wo 2016/075074 A1 [N I NPF 00 00O 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date 201 4 Al
19 May 2016 (19.05.2016) WIRPOIPCT WO 2016/07507

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
COSF 220/28 (2006.01) A61K 8/81 (2006.01) kind of national protection available). AE, AG, AL, AM,
A61Q 3/02 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Apolication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/EP2015/076051 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
9 November 2015 (09.11.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
. PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
1460961 13 November 2014 (13.11.2014) FR kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: L'OREAL [FR/FR]; 14, rue Royale, F-75008 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Paris (FR). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: LION, Bertrand; 10/12 rue de Fécamp, F- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
75012 Paris (FR). SABATIE, Laurent; 5 avenue LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Michelet, F-94210 La Varenne Saint Hilaire (FR) SM, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,

’ ’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: KROMER, Christophe; L'Oréal, D.LP.L., 25-29 Published:

Quai Aulagnier, F-92665 Asniéres-sur-Seine Cédex (FR).

with international search report (Art. 21(3))

(54) Title: PHOSPHONIC COPOLYMER AND COSMETIC USE THEREOF

(57) Abstract: The invention relates to a copolymer derived from the polymerization of: (i) 70% to 95% by weight, of the total
weight of the monomers, of tetrahydrofurfuryl (meth)acrylate; (ii) 1% to 30 % by weight of vinylphosphonic acid monomer; (iii) O to
20% by weight of an additional monomer. Cosmetic composition comprising the copolymer and cosmetic process for making up or
caring for keratin materials, more particularly the nails, comprising the topical application of the composition to the keratin materi-

als.



10

15

20

25

30

35

40

WO 2016/075074 PCT/EP2015/076051

Phosphonic copolymer and cosmetic use thereof

The present invention relates to a phosphonic acid group-containing copolymer, a
cosmetic composition comprising such a copolymer and the use thereof as a nail varnish.

Documents FR2868784, EP522756, US2003/0118629 and FR2746640 describe nail
varnish compositions comprising acrylic monomers containing anionic monomers such as
acrylic acid or 2-acrylamido-2-methylpropanesulfonic acid.

Nonetheless, as demonstrated in the comparative examples below, some copolymers
containing acrylic acid or vinylphosphonic acid do not enable nail varnish films with good
cosmetic properties to be obtained; the film is not uniform, having cracks or trapped
bubbles of air, or else is white and not transparent.

There is therefore a need for polymers which allow films with improved cosmetic
properties to be obtained.

The inventors have discovered that copolymers of tetrahydrofurfuryl (meth)acrylate and of
phosphonic acid group-containing monomers make it possible to obtain a uniform
transparent film which does not chip, unlike similar copolymers containing acrylic acid
instead of the phosphonic acid monomer. The film obtained has good properties of
adhesion.

More precisely, a subject of the present invention is a copolymer derived from the
polymerization of:

(i) 70% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

(i) 1% to 30 % by weight of vinylphosphonic acid monomer of formula (I) defined
hereinafter;

(iii) 0 to 20% by weight of an additional monomer.

Such a copolymer is referred to hereinbelow as a phosphonic polymer.

A subject of the invention is also a composition comprising, in a physiologically acceptable
medium, a phosphonic polymer as described previously.

A subject of the invention is also a cosmetic process for making up and/or non-
therapeutically caring for the nails, comprising the application to the nails of a composition
as defined previously.
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Another subject of the invention is the use of a composition as defined previously, for
obtaining a transparent, uniform film applied to the nails.

The phosphonic polymer according to the invention comprises a tetrahydrofurfuryl
(meth)acrylate, a vinylphosphonic acid monomer of formula (1) and optionally an additional

monomer as defined hereinafter.

The vinylphosphonic acid monomer corresponds to the following formula (1):

HZC:(|3—X [ CHz}n PO,H,

R1 M

in which:

R1 denotes H or —CHj;

X denotes a covalent bond and n denotes an integer ranging from 0 to 14;
or X denotes a —COO- group and n denotes an integer ranging from 2 to 6.

Advantageously, for the monomer of formula (1), X denotes a covalent bond and n is an
integer ranging from 0 to 6 or X denotes a —COO- group and n is an integer ranging from
2to4.

