2CH2CO2C8H17 (which may be converted to an acid form
and subsequently OH R
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wherein each R4 is independently selected from the group consisting of hydrogen, C-
Cyo alkyl, alkoxy, acyl, alkyloxy, alkylamino, and halogen; each of R|5 and Ry, are
independently selected from the group consisting of hydrogen, C1-Cyg alkyl, alkoxy,



converted to an ethylenically unsaturated formin order to make it suitable
for polynerization). Such UV-absorbing triazoles are available as a blend
of octyl -3-[3 20

tert-butyl -4-hydroxy-5-(5-chhl oro-2H benzotri azol - 2-yl ) phenyl ] propi onate and
its isomer

2- Et hyl hexy2cd: flvlogyand afpilamingy 2 least one qfdRis and Bragios beig hydiogen 286 o
yl) phenyl ] er}Pls%@ﬁEﬂéd%mTCN@% N U%p%m(oi}v geyl%lz?lo&y%nd(alﬂéﬁfmfﬁ@r poration).

Anot her sui t'abl e exanp bing triazole is a
transesterificatilo ﬁopmdal dl,oa;ltholf of2h¢ B5or Ry groups may be oriented so as to be

tert-butyl - rreth ar bonyl.et.h r 0X benzotri azol e
with 25 pol WF% It‘%/lﬁlﬁ 53?3%“ éﬁ}ﬂ”@%g m&?ﬁ%ﬁ%ﬁw ]‘IBSSOI_E‘P&IW €393, al so
avai | abl f I Siat BEbHEsed Bose t hat
Ty Do r apr chent e e R E o RRT @“’“Wt‘?@%‘% Py S e aner ei
R19 and R20.as mmbkeqhmdgrlmhgk;d tarthe (qster)dnﬂ;lnigygrmla Iyt abrm;attsmhe CY-abyorbingoxy, nd
is O0to 3, and m (L, g 3. Either of the R19 and R20group nmay be
oriented so %%Zoﬂeotoﬁﬁe =C ¢ 8P‘I’y bonded to the (ester) Iinking group that

connects the LV- %@&Wn@rf&%oﬁiﬁﬂ%ﬁﬂ&@&ﬂ%ﬂ%@ah&’lﬁeﬂ@d&c%@@ﬁ#@@”?ate@‘ﬁ@m es and

the synthesis of such nono benzoyl met hane conpounds conpositions are
di scl osed i 15,869930Patdeintulie,. bud ark St ﬁﬁﬁtedmj natleylembehisbenzodmazolydt |inited to,

s ParsdD” 1 ToumeBuRU A Each I SR B EeaR ety Chemiraidy o RBiP Sor sey. USA).
2- 2-met hyl ¢, 0enpoM m%{'tn‘"@ﬁ?ohn% U hﬂtlregnﬁﬁ%ﬁf&ﬁ'cw NBbin

i sopropyl di benzoyl mét hane, 4- ter zoyl met hane, g-tert- butyl -4' -
met hoxydi bemizlnbyllzmﬂmleﬁmaes, 1n21).14e G+(AEhdtw1blﬂnﬂ®yI2r113ftli‘m<ryben22>1)5benzoic acid

di et hyl benzoy t hane, 4,4 d||
2- et my/l ﬁ@ F%%Vr C%nmwlqlrhft% B@I%ﬁm rom%ASF of Parsmpany,
2-met hyl - 5-tgpt-butyl -4' - met hoxydi benzoyl met hane 2 4- di et hyl -

met hoxydi benz()yl met hane, and 2, 6-di nethyl-4-tert- butyI -
15 In one preferred embodiment, the UV-absorbing triazole is a compound of

Formula I in which R4 is a halogen, preferably chlorine, R;s is a butyl group and Ry
is -CH,CH,CO,CgH,7 (which may be converted to an acid form and subsequently
converted to an ethylenically unsaturated form in order to make it suitable for
polymerization). Such UV-absorbing triazoles are available as a blend of octyl-3-[3-
20  tert-butyl-4-hydroxy-5-(5-chhloro-2H-benzotriazol-2-yl)phenyl]propionate and its
isomer, 2-Ethylhexyl-3-[3-tert-butyl-4-hydroxy-5-(5-chhloro-2H-benzotriazol-2-
yl)phenyl]propionate as TINUVIN 109, from Ciba Inc. (BASF Corporation). Another
suitable example of a UV-absorbing triazole is a transesterification product of 2-[3'-
tert-butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxyphenyl]-2H-benzotriazole with
25  polyethylene glycol 300, commercially available as TINUVIN 213, also available
from Ciba Inc.
UV-absorbing dibenzoylmethanes include those that may be represented by
Formula III:
(I



met hoxydi benzoyl net hane. I n anot her enbodi nent, the first

ul traviol et-absorbing noiety is a U/-B absorbing noiety. By "UV-B absorbing
noiety," it is neant that the noiety has 20 appreciabl e absorbance in the
UV-B portion (290nmto 320 nm of the ultraviolet spectrum In one

enbodi nent, the criteria for consideration,as a UV-B absorbing noiety is
simlar to those described above f A absorbi ng noiety, except that

t he wavel ength range is 290nmto 320 nm anpl es of suitable UV-B absorbing

anthranilic acid and alk : ; f‘; acid and al kane

esters thereof; dgﬂi‘=v i i g rer R i hydr oxy-,

di carboxy-, and hydroxy : cane es% mtd acid halide
derivatives thereof; , di carboxy-, dAydr oxycar boxychal cones
and al kane ester or acid halide 9 derivatives thereof, dihydroxy-,

di carboxy-, and hydroxycarboxycounmari ns and al kane ester or acid halide
derivatives theregf; zal mal opat,e (benzyl jd | onat.e)~ . henzim dazol e
derivativesV%@ﬁ@hﬁé§“@ﬁgﬁywﬂﬁgﬂg?hYﬁﬁi8&%%§h¥?g%kgﬁaﬁpﬁ,“%@gk'fxlﬁgkﬁoxazole
derivatives @3darf A€ isSlict BbEYhek e QN ahd REErSpeahE e 680RE] & &ftode

copol ynerization within the polgner chain. Particularly suitable UV-B
absor bi n§ ndirectlyewonidad faude (¢sterhbsking gregp thet veopsietsibon BY -abrerting absor bi ng

di phenyl cyangacryl ate deriyati xes., .Exanpl es of benzophenone derivatives

i ncl ude thogngﬂﬁ’ e&ﬂn?kﬁxﬁk%ag3dgp89ide protection of the skin from W
radi ati on, for exanple, such as taught by U S. Pat. No. 5,776,439. 10
Preferred conpou bR LHg 5 O%Y sk heys p one")
and 2 2 i hyr xR B e e
hydr oxybenz egmpbstiyis diedizclatel i Ty dPaxytden 2c180@50aed jnclkdeabym aes natf

di phenyl cyanoacryl ate derivatives incl ude

[ 2-ethyl h I
2- cyano- 3, 3Jmlﬁﬁéﬁﬁ-clzl-dw%ﬂﬁ@abé"(In%wéﬂgﬁﬁmﬁm)ﬂe%%@(anéeIH@n? fadsalds. 15
| \ ) ' . . . b
i oty. o EnPRRSQr Lo MoBRe ol R e AR, RS e oy S
UV- A absor ki Danetbyleibgnzayihd cthiasd, 4pmefisit-dideyizaylbthaixsde bi ng triazole. In

addition to the UV-absorbing noi etr%/, the first repeat unit, A of the UV-
isopropyldibenzoylmethane, 4-tert-butyldibenzoylmethane, 4-tert-butyl-4’-

methoxydibenzoylmethane , 2,4-dimethylbenzoylmethane, 2,5-

dimethylbenzoylmethane, 4,4’-diisopropylbenzoylmethane, 2-methyl-5-isopropyl-4’-
15  methoxydibenzoylmethane, 2-methyl-5-tert-butyl-4’-methoxydibenzoylmethane, 2,4-

dimethyl-4’- methoxydibenzoylmethane, and 2,6-dimethyl-4-tert-butyl-4’-

methoxydibenzoylmethane.

In another embodiment, the first ultraviolet-absorbing moiety is a UV-B
absorbing moiety. By “UV-B absorbing moiety,” it is meant that the moiety has
20  appreciable absorbance in the UV-B portion (290nm to 320 nm) of the ultraviolet
spectrum. In one embodiment, the criteria for consideration as a UV-B absorbing
moiety is similar to those described above for an UV-A absorbing moiety, except that
the wavelength range is 290nm to 320 nm.
Examples of suitable UV-B absorbing moieties include 4-aminobenzoic acid and
25  alkane esters thereof; anthranilic acid and alkane esters thereof; salicylic acid and alkane
esters thereof, hydroxycinnamic acid alkane esters thereof; dihydroxy-, dicarboxy-, and
hydroxycarboxybenzophenones and alkane ester or acid halide derivatives thereof;,

dihydroxy-, dicarboxy-, and hydroxycarboxychalcones and alkane ester or acid halide
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absor bi ng pol yner, generally includes a functional group R, which may be,
for exanple 20 a hydrogen atom alkyl group (e.g., Cl1-Cl2), or the like. In
one enbodi nent, R has a nol ecul ar wei ght of |ess than about 100, such as

| ess than about 50, such as less than about 30. In one preferred enbodi nent

Ris a nethyl .gr.ou Lt referred that the R [ is.{r

UV- absor bi n&ew&tlgﬁptggr'eofrﬂgly e fﬂ‘:&? oher %Ih({ hyéi]: O’iyﬁ%rg?’?}%égltl}nrgréltbseag@ aﬁ{%‘ln%, A, may
be from aboylielGAcidhaBBOWrivagPesRQEot; Bingilfialabi (bé2Pliddhemalet) 0 about 700,
nore preferably from about 200 to about 500. The nunber of first repeat

units, n, péenzwpidagele derpeatiges (seeh anpbenyt bynzilivagrolsessutfomimacidbBB®AL t o about
6000, preferably fromabout 2 to abo 350Q, r er ahl rom about 5
Lo about 25600k IedR AT nd el F‘é‘gﬁw Relionied sBEFTRBLoh " ST00 250" The

ul travi oket vhadlimtiiAtoahe@inthé polp@kydHin general Iy includes in noles of a
second repeat unit, B. The second repeat unit, B generally includes second

pendant group, Rartighlaely spiéablg HN R abserhingmoictieninelgo HY -dhsarbiftor exanpl e, an

ester linkin roup. 10 unber .0f second repeat .uUnits,J nol ecul e
(e.g., on a\pgyégﬁs@nﬁsavdw-aﬁogﬁgnggg)u nggxa{)lg%:gggtf %%%%f,vg%r%’%agirp é‘“%ﬁ’@ from
about 3 to 3bRAHhANAL deriiiiedihlligs MBidKknobvhamiRRBUb pidvidedpraleeritn TR0, and
even nore preferabt%lfrom about 20 to about 2000. Ipn one enbodi nent, the

second pendakin frpmo LY tadiatiot, Spraaxemplys sugh as taght byds.Sekat. Wo+5719439i de an

appropri.ate unt of space between UV-absorbin ieties ((R) that , are
present lﬁ hr ﬁ%nﬁ%?ﬁ CqppY -lﬁﬁlélg‘? %ﬁx&roﬁ%ﬁ-- E?ka’ﬁ'%toﬁﬁ?ogﬁg%ﬁﬁg% rfeh% second
pendant groqm-aiﬁy&kﬁa-lﬁéthé&&be&%?haioﬂg(’ﬂwx?béragne"%&aieﬂﬂﬁlahﬁ& second pendant
group may also serve to facilitate intimate m xing with other conponents

(e.g., hydr dydwosylenzed hpwyldanzopte (fihydiexybenropkinongi. Exemplesfoér abl y, the

spacer group.i.s sufficien Q i nt aj h dr ophobi har acgt.er of the
pol yner . m&&?ﬁ?ﬁcxar‘}8a°§g‘a%eqt¢“§¥'§8i)‘%h‘gﬁ?&ﬁwﬁﬁxxgﬁf%ﬁnog’u%ﬁlpﬁwﬁ' aor di nary
hydr ophobi CigkdpehSaté VcideyYHBY) anH 8 dbfltivés 1s difficult to dissolve,

di sperse, emul'sify, or otherw se render the UV-absorbing pol yner phase

stabl e ilA a coshevicenbydimentethe A -ebsosing polymasingludes, a surgle Bdeandrbpandant
ol I 'owi ng: _ (P95 T GRsmisRanER Bihge (1V-Ssotie FPRRAGETEAR 40 P om 1 to
about 50 sil,8¢APiRg hoNRARE mdARK SreREMN ¥ UM-Sb AR Haole.
In addition to the UV-absorbing moiety, the first repeat unit, A, of the UV-
absorbing polymer, generally includes a functional group R’, which may be, for example
20  ahydrogen atom, alkyl group (e.g., C,-C12), or the like. In one embodiment, R has a
molecular weight of less than about 100, such as less than about 50, such as less than
about 30. In one preferred embodiment R is a methyl group. It is preferred that the R’
group is free of UV-absorbing moieties.
The molecular weight of the first repeat unit, A, may be from about 150 to about
25 1000, preferably from about 200 to about 700, more preferably from about 200 to about
500.
The number of first repeat units, n, per molecule (e.g., on average), may be from
about 1 to about 6000, preferably from about 2 to about 3500, more preferably from
about 5 to about 2500, and even more preferably from about 10 to about 1500.
30 The ultraviolet-radiation absorbing polymer generally includes m moles of a
second repeat unit, B. The second repeat unit, B generally includes second pendant

group, R, which is linked to the C-C backbone via, for example, an ester linking group.
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to about 20 siloxane |inkages, and nore preferably fromabout | to about 20
sil oxane |inkages, even nore preferably fromabout 1 to about 16 sil oxane
| i nkages, even nore preferably from2 to 15 siloxane |inkages, even nore
preferably from2 to 10 siloxane 20 |inkages, and nost preferably from2 to

5 siloxane linkages. In one preferred.enbodi nent of the invention, the
si | ona)rie | i nLageg%E\Plémg?rioﬁéﬁ‘%“g repetmyEd4n, Helﬁmé?%(ﬁ’tﬂﬁé?'ge%l%‘?\fﬁg Im?yhl?f si | oxane

| inkages ar goff ARGNEE abblis308! 1%(@%%@ frbBERS 1880 D00, Hr€ pieferglgani c
functional groups, e.g., an alkyl group, such as a nethyl group; (ii) a

hydr ocar bon fiooi atoyt 1 Gtecboeis3080 and everambrsrprefeiablyyrans abeut 20 ¢o ahout 2008y nedi at e
nunber of carbon_atons., Syitabl.e exanpl eg include C7-Cl6 hydrocar bon
noi eties, such aén@ﬁﬁgoﬁinﬁ? : ﬂlj’rSSEfHEi.pepaa’gﬁéoﬁrlé?eﬂ?aﬁar FABRAMARRTYSE  the

i nventi og, A &I of shabd BAFELYURFLIRBEREL mbiktidd Gd ) &lat
enbodi rregt %?E%V%%?%ggoggﬁte% et yoisz)abr anched. The selggorrrlld rlepeepe(at1 tjlnit, B,

al so i ncl udes mresat tnckghoncthe diédabspriviog pRlymeni bithissgmb@iimers, thheewade or
different than the first fu iqnal .group . R of first repeat unit A. That
s, | Cecond PEHEE PioHAIS Broths Ky anopufs. efttshes strghi SsRitbenhb al ky)
group (€. 9. mialsdLee toqacirli%lge ihtﬂﬁte m&g}r@;\git?m@ﬂé&ﬁﬁﬁmn@ (9@% hedisphasyl ar

wei ght of |ess$s than about suc ess than about "50; such as |ess
t han about 306mpbments)en heafoarposiioanbodi nent R is a nethyl group. It is

preferr that the rqup is free .of - absorhi ng noi eties. .The nol ecul ar

wei ght gg t he se%é‘?\‘grapg’pg’&tsl’ﬂ?ﬁrtg,m‘@,ls ci5at tPrrB?Hﬂégb@F hié‘@pﬁ%blcabout 1000,

preferably f , out 100 5 to
_Ichﬁe}gt@?%gg g) nfe?. gﬁ@%{/eéﬁl@ Sgﬁf Eﬁoﬁlb?ﬁ&ﬂ@%b%cﬁf&%@lp

about 250. 'ng pol yners us e present invention are
preferably ektraarihatynhydreplabicityes thelmbymerrsgcinthaeit iedifficdt teuddsolvhey are

highly suitable for farnulation into topj sunscreens. By "rich" in

ul travi ol et 4 §’E§Fatﬁni‘+§351%bi°éﬂ gwisg ender t%ﬁgia‘ﬁ'?é%%i?g?ﬁ]@n&ép%%ﬁ?&f By nol e of
first repea i Le 1 i from
about 1006 ¢ S APerAlly BetsP ke A PR o oot Bkl D R R 0, PR prcer
groups dfe eepeat eiiyy Balosayrihcludé eithehbcboth af hetthBowlgalisatribasngne sillxgnet- nay be
a honopol yner with a C C backbone gnd pendant groups with on ol nore

UV- absor bi ngl1Ry L!’cﬂfa_&g sush@s %‘B%QHI)%?PFSQS ng agﬁ?aé’r‘ffF’é‘Qf)yot%’WL%‘leo_rbi ng
moi eties) . L0 68k bailoReRkiRy, ARG BRatSbly H6n TBOE ASTBEM AUSGIoREnd | St

repeat units,
linkages, even more preferably from about 1 to about 16 siloxane linkages, even more

preferably from 2 to 15 siloxane linkages, even more preferably from 2 to 10 siloxane
20 linkages, and most preferably from 2 to 5 siloxane linkages.

In one preferred embodiment of the invention, the siloxane linkages are
linearly arranged; in another embodiment the siloxane linkages are branched. The
siloxane linkages may terminate in organic functional groups, e.g., an alkyl group,
such as a methyl group; (ii) a hydrocarbon moiety, such as a hydrocarbon moiety

25  having an intermediate number of carbon atoms. Suitable examples include C7-Cj¢
hydrocarbon moieties, such as C;-C¢ alkyl groups. In one preferred embodiment of
the invention, such hydrocarbon moiety is linearly arranged; in another embodiment
the hydrocarbon moiety is branched.

