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(57) Abstract: Silicone rubbers exhibiting hydrophilic properties are prepared from crosslinkable components which include organic
or inorganic compounds having at least two radicals with aliphatic carbon-carbon multiple bonds, organosilicon compounds with at
least two Si-bonded hydrogen atoms, and covalently bonded cyclodextrin groups.
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CYCLODEXTRIN MODIFIED SILICONE COMPOSITION
FIELD OF THE INVENTION

{6001} The present invention relates to a modified siicone composition, and to the
sthicone rubber produced therefrom by curing, More particularly, the present mvention relates
to a silicone composition having cyclodextrin or their derivatives covalently bonded to the

siicone to creaic a crosslinked hydrophilic silicone rubber.
BACKGROUND

{0002} Traditionally, cured silicone rubber compostions exhubit hydrophobic
properties.  The hydrophobic nature of these compositions makes traditional sificone rubber
compositions advantageous i many applications. However, many applications exist where
hydrophilic propertics are deswed.  The moisture management capabilitics provided by
hydrophilic conwpositions 18 desired in skin contact and medical applications (e.g., wound care
apphcations) 1o keep and draw moisture, sweatand exudates away from the bady. Hydrophilic
materfals also exhbit a low coeflicient of friction useful in applications such as catheters, The
resistance to protem adhesion provided by hydrophilic materials is benefical m body mplants
and other types of medical devices. Hydrophiic materals are also advantageous m anli-static

articles.

0003} Te take advantage of the properties of siicone rubber compositions
treatments have been developed to impart hydrophilic propertics. A conunon method for
makmg sdicone rubber hydrophilic s plasma treating the surface of the silicone rubber. While
this treatment provides hydrophilic properties to the surface of the sidicone rubber, the
treatment 18 not permanent and i only effective on the surface of the silicone rubber. Another
method s to provide a hydrophilic coating on the silicone rubber, but this trecaiment is

mneffective as well due {o delammation issues,

{0004} Additionally, US 2002/160139 disclosed a surface modified polymer and a

surface covalently bonded to the surface modifying compound. Formation of the covalent bond

betwecen the polymer and the surface modifying compound 15 achieved by reacting an mntrinsic

functional group that is present i the polymer and the functional group of the surface

modifymg compound. By usimg a polymer having an intrinsic functional group, a separaie

surface activation step is avoided. Thus, the matermal has a hydrophdic surface while the bulk
i
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of the material remains hydrophobic. Accordingly, this material does not allow for the uptake

of moisture through the material and moisture can thus not be removed effectively.

{0005} Other examples for making thesc types of materials vse meorporation of
polvethers to the silicone rubbers. For example, Brook et al reported the synthesis and
characterization of profem rejecting PDMS-based rubbers that were prepared by meorporating
asymmetric PEO (bearing a methy! group on one end and a functional tricthoxysilyl group on
the other) mto PDMS during rubber formation using classic room temperature vulcanization
{RTV) chenustry and further described their poteniial for use as biomaterials, (Chen, H., Brook,
M.A., Sheardown, H., Biomaieriak, 2004, 25(12), 2273-82y | has been shown that the
mncorperation of poly(ethvlene oxide} inte the silicone rubber was able to reduce the protein
adsorption, However, mcorporation of poly(alkkyiene oxides) results m possible harmful
mpurities, and may result in skin ritation.  As a result, many mndustries avoid the use of
polyoxyakylenes, either asunils covalently bonded to a polymer, or separately, as non-ionic

surfactants,

j0006] Cyclodextrms (“CD™) have been used as an additsve or a camvier in rubber
curing formwuiations.  U.S. Publication No. 2005260905 discloses the use of cyclodexirin as
carriers for didferent additives in polymerie matrix for use m textile fiushmg material.
Although, the cyclodextrin may be parl of a crosslinked network, the formulation does not

preduce a hydrophilic rubber.

{00071 CN106349705 discloses a high temperatwe resistant and hagh  flame-
retardant sihicone  rubber cable sheathing material fornied by using beta cyclodextrin as one of
the components. While the cyclodexirin may be crosslinked, ihe prodoct does not exhibi

hydrophilic properties.

{0008} Cyclodexirins  (“CD”) have been used in rubber curing formudations to
provide hydrophific properties to silicone rubbers, US 5,391,592 discloses a contactlens made
by reacting CD modified with alkenyl groups with SiH containing sificones to produce a
Hpophilic CD-silicone polvmer. The modified CD disclosed no longer contam exclasively free
hydroxy groups: rather, some or all of the groups are ctherified. Thus, these materiaks are
expected to provide lttle or no hydrophilicity. In addition, the lipephilic materials obtained

are also not expected to exhibit reduced protein adsorbing properties limiting  their application.



WO 2020/139404 PCT/US2018/068079

{0009} Thus, based on the disadvantages still present i the prior art, there is still a
need for a crosslinked silicone rubber with hydrophilic properties throughout the bulk of the
material, for manofacturing products with moisture conirol properties, with a low coefficient
of friction with respect to polar or wetsurfaces (e.g., skin), and biocompatibility, There 18 also
a nced i the art for convenently producing a crosslinked sdicone rubber with hydrophilic

propertics while avoiding potentially harmful mypurities.
SUMMARY OF THE INVENTION

{0010} It has now been surprisingly and unexpecledly discovered that silicone
rubbers prepared by cross-linking one or more modificd cyclodextrin dervatives  a
hydrosilylation reaction with one or more organopolysiloxane materials in the presence of a
noble metal (e.g., platinum) catalyst, form stable, cured hydrophilic silicone rubbers, The
cyclodextrin cavity remains useful for “guesthost” complexes, despite being a constituent of a
three~dimensional polvmer matrix, Other components such as fillers, plasticizers, pigments,
and other additives can be added as required. The inventive hydrophilic rubber can be useful
for encapsulation and release  of cosmietic or pharmaceutical actives, medical devices,
transdernial drug delivery patches/device, wound care materialy, low friction materials, body
implanis, wet seals, water absorbing foams and other applications requiring a biocompatible

hydrophilic rubber.
BRIEF DESCRIPTION OF THE DRAWINGS

j0011] FIGURE | dlustrates schematically one embodiment of the hydrophilic

crosstinked sthcone rubber of the present tavention;

{0012} FIGURE 2 lllustrates schematically the formation of undecenoyl modilicd

cyclodextrin for use m the hydrophilic crosslinked sificone rubber of the present nvention;

{0013] FIGURE 3 #lusirates schematically one embodiment of ihe hydrophilic

crossiinked sificone rubber of the present mvention; and

{0014} FIGURE 4 dlustrates schematically one embodiment of the hydrophilic

crosslinked siicone rubber of the present mvention,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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j0015] The mventive hydrophilic crosslinked siicone rubbers (X} are produced in
a hvdrosilylation reaction betweenone or more reactants including aliphatic unsaturation such
as ethylenic or ethvlynic unsaturation, and one or more reactants including Si-H functionality
{(“silicone~bonded hydrogen”). The reaction s catalyzed by a hydrosilylation catalyst, which
may be, lor example, a platmun: compound or complex. At least one reactant must contam a
covalently bended cyclodextrin motety, for exanple a cyclodexirin derivative contamning
cthylenic or ethylymic unsaturation; a silicone (organopolysiloxane} reactant containing
hydrossly lation-reaction functionality, to which one or more cyclodextrin groups are covalently
bonded; ora silane or silicone bearing silicon bonded hydrogen to which a cyclodexirim moiety

is covalently bonded.

