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benefit of U S. Provisional Patent Application No.

60/ 828,833, filed Cctober 10, 2006, the entirety of
whi ch is hereby incorporated by reference. FIELD OF
THE | NVENTI ON_The present invention_ relates to nedica
devi ces and coRPBSISITIONS ANRIE K EHPLOMBREMC PHICANE/ or

examl o, T educi ng. caRVEEEE Isoral U REENEG on”"

and/or proliferation, reducing organic or |norgan|c
encrustation, reducing the risk of thrombosis,

i mprovi ng the bi ol ogi ¢ accept ance nti- n
oropert 1 as) orCrAsS ReiRrERcelo B T&MPWQ&I@@%\@

subj ect. BACKGROUND CF THE INVENTION Cont enpor ary

nedi calThiy ppRehn e sladistiBObdne QLI T ES e dViciahal derhiCOSpIkaidaeNo.

| ant a human or ani mal and .remain
p 0.’%@%?6@@&%%8{1%0 0Bt SpeHyof wgtﬁ éu’éw&?mateé by
exefeness tissue and body fl uids over extended tine
peri ods. Tubing is a comon exanple of an inplantable

devi ce and has nunerou i J i di ca
procedures. For exanpl ?ﬁﬁgg?ﬁghigﬁéﬁﬁ@1 e fluid and
drug delivery tubing, external feeding tubing, wound

or f1 uilthe @reaem idvehiiongelagl th @aditd devisss aad borvpositvne thaedoavey

S et ah SRt a R o DGR St Suate. gaving
suehuBeeh tadkrisl@Mh&RS ahdoRpldlifRifion) rre@[ﬂ:ﬁd'gﬁﬂrge_bmﬂ(){',m@gamy

deV|ce that otherw s ts tissue, ds,. o
ﬂ‘é‘atl%ﬁe‘#“ﬁ‘&%&‘lﬁfﬁﬁ&g&“?’% B paetav e bofeisd] scceptance

i ftfaht@-%j&hbﬂ Propbrit§GF thRMredidal &VRO S ithin € hbdikatjecand
bacteri al adhesion, proliferation and/or

over expression of g

encrustation (natte&Rgg?ﬁgﬁﬁgsqhggﬁgﬂ§¥%§hq§ﬂd t he
i ke. Such devices also can result in the

prol i f &roateingidradd meeical pgsooudrhs dffeatreqpane nedédalidteices to be

pass i ncl udi ng thpse ssagewa reate Z
P RETRGE D Bt an R 9ol a5 38 Rorh e SH 8 bt contac
Otxhﬁf ertdb@éhobsl&&scogd’n@us’iﬂlﬁtk aiﬁiﬂﬁdj/ ﬂuﬁi@ G mﬁ«ﬁdymr@;mn@aﬂ
procedures. For exa é; B% for t chin, che
PGB f &pmimga R T P TR bl rdst andiy B RBCRP cdtons
Uslg %ﬁédié\e/lﬁ;gr@%e@ﬁﬁ@ Pér shple Qb L A fab e Ahibiafld Siul; IHEMRSY tubing,
rubber ichis
external feeding tubing, wound or fluid drain tubing, and catheters, all of which are
required to survive continual contact with the subject’s tissue and fluids. However, the
presence of such medical devices in a human or animal body, or any device that
otherwise contacts tissue, fluids, or organs, can induce undesirable reactions such as
inflammation, infection, thrombosis, cellular and bacterial adhesion, proliferation
and/or overexpression of growth, organic, or inorganic encrustation (matter buildup),

restenosis, and the like. Such devices also can result in the proliferation of cell growth

that can occlude passageways, including those passageways created by the tube itself.
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inserted into a region of the body to augnent,
(bi o)mechanically stabilize, or reconstruct that

wo egsoss9sd t he body. In breast augnentation SuPQEU§200H080976
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shell is inserted into a cavity and the shell is
ei ther Iﬂbﬁn{ablleldgﬂcé@' ott}tbr ehah ibelar@aish ubddafl cMtéhpdrhifingbdical
after i1nsertion. the actual materials used to

m@ﬁeé@tear%orteh@g@esd@vl%@@lﬁh@%‘%ﬁh@f‘éeaosemfart pstqyalis calf,
S eéf@e[s?'and/ ﬁﬁfo%k usthally Qx@%db of M drl selﬁl-ﬁmﬁﬁﬁ%nfc@ﬁe rubber which is
material used in or for such devices. Silicone is a
usleieﬁrc‘ﬁ ingmalrqgispuf e bedy tyqugmeniotbiq)mechepiselbesablisst omany
Qrud: [1B] RDR of HOWBYE n 18 digReMbiicl duk AN shell 10 Bherted
v ee

erse effects- have dsocli at e

Wi antm atdae:t)uw tbef steillig @@nepreiflhie@mthalﬂutrb@éﬂsd whtérf‘eud after
S algl?]e?‘tgglg c}g?a actu agerla o%egcgtg 'glreangfa?tﬁl%ei’ tﬂ?s'a ldéxﬁg&%at)@alanged
aocmetmhle ahidt @emmm glearsa smc@tel ipstilod fuhdenanted erateyiahgred one, for such
rS&uiring the patient to undergo additional corrective

Silicone catheters have been associated with
encrustation and bl ockage of the catheter which is
rel at editioné mfaexstﬁubamdqfopulhmaueﬁdafvmht syatitesianfimany medical
glr,]lg{p arnH rlfédwﬁzé%r &18 g gtsee\éxgea ItS Ingtnm I}Q&?rliﬁc e{n%la?f/éryeeéf}’ects have
SiHeken eg3ecilitas witk @re LES sbdli@nedinnirhal andicy whieref shlmtm@ barbgen

i ndex even in. h ence of bacterjal .infections.,

GRS B b et e 8 fifen Shror Rl Rl P e e

| | deedrhitamsh o r&Uﬁiﬂzbﬁ of the nh@elyimbohfiaaguirtidpahe pmie&ftloalh&:rgo
Siljicones are. al so noggmellr (o]0} i nducers, o

nize
| QEItiRd GOGFANEFYRER oad P %'Paaﬁge@eaésmteé* Wigh encrustation

Zafld PR kadodf theARhetkr which s reBadd®knfectibf 90the deiRary Qfaéth)ld
148-52. Additionally, silicgones are relatively

acyrethgdn gihighyan dpgiopeditiinp i latively Pheth tigeipag- Cé&h&tereﬁ%wa

t 0p NAN&hafly, dQlcbhdRRbREN £EcRLd Qi £ hich GOANGSRatory index even in the
Furthernore, after exposure to a b| ol ogi cal

erAbsensp rbbacterinbiafegdensg Whes lbarigiidre Riseg brsdicope has a higher
bi lgieﬂ%og%fgﬁxglwngﬁvf 181?%1219&11%?1%'3@98?' %Eé&s Elle%o% |-

I NCrea r|g| e observed Ithﬂ
r sﬁ@ugwecbmg@mp@i‘iip@u !md gram¢te@uhﬂam@tiqm See Cole, P.; Zackson,

plﬁ% IfFlJi Zﬁ&?n%pcghc!lu%d{)c rdﬁf@f?@%? ég%f‘y az’l sdiéc,one are

ol T'goneric Si'l'oxanes’ an chain I ch
caﬁ aswlﬁ agé-serisgivat Eorandmpagbméaghowids he nophanhavgweletrimental

on selg ebgs C‘F%%ﬁelzr S0 eSj( ureetg a%li(g!) 9211 %Q\nron ent mcl ding
G 88 Yy uSed

cause sili1cone erials common
| rprblﬁpﬁ@l&b&p@iuﬁa tbitilaadal deids,des,of trh:elnasﬁoe]ssta ﬂe&ésd:tf' @md increased

met hod to ne the adverse e
o B BB SUFRT S nRed e e s e Ba o i
medigfibiabis afd RibtSRiElg hferfie Vilchas ofif@hericiilbxttes and long chain fatty
acids, which can surface-migrate and leach from the implant over time, thereby causing

an undesired biological response.

Because silicone materials are commonly used in implantable medical devices,
there is a need for some method to mediate or remedy the adverse effects of silicone.

This need is widespread, because silicone materials are used in devices that include
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2 AO 17721 14 1nmedical tubing, dressings, expanders,
dr ai nage tubes, punp parts, T-drains, intraocul ar

wo ecugpsiosront act | enses, skin expanders, manmmaPgT/US2007/080976
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i mpl ants, tracheostoma vents, conforters, nenbrane
drn?e%l%aptglgmg (Q’bgsﬁg egﬁdﬁhé}%'cﬁﬁnﬁé%beé%uhw}@t? Qlﬁmfs QBtraocu

pacermker 61 ect I‘O ] Ol nt rep acerrent S, vascul
| Agisemeantaghjenses, fd,qm fp@and@a% me@mammdﬂnﬁﬁgtw@a@&tomwm

S QH]Wf ers> fefme Eb’:@# ?%s,r Ifog qustu?a’tlm? LRk 1 {l gpé)r?tgv} ﬁacemaker

pacenaker parts, ‘ator parts, IPect r
s tagirodsls, jdmre@@semwﬁr yiscalpr urrrpéfmmnmntcgps aphves ln@lu@hg heart

ngegnﬁ’unts acr \ﬁg %fa&ei%,egerg% Qt%ﬁt% 1m§ an@ acgtlngﬂeiah r%r 841w or

tlssués
cqmm@iet:trmmt rsefoabddvices, amgical mstatntnncksamﬁaml iuembfdnes or

R AR R R EHAT BE uliy QRO SRy 5RSouncs
I NVEMd:@ﬁsTth@trmms aind/on matesds itlain cqi dd g eslucetle adlerse effects of
evil ces %ﬂro‘# LI on into a human or ani mal body

or’! %9%%?{ e“o‘}se BHIRL LSRR E Y t h tissue or fluids
of the human or ani mal body or organ, conprising a

pol yor ganosi | oxane (&LU36MARY @HTAE'ISNVENGM') and one
or nore specific pol yphosphazenes. This conbi nati on of

materi ghg 8Q§§antt P@?ﬂhm‘r’%&qﬂﬁg Thslfed afjc?e(ncteb%r Eﬁ?\%d&& on ‘ﬂ%é! ] %Sman or

nmore bi oc¢
aradmaﬂandy cbrm'fgnmbmgselnclchas cﬁintect n*e‘dn tmale cnlélxmds of madhuman or animal
t ed,.as .t o

Q enconpassi n tlhe g) I »
YR B PO BB R T SR aTa g S isdier SUker Eig oRe or
pCﬂlu)fE) bﬁk&ﬁh@ﬁ%ﬁo@ﬁm@ﬁe bth‘. Coﬁ@i‘na&m&ﬂpﬁz&erldﬁsﬁgs been found to

0 ano ane can be coa ere

p ’ég“e\ﬁ% Y ER JEEE ?‘8‘?0"?11?&%@83“‘ et“H’” S d“’t"%S’EmI and
bQ;ﬂﬂQlQ‘an@Q e@l[cossl i nked with, copolynerized wth,

coat ed and/or react ed mﬁth an i nternedi ate Iayer t hat
IS coa dadodr reac or co
ng cy

pol yph vige & eepbor&;tﬁs?l n?l QF‘H%\% are not lztgmted as to
po!rl%@‘lao%m]m;ﬁm%fmé pé h@g@fe@ﬁcleme anaiw:e;mphosﬁ)hmn;b bénponents, for
co ined wt a S1 | OX e the co I,na

c R hp o BTSSR0 G0 B eod i B iEn PR e Tended
PabyRRespPhiar entteans bBlel @, @wagﬁ]ké@wam &0pé1emERt @dthadoated
substantially the sange tinme. All these aspects are

eﬁeé/ﬁbg?ggt%wzib a5 FUTIE QA dRIGT B2k ih 53l Apd o FeaF e ith, or

| RehBHRE with (ROFIN IS §haRnP H HOHARAGS IFuRK&N@Be B pibsphazenes of
speci fi c pol yphosphazene, or by the di scl osurée that a

pdhﬁt pr@@ﬂn&mv%pp ﬁﬁbgemggmé ith agppdpegigangsilgxane and the combination
PQLY BE BRI AHIRE or ASurBSedich BBl polyphosphazene and

polyorganosiloxane are coated at substantially the same time. All these aspects are
encompassed by the disclosure that any material includes or comprises a
polyorganosiloxane and a specific polyphosphazene, or by the disclosure that a
particular polyphosphazene is added to a polyorganosiloxane. As used herein,
polyorganosiloxanes are also referred to as silicone, polysiloxane, or simply

polymerized siloxanes.
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pol yor ganosi | oxanes are also referred to as silicone,
poysi | oxane, or sinply polynerized sil oxanes. AO 17721

w®do0ghss9snot her aspect, this disclosure provi dBST/ES2007/080976
medi cal device conprising a pol yorganosiloxane in

conbi ngp 'aﬁ’&hé’x“agﬂéctaﬂﬁp(ﬁ@ dsufe RV i¥RRASINAZEAR Rbmprising a
derivatives or anal ogs thereof represented by fornula

| Bolyghganesitpxpng ig compigationayeh epe¢ifc Ry liosPiydigss dggivadikes o

ar tly fromal kyl,

aﬁ?ﬁo E}ﬁ%kﬁﬁﬁ%g?ﬁ§ﬁﬁﬁfﬁ?%2|ky| t hi oaryl, al koxy,

hal oal koxy, aryi oxy, hal oaryl oxy, alkylthlolate,

aryl thiofat®, al ks sul ponyly al kyi am no,

di al kyl & 'nb, hetg}ocyqloalk I conprising one or nore

het ero seal egi-edy from Qi gen, owygen, sulfur,

phosphorus, Ior a {conbi nati on|thereof, or heteroaryl

conpri sihg @Ne Oorrsnor e daet er oat ons sel ected from

ni trogen, oxygen, sulfur, phosphorus, 6r a conbination

thereof. In one aspect, for exanpl e, the
5poIyorgaﬂmﬁﬁhmfamfmQ?&Réaﬂgﬁmfg%ﬁp$@MﬁhaﬁgmhuﬁEmﬁd

coat i n r_a of the I.C vi.ce, .and the

por O e B oA Bt | ik dBGREL Mot ¢ he

P Oh Y QUNIGRN QT IbOX @mlaa@rbxﬁmwﬁamm ary[R14¢, @&§ Bulphonyl,

i nvention also provides a nethod for making a nedica

dea}wém%f%albﬂa@m%&t?ra% loafigy eommiising epg gishore heteroatoms
an§e§ecf&i qaroﬁmlabgena&@gantsmﬁrh;s&a@feﬂgew eﬁ)onﬁﬂﬁﬂbh HeRBE, or
adding to the yorgan03|ioxane a phosphazene. In

10 adefterpashl compéts:ﬂgp%@fdg(gﬁ aﬁtéwétoaxgﬁeiggeq%@a njtfpgen, oxygen, sulfur,
C omgmws% MNohibiREioMHe ROHT IndRe APRESHHP Bx RO |

whet her mononeri c, Ollgoneric or poiymsrlc atile .
| algﬁérqrgm@mxﬁlmaaﬁ@nstlwmp@p aiychiap g cerj@ator al of the|mggligal device,

ageitine bl h%gihak&l@(: n&rm 0¥ed9h Iﬂfer allgg%thtt ﬁ%o?&n@&fox&ne in

i mproving t At erf aC|a conpat Ity an

st alyirhdnpyr. Héie\wesent tiven ol q}ﬁfﬂms‘pﬁﬁm@hmr making a medical

po or t X
S A

m@hnqmisxngeddlngtalherpmly@gm@smmm ymlgﬁm&ahmaﬁma@ht@bnathe

Pobi RSP o L BB RIBEOTBTRH apfob b
Si \lvhsﬁm @Sonamerif a:hg<brﬁ¢ﬂca;rr pp@hmaa@smay@mrfamr @disperdiey

h
Pt BRV R A Sk ) BROBF2sen Grects] Ly ngghe
20 pollntéHau&l(c%n%E itifyl ahti AP 511K doh BRJoBDHREDhaze A T 72
114 1BRI EF SCRIPTION OF THE DRAWNGS FIG 1 is a
s CRIAATEOS R aRG HINPRPRPSFtes sentpipr s hllfe at 1600c

magni fi cation
In another aspect, this disclosure provides a medical device comprising a

polyorganosiloxane and a poly[bis(2,2,2-trifluoroethoxy)phosphazene]. Further, this

invention provides compositions comprising silicones and particular polyphosphazenes,
25  wherein the polyphosphazene is poly[bis(trifluoroethoxy)phosphazene], also called

poly[bis(2,2,2-trifluoroethoxy)phosphazene}].
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of a Silastic (r) Foley catheter that was treated wth
pol y[ bis(2,2,2-trifluoroethoxy)]~ phosphazene,

wo edoBowi9Ry) a 3-day incubation in artificial urPeBUS2007/080976
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containing E. coli. FIG 2 is a scanning el ectron

m croscope (SEM BrEgepeicREGIORRENMAEGHAWMNGS a
Silastic (r) Foley catheter that was not treated with

any pol hosphazene foIIomAn a |nc tion
artifi ﬂ i 1§ shngg rlesioog HyTE Oiiﬁo(lg’i‘“‘/8 ri’%/‘@e a4 anagmfncat“’“
SCanViRgiceIFefky Retdi matm%@te& Sﬁwoly[mgg 2attrifll688&thoxy)]-
magni fication of a_Silastic, (r) Foleg cat heter that
vd