The second repeat unit, B, also includes a second functional group R which may

30  be the same or different than the first functional group R’ of first repeat unit A. That is,
second functional group R’ may be, for example a hydrogen atom, alkyl group (e.g., C;-

Cyp), or the like. In one embodiment, R has a molecular weight of less than about 100,
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15 n, to total repeat units, ntm is in a range from about 5% to about 90%
or 10%to about 90% and in certain enbodi nents, such as from about 25%to
about 70% In certain enbodiments, the nol e percentage of first repeat

units, n, to total repeat units, n+mis fromabout 25%to about 40% such

as from30%to 40% .ln on nbodi nent ., _the ravi ol et- absor.bi.n by mer

i ncl udes nos?cz“ﬁéi 5 H}?Ptagmﬁf ’%&cﬂéﬁf%ﬂa’ﬁn %Bé)blg%(ﬁ' Tt pﬁtf egis elnébﬁgh e&&%% B,
descri bed aR@yhyl bfoudnetib prefaroaqRitMRIR ", grbhifis fiek bf BVi-siseibing@dbtiéson absor bi ng
pol ymer includes one or nore additional repeat units. These repeat units
may i ncl ude repedhe umileatlseighi@f the seeeiidirepesapniy B.rraay bt Bemabswt 04§  gr oup,

il h b , h ' '
conbi nat 1 ondoal 00T PRI EERE S RSLEH Ruo ot ORI ORRL T PRl B0 i o

for 25 exang ghova26st er |inking group. The additional ultraviolet absorbing
group may absorb over a simlar spectral range as the first ultraviolet
absor bi ng group ghedBfrebsbing pelmearnigeful An thepiessneinvertion g proferadsor bi ng

groups i ncl ud?l};ge%ﬁt?%vﬁél%é%)&?)fqiggél:o\l’egifei % SF‘%@PGYQ%@@?@?%‘%@@%%i vatives. In

anot her enboll trav roup may absorb

over a di ssifsinhAdtichife! thpicall wAGReadS. BYeTichT mtulithdibRihBoeing RRtRE NPis30
group. Repeat unit A, repeat unit B and the additional repeat units may be

arranged | nmeaat thaiibe penspatege byrawoleeoddfirpl repeat huits, ape satalrapeas unisy nh@ ar r anged

such th alternate, in .block f, vari ous. r f.repeat units, or be
Fandont yVar Piigadh S sk fectn PR R g Do CREE BalVp&TS Parcthlabes

radi at i on- aR9eyDtHRG PR BRIps fe enBitd]y hbdeRNL invwhicHRaRNARLIUIV-hisoFAgce the

| i kel i hood of absorption into the skin, and therefore the body. In one

enmbodi ment @blymes mayhera hamopal yreemwitlee (@ badhdioghandpendant grapps widh ohet

radi ati on- absor bi olyner is.greater than about, 2000, |In t.her, .5

babodi mont - OF Ao Lo HI s moBHES o fi srBRLEERPS b s s Of B H PRl Moo of
absorption ipdigidsh elnsc,léhaiin preferr8@bm®Bdikicaty, fieGible Bt@ﬂﬁeﬁ%é Sf fikisf fep&atuhitd, 0

di ssol ve, disperse, emulsify, or otherw se nmake e absor bi ng pol yner
phase stlabl e, iofotal capsatatnits at-tny, is ace spgaliom awut §%rto absutHes or 1A% tool ecul ar

LeL O o o0 B KREE IR BhSShSh, SRETaRRNLe 090 B, Tt =0
uncr 0ssl i nkegrtaif REbIBINRGY, Me WEleGceRfagt BEAlNBLHUNRE N to RAIYERGL G, Pe from
about 2000 to about 1,000,000, prefer a%l y from about gg 000
n+m is from about 25% to about 40%, such as from 30% to 40%.
In one embodiment, the ultraviolet absorbing polymer includes no repeat units
20  other than repeat unit A and repeat unit B, described above. In another embodiment, the
ultraviolet-radiation absorbing polymer includes one or more additional repeat units.
These repeat units may include repeat units bearing an additional ultraviolet absorbing
group, a siloxane group, a hydrocarbon group, or another organic moiety, or
combinations of such groups such as may be linked to the C-C backbone via, for
25  example, a ester linking group. The additional ultraviolet absorbing group may absorb
over a similar spectral range as the first ultraviolet absorbing group present on repeat unit
A. Examples of such UV-absorbing groups include benzotriazoles derivatives and
benzophenone derivatives. In another embodiment, the additional ultraviolet absorbing
group may absorb over a dissimilar spectral range as the first ultraviolet absorbing
30  group.
Repeat unit A, repeat unit B and the additional repeat units may be arranged in

various manners. For example, the repeat units may be arranged such they alternate, in

blocks of various numbers of repeat units, or be randomly arranged.
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and about 750,000, nore preferably from about 50,000 to about 500, 000. In
one enbodi nent, the polyner is a |inear polyner (i.e., includes no
appreci abl e branching other than the presence of RL, R2, and R). 15 In
order to reduce the |ikelihood of penetration of |ow nolecular weight

hove o (mmesor TGBeEsu et By bibafiorh Pl s BT MU BerRs whi ch s
| ess than at&‘ﬂﬂicwrﬁ%h@&'@ﬁbt@ﬁ tJ> Rfaicd MRNikalIEd ok dbsciPdh o IR SRin! g about

0.1% By "low nol ecul ar weight species,” it is neant those species that
have a nol eché¢raforevdiediodyt Fraeng gnlb@smentzﬁ theharentisouthe Mgecularwaightead theo

enhance wat er,-resi readi bi l.it bi oI yrrer may,
Th certain aHbarFeAB AR e TRart rich i Ao RRE00 ol YT Cart ai
enbodi Ment s, e B Hédt! R inf|&uldr 36Hi gt i PR gﬁlaﬁ&rgtmtsgedmkmikeﬁﬁao&@ﬁ/e a wat er
solubility that is |ess than abouf 3% preferably | ess than about

1% by 25 wel@mrptlaymw\/&te@ﬂmsbumtlsomgh S|Ut3h that mdnfﬁctui@ommﬂndlmsyht

per cent age of rel at us that can aced
ot o 100 gr amIGE6F Puretie skt Tl B e Lo e L o EParRal e

obt ai ned anchca@;;iw@@arﬁeﬁu,&é b%hhm@ﬂ@é@%avelgtﬁ%fmeaﬁVEMbﬂblﬂ d}ﬁﬂ?fﬁé’ﬂrﬁw at
roomtenperature for hours. Furthernore, in certain enbodi nents, the

UV- absor bi nggrpasérythan abcslta@@() rbabnqt somglfthetethopolwmr bedoinees eriselinked. t hat are

i spor st RIS R mer R ShEtoleeSRTRRRLAPRE Y ok Fhine. " ©

moi eti es thalolyhér théy Be ﬁrH&%bH?IUOO tBBYRY , FHRIR0L ﬂeﬂz‘fiﬂl‘j‘%oﬂﬁé&m sgoe0ich as
sul fate, sulfonate, carboxylate, phosphate, phosp onates; cationics such as:

13 ammoni umandrabbutdhﬂqm@omore prdferabl:afrdnlahoat &ng)%mboutrﬁ@pi&& dg onpyri di ni um
i m dazol iniu d|n m Ien Jum tterioni uch.as

anmoni oal kyl c%b‘ﬁ?ﬂt é’ﬁh@‘?ﬁrdé’l’ [49%'58?’ eFt elrlc a{p@{eﬂag)?eﬁg [‘fg‘l%sor bi ng
pol ymer freeypdr thﬁ{]ﬂhg@ggsgnmmll, RS aﬁay{’j orma nore durable water repellant
coating 5 on the skin and enhancé spreadi bility. The ultraviol et

radi at i oi$- absor biIngreaity netucerthe likaliboal ofgienétregiopeif hlew grolerulaglvessghtt r ansi ti on
L omper 2l LaL gl SR e PSS e A IR desir bl
(mass or number) fraction of low molecular weight species which is less than about
5%, such as less than about 1%, such as less than about 0.1%. By “low molecular
weight species,” it is meant those species that have a molecular weight that is less
20  than about 2000.
In order to enhance water-resistance and spreadibility, the UV-absorbing
polymer may, in certain embodiments have a low water solubility. For example, in
certain embodiments, the ultraviolet radiation-absorbing polymer may have a water
solubility that is less than about 3% by weight, preferably less than about 1% by
25  weight. By “water solubility” it is meant the maximum weight percentage of polymer
(relative to polymer plus water) that can be placed into 100 grams deionized water
and agitated so that a clear solution is obtained and remains visually homogeneous
and preferably transparent at room temperature for 24 hours.
Furthermore, in certain embodiments, the UV-absorbing polymer is desirably
30 free of ionizable moieties that are commonly present in so-called “polymer latex”
compositions to facilitate dispersion of the polymer in an aqueous system. Examples
of ionizable moieties that, in this embodiment, may be absent include anionics such as

sulfate, sulfonate, carboxylate, phosphate, phosphonates; cationics such as:
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the UV that is sufficiently high so as to nake it suitable for use as a
sunscreen for the 10 human body. In one enbodi nent, the polyner, when
dissolved in a suitable solvent (e.g., DMSO ethyl acetate, tetrahydrofuran,
or the like) and spread or cast into a thin film has a nolar extinction

fficient d. for.at | east. length within the LV t
and mror e pr SFURSBHY: ISR BRRK, Wit R R iyl RO BURRRD ol -1 o

4, such as 3ilLekhiuahamidiRRAD pBB cthEBhemirfahz@itefibnic®ssdh aabout 4000 nol e
15 cm1, or even 10,000 or 100,000 or 1,000,000 nol "' cm 4. Polyners of the

present i nvemmemoaiylsuléonsim ameiniealkylsashoxsdaiensmphogcetaiat AddY-dbsolingi n t he

art. For exanpl e ui t-abl.e .pol rs_may be formed addi ti .

oo yrror | zat Sy 4 Q3O oty eS R Ko R B O bt soatipe s ¢ ab
et hyl eni cgal Idhm@g@hqh@@ﬂ@ne@g%emisﬂitﬂhe resulting polyner nmay have its
repeat units 20 alternating, block, random graft, star or other

configurations. Fore Witayipleeradigtioniahgarhing\pelymedrymasrhavay meltingpeinber & eacting a
first ethylenicall.y unsaturat cormpound noner i ncl udes an

i avi of ef - s dPmr g R Bt B i TR RS A T Snomery that
includes, for exaiplfrthér dBRable AP HeTBMIabs@bink @RFIM@ MavS bk SBBFRAntd kage. I n
anot her enbodi nent, the second 25 ethyl enical 'y unsaturated nononer includes

a hydr ocar bahe ki tatis suffishenaly hagh $pyadrto ceakb dirsuitable for usaws agueserdentfenthedi at e

rurter o oL A0S oL ARG, e U B 250 ARSI of
1,1"-azobis ((%exga,m@l, %?K%ﬁa)te,%ﬁih?@@ﬁﬁaﬂ,%rma aNdspiad 6068sEnto a fAPONT  Of

W mi ngt on, |'aware, of other suifable initiators. I'n one enbodi ment, the
first 30 et hylmehagamojargntinetionaoeicimirpeanuded for htides oae BWdvelengboyithimg

gﬁ : ,? ;%I eTBSntt%/iﬁ ﬁgﬁg&?%g&;égéﬁ%@gﬁe 6\Pgns%>gét¥drr?,zo a(taleasEtX a%gBtl ﬁ)%)OOf
2' hydroxy- 5' g Bt et Isubioxy At et M&PY@O&%M‘%P&@&% 183t MJut 4660 mbhe

met hacryl ated benzotri azol e descri bed i n Exanp es 15 and 19 below. In
anot her 154 emiybaireeert 10,0001 100s200atrHy008{I00andly corisat ur at ed compound i ncl udes

a dibenzoyl neth . One .such suitable nmonoper is a hacryl at ed
Gi benzoy! mot hane PUHBAR A 11 PG 1) EMESRLIHRY B SOMHS 76t oTHETIRle Bhd
et hyl eni cal | YeBgatddval RGh& AP POk afiBYe, SEdbIdSO! §1‘s'r§z§?§@fo§mbd Bf a@fiiosuch as
acryl oxyal kyl pol ydi met hyl si | oxanes. One sui tabl e exarfpl e of such

polymerization, such as via free-radical addition polymerization of suitable
ethylenically unsaturated monomers. The resuiting polymer may have its repeat units
20  alternating, block, random, graft, star or other configurations.

For example, the inventive polymer may be made by reacting a first
ethylenically unsaturated compound (monomer) that includes an ultraviolet-absorbing
moiety, with a second compound (monomer) that includes, for example in one
embodiment, at least one siloxane linkage. In another embodiment, the second

25  ethylenically unsaturated monomer includes a hydrocarbon moiety, such as a
hydrocarbon moiety having an intermediate number of carbon atoms. This reaction
may take place in the presence of an initiator such as AIBN (azobisisobutyronitrile) or
1,1"-azobis(cyanocyclohexane) available as VAZO® VA-40 from E.I. DuPont of
Wilmington, Delaware, or other suitable initiators. In one embodiment, the first

30 ethylenically unsaturated compound includes a UV-A absorbing moiety. The UV-A
absorbing moiety may be a benzotriazole. Examples of suitable benzotriazole
monomers include 2’hydroxy-5’-methacryloxyethylphenyl-2H-benzotriazol as well as

the methacrylated benzotriazole described in Examples 15 and 19 below. In another
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a nononer i s nononet hacryl oxypropyl pol ydi net hyl sil oxane (nPDV5S), such as
nPDVS havi ng average 11 sil oxane |inkages. O her nononers that include a
sil oxane that nay be suitable include Cl16 H38 Cb Si 4, 2-Propenoic acid,
2-methyl-, 3- [3,3,3-trinmethyl-1,1- bis[(tri met hyl silyl)oxy]-1

di si | oxanyl ] pr.o ester. (al s as Rl S . nPDMS and TRI' S
are comre?/c}eg?q(’gﬁ/‘%%ﬁﬁ" @Fé eftp, c@glp’é’gfat‘t“ﬁ[?d CBWPOMDWE@E?% e, Pennsyl vani a.
I'n anot her efhady ﬂﬁmhanah@né%ﬁamnﬁm@xﬁ&ﬁhfe@ éa)’m‘é@ﬁé’ré'lhrt &ﬁe&%gm%fm i's an

et hyl eni cal | y unsat urated organosi | ane. "et hyl eni y unsaturate
or ganosi | anehowitin irseneanExanaply 10beloav. i ous conpounds that include at |east

t inal Si-Q.R 15 R f I h
eyt oy o WS e et b eI ER) 3 5"
sui t abl e set j i I, I
11 ot honys AR, S8 4 HPABUIBN RO AIEARASIARE. | One IRDRCIUBIOITSIR

atom, commex mominhcjr isvminbaethacyboxZp&P3 Dpdly dimebBoxsiloaanangn RID M) ,dslua]m ds
M chi gan. e.second et hyl enic n at ur at ed

ot her enbo |ment t
compound i ﬁE*ﬁH@hﬁ’lWﬁ/ﬁfe&% Boﬁ‘}lo?‘ﬁﬂe t“}‘agf’ssuc thﬁEmBH%mﬁ‘é\%ﬂdn YS9 %t er medi at e

nunber of c¢ a@@PI
nmet hacr yl at Zsréllagﬁahve i tﬁ%{qggycl%égl%g CIF tPg% r?é t her O?Eﬁéﬂég&g ﬁ{ethyl cl3ude a C8
acryl at e sudB,3a%trimethylt il b@a[(t;dhmthylmllyizmﬂﬁdﬁ)fﬂﬁﬂdbﬂ-ﬁ)é ,(al@o ﬁ.’kﬁvn as

met hacryl ate_such as | auryl [ H2C=C( nd t he
like. 1s@oct Jngcmnaméﬂaw&Dq\gé i Tﬁé@ ﬁ@@mnﬁr@alléa@%%@ﬁﬂ gsy/Ingveli | abl e
from Si gna- Mﬁis@ﬂle Eeﬁs whYi s, Mssouri. Alternatively, the UV-absorbing
pol ymer may be e’ %st- poI yneri zation addition of the pendant groups

to the polymer. F[nraneﬂlaﬂﬁhbodlmren‘adreyslecmdmﬂl}yemmlb@nsmtgramedmjnmanndmsiwdr| de
functionality 63]3’ synt he zed, .30 fol]owed by reaction of that polymner
with a UV- ic satyrag %mﬂéne I%efrﬂ@ﬂ?m%b’m“@é‘luwe‘h?rtgawlﬁ@e t he

UV- absor bi ng; (10} &hY, Ay 3f ki tc% R'o&(élﬁ%ﬁﬁ 1nt§’Héletﬁt?%a§t ﬁ@&ﬁhfﬁa hygride

copol yners |nclu e fo exanp oct adecene elc ydri de
copol ynels) clarkape whaﬂelwlsa/ﬁnbMaéglfoup rsndlir‘mwn@ﬂkyl?,mryll andyl azrmcﬁgrﬁthaz AN 15
copol ymers (PVM MA copol yner) commercially available from] SP.

Al ternativel @nCth{}ah%Pb&y@ﬂﬁ:E@rﬁ‘é‘Hﬁ@éS‘éE"P]é’ret]@flef(l?ﬁa”cyﬁ)né%tﬂiﬂt?dcorﬁé@%ﬂé%sbe used
as a starti qgetﬂ?&?@&propyl trimethoxysilane (which has 3 siloxane linkages, from a common

silicon atom), commercially available as Z-6030 from Dow Corning of Midland,
Michigan.

20 In another embodiment the second ethylenically unsaturated compound
includes a hydrocarbon moiety, such as one having an intermediate number of carbon
atoms. Suitable examples include acrylates or methacrylates having a C5-C4 alkyl
attached thereto. Examples include a C; acrylate such as isooctyl acrylate
H,C=CHCO,(CH2)sCH(CHj3),; a C), methacrylate such as lauryl methacrylate,

25  HyC=C(CHj3;)COy(CH,);;CHj3, and the like. Isooctyl acrylate and lauryl methacrylate
are commercially available from Sigma-Aldrich of St. Louis, Missouri.

Alternatively, the UV-absorbing polymer may be made by post-
polymerization addition of the pendant groups to the polymer. For example, an
acrylic polymer having a maleic anhydride functionality may be synthesized,

30 followed by reaction of that polymer with a UV-monomer such as avobenzone,
thereby chemically attaching the UV-absorbing moiety via an ester linkage. Suitable
maleic anhydride copolymers include for example PA-18 (octadecene/maleic

anhydride copolymer) commercially available from Chevron Phillips, or Gantrez AN

15



Pol ymers of the present invention may be used, for exanple by conbining the
polymer with a suitable cosnetically acceptable carrier as described bel ow
The 5 incorporation of polymers of the present invention into such
conpositions may provi de enhanced SPF (primarily UV-B absorbance), enhanced

PFA (primarily UV-A rhance) or. enhancenent . bot h,,«d ORIl CAL .. OSI TI ON
10 | ﬁ]pone erf‘t‘%aliymfﬁs[ (,PW@A‘%&?QP fnc?ﬁ) cogﬂﬂ?{cﬁlggg gv%gaﬁ?{)eo@?lfliléﬂ éﬂﬁe{“ﬁ}}’ Yt or
t opi cal / cosmethygrot§suckMamadid st dF (1RethjaRrylR@ciilumbe e ad £st@rting ddhiefaceous

surfaces such as the skin or hair), especially the skin, is provided. The
conposi tion i ncl Ridymensioé thapresent ipzenfipnapaobonsed. oo eyareple by sembbueg ther ei n.

The concentration of, the, .inventi.ve, UV-a r bi n 0 20 va from
0 G055 Lo aHRYRStoREh by bl bRy A ST Sid R e B Rie L L0 <00,
nore prefser g@kotpbraoh apgﬂpm@rsfo%tﬁ@pr_@mmnv_em iafo JudR c6MpPatibis Ray The

n ep

conposi tions useful i resent invention may be used for a variety of
cosneti ¢ useayovidaehhaicedySPle §pranpardy UV Boabsprbaneen snbanastd RHfe(psinnarily HomAUV
radi ati on. The ,conpositions, th may be nmade into a wide variety of
delivery for ‘?rbﬁ"i’ﬁcgEBT?WH%em%O?ﬁ%tpude, but are not linmted to enul sions
(WO OWor multiple emul sions), dispersions, solutions, or coatings on
wat er sol uble or water-insol uble insoluble substrates (e.g., substrates

such as or gaHORIGAL COMMBEOBIEIOMwders, fibers, or filnms). Suitable product
forms ingcluding |otion reans e nousses,

S , | s,.. sticks, sprays, oin S,
and conpact s/ po roél?_eﬂli’gﬁ%%_c?s‘f RERTLRRy SUS aﬁﬁﬁg%yéﬂfl?rb?‘_nf?gﬁ%hs end 25
uses, such agpiavdRmeti®sfor dppllcktite® the AFRREBOS) (e'P) &kt ag&NS surfaces
cosnetics/ make-up, cleansers/toners, anti-aging products, or conbinations
t her eof . Thesuchaptwiskinerdhair), espesigdlygbesitin, inpenvidedn Theyotwogitiepinculesisi ng

net hodol o that |J.s . known an,arti n of dinary skill.in the field
or 0ot 09t ientite M oSN pealy Bl A W R PR AR i afghd |
enbodi ment s, inG&IRE Y VaBikibidh pbt}%ld@rn@@%&¥ FrBMEN0 108 té Asdut d60% Wetidigiand are

t hus "aqueous conpositions.” In certain further preferred enmbodi nents. the

conposi tison prefesablyefrafmsibont §.h%t toiabotfdes neoremtaferaplydsen ahoutd5%itd alpiuase. |t
is particul ggl leeferre that the conposition includes a continuous water
phase in vvhllgd;(‘%g ¢ composition.