Preferably, for the monomer of formula (1):
R1=H
X denotes a covalent bond and n denotes an integer ranging from 0 to 4.

As examples of monomer of formula (1), the following can be cited:
vinylphosphonic acid;

3-butenylphosphonic acid;

4-pentenylphosphonic acid;

10-undecenylphosphonic acid;

11-dodecenylphosphonic acid;

2-phosphonoethyl ester of 2-methyl-2-propenoic acid;
2-phosphonoethyl ester of 2-propenoic acid.

Preferably, monomer (1) is vinylphosphonic acid.

The additional monomer optionally present is different to the tetrahydrofurfuryl
(meth)acrylate monomers and the vinylphosphonic acid monomer of formula (1).

In particular, the additional monomer may be chosen from the monomers of formula (ll):
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R1

O

)

R2 0

in which:

R1 denotes a hydrogen atom or a methyl radical,

X denotes O or NH or NR3;

R2 denotes a linear C4-C,;, or branched C;-C4, or cyclic Cs-Cy alkyl radical, or a linear Cs-
Cyo or branched Cs-Cy or cyclic Cs-C; unsaturated hydrocarbon-based radical or a —(CH,-
CH,-O),-H radical, with a ranging from 9 to 115, or an —(Si(CHj3), O),-CHj; radical, with b
ranging from 5 to 70, it being understood that X = O when R2 is a radical of formula —
(CH2-CH2-0),-H or —(Si(CHj3), O),-CHj;

R3 denotes a linear C4-C4, or branched C3-C4, alkyl radical.

As alkyl radical, mention may be made of the methyl, ethyl, propyl, isopropyl, butyl, tert-
butyl, pentyl, isopentyl, hexyl, heptyl, octyl, isooctyl, nonyl, decyl, undecyl, lauryl, myristyl,
palmityl, stearyl, eicosyl and behenyl radicals.

According to one preferred embodiment, the copolymer is free of any additional monomer.

Advantageously, the copolymer is chosen from copolymers of tetrahydrofurfuryl
(meth)acrylate and of vinylphosphonic acid.

The polymer according to the invention is preferably chosen from the copolymers derived
from the polymerization of:

- 70% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 30 % by weight of vinylphosphonic acid monomer of formula (I) as described
previously.

Preferably, the polymer according to the invention is chosen from the copolymers derived
from the polymerization of:

- 75% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 25 % by weight of vinylphosphonic acid monomer of formula (I) as described
previously.

According to one preferred mode of the invention, the polymer is chosen from the
copolymers derived from the polymerization of:
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- 70% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 30% by weight of vinylphosphonic acid;

and preferably of:

- 75% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 25% by weight of vinylphosphonic acid.

As examples of copolymers according to the invention, mention may be made of
tetrahydrofurfuryl methacrylate/vinyphosphonic acid copolymers, in particular (80/20) or
(90/10) (weight/weight) tetrahydrofurfuryl methacrylate/vinylphosphonic acid copolymers.

The copolymer may be a random, alternating (block) or gradient polymer. Preferably, the
copolymer is random.

The copolymer according to the invention may be prepared by radical polymerization of
the monomers described previously, especially as a mixture or sequentially added during
the polymerization, especially using an organic solvent with a boiling point of greater than
or equal to 60°C, for instance isododecane, ethanol, ethyl acetate, tetrahydrofuran,
methyltetrahydrofuran or methyl ethyl ketone. The organic solvent makes it possible to
dissolve the monomers used and the polymer formed.

The polymerization is especially performed in the presence of a radical initiator especially
of peroxide type (for example tert-butyl peroxy-2-ethylhexanoate: Trigonox® 21S; 2,5-
dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane: Trigonox® 141; tert-butyl peroxypivalate:
Trigonox® 25C75 from Akzo Nobel) or of azo type (for example AIBN:
azobisisobutyronitrile; V50: 2,2'-azobis(2-amidinopropane) dihydrochloride).

The polymerization may be performed at a temperature ranging from 60 to 100°C, and
preferably ranging from 60 to 85°C.
The polymerization time may be about 24 hours.