0ﬂ8?£?¥é@9@@“&?@ﬁmﬁHV“B@FW‘%ﬂ@gﬁﬁ éﬁéomﬁﬁﬂﬁdﬁfﬁb a
3-day incubation in artificial urine containing E
coli. DEFA is&R:IAnDERIdREbON Chscdide SEMYENId QN 5T Sagnification of
|nvent|%p relates to a medical  device for |ntrodg§ﬁ|on

i it ¥1astiG sy Gihelshitaa gl iredsd witlyan, pabyphginhasenfdeliowing a 3-

C ok acdubMonlin brtisisBuriie cbhtdinthy Rfcokihe human or ani mal
body or organ, conpr|3|ng a pol yorganosi |l oxane in

conbi n on.with a p osphazen in alternati .
anouadit Listorrees et Bo mysr ganOSFMiEAE: £ o0 Brenication
padivphinsrRAaseyathas: Bassddteshed WilloHs pdSREEIphatkhd, Sollowing a
i nvention provides a device conEr|S|ng a particul ar

pol-JphBebAdYEREHici Brins canfalbeg £1@feof in conbi nation

with a pol yorganosil oxane. While not intending to be
bound by theory DEIWIDER@ESTRIGTI(NE OFOi P hogpRar@Eae "in
combi nat i on” mﬁth the polyorganosiloxane it is

nglt ;Bﬂg[gnbs”a\éeé) 811 re at?sr{o egﬁ.‘g e\m«:f: or i téoductlcgl mnto an‘luman or
PalnyBl GadPsi dr@araBewhiok hishenfed vylnhmwdﬂazfan@ df$hel Human or animal
contact with an.i.nternedi ate. co onen whi ch. bs in

c TR CE OWgRR: FOPRESIRR? ?/‘ge‘ﬂﬁ%’éi PaRafeEe™M HFB?WH dte

C OJENPABPhEzeh & UlteRLIOF lad g8 WeMpASing B BolaeliesdsDkane to which
prompters, tie layers, transitional materials,

i rﬁ%ﬂﬁlﬁ@?ﬁ*ﬂ‘@@“ﬁ%ﬂ?e“ adrlgd the like, as discl osed her ei n.
As used herein, the term"in contact" includes any

chem cah oy aspay Shig @Avehﬂ'%:ﬁrﬁj’raﬁﬁés&lmeb&b\é@ﬁ ;sﬁ)ff]g a?llﬁﬁgﬂ@iztrhe
conponent s or yers or exanpl e, a pol yphosphazene

i POORRPRERZeRE ‘P‘h Vﬁ‘b‘f"? Hrezﬁ?ﬁ gsqormyngtian pithiapelybrapostigxane.
I gk HE Bt 3M¥ndMg ke be@EHyNALdrONS dberinki thd fARosHzdnb €in

particul ar poléphosphazene dlsclosed herei_n, including
arfPmbEsEPY i s epkBreaRasHpOR, it IiRieRdedq Kgectoyiskaut limitation,

Orifhiltne SNBRosphhAne isd§ @gﬁth(& 'w%h t@@ﬂoi%&@adobtlﬁ@me or the

i nter penetr at I ng net wor ks between the silicone and t he

5 polyphosphazene is in contact with an intermediate component which is in contact with
the polyorganosiloxane. Intermediate components include materials such as the
adhesion promoters, tie layers, transitional materials, interposing layers, and the like, as
disclosed herein. As used herein, the term “in contact™ includes any chemical or
physical interaction between or among the components or layers. For example, a
polyphosphazene in contact with a polyorganosiloxane is intended to include any of the
combinations of a silicone and the particular polyphosphazene disclosed herein,

including any copolymer thereof (random, alternating, block, grafi, comb, star,

dendritic, and the like), interpenetrating networks between the silicone and the

5
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AO 17721 14 1pol yphosphazene, bl ends, or other
chem cal or physical interactions. Simlarly, by

walemsnidsng t he pol yphosphazene as bei ng i n coPCEUS2007/080976
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with an internedi ate conponent which is in contact

W ﬁcﬁyptheﬁahgﬂzlny Qﬂe%@% biheXa@RRical &r ;Jh?md:dﬂrﬁ&&ﬁﬁm& oSitMaiyde
chem cal reaction, bonding, iontc_and/or

%@@rrb@sa the pelyphpseheagneias Aeing i ceAtpcl WideangplepRsiiqie epmporent
Orwﬁlbﬁmlﬁ otk QER R o%gxﬂb&ﬂaxﬁe it {sNESRIAWRLRAD LS, type of
achieve their |nteract|on IS to be understood 't
anheniéonl tectivonmnidiignignia apd plwimwhfa:zletwcpm by thies $fon
W ; n
v L YPURBRRE KRS Gl Sl G,

t hieteeasfipn.andi/tobe hmrm tha nn)adetwderwepamg mn@ymphazem in
r ec'ra?%{blu}/abllolg %‘Hl awoﬁog&%ﬁosﬁ%{c ne @g] ngl‘ilge 8{}& ft(t:%e%? ce%qac{ {Iln?e action
[ ntyﬁ&'samtludmg m;dasnl(;mlonﬂmm eaaid/bympmdamm sltesmhnsarmt

bond Vaal
ey BORBAET s ¥R TEE 028 P or L FEC blyilRer sl atong o
aCddﬂilhxﬂﬁleohﬁﬁtﬂcﬁfm IﬁlO&MﬁSI radasurath by paremebtelsapchatbardenergies, van

ol I t, the.
po‘fey S AP R ST GE AT R P e d base

x BHfdlioASand tEDiMe) B@wedl thélewgh i n some
errbo i ments the nedi cal deV| ceis prepared fromthe

| | t
ggey? g?ﬁﬁ%@?‘fﬁéﬁ%‘%ﬂ%ﬁ. p 8?%\ é)ectgh? g%E ?rg%]é?ﬁléoxage constltu{e% part of

si tht aRORalIRYRE SuttDasa @emey ailthoegh elg@mye eaibodiytiehii elic medical

polyners whose. backbone i s nade q eat i licon

iy duperssgom e Rare ot ool FOTT @%tbaikdﬁ%&%) The
t Otef'n‘i)sf polI¥dRganpalox iRy, bélyhR&kRone;ileland fifert ke gdnkﬂam&gory of
atons are al so bonded to S|de grooups, typical

or gamete eplngs Whote kerkbors paride of Ff‘é’e%ﬂ“@éﬂlceﬂ Y %ga}lzﬂ%% In

COfRR{tion%o Rl hl}‘il(s ﬁro‘il&'&% to @M tﬁ@?@l})ﬂeﬁd bdcRUAE chain, the silicon
characterized by having two ne roups bonded to

eatpms e alse hougded e ide glﬁépSpaflpgﬁﬁ%x Prea@ﬁ amps -tIRopRpPEE, the
t hérgaxﬁé %15@%%@ s'c%n{ﬁﬁgéam% I &gﬁt Rg c{)m910§51|§{§0ne]15 HbdoRrized by

Thi e IS r med met hyl si | oxane (or
di reinigytivp olojiyl ewanebond@cbmm silicoibigtany inghe polzmempigin;

Hﬁt‘ﬁ@%%% tﬂ?ﬁ}{%&ﬁ: %@a&%fﬁ%{e@%&"{% 'S‘?M?”F&nfgﬁ%hﬂ%ﬂ}dé&% tfmed

'S 1 nv
popopptigethplsildxara v dinatintprdesiiokane), apmmooly abbmiviatd as BPMS.
those in which any of the follow ng groups may be

bonded ﬁ&gvg,eﬁﬁw b&g,&fdgy %{,Bﬁl %Wx ;.)Qéﬁaiﬁ?hi invention. For

structure: ary oXxy,
hactxcaaalplcym:tahla Ipohfpgganosm*auast kiolxlsie bhiadre aptylinased, to.ghdse iy tvhich

ar yr%_(/%\f e fgllléi%k% éx%q.xp%axg 5@5&%&; %&Ré‘ﬁﬁcon% lé%o[yo%anosﬁoxane

N- hat@ro caykyll iacylgaloglpsy, (a&ndy)ot@bmy,ﬁed@ﬂ«y@yle!oan/l,\haioalanms

t earlc%%tlbxy, aﬁenyl, alkynyl, alkyl- or aryl-ether groups, alkyl- or aryl-ester groups, O-
heterocyclic groups, N-heterocyclic groups, and other heterocyclic variants thereof, and
combinations thereof, including any isomer thereof, wherein any group can have up to
about 20 carbon atoms. Examples of specific groups that are useful include, but are not

limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, phenyl, tolyl, xylyl,

AOQ 1772114.1



conbi nati ons thereof, including any isoner thereof,
wherei n any group can have up to about 20 carbon

watmam4s9Exanpl es of specific groups that are ueef/uk2007/080976

include, but are not |imted to, nethyl, ethyi,

N- RILAYImiddz8 B, RIORWinylenBudthoxdy; HEM! n-pRIpeRY| o
Xy%‘@)q 6 AQ 1772 )4ny1be%lz! ,?Xtryn dnaal vl %wmﬁr@ﬂ) ¥

Ry ﬂu%ﬁhﬁexéymﬂé?w&?w ﬁlfbw&p?awi trlﬂ%@lﬁ?@ﬁd}?gfaﬂum
chiQiropheR¥io acld MRIORRAMYVEcid dsfelsf dnd ‘i‘l{eqmét iYluding any combination
trifluoroethyl, trifluoropropyl, hexafl uoroisépropyl,
achercel. ddie PesnEslly hyfiplyvpble SETUES eatasiiag AABOX: ETOKY@ropoxy,

' n%iléf'%'r Q&tz@@y fo?rﬁmlc{d%gﬂegnadagﬁé'dQQélrec{[)t‘&ﬁitarR)Qt{e%Qtzir@dnlaﬁé or
rolyzabl e groups contai ning nethaoxy, ethoxy,

prfbw@ﬂy to the hibswayr baglkchon endothe fike: pfeefign S@Sé@teérfgl‘ the methyl

at ér@‘&c;{%eagontgglgét nafl t::r%égl‘;éa tfb]};’tgg E{% (91rds 'hoﬁl%nﬁlt (.E)Bolgfneric siloxane

of ffoenuismbstor bi@n@dmﬂmeswmrnmmlgegﬁrdbﬂ@oah @ngjugedean the art.

¢ h?u Qe Bt sucg geontiayt be sug tgdS P Qoq'rllen%l atﬁ(%ﬁrgmetgylhgroups ina

copoltyneric SI oxane fOI‘rTLI IOI’]S or en

10 demilyd@dethyoednhd ﬁﬁucgmen @rcarlidnyg fontheroaesgontedhantopolyeneric or

15

20

25

22%@0@%1%3% I'inicilyjiﬁlgf:t gi{l]ong ?)BE!B \’Hme Hf:esugél gr%g)é 1gst gsd kgo%rn by
pobredif aRLituyy sdill. o@&eeg;sﬁ;isuﬁatywe&ubmmw i ignd @ralitdiehe methyl

correspondln nMeric or co ric.silaqx

CHrHae P ore S R it oSSR s snth QBT ang the
knm@nmb}/hz&ﬂﬁxc@%ro@ﬁﬁ@ﬂ%)&aﬁﬂéliﬂ/ br: tofal 1 8lo n@t‘é@s Ef@ﬁ{pl@ﬁof
substituted for. sone or all of the net grou ps._in

o*l“%ﬁeﬁﬁ?qﬁp%l?sl ipsdufite b praRAt {idied %E‘FP*%T&'OB}E’ A t“%‘l“ﬁwhy‘ or
vi thYllueroﬁJe{l‘lb,(/lpheI%‘? drdupe MbleBver] Rdp¥Binehc SHEBnIHRAMRSi0SAR blends
arti al or totally hal ogenat ed. Exanpl es of
haw*g@ﬁalfswd Gropapiss prsknepeandyyped Bythe pidt |inited to,
pent af | uor ophenyl, trifluoroethyl, or
trlf'UOM@?B&QNEpﬁﬁﬁy%xﬂk@uﬁﬁme@HﬁQMﬁﬁbeﬁ&ﬂ%&%ﬁﬁhWQUmnsnm
si | oxane onulatlons or blends with the desired
pripiing; Bathery anyailinnic BLs yasdeon gan bpasedy in a mydical device,
D%Elh@&lé afy KUK W%Qﬁcd}for nrﬁ;‘ohh&%ﬁ €nto b Ahak BManfal b8
his invention is not limting. Rather, any
S| ¢rg@o mess¢lneftcarisy, gswhich bps Q?ﬁ?%cb‘éfﬂuﬁ%‘ﬂe or figs (¥guidearid/or gases)
de \Vi '
Btk U DOb AR r QRS oAb falsS) BURRBRAOR. Further, s
vedisddsuregs apraivatily to aoy sxl\vho@rplﬁaﬁectMDMg toitherprine g Liadustrial
fl ga! I
caésg%cgt ong Bf gﬁcoﬁ@ %b%(%rlgr‘pg%gs H%%:h [on nven r\/u%h%g (HTV)
FLmlndmecs,, RbbmsT empsmtwfs\aiubamsn@(jﬂr\i)csabloaeﬂ mldzmyn Stdu:dc&lh@ne
|f| ccordin i ndustr
B ESRPER IS b izahE Wb Morpp Bl hire bt
Tearp@ﬂa:tgmm e VIHTOA DI 2 | hgadsHILMjors ifbri sﬁosn&smb&:r&m be empioyed

Lle%g?'xra eépf‘]vgzéiﬁlgt%%?ciwsxée%qn (fﬁ;lié/)l. silicones, and even

AG 17721141



Rubbers (LSR) can be enployed in this invention.
Mor eover, any silicone rubber according to the ASTM

wmihgB495mssi fi cati ons for silicone rubber canP®BUS2007/080976

10

15 f

20

enpl oyed, exanpl es of which are provided in Table 1.
AQrable’ 21A$MIT PR € 1dssifiCsibivs BIriSiiRokd RgsHef | cat i ons for

Silicone Rubber Commonly used terns for these various
conpophds—i-ngl-ude—sit-cone—sil-i-coneelastoners

(i ncl ulasty, buPeserdrtioni it ed to hi gh- consi stency

el astommy s, | Qe SibbbiG BRGNS LD Elcthy] LRWHLOHNGE HEIGREY
silicones, ancthaﬁq%ydé%ﬁ,ylsgbiah@gne r ubber

fl uor i icone et OS 111 T

dt et M [ coﬁigs EPé’ﬁVl A SIS S5 P i fagons on the
vi nyl cont ai ni B9 CERes. substituted silicones,

si i clopd()x esi Eacdnb aﬁx&srsdmﬁwsg hiethghandrphsiyi sutatithtions on

el astponers, dlith¢ padpeergdbia, silicone |iquid el astoners,

pol ysi pQ eS’Siﬂ&% ﬂ%@nrsh vdé%\%%{ha% Mgﬁﬂqd‘f’\fl jsol1d at

room ten'pe at USEJGSU‘{ re enconpassed

by th S | e AVF-Y ar nlln an fhn nnl \lnrnr

can a| %YSM&mp Sikigong ﬂthbprﬁrélﬂﬁyg §P¢ryxlesé5yita@ﬁ ivin|sibgitutions
termpni, but |[tdcheeelnper dipidups on t hese ends can al so
be substituted for other groups or atons. The exact
type of silicone Js not limted in the present
Ismllezglr%)nmgfnk% useg In&g gorr] { > s&p Qzﬁ‘lenea(gdgg(%}g%selflauge sflllcone shhcone-

p redpemntdre@ndalig, butomnmslttd’lmlhugh q‘bgsistbmty ﬂl\z&tonielrs]‘ﬂxt;ﬁd—stlmgne

roo heat . nd chem cal drradiatio

L PR B F sy SEES B ks STk PlehBod hiedisgnes.
I i@wn@brebfaﬁto@dmmmespaﬁnﬂe@saicbm, stighplbdotafriihd G10d@Ss, vinyl-
addi tion Cur abl e S|lthﬁones and.el asto r| C,

r SOPRBIRR LHIopTopbStitied silispnss iticops feﬁ‘QF hﬁﬁasé]écoaf resins and

SidldseARes silibeileUdn, sifidbne AG@d BREtomeR $RekilbRanes, Qﬁﬂfbther siloxanes
tenperature curable (RTV), noisture-curable, platinum

cuhigh @ Sﬁ@r%mp%@wﬂa@re ot ! pshanaisiey ass thﬁomﬁéissq A

r 3@l b, CHeabinfina 'gkdu%%ﬂ@l% pof\IRkrlch PRI Edfmprist b lt@hethylsilyloxy
materials conprising conpounds, or conpositions can be
aderadnyser tgwing; éﬁwthﬁémué&@hﬁbpfé engaFapiporbr aetstituted for

t 'Jti?e'i“ l‘HIEF?Zﬁ‘ ﬂ&ns bﬁ{e' 6'245'3’5 %Lﬂe O@E:ﬁcorx%'xg 1'1(9 El’lrrf:ﬂeh |H?{h§ p?ﬁ:‘é&ﬂ uﬁént:om
funmed~sil1ca, or various pignments can

sids Tf@m@@m@spﬂlm@afﬁ thabid dildaddnmthic smcgmwlikésfﬁct@ntih @nd adds

Si I

2 d&%&ﬁ%’}g Eio%?ﬁa\%?{%esﬁz%ﬁ&qmﬁx? {P% Sulfot %‘%‘t‘efl‘?cf, ¥oo§n¥%ﬁd heaﬁ%ﬁ

lexanpl e terials can be use
f ahealcalandngadiatjonicoiablg silicone, ﬁmmd iéatign prodgedrsilicese, eilicone

' r”qk%!&konjxeky cgr(dem élll pdrlatjﬂs thctgn%g aSEB‘EQQ [':Lﬂgblg Qlthc&%g and

ro-na
p redm&mterle,sa,nd mdfszrfotns s;atdr\es [ "ﬂlg:reffomdﬁuﬁ:hemxwylpm of:m]nctdnessmciude,

but are not limited to, room temperature curable (RTV), moisture-curable, platinum

curable, peroxy curable, or more generally, metal and radical-curable silicones.