The compositions useful in the present invention may be used for a variety of
cosmetic uses, including, especially for protection of the skin from UV radiation. The
compositions, thus, may be made into a wide variety of delivery forms. These forms

20  include, but are not limited to emulsions (W/O, O/W or multiple emulsions),
dispersions, solutions, or coatings on water soluble or water-insoluble insoluble
substrates (e.g., substrates such as organic or inorganic powders, fibers, or films).
Suitable product forms including lotions, creams, gels, sticks, sprays, ointments,
mousses, and compacts/powders. The composition may be employed for various end-

25  uses, such as recreation or daily-use sunscreens, moisturizers, cosmetics/make-up,
cleansers/toners, anti-aging products, or combinations thereof.

The compositions of the present invention may be prepared using methodology
that is well known by an artisan of ordinary skill in the field of, for example, cosmetics
formulation.

30 In certain preferred embodiments, compositions of the present invention include
water and are thus “aqueous compositions.” In certain further preferred embodiments,
the composition is an emulsion that includes a water phase and an oil phase. It is

particularly preferred that the composition includes a continuous water phase in which
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t he UV-absorbing polynmer is stabilized, preferably enulsified. The oil phase
may be such that it is present in the emulsion in discrete droplets or

units having an average dianmeter of about one mcron to about 1000 m crons,
nore preferably fromabout 1 micron to about 100 microns. In an alternative

nbodi ment i ncl 5 ti il ph ich th
vater is st dbF EnaRo Rt safref pREGh R R Rc e Bl PERe AR | ncl uded
in the conpagik taNs 1srf§¥seﬁﬁﬂgﬁe Srh @b Y4iEQete ﬁh)%@ts SQ¥its RABhE LR eYagkr om about

20% to about 80% nore preferably from about 30% to about 70% I0 SECOND
UV- ABSORBI NGthtMRbom apa eniprgn ¢ @bﬂuai(PQO microingrmerd pegferebllyfrom abauhé

t Ly d t bsor b
Coebond. ul t P anyd PG ERGRns, LT e 1 AERhaih B g
chem cal lsy dicgtihitul ofl\Whide ih ¥hRAGhe tvgtef:f@@ﬁbm@éd fp&rfémlb@,emu@slﬁed, chem cal

formula or repeat unit content) fromthe UV-absorbing pol yner described 15
above. Broadly spBukiengntagel wefcomdludm mbhmdmp@gltlpost pae range froaldo tne  of

bsor bl ng. matEbH 2% FRORRRD AR aroadle S A b oot R R FaR aha 1 1 ne

mol ecul e or @gggﬁtr-yg%‘_romthe backbone. The second UV-absorbing pol yner may
have at |l east 2, nore preferably at |east about 10 repeat units. 20 In one
enbodi ment, in order to enhance the synergy bet ween t he UV-absor bi ng

pol ymer ]3)1; t&gc &beﬁglgﬁsa %mtﬁi(i UV- absor bi ng pol yner, the nol ecul ar

wei ght re=—Secot ausot bt hg—potyner is simlar to the UV-absorbing

pol yrer of the | R bhRulafl pRiGRd iR ABRASE i RBRRR RideipRlatRY TRy have

a nol ecul ar wei ght of ° at |east 2000, such as at |'east about 5000, such as
at | east abaultra‘alﬂl;:ﬂfamatld)mabmdalﬂgp@yﬂne:d|B59hbqonHMrzB/ecde1nald1hnbmﬂsombhlgng pol yner
has a nol ecul g(:]ht from about 000 0..abou 00, 000. urI nore, the
second UV-a }“B? ngT FAPSARE? CoRpouRd ghemicy) ylfbftmqfw R3RSEt BichEPICALORTHA ar 1o

those of the, t;f@@aﬁ iR PR Y g%rﬁfccﬁq% erﬂ%'W—abso"i‘ﬁn%P@l?an @éiffmve

(e.g., less t out 3% by vvate ility, ess than
about 1%y arlwwghlB;oade;Ospeplphg,ahaf\msomthUH d‘osmrbmgtpbt-ymdrhm@zﬂmm mermfe/aneus

surprisingly enha first i ng pol IS conmbined with a
second UV- ab%}l?%?agg %BP 78 (taE: an ?rfesqrffﬁﬁ\‘igg&(?bﬂ?rﬁ'&g&ﬂ@%r and the
second UV- abgpy B SR VIB ith&@\th dA bk bk @ds of the molecule or pending from the

backbone. The second UV-absorbing polymer may have at least 2, more preferably at

least about 10 repeat units.

20 In one embodiment, in order to enhance the synergy between the UV-absorbing
polymer of the invention and the second UV-absorbing polymer, the molecular weight
of the second UV-absorbing polymer is similar to the UV-absorbing polymer of the
invention. As such, the second UV-absorbing polymer may have a molecular weight of
at least 2000, such as at least about 5000, such as at least about 10,000. In one

25  embodiment, the second UV-absorbing polymer has a molecular weight from about
5000 to about 200,000. Furthermore, the second UV-absorbing polymer may have
solubility characteristics similar to those of the UV-absorbing polymer of the invention,
as specified above (e.g., less than about 3% by weight water solubility, preferably less
than about 1% by weight) .

30 Applicants have found that UV-absorbance is surprisingly enhanced if a first
UV-absorbing polymer is combined with a second UV-absorbing polymer, wherein the
first UV-absorbing polymer and the second UV-absorbing polymer have particular

features.
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features. 17 For exanple, in one aspect of the invention, conpositions of
the present invention include a first UV-absorbing polyner that includes a
UV- A absorbing noiety and the second UV-absorbing pol yner that includes a
UV-B absorbing noiety. The UV-B absorbing noiety is different than the UV-A

absor bi ng noi et 5 The first UV-absorbin yner and t second
UV- absor gl ng po%lfr?érex%‘%le ia0ne 38Rest Pfgéﬁ “&’g @%&B@Oﬂfm‘bﬁ%\e}hﬁp’iﬁe%ot h

synergi stic g»&%u@ﬂ J&earﬁﬂsﬁwa%&m%démesﬂhgnnemaés AURBASbRSGDH range of

the first and secon - absor bi ng pol | east about 40% (deflned
bel ow) . | n anqiegfaadrtkdseeoixbtiVirersorbingpollymesthat eludeso M- Bgibmrbyrger and the

second UV-absaor bi I r e charact zed as 1 bl e .of providing
bot h syner giB¢FR- %%mee@sﬁg?lﬁg oIty 5 EFB%%EQFI’G?{‘@\/Q%SQTW%EP ¥r cent
range of sat T Akt @VQ&BE JIym& #fathd &c@ﬁ&@iﬁaﬁlgﬂ?& ol mRAA! CU' ar

Ing po

conbi natl on two UV-a ymers provi des sy Istic SPF
protection, dhhmcfedlzéd)w cragalble@ﬁprdviﬂmgbﬁﬁﬁynqngisnelﬁl? andmyjnebgastwslélﬁé SPF for

the first Uv-ab bi d | X
éﬁé (c)e tLreSHSﬁtF?tF%U‘I?V% a'ﬁlﬁ%ﬁﬁera nttrﬁ%gerqt%rt%q f %@@S%B?ﬁﬁg%e% lgﬁerp f hﬁm
second UV- ahgog Raa%eeﬂmgde@@@dﬂ%% MA$ Brefeprdd e'n?OOQﬁﬁé{t%QﬁgstW forning a

filmwth the polyner or c sition’to bgrtested and eval uating usi ng the
I N-VI TRO SUMbEIRﬁiE@CﬁbIlmberﬁSThé\EEbmJthsorbsngjmﬂymebmd chalacrarizddaspar ti cul ar,

if the SPF of ch_indjvi dua] UV-abso n onrrer Pol ymer, A 20 and
Pol yrer 18) .Cg'lpglﬁ‘%ﬁ Pwatd%'éotiia&aqrglﬁ% ﬁ# g%gvnsraﬂtksf F/A IO CHAR OV gter t han

the sum of ﬁeE&n{&ggg bt BasPhbduitgosinbl ended pol yner conponents, each
e

wei ght ed by 't spective mass fractions relative to the total mass of
bot h UV-absor bi ngnmdlqm@assss winehertahpartiadricombiratibh efitveot Vebbsatbémg bi ng

pol ymers provides synergistic SPF protecti The c ndition for synergy is
thus speci f i ROYIBIP iR V19es SEB'ijg*SF”F SBF @ejestt ?‘Eé@”(mﬂp agagthmioSPEPFR” For

crarml e |1 RS OPELATSEELB) Uy N LOSER TR f kg2 o o
greater 1530 Iﬂﬁeubsorbmg polymer; and (c) the particular blend of the first UV- absorblng

polymer and the second UV-absorbing polymer are determined. SPF is determined

by forming a film with the polymer or composition to be tested and evaluating using

the IN-VITRO SUN PROTECTION TEST METHOD that is described below.

In particular, if the SPF of each individual UV-absorbing polymer (Polymer A
20 and Polymer B) is such that the logarithm of the SPF of the blend is higher than the

sum of the logarithms of the unblended polymer components, each weighted by their

respective mass fractions relative to the total mass of both UV-absorbing polymers,

then the particular blend of UV-absorbing polymers provides synergistic SPF

protection. The condition for synergy is thus specified below:

25
LOg SPF biend > Xa Log SPF4 + Xg LOG SPFp
For example, if Log SPF of polymer A is 1 and Log SPF of polymer B is 1.2 and a
blend of the 2 polymers (40% polymer A, 60% polymer B) has a Log SPF of greater
30  than:

[(0.4) x (1)] + [(0.6) x (1.2)] = 1.12,
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[(0.4) x (1)] +[(0.6) x (1.2)] = 1.12, 18 the particular blend provides
synergistic SPF. Simlarly, synergistic PFAis determned in the sane way.
If Log PFA blend > X' Log PFAA + XB LOG PFAB 5 the particular blend

provi des synergistic PFA protection. PFA |ike SPF, is determ ned according

to the I N-VIJRO SUN PROTECTI TEST N IL—fQD descri bed below. If the two

UV- absor bi ndh%Bngﬂfos“SR‘ﬂprﬁél F%@%}Sﬁ%ﬁo ‘a single phase (either 10 with a
sol vent syst em orSiuiilakly g nérpstie PFanis lethided ihte shiie wayo [pol ymers) and t he
bl end provides both synergistic SPF and synergistic PFA protection, then the

particul ar bl end of Polynmer A and Polynmer B are "capable of providing both

synergistic SPF and synergisfl erRFA prot nen. " " nt system" it is
neant a sol vent or a bl end gééﬁFﬁ\)’@ﬁ‘t sgAglg?sP?%AlgﬁélLa@ﬂPg?\?ers or the like
t hat arescapabl e of sinultaneously dissolving both UV- absorbing pol yners

over a range of concentrations. Furthernore, if Polynmer A and Polynmer B are

capabl e of phopardrwar Peadproyides synesgisiec Bk periectdpner gi stic PFA protection
for at least 3 di rnentqgef - S _FLati of € h \Y: s, (preferably at
PREEESIR, G RY BlondPigab IR NP9UPRON

| east 4 different S ros, pr about 5 different

mass rati 0s PRETECTHON THST METHOD, datiies ey, are neasured are preferably
spaced apart by at |east 10% such as 80% 20 and 70% 30), wherein the

| owest concent r atlf & o Y Vebsarbingenolymers dan breblandgdasto aongle phasstidierof t he

Pol ymer are separated by at..l ea bout .40% then th Lywners are
capabre & viuR SEREREemor et G bbredRaR oy ha HERab B0 BRARIET 2. o
over a nmass KT ®Blideabas sgﬁergf@ﬁc 8BF @ syarek g1 6tRI BF A brddéctiofagen aeout  40%

Li kewi se, if the at |east different nass ratios are separated by at | east

about 60% tpasticuldrdlend cfifodyermdy andPylymes Bare“wiaphib oé prvidipg bethdi ng bot h
synergi stic SPF and ner.gi stic .PEA protecti,on over a nmass percent range of
the two pol yREF§SHF Si¥ qngggxgerglagffﬁéd%mctp& purposes of synergy assessnent,

by "about X %" iy islvenatstth,t M i8 nbant ald8i@ht P4 bRAd bhsdiediiofls pr ef erred
enbodi nents, (a). t%e first” UV-absorbing polyner is a UV-
15  plasticizers or the like that are capable of simultaneously dissolving both UV-
absorbing polymers over a range of concentrations.

Furthermore, if Polymer A and Polymer B are capable of providing both
synergistic SPF and synergistic PFA protection for at least 3 different of mass ratios
of the two polymers, (preferably at least 4 different mass ratios, more preferably at

20  least about 5 different mass ratios — and each of the mass ratios that are measured are
preferably spaced apart by at least 10%, such as 80%/20 and 70%/30), wherein the
lowest concentration of the Polymer A and the highest concentration of the Polymer
A are separated by at least about 40%, then the two polymers are capable of providing
both synergistic SPF and synergistic PFA protection over a mass percent range of the

25  two polymers of at least about 40%. Likewise, if the at least 3 different mass ratios
are separated by at least about 60%, then the UV-absorbing polymers are capable of
providing both synergistic SPF and synergistic PFA protection over a mass percent
range of the two polymers of at least about 60%.” For purposes of synergy
assessment, by “about X %,” it is meant within +/- 1% of X%.

30 In certain preferred embodiments, (a) the first UV-absorbing polymer is a UV-
absorbing polymer according to the invention, i.e., the first UV-absorbing polymer

comprises a C-C backbone and includes a first pendant group that includes a UV-A

absorbing moiety; and further includes a second pendant “spacer” group that includes
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absor bi ng pol yner according to the invention, i.e., the first UV-absorbing
pol ymer conprises a C C backbone and includes a first pendant group that
includes a UV-A absorbing noiety; and further includes a second pendant
"spacer" group that includes 19 either a siloxane |inkage and/or

i nternedi ate of furthe b) the second
UV- absor bi ngf‘tg ﬁbxa%ﬁﬁmsén@towt%nﬁae&%%r Oﬁrfﬁ é?%/gto%ﬂsf #% ent that the
W- A absor bi fjghdfRiosd tb) tﬁense@om @f\/eéHs8an§‘gT€Rg9'1hQielﬂElud&J‘@UQ/eB%'Bﬁjorbﬁ‘ﬁ gabsorbing

pol ynmer al so 1 ncludes at | east one xane (Si-O) |inkage, such as is
preferably pacvlttyoﬂlfﬁ:r@tltlmtdweUHafkhb@mbng mqnety)ne enbodi nent the si | oxane
backbone has at | east bo

t ﬁo Si | >§ane (ﬂgg such as t @@ bout 50
si | oxane | i nkages™ 4He Ff B P%‘P}eé! RS356h S?]i]?éngs% 9n &t ¥i ng
pol ymer iss ae4li BRE Hidxafd @iloy Rllhﬂ%@ buchab %ﬁﬁf&ﬁrab%l ?291 Kf'é)yﬁbx%ﬁe BackB@ﬁbZW i dene

mal onate silicone, such as t ter known as ysilicone-15. Exanples 10
of suitable Ib@nzyhnbdélmnmhmmhxxen@baqkbmedias lat]easi@omtﬁ@%lodamdmldag@ | n US

Patent 6,193,959 to Benms A particul abl e benzyl | dene
ol onat o nabHBLat spar 80 mloxgehekedes i nsatriomed sbp dRRGIR ook Dov
N. V.) of HeeUV%sorbE@ rﬂé‘)&ﬁh@mgﬁ dlrﬁﬂﬂicb%my?bé}ﬁﬁpmﬁlgﬁﬁg 418 kndn 444 | 1 zi ng

bl ends that show sy across a 15 wdé range of mass ratios, it is
possi bl e t o eneylidiec cahpes dlicons, tuabbs thevdtet hmomasall’wlysﬂwcinenkﬁn -Ipangtesat i ng

sunscreens and enhanpced,.prot ecti on cross b UV- rotection. In
onoter Dbt oHEame Derat B Rapheie AIF A elBacs ey s Rpd B L BREE. < ool ymrer
and the sec Pbibé@t%%%h‘?ds@&n%%ly %gaxrtl@éltaﬂ%ﬁtél‘a?eo@éﬁ&?hdgne RE LY fﬁgluﬁé’st h 20

synergistic SPF and synergistic rotection over  a nass percent range of
t he two pol yieRSODBfSIEX, cbemsﬂrcmbyoutaﬂe&ﬁ%frcmmﬂ)Sﬂ\héRmﬂrWN ¥n dof ifeeten, i ncl udes

a synergy- %OHD\E&I"H sol vent system " Synergy-pronoting solvent systent
neans the fOFtPe g‘ the solvent systemis such that Wnen used to dissol ve

the Uv-absorbi ng ARaloifEhiye fiGa i 890N AhBSIRAL HAPIRWPEAdecfesg ner of st ¢

bl end. In addltlon synergy” pronoting sol vent syst
conposi tlisSon wily rzlmge@f aress tatiost B pakdible to prorideesnpositiogs &ﬂt knveshsbinkefibl e for

I t Th t I t t b
personal "care compositjons. The syneray promoting sol yent, eystemmmy be

protection.

In another embodiment, the composition includes a first UV-absorbing

polymer and the second UV-absorbing polymer that are capable of providing both

20  synergistic SPF and synergistic PFA protection over a mass percent range of the two
polymers of at least about 40%; and the composition further includes a synergy-
promoting solvent system. “Synergy-promoting solvent system” means the
following: the solvent system is such that when used to dissolve the UV-absorbing
polymers, the UV-absorbing polymers provide a synergistic blend. In addition to the

25  synergy promoting solvent system, the composition may have one or more other
classes of ingredients suitable for personal care compositions.

The synergy promoting solvent system may be selected so as to dissolve both
of the UV-absorbing polymers. As such, the components of the solvent system may
have a solubility parameter that is similar to that of the UV-absorbing polymers. In

30 one embodiment, the synergy promoting solvent system includes, consists essentially
of, or consists of a solvent or plasticizer that does not absorb ultraviolet radiation and
has a dielectric constant (i.e., static permittivity, measured at 20 degrees C) that is

from about 3 to about 8, more preferably from about 3 to about 6, and even more

20



of the UV-absorbing polyners. As such, the conponents of the solvent system
may have a solubility paraneter that is simlar to that of the UV-absorbing
polymers. In 30 one enbodi mnent, the synergy pronoting solvent system

i ncl udes, consists essentially of or consists of a solvent or plasticizer

that does not absorb ul traviol et has di eJectric constant
(12, 988 ot BB Botd £ RaGbpl-8aF 8B BEps B8 ettt Rratefad about 3
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UV- absor bi ngcongohatioes theaspfa PFA/ SPF rati o | ess than 0 3. By sel ecting the

first UV-absorbi pol ymer and t he second UV-absar bin, 0 neet
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polymer has a PFA/SPF ratio less than 0.3. By selecting the first UV-absorbing
polymer and the second UV-absorbing polymer to meet these requirements it is
possible to achieve a composition having a PFA/SPF that is near or equal to 0.3, thus

20  providing broad spectrum protection.