{001 6] Entbodiments of the mventive hydrophilic  crosslinked silicone rubber (X)

comprising, besides component (E):

{001 7] at feast one cach of compound (A), (B), and (D}, or

j001 8] at least one cach of compound (A), (B), {C), and (D), or

{0019} at least one (C) and (D)

{0020} where

[0021} {A} & an organic compound or an organosidicorn compound, containing at

feast two radicals with aliphatic carbon-carbon muldtiple  bonds,

{0022} (B) v an organosilicon compound, conlaining at feast two Si-bonded

hydrogen atons,

{0023] (C} s an organosilicon compound, confamng SiC-bonded radicals with

aliphatic carbon-carbon multiple bonds and Si-bonded hvdrogen atoms,

j0024} (D} is a hydrosilylation catalyst, and
{0025} (E) 5 a cyclodextrin (which may be a mixture of cyclodextrins) mwodified io

inclide at least one aliphatically unsaturated group such as one contaimng cthylenic or
ethylynic unsaturation, or at feast one Sit{ group, or a combination of at kast one aliphatically
unsaturated group such as one confatung cthylenic or ethylynic unsaturation and at keast one

SiH group.
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{0026} The addition-crosslinking sihicons compositions according lo the invention
may be single-component silicone compositions or else two- or multi-component sificone

compositions,

{0027} In two-component compositions, the individual components of the
compositions  according o the invention can contair all of the constiluents in any desired
combination, generally with the proviso that one component does not simultancously comprise
sioxanes with an aliphatic nudtiple bond, siloxanes with Si-bonded hydrogen and catalyst, ie.
esseatially not simuliancously the constituents {A), (B) and (D} or (C} and (D). However, ihe

compositions according to the mvention are preferably single~conmponent  compositions.

{0028} As 18 known, the compounds (A) and (B) or {C) used in the compostions
according to the mvention are selected such that a crosslinking s possible. Thus, for example,
compound (A} has atleast two aliphatically unsaturated radicals and (B} has at least three Si-
bonded hydrogen atoms, or compound (A} has atleast tlyee aliphatically unsaturated radicals
and siloxane (B} has at least two Si-bonded hydrogen atoms, or else instead of compound {A)
and (B), siloxane (C) 15 used which has aliphatically unsaturaled radicals and Si-bonded

hydrogen atoms in the aforementioned ratios,

[0029} The compound (A) used according to the mveantion can be a siicon-free
organic compound with preferably atleast two aliphatically unsaturated groups and can be an
organosticon conpound with preferably at least two aliphatically unsaturated groups, or else

mixtures thereol

{0030} Examples of s#icon-free  organic  compounds (A)y are 135-
trevinyleyelohexane,  23-dimethyl-1,3-butadiene, 7-methyi-3-methyviene-1,6-octadiene,  2-
methyl-1,3-butadiene, 13-hexadiene, 1,7-octadicne, 4,7-methylene-4,7,8,9-tetrahydroindene,
methyleyelopeniadiene, S-vinyl-2-norbornene, bicyclo]2.2.1Jhepta-2,5-diene, 13-
diasopropenylbenzene, vinybgroup-containing polybutadiene, 14-divinyleyclohexane, 1,3,5-
triaflylbe nzene, 1.3 5-trivinylbenze ne, 1,2 4-trivinykcye lohexane, 13,3~
trisopropenyibenzene, 14-divinylbenzene, 3-methyl-heptadiene-(1,5), 3-phenyl-hexadiene-
{1,5), 3-vinyhhexadiene-(1,5) and 4.5-dimethybd S-dicthyloctadiene-(1,7), NN-methylene-
bisacrylanude, 1,1, 1-tris{hydrox ymethylypropanc triacrylate, 1,4L1-
tristhydroxymethyhpropane  trimethacrylate, tripropylene  glycol diacrylate, diallyt  ether,
diallylamme, diallyl carbonate, NN"-diallvlarea, trialivlamine, tris(2-methylallyhamine, 2.4,6-
traflyloxy-1.3,5-triazing, triallyl-s-triazine-2 4,6 1H,3H,5H)-trione, diallyl malonate,

5
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polvethyiene glyeol dmcrylate, polyethylene glycol dimethacrvlate, poly(propylene glycel)

dmethacrylate,

{0031} In addition-crosslinking crosslinked silicone rubber (X), constiient (A)
may include at least one aliphatically wnsaturated organosificon compound, m which case all
aliphatically unsaturated organosilicon compounds used to date m addition-crosslinking
compositions may be employed, such as, for example, sthcone polymers, copolymers and
resins with vinyl functionality, sticone block copolymers with urea segments, silicone block
copolymers with amide scgments and/or imide segments and/or esterfamide segmenis and/or
polystyrene segments and/or stlarylene segments and/or carborane segments and sticone grali

copolymers with ether groups.

{0032} The organosiicon compounds {A) that have SiC-bonded radicalk with
aliphatic  carbon-carbon-multiple  bonds  used are preferably  lincar or branched

organopolysiloxanes of units of the general formula (1)

{0033} where
{0034} RY, mdependently of one another, are an organic or morganic radical free

from aliphatic carben-carbor-nwitiple bonds,

5

{0035} RS, independently of one another, are a monovalent, substituted or
unsubstituted, SiC-bonded hydrocarbon radical with at least one aliphatic carbon-carbon-

mudtiple bond,

j0036] ais0,1,20r 3, and
j0037} bws 0, 1or2,
{0038} with the proviso thai the sum ath is less than or equal to 3 and at feast 2

radicals R* are present per molecule,

{0039} Radicals R* may be mono- or polyvalent radicals, with the polyvalent
radicals, such as, for example, bivalent, trivalent and tetravalent radicals, then jotung together

several, for example two, three or four, siloxy units of the formula (1),

6
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j0040] Further examples of R¥ are the monovaleat radicals —F, —Cl, —Br, ORS,
------ CN, ~8CN, ~NCO and SiC-bonded, substituted or unsubstituted hydrocarbon radicals

which may be mterrupted with oxvgen atoms or the group —C{O)—, and also bivalent radicals
Si-bonded on both sides according to formula (H). If radicalks R*are SiC-bonded substituted
hydrocarbon radicals, preferred substituents are halogen atoms, phosphotus-containing
radicals, cyano radicals, —ORE, - NRO&, ~~NR®, - NRE-C{O ) NRE, ~~C{Q}NR®, -~
C{O)R?, —C(OYORE, —8O»-Ph and —C¢Fs. Here, R are, independenily of one another,
hydrogen or a menovalent hydrocarbon radical having 1 to 20 carbon atomss, and Ph s the

phenyl radical,

[0041} Examples of radicals R* are alkyl radicals such as the methyl, ethyl, n-
propyl, sopropyl n-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl and tert-pentyl
radicals, hexyt radicals such as the n-hexyl radical, hepiyl radicals such as the n-heptyl radical,
octyl radicals such as the n-oetyl radical and isooctyl radicals such as the 2.2 4-trimethylpentyl
radical, nonyl radicals such as the n-nonyl radical, decyl radicals such as the n-decyl radical,
dodecyl radicals such as the n-dodecyl radical. and octadecyl radicals such as the n-octadecyl
radical, cycloalkyl radicals such as the cyclopentyl cyclohexyl cycloheptyl and
methyvlcyelohexyl radicals, aryl radicals such as the phenyl, naphihyl, anthryl and phenanthryi
racicals, alkaryt radicals such as the o-, m-, and p-lolyl radicals, svlyt radicals and ethyiphenvi

radicals, and aralkyl radicals such as the benzyl radical, and the o~ and the B-phenyiethyl

radicals.
{0042} Examples of substituled radicals R are haloakyl radicals, such as the 33.3-
trifuoro-n-propyl radical, the  2,2,22°2" 2-hexafluorcisopropyt radical, the

heptafluoroisopropy! radical, haloaryl radicals, such as the o~, m- and p-chlorophenyl radical,
—{(CH2)—N(ROC(OINRE, —(CHajo— COINRE, —(CHao—C(OIRS, —(CHa)e—C(OIORS,
—(CH2);—C{ONRS;,  —{CH:)—C(O—CHy),C(O)CH;,  —(CHp)—O0—CO—RS, —
(CHy )} NRE(CHy)y~NRO, {CH3)gO-(CH,),CH (OH) CH,OH,
(CH2)o(OCHCH;),0R®, —(CH2),—S0»-Ph and —(CH;);—O0—CsFs, where R® and Ph

corresponds to the meaning given for them above and o and p are identical or different integers

between € and 10,

{0043} Examples of R*being divalent radicaks Si-bonded on both sides according
to formwda () are those which are derved from the menovalent examples specified above for
radical R* by virtue of the fact that an addilional bonding takes place by substiution of a

hydrogen atom. Examples of such radicals are —(CHyy~, —CH{CH:}~~, —~C(CH;}~, ~—
7
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CH(CH;}—CH.—, —Cily—, —CH(Ph—CHy—, —C{CF3)h—, —(CH)—CH—
(CHy)y, ~~{CH;)yCeHyCeHls{CHa g, ~~(CHaOY, (CH:CH3O), ~~{CHi)g-Oyo
CeHe—SO—CeHi—O—(CHo)—, where x 8 0 or 1, and Ph, o and p have ihe meaning

specificd above.