Additionally, filler materials comprising compounds, or compositions can be
added to the silicone. For example, carbon black, titanium oxide, barium sulfate, silica
fillers such as fumed silica, or various pigments can be added to the silicone to impart
additional properties to the silicone, as understood by one of ordinary skill. For

8
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Devices. In one aspect, this invention enconpasses any

devi ce that contains silicone, and provides nethods of
woredosngsosievi ces that conprise silicone, the nmep¢mus2007/080976

conpri sing conbining the silicone and pol yphosphazene

Ofexﬁﬁﬁlepﬁﬁ‘e?%er a%\(:%ﬁ‘bé Qded fgﬁﬂtemhﬁw, Fod ?tdﬂrmlﬁé"&bpe&rﬁes of
not nedi cal é%ra e tub |n is also within the scope of

prigBenbilifyy discibsiry. f@qh@rglmqﬁé@a% ﬁ‘tﬁh|a§éadefﬁ’ﬁﬂ‘%?ﬂ§ss or
S e@éc%m gﬁ’é Fropddsl Qe alfeﬁh% Bdrduct¥@l peperi@Xt r uded
devi ces, nD ded devi ces, scul pted devices, carved

devi ces shaped devi ces, and the |ike. The under !l yin
mat er i dPeviosat It agpseh s INEnEBMERSBAASSTS anK dRyge thar contains

5 11 dfiidoRd and@Provie mkMYEIU1 n@dikldgsdeaiéﬁ’sl th&t@:@hu%ngeoszi?dﬁﬁe deMh&Bod
that contains silicone. The pol yphosphazene that is

d@@wrns@gtcn@b@mgutm'écmm radynheenparens ebthe prepeqd invention. For
Si é)ﬂaﬁl‘ﬁ[éetugnx%ttheﬁfs%o%ﬁﬂ’icg ki is E@o erfﬁéjéc%ﬁé oftpr&Rnt
exa e pol yph os azenes of pr esent
| nmemtlpo nOﬁar/@mambbsucmpame varrhmsghald@gﬁ@‘é bﬁilowaatrpllwtvylves
as 0
t r%{(\r{]\@f‘éedr&g%cg ';]rt()Zc;cldgi:éwg%s, %%!Pﬁégg&wc@{: Iﬁ%becﬁ%eqr{chg sh gd dewces
10 ovaed the kitr fldhe enddriyingenalenidl thet thadevicesid agrepdsed cﬁ!s oviteiimlted as

PRl TR ARG R ED RSk I LGRS AR ppE "Fhe'fdf phosphazene
pothyyibedipliazhn el*lofﬁﬂetﬂmﬁarmmsmmesumm sticone mmte il tdelidal to

th | t . .
et pay P paPey e Sol st ies ShibE off ey jpvention have
dﬁﬁﬁﬁ@@&Thh%hﬁﬁgﬁ&6ﬁ&ﬁﬁﬁweéﬁmﬂhSnMﬂﬁkE$ﬁnﬁgw§hﬁndﬁﬂdﬁﬁhe
Cl ean S. NO

15 Cofmler Ao e o TR RO bl Ly f sy gy deiee and

t Wedid¥En&idnRRk cad Uk E@ﬁ@nteﬁta,teoﬁﬁéfnfgl s8fBceS, dnll gien@rrodiing
exanpl e, solid structures, sheets, and structures wth

i e rARme o dditipRall. the golgphosPhacriistof ity INGRAUIAYCHET Bt is added
Wi {ohihd §iBcREUcBtaiBitY IdE AN RHartOhin Mitt-FacRkiBErope@ivds i deticoiwhich

the structure, or conbinations thereof are included in
t heangleerpese dfe mainignance elifessun keqpingdhederissedaan. iihe deviggiso is

20 ”eﬁtﬁ%ﬁﬁ{eél t& ttl%%tdn@cﬂ%laﬁ tHRke-ABRh SR al SRMIEECANEREN

only a silicon a pol yphosphazene of the piesent
i ndiswnsion] surfice bet eimprisersddions ntas csgmplpesolihstaistiregnsheets, and

t h&rugﬁx}%s%th(% 2] *(ﬁ@&l thged\lé %’%g%ﬁ? érggcimgbxﬁgatﬁﬂ with the outer

conmposi ti on 0 | cone an ne ot
c oerpaumderd or with ethieavoidswigdd e soncibi, fommbmatlons thereof are

polnxlpg dslghl% S%nlge ofFl% Séggpée certain nedical devices

can conpri's I'ons conprising silicone and
ur et hane or polyurethane copol ynmers. Additiona
25 conposiIniconsspeanipisinol negessplyitbaties deniisk giwedind slevipheantain only

al e? 9; 1go%nta§ Do ﬁ’o\é l@é n%mf ‘a{c pnge @nﬂo@c nycef't iR embodiments of
oRS;
ef1ns 1nc I ng pol yethyl enes

antbie miewnnoﬁly Idenecsor xpcmqpétldrmes:an p@rhmratmnmpssqn of silicone and
at least one other compound or material in addition to the polyphosphazene. For
example, certain medical devices can comprise compositions comprising silicone and

30 urethane or polyurethane copolymers. Additional compositions comprising silicone

include those that also contain polyvinylchloride (PVC), acrylics, vinyls, nylons,

polyolefins including polyethylenes and polypropylenes, polyethers, polycarbonates,

AQ1772114.1



9 AO 17721 14 1pol yesters, polyam des, polyim des,
hydr ogel s, iononers, silicone rubbers, thernoplastic

wo b3 f | uor opol yners, ot her pol ysil oxanes, PenusS10nB080976
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like. One skilled in the art will recognize the

Cqmca:@@fst ﬁolﬁimlﬂékepél?ﬂﬂ&kﬁl Ryideiye BORShérs, RlicShd ﬂuB&lﬂ@ and
phosphazene can further include any of those

ndg%rmoalaés,ﬂq By fypepeyBersotthrs pelysilgyangsaindghalike. One skilled in
COtHP'ax@ il &eogm&ﬁ@ém@ﬁaﬁg 6ft9@é’bn%szﬁ@1m:éxﬁﬁzs§r% SbhesRS:

of other materials or be m xed, blended, coated onto,

grmﬂxm@smlézem cascfireibet incdudstane pf thascandteriads lissed) aéﬁge aotherre
leﬁa;l'n% Eﬁ)}ncom.aﬁbﬁ] efbof 'ah(!i ﬁgﬂﬁbeazﬂ)g &&1 tB%ll 9 §1p(n %@enais

I n anot her” aspect e device or i cal evuce a
c am bgeninge bienda%qx@tedtoh@, gliafiedcioree bamigd mtyirlﬂ\?t%whész@d@g as the

Qﬁﬁ%%185§;u ﬁﬁg#%ggvhg ﬁﬁsg% Jpre surface of,

are r'nterna a part of the device
or nedi cal deV|ce For exanple, an internal structure
such agdnangikaraspepl Hedeganonyecdicshdadeomisorran bepid i oriéch the

S 1S KSR BB LB s
orintzoratiedonis Dthlen*rtSEt opaat QPoheyfshiss phaizdnad deyibe. dronaxdnvde, ym
t he%e I\ SFLQ?U!‘%SQ& égg L HE ?!I[];glgtg ch? becé)()%teg%lth a ser‘l?c%gg and that layer of

SI dilicwoa er mmdriad cpmblymg)sbchmz ezﬂ:seqﬁentﬂ)h@nme eszﬁm graﬁed blended,

(H;E)ﬁ}l%e vgm ?‘Fg? Bgﬁaéhogwgag%lggﬁl%&gg\p Y, ﬁ}E %e?egna ftrucitul?'e can%e
t emant duetied foifted xarphdsd withea chestiosieion asmsirigntliconkiareich
t hr i%h %nva5|gi grocedures such as surgery where an
od@ﬁ? §SANEZeRE Getht BeEHE "W or ani mal body, or gan,
vessel, or cavity, and the device is placed wthin.

Al ter nalthle\nazld)c,ai deve harmBmninnodiaed imed a baman cargeisdal bditef or organ by
devi ce ﬁ e deV|c can b Hg?Fed wi t hi.n
i ¥

o AR BPOL Rl B, TE Aot R e e (e masive
II qﬂs%egmas Eichlak ﬁur@%@ aﬁxbﬁdmto@edlﬁ\@ishmatb heé hanhmed anbiod Body,

n additigon, the device can o W se in.conta
wi RA% VESTleC SR VIR ATHEe FPYE A aﬁafwﬂa&. gﬁ”&ﬁ"&’e&a%gﬁ’m&? or
t iR B inEst & d¥Bilce BORY d6iceQsad BB pREed Wighih BB on the human
animal . For exanple, the device can conprise a tube in

wHiT @RIl Bodis obtag ée‘a%cap e 2t [5ase P HM Ritaphpd to the dumpy pranimal

t ooddpehmaﬁmn%e alif®Bdan WiHeRAW bd iR okt Gvilhalse dr Meekt ed
into the human or aninmal, such as any extracorﬁprea

delinctdingdiquidsend gassH @f Eie human §'p@jﬁi¥1PH§>dY pup@an phihghypan or
oulhiBf). %Bleex%ﬁ%l eﬂ'ﬁ: d§v @é)@a)ﬁ cofdBri bd R :c}?ﬂﬁﬁp}%eﬁs and the tube

conprises a I eVI ce sucC as a val ve
c owap doliver tﬂﬁfélupfhf@ébﬁg@mn off poimabvithow dw tabe being insededinéy e

t t‘ﬁfv‘.lman or animal, such as any extracorporeal device delivering and/or transporting
fluids into or out of the subject’s body. An additional example comprises a medical
device such as a valve that controls the passage or flow of a gas or a fluid where the
valve can be inserted into the human or animal body or be placed external to the human
or animal body. The exact placement of the device is not limited, as one aspect of this

invention is the combination of the silicone-based or silicone-containing device with a

10
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val ve can be inserted into the human or ani mal body or
be placed external to the human or ani mal body. The
wexash4pbacenent of the device is not |inted, PEEUSINGT/080976
aspect of this invention is the conbination of the
Oédl%%%: shRASS dr Ak ﬁalsédt W@ﬁlohcﬁﬂéréﬁﬁhé P&y SRR ifaPards
721 4 1po hazene of present
[ n&ﬁéﬁﬁqlﬁrfeatvm%ﬁoéb%I{l)‘f?@e Bbffl\ﬁé)ﬁ%?m%lﬂ'@ﬁ deYithpar t s
beneficial features to the silicone or

si | i congsigmabianbns THEYEGE: or RRIEANQS RB 38@PESEngldiBcone and a
devi ce or nedi cal device conprising silicone and a

poPAJYFIEEREZE P Iqalfp FRBPTSGS & & REIFWRPoly PROsPRR4ene o) dgrivatives
5 p%&@Wh@w@n%mg%@ﬁe\tﬁ%rm i hereof having the

follow ng general formula | : wherein nis 2 to ; and

Rl to R6 are groups which are each sel ected

i ndeperdent | g2 f r on®’al kyly, am noal kyl, hal oal kyl

t hi al$yl, t hi oary|, al Koxy, hal oal koxy, aryl oxy,

ha EOX Y pakkyt-phi-al , aryl tihi ol at e,

al kyl s Iphonkl, al kyl amno, di al kyl am no,

het er ogycl oakkyl cpmpri simg one or nore heteroatons

sel ected from nitrogen, oxygen, sulfur, phosphorus, or

a conbi nation thereof, or heteroaryl conprising one or

nor e hetierganisiose] ealeémb Rt @egrivps ohieh areexgigeiected

suj fur, hor u n eof hus,

© hiiRebi IS PRI ol RS L BRI BR D ol S o

anﬂlaiédmefng@y IoxE aamb-gzd@emgamm aelymﬁcearte,makylsayphonyl
ndlcatlng that n can be in formyl a it

101 ik iged kg gy opT e TSR AR ah BBy Eons

DOieyexatza@%ha@@B%enp@iggeﬁrsﬁlﬁtrh osPiRRuN VL AbIROR 8@feof, or
nol ecul ar wei of up to about 75 mllion Daltons.

Fohet@“sz%rwbw@lpﬂmg @ﬁ%ora@efé@?Eerq%we&ﬁel@%?@fr?%%w@n»| @xeq, sulfur,
aboispithust 8 ARMHinaliOR ttp:%f Tﬁhs%@?é@ﬁiﬁem%@ﬁ,arebééch

|nd|cat|ng that n can be as large as in fornula 1, it
i sinfeneadrady verabiguditheepe qap be B spme podifiatsaitBysingiogringghat n

15 ab@a.lﬁtbe%giag%ega géfgff‘énﬁn@f ‘?tragmtéﬁde@to' Pe@RQMiued oprQ@xattéﬂcompass

about nost preferably n 1 s”about 13,000
abpalypl®epheade phlymarschitenn h@p@ctavmgetm@isculafmht ehup lowéout

0 0 c I
p J?§I r%ﬁ[lmfﬁa?qng &Y &Qﬁ@%bég)g% gsg)\é&tt ﬁ ganca{t)égg&figgﬁgﬁ g’%urﬂ 40 to
V\mlmlut D00 e Iraamittice a&ple%tr bw\mdghﬂngaﬁataxtcah bast lagleesto in formula 1,
70, 000 i.ol [ r ef
1, B00 st P e T BTN o3RI g o grferai
20 weh ghibomf7,00 tb elasit 4¢ab€tiljztnd3mist ﬁxﬁfegdhhph istaboabiS L0 20xHo@630,000.
g/ mol . Most preferred are pol ynmers havi ng nol ecul ar

wei ght Sty %];Ot%r alsge%%f AR Q#Jent%gf, 91%%08919& gédamlb prepare the devices

disclosed herein has a molecular weight based on the above formula, which can be a

molecular weight of at least about 70,000 g/mol, more preferably at least about

1,000,000 g/mol, and still more preferably a molecular weight of at least about 3x10°
25 g/mol to about 20x10° g/mol. Most preferred are polymers having molecular weights

of at least about 10,000,000 g/mol.

11
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11 AO 17721 14.1In one aspect of this invention, the
pol yphosphazene is poly[bis(2,2,2- trifluoroethoxy)

w@bmspkmzene] or a fluorinated al koxi de anal ogp¢hesm®of/080976

10

15

The preferred poly[bis(trifluoroethoxy) phosphazene]

pol yneryioie 5@@1& om;s%vernaeﬁ aﬁé ﬁlﬂyﬂﬁﬁﬁﬁﬁ&h@ lsrp%gr[ﬁa@rzt@d
by the formula | A shown wherei n are

al Trifluprogthgey) @B?Wb@?}?ﬂf(}@ﬂﬂzmj‘*d@ﬂl@%@ aﬂ%i%lthﬁﬁef el peferred

naﬁ/ol%@fsi{tnﬁﬁ&gét%x E%Ehﬁ%‘}'bol?,ﬁ@r&%ah@ﬁﬂ@fre?@kiﬁ%h‘ﬂo%mers
from abou to

ab@mesesm twcbe foonu!ﬁnl@ﬁhcaﬁblmiom 000 to about 3,000. In

one aspect, n is fromabout 13,000 to about 30, 000.

Al ternatjively, ¢ne may gse analogs of this polyner in

the |preparationjof the devicesiof the invention. The

tern1"aﬁalogs" ds neantFto refer to polyners nade up

of —-rm'ror)ie&el\havb&g:yle— ptruef ute-of formula I A but

wherle one or e of th R1 to{R6 functional group(s)

i s rlepl aced by di fferent fungtional group(s), but

wher'e tBé bi ol oBf cal |nE?tness-df t(ve), pol yner is not

substantially altered. Exenplary functional groups

|nc hgx . 2 - .