The first UV-absorbing polymer may be a UV-absorbing polymer of the
invention. However, the first UV-absorbing polymer may have a siloxane backbone
and/or have spacer groups different from those of the UV-absorbing polymer of the
invention, and/or be devoid of spacer groups.

25 Furthermore in order to enhance the magnitude of both SPF and PFA and
further provide a composition that has broad spectrum protection, Applicants have
found that it is desirable for the composition to not only to include a first UV-
absorbing polymer having a UV-A absorber, with a PFA/SPF ratio greater than 0.3;
and a second UV-absorbing polymer having a UV-B absorber with a PFA/SPF ratio

30 less than 0.3; but also for the two UV-absorbing polymers to provide both synergistic
SPF and PFA protection at the particular mass ratio in which they are present in the

composition. In this manner, the magnitude of SPF, and PFA are enhanced, but not at
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25 Furthernore in order to enhance the magnitude of both SPF and PFA and
further provide a conposition that has broad spectrum protection, Applicants
have found that it is desirable for the conposition to not only to include
a first UV- absorbing polynmer having a UV-A absorber, with a PFA/SPF ratio
greater than a. second UV- absorb pol yper havin UV- B absor ber
o th o pEA depertensdotheViraaaaiin st i o s f B seticd GbGHMERS BRb; g

pol ymers to Rnawkitien pakl cﬂﬁ{g'%h& Imanig BFRnPHRIaet i on at the
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having a C |ng a UV- A absorbing noiety; and a second
UV- 5 absor bhoigtypol yner havi ng a sil oxane backbone and including a UvV-B

absorbing noiety absor bin oLy may he formed by reacting

two or more ethyl Tk ré*aﬁfikyasnﬁﬂé%/m VR T B Ay 5ERg ¢ FBgThave a

first pe”dar&lgfl&ﬁé&?w}é&turdté&?ﬁlHH&ﬁeﬂsh%s%%}ﬁlﬁ{?%pﬁz{%%% e%Eant drbugBy; further
nd pe acer group

i nclude a sec dant group, 10 such as a s I n~on
enbodi nent , ihtleddsi the VM- diosibidg moiepol lymay furthea 1rld‘lbdeaimomhi pendpiatl gyogy, of t he

Th -
LBX? ] ;Iu?g?tl owg ay %gpnagﬁre%eﬁﬁi srltélﬁagmg?%@ewﬂ%&@?@%ﬂ%?@Igeptl)/@grplﬁ &dtit on
the ends of 4 erd he &vgﬁg@ cul arly desirable enbodi nent, the second
UV- absor bi ng poI | ncl u es a "pendant group that includes the UV-B

absor bi ng noi ety. Tﬂmbmmﬂﬂvsaﬂsanbmgspmméﬁhmghawefmmﬂt}tckfaionﬁgﬂanmmilnati on of
a first UV- absorbi ng pol yner haV| ng a.C C backbone and a_ UV-A absorber; and
a second UV-ODSEEMOPImetHBe [hsab wa@p&al%tmmﬁ%?ﬁéorbﬁ@méﬁ@f HA@oyMIy-

absorber pray, ous ot her
conbi nati ons %aﬁﬁﬁl %@%‘éa@g%@i’é’g an%’qw&gg(grﬁlgg?&toypég Fmﬁ{e?%\@%gor bi ng
pol yrer 15avipeadant @réupxhatkinclngesathe Uy -Bld¥sdibilgansibgt conbined with a

WV- absor bi ng pol yner having a C.C backbone and a UV-B absorbi Q/g noi ety) may
not provide this @@@l}c‘ag@hévq auprsipgly found that the combination of a first U

absorbing polymer having a C-C backbone and a UV-A absorber; and a second UV-
absorbing polymer having a siloxane backbone and a UV-B absorber provides broad
based synergy in SPF and PFA, whereas various other combinations of backbone type
20  and UV-absorber type (e.g., UV-absorbing polymer having a C-C backbone and a
UV-A absorber combined with a UV-absorbing polymer having a C-C backbone and
a UV-B absorbing moiety) may not provide this desirable feature.
In another aspect, the composition includes a first UV-absorbing polymer
having an C-C backbone, a first pendant group that includes a first UV absorber and a
25  second pendant group comprising at least one siloxane group, wherein second pendant
group is free of UV-chromophores; and a second UV-absorbing polymer that includes
at least one siloxane (e.g., in its backbone, although this is not necessarily required)
and a second UV absorbing moiety, different than the first UV-absorbing moiety.
Without wishing to be bound by theory, Applicants believe that the siloxane
30 present in the second pendant group of the first UV-absorbing polymer enhances
blending with the siloxane present in the second UV-absorbing polymer — thus

providing enhanced ability to absorb UV- radiation.
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I n anot her aspect, the conposition includes a first UV-absorbing polyner
havi ng an C-C backbone, a first pendant group that includes a first W
absorber and a 25 second pendant group conprising at | east one sil oxane
group, wherein second pendant group is free of UV-chronophores; and a second
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mal onat e 10 HaeelbndegherBABSOL SLX, " commercial |y avail abl e from DSM ( Royal
DSM N.V.) of Heerlen, Netherlands. In another enbodinment, the second
UV- absor bi ng pol yrenothercenlpsimente thgsecond 1BV -@bgshibing [pobieneylincudesiecyrnerct i onal

o 962, 602 ool 5oy ToFEE Mid b AREBEe RS ars AT AERSGP AN of ¢

aci d, pol ynsuhscesnwidisbloge2imdi$re! 962),692; BrSpg, 99866l adl/or US 6,800,274;
3-[(2-cyan01I-oxo-3,3-dipheny|-2-propeny[%ox 1-2, 2-di net hyl propyl
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2000) and i s, 89l nder the.. trade WPOLYCRYLENE, ¥ conmer ci.al
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of Chicago, Illinois.

20 In another embodiment the composition further includes one or more
inorganic ultraviolet screening compounds such as inorganic oxides including
titanium dioxide, zinc oxide; iron oxides.

In one embodiment, the composition is free of monomeric sunscreens. In
another embodiment, the composition may further comprise one or more additional

25 UV-A and/or UV-B absorbers. Examples of such absorbing/reflecting agents include,
but are not limited to “monomeric” organic UV filters: methoxycinnamate derivatives
such as octyl methoxycinnamate and isoamyl methoxycinnamate; camphor
derivatives such as 4-methyl benzylidene camphor, camphor benzalkonium
methosulfate, and terephthalylidene dicamphor sulfonic acid; salicylate derivatives

30  such as octyl salicylate, trolamine salicylate, and homosalate; sulfonic acid derivatives
such as phenylbenzimidazole sulfonic acid; benzone derivatives such as
dioxybenzone, sulisobenzone, and oxybenzone; benzoic acid derivatives such as

aminobenzoic acid and octyldimethyl para-amino benzoic acid; octocrylene and other
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i norgani c ultraviolet screening conpounds such as inorganic oxides including
titani um di oxi de, zinc oxide; iron oxides. In one enbodi nent, the
conposition is free of nononeric sunscreens. In another enbodi nent, the
conposition may further conprise one or nore additional 25 UV-A and/or UV-B

absor bers. | es .of uch abs b| ng/{reflectin ents | ude, but are not
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wherein R¢ and R;3, independently, are selected from the group consisting of a C;-Ca;
alkyl, a diol having the structure HO-R3-OH, and a polyglycol having the structure

20  HO-R7-(-O-Ry3-)ms-OH; Ry7 and Ry, independently, are C,-C¢ alkenyl; and m5 and
m6, independently, are each in the range of 1 to about 100. Examples, including the
synthesis, of such diesters or polyesters of naphthalene dicarboxylic acid are
described in U.S. Patent No. 5,993,789, and include, but not limited to, diethylhexyl
naphthalate (HALLBRITE TQ, C.P. Hall Company, Bedford Park, Illinois, USA).

25  See Bonda, et al., Allured’s Cosmetic & Toiletries Magazine, 115(6):37-45 (2000)

disclosing the uses of such compounds in sunscreen compositions. In one
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al kyl, a diol having the structure HO R b-OH, and a pol ygl ycol having the
structure 20 HO-R17-(-O R18-)nb-OH, RP and R13, independently, are Cl-C6
al kenyl; and nb and n6, independently, are each in the range of | to about
100. Exampl es, including the synthesis, of such diesters or polyesters of

napht hal ene di.carboxylic. acid are descri in U.S Patent, No. 5,6993, 789,
2nd | nel ude STEGATHEE tht S Bk 0T B e oG PRI T RRDNE S HAUEM TE TO
C.P. tall Carpapyou BagL f shofbbus, bi bRl of thiShl ctfipSRfori@Naroktbbalh
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the uses of $hthatootrp@anbis weight)ufibergdntostabiizsistthasmsay Yersuitable 2dcledebodi nent ,
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about 0. 1 ogeby BT Sate: DRI Cospy B ST e A o (e, g - r om
about 1%t QrigRetnetif} iy dPdx yMdedidinol) (rktepdhtQieP-85 b @By ichE! Sthl ftRhzi@hee
sui tabl e i ncl ude butyloctyl salicylate, benotrizanol; diethylhexyl
syri ngyl i dervemphonakghenzone; am{deatilsaargtakylbhyadatex pmiope oiter pbdtpstebitizas.e,
pol yester-8, octqcryl eng, ..ethylbenziliden canphar, oxybenzone, am de oil s,
bryl akyl benzoat edd ARORECOTRERY [ GPBRPsEAn Mhsreompsdsie At Beihehc . ¢ he
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al kyl benzoate derivatives are conpounds of the forrmulae (XIl) or (XI11):
10 (XI1) OHor(XI): - O CH2-1H (CH2)nv-CH, CnH2n+l1 15 wherein nv is 5, 7, or
9 and nis 4, 6, or 8; (XIll) O10, -OCH2-C-H (CH2)ne-CH3 CpH2p+l1l 20
wherein 88 is 5 or 7 and pis 4 or 6. The conpounds of formulae (Xl1) and
(XI11) may t(gnf)ormed by typical esterification and transesterification

e

reactions, e.g., as describe in U S Patent No. 5,783,173. Exanples of such
| ong branched chain al kyl benzoates are listed in U S

OH

O IC 0 CHz—TH—- (CH2)m7—CH,
0

CnHZn+1

15 whereinm7is 5,7, or9andnis4, 6, or§;

(XIII)

Q |C O—CH, TH (CH2)ms—CHg
o]

CpHap+1
20
whereinm8 is S or 7 and p is 4 or 6.

The compounds of formulae (XII) and (XIII) may be formed by typical
esterification and transesterification reactions, e.g., as describe in U.S. Patent No.
5,783,173. Examples of such long branched chain alkyl benzoates are listed in U.S.

25  Patent No. 5,783,173 and include, but not limited to, butyloctyl salicylate (HALLBRITE
BHB, C.P. Hall Company, Bedford Park, Illinois, USA). In one embodiment, the alkyl
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25 Patent No. 5,783,173 and include, but not limted to, butyloctyl
salicylate (HALLBRITE BHB, C P. Hall Conpany, Bedford Park, Illinois, USA).

I n one enbodi nent, the al kyl 25 benzoate derivative can range from about
0.1%to about 30% by wei ght of the total corrposition (e.g., fromabout 1%
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aci ds such as salicyli¢ aci (N roxy aci See, e.g.,
Eur opean SPataarihoemmiol; caatﬂybnodl@ymémn%ﬂt rlbsﬂﬁqanthiaﬁsinnﬁb(ﬂe;rélmatdnves of
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An exanpl e of a dérivative o hydroqui none 1 ncl u ut not limted to,
arbutin. typically be present in the composition of the 1nvent10n in an amount of from about

0.001% to about 20% by weight of the composition, e.g., about 0.01% to about 10%

20  such as about 0.1% to about 5% by weight of the composition.

Examples of hydroxy acids include, but are not limited, to (i) alpha-hydroxy
acids such as glycolic acid, lactic acid, malic acid, citric acid, and tartaric acid, (ii)
beta-hydroxy acids such as salicylic acid, and/or (iii) polyhydroxy acids. See, e.g.,
European Patent Application No. 273,202.

25 Examples of derivatives of ascorbic acid include, but are not limited to,
ascorbyl palmitate, magnesium ascorbyl phosphate, sodium ascorbyl phosphate, zinc
ascorbyl phosphate, ascorbyl glucoside, sodium ascorbate, and ascorbyl polypeptide.
An example of a derivative of hydroquinone includes, but is not limited to, arbutin.

The compositions of the present invention may also comprise one or more of

30 the following: antioxidants (e.g., ascorbic acid, tocopherols, polyphenols, tocotrienols,
BHA, and BHT), chelating agents (e.g., EDTA), and preservatives (e.g., parabens).
Examples of suitable antioxidants, preservatives, and chelating agents are listed in pp.

1612-13, 1626, and 1654-55 of the ICI Handbook. In addition, the topical
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The conpositions of the present invention nmay al so conprise one or nore of
30 the follow ng: antioxidants (e.g., ascorbic acid, tocopherols,

pol yphenol s, tocotrienols, BHA and BHT), chelating agents (e.g., EDTA),
and preservatives (e.g., parabens). Exanples of suitable antioxidants,
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herei n can N tlt r=TeIMTIVA) =~y as dyes,
opacifiers ?@&ﬁ%b 1ﬁ8§X§8.1 OX|gR§ﬂﬁ%Iﬁ%e%%§ d §g¥ra%$ances The one or
nor e UV-absorbln@h@@mp@undnethaMmﬂnmypmﬁpmnﬂmunmycbmpombnmnmgbemnth a
“cosnetically-ac bl ¢ topi.c carri a,carrier, for topical 5 use
that is cap&e@r&ﬁ Wit frosERES .‘/rPé:FeI?t’ﬁ@? lonicah St -sper 3 ETiSF T et
therein, sand,sc AP RESPABIY o PRAGRE MR lotheP IRRELiLEFish GRS diGolved $Rr&int hduse
toplcally Agesucﬁ ?%e Oconp@%?%f%n &§£ #urtﬁwé I nc (geoany og Séﬁious
functional ipmgsreeﬂh@mCsptlabkevmopamftshenddrmghdsaﬁa‘toamsm;iictaﬂych,&mmh[ghp for

exanpl e emul sifiers, enDII |Is/ xes, _hupectants, thickeners,
opaci fiers, cPPRGHLARERY asy 5 f‘s@ﬂy YREOUN YRGS hBgrotie s TR Ahe
ingredients.g e'f&'&féb%ﬁal%gé é%uﬂﬁ%ré’%m%ﬁr‘e%%?dlﬁ wkebr ee of
i ngredi ents that wou ren e corfposi tion unsuita or t'opi cal use. As

such, the dmmeotnts| mfcldeag/rsh@aeﬁ‘&fmﬁ*agﬂahgesf dyzs, @fsdwdnveathongsethér as vol atile
solvents and, in partjcular, free of volatile organic salyvents Euch as
ket ones, xy|féﬁfélonﬁldpa@ﬁ@nt5anﬁlrfhﬁ=@noxerw@ compositien gyay bgepsentialbeites of | s neant

that such "]Hér%{i)'i' Hti@rtﬁat %léfeﬁgéﬂb lé{;}qfﬂs ?dtiPle t:ﬁaﬁ«T for td);{l%ﬁ%g@' Ré“%ﬁc‘ﬁ”@'e”m ‘e

concentration s 'than abou era €ss an abou

preferably |lm@apotifian nalydietessenbidbly &Bdofmﬁ\tenwsafzb ﬁﬁbcblytllbrsebeﬁ)ﬂcs andcin
conpounds. I n certain enbodi nents the conpgosition has a pH that is from
about 4.0 t dartyifree of voatide ereapicyolveatnsagionitketonss oyl ea@o@ﬂuene{ﬁn ake | n one

| arl | |
Sl tabl e 1 of ey 501 1R Ree o is bl RATRRR (b BAh QG e i ARG,

wat er emgl SI1ﬁlaomﬁiﬂatlaxbhﬁcc@lﬂkﬂtﬁitibheﬁﬁlesseth@l abdiltlQ% peeférablyilenitgarcibohis i fl er S,
i ncl ude thosoe common] y used in personal care Eroducts such as al kyI/fatty
al cohol s, allff(yP?IF@F%fﬁraébt]é?SsthalaﬁwpfSa@ tapd grastprefegetdy frgp RbSYhat ed” esters

fatty acids, apd.tfe Iike. In 25 another enbodi nent, the conposition
i ncl udes one or nore oils or other hydrophobic
In certain embodiments the composition has a pH that is from about 4.0 to
about 8.0, preferably from about 5.5 to about 7.0.