[0044] Preferably, radical R%is a monovaleni SiC-bonded, optionally substituied
hydrocarbon radical having 1 to 18 carbon atoms free [rom aliphatic carbon~carbon~-multip le
bonds, more preferably a monovalent SiC-bonded hydrocarbon radical having 1 to 6 carbon
atoms [ree [rom abphatic carbon-carbon-multiple bonds, and i pariicular the methyl or phenyi

radical.

{0045} Radical R>may be any desived groups accessible to an addition reaction

(hydrosilyiation) with an SiH-functional compound,

{0046} Il radicalk RY are SiC-bonded, substitiied hvdrocarbon radicals, the
substituents are preferably halogen atoms, cyano radicals and —OR®, where R® has the

aforementioned meanng.

{0047} Preferably, radicals R® are alkenyl and alkynyl groups having 2 te 16 carbon
atoms, such as vinyl, allyl, methallvl, 1-propenyl, S-hexenyl cthvnyl butadienyl, hexadienyl,
cyclopentenyl, cvclopentadienyl, cyclohexenyl, vinvicyclohexylethyl, divinyleyclohexvlethyl,
norbornenyl, vinviphenyl and styrvl radicals, with vinyl, allyl and hexenyl radicals being most

preferably used,

j0048] The molecular weight of the constittent {A)can vary within wide limits, for
example between 102 and 10¢ g/mol. Thus, the constituent {A) canbe, for example, a relatively
ow molecular welght alkenyl-funciional oligostloxane, sach  as  1,2-
divinyltetramethyidisiloxane, but also a highly polymeric polydimethylsiloxane which has
chain-positioned or terminal Si-bonded vinyl groups, e.g. with a molecular weight of 10° g/mol
{(number-average determined by means of NMR), The structure of the molecules forming the
constituent (A} 18 also not [ixed; in particular, the structure of a more highly molkecular, ie.
okigomeric or polymeric siloxane, may be linear, cychc, branched or eke resin-like, network-
fke. Lincar and cyclic polysitoxanes are preferably composed of units of the fornmilac
RH81040, RIR%Si 2, RPRISIO 2 and RHS10;,-, where R* and R¥have the meanings given
above. Branched and network-like polysdoxanes additionally contam trifunctional andior

tetrafunctional wnils, with those of the formulae RASI034, R3804 and Si04, being preferred.
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Mixtures of different siloxanes satisfving the criferia of constituent (A) can of course also be

used.

{0049} As component (A), particular preference & given to the use of vinyl-
functional, ¢ssentially linear polydiorganosiloxanes with a viscosity of 0.01 to 500,000 Pa-s,

~

more preferably from 0.1 to 100,000 Pa-s, in eachcase at25° C

j0050] As organosilicon compound(s) (B), it is possible to use all hvdrogen-
functional organosilicon compounds which have also hitherio been used in addition-

crosshinkable conpositions.

{0051} The organopolysioxanes (B) thai have Si-bonded hydrogen atoms arc

preferably lincar, cyclic or branched organopolysiloxanes of units of the general fornuda (1)

R HaSIOu 2 (1)
{0052} where
{0033} R# has the aforementioned meaning,
{0054} cis(, 1, 20r 3and
{0055} di 0, 1or2,
{00561 with the proviso thatl the sum of ¢+d is less than or equal to 3 and at least

two St-bonded hydrogen atoms are present per molecule.

{0057} Preferably, the organopolysiloxane (B) used according to the nvention
comprise S-bonded hydrogen in the range from 0.04 to 1.7 percent by weight, based on the

total weight of the organopolvsiloxane (B).

j0058] The molecular weight of the constituent (B) can lkewise vary within wide
timits, for example between 107 and 10° g'mol. Thus, the constituent (B) can for example be a
refatively low molecular weight SiH~functional oligosifoxane, such as tetramethyldisiloxane,
but also & highly polymeric polydimethylsiloxane that has chamn-positioned or terminal SiH-

groups, or a siicone resin that has SiH-groups.

{0059] The structure of the molecules formung the constituent (B) is also not fixed;

w particular, the siructure of a more highly molecular, 1e. oligomeric or polymeric SiH-

9
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contamung s#oxane may be lincar, cyclic, branched or else resin-like, network-Bke. Linear and
cyclic polysiloxanes (B) are preferably composed of units of the formulae R%Si0yn,
HR4:8i04.5, HR¥SiO:» and R%HSi0;-, where R* has the meaning given above. Branched and
network-like  polysiloxanes additionally comprise trfunctional and/or tetrafunctional units,
preference being given to those of the formulae R3Si05:, HSO:, and S0y, where R¥has the

meaning given gbove.

{0060} It s of course also possibie to use nuxfures of different sifoxanes meeting
the criteria of constituent (B). In pariicular, the molecules forming the constituent (B) can
optionally additionally alo contain aliphatically unsaturated groups i addition to the
obligatory SiH-groups. Particular preference is given to the use of low molecular weight SiH-
functional compounds such as tetrakis(dincthyls ifoxy)silane and
tetramethyleyelotetrasiloxane, as well as more highly molecular, SiH-contaming siloxanes,
such as poly(hydrogenmethyysiloxanes and poly(dimethylhydrogenmethyljsifoxanes with a
viscosity at 253 C. of from 10 to 10,000 mPa-s, or analogous SiH-containing compounds in

which some of the methyl groups are replaced by 3.3 3-triflaoropropyl or phenyt groups.

j0061) Constituent (B} i preferably present in the crosslinkable silicone
composilions according to the vention in an amount such that {the molar ratio of SiH-groups

o abphatically unsaturated groups from (A) s 0.1 to 20, more preferably between 1.0 and 3.0,

{0062} The components {A) and (B) used according to the mvention are standard

commercial products and/or can be prepared by processes customary i chemistry.

{0063} Instead of component (A} and (B}, the silicone compositions according to
the mvention can comprise organopolysiloxanes (C) which smudtancously have alphatic
carbon-carbon-multiple  bonds and Sibonded hydrogen atoms. The silicone compositions

according to the nvention canalo comprise all three components (A), (BY and (C).

j0064} If sfoxanes (C) are used, these are preferably those of units of the general

formulae (HI), {1V} and (V)

R4Si04 (11
R4, R3804 (V)
RAH SO0 (V)

10
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{0065} where

{0066 Rtand R¥have the meaning given for them above,

[0067} fis 1, 20r3,

j0068} gis 0, 1 or 2 and

{0069} his 0, 1 or 2,

{0070} with the proviso that at least 2 radicals R and at least 2 Si-bonded hydrogen

aloms are present per molecule.

{0071 Examples of organopolysiloxanes {(C) are those made from 8Os, R%Si0 5,
R4RIS10 4 and RYHSIO - wits, so~called MQ resins, where these resins can additionally
contain R4S8i0;:; and R%:510 units, as well as lnear organopolysiloganes cssentially consisting

of RHR38104,, R4SI0 and RAHSIO wnits where R¥and R¥have the aforementioned meaning.