SRR £t P R G5 T gy v
2fre|h exzhdt abruo il Sbipriagy roodycul OCH(BFle8)B)., For example, n is from
2, 3 4, 4- u obu
5 ot ol & o390 90, SghaRAbyy SRR O0T Ry bsepe nis
2( £ )ab&it 3} 00@to2ab8ut35(}—00t)ett\rzta;ﬁxhuumlp prhOpyy h@xanalo@CH thik polymer
2@2@@%311011 of %e%eblgﬁ)e(saoff lttlfleqlgn(f)e?]%gx in?exl)émg %ogs” is meant to refer

@, pblyineds Padd, Lﬁ} of mon8m8rs @A g &el sUOEORGY Ydrdla 1A but where one or

(CI}Q( ) 7CHE2), and the || Furt he

enﬁ%%ﬁt% to BO/ofo?r@égmaP(S}lﬁéepﬂﬁfwt%v if@fe&bﬁ@cml gaup(s),
al kR B¢ Qiul%gmamérﬁﬂswf%et ﬁtﬁl}méfﬁé/néiﬁj.&&sﬁahtiﬁi[y altered.

crossl i nki ng provide a nore el astonerlch£3osphazene

poEyamiary ﬁwcmaégr@we'@@ludea@k@wd%ﬁ{g%@p%23 -ude, but
ar n&q’ltuoxl Fﬂp&ﬁ)g E@CHW?%%, %x pgﬂyg)xy

yIphenox groups, and |nclud|n

coﬁﬂﬁ}ﬁ@fﬁbhg 23t ééfheptlaﬂu‘aﬁbnthlew WFQCW%B)I’]& cating
t h?% 4 5C§‘@,g?/e7 £8 g! tﬁ&&?ﬂ@ﬁ?&glégff W"F]&Pf‘%gﬁ 05 7hA,. it

inténded {6 specify va npass
poiesrpfﬁl@s@h‘awéme/ (@@E&ﬁﬁq@iﬂzh 2y, B 4tﬁ¢eaﬁn9’r€é©mlﬁa¢y wei ght

SR L RN 0 RS, o LB IAg SRR

20 sara!tthd: Biees tFuatberuin smn@(ambwﬁxegt/snt% or &8s of the R to R® groups may be

25

alkenoxy groups, a feature that may assist in crosslinking to provide a more elastomeric
phosphazene polymer. In this aspect, alkenoxy groups include, but are not limited to,
OCH,CH=CH,, OCH,CH,;CH=CH,, allylphenoxy groups, and the like, including

combinations thereof,

In another aspect, by indicating that n can be as large as o in formulas [ or IA, it
is intended to specify values of n that encompass polyphosphazene polymers in which
the molecular weight is at least about 70,000 g/mol. In another aspect, n can be
selected such that the average molecular weight is at least about 1,000,000 g/mol.
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AO 17721 14 1Further, n can be sel ected such that the
average nol ecular weight is at |east about 10, 000, 000

w@20ml045955 yet anot her aspect, a useful range PET/US2007/080976
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average nol ecul ar weights is fromabout 7cl G6 g/ nol to

alQiher2 AchiBe @lebRlH suchiBat BRNS@MALe $bREuIGVOUES iS04t least about
noi eties (also terned "residues”) RL to R6 are_each

i n@lI8AaR amY)- {ray<t aiither atRact hiieBH Hrge ebdYCIgS Mokculappcights is
o bl it @08 anwrl]Edﬂﬁ{owil%thfog/B@l.can be substituted or

unsubstituted. The al kyl groups or noieties within the

al koxy, al kyl sul phonyl, di al kyl am no, and ot her, .

ai kyl - doapardaniridegirops o walstie(alsp srmed Fagitiues”)dt taRgpre each
orin&ér @I%nﬁﬁveﬁﬁﬂle%ng!{%}’éforg %QHR%Q avidg dﬁf’fé?gﬂt.lf“ﬁl‘ale%q{l to R® can
carbon atons, 1t being possible for the al kyl groups

t detsebdtigntecherrunsublsgiuiet ufbelalkflgroups anpbistiestyithn theadioxy,

0 C '

o BSHREN, SARThE  EAPL opoe
grstajght albvarchedBhampdici frpuphaaingyftongt euliscashwoatass, it being
propyl.. or butyl, it |s idntended.. epconpass .an

" ogihe G Rl srdbe e DARISRR RS BEBARE 9y o
exammbestonf sehkox flugimewpsn binahardenctibatl gaoue sadt aslthaye hedd for

tq et hoxy,, propoxy, .,and but ox r Oups nd.. .
t e R QhogeS 1ORT By e MBI T PP S et ist g o@8f i
exawmded tb becoalpksayy Gooepofabnpdecsdathidyl grotyed by at

| east one fluorine atom wth 2,2,2-trifl uoroethoxy
constituting a. useful 0X roup.. l.n.anot her,. a ct,
ooeor nbidpd R Ehies 8 ARKY o8 Rl RSS! LBRRAS]
f | ahidxyectad:gnprobotyt el butdyerralps ooy tigr Idepwhiah caroaiscabenfurther

at | east t fluqrine_ atons or the al kox rqQup. ca .

o SHPSRRE R s e e FUCkY s e RS o TR SR huorine

p %Mﬂhﬂ%@l&ﬂﬂudr&ﬁlﬁox?&oﬁ@ifming Qdisyuk Mkdxperaipl 116 oMBhed abpect,
i uor qet h phgsphazene]

be pol y[ bis(2,2,2-tri Xy koxy
grgtps™mere (tf&‘ée aﬁlfﬂxy‘/ FERUPE ST ?‘i?é‘)% HYPHR 4'9H s FB‘Q“‘FHEG

af BLRIBAub Qe CorRip A TBMSAMIRE Rlofhs %F‘ﬁle@ﬂ(oﬂ'ﬁ E®up can contain
fluorine atons are present on the ponPhosp azene in

c SRS AU IR H o8 EHEIPIG sl PEPSPARZSHE that 1§ comBingd Ptk the

f afic8X AR R poBibil@ 23t ridSroPhot)fhapistiel UR Moty BbubOoifte
can be an unsubstituted al koxy substituent, such as

ePohEHy TG @) combinatiRgs (f deriDiemeytioned ppbestimgyis pdarin one or
2ChbrCHHrind diorRORE BRKer SR Bielpol bREsp RXAIPh Connal 65 in Qe
€ is an a

of t substituents RL to OXy group
substpsputtedsw th at | east one fluorine atom Exanples
of useful fluorine-substituted al koxy groups RL to R6

i ncl ude, o, ak §oMBhimbieMtielt dRR PHE sbstifend® 3o RS can be an
OCH2CH2CF3, %CH 2CF2CF3, OCH(CF 3)2, OCCH 3(CF3L?,
unsubstituted alkoxy substituent, such as methoxy (OCHj3), ethoxy (OCHZCHj3) or n-
propoxy (OCH;CH,CH;). In another aspect, for example, at least one of the
substituents R' to R® is an alkoxy group substituted with at least one fluorine atom.
Examples of useful fluorine-substituted alkoxy groups R' to R® include, but are not
limited to OCF3, OCH,CF;, OCH,CH,CF3, OCHyCF,CF3, OCH(CF3)s, OCCH;3(CF3)a,
OCH,CFyCF2CF3, OCH2(CF2)3CF3, OCH3(CF2)4CF3, OCH2(CF2)sCFs,

OCHy(CF;)sCF3, OCH»(CF:),CF;, OCH,CF,CHF,, OCH,CF,CF,CHF>,
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OCH2CF CF2CF3, OCH2(CF2)3CF3, OCH2(CF )4CF3, OCH 2(CF
) SCF3, OCH2( CF2) 6CF3, OCH 2( CF2) 7CF3, OCH2CF2CHF2, OCH

WQORRCRREHF 2, 13 AO 17721 14 | OCH2( CF2) 3CHF2, PCT/US2007/080976
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OCH2( CF2) 4CHF2, OCH2( CF2) CHF2, OCH2( CF2) 6CHF2,

ﬁ%@h@fi@oc@l@@:mem K& H, Fosa RS, O H,(CF,)sCHE>,
é&lsu %@ﬁsu bstituents include, but are not

Hd§Fod Hit\tha ifohonyl , et hyl sul phonyl ,
propylsulphonyl and butylsulphonyl groups. Exanpl es

Iof di alss&her& B%l@ﬂ@ﬁﬁﬁoﬁj&l%ﬁﬁﬁﬂdeﬂ%hme lhwtareafoenm%d to,
imted

di %ﬂbg}ﬁlﬁ?ﬁ%i @%@ﬁghor% ﬁmy Sblyh%‘]éfééfl@ pvfﬁﬁulahwl ZEHBUps

SUGRinfpfes RF @@Wyiaﬁﬁn&éﬁb%ltmenﬁtmélﬁdé Bl.tzt%?éjﬁﬂ lﬁn@te@ U:P AMRASS-,
aq% i soner of articul ar al roup |ar

ardi¢tByy d@?f@ii)’ﬁrsa@% 'ém'@cﬁm‘éf’)‘éa’?ﬁﬂnb yé@ﬁ?ﬁwaa%h%r\?}lwuch as
o1 of B, RIQARA 5 eﬁ&mwétaﬁ%o&%ﬂge ﬁ'értlcl;lﬁzﬁ’sdikypgl%up
oxygen atom non-oxygenated atom and/or tings having

al koxy substituents, it being possible for the ary

group taeHBlas ALKy Goses lﬂ%}Pdeef‘Hr?ﬁ?@P%foﬁ‘ﬁ’OV‘@éé‘fWI% gne or

al rgéﬁje afimaaik k¥ ¥y5§éﬁp§{abﬁ1§ afcadGhd %geﬁﬁ%eno@@%a% om,

aryl oxy group$ 1nclude, but are imt
pI@ﬁ@kWWVWﬁﬂH@HbWS@F‘@HW beipgcpogablp forttheary! aroigr e bp
' %h&eﬁatwmr%ﬁ dﬁéﬂ;ﬁ hsluat; @P&ﬂ%{t @itled fbove.
napht hoxy groups etero ycl oa group can be

f drxaewiasf aryloay giawgs Bykitlautre obt lmmdéo RN @ naRRthbsy
at t | [ )

: ﬁg@n a‘% eﬁé‘a%i‘vesotﬁ?re&‘h;ggﬂ@%@ %P&al%gle %@%ﬁ]{g@?gﬁenggy and
theshhhehabqatons The hetereocycloalkyl group can be
substituted, for exanple, by at |east one al kyl or

ai koxy HY l?ét]é oii:g([q‘ggi ro‘iilﬁ ﬁéj f&%‘%ﬁ?}ear g Pﬁ%k};ict:heﬁaniains

het er ocycl oal k ps i nclude
t cfronp)B pxet@ @tmynls,,at f@ap@naznm&bm heingraodiregeh, oxag@h, sulfur, phosphorus,

The%ﬂg%(m%nat% U ARse }?e?e‘?oa%@r%tif‘ﬁe%?e?eo?%@&ﬁ%ﬁ th?ré:%%e

roar grou
hasubsiguted éor@mample,ebm éﬂmtqne alkiyhgr adlyesy emlss;utuatxt dsadaftedaheve.

or5apRisS LRy Mol hictor B SO BuafB ot laeain
Thepdigtiengatylidigyloan rﬁ@*phcb&xyi;gxb&;bs, tnd extistitoed encdopp tierday.
at | east one al kyl or al koxy substituent defined

A P R MR

O XaaroAtit] r;ngpsyftemi )at leaspy;ne dng’lgtbm bpylglamimntgey,l an oxygen, a sulfur, a

| S%%gﬁhgpulsl onr any coanrQ]bma 1on thesé/ ixete%) 1M, The heteroaryl group can be
substituted for example by at least one alkyl or alkoxy substituent defined above.
Examples of heteroaryl groups include, but are not limited to, imidazolyl, thiophene,
furane, oxazolyl, pyrrolyl, pyridinyl, pyridinolyl, isoquinolinyl, and quinolinyl groups,

and derivatives thereof.

Preparation of Devices Comprising Silicone and Polyphosphazene. The
medical device and methods encompassing the device are not limited as to the exact

disposition of the polyorganosiloxane and polyphosphazene components, nor by the
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and derivatives thereof. Preparation of Devices
Conprising Silicone and Pol yphosphazene. The nedi ca

walewsoesdsind net hods enconpassi ng the devi ce arBCTIU82007/080976
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limted as to the exact disposition of the

PoL¥pRNPSEH X 881903Rbs AaHPHRSR ﬁa&ﬁmesﬁtﬁ d,AeF b
by the 14 AO 17?2?1%4 inagner |n“§ﬁ§% ‘ Y

p O BYRFH HYFREIeams baninipeappHe8 ma@e&w%ﬁuéb%ﬁ%ﬁ thess,
no{onﬁ%n@ﬂs}’ IB%Q&rﬁfteﬂn@ttﬁfs@%Uog’lﬁe Bfovﬁigglﬁ)lr Qgeﬂgé:&ﬁ{ﬁrﬁmg a

m ght occur between these conponents. In general
t ewqﬁmrgftnhisi@xmesie lcosbinatiqrvoiiti demymhesphazageds peovided herein.
conprising a polyorganosil oxane in conmbination with a

pol yphmfr@mﬁ‘g m@t%o@sr&\p&&gﬁnmw;lepméaﬁmméh@w ng
nmet hods of preparing devices and nbi ni n

p oo grandinxpapaRd @o iR splAzgHesPhacE e ﬁ"@f?ﬁ@ﬁ aeftignigipg but
t r
e;‘;grggpgcf teﬁg& 1%W%¥ &&méﬁlﬁugh)? n%\ékcggﬁé?su@?an%ﬁﬂpé Gt Wi

_ o yor ganosi be coated wth,
bl Weried washt ijxegdivtbdgraftadro, pnddd tedayased dyo ndenhbinsd with in any

heﬁrég[{n%g gﬁlse? ﬁer%f?lng! {}\@% a\é\f)ecﬂ ar@en%g ng&?éybgf tBe ﬁ?ﬁg&?edthat a

aspects are enco
di iy phesphezanb aetadeledpmlcry p@nksnpd:chw&inepenlsmadwexﬂoﬂaoe ®r by the
nosi | oxane

d

i S B Bl PRV RLARD S PR e e Bprmg o,
pOﬂnql;qihgaihamnh oRﬁmﬁa;apld ia opohspphiosp b@lxﬁnnsphaEme oai amnickd 1o

in.on t h
o1 f SGrER RSty g BPHEP AT REGT SV ihedie Beibahphitne
aﬂ@her@g Fioh@s@i@b@é@hﬁ&mhaaﬁw a?o{r gxz@iﬂﬂe Qe W]ﬁoﬁihﬁieaé‘e@ tefadded
the silicone or. e e aze
8 &crated CBlse Rk Bdedom breaA L S KeD g OIS O B cone,
t hgy ihhd@hrfRB oPthe 8llicsM, has® (B bddh@f Hielsilkomeor paﬂs th@ﬂ:@f or any
surface of the silicone, within the bady of the

si famtwngion thepaf -+ Kurthia F@dﬁfypb?spawn%%eﬁééqd&ﬁ Methap pne

FUrth&s of tﬁé"ﬁhdb@l!a yp&‘rfé&%ﬁlé eNGli&AR nlde carisletbate, Hm{dﬁd thand,
one surface of the silicone. For exanple, a silicone

t ubsadedy gndhic élbawédhe Bl rade of fhefebedthe pmstatiacapidhe wee, or
LI le@h @ nmgehsrh urm 9@@ tg tpexem}.&%faéea 8f 4 We comprising
surrace oO e tub e, he I nner and outer

s wilioe thef arg het in o comumqah@r wehief a@telssuo"ﬁcwfdmewe or those
C Og;%r sﬁllf&%s ﬁ)' érg gxﬁ:%ggu%d Wiifin %tdelvfae #- ﬂer sarface can be coated,

comuni cation W t n outer surface o
t hbisceled,rgw'tedshmﬁact @sd thedike.alueng nxaalpfwulatdednw p¢rwml wlrhaee the

deyi efr sgrfg € is répe gﬁcag?ugat%fﬁ g&ﬁteﬁ—ﬁ%ivgﬁuﬁlg %n%g SurgFe Qaﬁ%g ‘coated,

ar a? rrng manu ure

d Ll'flernigd,agrﬁm‘dg b}ﬂld\m en@thb hike,i wirhethe s@ﬂy{)mmalz&leﬂnftmtroducmg an

gg%;taegi%tgl llfgg ‘tahe devnce w ere evp%ll%hosptl]xgzelng Q%rbesc%gteg,%?en%g&] gpa%ed,
bonded, and the like, onto the inner surface followed by sealing of the opening such
that the coated, blended, grafted, or bonded inner surface is now encapsulated.
Alternatively, a device that has been coated, blended, grafted, or bonded with a silicone
can also or subsequently be additionally coated on the silicone with a polyphosphazene.
For example, a valve that comprises a silicone can have one or more surfaces of the

valve coated, blended, grafted, or bonded with a polyphosphazene. The
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bl ended, grafted, bonded, and the like, with the
poi yphosphazene by introduci ng an opening into the

walewsoesdsher e t he pol yphosphazene can be coat eBCT/US2007/080976
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bl ended, grafted, bonded, and the like, onto the inner