20 In one particularly notable embodiment, the composition includes an
emulsifier suitable for stabilizing the UV-absorbing polymer, such as in an oil in
water emulsion. Suitable emulsifiers, e.g., such as non-ionic emulsifiers, include
those commonly used in personal care products such as alkyl/fatty alcohols,
alkyl/fatty esters, alkyl/fatty glucosides, alkoxylated esters fatty acids, and the like. In

25  another embodiment, the composition includes one or more oils or other hydrophobic
compounds to aid in spreading and or solubilization of the UV- absorbing polymer.
Suitable hydrophobic compounds include oils including mineral oils, petrolatum,
vegetable or animal-derived oils (triglycerides and the like); non-hydrocarbon based
oils such as dimethicone, and other silicone oils as well as silicone gums; fragrance

30 oils; waxes including polyethylene waxes, and other mixtures of fatty esters, not

necessarily esters of glycerol.
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conpounds to aid in spreading and or solubilization of the UV- absorbing
pol ymer. Suitabl e hydrophobi ¢ conpounds include oils including mneral
oils, petrolatum vegetable or animal-derived oils (triglycerides and the
|'i ke); non-hydrocarbon based oils such as di nethicone, and other silicone

oils as well as silicone.guns:.fragrance 30 o]l s: i nchudi ng

pol yet hyl ene wax FCSWBO%ﬁ%‘éSrdfﬁj‘&P‘g?eé% "B’meoé} ?a§1$dgsl¥§'§¢§§ Fdr?é%ally_necessari |y
esters of ghygefigbringtd aMEMERANRAS] Byl MBYireét 14yiks bh 65§kadifyeNheon can be used
by topically admnistering to a mammal, e.g., by the direct |aying on or
spreadi ng ofcompesitiemapdwiskinet hoir afddugiénn or hair of a human. The

conposi tions of e present | ntion. may be prepared using 5 nethodol ogy
that i's wel | knowdCsymRRoLPRS c Bresy ivkaish By Bf PRggtdi P exampl es of

i nventive peheitiofogy tRith9USI kabn &9 HRQSIsah ONSrddiay SIEHCT Bpedfibetavples of
Conposi tions according to various enbodi ments of the gr esent invention

confer one drvenByepolimers: methodshaad cagpesitiprsare degsebedibelpwh prior art
conpositions. According to certaihn enbodi ts,. t conmposi tions include
V- Bbsor bi g pol Sriosemy s hg € BRI Bt Eaec SRR vt o
various advaphRpese StbrelitPoaadantSdes Whan @oRpalkd MBSpriothes@®nipdvitivhages
include, but are not limted to: greater flexibility in preparation

(enul si on, duicordingto dgtihin emdwidimends the eompasitions inclusei bYi-absurbimg polyamads or t he
ability.to produc i.gher nol | ar .wei s and tailor nolecul ar .wei ght and
"Us ai S0PF blerar s ek ruipod e el Rohs M e BT T 88 o her
potential adygiind®askdonsd. Uriest B@va;ﬂﬂigleﬁ fn¥¢hide, tdkatedtot 1iffiteRIt&C Rf and
sequence of the pendant UV-absorbi ng chronophore and pendant sil oxane

groups, t hdleaibylitynmareparatjon femulpicna] Sohuivd, bk sohiton), ragdion enidatinrabies

conbi nati on of hi evi ufficiently hi. WV: ., chro hore | evels in
the_potymer AwRE b TREG BN ebérandiebar i o laf GRERORESqu T n' ne
ulti mate tophgak dRHKRLAANILP FINSED dRmiRiH WY hiltbictdd Bahdmgr. a variety of
sunscreen fornul ati on schenes. Applicants have al so surprisingly found that

UV- absorlbi ng pol yitherspotasiobadiianggevinclede tierabdith talfattenths phicemkat andvent i on can
be mde i {1 PRPLOREL Pyl SSULer e oht, tepessary Lo egcs kin
i nsuf fi ci entihyeleEnhhRARE HRNA¥10EG HBhRRing the desirable combination of (a)
achieving sufficiently high UV- chromophore levels in the polymer, thereby reducing
the concentration of polymer needed in the ultimate topical sunscreen composition,
20  and thus creating a variety of sunscreen formulation schemes.
Applicants have also surprisingly found that UV-absorbing polymers
according to certain embodiments of the invention can be made with the appropriate
molecular weight necessary to reduce skin penetration. They can also be made
sufficiently hydrophobic so as to avoid insufficient water-repellency (as may be
25  common in polymer lattices or polymers with too much hydrophilic character), yet
still be sufficiently easy to formulate, have sufficient spreadibility on the skin, and yet
can still be economically produced.
Furthermore, according to certain embodiments of the invention, C-C
backbone, UV-absorbing polymers possess the ability to be blended with other UV-
30  absorbing materials to create a desirable balance of UVA/UVB protection. Such
blends may also be formulated with superior aesthetics without necessarily requiring

that the formulation include additional silicone in the form of silicone oils. Such
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25 common in polyner lattices or polynmers with too nuch hydrophilic
character), yet still be sufficiently easy to fornulate, have sufficient
spreadibility on the skin, and yet <can still be econom cally produced.
Furthernore, according to certain enbodi nents of the invention, CC

backbone, UV-absorbi ng .pol S, possess the ability to be hlended with other
V- 30 absor BRIt aFHEYE PighcleRRe &F sprancing 26 el MRS fing oy e

protection. W—%Bsoﬁﬁﬁ?%@l 'AbRAvA& HRlbiktyated with superior aesthetics
wi t hout necessarily quiring that the formulation include additional
silicone in the formof silicone oils. Such 28 fornul ati ons achi eve a high
degree of spreading,. as well as ter proofing due to the UV-absorbing

pol yner's | ow wat f%‘i‘?‘t’u‘ﬁgl x@?‘ﬂ%ﬁ%&%l“ﬁ&ﬁawgh%ﬁﬁ% further illustrate
the invegtion. 5 Exanples 1-3: Preparation of UV-Absorbing Polynmers The
foll owi ng UV-absorbing polyners according to the invention were synthesized
accor di ng t Examplet 3+3: Pvdpacation of HYsAbsonbieg Relymwiscal | y unsat ur at ed nononer

t ai ni Uv- ' . 2-(2"h -5 -neth | o t hyl ph 1)-2H
contat ning & U oot ag. ooy 2502 g ony-S, e serl axyethy pheny)
h H n . ' 1 .1 .l : t
erein as s%qg@xﬁrﬁ@ a)cc%ﬁag&%%ﬁ@fo‘ﬂ%ﬁuﬁ%}p@&&é’. an?tfy18di€al X nﬁé@t@%atgdqﬁinoﬁﬁﬁﬁd 0 a

t hr ee- neck, roun ttomflask. Twenty filve g secon

et hyl eni cal lcpntainsag wr at\edbsomibing nEnoup,md (2 ey titvag £y invetaarplpyyethylphenyl)-2H-

pol ydi hyl si | oxan nPDVS - | ncl| udes (10 (] oxane repeat ynit er

ol ecul af w&e@mi%ﬁoi PP 288 u@b&ﬁg&%r&f/ﬁiﬁ grwzrﬂ%grﬁ?err_f QdBREED Wnder
ref | ux, tne SRARI O0-Ml UlsSoveP it Rt st find 3ded 1B hrdelecl, 100

di ssol ved and was purged wth nitrogen for 30 m nutes.

Azobi si sobutmylr oonintl rbatem (IASIBN] wenttl eftvel gramseofyhtseddifil 2thylphivally wmstutaeen added
using a syringe. The reaction stirred fqor 16-18 hours_and was nonpitored by
TLC for the MRuEes moppmedacTyingaropy! palydirstbyls %s{mé’i}%ﬁa anclidss. Boo
of toluene ] ] : ' bW Lidg. The
reaction m?ﬁg)é%ﬂggggﬁaggglﬁv% eer%&(l%{éurlr%’er?g@wl%egﬁgﬂt %560?)8’@2@ g‘i;ynlisgne@g&aé tﬁrf%lt hanol

was adddd praddeditating out the polyner. Two additional washes of the

precipitate with 500 m _of jce-cald nmethanol were perfornmed renovi ngl
Under reflux, the reaction mixture was stirred at 65°C (£ 15°C) until fully

dissolved and was purged with nitrogen for 30 minutes. Azobisisobutyronitrine
(AIBN; molecular weight 146.21 g/mol) was then added using a syringe. The reaction
stirred for 16-18 hours and was monitored by TLC for the loss of NORBLOC. Once
20  the reaction was complete, 100-200 ml of toluene was added to the mixture and
heated to 80°C while stirring. The reaction was cooled to ambient temperature and
500 ml of ice-cold methanol was added precipitating out the polymer. Two additional
washes of the precipitate with 500 ml of ice-cold methanol were performed removing
any unreacted monomers. The precipitate was dissolved in ethyl acetate, concentrated
25  down by rotary evaporation and put under vacuum for 24 hours.
Three polymers, Examples 1-3, were separately prepared by varying the
amount of NORBLOC and AIBN. The amount of solvent used was 4, 7, and 10 g,
respectively. The percentages by weight of reactants (i.e., NORBLOC and mPDMS),
are as shown in Table 1 below:
30

29



any unreacted nononmers. The precipitate was dissolved in ethyl acetate,
concentrated 25 down by rotary evaporation and put under vacuum for 24
hours. Three polynmers, Exanples 1-3, were separately prepared by varying the
anount of NORBLOC and AlIBN. The anmount of solvent used was 4, 7, and 10 g,
respectively. The percentages by wei gtvl\}t b% reactants (i.e., NORBLOC and
mPDMB), are as shown in Table 1 bel ow? 159 Table 1 Exanple Ex. 1 Ex. 2
Ex. 3 nPDVS 95.15% 91. 35% 86. 72% Norbloc 4.17% 8. 00% 12. 66% Al BN 0. 68%
0.65% 0. 62% 5 Table 2 showxanijde nol Bx. Ir at i 2 as ExaBcul ated, for the
reactants for the sane examPBMS Tobll %2 AMB L xangd. R%x. 1 Ex. 2 Ex.3 nPDVS
83.33% 74. 08% 64. 56% Nor bbb 50%0129, 22}?/@@2 28f@ 6@LBN 4. 17% 3. 70% 3. 16%
15 The pol yners were anal yrz{f:fé y Geg6 @r el Wﬂt ography for various
measur essof nol ecul ar weig nd p di spersity. results are shown in
Table 3 below 20 Table 3 Exanple Ex. 1 Ex. 2 Ex. 3 Mwv 684,057 166, 459
162, 957 Nh%BLeMoM,tHe?@oEQrdﬁ@S asivialcBlatgl) fz e ntﬁ&ami’@orétBSsamdexaMMlm 7.76
3.26 2.74

Table 2
10
Example Ex.1 Ex.2 Ex.3
mPDMS  83.33% 74.08% 64.56%
Norbloc 12.50% 22.22% 32.28%
AIBN 417% 3.70%  3.16%
15
The polymers were analyzed by Gel Permeation Chromatography for various
measures of molecular weight, and polydispersity. The results are shown in Table 3
below:
20 Table 3
Example Ex. 1 Ex. 2 Ex.3
Mw 684,057 166,459 162,957
Mn 88,194 51,173 59,505
Mz 3,480,297 478,776 425,511
Mw/Mn 7.76 3.26 2.74
25 MP 166,723 99,588 98,728
Mz + 1 7,009,308 1,059,361 856,469
Polydispersity ~ 7.68 3.28 2.65

Examples 4-8: Preparation of UV-Absorbing Polymers and NORBLOC

30 Homopolymer

UV-absorbing polymers according to the invention similar to those of
Examples 1-3 were prepared, except that the mass of solvent was varied (5 grams for

Ex. 4 and 30 ml for Ex. 5-8). The amounts of AIBN and NORBLOC were also
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25 MP 166, 723 99,588 98,728 M + 1 7,009, 308 1, 059, 361 856, 469

Pol ydi spersity 7.68 3.28 2.65 Exanples 4-8: Preparation of UV-Absorbing

Pol ymers and NORBLOC 30 Honopol yner UV-absorbing pol ynmers according to the
invention simlar to those of Exanples 1-3 were prepared, except that the
mass of sol vent S varled rn Ex. 4 Ex.  5- The
Aounts of KRB At NERE R ft Rracpoiyniziie S MBS Bheme R Ehet hs a
homopol ymer réenisRiyOs en]}h%mlsq,ew_cents of reactants are given in Table 5
bel ow. Table 5 Exanple Ex. 4 .S Ex.6 Ex. 7 Ex.8 5 (conparative) nPDVS

80. 0% 48. 9% 29. 8% 6. 7% O. 00% Nor bl oc HableSo 48. 4% 68. 1% 91. 9% 96. 4% Al BN
4.0%2.7%2.1%1.4%3 6% 10 Exanple 9: |N- Absorbance at 5 W Percent
Chronophore - Congavemple of Exd-  AbE®Sbi ngER6| ymExs7 and NARBB OC Honopol yner
The UV-absorbing polynmers of Ex. 6, Ex. 5 and the hofopgamative)of Ex. 8 were
each separately guwPBPISvedsd.0%lHR8. Fhe congewnt et%on 0foopwl ymer was chosen

such that in 15 0c case%ébg toi Apco Wra?lécb{% of 98Q:F'{om)phore in

solution was 5% Eac on was este "I N-VI TRO SUN
PROTECTI ON TEST MEIB®D'  dédt i bed7Hel ovd-1YaN- Vi 14&@ su&r ECTI ON TEST
METHOD: 20 The baseline transm ssion of a PMVA plate (substrate) w thout
application of any test nmaterials applied thereto was neasured. Test

sanpl es were prepared by providi ng a sanple of polyner. (Blends may also be
tested 2§ t addi ti onal
additiv

% C ANCce . o % > ’ _
conposition Aﬂggﬁlmﬂﬂ@}sﬁg N@RBE(DTC H&ﬂb&;[yﬁ@fil ti onal 25 1 ngr ed| ents.)

The UV-absorbing polymers of Ex. 6, Ex. 5, and the homopolymer of Ex. 8 were each
separately dissolved in THF. The concentration of polymer was chosen such that in

15 each case the total concentration of chromophore in solution was 5%. Each solution
was tested according to the “IN-VITRO SUN PROTECTION TEST METHOD”

described below.

IN-VITRO SUN PROTECTION TEST METHOD:

20 The baseline transmission of a PMMA plate (substrate) without application of
any test materials applied thereto was measured. Test samples were prepared by
providing a sample of polymer. (Blends may also be tested by this method. The
polymer(s) can be tested without any additional additives; with a solvent system, or as
a part of a personal care composition that may include solvent and/or additional

25  ingredients.)

Each sample was separately applied to a PMMA plate (available from
Helioscience, Marseille, France) using an application density of 2 micro liters of
solution per square centimeter of substrate, rubbing in into a uniform thin layer with
the operator’s finger, and allowed to dry. Three such samples were done for each test

30 material. The samples were then allowed to dry for 15 minutes before measurement
of absorbance using calibrated Labsphere® UV-1000S UV transmission analyzer
(Labsphere, North Sutton, N.H., USA). The absorbance measures were used to
calculate SPF and PFA indices (biological protection factor in the UVA based).
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Each sanpl e was separately applied to a PMVA plate (available from

Hel i osci ence, Marseille, France) using an application density of 2 mcro
liters of solution per square centinmeter of substrate, rubbing in into a
uniformthin Iayer vvith the operator's finger, and allowed to dry. Three

such sanpl es wer r each t t, 30 mat anpl es were then

i Towed o' dry. 1 SPT 280 RFAvEE len{iied innr B Krowgn nABCHY b afe E1UEP g

cal i brated I(Wf&(@a)cuwogg@gﬁpuv transm ssion anal yzer (Labsphere, North
Sutton, N H,” USA). The absorbance neasures were used to calculate SPF and

PFA i nd| ces (b| ol ogi cal protection factor in the UVA based). 31 SPF and PFA
were cal cul ated using net hogg, known in the art - see equation (1) below for

cal cul ation of SPF. Z= 400| m X 290nm ) SPF;n vitro =1 a
=400rtmf E(A) *1(>)*10-'" fa’gﬁf ]B’; %5 where: E(k) = Erythema action

spect rum | ( ¥PFs,, apectr—al—ﬁl:r—gél@i—aﬂee—PeGeJ—ved-irom the W source AO(kj1)= Mean

m)nochromatl ¢ absor baA¢ g 5 223 pqupct/ ayer before UV exposure 10 dX
= Wavel ength step (1 nr’r) éél( ion o A(i.e., UVAPF) is calcul ated

in a simlar manner, eéxé¥ptr that the wavel ength range is 320nmto 400nm

Figure 1 shows the absor bance spectra for the UV-absorbing polynmers of 15

Exanpl es 5 and 6 and the honopol yner of Exanple 8. PFA and SPF were

cal cul at &d aridreare shown in Table 6, below. Table 6 20

E()\) = Erythema action spectrum

I(A) = Spectral irradiance received from the UV source

AO(A) = Mean monochromatic absorbance of the test product layer before UV
exposure

10 di = Wavelength step (1 nm)

The calculation of PFA (i.e., UVAPF) is calculated in a similar manner, except
that the wavelength range is 320nm to 400nm.
Figure 1 shows the absorbance spectra for the UV-absorbing polymers of
15  Examples 5 and 6 and the homopolymer of Example 8.

PFA and SPF were calculated and are shown in Table 6, below:

Table 6
20
0, H 0,
Polymer Yo Polyn'1er in % 'Chromo!:)hore SPF PEA
Solution in Solution
Ex. 8 5 5 7.2 59
Ex. 6 12.5 5 15.3 9
25 Ex. 5 20 5 15 76

The results indicate that the copolymers of Ex. 5 and Ex. 6, each of which
includes the “spacer” repeat unit, mPDMS, quite surprisingly had higher SPF and
PFA than the homopolymer of Ex. 8, even though each sample contained the same
30  amount of total chromophore. Thus, it appears that by using mPDMS as a
comonomer, a surprisingly beneficial improvement in UV- absorbance is achieved as

compared with a polymer in which such a spacer is absent.
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Pol ymer % Pol ynmer in % Chronophore SPF PFA Solution in Solution Ex.8 5 5
7.2 5.9 Ex. 6 12.55 15.3 9 25 Ex.5 20 5 15 7.6 The results indicate that
the copol yners of Ex. 5 and Ex. 6, each of which includes the "spacer”
repeat unit, nPDVMS, quite surprisingly had higher SPF and PFA than the

honopol ymner E%m%'l(ﬁ’ even though each sanple contained the sane 30 anmpunt

of total ch ., Thus, i ears that . si ng, nPDVB a, cononomer, a
aUrpri oi ngl'y bend P SIaVEBrEhefeRTe isroufRo i sharah e f: e ee

conpar ed W {HBlymep 8F M¥RAvdnfioWN THE psaler & sHRASED thSpAPHBNSE Exddn le 10 The
foll ow ng prophetic exanple is provided for synthesizing a - absor bi ng

pol ymer of tkeept thatheildvi-abIurbing@rqureis aidtbesizolingthane t he pol yner of Exanpl es
4-7, exgept that the UV-absorbing group is a dibenzoyl methane. 5 Step 1 -
Protection enol: In this avobegzone LS rea%gﬁvﬁth a

f the_ph : tep,
di hydr opyr aNt®ol pPEERIOnaSAHERGY: | 15 Thi dICB,aObEA0tR 1S TeFied Wb a1t | Ozl 2 \
OH O a0 O Ifhvatk o R thdBhdBaE Wi @Bx IR EPar e the beta di ket one
(condensat i o%y'% (ﬁ)ﬁra%xhlc? st ep, Ettl{%le %ega é?%ert ne is prepared by nmaking a
solution of the enolate, and adding the acid 15 chloride dropw se. Excess
of the enol ateorel ative to the beta diketone is used. OM OOO ~C OOO
|1 0

‘O CaHt CH,Cl, /u\©\ /Ej
OH 0 0] 0]
I

Step 2 — Coupling reaction to prepare the beta diketone (condensation): In this step,

10

the beta diketone is prepared by making a solution of the enolate, and adding the acid

15  chloride dropwise. Excess of the enolate relative to the beta diketone is used.

OM
0 (0] (0]
3¢V
0 (6]
I 0 0
20

THF

Step 3 — Deprotection of the THP ether

O O 0 0
Cat. H*
‘ ‘ O — ‘ ‘
o o 1 ol
25

Step 4 — Methacrylation of the phenol: In this step methacrylated dibenzoylmethane
(an ethylenically unsaturated monomer) is prepared by esterifaction with methacrylic

30 anhydride.
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THE 20 Step 3 - Deprotection of the THP ether 0o OO O Cat. H MO01ll OO
11 O OH 25 Step 4 - Methacrylation of the phenol: In this step

met hacryl at ed di benzoyl met hane (an ethylenically unsaturated nononer) is
prepared by esterifaction with nmethacrylic 30 anhydride. 33 000000 1V
ND;, TFIF 5 Step 5 - Polynerization: An acrylic copol ynmer of

di benzoyl net hane and nPDMS is prepared in a manner simlar (AIBN initiated
pol yneri zation, precppitation addition 10 via cold nethangl) to the method
for synthesizing the|polymers descri b&d apove, with gnce to Exanpl es

1-4. Exanple 11-Ahe Uvabsefbj ng p F} .3 v h @ second
UV- absor bi ng RSOL SLX. The pol yner
vari ous bl ends t he two Wwer eont ested—Fo+—SPF agd F

ingredients (e g., solvents, oils, etNe:)Mwere aed to the test sanplies.
Table 7 el ow shows the results. Table 7 20 Polynmer Blend SPF PFA PFAI SPF
Ex. 3, Plure 14.8 6.5 0.44 Parsol SLX, Pure 16.7 1.1 0.07 50%Ex. 3, 50%
SLX 64.7 6.4 0.10

Step 5 — Polymerization: An acrylic copolymer of dibenzoylmethane and mPDMS is
prepared in a manner similar (AIBN initiated polymerization, precipitation addition
10  via cold methanol) to the method for synthesizing the polymers described above, with

reference to Examples 1-4.

Example 11
The UV-absorbing polymer of Ex. 3 was blended with a second UV-absorbing
15  polymer, PARSOL SLX. The polymer of Ex. 3, PARSOL SLX, and various blends
of the two were tested for SPF and PFA. No additional ingredients (e.g., solvents,

oils, etc.) were added to the test samples. Table 7 below shows the results.