{0072} The organopolysioxanes (C) preferably have an average viscosily of from
0.01 to 500000 Pas, more preferably 0.1 to 100,000 Pa-s, m each case at 25° C.

Organopolysiloxanes () can be prepared by methods customary in chemistry,

{0073} As hydrosilylation catalyst (D}, it s possible to use all catalysls known to
the prior art. Component (D) may be a platinen group metal, for example platinum, rhodiuny,
ruthenturn, palladim, osminm or widium, an organometallic compound or a combination
thercof. Examples of component (D) are compounds such as hexachloroplatinic(fVy acid,
platinum dichioride, platinum acetylacetonate and complexes of these compounds which are

encapsudated in a matrix or a core/shell-like structure.

{0074} Plhtimgn complexes with low molkeular weight organopolysiloxanes
mehde  13-dicthenyl- 1,13 3-tetranwthyldisiloxane  complexes  with  platinum,  Further
examples are platinum phosphite complexes, platinum phosphine complexes or alkyiplatinum

complexes. These compounds may be encapsulated In a resin matrix,

{0075} Conmponent {E} & a cyclodexirin {which may be a mixture of eyclodextring)
modificd 1o inclade at leasl one abphatically unsaturated group such as one containing
ethylenic or ethylynic unsaturation. The cyclodextrin may also mclude an SiH functional group
or SiH functionality and at least one abphatically unsaturated group. Cyclodexiring are cyeke

oligosaccharides constructed of w umits of a-(14)-lcked anhydroghicose units, where w is
11
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generally from 6-10. The common cyclodextrins contam 6, 7, or 8 anhydroghicose unils, and
are referred to, respectively, as a-cyclodextrin, B-cyclodextrn, and y-cyclodextrin, often
abbreviated as o-CD, B-CD, and y-CD. Such cyclodextring and others where w £ 6, 7, or &,
are produced by the enzymatic conversion (“digestionr”} of starch and are readily commercially

available.

{0076} Due to thewr structure, CDs have a hydrophobic mterior.  Numerous
molecules can ener this cavity and form stable complexes, ofien in stoichiometric ratios, but
rot always 11 ratios. Whether aparticular molecule can be a guest molecule i such host/guest
complexes 1 not always predictable, but depends upon the molecular structure of the guest
molecule, s physical size, presence or absence of polar groups, efe. The cavity size of CDs
increases from a to v, and larger molecules are generally more casily conplexed by the CDs
with larger cavities and vice versa. The complexes formed are reversible, m that the guest
molecules may often be “liberated” quite easily, and it has been found that some molecules
which are notoriously thermally or oxidatively sensitive, curcunmin and fish ols being
examples, are rendered much more stable by bemg incorporated wio cyvclodextrn conplexes.
In addition, the hberated molecules may be released at a controlled rate lo increase
effectiveness m various apphcations,  The guest molecules may melede natual oils,
pharmaceutical products, cosmelic or personal care actives, biocides, msecticides, fungicides,
herbicides, pheromones, fragrances, flavorings, pigments, drogs, pharmaceutical active
compounds, antigens, active conpounds for antistatic {finishing or flame-retardant fishing,

stabifizers (UV), dvestufty, ete,

{0077} The solubility of cyclodexirins i water is lemited, and with respect to the
most common cyclodextring, «-CD, B-CD, and y-CD, ranges from 18 mg'ml for B-CD to 232
mgnd for v-CD. Thus, CDs are much less soluble i water and polar solvents than other

saccharides and oligosaccharides.

{0078 The hydrophitic crosslinked silicone rubber (X) of the present invention are
prepared by incorporating cyclodexirin moictics into the rubber through a hydrosilylation
reaction. There are various methods of acconplishing this. In one method, a cyclodextrin
{which may be a mixture of cyclodexiring) is modified {o confam ai least one aliphatically
unsaturated group such as one containng ethylenic or ethylynic unsatuwration (A). Onaverage,
the cyclodextrin can contain from | to 24 carbon-carbon mwitiple bonds, preferably 1 1o 16
carbon-carbon muliiple bonds, more preferably 1 to 8 carbon-carbon multiple bonds, even

more preferably 1 to 3 carbon-carbon multiple bonds, stiff more preferably 1 o 2 carbon-carbon
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mudtiple bounds, yet more preferably from 110 2 or less than 2 multiple bonds, and meost

preferably, { carbon-carbon multiple bond.

{0079} The organic groups which contain the carbon-carbon multiple bonds may
be, and preferably are, simple alkenyl groups Hinked to the CDs by an ether linkage, may be a
(methjacrylate group, a maleate or fumarate group, or the ke, Such groups may be covalenily
bound to one of the CD hydroxyl oxygens through any suitable linking group, such as but not
mited to, cther, ester, urethane, and urea groups. An example of unsaturation could also bea
vyl silyl group connected to the CD divectly or through a linker. The remaiming unreacted
CD hydroxyl groups may renwam as free hydroxyl groups, or may have been derivatized or may
be previously or subsequently derivatized with other groups not contaming ethylenic or
ethybviie unsaturation, such as methyl groups, acetate groups, ete. Derivatized CDs containing
such modifving groups and other modifying groups are widely available and can be used as

slarting materials to form the CDs contaming carbon~carbon muliple bonds.

{0080} In the context of the present mvention, a “cyclodextrin  derivative” is a
cycledextrin which bas been derivatized by groups which are not reactive in a hydrosilylation
reaction.  Such groups iclude, but are not Bnuted to, groups such as those previously
mentioned, ¢.g hydrocarbor and hydrocarbonoxy groups contaming no aliphatic unsaturation.
By a “modified evelodextrin™ herein s meant a cyclodextrin or cyclodextrin derivative which
has been modified {functionalized} to contain a group having aliphatic unsatwration which can
participate m a hydrosilylation reaction, or to conlamr a silyl or pelvorganosiloxyl group

containmg sihicon-bonded hydrogen.

[0081} Methods for mtroducing groups comtaining carbon-carbon nuidtiple bonds
onte CDs are known or casily formulated by a chemist. For example, the methods disclosed
it M. Yin etal, CHROMATOGRAPHIA (2003), Vol 38, p. 301, may be used. Other methods
mclude esterilfication of CD hydroxyl groups by means of an unsaturated carboxylic acid
chloride, esterification by reacting with an unsaturaied carboxylic acid such as (meth)acerylic
acid; by esterification by reaction with an unsaturaied anhydride such as maleic avhvdride or
acrylic anhydeide; by wethanization by reaction with an unsaturated socyanate such as vinyt
socyanate, allyl isocyanate, or socyanatoethyli(methlacrylate or
socyanatopropyl(meth)acrylate: by reaction with an unsaturated epoxy compound, and by
other rcactions known to the art. The number of carbon-carbon muliiple bond-containing
groups of the unsaturated CD (E} 1s lnuled by the nonber of ree hydroxyl groups m pricciple

but may also be fmuted m practice by steric elfects. OF course, the higher the number of
13
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aliphatically unsaturaled groups, the more derivatizing reagent mwust be used, resuliing in higher

cOsi

{0082} A further method of incorporating CD groups by hydrosilylation s to
prepare an organopolysifoxane which i reactive it a hydrosivlation reaction by virtue of the
presence of aliphatic uwnsatoration and’or Si-H functionalty as an ntermediate product, and
which contams one or more covalently bonded CD groups on average. For example, an
organopolysiloxane containing Si-vinyl groups or Si-H groups and also contamung a species
reactive with a CD or with a CD dervative nmy be reacted with the CD io covalenily bond the
CD to the organopolysifoxane.  For non-dervatized CDs or CDs which have been partially
derivatized with non-interfering groups such as alkyl groups or acetyl groups, suilable reactive
groups on the organopolysiloxanes mchide anhydride groups such as those derived from maleic
anhydride, succmic anhydride, terephthalic anhydride, and phthalic anhydride groups, and

other groups reactive with hydroxyl groups, such as isocyanate or ¢poxy groups.

f0083}] Il the CD has been derivatized with a group which & reactive in
hydrossiylation, e.g. an aliphatically unsaturated group or a group bearing or contaming an Si-
H group, then an corganopolysiloxane bearing complementarily reactive groups in
stoichiometric excess can be used. For cxample, a derivatized €D bearing an aliphatically
unsaturated group can be reacted with an organopolysiloxane bearing, for example, fow Si-H
groups, it a 1:1 mol ratio, The hydrosilylated product will contai, on average, one CD molety
per molecule, and will, on average, contain fhree unreacted Si-H groups to be subsequently

reacied to form the rebber.