S %f}@ﬁ@spﬁﬁeh@él@% BYa seabd S9hd¥al¥e@n QRARA tHRGI ST Labdd Rk fluids

the coated, blended, grafted, or bonded inner surface
i Panidhy wabvedye b W dbricinns patvrgf (e PglyPRosaBAZFRES RS has
been coat ed, blended, grafted, or bonded with a

siliconga meladsg&t aﬁheﬁu%@ﬁu@@hwn@atw edenO@bdtion is added to
coat ed on the silicone wt ne For

pol yphos
exseffdeblendegagrofied Rojded B'i*fﬁﬂ“é’é%e 1&@5 ; F‘?"EBG %%ﬁl ifeRFethis
OQ%m%[naﬂEH AsSMby ﬁ%@i@e er atbtﬁﬁicy ‘?Hté(ﬁc@ Qﬁév@ﬁitmgm ERRGIng the
grafted, or bonded with a polyphosphazene.” The 15 O
1 77grBloR o s RRS itidse presaadig of sut! digrsilarase fpdy preonto its
V|, MEoeCBreB Qrelvéhtﬁqg Sr feb QWS mQ%%ﬁt%ol%Ei fafshiéhdx%s&@é&e e
val ve due to the lubri¢ious nature of
pdt%@%ﬂn@'ﬁ@f&p@ﬁ@sesagﬁmtacExammesa)ffammwéhosaﬁp&révon e cgntrolled

p [
R T R T
a lehrichigagefits tshparginigiagome pharniasewionigerds, anhthallge, indyding
prc%ﬁ/l'bdlﬁnén%rt?%eoqa hrehc%r mI orgl% %%pfe@tc fre cgﬁlgx\flg&%rf &9 s@fcone body with a
ration conpounds, T1quids, of
ga:@b@hmsphuem ccmung ofy bikden sadhmxghledetgnwtlm bmmm'oiltrg compound

w th
c e PBnaty 5 SRR oSSR Bl § SRR Bukny, hipdienre
Ofmatyhﬁ&easage\t‘idies on@&ﬂjﬂ”ﬁrbc&ﬁ' badstbiien tisd m;mﬁaaum tge atfaanable
gfﬁ%tﬁpgt%e jgg(fyowgf%cé ﬁg;éaétlgn figé}ggtrhgrl'ﬁs?%i: tt :ﬁlfegmre also may prevent

aﬂﬁd glfadih€ongenlding bﬁﬂﬂ[d{)ﬁﬁﬁurﬁ@es&g}&lﬁhﬁ clo§£;ﬁ'aiiﬁi1ﬂyn:g contact with
agents, pharpaceuti cal ents, [

| ud
o St e SreeE B Do G o T8 e Gipehe-ehs higher Provides a

C QUiFAdR Akt @é%zs%fba@teﬁdﬂ'glr&ﬂﬁ CexBRslY ratutdd Fasel Y HbRsRhRBRME
coati %? i n reduci ng bi odegradation by
wﬁfﬁét

coefue %"é‘*ﬁ?j%ﬁa P@@E@ﬂswcwmﬁhﬂ% 0§fhﬁud66ﬁfé body

pl aced within a biological environment. This feature

my i nUe@@ﬁlﬁxgdﬁ\th@ﬁob&ﬂﬁgmefh)ﬁdﬁw@Emh&: pay@ai thikyal sk

hel p reduce the unfavorable effects %f th
bé&yerasntoasd e B REAN SRCTC ANy AWR P Ot 8 %%i%@emt pRigphosphazene

f %ﬁhéﬁﬁ:%s An$Bis Eﬁﬁéctpfo‘?‘é@ﬂﬁpié e di6:1de8 hRehoRE cdngr¥@ECHHRY
of silicone surfaces when in close proximty or

c samapptiey efipobysderape-pely phagphageredp the g of g cqmbjpgiiongf
t m%?@;sélyméfﬂa ecoBQl'y)ﬁQﬁongﬁé’c?%%iMSt Bﬁgﬂakw/gt&%@r@ and/or

surface that resists bacteri al exhi b
r eglerperktplinsrrav pkataad theddsoFprt ¢X@mpies &@mféld)dp Higelopadtherein can

L

p aktrvels, md‘temm@hsquslybgucmred copolymers, in which the different polymer
phases form distinguishable, separated domains with a nano-, meso-, or microstructure.
In another aspect, for example, the disclosed techniques can generate extrinsic
macroscopically distinguishable two- or three-dimensionally linked interfacial polymer
phases, such as multilayered structures that impart their specific properties to the

composite device as intended by the specific application for the device. It is understood
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af orenenti oned techni ques can generate any nunber of
pol ysi | oxane- pol yphosphazene structures. In this

w@s@ent395F or exanpl e, the disclosed nethods caPCpUsSNTEs0976
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t he conbi nati on of poiys oxane-pol yphosphazene in the

f ahaneaén @p@@ﬂwm& n@WoRf cal ANBA B hEnic s QROIWFBE Sroperties of
grafted copolyners, crossl inked structures, and/or

i iR PYEmet P TR B A kaize ghdestrerprppagdes fmghe éségﬁ?) pRplication
t he, etybads di scl osed herein can generate
honogeneously structured, indistinguishable intrinsic
conposi te pol yner netmorks or heterogeneously
st ruct Jﬁl@d’obfa%wwé@eswaﬁﬂrg ShAibe APRIGE by ARy wiRher opigFhpiRges. In
Phag&spek O idPedhntit NBUpHIAB Razche Bﬁfh@b?e@erﬂ HVRAH h bbagblied to
nano-, neso-, or n1crostructure I n anot her aspect
f ohe ailigonsibe dinping the SHsans i sabiioniod G@é’ob@h%@%?%t@ms solvent
e

£ Rrapdigich FROTLOREARURR e O ShERDME SR M ol MRosoBlzene,
sumlwéagsnwmr: pw_errtwosmgum @m@@emﬁfaslhmlﬁpaﬁqd thi éﬁleent

%gée {1 hg rdib&ied aténjilcl?, sﬁ% ?Jbgt?at S¥le %g)-cqatm
e specific applica or the devic

| tpalrasmmd éczsp@@drelﬁip#@itm'gmdedmwajt tirae mé:iac bolytioneargifthe like),

er Quec “crrak e&:asncaafbf %s?ed t«g r%at“%? ﬁ{;ﬂo er?e%gs gnlﬂilgr%aqgred
prope S efe” P e nﬁ
of paﬂﬁ&bf;ﬁdzqne oxeingd wsh ﬂ"@ rdeiuh:d tidelsllessenid amo;bhodr@tym mha‘ Spbmﬁc

the i C The sph n oating..can
S F s R PR AR B RAEAT fr 8 BB r REpAOANdsSitene
eXaaa!mlloﬁ mc&daialgpmrypdim@ I@a}aem;&o@cf sbothlmtsp ﬂrese»tﬁer amalnlbolmrpmnc
to t si]icone in e,silicon
ol e Pt o sk gupi B TGP ishf Re. ror
EVERMDRL sLAAbIE 3b18&nts ROINEE BiT ¢ h@nmteum@ efifyl &Qtavaa Propyl R tate,
specitic poiy hos hazene, gﬁéﬁphosphazene

c oM REFAE RSA }@-‘ﬁ affe hexyface PRyl aceipte; b @ogiediectpfe

S OhMBALthS HEGER it datbyliprbyy IRfodehB et b iketon@ t@Fahddrofuran,
silicone substrate structure, dip-coating paraneters

( tRlobe¥Rnoice Jighims. Ebuyl Aghy shes, dn"a%bylleﬂter rbéxqfwoqubénzene
S %éﬂéﬂm&ﬁ‘yi u%dge&sxﬁethy;@ﬁzmma@ d;uﬁ&zhﬁraca%mepﬁ{aam;&r ﬁlcﬁﬁfx‘lg

be used to create honogeneous and/or tail ored
poiny shobpadons rﬁl@rfmia ﬁg@s af &hsets%fe@tégmﬂwl%:% o8 Ripesdvent can

Sg\%v ;%t@xﬂ%t&g%ﬂhetapaﬁn rPSrtﬁdté1 drGo R RS b Rholved sV ch%% ¥ihe,

are suitab e preparatlon 6]
pq»rymﬂmo,slplm,zmetasalhuxan@;hemm uelieng, befn@qtneexoém[Sé, mmlane
t, n
o lhd RPN e T8O PUARE, ARP EGhoorRBls B B Rk Fro e
WI ;idhyphmwazem kblutidng examplds c\ﬁmlhich :ﬁdmdeemampd @t lisiitied aabbte
e not Lnmte

é’}/ g{nté%o %d:]%sé scﬂgblhgft %‘L{rﬁactants adheswn ageénts, and the lﬁ(% including any

combination thereof.

In another aspect, alternatively, the polyphosphazene of the present invention
can be applied to the silicone by spraying the polyphosphazene onto the silicone. For
example, the polyphosphazene can be deposited on the substrate by a spray coating
procedure. This method is especially suited for coating irregularly shaped articles. A

solution of polyphosphazene in an organic solvent can be nebulized through a
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butyl acetate, pentyl acetate, hexyl acetate, heptyl
acetate, octyl acetate, acetone, nethylethyl ket one,

woredoRpiysopyl ket one, net hyl i sobut yl ket one, PCT/US2007/080976
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a (pE OFSWALEs hQESstivht BASEN kCapbifitn ra@NENBErtRAgoR tyPeSIf sélYent, the
br eakl ng up the solution_ usi ng ul trasonic atqel tation.

Th%’ bvé!ﬁaaha%e@a CABERITALGA TTEEBY RS SRIP-8031RE PateEg sy (iqnpperature,

S URSini At Bedd0alBih€ R shdab Gorlf QH e B 16 eRhe 'h?'ly K geus
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asPe GlicorR-OHRRARY dubkifz@l, Sol ution of pol yphosphazene in
sui tabl' e solvents, such as carbon dioxide or dinethyl

et her |s created at a specific set of tenperature and
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i nvention %row des that the Kgﬁazene can
cobg itigened T, Anx prentgr pf @eﬁhedmw bfguSﬁ%enq«\mﬁ weaying. dig-

855 L LB LS e . Yot

pobrypiosghaeties thasitiepnsarithibe ygiyphosphazene is to precipitate the
polyphosphazene onto the silicone. One example of such a procedure is to volatilize
the polyphosphazene in the presence of a gas atmosphere, either a reactive gas or an
inert gas, in a vapor deposition procedure. Alternatively, the polyphosphazene can be

applied to the silicone in a reduced gas atmosphere.

In yet another aspect, the silicone-containing substrate can be coated with a
polyphosphazene of the present invention by pre-forming a polyphosphazene

membrane and then applying the membrane to the silicone-containing substrate, or
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t he pol yphosphazene can be spin-coated onto the
silicone. The spin-coating nethod is especially suited

wo e008He9nd ng very thin, honogeneous fil nms on fPeEL/US2007/080976
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surfaces, where solutions of polyphosphazene pol yners
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|
b&u@@l% %B&I%F&%H% Jor Prb bt o Fl osgﬁég&%tﬁ)m 10pm,

es (0] ormng a rane 0 a poly zene
arasr fpmahoelé@leu monglager tPaben £0No. orfrcmwxmgme mépwlayer to about
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ngonent tS(') a'b%ut I%{)p.m or éﬁl?nwebou{ ?n ! h' nse’alaa/ a%c&uqq 50pm, or from

2556 any ST natt on o
about one monolayer to about 200um, or from one monolayer to about 300 pm, or from

one monolayer to about 350 um. One skilled in the art will appreciate the thickness of
the polyphosphazene can be varied and can depend on the specific application or intent

of use of the device or medical device.

In a further aspect, the polyphosphazene of the present invention can be added

to the silicone by blending the polyphosphazene with the silicone. For example, the
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pol yphosphazene, including a pre-forned
pol yphosphazene nenbrane is applied to a
W@ 2008079683 cont ai ni ng substrate, regardl ess of BEEUS2007/080976
mechani sm by whi ch the pol yphosphazene and silicone
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meprriiosphexdng e Fon axampleuduringa silispectynthesigprocedure, the
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I cone |ng the po phazere Wit h
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duf acturin rocess e SI I cone. For
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prior to crosslinking, polyphosphazenes can be added

to the SI IﬁF&%E]%gége@P&’]n%H@p flé%l’?e c?f%’esﬁﬁ ﬁﬂi}ik%ntﬁﬁlgltgﬁativeiy

SUbj ecte 0O oOn I Ous Cr oss
25 pr omeeudds! torhe silicone by graﬁmg the polyphosphazene to the silicone. One

procedure for grafting the polyphosphazene to the silicone comprises co-extruding the
two components, whereby the silicone is partially cured and the polyphosphazene is
applied to one or more surfaces of the partially cured silicone, such that those two
components mix or graft themselves together in a stable configuration. This grafting

30  method can be applied to one surface of the silicone or more than one surface of the
silicone. For example, silicone-based tubing can be co-extruded with a

polyphosphazene of the present invention, such that only the inner or the outer surface
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reacti ons. For exanple, crosslinking procedures
i ncl ude radical crosslinking, condensation

wa@ems®iionki ng, addition crosslinking, and the PCRES2007/080976
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Alternatively, the silicone elastonmers can be
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0 o I oSl dsrescP e R e bRt et b grare
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only t sur

€ inner or the outer ace
example, silicone substrates may be plasma activated to create a suitable reactive,

hydroxylated surface, or alternatively, silicone substrates may be treated with acidic,
basic, or oxidizing chemical reagents. While not intending to be bound by theory, it is
thought that among other things, this procedure serves to create the desired attractive
interfacial forces between the substrate and the polyphosphazene film, which helps
prevent delamination of the polymer film by adhesive failure. This procedure can also

serve to adjust the surface energies of substrate and the polyphosphazene coating
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AO 17721 14.1of the tubing is grafted with the
pol yphosphazene. Alternatively, both the outer surface
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wi th the pol yphosphazene. In another aspect, the
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known to form OH™ groups upon hydrolysis with water. In this aspect, the linkage with
the amine (or amidine) component may be established by, for example, a typical amide
linkage which results from the reaction of the acid component with the free amine and

subsequent dehydration. In another aspect, the amide linkage also may be established
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prevent delarnination of the polynmer film by adhesive
failure. This procedure can al so serve to adjust the

waeBaecwsener gi es of substrate and the pol yphoR@hEag®n®080976

10

15

20 t

25

coating 2 1 A O 17721 14 ]solution, to prevent the
dewei thk 86 @hudd e h%ﬁéié‘%rb&}ﬂ ikl %Qhﬁﬁ‘éiyli Réhen %{kdacicﬂ%hﬁ)m{ent

deposit a honogeneou structured fi'lm For exanple
siqoppaipes ag gpid @éh@u Bﬁe#egea intgndingde b@bemé &Y theopp thefsubstrate—

p
B T
exdmplaey mpﬁned QY whishitlee asihmpietysu bampepeut hay iateBicyelfectively with
( i on.. . i i
(AL AL, LR RS0 AL BETLAT Sl w
t heohass,and hevidy meotct&pzsailexmpies oftrmlecuil@g ireehigh the acid

cro Kin f the si E er.at,ure nd so
s e B TR
of the adhesi on pronoter, contact ed with a

pol yphds piragspens of Wi in'g:na'ors amdacpikglugikoxysilanet tek s base
t
abigﬂ%ép?@ﬂylt%aﬁ(%ggsﬁ es lvsgﬂ?\g/gl %nad%sr% Sﬂrgrpgtegluh%g %E %‘ 0?