Table 7

20 — — — —_— —_—
Polymer Blend SPF PFA PFA/SPF
Ex. 3, Pure 14.8 6.5 0.44
Parsol SLX, Pure 16.7 1.1 0.07
50% Ex. 3, 50% SLX 64.7 6.4 0.10
60% Ex. 3, 40% SLX 345 4.8 0.14
80% Ex. 3, 20% SLX 47.0 7.8 0.17
95% Ex. 3, 5% SLX 278 7.5 0.27
96% Ex. 3, 4% SLX 23.9 7.0 0.29

25 98% Ex. 3, 2% SLX 28.4 8.4 0.30

The results indicate that when controlled for total amount of sunscreen, the
blends of Ex. 3 and PARSOL SLX showed significantly better performance than
30 either polymer alone. This indicates, surprisingly, that synergistic UV-absorbance is
provided by the various blends of a UV-absorbing polymer according to the
invention, having a C-C backbone, a pendant UV-A group and a pendant spacer group

that includes a siloxane, which polymer is free of ionizable moieties, with a siloxane-
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60% Ex. 3, 40% SLX 34.5 4.8 0.14 80%Ex. 3, 20% SLX 47.0 7.8 0.17 95% Ex.
3, 5% SLX 27.8 7.5 0.27 25 96% Ex. 3, 4% SLX 23.9 7.0 0.29 98% Ex. 3, 2%
SLX 28.4 8.4 0.30 The results indicate that when controlled for total anount
of sunscr eeBadhbife pdNriFRv AL USKB aBsctfile RARAEL ﬁle?eﬂmvgﬁ&lwa{agmsffuﬁﬁat'y
better performance than 30 either pol y r al one I's 1 ndicates

sur pri si ngl possibieato psgmiderthe particulaNy dﬂss&iﬂbhmtdmc%ly dpfifiovit theathlgye t he vari ous

bl ends of a UV-.absorhin cor di n on ng..a CC
backbone, a %8?18%{?&“ %@‘&@&85?@%‘?@ r%‘?’f‘ gﬁ}giégh'\ﬁfﬁ%pg ng,§ t}’?{g?)udes a
si | oxane, wahdHighedtyrEPFASHR €., gfeatepttiaald)e noieties, with a siloxane- 34
backbone pol ymer having UV-B absor bi ng noi eties. The resul ts'show that it is

further p055|ble to provide the particularly desirable but typically

difficult t@x@rﬁ@%%e conbi nation of high values of SPF (e.g., greater than
20), high P 0., greater than 5), and high ratio of PFA/SPF (e.qg.,

greater than 0. ijhe Ballﬁmlgqteesoml Creecoimpbsiton, spvpebdon al Tadde 8, wasmpaisi ti on,

shown bel ow i.n Tabl e 8 usi.n emJI |f| i ques known in
the art of BSE%E’PPIS% ﬁté%%‘isrﬂﬂuesrﬁbown 18%}? ?%Hsclhg ?'em’i n oi |l enul sion
(water as t Bempositnivals aba&an oﬂ@ﬂxulsﬂﬁ'(%@ﬂadtﬁ@eﬁ@ndﬂ‘ﬁh@&?@ﬁdﬂnﬂlﬂd&ﬂl\%”ﬁr5
enul sifi ersNS/ MJUSOL, MONTANOV) that served to enul sif t he UV-absor bi ng

pol ymer ! rehsoine r(cgyry@érqmw&ﬁqsfs MU, MQNTANGY Jthetrserved togimulsiel
pol'ymer), apd @g‘aagurm%gs@meﬁarﬁmn@ctg@zglg& w@r&g@ag@e@ fnidkey@t €r, to which

gl ycerine, parabens hénoxyet vessel was then
heat ed grad(&IMWL(ﬁBL%l@neAnarmiptha&t@s 15 prem x vvas made by m xi ng the

pol ymer of Ex. 6 w th PARSOL SL 246, Sl MONTANOV,, and cocoat e
BO. The oil phasé %?‘B%F%?Fﬁ%ﬁ%s et R oas" Ry VT EeEe et wo
vessel s reag H@ﬂxi&lﬁnol\h@re(atidiedp%@Qe@él&%s%béﬁﬁﬁat@@% duil@ toWbe: NRh 611‘p3§s§6|
They were m xed for 15 mnutes and held at 75C. After m nutes, SI MULGEL

was addéd anpeenmik xegmpde bsmiyingthe polxpier ef B é W@MS%&M DG 246C. The
SIMUSOL, MONTANOYV, and cocoate BG. The oil phase premix was then heated

slowly to 75°C. Once the two vessels reached 75°C, the oil phase premix was added to

the main vessel. They were mixed for 15 minutes and held at 75°C. After 15 minutes,

SIMULGEL was added and mixed for 5 minutes while the vessel was kept at 75°C. The
20  vessel was then slowly cooled to 30°C and pH was adjusted to between 5 and 6 with citric

acid or sodium hydroxide.

Table 8
Trade name INCl or CTFA name Wt. %
water aqua 68
glycerine Glycerin 3
methyl paraben Metylparaben 0.2
25 propyl paraben Propylparaben 0.1
phenoxyethanol Phenoxyethanol 0.7
Polymer of Inventive example, Ex. 6 Polymer 10
PARSOL SLX Polysilicone-15 1
Cyclohexasiloxane and
DC246 Cyclopentasiloxane 3
PEG-100 Stearate and
SIMUSOL 165 Glyceryl Stearate 1
Cetearyl Alcohol and Cetearyl
MONTANOV 68 Glucoside 3
cocoate BG Butylene Glycol Cocoate 10
Sodium Acrylate/Sodium

Acryloyldimethyl Taurate
Copolymer and
Isohexadecane and

SIMULGEL EG Polysorbate 80 0.5
citric acid citric acid 0.1
sodium hydroxide sodium hydroxide 0.1
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20 vessel was then slowy cooled to 30C and pH was adjusted to between 5 and
6 with citric acid or sodium hydroxide. Table 8 Trade nanme I NCI or CTFA
nane wt. % water aqua 68 glycerine Gycerin 3 nethyl paraben Metyl paraben
0.2 25 propyl paraben Propyl paraben 0.1 phenoxyet hanol Phenoxyet hanol 0.7
Pol ymer of Inventive exanple, Ex. 6 Polynmer 10 PARSOL SLX Polysilicone-15 1
Cycl ohexasi | oxane and DC246 Cycl opentasil oxane 3 PEG 100 Stearate and
SIMUSOL 165 A ycehykompsaist ﬁadlgoo@%b&@aashn{v\laﬁ@ml noAvERk B, IAMINTANOV 68
G ucoside 3 cocoate BG Butylene dycol Cocoate 10 Sodium Acryl at &€/ Sodi um
Acryl oyl di met hyl repidweandhe gdpol yner and | sohexadecane and SI MULGEL EG

Pol ysorbate 80 0.5 <citric acid citric acid 0.1 sodium hydroxi de sodi um
hydroxi de 0.1 35 The conposition had good spreadibility and did not |eave
any britgsle, flaky residue on the skin. 5 Exanple 13A: Preparation of

UV- Absor bi n% Pol ?/rrer The foll ow ng UV-absorbing polyner of the invention was
synt hesi zed Example 13A: Preparation of UV-Absorbing Polymer

The following UV-absorbing polymer of the invention was synthesized
according to the following process. 4.6 grams of a first ethylenically unsaturated
monomer, isooctyl acrylate (H,C=CHCO,(CH,)sCH(CH;),); molecular weight 184.3

10  grams/mol) and 8 grams of NORBLOC, were added to a three-neck, 500 ml round
bottom flask equipped with an addition funnel. 50 ml of ethyl acetate was then added.
7.4 grams of isooctyl acrylate and 10 ml of ethyl acetate were added to the addition
funnel, attached to the flask.

Under reflux, the reaction mixture was stirred at 65°C (£ 15°C) until fully

15 dissolved and was purged with nitrogen for 30 minutes. 200 mg. Of
azobisisobutyronitrine (AIBN; 146.21 g/mol) was dissolved in 5 ml of ethyl acetate
and then added using a syringe. The isooctyl acrylate/ethyl acetate solution was then
added dropwise over a period of 90 minutes into the reaction solution. The reaction
stirred for 16-18 hours and was monitored by TLC for the loss of NORBLOC. Once

20  the reaction was complete, the reaction was cooled to 25C. 500 ml of ice cold
methanol was added, precipitating out the copolymer. Two additional washes were
performed removing any unreacted monomers. The precipitate was put under vacuum
for 24 hours. Product yield was 75% (15g) by weight percent. The mass ratio of
NORBLOC to isooctyl acrylate was 40%/60% = 2:3.

25
Example 13B: Preparation of UV-Absorbing Polymer

A synthesis similar to Example 13A was conducted, however, the amounts of
reactants and solvents were scaled up to approximately 10 times the amounts listed in
Example 13A. Before the ice-cold methanol was added, 200-400 ml of the ethyl

30 acetate solvent was removed using a rotary evaporator. One liter of ice cold methanol
was added to precipitate the copolymer. The subsequent washing was conducted as
above. Yield was 75% (150 grams of polymer). The mass ratio of NORBLOC to
isooctyl acrylate was 40%/60%= 2:3.
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according to the follow ng process. 4.6 grans of a first ethylenically
unsaturated nononer, isooctyl acrylate (H2C=CHCO2(CH, )5CH(CH3) 2); nvol ecul ar
wei ght 184.3 10 grans/nol) and 8 grans of NORBLOC, were added to a

t hree-neck, 500 m round bottom flask equipped with an addition funnel. 50
m of ethyl acetate was then added. 7.4 grans of isooctyl acrylate and 10
m of ethyl 'Eacet te were added to the addition funnel, attached to the
flask. Unde the reaction mxture was stirred at 65C ( 15C) until
fully 15 di ssol vagh®0d fiese l\{pa%tg%@imwahoﬂ 390885 drBIn %wﬂlé}gﬁ@éso@&ﬁ my. Of
azobi si sobutyronitrine (A BN, 146.21 g/ nol) was |ss§ In 5 m of ethyl
acet ate andystémerweac pregangdi hyeahsygsd, ﬂg:d)leﬁﬂlseonssmtbﬁ/%%dwyvaglﬁ/oésdﬂyéntacet ate

sol ution vvas h adde ver ri.od of 90 m into the
reacti on solhtil @% byﬁﬁ“e‘ggtefgrcatrglﬁ‘r’iure F‘W QS’ %Prbl%g R YRSTr jl‘&r%ﬂﬂéyeﬁ%m tored
by TLC for a}é?i cﬁgsoyg@el«ggg &Qg Ml?mEig&}ﬁta'sQI@eH‘Ps%st%Mn ggndg e

reacti on wa ooI to ice tol met hanol” was a .
preci pi tati ANSOLV TN and poNSORV. THBwTImddlvtenmyaﬂema@l%S%rFéNS@éM ‘©Nned

removi ng any C The preci pi e s put, under vacuum for
24 hours. Pagdld ﬁ%fmggﬁw%w@%w&%&@?m-abﬁagpolymé the &SUTRE] o of
NORBLCC to 'sél%ﬁﬁWas %9%%9@%%%}4% ?OL‘?’ BPP aéeﬁéacmldeofjs?’&nzg’it@par ation
of UV- Absorbing Polyner A synthesi’s simlar to Exanple 13A was conduct ed,
however 10t hestarsiyantid 084 total @8¢-hbsurking pdlyseir(s g nSimilaely escdatadns df sipgleo

appr oxi mately 10 tines the amounts |i ed I n | e.13A., Before the

i ce-col d metRRIMATS Wa8e sefieRf SYSIe-wise 2 pB?PafeﬂeE@?nglFth wddparatitent was
renoved usi N Bo @g*afvmra%t Bwngﬂ@agléb%low ice cold nethanol was added
to precipitate‘the copol yner subsequent washi ng was conducted as

above. Yield was 75% (150 granms of polyner). The mass ratio of NORBLOC to

I sooctyl acrylate was 40% 60% 2: 3. 36 gml e 14 Blends of four separate
conbi nati ons of UV-absorbing pol yrrers @7sol vent systemwere prepared. In
each caq?, t he bl ends consi sted of 90% by wei ght of solvent 5 and 10% by
wei ght of a m xture of two UV-absorbing polynmers. The bl ends were

Ref. # | Polymer Blend

Ex. 14a |Polymer of Ex. 6

Ex. 14b [Parsol SLX

Ex. 14c Ex. 6 90% / 10% SLX
Ex. 14d [Ex. 6 50% / 50% SLX
Ex. 14e [Ex. 6 60 %/ 40% SLX
Ex. 14f Ex. 6 10% / 90% SLX

Ex. 14a Polymer of Ex. 6 4.820| 0683]| --- 3.320| 0.521 0.689
Ex. 14g Polycrylene ("PC") 3.000] 0.477] -- 1.000| 0.000] --- 0.333
Ex. 14h|Ex. 6 90%/10% PC [6.900] 0.839| 0.662] Y 4000 0602] 0469 Y 0.580
Ex. 14i [Ex. 6 50%/50% PC [3.000] 0.477] 0580 N 1.900| 0.279] 0.261 Y 0.633
Ex. 14j [Ex. 6 60% /40% PC [3.700] 0.568| 0.601 N 2.400| 0.380| 0.313] Y 0.649
Ex. 14k [Ex. 6 10% /90% PC 12.900 0.462]| 0.498] N 1.100| 0.041] 0.052| N 0.379
Ex. 14| [Polymer of Ex. 13A 5900( 0.771] --- 3.600| 0.556| --- 0.610
Ex. 14g |Polycrylene ("PC") 3.000] 0.477| -- 1.000 0.000] --- 0.333
Ex. 14mlEx. 13A 90% /. 10% PC|[5.500( 0.740| 0.741 N 3.300] 0.519] 0.501 Y 0.600
Ex. 14n [Ex. 13A 60% / 40% PC|4.500] 0.653| 0.653{ N 2.500| 0.398| 0.334] Y 0.556
Ex. 141 [Polymer of Ex. 13A 5.900f 0.771] --- 3.600| 0.556| --- 0.610
Ex. 14b JParsol SLX 3.700| 0568| --- 0.800| -0.097] -- 0.216

Ex. 140 [Ex. 13A 90%/10% SLX]6.740] 0.829] 0.751] Y 3.480] 0.542] 0491 Y 0.516
Ex. 14p [Ex. 13A 60%/40% SLX|6.100] 0.785] 0.690| Y 2600] 0415] 0.295] Y 0.426
Ex. 14q Ex. 13A 10%/90% SLX[6.050| 0.782| 0.588] Y 1.300] 0.114] -0.032[ Y 0.215
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prepared by dissolving two UV-absorbing polyners in a solvent system
consisting of FINSOLV TN and FINSOLV TPP. The sol vent system was 98. 89%
FINSOLV TN and 1.11% FI NSOLV TPP. After dissolving the UV-absorbing
polymer, the resulting solution was 89% FINSOLV TN, 1% FINSOLV TPP (itself
a blend of 3 benzoate 10 esters), and 10%total UV-absorbing polymner(s).
Simlarly, solutions of single polyners in the solvent systemwere al so
prepared. The seljggidePtd tegtcfoﬁmrgya[dg@nf* anWO%)PM(HWée m&ny@ahﬁﬁ g shown
in Table 9 bel ow. Table " # Pol ymer Bl end %PF PFA Ex.
14a Pol ymer ngiss psrceng oﬁe@;_hoofoh@Uy absorbentpcﬂy@@@ 1mtl@2dlend= -Apdie@gsedex.  14b
Parsol SLX 3.700 6 90%
100 SLX 4 D6 HA08 SBE 5 192 SPEOGVBEEY 6 resseded i (e ovestla s Bl s 00 /
50% SLX§. 3905 6 399 n628infl4- ARAIMoRReQ RABmIcioRdS: X+, 1de Bx. 6 60 9%
40% SLX 5.900 0.771 0.637 Y 2.400 0.380 0.274 Y 0.40 Ex. 14f Ex. 6 10%/
90% LX 4. 300 O. 6§1&e(bl®8@>fEx16@@®PeR@mL SDX©3®1dedszna@y itbothISRY midfhek of Ex.
6 4.820 0.683 --- d Ex. 144o¥§gé;ne("PC) 3. 000
0.477 --- 12898 Té‘eﬁ%fe maSSPe“’eBt rgnge (epigd ffﬂn%?“a%"%’%% °PC 6. 900 0.839
0.662 ¥ 4.000 0. 642 R:AGTEY. 938304 PRRSOKASL RprofudDitntrA0K6BE SiofR 0. 477
0.580 N 1.900 0.279 0.261 Y 0.633 Ex. Ex. 6 60% / 40% PC 3. 700 0.568
0.601 N 2. 400 A0aca8H tite Siiize %@cmlonﬁxngelm%ed‘jaC6nclﬂ3%ﬁorgmvfg@@f #0%00 0. 462

0499 100 0 G40 e BB SRR Sy B

1. 000 0. 000 ¢pncenfatisttran (9016’0)10@30%1%el%gs/§>1ne HBonty RiBtifled 4dn@. 741 N
3.300 0.519 0.501 Y 0.600 Ex. 14n 13A°60%/ 40% PC 4.500 0.653 0.653 N

2.500 0. 398 part@8lar YorzebE@ionHkx. 14t 99% Evey; 10%0 FE?().foIlSEFS 900 0.771 --- ---
20,007 - -~ 0 Bblenget Erg§agnd PORSGIY BRI Hecrsngeresaen svieedy v 3. ago
8 ?1111523 8 ‘218 é fdr tﬂe %%@coxl%%ntrétfo?ls FeStedl HheRWAF ARy W 8%ala #BSPIO- 690 Y 2. 600
15
Example 15: Preparation of UV-Absorbing Monomer
An acid form of TINUVIN 213 (Ciba, Inc) was prepared, as follows: 40.0g of

TINUVIN 213 was added to a 2 liter, round bottom flask equipped with a stir bar and

addition funnel. 1 liter of methanol and was added and stirred until homogenous. 400

20 mL dH,0 containing 17g KOH was added dropwise through the addition funnel, turning
the yellow solution a dark, amber orange color. The reaction stirred for 24 hours and was
monitored by TLC. After the reaction was complete about 900 mL of solvent was
distilled off by rotary evaporation. IN HCI (aq) was added, until a pH of 1 was achieved
by litmus paper, precipitating a white precipitate. The white precipitate was filtered and

25  washed with IN HCI (aq) 3 x 1L. It was then redissolved in 1L. CHCl; and an organic
extraction was performed with 2 x 600 mL 1N HCl (aq). The organic layer was
collected, dried over anhydrous Na,SO,, filtered, concentrated down by rotary
evaporation and dried under vacuum overnight at 50°C, to form an acid form of
TINUVIN 213, with a yield of about 90%.