[0084] Preferably, the CDs which will participate in the reaction fo forn a rubber
will be CDs which have been derivatized to contain, on average, one or more abphatically
unsaturated groups, of the €D will have been covalently bonded io an organepolysiloxane

bearing aliphatically unsaturated groups,

{0085} If the CD-containing component i an organopolysiloxane bearing Si-H
groups or cthylenically unsaturated groups, then the amoont of CD mwoweties i the final

hydrophilic crosslinked silicone rubber (X} product may be limited due to selection of the

-

proper portions of organopolysiloxanes nocessary to result in rubber formation. With “(re¢’
CDs modificd to contain an abphatically unsaturated group, the reaction & simpler, more

econorical, and the CD content may be varied over an extremely wide range,
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{0086} To catalyze the hydrosilvlation reaction of the components (A}, (B), and (E)
the concentration of component {D} i sufficient to reach acceptable cure for the application.
The amount of component (D) can be between 0.1 and 1000 parts per milion (ppmj, 0.5 and
100 ppm or 1 and 23 ppm of the platmum group metal, depending on the total weight of the
component, The curing rate may be low 1f the constituent of the plattum group metal s below
I ppm. The use of more than 100 ppm of the platinum: group metal i unccononucal or can

reduce the stability of the adhesive formulation,

{0087} The mventive hydrophilic crosslinked silicone rubber (X) may optionaily
inclide additives such as strengthening fillers as component (F). Component (F) may mchide
fumed or precpiiated sdicas with BET surface arcas of at least 50 mi/g, as well as carbon
blacks and activated carbons such as furnace black and acetylene black, with preference being
given lo fumed and precipitated siticas with BET surlace areas of atleast 30 m¥/g. The specified
stfica fillers can have a hydrophilic character or be hydrophobized by known processes, The
content of actively strengthening filler (F) in the crosslinkable composition according to the

invention & In the range from 0 to 70% by weight, preferably 0 to 50% by weight.

j0088] Preferably, the crosslinkable silicone conwpositions according to the
invention are characierized in that the filler (F) has been surface-treated. The surface freatment
i achieved by processes known m the prior art for the hydrophobization of finely divided
fillers. The hydrophobization can take place, for exanple, either prior to the incorporation into
the polvorgancsiloxane or else in the presence of a polyorganosiloxane according to the in-situ
process. Both processes can be carried out either i the batch process or else continuously,
Hydrophobizing agenis preferably used are organosticon conpounds which are able to react
with the filler surface to form covalent bonds or are permanently physically absorbed onto the
filler surface. Esamples of hvdrophobizing agents are alkylchlorostlanes such  as
methyltnchloroslane,  dimethyldichiorosilane, trimethylchlorosilane, octylirichlorosiiane,
octadecylirichlorosifane, octybnethvldichlorosilane, octadecylmethyldichlorosilane,

octyldimethylchiorosilane, octadecyldimethylchiorosilane and teri-butyldimethylchlorositane;

alkylikoxysilanes such as  dimethyldimethoxysilane, dimethyldiethoxysifane,
trinsethyimethoxys tlane and trimethyiethoxysilane; trimethylsilanel; cyclic
diorgano(poly)siloxanes such as octamethylcyelotetrasiloxane and

decamethylcyclopentasiloxane; linear diorganopolysiloxanes such as dimethyipolysiloxanes
with trinethylsidoxy end groups, and dimethylpolysiloxanes with sfanol or alkoxy end groups;

dislazanes  such  as  hexaalkyldisilazancs, m  particular  hexamethyldisilazane,
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diviny lietramethyldisilazane, bis(irifluoropropytetranmethyidisilazane; cyche
dmethyisilazanes, such as hexamethylcyclotrisifazane, His also possible to use mixtures of the
hydrophobizing agents specified above. In order to ncrease the rate of the hydrophobization,
catalytically active additives, such as, for example, amines, metal hydroxides and water, can

also optionally be added.

{0089} The hydrophobization can take place, for example, in one siep using one
hydrophobizing agent or a3 mixture of several hydrophobizing agents, but also using one or

more hydrophobizing agents m several steps.

{0090 As a consequence of a surface treatment, preferred fllers (F) have a carbon
content of at feast 0.01 io at most 20% by weight, preferably between 0.1 and 105% by weight,
and more preferably between 0.5 to 5% by weight. Particular preference i3 given to
crosslinkable sificone compositions which are characterized in that the fller (F) 1 a surface-
treated sifica having 0.01 to 2% by weight of Si-bonded, aliphatically unsaturated groups. For
example, these may be Si-bonded vinyl groups. In the silicone composition according to the
mvention, the counstituent (F) 1s used preferably as an individoal filler or likewise preferably as

a mixture of several finely divided {iflers,

[0091} The silicons composilions according to the ivention can, If desired, may
include further additives (G) i a fraction of up to 70% by weight, preferably 0.0001 to 40%
by weight. These additives {G) may be e.g. mactive [Hers, resin-like polyorganosiloxanes
which are different from the sidoxanes (A}, (B), and (C) and may inclode fungicides, [ragrances,
rheological additives, mlubitors and stabilizers for the targeted adjustment of processing time,
onset temperature and crosslinking rate, corrosion ihibitors, oxidation mlubitors, lght
protection agents, flame retardants and agents for mfluencing the clecirical propertics,
dispersion auxifiaries, solvenls, adhesion promoters, pigments, dyes, plasticizers, organic
pobvmers, heat stabiieers ele. These mclude addibives such as quartz flour, diaiomaceous earth,
clays, chalk, lithopone, graphite, metal oxides, metal carbonates, metal sulfates, metal salts of
carboxylic acids, metal dusts, fibers, such as glass fibers, plastic {hers, plastic powders, metal

dusts, dyes, pigments, etc,

{0092} Moreover, these fillers may be heat-conducting or electrically conducting.
Examples of heat~conducting fillers are aluminum niteide; alummmum  oxide; barien titanate;
beryllium: oxide; boron mtride; diamond: graphie; magnesmm oxide; particulate metalk such
as, copper, gold, nickel or silver; siicon carbide; fungsten carbide; wnc oxide, and
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combmations thereof. Heat-conducting fillers are known m the prior art and are commercia lly
available. Forexample, CB~A20S and AR43-Me arealiminum oxide fillers in different particle
stzes which are commercially avadable from Showa-Denko, and AA-04, AA-2 and AALS are
alumunum oxide fi#fers which are commercinlly available from Sumitomo Chemical Company.
Silver fillers are commercially avatlable from Metalor Technologies U.S AL Corp. of Altleboro,
Mass., U.S.A. Boron nitride fillers are conunercially avaflable from Advanced Ceramics
Corporation, Cleveland, Ohio, U.S.A. It i also possible to use a combmation of fillers with

different particle sizes and different partick swe distribution.