S many  si
t hJOSlbI!ITEmaﬂWltb polyphepimms ahsilironay exangplesayf \Alhe:hunclhdez ed

xahpu St e AR L BB TR sl BT e ana e

pol yphosphazene pol yner of the present invention may

i nclud adhesion pronoter or Lilnkgrs, FOr exanpl e,
in oné&laspéet, the adhesion prom}ﬂer qan Clonpri se an
aCMLi r?Lent ang an ami ne cenpegenf.~.Thel @ed.d

conpon a [,g)ne corrponerﬁ C beys| t uat ed in

dlffe,r tmsubstan es, material s% e
within a 8ingle stbstaflbe, material, or fol ecul(éH) I'n
this aspect, for exanple, the orientation of the

aokhemnaspr AINTLIER, mrﬂa@aea&cs&ml emkyle Calkyll Bers ity Loan
the hosphazeneﬁpol t he ient j hvent i on

car ssectrl prasdificl kyce %%qle;?teﬂrfr%’é%l Viodciy saaype selected
Suasi; Hadr QA nthe RRTNIRN SNAHNBA RAIFOMMRRLT RNQSPHRZERE or R,

Polyner. In this aspect, the aci d corrponent can
c oq?ﬁwrlge agpgrofspidle y Opbrt erpyioVBesuse ahlegt pre of Ri or R comprises a

f L&I}@Fdz;%@% 'ngﬁpa@H&&@?s;?%aé%h%ﬁﬁ §&uf 103Pm £ vakneiPh& grafting.
aci'ds,” esters thereo artial esters thereof, or acid

hallurdiesreearping Formo sl Trid rIBwIGa!( @) inggeeUfisan @ifsorbout 20, and m is
prtgé ?%:]éﬁégm clrthW 12, @iﬁ‘gﬂg E}—g ?%e;ﬁ?ﬁr@fe}r@& Sin a?@l‘izen él can be

conponents In are not

oan intagdsdreyl 0 © ot tplvelpbong slagtedftvos bivohi lor agingple, in one
T S e

t i wizendic mais Bnd e aithti Ves?. While not intending to be bound by theory, it is
believed that pendant groups of the siloxane adhesion promoter that have a positive
dipole or quadrupole moment, whether temporary or permanent, create a favorable
interaction with the negatively polarized fluorinated pendant groups of the
polyphosphazene, including fluorinated alkoxide groups such as trifluoroethoxy. For
example, pendant groups such as dimethylacetamido, trimethylureido,

pentafluorophenyl, quaternary amines, ternary, secondary, primary amines and
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and all other known species, conpounds, conpositions,

m xtures, or noieties that are known to form OH groups
W@ pms/okspas ol ysis with water. In this aspect, tPer/US2007/080976

linkage with the am ne (or am di ne) conponent nmay be

esfiabitbshnidedind thelkeCxRiHH Bvorablé XdheSiah. am de |inkage
which results fromthe reaction of the acid conponent

with the free am ne _and subsequent dehydration.. In

anot hert AT aSher (i R RR S e R G ey asEvih &
ﬁﬁeﬁ?ﬂh&h@lﬁén??peﬁ@ﬂ gzgﬁﬁ fczﬂrﬂinﬁiﬂﬁd th? t‘dm&hwa{g' d@hmah tuicmg fedmula IV,
al i de graoups instead o roxy!, en the aci
chﬁ@h%&?mﬁéﬁﬁ?ﬁ’ mﬂﬂeﬂ%ﬁ%oﬁﬁlide. Wi | e not

i ntending to be bound by theory, the substrateacid
conmponent | ifnkage itself may established by ether

formatigon of_ hydrogen bondi ng, or by any nethod by

whi ch d he i nmoi ety or conponent may interact
effeglj ve th the substrate. In another aspect, for
exanple, am-ro aci ds are useful as adhesion pronoters

5 and&prodeerroto i cal exanples of nolecules in

whi ch the acid cék%gnent and the am ne conponent are
situated within a single nolecule. In one aspect of
t hi s i nventpaoingn adithawesgekitethydallystxyiss faaesinglagtusa®alkyl series

ST@%@?{;&%&%{Q grlfj E‘g’)a( Xﬁ%ﬁ!’ %‘Qﬁ%}/ }gg%lli:l(do . {,\’\\Af!hfl‘ra?isn I%dal?tg %‘2 A selected
P Ofryt OS 08z €0t €XPr aaekalsi al decremsiisy hyexaAyg g a9 bnsvfriogiesses from

i ncl ude _conmpounds acc jng to formulas . nd I]1l,
1T QBRaRR SRy f ana DM st e g it btz fbimes st

10 Seth@ci@H:); efdcafildkiine in 6BLIKYE a @B metBinod| Kyeréfolk tiddhoice
be selected from-Qal kyl; R3 can be selected fromH or

al ¥ytlancshg SruPLean Bs@dyisdde megt 45sie tepcsion dimey Unippieios sy
al kydtioh Simdehie NQMiBE r(@l\/ﬂ:?g ABHiIBE RS ¢ typRART urpe of R
or R2 conprises a hydrolyzable -QCal kyl group. Because
at least one of R _or R conprises a hydrol yzabl e,
group, %‘& apRiRRr GPRFSH EOFF@&E—’? Pgaa%’ér‘?’%‘%'ﬁ PQ?‘S ‘"‘%ISB ipg giloxane

COYRbABEs 2l pbIdmersOtha tiokMakink Widcheralityedand ricd Of sl Bas 1 by
Il and I1l, mcan be an integer from0O to about 20,

13 arraplasing-Qapipil edthialkohpf htigeie teimdmsy Fppexpmplaaiy pelgpicd from
behagy13ndalcNBePh&S BF & SitbxatdWdBEGhL-pBRotife ABRIRLr R increased
integer fromO to 4, with mtypically being sSel ected
f rigwibilitsy 2. For exanple, in one aspect, R3 and R4 can
both be H or in another aspect, R3 and R can both be
CH3;  WReR@IBr d¥hdcs oBthANKleRtibSis PdvitRE b a@ditidnaVildn€ afikion
i ntending to be bound by theory, it Is believed that )
peerapfersgihaiase well-syitrd a1 4 giephaseAapRsdionPrescsi easmplpgel which

%)h@%@p@vﬁ@éb&bwﬁsﬁkﬂ9h§VQ&dQH?drUpo'e noment, whet her
tenporary or permanent, create a favorable

|
Cod

Re (V) foo R (VD)
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interaction with the negatively polarized fluorinated
pendant groups of the pol yphosphazene, i ncl uding

wo basisest ed al koxi de groups such as trifl uor oRCTUK2007/080976

10

15

20

For exanpl e, pendant groups such as di methyl acetam do,

tri met hyl. U6l 49 in REALAE LURE WRNENNL be SHRLRMRA ¥O£E§wl%‘?§!’kyi

ternary, secondary, primry am nes and 23 AO 1772
1adridyRoabede sakctiddraant or Rikyl. i Adbesiex promioters ef\fomatasey and VI, are

adh'ﬁ%;x ) boéhriwgragﬁhg&ranggggﬁﬁe ngglgﬁaeg?%e; g,ﬂ%/qq&ﬁ Bhldicss of

g r wbcphara]m dongbugent shqudoub bnwhm@()cso ﬁ!ﬂ’@ﬁl rigl Oma‘ aspont.rtisg adhesion
ch exhlblts f vor at

c OWBI&!P* X %o n%fi%l 18] h rolg%ei Ie\?oereﬁ ag nlﬂe lo rseacr X El%q'gfarox@hmh

analrago usr cﬁﬁmﬁw,lané e/mlemtoﬁterahkkm ibo rboxprddjycthm fordmatlas V or Vi

di ffer .onl '

by R .and R wherein Rl and ar
S BT IEES  de-ervaineaegcnss, NOBEng wh sRs Byl tdraay sroups
hyﬁmﬁé@z@élg oh abRacA@ %o Wikl tk&r@@ﬁesﬁﬁSarfahﬁnW%rh@a@ﬁs rafeeof the

exanp tern1nate ane wil |
1 O AP Bt AU ER: ' SGREbAp Bt SPLH G hod icstons
acidy bi @&fo@lﬂb@@&lﬁ]ufﬂq{hﬁw oding @fﬁ&h@f Nidizih B ol Gias C\Q)laﬁﬂe solvents

silane end groups can be adapted to nepet desire

it M RRASSPE, DGO oD MEAeE Bl (e e dafon promoters

r e&h%l&%@ he&%ﬁom&%%mo Bk ldlsABH dRp&itlonRif @Rl ddiesion
used. | n another aspec for control of elastic

noer@m@r,o'md fiire thigkggsses Wyl depprshatrie enmogfsintip angdgposition time of
q@g mngngmﬁ&pssllnklng functionality can be
m3 to 1 by replacing -QCai kyl with al kyl at
the S|onane term nus. For exanple, R selected fram

met hyl Ifdyblse. Wa@fpg‘(spggaopé)lf tl-gseslpfh&gigﬁlézomponems namely substrate,

adﬁﬁr«%&:@ﬁ‘ pIBfrx%f@PEé ﬁ&cﬁﬁéﬁtblyla%%ﬁm%ﬁeht d1AGHARS&Rponent, and the
flexibility. further aspect of this invention is

pr m)m@@pmwm@m iftpsgrgied. SYhilgrvsarnpiReal compiioiritieranpangals are
gr \A@E& mswbteeﬂ E@ %&%oﬂﬂ@éﬁmgﬁ&%h bi mo%&sgﬁmoamon

es of which are provided ow as fornul as
VI thatzaanA@:smWQme arhinieRompencahpt élusirpied.orherd Riganbeamdihpl, aryl,

B8R 35| 551 S ) BP0 B, i
f ocamypoment\s mtedchehgeable ev@uainy ethef mdlvma!molmpquﬂ:rd fnotasighin the
and e’P(’({)“E g%gméénen df BRI 2‘ ?ﬂ(eg%% iS’fﬁ g%g)ré}lh&?% rRddular

1 ron queous
i nctﬁﬁyﬂmeﬁiﬁﬁbrhry”tfht@hstﬁtﬂﬂﬁ&hcb@mponents, amine components and

polyphosphazenes.

25

AG 177211401



waposmIsE not
formulas V or Vi

pronoters do not need to hydrolyze before being able

to react with a

hydr oxyl rich

surface. For e

xanpl e,

i ntendi ng to be bound by theor yPCT/US2007/080976
may initiate a ring-opening sequence

by'rmagt rﬁggnwe bha weaamo&we& Lhylgfy%l‘)@ub@tﬁ'&é@%dheswn

|mre|atey

on contact to yield th

e open- chain

vaPiogwtess. ampPelehospheaist i ons rates of the adhesion

pronoters are conveni ent.

As descri bed herein,

such

sFrrace wodi T1 ¢
ase, using et
soPWgWF§ and ot
net hod enpl oyi n

ptions may be
chant oxi di

A impenese o

g t he adhesi on

Spates’

per fornmed 10 11
L#tlons
PRSP ov e

pronoters disc

%bwghasphazene
vedradili b e

rR1 1 jirgependently

| e from

eaieisn af f ords

A(RpRVEEMEoUS

andicsyr gt depo

spat,on of

ee@dhesi on pr

Db, eFomand T

mddorcknesses

V@t H,CH,CF,

EpRRLson the ¢

DIROFNidof,! ON A

novEepes! tron t

| g, O, cline

58S PRl A 0Dt

Flko) ) Flolghl e 2

SGKIWRES Of @

&MLt cr,

IcsSc 1 IIUI VAl UUd

haci nr-anrnmt

D

Ko

oc.or. 1

'°!x

A DA

AEeSH
1 ne
H-hRe

IJI UTrot
ohmmonent

D Q

nnr*l t

“OCE

TUTTFUTTC Tt

l.ust.r.at.ed...\\h

_'QJQJ""QJQ""T

JHOOSsLL

conmponents are prOV|ded in Table 2,

ohly exanpl es of

the am ne portion or a nolecule or conposition that
can conmtihit bdpRett o€ eampke tkﬁ@ﬁﬁ@tﬁ@@@ém B Bed wlwh@xsdo&aﬁrﬁﬁg

where R can be an al kyl,

aryl ,

substituted al kyl,

5 t hatkppygdancygonigigiag glef'o%nqs? h@ﬂfékﬂfgr%w&.aﬁgm%ws Fetrassaﬁ yl-
I ngianidhial peREIROREO NS FuRAE! WA AR RINYItS Be BAMKIBY MiRkory,

10 Pr URLiSA PronRRd itﬁ&h&%@?&r@éﬁﬁﬁ
hi s net hod

i ndi vi dual

conponent

fron1MAt

hin the sane nod

ul ar

conpehapglspirpscd eolubiges. apzirecidoyel pethe abpypmenyoned can be

Pr 886 dre AR meQNRRRS H ate #ol—n%i%Y" for substrates,
acl d conponerits, am ne conponents, and
pol yphosphazenes. 25 AO 17721 14. 1Table 2. Exanpl e of

a Modul 142 Tehes el Stang cheryicaldntergglisns cap 'é“sém%@f?éé’i‘ 85

exanmpl e, 't

can

be use

C?] Shebnlida$ gi@ﬁﬁ’@
when conbi n

Glethdd9land the
I N

aI [t i peamende. dibaohplidsghainemay berbied ah aarbal thwﬂ@w@rup@mowr

ool yoERy

s& Ay e b &R

ene| m ne.

Furt

ogﬁ@mﬂﬂhg

[ e not t endi

LitesBh Eager to the polymergayer by

In

bofmmiwﬂteh bordy wmml@mpqmnql sglegraupss &bis aspesiial¢ alsepermit

anh@%ﬁ?'ge d&gs SEST c%% Egb%?fﬂpro}’nt‘iteﬁf

depos

L BBSERR B i el

151 nfaahlﬁmr Fdsre:nxasalslpshts ftechtiquniy posséiie balsingw mpegriterisl dearol

20

be

fufio ona}/grgu;lysndutrigge substitution, in which case a polyphosphazene as a copolymer

that contains a small amount of these functional side groups is obtained. In this case,

the protecting groups may be moisture labile.

Techniques such as these for grafting compounds to a silicone have been

described, and the invention disclosed herein is not limited to those procedures, Other

examples of surface preparation of silicones prior to grafting the silicone to other

compounds can be found, for example, in U.S. Patent No. 5,494,756.

AQ 1121141
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adhesi on pronoter interactions, for exanple, by
chem cal grafting nethods, and the |ike. For exanple,

walec@BoeIsd si de chains may be used as part of PEEUS2007/080976

10

15

adhesi on pronoter, in which case it nmay be possible to

connectywhikenadhieriNo Ib@ﬁ&fndté@ tl‘iet&@y ROARGIRF adp8dt Sor &mple,

form ng ether bonds wth pol ynmer side_ groups. Thi s

aspéeble genpigatians of Hekiseng alﬁ%m@fpﬁéla@ﬁs éncljfde gpppbymers thereof,

¢ h&ﬂcﬂ 8 LA Bﬁf@lynﬁéf@ bRafu Rk céw%afs %cwcego@ﬁa@ diprin
éplca tashion. For exanple, this technique is

pocswp mr%yth@sqmglymemm@me@@t@ém@detafpﬁ@rbeﬂweﬁlmﬂ@tsw@ﬁ@-

9" QlABni %%dbgtgaté HRShd I)(H%}Sh%?phaﬁcrﬁe Wﬂlb?el?ldggfs’tﬁesg materials. lr one

poi yphosphazene as a mer t contains a smm

anppet, fof exahmpleufingibe amahatsm dé” go wigydo # golgphcaphaeche [+n

t hi,s o 0 t

| a ZF%@% %ﬁﬁgg@gﬁ@{ ul%: 91&%% h#e(gs}iz 1?%8 a%?or&?% T fffula 1 having a

cowﬁeuﬂﬂ&mkmnmzmﬁhmogmeabuvemb@eﬂyﬁeyﬁhnbedumandﬂ&ﬁeoq

invention dis ed. herein |s n

or e shur Bs R eBRER s oD PR Pney B spiclosed

si ]helr@ﬁﬂeﬁlr@ral Bi-(- Q)b@lk&ﬁxtel sugnet diehespdlynoas) Gtrﬁ@ural Ihetifs and

ounds, ¢ e foun f.or
oG g P BRSPS S R e e i R cprgan be
beddpatguchsyiidwaeory, in another aspect, for exanple,
suitabl e conbinations of a silicone and a
pol yphosphazene i ncl ude copolfiers t hereof, such as

random cppal ynersa_al termati ng..copo .
copol ynef's, gnaft Ebﬂ yﬁﬁrﬁ otherhégggﬁyﬁgFgﬁk

i nt erpen tratlng net wor ks bet ween t he
siliconegontai ning substrate and the pol yphosphazene,
or bl ends mat eyB.al s n on '
exanpl e¢] usth@’fSE\é U/IJ\aB(E; " "ﬁf%%ﬁgggfr%gga

pol yphosphazene [- RX 2P N ] iety (wherein x is an
integer from1l1l to 6 according to fornmula | having a

[ - P=N-] aackbone and using the abbreviation "B" to
refer tojaBsilic [ -O ] -noiety (wherein each R
i's indeﬁ=nd y a SB on bstituent such as those
di scl osefd her gi n) haV| a[-8-0] backbone, sone of
the polypers, gstructur al®noti{s, androsslinked Polymer 'B'
siliconet polypﬁn§phazene conbjnations that are

enconpasksed. by thBs iny i onjean be depicted as
follomsz/fbnn yneradfﬁhkFB mopol yner of 'B

s

o A\B/ B\B/ A\B P Random Co-Polymer of 'A’ and 'B'

it A\B e A\B/ A\B/’/ Alternating Co-Polymer of 'A" and 'B'

p A\A/ A\B/ B\B/’/ Block Co-Polymer of 'A' and 'B'