Preferably, the phosphonic polymer according to the invention has a weight-average
molecular weight ranging from 5000 to 1 000 000 daltons, more preferably ranging from
10 000 to 500 000 daltons, and even more preferably ranging from 15 000 to 350 000
daltons.

The phosphonic polymer as defined previously may be present in the composition in a
content ranging from 0.1% to 60% by weight and preferably ranging from 0.1% to 40% by
weight, relative to the total weight of the composition.

The composition according to the invention may also comprise an additional film-forming
polymer, commonly referred to as resin, such as sulfonamide resins, alkyd resins,
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nitrocellulose, cellulose esters such as cellulose acetobutyrate, cellulose acetate,
cellulose acetopropionate.

The additional film-forming polymer may be present in a content ranging from 0.01% to
50% by weight and preferably ranging from 1% to 30% by weight, relative to the total
weight of the composition.

The composition according to the invention may comprise an auxiliary film-forming agent
to improve the film-forming properties of the composition.

The auxiliary film-forming agent may be chosen from any compound known to those
skilled in the art as being capable of performing the desired function, and may be chosen
especially from plasticizers.

As examples of plasticizer, the following can be cited:

citrates such as triethyl citrate, tributyl citrate, triethyl acetylcitrate, tributyl acetylcitrate, 2-
triethylhexyl acetylcitrate,

phthalates such as diethyl phthalate, dibutyl phthalate, dioctyl phthalate, dipentyl
phthalate, dimethoxyethyl phthalate,

tricresyl phosphate, benzyl benzoate, tributyl phosphate, butyl acetyl ricinoleate, glyceryl
acetyl ricinoleate, butyl glycolate, tributoxyethyl phosphate, triphenyl phosphate, dibutyl
tartrate, camphor, glyceryl triacetate, N-ethyl-o,p-toluenesulfonamide, and mixtures
thereof.

The plasticizer may be present in the composition in a content ranging from 0.01% to 10%
by weight and preferably ranging from 0.1% to 5% by weight, relative to the total weight of
the composition. Advantageously, the plasticizer is present in the composition in a weight
ratio of film-forming polymer/plasticizer ranging from 1.5 to 3.

The composition according to the invention may comprise an organic solvent medium.
The composition may especially be anyhdrous.

The organic solvent medium of the composition may comprise one or more organic
solvents chosen from:

- ketones that are liquid at room temperature (25°C), such as methyl ethyl ketone, methyl
isobutyl ketone, diisobutyl ketone, isophorone, cyclohexanone or acetone;

- alcohols that are liquid at room temperature, such as ethanol, isopropanol, n-propanol,
n-butanol, diacetone alcohol, 2-butoxyethanol or cyclohexanol;

- glycols that are liquid at room temperature, such as ethylene glycol, propylene glycol,
pentylene glycol or glycerol;

- propylene glycol ethers that are liquid at room temperature, such as propylene glycol
monomethyl ether, propylene glycol monomethyl ether acetate or dipropylene glycol n-
butyl monoether;
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- short-chain esters (having from 3 to 8 carbon atoms in total), such as ethyl acetate,
methyl acetate, propyl acetate, n-butyl acetate or isopentyl acetate;

- ethers that are liquid at room temperature, such as diethyl ether, dimethyl ether or
dichlorodiethyl ether;

- alkanes that are liquid at room temperature, such as decane, heptane, dodecane,
isododecane or cyclohexane;

- aromatic cyclic compounds that are liquid at room temperature, such as toluene and
xylene;

- aldehydes that are liquid at room temperature, such as benzaldehyde or acetaldehyde.

- mixtures thereof.

The organic solvent is preferably chosen from the short-chain esters described previously.

The organic solvent content in the composition may range from 10% to 95% by weight,
preferably from 40% to 90% by weight and better still from 60% to 85% by weight, relative
to the total weight of the composition.