{0093} The stlicone composition can additionally optionally comprise a solvent
{H). However, it should be enswred that the solvent (H) has no disadvantageous cffects on the
overall svsteny, and that the solvent (H) has no disadvantages with respect to skin contact and
curing, Suitable solvents (H) are known in the prior art and are commercially avaifable. The
solvent {H)can be, for example, an organic solvent having 3 to 20 carbon atoms. Non-limiting
examples of sobvents (H) include aliphatic hydrocarbons such as nonane, decalin and dodecane;
aromatic hydrocarbons such as mesitylene, xylene and toluene; esters such as ethyl acetate and
butyrofactone; cthers such as n-butyl ether and polyethylene glycol monomethyl ether; ketones
such as methyl sobutyl ketone and methyl peatyl ketone; sdicone fhuds such as linear,
branched and cychc polydimethyisiloxanes, and combinations of these solvents. The optimum
concentration of a speeific solvent (H) in the siicone composition canbe determined casily by
means of routme experimenis. Depending on the weight of the compound, the amount of
solvent (H) can be between 0 and 95% or between 1 and 939%. In some embodiments, # is
desired fo a volatife solvert such thai aller nitial curing, the resulting hydrophilic silicone
rubber may include from abowt 0 to about S weight percent based on the total weight of ail
components of the silicone rubber, and preferably from (% to 1%, and mwore preferably from

0% to about . 1%.

j0094] The hvdrophiiic  crosshnked silicone rubber (X) may optionally include
hydrosityation inhibitors and stabilizers (I). Inhubitors and stabilizers (1) serve for the targeted
adjustment of the processing time, onset temperature and crosslinking rate of the silicone
compositions according to the mvention, These mhubitors and stabilizers have been known for
a long time i the prior art. Examples of customary inlubitors are acetyienic alcohols, such as
{-ethynvi-1-cvclohexanol, 2-methyl-3-buityn-2-ol and 3.5-dimethyl- {-hexyn-3-o0l, 3-meihyl-1-
dodecyn-3-oi, polymethytvinyleyclosiloxancs such as 1,3.5, 7-

tetravinyitetrametlyitetracyclosiloxane, fow molecular weight silicone oy with methylvinyi-
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SOy, groups andior RpvinyiSiO¢- end groups, such as divinvletramethyidsiloxane,
tefravinyidimethyldistloxane, triakyl cyanurates, alkyt maleates, such as diallyl maleates,
dimethyl maleate and dicthyl maleate, akyl [umarates, such as diallyl fumaraie and
diethylfumarate, organic  hydroperoxides  such as cumene  hydroperoxide,  teri-butyl
hydroperoxide and pinane hydroperoxide, organic peroxides, organic sulfoxides, organic
amines, dianunes and amides, phosphates and phosphites, mitriles, triazolkes, diariridines and
oximes. The effectof these inhibitor additives depends on their chenyical structure, mcaning
that the concentration has to be determined individually, Inhibiors and inhibitor mixtures ame
preferably added in a quantitative fraction of from 0.00001%% to 5%, based on the total weight

of the maxture, preferably 0.00005 to 2% and more preferably 00001 to 194,

j0095] The reaction temperature of the mventive hvdrophilic sificone rubber (X) is
preferably from room temperature to about 220°C, more preferably 50 ~ 200°C, and most
preferably from 50 - 190°C. The particular temperature used may reflect thermal sensilivities
of ingredients used. In general, fower temperatures require longer reaction times and/or greater
amounts of catalyst, and vice versa, At temperatures in the range of 70 — 90°C, the reaction
generally takes several minutes to several hours, At temperatures i the range of 160 -190°C,

the reaction generally takes seconds.

{0096} The amounts of reactants (A}, (B), and (E), and optionally (C) can be varied
with respect to each other, as long as a cured rubber & produced. For example, greater amounts
of the ecyclodexirin-containmng component (E)} confer greaier hvdrophilicity and water
absorption properties. The amounts of aliphaticafly unsaturated components, .2 components
{E) (when compenent (E) i aliphatically wunsaturated) and (A) relative to the amwount of
crosstinker (B) are dependent upon the molecular weight and functionality of the respective
components. In general, to achieve crosslinking as opposed to only chamn extension, the sum
of the average functionality of the abphatically unsaturated components and the average
functionality of the Si-H functional components should be > 4, preferably > 5. With the
exception of the cyclodextrm component (E}), i is deswrable that the average lunctionality of
the other reactive components cach be greater than 2. 1f the total average functionality is not
high cnough, or i the average functionalty of components (A) and'or (B} m/are nol high
enough, then a cured rubber cannot be formied due to madequate crosslinking.  The relative
anmounts are able to be defernined by one of ordinary skill in the art. Further guidance may be
found m U.S. patents, 5,391,592, 5811487, 6365670, 6423322, and 6,881,416, which are

meorporated herein by reference. 1t should be noted that i the CD component (E) containg
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more than one aliphatically wnsaturated group, then this component may also contribute 1o

crosshinking, and thus the functionalities of conponents (A) andior (B) may be reduced.

{0097} The inventive hydrophilic crosslinked sdicone rubber (X} 1 useful 2
variety of applications where hydrophilic  properties are desired. The water uptake of the
invenlive siicone rubber can be adjsted depending on the application need.  In some
embodiments, the water uptake of the inventive silicone rubber may be between 3% and about
1000%, more preferably between 20°% and 500%, and in other embodimenis preferably

between 50% and aboul 350%.

{0098 The mventive silicone rubbers having hydrophilic properties are useful for
a variety ol applications that require moisture control, low coellicients of friction and resistance
to protein adhesion. These properties are useful m wound care, catheters, body implants and
other medical devices, as well as other products that desire the advantages of silicone rubber
and hydrophilic properties.  The use of silicone rubber also allows for a variety of
manufacturing methods to be cmployed, such as melding, injection molding, thin film, coating,

and 3D printing  processes.

{0099} In applications, such as drug delivery the present application may utihize the
cavity present i the CD. The CD can form stable conplexes, where a guest molecule s hosted
in the cavity in the CD. The complexes that are formed are reversible such that the guest
molecule may be released from the CD m a controlled manner. Accordingly, the mventive
hydrophilic s#icone rubber conypostiion disclosed herein can be used {o host a drug for delivery

and release this drug in a controlled manner for effective delivery.

0100} However, many applications exist where hydrophilic properiies are desired.
The moisture management capabilities provided by the iventive hydrophilic compositions is
destred i skin contact and medical appheations {e.g., wound carc applications) to keep and
draw moisture, sweal and exudates away [rom the body. The mventive ydrophilic materials
also extubit a low cocfficient of friction useful m apphications such as catheters. The resistance
to protein adhesion provided by hydrophilic materials is bencficial in body implanis and other

types of medical devices. Hydrophiic materiak are ako advantageous in anti-static artickes.

[0101} In one embodmient, the mventive hydrophilic crosslinked sificone rubber &
made by reacting an SkH containing siicone with undecenoyl modified cyelodextrin to

provide a cross-linked structure; a simphficd scheme s shown in Figure 1.
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{0102} The undecenoyl modified cyclodextrin canbe made by reacting some of the

OH groups of a cyclodextrin with undecanoyl chloride as shown in Figure 2.

{0103} The starting cyclodextrin can be a modified or unmodified o, 8, v
cyclodextrin. An example of unmodified § cyclodextim 8 CAVAMAX® W7 from Wacker
Chenue AG. An example of modified P cyelodextrin is CAVASOL® W7 M from Wacker
Chemie AG, which is a methyl modified §§ cyclodexirin (1.6-1.9 OH groups per glycosidic unit

are modificd with methyl groups); structwre is shown below:
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{0104} An cxample of SiH contaming silicone s poly{dimethylsiloxane-co-

methyllivdrosiloxane} having the fornuls MD,DYM, where x +y =approx. 140; x1y = approx.

2:1

{0105} In another exemplary embodiment of the hydrophilic crosshinked sthcone
rubber, a cyclodextrin is first modified by reacting with a vinyl sihcone containing anhydride
functionalty. This process results m a CD derivative where the CD unit 18 connected to the
vinyl silicone unit {hrough an ester bond. This modified cyclodexirin is used in a crosslinking
composition, akko contamng an SiH functional silicone, to form a cured rubber as shown in

Figure 3.