27
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CrossHnked Pol ynmer 'B' Random Co- Pol yner of '"A" and
"Bl Alternating Co-Polyner of "A and 'B Bl ock

w@eeoRok3pser of 'A' and 'B 27 AO 17721 14 1A ,PC/u$1007/080976

10

15

Co- Polyner; 'B grafted on "A B, B B B Gaft

Co- Pol yner; 'Al graftedlen ' Intef enetrating

Net wor k in, en int epdi ng N : 1A
theory,jin zam(%?th\ﬂo tﬁt\sl icone%§¥§§%2§%ﬁ§%2%§”ﬂwd°"‘A
backbone-t o- bgckbone [connectiVities in the

il lustrationsgabove, got her aspects of this invention

i ncl udes s icoﬁé\@olyﬁhQ§phazene conbi nati ons
characterized by the fol|l owi ng structures: one or nore
side group(s) of bne polynmer connecting to one or nore
backbone units of " the other polyner; connections of

one or nore side group(s) of one polyner to one or

nore side group(s) of the other polyner; and/or al
possi bl e| pgrmutatgons thereof| Furthernore, these

connectj res,.af e~qgt-1 |‘n<i\f3 t 0 t wearPObYORMer; Y FFh & on ‘B!
a copol yoer, RQut aIs% can inclyde a third or even
addi ti onal pollymers, ior a suitable |inking noiety
participating# theAngd formati on between the

pol yners, includifg between the backbone or side

gr oups. ThereforéI this pspect also 28 AO 17721 14
lenconpasses tie Aayers or adhesion pronoters such as

et hyl enei m nes, am nosilanes, and the |like as

descri bed herein. A blend of polynmers can be descri bed

as a mxture of silicone and pol yphosphazene pol yners,

commonl y| £ A med usin suiLt-abl e : ach
pol yner+7 or Ma\ﬂe’ﬁg\ RE | f or na%nﬁ%ﬁg'lg}/"g‘g“gﬁ%o&

honogeneous or} i nfer radf ent bhtend can be achieved in
addition to t r tioL of a heterogeneous bl end

f
with nore than\%gﬁkinkfr hase. All ratios of silicone
and pol yphosphazeng polgy ;S in a blend are

7

Y
,{/ \\B// \\B// \\B’};

Again, while not intending to be bound by theory, in addition to the silicone-
polyphosphazene backbone-to-backbone connectivities in the illustrations above, other
aspects of this invention includes silicone-polyphosphazene combinations characterized
by the following structures: one or more side group(s} of one polymer connecting to
one or more backbone units of the other polymer; connections of one or more side
group(s) of one polymer to one or more side group(s) of the other polymer; and/or all
possible permutations thereof. Furthermore, these connectivities are not limited to two
polymers forming a copolymer, but also can include a third or even additional
polymers, or a suitable linking moiety participating in the bond formation between the

polymers, including between the backbone or side groups. Therefore, this aspect also

28
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enconpassed by this invention. Again, while not bound

by theory, it is thought that an interpenetrating
woedmsosdoszan be understood in terns of pol ynmerPChuswe7/080976

(backbone units with side groups) diffusing from one

poél%@ﬁbas's&ttf% l&)léﬁ‘s R aliR%ion %F&ndt&'é QUcAGS bMieMifheR Q¥R lanes,

chains of the other in order to create a proper

adHelshohkepsdpisahed isecinli f f erent pol ymers. In this

aspect, the termsem - interpenetrating network is

of ten ugefnd 88pdPAferPnYRIEsckbEd aseXdXRIr€of filt®ne and
si |l i cone-contai ni ng polynerhg&o rises a_crosslinked

popq}ﬁg\os;&)ﬁ@nﬁ PUWTSeCQUH%OFBX Wa S(Ulltﬁléle cosolvent for each

5 pO (M Q'Sm@ ?@%el?a{ﬁ]eQQ‘n’r&an & %d&%%ﬁgoﬁﬂﬁrgreﬁhem blend can
di ffusing o the other polyne

sebf achmf@ﬂr !p SAdtipRI; th@fOﬁé@tW@rqf adgigrogetepay bigndoyrith mere than one
| nigS g@ﬁ&et,ﬁ{l Iahgg%ﬂﬂk m() r?g:ﬂgspﬁﬁze ﬁ(ﬁytﬂ@s YIPHI6Rd are

bel ng cross a sta network matri x
V\hfmcemmﬁeedityhbmrp@hmr is non-crossli nked. In a true
i nterpenetrating network, which is another aspect of

this iny WER, Ww@fe thQ)tonncp&l' hB&Y Sit %Qﬁbu@ﬁt tﬁﬁt%ﬁ%tb?g%tmg network

Several synthetic strategies can used
10 ¢ oribsandassigodin o of peiemer dpige {h?giéwna Boitsavith sida grpwps)

as&@[ﬁguﬁ%ﬁ&ﬁ ong %@Jﬂ@t m&)OcFé) J)tyl&;e b ‘ﬁégbfcg'?n%‘%gﬁg??‘é@ chains of the

rizing suitable m xtu .
p r @htms ordsr t@rcrm propdr edhayioh deiean theiftpent pblyyorse s thaf

aslgect tﬁn%rr? néjml lnf%%w}é at(l)%g hgt%v%rktel %heg IIPs%d a@%% é&lgﬁ Ctgor

ese nonofrer
u ne:iasqptﬁ tho rsélcpmzl gumeinid Opd! mer@tmmnspm yxﬂmlznhwdooﬂ)tm chain,

15 Dol Rl WPy T B BB DR (ot Ra) Ry G iusing
a tcdht etheodyiyere A ean-ihepémeiratich nebwork hazsdlﬁemrmthe

this can be effected by copolynerizing suita ,
phB TS B BF ROt SoPe it i) 6 e FigaReCand fomming a

Pr 8881 S 6rkQhat8x hllé GRREPHOIYIRE is ﬁ&ﬁbxﬂsshhﬂedﬁ hhg true
exanple, this nethod woul d provide 'C'OE %’msr of

gr ARTRSASEHIDE NeRoEr. ihie b At ase AL t(oghgolyIBFrs can

20 t hgd drofdligiedr sors) are grafted on the backbone of a
siloxane. 29 AO 17721 14.1This type of grafting

process_can al so.involye a step rea e i.n

nol ecul S&P’e*’\ﬂ}eﬁyﬁﬁ'ﬁf*foﬁf‘m{%&s SRR %?&5“ ﬁ?o‘fe)% H‘éH‘énsé’i‘ gepolymers
Ch@bssell Bbdve! @t th@spt, tthiexaihplke awpslyaferstda@ b& fdrin@@ﬁﬁ

polyner phase to the oty hosphazene phase. radu

shedpelymetizge @ syifakic rw&ﬁw RPIAMEF 1§ PFSUSES R M- ?%gﬁo ular
of wtibR: JIRbYPRQS RERZSRAND 8 PYABkoshRdzend A eheSdink GiRRQr at similar

25  times. By attaching these monomer/precursor units of one polymer to the other
polymer and then subsequently polymerizing these monomer units while being
“grafted” on the backbone of the other polymer, a stable copolymer can be formed. In
this context, this can be effected by copolymerizing suitable phosphazene precursors
with suitable siloxane precursors or a silicone polymer chain. In this example, this

30  method would provide a copolymer of A grafied on B, wherein polyphosphazene

chains (and /or their precursors) are grafted on the backbone of a siloxane.

29
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pol ymer phase while allowng a gradual transition in
surface energy, resulting in an even stronger adhesion

whedseerss he two pol yners, n another aspect, tPCBUS20pB080976

10

I5

20

25

of grafting could al so be achieved by using

pol yph%m?ﬁee&egrﬁ%g’%éés EJ?IQIISOQWH]@ ansteﬁi“lz&)‘iﬁ&@asé‘ﬂﬁhglécular

groups at e term nal pOSItIOﬂS 0]

t oveightioh gherpyrffedirplbyplesphazencatie chaias K’dﬁk}tl%@ég? @fﬁﬁé!meéf the
t hemen @Q&meﬁ%@ td %e%oﬁ%h&!bﬁaz%hé hifRd! eA %Paldw%ﬁ:ﬁ% oM ular

curi ng. Ih a further ‘aspect COpO yner can
f owelgld vl ingreabe tha diffusige of the peivbhaspipgcrpr lrer o th?éﬂfcone
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Reagents that can be used to forma netail ated sil anol

can in de i rea ents, .or anoI| hi.um nts
o GanodB e PFaaBe o NG 0 SagBl L S gk
| T d6@hor BRM codcl @ tor iter@dd ih hEpctaimadphhkent BIRBER®: Wi | |
forma netal silanolate (M (OSi R1R2R3 (whereinj and k
depend on_f he identity of the netal ion) that is
suffici en% eactl% towar ds a hao- pol yphosphazene or
a phosp;gazgg wth | apfl e ai koxy substituents. Metals
can =R

O\\ //O
P

In this example, the following chemical substitution reactions depict reaction
scenarios which can afford a grafted polyphosphazene siloxane copolymer. 1) The
reaction of a polyphosphazene precursor such as a polychlorophosphazene or
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i nclude, but are not limted to group 1, 2, 11, 12,
13, and 14 netals, with a preference for lithium
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The reaction of a pol yphosphazene precursor such as a
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B SRS i Gray S aam weecll aaicyral o e s

US]I)(HQ)P@E&M@W@#@“» ok edpolymératwithahy foreatondhstoaliond acid or any

SV ONG BRY BB RGP ARG (R LS A6r-RS "B haRD By P Rt n the

gr gkicnbdef AMa6H Usi ng di al cohol si de chai ns may be used

as part of the adhesion pronoter. In this case, it may

be poss to connect the adhesion |ayer to.the .

pol ymerinfugist Swseh BioAY HREFS DonBuY R frbslisn g yisdiking of
Si dee GoopRs - suildviSreasRac trhwadhid balasifeRas Mt txairpsd, BY t he

ends of _side chains together, instead of s I

pa?BRgilie el e precien i b pracied witheniged %‘%ﬁg&%}ﬁa}g bgnd

hesRhéh grbilpe of@m?ﬁmﬁa@&eq)owl Altbrh@lehe ﬂﬁ‘§ ¢old Whchieved,
network can invo a stepw se deposition of

pofoy preyn &y ssetiongypeths sige oS o Sheesialirigilpiang palvarer such as

Weﬂ&mne QfsplabSnddRFeabifdtk aar HERAS tHeHioRRL YREQAIRR&ERNRe fluoro-
polymer in relation to the distance of the silicone

potrginsrphesrbgecne side Beoup &t Piphidd prenemidegiaie. A gradual
shift in 3 1 AO 17721 14 1nvol ecul ar wei ght can
I ncr eas@sitduenrkihk u&sv@mls@fosém Y PelelyvaeleleX3 @hfsz@m 6r c@@lnmer

into the silicone )é phase whil e all ow ng
gr BHRer oy Hps Y hyérpgrf@r greﬁ*%éféor@ﬁ@cglﬂmgtﬂﬁér@@ws can be made by

| NGLRRSI PerindenRGNBH B I{ROLES BEIVRERD bt RECRFROBERAES -

adhesion promoter. In this case, it may be possible to connect the adhesion layer to the
polymer layer by forming ether bonds with the polymer side groups. This aspect would
also permit fusing the ends of side chains together, instead of simply pairing them up in

the typical fashion.

As disclosed herein, the formation of a stable interpenetrating network can
involve a stepwise deposition of polyphosphazene layers with increasing molecular
weight of the particular deposited polyphosphazene polymer in relation to the distance

of the silicone polymer phase to the polyphosphazene phase. A gradual shift in
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Further, the initial bonding of a primary
pol yphosphazene | ayer to a silicone can involve
walepesiwsdn of suitable precursors as descri beRPICT/US2007/080976

previously, with a subsequent thermal,
J arqbl@ di%é;%ﬁi E&?ﬂcre% R AEIGod mmﬁﬁeéﬂﬁ%b 6@15/fnglnmt0 the
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po yphos azene Hazene
si blewdzd €dr rmmdbawthagnaﬁetstoobmﬁh@mecx@sﬁfklckedpmitm nspdlmdrizdd}With
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chai.n to or i Io t one....Thi s hondi
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as@gblynits @dikise gmamaml:wﬁwm&b?/me ehdngic#l nididty G teen hdied to
polypggsphazene can silicone

ma iR SFCHS G MO ?Mw‘?‘i?%‘ﬁ'éé‘%ﬂ B PPEV@%‘P%E%S Bl haﬁlgﬁ% jsidicone
Coptde@td A sphRgenty B pofyphbiehized addeed nglidoss V@ eMriations on

t he pol yphosphazene and the siljcone is controlled by,
t h@'eWF%@“@‘FS pebgreriiconeythycapaingehehosglazgnedfiodas: or in

20 hes@&mm@ ehes&pdl s kbh Eé"ﬁ%rxﬁ‘&i froth ke broﬁaaﬁg B BEorbHdtion 6N

addition to terns comonly used in this disclosure to
depdyphgephapenciside shaieg ¢T@¢10fdﬂf0tth‘é51§¢qﬂpc$h*é bgging can be either a

poLé@Ql@RﬁR{l}?ﬁﬁ gﬁ arP fon?cl'bgpétﬁlﬁgsﬁﬂgxs AN e 8 %Gi‘i}fﬂ?{%phazene toa

coati ng, g, gr ng, and™t
adsllitanerth¢ pelephespleagnetsan b@@bﬂed to e sibedrsan ¢ manyearhetesy the

ST 078 s hph LB OO AL NPORS R S8
25 aspawten thopolgptenpiaegnetaed the sfigole iasomdiled by thetchaikg of reagents or

gl prebur];ors ashmcioéed?k:%?rf attach, cement, link, affix,

One skilled in the art will recognize that, in addition to terms commonly used in
this disclosure to describe the interaction of the silicone and polyphosphazene of the
present invention, such as coating, blending, grafting, bonding, and the like, additional

30 terms can be used to describe the various combinations of the silicone and the
polyphosphazene components encompassed by this invention. In this aspect, for

example, terms such as adhere, stick, glue, fix, join, bind, attach, cement, link, affix,
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32 A O 17721 14 'neld, weld, fasten, fuse, amal gamate,

append, affix, intermx, admx, mx, unite, integrate,
woreooge4s9snd conbi ne are exanpl es of ternms whi cPCT/EI200B080976

used rather than the ternms used herein to describe

addiagwaa el Rrs) %@@nﬁtet aap@mﬁ laftixC ARG mixl B8 R! AHESHKd)T

technlques desi gned to bring about the descri bed
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Ner can be applied to the silicone el astoneric
substrate to achieve an even and conforma! contact.
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a”%ihgélﬂ? etRbdi v\h@ﬁ%ﬁhe‘:r 0&s &g e%@rrﬁg&éé%gct NE H&lew? energy

nmeans t hat t OMISUF ace
en@mglw @ndnemme@use thrd duningrtlye @hlmgl oy combinattbnviiredess, the

;9' 139 h% hl eng %lépcga% b2 %mgﬁ)eslg e el %eb%rsugs%%te%e
R ot SIEE:

Nergy po
S uzh&tewaasesveo and bedane! anect. r”ﬁ@tsatfa@abf goly:has ged aa RBMS,

ther ef.@r e .can r.eadi col | ect atnns

15 partor g e B R RnRBbs SRR b s apien means
wethtitethéyl hatvy a Ec&:ﬂdjrfanmr&vmnadthe&kmt oérytehmymohtydmrth hydrophilic
substrat%F to be.coatgd htg%%e sgg§tr es can i< th
pr PRSP GRPRGIHPEY | SHEhS SERWE §hBE PHacETRY é’f’@me"s is that
t h@kde sGbUGRE Gan RUGHE alettiodatitdlg-chegbd mues;-ea)hecaalremldy abllect
increasing.the s [

bstrate s polarit wel | as ra sin
t h%@ﬂ%*‘F%\%é“%%Pé ¢5- 118 ordit foeighigve %%‘y"é‘dﬁi@é‘gl‘%s W’ an
20 WelniRdlcl lalibksion REtHR PBLyRlee bk @fEAb b6 cadiel, fRRe ﬁ@gtkdt@gaan be pre-
characteristics. Thus, the nethods di_scl gsed her ei n

arEeagdgising ABriusteshajanesdp | eetiyply | thpsuifces Swilyactvatige techniques

Si ki GG at Gx@i%ﬁh%ﬂh@ gu@,trakw%rangf asdwemeats hakiMg ﬂl\élsurface energy to
term nated di net | oxanes, which can be used to

f oinpreassples aveyive EWWteh weét@@iety( ol Rm-dlecaeptati @dawp@wyﬁ&r
baggf RRAst30prene Units). Isoprene and di methyl vinyl
groups are illustrated bel ow. Curing of

25 Thus, the methods disclosed herein are applicable to Silastic®, which itself is a
silicone, containing a number of dimethylviny! terminated dimethylsiloxanes, which
can be used to form copolymers with Latex (which itself is a polymer based on
isoprene Units). Isoprene and dimethylvinyl groups are illustrated below. Curing of
the copolymerized Latex and Silastic® materials may be achieved by either Platinum

30  catalysts (Addition type) or Peroxide curing (Heat). Such processes are applicableto a
molding process, for which heat and peroxide curing are useful, in which toluene is a

common solvent and benzoyl peroxide is a useful curing agent.
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t he copolyrnerized Latex and Silastic materials may be
achi eved by either Platinumcatalysts (Addition type)
W@eooR®©#39%3 de curing (Heat). Such processes ar ePCT/US2007/080976
applicable to a nolding process, for which heat and
peroxide curing are|useful, in which toluene is a
comon sof vent and nzoyl peroxide is a useful curing
I di met hyl vi nyl i soprene

pol yneric surfaces, n this aspect,
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ol S TEE presiy B p Al e @i b BORRE A e e
acpdlyphositakdl (OB icoze RRicomAehntaitengd dubsratdX her
pre-treatnent procedures include the wet chenica

St ur ot BADATET. BF NPT i Rkl g (alo)

S obrighnio Bl vdnasad tlam tRbicamiithan ofidikadd soaibh bortyidingxhidesc-
Still .other .treatnments include ,the reaction aof . .
10 potirS O i SR e TR P o gy Chigin i
i t geishiffr &id, 80,@IOLOOL oA iahe thealkaNOGRr piR-1EhdRE
energy.rCIher aspects of surfaceW%Leatnent t%chniqugf
) e

i nePfres ingluds thenpt eherpigal Sicpimgnt HldhoBYRENG YO MFSHY!

t Obrolr@BRsaRYAQ] Wtk Sor thd tAlrhdMA Wit RIkaBEd doNitenEXRASH Ak4lPor
X-rays or other radiation, positive or ne%atlve
e

i oftkal] ¢rgthdwdrosidpe atili othes dieaiments indledhraretilior RAPYEImidy

15 Pl a5 AR RCIRIRIMGrit Qi b RARAPRLLT b BendfdhT 86 dEhaNeRMges in
in surface énergy. The latter two techni ques have beéen

wi ehefage ensegy-f or the surface treatment of pol ynmeric
materials to be coated, and are briefly expl ai ned as

f ol | owsphEolspaes FHsSaNRMG8ms R NYque§ inefulie GbetkaR¥le, exposing
exposi ng pol yneric substrates to a direct

cuthe eabyngEnsiatree fo BambRpplssiF-dluetpasion, I8 pigeKposure to x-rays or
di s&hak8sionC p&dtJend npéagbé on[ZRRC%hY ¥&eam irradiation, corona discharge,

20  or plasma processing to bring about the desired changes in surface energy. The latter
two techniques have been widely used for the surface treatment of polymeric materials

to be coated, and are briefly explained as follows.