The composition may comprise a thickener, especially for imparting a consistency to the
composition which enables good application of the composition to the nails. The thickener
is more particularly an organic solvent thickener and may be chosen from the hydrophobic
silicas such as those described in document EP-A-898960, and for example sold under
the references "AEROSIL R812®" by the company Degussa, "CAB-O-SIL TS-530®",
"CAB-O-SIL TS-610®" and "CAB-O-SIL TS-720®" by the company Cabot, "AEROSIL
R972®" and "AEROSIL R974®" by the company Degussa; clays such as montmorillonite,
stearalkonium hectorite, stearalkonium bentonite; polysaccharide alkyl ethers (especially
those in which the alkyl group comprises from 1 to 24 carbon atoms, preferably from 1 to
10, better still from 1 to 6 and more especially from 1 to 3) such as those dscribed in
document EP-A-898958, and for example sold under the names "N-HANCE-AG 200®"
and "N-HANCE AG 50®" by the company Aqualon.

The thickener may be present in the composition according to the invention in a content
ranging from 0.05% to 10% by weight and preferably ranging from 0.1% to 3% by weight,
relative to the total weight of the composition.

The composition according to the invention may also comprise any cosmetic adjuvant
known to those skilled in the art as being able to be incorporated into such a composition,
such as fillers, spreading agents, wetting agents, dispersants, antifoams, preservatives,
UV-screening agents, active agents, surfactants, moisturizers, fragrances, neutralizing
agents, stabilizers, antioxidants or colorants. Needless to say, a person skilled in the art
will take care to select this or these optional additional compound(s), and/or the amount
thereof, such that the advantageous properties of the corresponding composition
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according to the invention are not, or are not substantially, adversely affected by the
envisaged addition.

The composition according to the invention is preferably in the form of a nail varnish.

The invention is illustrated in more detail in the following examples.

Example 1: (90/10 by weight) Tetrahydrofurfuryl methacrylate/vinylphosphonic acid
copolymer

180 g of tetrahydrofurfuryl methacrylate, 20 g of vinylphosphonic acid and 200 g of ethyl
acetate were introduced into a reactor. The reaction medium was degassed under argon
for 20 minutes. Then, 2 g of

2,5-Dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane initiator (Trigonox® T141 from Akzo
Nobel) were added. The reaction medium was heated at reflux of the ethyl acetate for 24
hours with stirring. After cooling to room temperature (25°C), the reaction medium was
diluted with 300 g of a (50/50 by weight) mixture of butanone and methyltetrahydrofuran.

The product obtained was precipitated from cyclohexane, recovered and dried in an oven
at 60°C under vacuum.
145 g (72.5% vyield) of a white powder were obtained after drying.

Example 2: (80/20 by weight) Tetrahydrofurfuryl methacrylate/vinylphosphonic acid
copolymer

The copolymer was prepared according to the procedure from Example 1 using 160 g of
tetrahydrofurfuryl methacrylate and 40 g of vinylphosphonic acid.

175 g (87.5% yield) of a white powder were obtained.
The acid number is 176 mg/g.

Example 3: (80/10/10 by weight) Tetrahydrofurfuryl methacrylate/vinylphosphonic
acid/methyl methacrylate copolymer

The copolymer was prepared according to the procedure from Example 1 using 160 g of
tetrahydrofurfuryl methacrylate, 20 g of vinylphosphonic acid and 20 g of methyl
methacrylate.

160 g (80% vyield) of a white powder were obtained.

Example 4: (70/10/20 by weight) Tetrahydrofurfuryl methacrylate/vinylphosphonic
acid/methyl methacrylate copolymer
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The copolymer was prepared according to the procedure from Example 1 using 140 g of
tetrahydrofurfuryl methacrylate, 20 g of vinylphosphonic acid and 40 g of methyl
methacrylate.

155 g (85% vyield) of a white powder were obtained.

Example 5 (outside the invention): (90/10 by weight) Methyl
methacrylate/vinylphosphonic acid copolymer

The copolymer was prepared according to the procedure from Example 1 using 180 g of
methyl methacrylate and 20 g of vinylphosphonic acid.

170 g (85% vyield) of a white powder were obtained.

Example 6 (outside the invention): (80/20 by weight) Methyl
methacrylate/vinylphosphonic acid copolymer

The copolymer was prepared according to the procedure from Example 1 using 160 g of
methyl methacrylate and 40 g of vinylphosphonic acid.

170 g (85% vyield) of a white powder were obtained.
The acid number is 149 mg/g.