30 An ethylenically unsaturated, UV-absorbing monomer was prepared from the
acid form of TINUVIN 213, as follows. A 500 mL, 3-neck round bottom flask equipped
with a Freidrich condenser and stir bar was dried under vacuum and a heating gun for 10

minutes. 9.55g (0.028 mol) of TINUVIN 213 acid (prepared above), 200 mL diethyl
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Ex. 14 Ex. 109490% 6.050 0.782 0.588 Y 1.300 0.114 -0.032 Y 0.215 37 In
order to test for synergy, |log SPF* and | og PFA* were cal cul ated using the
mass percent of each of the UV-absorbent polynmers in the blend. As discussed
previously, if log SPF > | og SPF*, synergy was recorded in the above table

as "Y' for 5 vyes aor, "N _for no. Sym]lar cal cul atiqns erfarnmed for |og

PFA*. The bF@%@Sfl-%%EWEMS@A thg 1@ ok 73;%?@@& '_E‘OBG‘P PF and PFA
across the EbridEwABISWIR GHESND theR8Rurk eiffeSfixturdsttRAGRAAE RihdRRodsange of 80%

The bl end of Ex. 13A and PARSOL SLX provided synergy in both SPF and PFA

across the botrsyexcep faersmalitanount efithe Vilgseiersalt. g obandydtouaiNagPOraage of 80%
10 The bl end, of i and POL Y rovi ded ner PFA only across a
concentrati Bﬁﬁéﬁgé"e?‘é’@ﬁgmlyagggébf%@%‘e“\aflén‘g%-ywx ¥l %ﬁp%q%@nti fied at

one par icHlI@M 0 i . : F. The
bl end ofiEx. 13@}312%@%@& Yﬁ%e&lgeﬂp? o%%hetgggs@%ﬁiné’g’t%%%%zye% g@Eeﬁgr the two

concent r at i caastidngrbeddedioepmatetinn, thy svdiugy cavbenager was fileeded off SiFthe G ufioranpl e
15: Preparation, of UV-Absorbi ng. M r cid far f TINUVIN, 213 (G ba,
Inc) was pr&paf ét%%l_a?nw%@e%@ﬁ%&ﬂnw@fgi RAngHEaddda 2 1iter,
round bott ol @Rk £AUIARRIVA WS ex%rh{eldlSaJJ 308AL waddi Jo, NAC @E@%ﬁé%' iter of

nmet hanol and was added and stirred unti| honbgenous. 400 20
cont ai ni ng difcardifkithwasjuecit@iasir dpk SQ0 trilr B dfa, € Qe (agistiluticorwdsitheneddded,ur ni ng

t he yel :l](gw sol ution a dark, . anber oranlgﬁ Bl or.. The re ([“.tl n.stirred for 24
hour & atl WASCIPHEHTIE Y SN BPInE LENINg PEFTHInd ¢ BEEIPIER W AIEBH A Bhout 000
L Of 501 veRlocuSyas fiekich UAth o L W RUARRI BBl B ) s

added, until a pH of "1 was achi‘eve tmus paper, precipitating a white
pr eci pi t at eyellbiwe ovganicdayer eas dietably @ ollarse df and deied dvandh@ivowdsdi 80,4 Miltetedl N HCI

(ag) 3 x 1L. ]t was thep redissolved in 1L, _CHClI3 and an organic extraction
was’ per f or i Ggreeinted oy THIORRY fyaporatief) .LTthgﬁewglyﬁ?r@I W Edissplyed 8t | ect ed,
dried over &E]N% S@%n fi 2 ey

evapor at i onﬁgﬁﬁﬂg@#e uﬁ r 35‘?%%5‘?92?@.%8%%5{“?%%%@ to %é(;%éﬁfyg%ﬁ%%'i d form of
TI NUVI N1213ReuvysthlliaationeVa fofthes bohenc®D8% plddngdthe diaklyinene fraktayor fosgt tadt ed,

V- absorbli g rone Wi aethhers Retd o b FINCNIN 213, with a yield of about 40%.

Example 16: Preparation of UV-Absorbing Polymer

A UV-absorbing polymer according to the invention was prepared as follows:

20 4.0g TINUVIN 213 methacrylate as prepared in Example 15, 5.0g Z-6030 silane
(available from Dow Corning of Midland, Michigan), 1.0g AIBN initiator and 65 mL
ethyl acetate (EtOAc) were added to a 100 mL round bottom flask equipped with a
Freidrich condenser and stir bar. The mixture was purged with nitrogen for 10 minutes
then heated under reflux at 65°C for 24 hours. The EtOAc was then distilled off by

25  rotary evaporation and 4.2g of CETIOL B (dibutyl adipate, available from Cognis
Corporation of Monheim, Germany) was added to the round bottom yielding a 70 wt%
of UV-absorbing polymer, 30wt. % CETIOL B.

Example 17: Preparation of UV-Absorbing Polymer

30 A UV-absorbing polymer according to the invention was prepared in a manner
identical to Example 16, except that 5.0 grams of lauryl methacrylate was substituted for
Z-6030 silane, again yielding 70 wt. % of UV-absorbing polymer, 30wt% CETIOL B.
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acid formof TINUIN 213, as follows. A 500 nL, 3-neck round bottom fl ask
equi pped wth a Freidrich condenser and stir bar was dried under vacuum and
a heating gun for 10 mnutes. 9.55g (0.028 nol) of TINUVIN 213 acid
(prepared above), 200 nL diethyl 38 ether and 1.3 nL DVF was added to the
round bottom 2.75 nL (0.037 nol) thionyl chloride was slowy added to the
m xture. The m xture stirred until honogenous (2-3 hours) except for a
smal | anounExehplen8: MebstibEsf S Absorbihedol@hdtydr ous Na2CO3 was added
followed by slowy adding 18.33g (0.141 nol) 2-hydroxythyl nethacrylate 5
(HEMA) . The reacti UN- @fge@d@évrmr@mr@ng toethel invgstianowias e radedop aTha@neOnce t he

reaction roed etlon sodi te was d,of f and
e sol ut | ofenfit Gl b St el 8 P RERAERIAE B b RE 2500 it
hexane was &(0s®diahe aghinidlding eb wtAB o UNREHSErbIRSIb IR , B RIaEHod & 300 nl
with a 2% NaCl (aq) solution, discarding the aqueous phase. A 2 x 300 nL 5%

Na2C33 (aq) sol ut| on was then added, 10 precipitating any remaining starting
material. T ff and the process was repeated
until no pr -@483%%% c aqueous wash. A yellow,

organi c |ayer WaS\ntd‘éﬁH@Hﬁ owm@WIedoa(cthrlh@dN@w arednyoRbwws. NBIZHQb
filtered and concentrated down r ot arg evaporation. The yellow materi al

was redi ssollWSHVIIN 189 weis al¢ed to aridum rogfid @tmlwaﬂeskaaqdlnped withta stwvearahght at

roomte ert%a ‘?IP églRele‘éngt altlr ﬂbaélP'a@f“g Recrxs a 8{ %%g%%h% gﬁhm enhanced
by pl aC| g ‘fji;tda“fi
net hacryl at ggf, ic%x\&}&madﬂi Nthﬁhr?glﬁ)mD’\bMD @WN@DP‘I(&{) aﬁ@%ﬁi‘h@l&nzem@' e 16:

Preparation of Absor bi ng Pol'ymer A UV-absorbing polyner according to the
i nvention waes pddﬂdair‘adwatsthm:ugh@lmaddlt@@ funrey tarningvhaycllow sobtibnedytkat e as

prepared in Z-6030 sila ava Iable 0 ng of

U G and. M amogHyeolsy TR ST LT 2 oS M Rylorbt BrG ReFtacy
were added i @acli@ﬁ“@scé Tﬁm BBHTL DM, 846 NRAtWRPIES WAt By rofael drich
condenser and stir e mxture was purged with nitrogen Tor 10 m nutes

t hen headbed emmeﬂflonem HC| 420) GBS a6dad, @atil bt of 1 WisscHe@bbyaisus peperdi st | | ed
off by 25 rotary eva ion nd . 2 t at e

avai | abl e f rPBCrﬂ%SBI?ﬁ gwﬁﬁpﬁ&pﬁi’?o %‘W?Fé‘?‘*?g&%@%ﬁﬁ r%/q,a\gasﬂ BHLY ¢ he
round bot t omi(&d)d )USI)O%I]OI‘[ ‘Ma{‘lheﬁfredtgébﬁ@é erﬁ)OHﬂJ ALY, an 3b4hic KrhdEbh O B.
Exanpl e 17: Preparation of Absor bi ng Pol ymer

was performed with 2 x 300 mL IN HCI (aq) The organic layer was collected, dried

over anhydrous Na,SO,, filtered, concentrated down by rotary evaporation and dried

20  under vacuum overnight at 50°C, to form an acid form of TINUVIN 109, with a yield of
about 90%.

An ethylenically unsaturated, UV-absorbing monomer was prepared from the

acid form of TINUVIN 109, as follows. A 500 mL, 3-neck round bottom flask equipped
with a Freidrich condenser and stir bar was dried under vacuum and a heating gun for 10

25  minutes. 6.78g (0.020 mol) of TINUVIN 109 acid (prepared above), 150 mL diethyl
ether and 3 mL DMF was added to the round bottom. 2.09 mL (0.0286 mol) thionyl
chloride was slowly added to the mixture. The mixture stirred until homogenous (2-3
hours) except for a small amount of the Vilsmeier salt.7g of anhydrous Na,CO; was
added followed by slowly adding 7.8g (0.06 mol) 2-hydroxythyl methacrylate (HEMA).

30  The reaction proceeded overnight and was monitored by TLC. Once the reaction
proceeded to completion, the sodium carbonate was filtered off and the solution was
added to a 1L separatory funnel. 50 mL EtOAc and 100 mL hexane was added to the
funnel. An organic wash was performed 5 x 300 mL with a 2% NaCl (aq) solution,
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30 A UV-absorbing polymer according to the invention was prepared in a
manner identical to Exanple 16, except that 5.0 grans of |auryl

nmet hacryl ate was substituted for Z-6030 silane, again yielding 70 wt. % of
UV- absor bi ng polyrrer 30wt % CETIOL B. 39 Exanple 18: Preparation of

o sparou | niaciange b phas ASLaBEITE 165 Bapbuhan 'S b D "
'sooctyl achit @hﬁd@@&% sihin gg lﬁéte&fal %@%%agﬁghp%@gﬁlfg@agmm%d' ng 70

% of |ng po /oCETO_ reparation of
UV- Absor bi ngromﬂwaerepéatedmntd IfomrmquateTwa’tMmTMdkﬁﬁing (tﬁldim,siclaquéouﬂmslpr dpar ed,

as follows. T NUVI.N ) oal r bott om
fl ask equi p?ﬂéé"’w’ ﬂﬁ‘méf layer wap fier H&Oﬁ\gfﬁf adFF AV & Ousé%gﬁtr}ﬂtfzre@t hanol
and was add r t anh@qg aining |
Om. of 50 wt%gg ﬁa?%-lr%gaerd dg’g’n bt dei (%?gée}gsrm}gt]}ggo‘mm%%&%gg}édg égﬁ%&@gtat hr ough

t he additi omifioyaha&hount of mpmgxetahé ley gik bamnigld anmanntempdmml«f: to motystalliae.ange

color. The eactl n stlrr d for 24 h Y}i and m)nltgred by. TLC. After

the reacti oftR¥allizaMaYas enlirgeecy Rifcing G ST IRage Biesar g A8 by
rotary 15 eyapengtdrii mbia 'ateﬁqgﬁnmﬁpﬁmwlow%'aﬁelﬁw%uit4man@§h' eved
by litnus paper, precipita te precipitate ite precipitate
was fllteredleh:mgpmbéabamﬁhﬁ N HCl(aq) 3 x 500nL . It was then redissol ved
in 500nm. CHC13 and an organic extraction was performed with 2 x 300 nL IN
HCl(aq)lOThe organi c | ayer was col | ect ed, dried over anhydrous Na2SO4,
filtered, ceg e t viapar ation and dried 20 under vacuum
over ni ght ar_g 0 eﬂ&’tm(ﬂﬁj\??\ ot T NUVI N 109, with a yield of

about 90% An et I?\yllwrubsmbingpotysxadruc@tchdgtdjh{eﬂivsmrdmwn;pmmmdmsfmhsvsprepared

fromthe acid for | NUVIN 109, as f A 500 neck round
bottom fl as OgJ&NHSZ O&W%haénﬁ?%?w%ﬂe‘g@rﬁ%@ﬁ@&l%éé)gﬁ 59300%@“%5 dried

under vacuumg 2 ) of
TINOVI N 100t %léféggq%%gog%%fwldﬁs ]ﬁltmoé& gi ’@Igg\ﬁg’r‘t ag%%%g 6§EAIDM:
added t 05t hethybacatite&t® Ac) wate @8dedito 6000 &8 Gronmd bottdm fasklequipbtdwithe was sl OV\A y

added to the m xture, The xture stirred until honmpbgenous_ (2-3. hours)
except for r%fiftﬂ%woaﬁ‘ﬁ@aﬁtang]ﬁﬂrt% thI%lm%wa%%}ree%%mtraam@r Y BINHECOR” was

added ol | o hBfed it oYt 89 rHoPU A& STHEH D A WA ¥k offEgynacr yl ate

( HEMA) .

rotary evaporation and 4.2g of CETIOL B (dibutyl adipate, available from Cognis
Corporation of Monheim, Germany) was added to the round bottom yielding a 70 wt%
20 of UV-absorbing polymer, 30wt. % CETIOL B. [40% TINUVIN 109, 50% silane, 10%

initiator|

Example 21: Preparation of UV-Absorbing Polymer

A UV-absorbing polymer according to the invention was prepared in a manner
25  identical to Example 20, except that 5.0 grams of lauryl methacrylate was substituted for
7-6030 silane, again yielding 70 wt. % of UV-absorbing polymer, 30wt% CETIOL B.

Example 22: Preparation of UV-Absorbing Polymer

A UV-absorbing polymer according to the invention was prepared in a manner
30 identical to Example 20, except that 5.0 grams of isooctyl acrylate was substituted for Z-
6030 silane, again yielding 70 wt. % of UV-absorbing polymer , 30wt% CETIOL B.
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30 The reaction proceeded overni ght and was nonitored by TLC. Once the
reaction proceeded to conpletion, the sodium carbonate was filtered off and
the solution was added to a 1 L separatory funnel. 50 nL Et QAc and 100 ni
hexane was added to the funnel. An organic wash was perforned 5 x 300 niL

g o 2 20 NBChhgfh 3o BAIA RBrbandl CoRfafitin e (VARBHERNPORARAadg x 300 M
5% Na2COB3 (aq) sotutTom was them added, precrprtatrrg ary remarnrng

starti ng maDefferaht UVhabpsreitigiiiraiephass filtered of f and the process was
repeated until ng_preci i§(t)rgte was formed during the basic aqueous wash. A

yel | ow, organic HAG&Y Hig Ry Egample Zanddhe MY - abeorbrgppdretio Na2sos,
filtered 5 8 I i.0 ; -materi al
was redi sso 3%:35{?%)0\2@1%% éﬁ%ﬁﬁpdg%g%fi ug@ﬁg%?\aﬁzgggn aIéez)tn cgﬁﬁt%glg&g’wl at
room t enper af 20%. Sinceeactysf tht poymers daediyesit 401% UAahbsoRbing shioutdphere tynhanced
by placing the flask in a refrigerator for up to 48 hours, to forma

met hacr y| at 61863 hsamnIRCAtRIng S% v 40%) EY Weight ghromoraon, 488 IH- el ti ng
point of abaiipRging ROFHETRIR 8T GETRRIS WadBetbumhdd APRRA hiaRGiafOhy Ter A
UV- absor bi ng polynmer according to the invention was prepared as toll ows:

4. Og TI NUVI Nrdef® coriipaae thel ability af equhapabseb UV fadawiphe TRe reSulfpard skda0 sil ane
(avail able from Dow Com ng of Mdland, Mchigan), |1.QOg AIBN initiator and 65
nL 15 et hyl indehlad@belepoac) were added to a 100 ni round bottom fl ask

equi ppedowith a Freidrich condenser and stir bar. The m xture was purged
with nitrogen for 10 mnutes then heated under reflux at 65C for 24 hours.
The Et OAc was then distilled off by mMablerlp evaporation and 4.2g of CETIOL B
(di butyl adipate, available from Cognis Corporation of Mnheim GCernany)
was added to the round bottomyielding a 70 wt % 20 of UV-absorbi ng pol yner,
30w . % CETI OL B. 0 L% silane, 10% i1nitirator] Exanple 21:
Preparation of UV- Absgmern w g UNA %i ngPpol yneFAaccording to the
i nventi on was prepared in a e 21 PYUYRN cal to Exanple 20, except that
5.0 grans of |aurylExreo hacryl a2,e was substituted 1059 Z- &30 sil ane, again
yi el di nd>70 wt. % cix. 6V- absor b2eg pol ymers, 30wt % €548 OL B.01 Exanpl e 22:
Preparati on of UV-Absorbi ng Pol yner

The results indicate that, when tested in CETIOL B, the polymer of Ex. 20, which
included TINUVIN 109 as the UV-absorbing chromophore had superior UV-A

20  absorbing properties as compared with the polymer of Ex. 6, which had NORBLOC
as the UV-absorbing moiety. The ratio of PFA/SPF for the polymer of Ex. 20 was
0.89, whereas the PFA/SPF ratio for the polymer of Ex. 8 was only 0.40. This
suggests that, by choosing the TINUVIN 109 as the UV-absorbing moiety, one can
achieve even higher levels of UV-A protection. Furthermore, it suggests that by

25  choosing the TINUVIN 109, one should be able to meet the desirable minimum ratio
of PFA/SPF (0.33), yet still achieve a high SPF.