{0106} In still another exemplary embodiment, an akene medified cyclodextrin
{e.g., the undecenoyl modilied cyclodextrin discussed above) i first reacted with excess

amount of a hydnde functionabzed siicone to produce a cyclodexttm derivative that has
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pendant SiH groups. This modified cyclodextrin is used m hydrosdylation reaction with a vinyi

sihcone o produce crosslinked rubber as shown i Figure 4.

{0107} The crosslinked silicone rubber (X) made according te the nvention am
Liydrophilic  as demonstrated by absorption of water during the water uptake test as well as
lower values of conlact angles. Simatar composilions that do not melade cyclodextirin do not
exhibit hydrophilicity or have much lower hydrophilicity and wateruptake. Ako, compositions
that do not use reactive cyclodextrin components expericnce separation of cyclodextrin from

the composition matrix when tmmersed i water.

{0108] Synthesis Examples:
{0109} For Examyples 1, 2 and 3 undecenoyl modified methyl B-cyclodextrm CH-

18 was used, which was prepared by modifyirg methyl B-cyclodexirm CAVASOLY W7 M

obtamned from Wacker Chenie AG.
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{0110} CAVASOLY W7 M (1.6-1.9 methyl groups on average per glycoside unit)
0111} Undecenoyl modified methyl B-cyclodextrin CH-18 was prepared as
follows:
j0112} Pyridine (253.6 g) was added mto a 500 ml. round-bottomed flask, stired

with a magnetic stirrer, and heated to 657 C. Methyl ~cyclodextrin CAVASOLY W7 M (54.8
g, 41.8 mmol, dried i a desiccator prior to use) was added to the flask over 10 mun with
continnous stirring. A shghtly twbid mixtare was formed. The mixfure was heated to 65 ° C,
and undecenoyl chionde (310 g, 151 mmol) was added drop-wise over 1 h at 657 C, After the
addition was compiele, the reaction mixture was lefl stirring under heating at 63 °C tor 3 hours.

After 3 hours, the reaction muxture was cooked down to room temperature, poured into I L
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water, stred and allowed to settle. The aqueous laver was decanted off from the {op, and the
dark brown bottom layer was further washed repeatedly with 1.5 L waterto geta viscous liquid,
The viscous material was thoroughly dried under reduced pressure to obtain a glassy maieral,
which was ground to obtain 50.7 g of off-white powder, The 'H HMR analysis confirmed the
product to be undecenoyl modified methyl B-CD. The approximate structure (0.38 undecenoyl

group on average per gheoside unit, lodine number: 485 g fodine/100 g sample) i shown

below:
OoR
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ORo OR
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R R
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OR RO
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§ = Mo ov H or undeosnayl
o
Undecenoyl L P
{0113} Measurement of water uptake for cured rubber:
{0114} A weighted sanmple ol cured rubber was placed in deionized water and

container was covered to prevent evaporation or contamination.  After at feast twenty~four (24)
hours, the sanple was removed from the water, gently patted dry with a paper towel 1o remove
excess droplets on the surface and weighed to determine the change m mass. The water uptake

results are reported as the change m mass divided by the onginal sample mass, it weight

percent,
{0115] Contact angle measurement;
{0116} Contact angles for water droplets were measured with a Data Physics OCA

50 measuring device.  The valpes represent the average of three measurements with the

standard devation indicated in the parentheses.

1o
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{0117]

TABLE E Examples of the mventive hydrophilic

rubber and comparative example,

TABLE 1

PCT/US2018/068079

crossiinked sticone

Example

i

2

~

3

Comp. Ex. C4

SiH  functional
sicone/  amount

MDD M., x:y
~23, Xty

.
.

MDD M. xiy

~2:1, Xty

MD, DR M. xy
~0.3:1 x+y

MDD M. xiy
~2:1, Xty

(g} ~140/1.50 ~14042.00 ~45/ 0,70 ~140/0,20
CD or modificd
CD component/ CHigY5.60 CHI18%6.55 CHIBY 6.10 aone
amount {g2)
Vinyl sﬁf}xa ne MY DxMVYi 4/
component none none none
_ 10.0
amount {g)
SiH \/l 1?1.01‘3 0.7:1 0.7:1 0.7:1 0.8:1
ratios
¥ i 41
Platinum 7.11 §.55 6.80 10.20

Calalyst® {mg)

Cure conditions

Vacuum oven,

Vacuum gven,

Vacuum oven,

80 °C, 8h

R0 *C. 8k 80°C. 16 h 80 °C, 16 h
Product Colorless, Colorless, Colorless, Off-white,
APPERrance transparent, fransparent, {ransparcr, fransparent,
cured cured cured cured, flexible

Water uptake

measurement 3%/ 3d 54 d % 4d None/ 4 d
lime

Contact angle (%) 100.33K8.6 103,943.1 99 945 8 107.1+4.8

j0118]

f0119]

10120}

{0121}

! pre~dissohved in 5.60 g ethyl acetate to make 50% wiw solution.

2

! pre-dissolved n 2.81 g othyl acetate {o make 70% w/w solation.

? pre-dissolved in 2.60 g ethyl acetate to make 70% wiw solution.

4 vinyl terminated polydimethylsiloxane with average viscosiy of 980

mPa.s and average vinyl content of (.90 moi%.

10122}

3 divinyl

ternunated polysiloxane (1% w/w Pteontent)

j0123]

tetramethyl  dissfoxane  platmum  complex  dilted in vinyl

For inventive example 5, avinyl silicone [unciionalized cyclodextrm SB125

was used, which was synthesized by reacting CAVASOLE W7 M and an anhydride functional

vinyl silicone (PY2920) having the following approximate structure;

32
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/
0 SI Sl-. /«
(CHz)a
{0124} Synthesis of vinyl silicone linked cyclodextrin derivative SB125:
{0125] CAVASOL® W7 M 10.0 g (7.63 mmol}, dimethyl anmmopyndine (DMAP,

.19 g, 1.53 mmol) and anhydride functional vinyl silicone PY2920 (128.5 g) were dissolved
n dichioromethane (300 mL) and mixed for 48 h. Water (100 mL) was added to the mixiwe,
and the muxture was extracted three times with 10% NaHSO04 solution (150 mL each time).
The combined dichloromethane layer was dried over sodium sulfate, filtered and the solvent
was removed under reduced pressure to oblain a pale yellow opagoe viscons liquid (Yield: 76.9
g). The product was characterized by 'H NMR and IR, lodine number: 7.7 g iodine/100 g

material,

{0126} TABLE H: Examples of the mventive hydrophilic crosslinked silicone

rubber and comparative example.

TABLE i}
Example S Conp, Ex. C6
SiH functional MD,D¥ M. xiy MDDRM. xy ~9:1, x+y ~60/ 1.00
stheone’ amount ~O, xty
{g) ~60/ 1,00
CD or modilied
CD component/ SB123/6.27 CAVASOL®WT M/ 1.00

amount {2}
Vinyl sfoxane
conmponent! none PY2920/ 6.40

amount (g}
SiH:Vi mole

. 0.71 0.7: 1
ratios
Platinun
Catalyst! (mg) 1.27 8.40
o Oven
UFS C FVES R fal &
Cure conditions S0°C. 4 h Oven, S0°C, 4 1
Product Off-white,
odu opaque, cured, Off-white, turbid, cured, inhomogeneous
appearance .
Hexible
Waier uptake /
measurement 323%/ 14 d Cyclodexirin separates out
tinie
Contact angle (%) 73.7x18.0 133.6:1.0




WO 2020/139404 PCT/US2018/068079

{0127} U divinyl  tetramethyl  disdoxane  platinum  complex  diluted @ vinyi

terminated polysiloxane (1% w/w Pteontent)

j0128] For example 7, a silicone hydride functionakzed cyclodextrin CH23-2 was
used, which was synthesized by reacting undecenoyl modilfied methyl B-cyclodextrm CH-18
and a hydride terminated sdicone (X127} having the following approximate siructure: H-