Example 7 (outside the invention): (90/10 by weight) Cyclohexyl
methacrylate/vinylphosphonic acid copolymer

The copolymer was prepared according to the procedure from Example 1 using 180 g of
cyclohexyl methacrylate and 20 g of vinylphosphonic acid.

125 g (62.5% yield) of a white powder were obtained.

Example 8 (outside the invention): (80/20 by weight) Cyclohexyl
methacrylate/vinylphosphonic acid copolymer

The copolymer was prepared according to the procedure from Example 1 using 160 g of
cyclohexyl methacrylate and 40 g of vinylphosphonic acid.

120 g (60% vield) of a white powder were obtained.
The acid number is 138 mg/g.

Example 9 (outside the invention): (90/10 by weight) Tetrahydrofurfuryl
methacrylate/acrylic acid copolymer
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The copolymer was prepared according to the procedure from Example 1 using 180 g of
tetrahydrofurfuryl methacrylate and 20 g of acrylic acid.

150 g (75% vyield) of a white powder were obtained.

Example 10 (outside the invention): (80/20 by weight) Tetrahydrofurfuryl
methacrylate/acrylic acid copolymer

The copolymer was prepared according to the procedure from Example 1 using 160 g of
tetrahydrofurfuryl methacrylate and 40 g of acrylic acid.

105 g (82.5% vyield) of a white powder were obtained.

Example 11 (comparative):

The quality of the films obtained, with the polymers from Examples 1 to 4 according to the
invention and also with the polymers from Examples 5 to 10 outside the invention, was
evaluated.

Each polymer was placed in solution at 30% AM in a (50/50) mixture of ethyl
acetate/ethanol.

Each polymer solution was applied using a brush to a plate sold under the name VITRO-
NAILS® by the company IMS Inc. which had been filed beforehand using a nail file then
cleaned with a (50/30/20 by weight) mixture of isopropanol/acetone/ethyl acetate.

The appearance of the film obtained after a drying time of 24 hours at room temperature
(25°C) was observed. The following results were obtained:

Example Appearance of the film obtained
Transparent, uniform film

Transparent, uniform film

Transparent, uniform film

Transparent, uniform film

Rigid, brittle film containing air bubbles

Rigid, brittle film containing air bubbles

Rigid, brittle film containing air bubbles

Rigid, brittle film containing air bubbles

White, non-transparent, non-uniform (cracked) film
White, non-transparent, non-uniform (cracked) film

OOINDHON|BWN|—

-
o

The results obtained show that the polymers according to the invention (Examples 1 to 4)
make it possible to obtain a transparent and uniform film, whereas the polymers which are
not part of the invention (Examples 5 to 10) form non-uniform (cracking, air bubbles),
brittle or non-transparent films.

Example 12:
A nail varnish having the following composition was prepared:
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10
- polymer of Example 1 25¢
- disteardimonium hectorite/propylene carbonate in isododecane
(bentone gel ® ISDV from Elementis) 159
- Preservatives gs
- Ethanol 33.5¢
- Ethyl acetate 40 g

A similar composition was also prepared using the polymer of Example 2 or 3 or 4.
The composition obtained, applied to the nails, makes it possible to obtain, after drying, a
transparent and uniform film which is glossy and has no cracking.

Example 13 (comparative):

The wear property of the gloss of the films obtained with the polymer of Example 1
(invention) and the polymer of Example 10 (outside the invention) was measured.

A solution at 25% AM of the polymer in a (50/50 by weight) mixture of ethyl
acetate/ethanol was prepared. Each solution was poured onto a metal (steel) support to
obtain, after drying for 5 days at 2312°C and at 55+5% relative humidity, a film with a
thickness of approximately 100 um (after drying). The gloss of the film obtained after
drying (gloss TO measured at 60° with the LZM 151 Ref 3 glossmeter from Dr Lange) was
measured. The film was then subjected to abrasion for 10 revolutions using a Taber
abrasion tester (reference 5130 Abraser) equipped with two abrasive discs, sold under the
name CS10F by the company Taber Industries, with application of a force of 2.5 N to each
disc. After the abrasion operation, the gloss of the film was measured (gloss T1).