Example 24
A composition including a UV-absorbing polymer was prepared. The

30 composition consisted of ingredients shown in Table 11 below:
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A UV- absor bi ng pol yner according to the invention was prepared in a nmanner

30 identical to Exanple 20,
substituted for Z- 6030 sila
pol ymer, 30wt % CETICOL B. 41

absor bi ng pol yner of Exanple

except that 5.0 grans of
ne, again yielding 70 wt.
Exanpl e 23: UV- Absorbance -

20 and the UV-

i sooctyl

acryl ate was
% of UV-absorbi ng

Conmpari son of
UV- Absor bi ng Polymers Having Different UV- Absorbi ng Chronophores The UV-

absor bi ng pol yner of
were separately dissolved in CETIOL B,TablecH to a concentration by wei ght

Exanpl e 6
5

of 20% Since each of the polyners contained 40% UV- absor bi ng chronophore by
wei ght, each sanple contained 8% (20% x 40% by wei ght chronophore. The I N
VI TRO SUN PREHEQAHRN TEST METHD weSTPANaigred on bot h PerdeAdage i|n  order
to conpare the abhili ty of each to absorbh INM radiation. The results are shown
in Table 10 WaEow 10 Tabl e 18V4%® yner % Pol ymer i n % Chriéffephor e |[SPF PFA
CETIOL B i Sol vt e BEXx—20 20 811 59943 715 Ex—6 201851249 5. 01 The
results incipgg}ugent’l;]%tl, when 1%‘3‘:?%%&?@?@9?&1 %c,ryﬁﬁee pol yrr@rzlof Ex.| 20, which
included TIINUVIN 109 as the Uvroa@®ymérng chronmophore had|superior |UV-A 20
absorbing properties as conpared with the polynmer of Ex. |6, which |had
NORBLOC ag SPESTRAGAREY bi ng| maprely) glyFolehexyldne ghfcoRFA/ SPiF Oftor t he |pol ymer of
Ex. 20 was| 0.89, whereas the PtFA/'SPtE' ralltli o for the polynmer of Ex.| 8 was
only 0.40. |This suggests thaf’® hylisethiszingget he TINUVIN 109 as t he _
Uv- absor bi NGRRPAEET. 1681¢ Can| AT A AHEPIG DK LRNET S 177 UV- A r ot ect i on.
Furthernore, it suggests that by 25 choosing the TINUVIN[109, one |should be
abl e to neetAMRHISEEIK abl e m Romssiumaeiybphasph®EA/ SPF (0. 38)7 yet still
achi eve a HPgh SPF—Exanpl-e AUVA conposttion—+neludi ng a\V-abserbi ng
pol yner was FSHERH gxample 203 cd?r?;@éb‘f‘gﬁﬂlyﬁ’ﬁ si sted of ingpé)di ents| shown in
Table 11 bel@¥or B Dibutyl adipate 6.0
FINSOLV TN C12-C15 alkyl benzoate 3.0
MYGLIOL 812 Caprylic/capric triglycerides 7.0
LANETTE 16 Cetyl alcohol 0.5
COSMEDIA ATH Sodium Polyacrylate & Ethylhexyl 1.0
Stearate & Trideceth-6
Total 100
5
PEMULEN TR-1 is available from Noveon Inc. of Cleveland, Ohio
ARLACEL 165 is available from Unigema Inc. of Chicago, Illinois
AMPHISOL K is available from DSM Nutritional Products of Parsippany, NJ
CETIOL B and LANETTE 16 are available from Cognis Care Chemicals of
10 Monheim, Germany
FINSOLV TN is available from Finetex Inc. of Elmwood Park, NJ
MYGLIOL 812 is available from Sasol Germany GmbH of Witten, Germany
SPECTRAGARD is available from Inolex Chemical Company of Philadelphia,
Pennsylvania
15

The composition of Example 24 was made by first preparing a water phase by

mixing water and PEMULEN and heating to 85C. A small amount of sodium
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42 Table 11 Trade Nanme INCI or CTFA Nanme Percentage Water Water 59.3
Pemul en TR 1 Acryl ates/ C10-30 al kyl acrylate 0.2 crosspol yner SPECTRAGARD
caprylyl glycol, hexylene glycol, 0.6 nethylisothiazolinone ARLACEL 165
G yceryl St earate PEG 100 Stearate 1.7 AMPH SOL K Pot assi um cetyl

hosphate 0,7 l.e in 00 CETIOL B

B buty!  adi Birenge Sosanfed upRRe e SR ARV R ARGEE B 00 PipinliE 512
Capryl i c/ capib theh pké]JaY&leﬂg ﬂ@én%?thg reth Al UE tﬂeﬁmgfémelmfgle%%@{heo S5 COSMEDI A
ATH Sodi um E%I%?cr %ﬁ{ (*Eéh hexyl 1. r)(§Ste§fargd§ug| aw:jc}ileg%}h % TO;X?Q{E 102 5
PEMJULEN TR- an W ogepter 1 € ) PhadRl L 165
is avail abl ¢ from.Uni l of. Chi cago set H\ﬁ)'ao fAIJS/P St is avail abl e
fr om DSM Nuﬁ?lflf’g%ml 08’8& aseéf“%rag?%%r fy? CETY 'L BYANG  LANETTE 16 are

avai | abl & f COONEDM 2 1¢akas feamseal adadd anaqhmmﬁteru/as@lromayo E6NEOLY TN i's
avail able from Finetex Inc. of Elmwod Park, NJ MGIOL 812 is avail able

i rolm Saé(hjl @@rﬁﬁﬁCW©MQTtégn a@dn@hﬁ?d cembCTRhaiREed to Cﬁ?@htol r@bme from f
| i P 15 T i
ol Ceri gl P o EO POl B, OB 100l 5 T TR L ©

PEMULEN andh@diceig to 85C. A small amount of sodium

10 It is understood that while the invention has been described in conjunction
with the detailed description thereof, that the foregoing description is intended to
illustrate and not limit the scope of the invention, which is defined by the scope of the

appended claims. Other aspects, advantages, and modifications are within the claims.
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43 hydroxi de was added to neutralize the PEMJULEN to a pH of 5.5-6.0. An oil
phase was then prepared by m xing the remai nder of the ingredients (except
the COSMEDI A ATH and SPECTRAGARD ) together, adding it to the water phase,
and honogeni zing the two phases using a m xer set at 3500 rpmfor 5

m nutes. Th D H was then slowy added and the m xture was
allowed to @o@ﬁ%%ﬁéPEﬁRAGARD was then added, m xed gently, and
allowed to cool to room tenperature. The conposition of Exanple 24

exhi bited excellent spreadibility and aesthetics. 10 It is understood that
whi | e the invent lom ha&abwsbing eelymepbaving thedp)loningichamica sthucture: det ai | ed
description thereof, that the foregoing description is intended to
iIIustrage and not limt the scope of the invention, which is defined by the
scope of“the appended clains. O her aspects, advantages, and nodifications
are within the clainms. 44 WHATH S CLAI MER 1~ A UV-absorbhi ng pol yner havi ng
the followi ng chem cal structufe: b5gR C0 CCo CCRL R
in m wherein R is a first pepdant §roupl that conprises|a UV-absorbing
triazole; R2 is a second G i : 1 to about 50

si |l oxane |inkages, 10 b) a satprat ed|g unsat ur at ed_ydr carbon noi ety
having 7 to 16 carbon atoms, pr c¢) % =<®npi nation tI , R2 being free of
UV- absorbing noieties; each R| is igdependgntly Hpr C |to Cl2 alkyl, nis
1 to 6000; and mis 2 to 6300, said |UV- r bi ng qolyrre havi ng a wei ght
average nol ecul ar wei ght of at]|eastr, about [2000 amg conprising at | east
about 5 nole %of R1. 15 L m

wherein R is a first pendant group that comprises a UV-absorbing triazole; R;
is a second pendant group that comprises: a) 1 to about 50 siloxane linkages,
10 b) a saturated or unsaturated hydrocarbon moiety having 7 to 16 carbon atoms,
or ¢) a combination thereof, R, being free of UV-absorbing moieties; each R’
is independently H or C; to Cy; alkyl, nis 1 to 6000; and m is 2 to 6300, said
UV-absorbing polymer having a weight average molecular weight of at least

about 2000 and comprising at least about 5 mole % of R;.

15
2. The UV-absorbing polymer of claim 1, wherein R’ is methyl.
3. The UV-absorbing polymer of claim 1, wherein n is about 2 to about
3500.
20
4, The UV-absorbing polymer of claim 1, wherein m is about 3 to about
4000.
5. The UV-absorbing polymer of claim 1 having a weight average

25  molecular weight of about 2000 to about 1,000,000.

6. The UV-absorbing polymer of claim 1, wherein R comprises a UV-

absorbing moiety having the formula:

45



2. The UV-absorbing polynmer of claim1l, wherein R is nmethyl. 3. The

UV- absor bi ng pol yner of claiml, wherein n is about 2 to about 3500. 20 4.

The UV-absorbing polyner of claiml1l, wherein mis about 3 to about 4000. 5.

The UV-absorbing polyner of claim1 having a weight average 25 nolecul ar

wei ght of about 2000 to about 1,000,000. 6. The UV-absorbing pol ynmer of

claim1, wherein R conprises a UV- absorbing noiety having the fornula: 45

(I) HR15 Rla Rg1 5 or (Il) or 10 R4 (/ ~Ra N\ / NNNN HO/ Il OH

CHzZ \/ R15 R22 wherein each R14 is independently selected fromthe group

consi sting of hydrogen, G- 15 C20 al kyl, al KRy, acgl, al kyl oxy,

al kyl am no, and hal ogen; each of R15 and R22 are in endently selected from

t he group consi sting of hyd;;ggQKaCI-Czo al kyl \_al kexy, acyl, al kyloxy, and
15

al kyl am no, at | east one of 2 not b drogen; and R21 is
selected from Ct-C20 aIKﬁL*_aikoxy acy d al kyl am no.

N \N/ —\R21

5 or(ID

or

10

wherein each R4 is independently selected from the group consisting of hydrogen, C;-
15  Cy alkyl, alkoxy, acyl, alkyloxy, alkylamino, and halogen; each of R;s and Ry; are

independently selected from the group consisting of hydrogen, C;-C, alkyl, alkoxy,

acyl, alkyloxy, and alkylamino, at least one of R;s and Rj; not being hydrogen; and

R;; is selected from C;-Cyg alkyl, alkoxy, acyl, alkyloxy, and alkylamino.
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46 7. The UV-absorbing polymer of claim6, wherein Rl4 is a hal ogen. 8. The
UV- absor bi ng pol yner of claim®6, wherein the UV-absorbing triazole is a
conmpound of Forrmula | in which R14 is a halogen, R15 is a 5 butyl group and
R21 is -CHzZCHZCOzZC3H17. 9. The UV-absorbing polymer of claim1l free of
ionizable noieties ;1 UV-.absarbin l.vmer of .claim wherein R2
derived from 10 rm%oﬁh? aé?‘?ﬁo ]339%P%lﬁmegﬁga?ﬁnﬁ’eww?lgilﬁé?é’hﬁal?ﬁs&v& 11. The
UV- absor bi ng pol ymer of claim1l, wherein R2 is derived from

met hacryl oxypropyl trimethoxysilane Z-6030. 15 12. The UV-absorbi ng pol yner
of claim1, wherei f-RThe §'Voapspriiggpelyjnesof claim 6, wherein the UV-absorbing

ot hacr i oxyethy! Phaghd raHARIERACEPaRlua 1 AR FRONEAUEERTROSLE! O

conprising: 20 a sorbin avi ng oW n cal

structurg: R R Hutl-geodgdREROCBEOH,006CRY. RZ in m 25 wherein Rl is a

first pendant group that conprises a Uv-absorbing noiety;, R2 is a second
pendant group that conprises: a) at |east one siloxane |inkage, b) a

saturated or unsatlrate rocar bon noi et,y. havi ng.7 to,16 carbon atons, or
c) a conbination t e?‘é‘%g];\hégsé)(ﬁ)blﬁé p‘l)gn}eﬁag%élﬁhg\rﬁrteisgf}—(?n(l)zrab%lm 18{1%512 al kyl, n
is 1lto 6000; and mis 2 to 47 6300; said UV-absorbing pol yner having a

wei ght average nol ecul ar wei ght of at |east about 2000 and conprising at
| east about 5 nol e 4 dhe RV -ahsorbing polymee ofielaisn hpwskdreindte dstived &om 1, wherein

sai d UV;absorbi ng pol [ is fr Loni zabl e moigties. 15. The aqueous
conposi tl c?on of cl airﬂﬁ)%oﬁe\k}%aec?%lpgyggﬁg H%ixdéfﬁ%?f%?%’ga“ﬁé‘r@n@? " has a water
solubility of |ess than about 3%

11. The UV-absorbing polymer of claim 1, wherein R; is derived from

methacryloxypropyl trimethoxysilane Z-6030.

15 12. The UV-absorbing polymer of claim 1, wherein R; is 2-(2 hydroxy-5’-
methacryloxyethylphenyl)-2H-benzotriazol.

13. An aqueous composition, comprising:

20 a UV-absorbing polymer having the following chemical structure:
R' R'
——CHz—clz CHz-—(I:
L L.
; }
3 3
_ Jo L Am

25  wherein R; is a first pendant group that comprises a UV-absorbing moiety; R; is a
second pendant group that comprises: a) at least one siloxane linkage, b) a saturated
or unsaturated hydrocarbon moiety having 7 to 16 carbon atoms, or ¢) a combination

thereof; each R’ is independently H or C; to C); alkyl, nis 1 to 6000; and m is 2 to
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10 16. The aqueous conposition of claim1l, wherein said UV-absorbing pol yner
has a wei ght average nol ecul ar wei ght of from about 2000 to about

1, 000, 000. 17. The aqueous conposition of claim1, wherein the UV-absorbing
pol ymer 15 corrpri ses about 10 to about 90 nole % of Rl. 18. The aqueous

conposi tion er ei rises, a Uv-A bs bln |et 20
o P ot ed Sl dibs s B reto e Ve A NG Rl HOM e o s AN Abbsor b n

triazole. 2Qas{HRuBSNRCHR c%ﬁi}ﬂ?i@ﬁﬂﬁta't%st%fboﬁﬂiifnme% omigr ei n R2 is free of
UV- absorbing noieties. 2 e aqueous conposition of claim1, wherein

R2 is derived from nononethacryl oxypropyl polydi nethyl sil oxane nPDVB. 22.
The aqueous conpqsition of claim erei i s derj from 30

met hacr yl oxypr opjﬁ h‘? Wﬂmﬂoﬁﬁ@n\g}é[ﬁ‘%q’ %.ere*fhsé“c{px/g%?&bd?%ﬁgi%@ﬂmer of
claim1, swherein Rlsifge 3f ichibW @¥riss. - o

met hacr yI oxyet hyl phenyl') - 2H benzotriazol . 35 24. The aqueous conposition of

claim1 conprising about 0.5% by wei ght to about 80% by wei ght of said
48 25. The. m 1 further

UV- absor bi ng pol . a ositi o

compr o1 ng 5 Cos et e tomAR LRt CBR dal bt 140 UVoeSSomiEE Eefibe
conposi tion of clai lqgsla,wgtglrgolmﬂl@mgsls%agglb@utsggond UV- 5 absorbi ng pol yner.
27. The aqueous conposition of claim 14, wherein said second UV-absorbing

pol ymer conprises a UV-B absorbing noiety. 10 28. The aqueous conposition of
claim 1,10f urt her 160Tipr agieogs engmisitntof slash dnwhe@imgaid UVgalsogahy polymeavi ng a
di el ectric constant, from apout 3 to about A met hod of protecting
manmal i an skin or hléﬂsraW?IS%W%S&POA?QU&HW%P@‘PWHOBM%tP;f‘ bawnl ying to
said skin or hair thgogegposition of

17. The aqueous composition of claim 1, wherein the UV-absorbing polymer

15 comprises about 10 to about 90 mole % of R;.

18. The aqueous composition of claim 1, wherein R; comprises a UV-A

absorbing moiety.

20 19. The aqueous composition of claim 1, wherein R; comprises a UV-

absorbing triazole.

20. The aqueous composition of claim 1, wherein R, is free of UV-absorbing
moieties.

25
21. The aqueous composition of claim 1, wherein R; is derived from

monomethacryloxypropyl polydimethylsiloxane mPDMS.

22. The aqueous composition of claim 1, wherein R; is derived from

30 methacryloxypropyl trimethoxysilane Z-6030.

23. The UV-absorbing polymer of claim 1, wherein R, is 2-(2’hydroxy-5’-
methacryloxyethylphenyl)-2H-benzotriazol.

35 24, The aqueous composition of claim 1 comprising about 0.5% by weight to

about 80% by weight of said UV-absorbing polymer.
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15 daim1l1l. 30. An aqueous conposition, conprising: a UV-absorbing pol yner
havi ng the followi ng chem cal structure: 20 R R CHp-C CHz-C C=0 C0 O
O RLRR nm wherein R is a first pendant group that conprises a

UV- absorbing noiety; R2 is a second pendant group that conprises: a) at

| east one sl 0xans hidHeadEus dlnsfion oY BfAR AROR B BHYMIAGedclg 16 carbon
atons, or c) a conbination thereof; each R 1s independently Hor a C to
Cl2 alkyl, n is 1 tamcGidtle tgmchl namrisr.2 to 6300; said UV-absorbing pol yner
havi ng a wei ght average nol ecul ar wei ght of at |east about 2000 and
conprising at |east about 5 nmole %of R1, 49 31. The aqueous conposition of
claim 1, whereinZ28alke agueausseommosiiiopef glaan 1, fusther eampsasingyn pecapd & Viroi et i es.
32. The agqueous co htl O | aim 1, wherein said UV-absorbing polymer 5
has a ma?er solubiﬁﬁgémgknﬂggéeghan about 3% 33. The aqueous conposition of
claim1l1, wherein said UV-absorbing polynmer has a weight average nol ecul ar
wei ght of from aboutheRRBolscontiiittion bf €N A90whekin3did sEBEhPIVesMdSrbing
conmposition of claim1, wherein the UV-absorbing polynmer conprises about 10
to about 90 nol e % mpsflymer codmpristha UMyBebserbingrmeisiyt i on of claim 1, wherein R
conprises a U/-A 15 absorbing noiety. 36. The aqueous conposition of claim
L, V\/ner?bn R COgg.rh?eeasqu%o&é\{:omaptg)ssi?{oglo?%la&nrlIl? u?tlh%r' comprising a solvent system

comprising a solvent having a dielectric constant from about 3 to about 8.

29. A method of protecting mammalian skin or hair from UV radiation
comprising topically applying to said skin or hair the composition of

15 Claim 1.

30. An aqueous composition, comprising:

a UV-absorbing polymer having the following chemical structure:

20
— - — —
R' R'
| I
—-—-—CHZ—Clz CHZ—CI: —

c=0 c=—0

| I

(o] (o]

| |

R4 R,

wherein R is a first pendant group that comprises a UV-absorbing moiety; R; is a
second pendant group that comprises: a) at least one siloxane linkage, b) a

25  hydrocarbon moiety having 7 to 16 carbon atoms, or ¢) a combination thereof; each
R’ is independently H or a C; to Cy; alkyl, nis 1 to 6000; and m is 2 to 6300; said
UV-absorbing polymer having a weight average molecular weight of at least about

2000 and comprising at least about 5 mole % of R;.
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20 37. The aqueous conposition of claim1l, wherein R2 is free of

UV- absorbing noieties. 38. The aqueous conposition of claim1, wherein R2
is derived from nononet hacryl oxypropyl pol ydi net hyl sil oxane nPDVS. 25 39.
The aqueous conposition of claiml1l, wherein R2 is derived from

rothactyl oxypr opyl fi IELAGXYSLENS, 20030, &Rercl it M ARRSHRL ROy ™ ©

claim1l1, wherein

met hacryl oxyet hyl phgmek of ZaiRenzabltiazol - 41. The aqueous conposition of
claim21 conprising about 0.5% by weight to about 80% by wei ght of said
UV- absor bi ng pol yrrer 35 42. The aqueous corrposi tion of claim 1 furt her

conprising a cos acce t abl e .t carrie ueous
conposi tion of cl tf]i‘elaq'%ﬁ?st(f?g? Blr?ﬁrolfgfﬁa(ia E%f&Hh%“C[HVS%ﬁQg? Wymar.
44. The aqueous conmsalWét@ﬂkomblgﬂyajfmésg,ﬁ,an%gme;% sai d second UV- absor bi ng
pol ymer conprises a UV-B absorbing noiety. 45. The aqueous conposition of

claim1, further conprising a solvent system conprising a solvent having a
di el ectric const 83t The apuealsoeam@sitonatfolaim 8, whéﬁéirﬂﬁid BVasisbddngpolpmet ect i ng

mammal i an skin or hair from UV radiati on co ing topically applying to
sai d skin or hair thsacuigbisAvEragR matecutar yyerg Of gm-about 2000 to’about
1,000,000.
10

34. The aqueous composition of claim 1, wherein the UV-absorbing polymer

comprises about 10 to about 90 mole % of R;.

35. The aqueous composition of claim 1, wherein R, comprises a UV-A

15 absorbing moiety.

36. The aqueous composition of claim 1, wherein R; comprises a UV-

absorbing triazole.

20 37. The aqueous composition of claim 1, wherein R, is free of UV-absorbing

moieties.

38. The aqueous composition of claim 1, wherein R; is derived from
monomethacryloxypropyl polydimethylsiloxane mPDMS.

25
39. The aqueous composition of claim 1, wherein R; is derived from

methacryloxypropyl trimethoxysilane Z-6030.

40. The UV-absorbing polymer of claim 1, wherein R; is 2-(2’hydroxy-5’-
30 methacryloxyethylphenyl)-2H-benzotriazol.

41. The aqueous composition of claim 1 comprising about 0.5% by weight to

about 80% by weight of said UV-absorbing polymer.

35 42. The aqueous composition of claim 1 further comprising a cosmetically

acceptable topical carrier.
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43.

44,

45.

46.

The aqueous composition of claim 1, further comprising a second UV-

absorbing polymer.

The aqueous composition of claim 14, wherein said second UV-absorbing

polymer comprises a UV-B absorbing moiety.

The aqueous composition of claim 1, further comprising a solvent system

comprising a solvent having a dielectric constant from about 3 to about 8.
A method of protecting mammalian skin or hair from UV radiation

comprising topically applying to said skin or hair the composition of
Claim 1.
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