{SiMe,0),SiMey-H (x ~30); 0.053 weight % Si-bound H.
[0129] Synrthesis of 8i-H funciionalized cyclodextrm derivative CHI3-2:

[0130} Undecenoyl methyl B-cyclodextrm CH-18 (10.0 g, 19.7 nwmol wvinyl
groups), prepared according to the previously mentioned method, and toluene (230 mL) were
mixed with a magnetic stirrer wnil the CD dissolved. The mixture was heated to 60 °C and
Platinum Catalyst (0.2831 g), at 1% w/wPtcontent wasadded. XL27 (75.6 g, 39.4 mmol silicon
bound hydrogen) was added with stirring, and the mixture was heated at 80 °C for 2.5 h. The
golden solution was cooled {o room: temperature and the solvent was removed under reduced
pressure with a rotary evaporator to get the product as a hght brown viscous fluid {(44.9 g). The
'H NMR mndicated compleie reaction of the vinyl groups. Because of the stoichiomelric excess
of SiH used during the reaction, the modified CD derivative contams residual SiH tunctionality

on the silicone chamn. This mdermediate was used for example 7.

j0131} TABLE III: Examples of the mventive hydrophilic  crosslinked sificone

rubber and comparative example,

TABLE IH

Exanple 7 Conp, Ex. C8
SiH functional
stficone’ amoun None XL27/1.08
(g
CD or modified
CD conyonent/ CH23-2t/2 51 CAVASOL® W7 M/0.28

amount (g}
Vinyl sidoxane N

component! %0}5;2 EL VIPO 300:2.85

amount (g) SOV L

SH:VI mole

. 1:1 i1
ratios
Platinum
C
Catalyst® (mg) 3.3 .90
Cuare conditions 80°C, 1h 80 °C. 1h

[
LA
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. Colorless,
Product ' . . .
] transparent, Brownish, opaque, partially cured, gummy paste
APPCArance '

cured, Bexible

Water uptake /

measurement 7%/ 5d Not measured
tine
Contact angle (%) 101.253.2 119.8+1.3
{0132} Tasmall amount of toluene was used to dilute the CD derivative CH 23-2.
{0133} ? vinyl terminated polydimethylsiloxane with average viscosity of 325

mPa.s and average vinyl content of 1.45 mol%.

{0134} Podvinyl  tetranmethyl  disdoxane  platmum complex  dibted  in vinyl

ternynated polysiloxane (1% wiw Ptcontent)

{0135} The modified cyclodextrin derivatives were mixed with various siloxanes
having terminal or pendant SiH groups or siloxanes containing vinyl groups under different
conditions, and the resulting mixtures were cured by using a platinun contaning catalyst. The
cyclodextrin derivative was dissolved m a volatile solvent m some cases; the solvent got
renioved al elevated temperatwe dwring the cwrimg process. Different mixing and curing
conditions are shown m Table | The mixing was usually done in a Speedmixer®™ or a
Dispermat™, and the curing was done by pouring the mixture in an alununum Petri dish and

ACHEZ W an OVEN O 8 VACUHIT OVen,
lacing i an oven or a vacuum oven

{0136} It can be seen from the above tables that mventive Examples 1, 2, 3, 5, and
7provided cured material with hydrophilicity as shown by wateruptake. Comparative Example
4, which was without any cyclodexirin mncorporation, showed no hydrophilicity. Comparative
Example § that used unmodified CAVASOL® W7 M did not produce a cured material, and
water uptake was not measured. Comparative Example 6 that used unmodified CAVASQOL®
W7 M produced a cured but mhomogencous material, however, the cyclodextrm started to
separate out after immersion in water because i wasnot chemically bound to the rubber matrix.
Also, in general, the mventive examples show lower waler contact angles relative to the

comparative examples, which s idicative of ther hydrophilic properties.

[0137} As required, detailled embodimenis of the present mvention are disclosed
herein; however, it &8 1o be understood that the disclosed erabodiments are merely exemplary
of the mvention that may be embodied in vanous and altermative forms, The figures are not

necessariy to scale; some [eatures may be exaggerated or munimized to show details of

26
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patticelar components. Therefore, specific structural and functional defails disclosed heram
are not to be interpreted as fimiting, buf merely asa representative basis for teaching one skilled

w the art to varously employ the present nvention,

{0138] Whike exemplary embodinents are described above, it s not intended that
these embodiments describe all possible forns of the mvention.  Rather, the words used m the
specification are words of deseription rather than bmitation, and 4 8 understood thal various
changes may be made without departing fromx the spirt and scope of the imvention.
Additionally, the features of various wplemeniing embodinents may be combined to form

further embodimentis of the mvention,

P
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WHAT IS CLAIMED I[S:

1. A hydrophilic silicone rubber composition (X) comprising:

a crosshnked silicone robber meluding at least ong covalently bonded cyclodexirin
moicty, prepared by hydrostiylative crosshinking of reactants (A), (B), (C), (D) and (E)

{A)optionally, is anorganic compound or an organosilicon compound ncluding atleast
two radicals with aliphatic carbon-carbon multiple bonds;

{B) optionally, is an organosficon compound comprising at least two Si-bonded
hydrogen ators;

{C) optionafly, is an organosificon compound, containing SiC-bonded radicals with
aliphatic carbon-carbon multiple bonds and Si-bonded hvdrogen atoms

(D) is a hvdrosilylation catalyst; and

(E} 15 a cyclodextrin reactani comprising a cyclodextrin or eyelodexirin derivative
which has been modified {o contain an organic group contaming aliphatic unsaturation or an
organic group containing silicon-bonded hydrogen,

wherein component (C) & not optional when component (A} or component (B} is not

present.

2. The hydrophilic silicone rubber composition of clam 1, wheren the hydrosdylative

crosslinking is conducled in the presence of a solvent (H).

3. The hydrophilic silicone rubber composition of claim 1 or 2, wherein eycledextrin
reactant (E) comprises cyclodextrin modilied o contain at feast one aliphatically uonsaturated

group.

4, The hvdrophilie silicone composition of claim 1, 2, or 3, wherein the cyclodextrin

reactant (E)} contains at feast one ether-linked or ester-linked aliphatically wnsaturated group.

5. The hydrophilic silicone composition of claim 1, wherein the cyclodexirin reactant (E)
comprises the reaction product of a cyclodexirm or an optionally derivatized cyclodexirin with
an organopolysioxane containing an ester-fornung group and ai least one alphatically
unsaturated group or with an organopolysiloxane contaming an ester-forming group and at least

one sticon-bonded hydrogen atom.
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6. The hydrophilic silicons composition of claims 1-5, further comprising one or mwore

guest molecules conplexed by cyclodextrin groups.

7. The hydrophilic silicone composition of claims 1.5, further comprising one or more
gucst melecules incorporated m the hvdrophilic silicone composilion inside or outside of

cyclodextrin cavity, which can be released at a controfled rate.

8. The hydrophilic sihicone composition of claims 6 and 7, wherem at least one guest
molecule 8 selected from natwral oils, pharmaceutical products, cosmetic or personal care
actives, biocides, msecticides, fungicides, herbicides, pheromones, fragrances, flavorings,
pigments, drugs, pharmaceutical active compounds, antigens, active compounds for antistatic

finishing or fame-retardant finishing, stabilizers (UV), dyestuffs,

9. The hydrophilic sificone composition of claims 1-8, wherein said hydrophitic silicone

composilion has a water uptake {frony 2% to about 1000%,

10, A process for preparing a hydrophilic silicone rubber composition of claim 1,
comprising mixing (A), (B), {C), (D}, and (£), optionally i the presence of a solvent (), and

crosslinking {o form the hydrophilic sificone rubber.

11, The use of the hydrophilic sificone rubber composition of any of claim 1-9, or prepared
by the process of clamn 10, n medical devices, transdermal drug delivery devices, wound care
materials, low friction materials, body implants, wet scals, water absorbing foams, flame
relardant materals, high temperature retardant materals, antistatic materials, filtration

menihranes, of fexitle materials.
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