The following results were obtained:

Polymer Gloss TO Gloss T1
Example 1 (invention) 80 63
Example 9 (outside the 80 50
invention)

The results show that the polymer of Example 1 according to the invention forms a film
having a better wear property of the gloss than that of the film obtained with the polymer
of Example 9. This better wear property of the gloss is due to the presence of the
vinylphosphonic acid monomer in the polymer.
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CLAIMS

1. Copolymer derived from the polymerization of:

(i) 70% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

(il) 1% to 30 % by weight of vinylphosphonic acid monomer of formula (1):

HZC:(|3—X [ CHz}n PO,H,

R1 M

in which:

R1 denotes H or —CHj;

X denotes a covalent bond and n denotes an integer ranging from 0 to 14;
or X denotes a —COO- group and n denotes an integer ranging from 2 to 6;

(iii) 0 to 20% by weight of an additional monomer.

2. Copolymer according to Claim 1, characterized in that, for monomer (I):
X denotes a covalent bond and n is an integer ranging from 0 to 6 or X denotes a —-COO-
group and n is an integer ranging from 2 to 4.

3. Copolymer according to either of the preceding claims, characterized in that, for
monomer (l), R1 = H and X denotes a covalent bond and n is an integer ranging from 0 to
4.

4. Copolymer according to one of the preceding claims, characterized in that monomer (1)
is chosen from:

vinylphosphonic acid;

3-butenylphosphonic acid;

4-pentenylphosphonic acid;

10-undecenylphosphonic acid;

11-dodecenylphosphonic acid;

2-phosphonoethyl ester of 2-methyl-2-propenoic acid;

2-phosphonoethyl ester of 2-propenoic acid;

and preferably vinylphosphonic acid.

5. Copolymer according to one of the preceding claims, characterized in that the
additional monomer is a monomer of formula (l1):
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R1

R2

in which:

R1 denotes a hydrogen atom or a methyl radical,

X denotes O or NH or NR3;

R2 denotes a linear C4-C,;, or branched C;-C4, or cyclic Cs-Cy alkyl radical, or a linear Cs-
Cyo or branched Cs-Cy or cyclic Cs-C; unsaturated hydrocarbon-based radical or a —(CH,-
CH,-O),-H radical, with a ranging from 9 to 115, or an —(Si(CHs), O),-CHj; radical, with b
ranging from 5 to 70, it being understood that X = O when R2 is a radical of formula —
(CH2-CH2-0),-H or —(Si(CHj3), O),-CHj;

R3 denotes a linear C4-C4, or branched C3-C4, alkyl radical.

6. Copolymer according to one of the preceding claims, characterized in that it is derived
from the polymerization of:

- 70% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 30% by weight of vinylphosphonic acid;

and preferably of:

- 75% to 95% by weight, of the total weight of the monomers, of tetrahydrofurfuryl
(meth)acrylate;

- 5% to 25% by weight of vinylphosphonic acid.

7. Copolymer according to any one of the preceding claims, characterized in that it is
chosen from (80/20) or (90/10) (weight/weight) tetrahydrofurfuryl
methacrylate/vinylphosphonic acid copolymers.

8. Composition comprising, in a physiologically acceptable medium, a copolymer
according to any one of the preceding claims.

9. Composition according to the preceding claim, characterized in that the copolymer is
present in a content ranging from 0.1% to 60% by weight and preferably ranging from
0.1% to 40% by weight, relative to the total weight of the composition.

10. Composition according to either of Claims 8 and 9, characterized in that it comprises
an organic solvent, preferably an ester having from 3 to 8 carbon atoms.

11. Composition according to any one of Claims 8 to 10, characterized in that it comprises
a cosmetic adjuvant chosen from additional film-forming polymers, plasticizers, thickeners,
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fillers, spreading agents, wetting agents, dispersants, antifoams, preservatives, UV-
screening agents, active agents, surfactants, moisturizers, fragrances, neutralizing
agents, stabilizers, antioxidants and colorants.

12. Composition according to any one of Claims 8 to 11, characterized in that it is in the
form of a nail varnish.

13. Cosmetic process for making up and/or non-therapeutically caring for the nails,
comprising the application to the nails of a composition according to any one of Claims 8
to 12.

14. Use of a composition according to any one of Claims 8 to 12, for obtaining a
transparent, uniform film applied to the nails.
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