Corona discharge usually is effected by exposing polymeric substrates to a

direct current-generated, atmospheric corona (spark) discharge, creating highly reactive
25  ozone from environmentally present air, and then reacting the upper surface of the
polymeric substrate with the ozone creating an oxidized, chemically reactive, high

surface energy polymer suitable for further bonding applications.
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reacting the upper surface of the polyneric substrate
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reactive, high surface energy pol yner suitable for
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on.a,silic ggtainin%substrateto ver,i f

criahyet o7 o Endtaet SRS aRBRG TR0 oE AR € oPon Hitipd s o
nmeh&eskeicsnth@ anglasefisebstiart aaér taagd efer Qfaszﬁwb&ttxlhaﬁte& native

or. tq and aft | as t reat nen Analve a
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t ahé hatehyidraRhphita Ralvelic, O ekdeplERiB il plasAa‘ataetrvat;on ina
pl asma activation, for exarrpl e follown

acHIFQEe o8 Heen R mROsRPere. YRR Sy Hesss é’i"ﬁ?}?ﬁﬁg rhédroglubg flyefp dhe
sWhasss ANS dfoﬁ?-gg%&?pg oYt aphdel '(,Q)ngﬁéteantg}?:s tREefore will be

generation Of ib’ oXy- groups on the surface. Contact
arfigrieased ersidesibly afjer Pfaﬁ”éa %Fé'é’i“é?alsed consi derably after
pl asma activation. The plasma activation process is

qui te geBhlmb Qetbubst _Iﬁr@ée@§1s%1[iﬁe Edile REsubSREALAH caetatlated
times if necessary. The amount of tine needed for

ef el tifees difreeearsy + TBRRRE oCikne prederblor efiasaiye sitacs treaaent

CQRah BE He ARt Lurfdl e f&@néwa%é t8f @ §l§@i’f§£e @@g@éo%&m e risk of
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pe‘?ﬁ*bﬁ@é@ GFhirgere s galy$ gl inereesed persndreheontienya Plagmarreasment,
S i P&l M i anLHQF frinfes 6t Qo. %H@tréaﬁ@%h%a&%@ﬁ%e%%ﬁ gp}i/caliy

can typically remain active for approxi mat
t eﬁmﬁmmgm‘@sfm appseimtally téroningtes buseverhli putsi b thiaime aanyyary,

based on the individual treatment, the conditions under which the activated surface is
maintained, or any reactive species the activated surface can come into contact with

folowing activation.

Once the substrates in question have been sufficiently cleaned and activated by
one of the aforementioned methods or by similar techniques, the substrates can be
subjected to further treatments to bring about the desired surface functionality

necessary for creating a chemically- or physically-reactive surface or layer for the
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based on the individual treatnent, the conditions
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| Mo DA TRy 0. GRLRARIY 't(??zgh% Can&gaggd*rﬂcg&ﬂ{é' M%erstood by one

gaseous oxygen for exanple used to generate
hydskikyn theaar thoxyrface élrdtemhéf can be taplered by sejesigp of the reagent

p t . @QHR | & o0 inpart
réa% ({ﬁ & gvhi%%ﬁ og I%ﬁanaé] iron g’%‘ ?]ts cﬁ/ﬁ{&gl?seca%’?e%foau}: e. Further,

hydrogen can be used to provide a hydride-

f unct i dmgicipraeediog aspsith Wbemky & polfphosnhaine isdddedto agilicone,

rlﬁé‘s% ?)I‘O%Q real B0 ésu% leHen{eg Jg@l% n"afneer éf’%%pg{;'{ u{eﬁ%ﬁts that can

functionality can ore ction
r eadymrtbe prasessl nﬂ@idm&hhtt:;bvl:mlnesnhbmnaf ngresont orvantion to the
di s¢ [ rigd. ou t he..precedi.n e
s‘?hclagé glgl 0{5% F%%%tbés g X ehde o cré)mgg Om o %anq)g trécglllc? g go &16 procedure of
t rnesmciprgacaddmgmecsﬂmoml &0 theepotypbpdpbazent e)dfaw:tate aglhesion of the
.r eag nts t hat

e R R SRR Rt proRelep e can be
| deat tooire dilicohd eurtaic, |add>emieto tﬂerpoweo@smﬁé, ,bleadmmmumdhccne

n can he |n ed to.th roce ure of
o SRR e e HEhe Vi Gt & e PR SR SIoRe B he
PHoyphesphiaze peortt® addied the bayﬁhoapm@&eo@ thRfsilicbge.
pol yphosphazene to the silicone. For exanple, an

adhesi r onot er,. or acer .can be, added t he.

Sili coﬁ’gh Eﬂd’i"f itgpding doy '@‘%5'({{188 gﬁ degisi TR SIS g}?é‘fiﬂesm promoter

b|c@? dﬁlﬁdioi/mztdheifdﬂ%fsthé p(ﬂﬂﬂ@s;ﬂfazdnh% Mo iiphastphaaging, the adhesion
rafted t

to the silicone or
OIB%tFVBE’Bé‘ﬁﬁ%ilk?Pé’e ﬁ?‘? @r &gﬁﬁ Zghglor example, 851 ionic and/or
p%y@a%@ﬁtﬂﬂ Bﬁb} ethbhewsd dnbﬁg? Mgteraditink udRQk vhd® Waloor
to be bound theory, in this aspect, the adhesion
prbdﬁff?g%‘? bondmg mteract:ons or combinations thereof. In one aspect, for example,
the attachment of the polyphosphazene to a silicone-containing substrate can be
enhanced by a plasma activation step of the silicone to create reactive moieties, such as
hydroxylated surfaces or layers, which can bond to the adhesion promoter or the

polyphosphazene.

Further to this aspect, the adhesion promoter or spacer can contain a polar end-

group, examples of which include, but are not limited to, hydroxy, carboxy, carboxyl,
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can i nprove adhesi on of the pol yphosphazene to the
silicone by coupling the adhesion pronoter to both the

w@edosoeIs3 and to t he pol yphosphazene, for exanpt®BUS1#97/080976
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ionic and/or coval ent bondi ng, or by other |ower

er!ﬁﬁlgb/ n'ltﬂ& ?r"oé‘;%t hiNBe BUC FufferVAR OJED tMR2LE ¢ RpVMaRIDR used,
bond |n eraCt|OnS or conbi nations t ereO? In one

as‘b’é,ﬂf*tm “GcﬁD”e%rﬁpﬁ@ an@ﬁematatkak,sm@m deﬁlkyti R@ino, or aryloxy group,
PO RS @1% R otrﬂ Brofiv} LOBRNRiE RRBLNANRe %&é%ﬁt n & base,
nhanc y a p ng

be e ctivation step of
sith¢ Oofple t)tp@ cpdl gEtes qab &e vnwéstmﬂfé@rl whstiteedby, é@“ example, halogen
hy f [ !
b i
thwska@ﬁect t he adhesi on pronDter or spacer can
contain a polar endgroup, exanples of which include
but ar
A0 1 77 3P b RSB btnis BEIoR, i OV pro IR Y fempGe or
t ht@ s@eEEIl frymeneamﬂeg\p:e @bsOSdaws,awés@ﬂws usegethylne t émtnes
. LU .
Ohﬁ eth %r?egl?rﬁ?efs ol af’i’ﬁlnlé (?ﬁé%ﬁe% Lgcg? géi}g//%glra%%ea%géﬁksms. For
hea:xempm gréangem upsﬁ/wdnh and polpgesplasene verfives emoedtlodn sutface

%% case tpe O-ED type qd oups ca

sS arbR sronuay Y af Qi RePR e kS lieomar.grpglymer

?lt iaFEmediale tagas(ne hiyem) [ vﬁeckoasanfble wecied ggrafted, dhotserasgpdonded to
uori ne- subs

PR T Py S sl Eapien i gl

p {@mﬁtcalr mceaara:uc@ wlrbe&[efeaéd bea &&iaeﬁtﬁﬁﬁslfﬂkﬁ’@ reaR(ios Saen
ol i gosi | ane [ nonoet n ne

ol B¢ g‘aéﬁeﬁ Y B‘i’ﬂ? tl[‘) k@e?‘ Vg 'é’r*?é?xﬁ ‘ﬁ‘? HB‘%"“@&PE el c
PolaypinesRikaeene precursors For exanple, treatnent of
silicone and pol yphosphazene surfaces can include

S ronorr o B BB (B gRER (e S Bt BRI bR

( tihvenbepyBhethoddinEdBAbUD RotlBdGH @6l regtiad bHe ti®Tayer, the silicone
ot herwi se bonded to both subpstrate suLfaces

b
c HER{OE Hi° POPYPAPEIZERT CArMBHEY §ToT @ £BPO %P@gofa ustng ot leas

c Wr%bntlsn&ﬁésaﬁé faqawﬁ@n Ph& it &sgshﬁﬂngyea?emwabé But are not
crosslink |ng reacti on that can Eernanent

i nirsitqsdel aar(@Didehagle (faw@mpts tsephtheldehygie). pe aikel @ﬁ@aitdﬁéfor

poc!ﬁ FQSQ @ﬂbedlbrgn iRk hiags %d/&ﬂﬁ:msecyanates (for exampie 4-
(poly)ethyl enesmne (PEI) tie |ayer can rou% y
[ ed

abuty@pmnyd uw@eecy@natwétm@tﬂwnyln%qcmma@ awaedrﬂwble
on{p%@ﬁ:cfs' Qin ng vﬁlpﬁc, E&l‘?hé, AN &by acﬁ-)hgnﬁ iic chPxBSunds), €POXY
compounds (such as epichlorohydrin or oxirane), or by forming stable amides with

cyanamide, guanidine, urea, or related compounds.

Further, crosslinking can also effected by forming condensate products with
carboxylic acids, carboxylic acid chlorides, carboxylic acids, carboxylic acid
anhydrides, or other reactive carboxylic acid derivatives such as ethyl chloroacetate, to

form stable carboxylic acid amides.
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and/ or the pol yphosphazene conposite |layers, or a

conbi nation thereof, using at | east one reagent such
w@sooskes9sdl | ow ng. Possi bl e crosslinki ng reagePtBUS2007/080976

include, but are not |limted to, an (di)al dehyde (for

exanpl exndiiey ﬁféﬁ‘ﬁshﬁ'bgﬁﬂﬂgj@t)ie 129t 1@ thi ¥ltic bkl subradel 1ﬁ|ﬂ)1(dcs@ﬁe use of

exanpl e, ethyl ene di brom % I socyanat es, and/
t hwt@t%@%%r@éw% FAPPOERGSPHCE 23 awlrlﬁ ¥inglih @ﬁgﬁarom&tw fluoro-
| SR 1068 & Ra/bF &Bh&ﬁifd hRAEN RRANBK sp eyl
do@%l % bon%o?vqpyggnds such a?g vinylic, acsrr)y [ g ye@bon
anigegietions r ylonitrilic corrpounds) epoxy conpounds
(such as epichlorohydrin or oxirane), or by formng
5 stabl e gy &eﬁesaﬂcmnﬁmg agen@tem %&ﬁﬂh dhé) @wo, WhB&er Mbre active
rel ated conpounds. Fur crosslinking can al so
ef efh@ewag@ypsrt@ PH;#Posbihe @ﬁglatl%n Hractge Heo-wprthree-dimensional
c d etk 47 ordeRlol2 Al bk
cgé&%ﬁ%/é [i cng(%l ,Om%ar0 o%é ;?rgp acl dsanhy re ?{gglg po%l?hog l?tazene
r epdyigreng éheb:d)@ynfr eongednitle eidsiraiat i ves such as et hyl
chl oroacetate, to formstable carboxylic acid am des.
37 AO ](thgr*]\wég@’ O;MQ{E&QS/ bHﬁﬁxﬁ? a Pily cgl%ngtenﬁlm@ filrh 8n tRY8Fface of a
to the silicone surface involves the use of
10 p hatienep ayfiseate ingluge (huy are dohipitaids, reactien obghderejining monomer
lghd . j
R e e R
u pRrAv Edcsrcérdmmallb reactineyniy thathesd thermegwiierskdnd dnitigje nelsmergation
Co&ltﬁé ﬂlb %enttu\ﬂﬁ) hlftg ﬁ%v&[on@ﬁa?ly%oﬁ%? oﬁﬁ&tf@e%@é trQarugHRS
bo t t ormation o
t hmeléaedﬁl dm%d)hablnﬁ@fmmfwemétcmmmdmxmf gmd;@r t o
create proper adhesion between the polyphosphazene
pol ymer 0
15 ways o fln ?ﬁgastpgﬁ v thl c(ﬁ)%g(%ﬁl% me‘eﬁsPﬁJ ﬁﬁiﬂene ?netp%réné}ﬁlaed&watmg
t hibe sm;:Cﬁlao&acmwatammf Imuimn@ ssudb@t hyati@manmduU@dOSbtgtof are
no i,k | r
éﬂwlene d'}n?lg (3z%idme§%§ IH%nthe ;Fl%sgltéar ax%ggrf %gﬁﬁ&%p%b% ne
s ultdnagencotih er met honaigetkossl né &ga qﬂpokymﬂgbn@mem ig foirdngd on the

reac ndthe noners..and . niti.at .
D osiuyt%%er (?effg? ﬁug)ﬁ[raé? a(:}xhe Hg%gg qu§ qﬁ§ mgﬁl ? ges uitrt]he cova!ent%ondmg of
20 acﬂhe watidiaa whtatsuls bntiad yeaingxe thatsitvweatpraed far@atgneO ether
ds descr.i bed h in to formgsurface silicone
PG GG st e Her| S5 desaElibdbe one
USﬁﬁé&Vsﬂl‘@hé‘lﬁﬂfaf:@ rTmrre;ﬁa;mn@gnﬂ;ﬁdfuaatdnmy lisx@erd Hailable for reacting

silic |s tiv n of a siljcone, surface
pl wy lr?q%ée H gﬁ: G- %rfava;la% tlor ?ormmg a layer of p(}/sitively charged

amino groups that will physically attract a negatively charged polyphosphazene

25  polymer film.

Other suitable chemical activation methods of a silicone surface in order to
incorporate (poly) ethyleneimine can include, but are not limited to, the conversion of
surface Si-OH (hydroxyl) groups into more reactive groups, like halide groups (F, CI,
Br, or 1), especially chloride groups, by the use of a chlorinating agent such as thionyl

30 chloride, phosphorus chloride, phosphorus oxychloride, and/or oxalyl dichloride. The

reaction of a water-free, anhydrous (poly)ethyleneimine (for example, dissoived in an
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et hyl eneimine (aziridine) gas into the plasma chanber.
In this procedure, a honpbgeneous or near honpbgeneous

wo e@sioaspss of pol yethyleneimine is forned on tPer/US2007/080976

surface of the substrate. One advantage of this nethod
li @gadi@scﬁm: S ag @ity daeiRthdgoinek B&) adththicltype oPdutivhted
results (%Brln opening to the substrate and formng a

C- EPlefindfd) 5Bi5aN% WHACCra8 §FACERIGY BRACBYYR PT RPanPerargentsils tie

t higy e ixticosié Qi#RSe.| ocated on the silical/silicone
sur¥ace The remai ni ng am no functlonallty IS then

avai |l abl. e actln with furthe zirid

mol ec ulb'gf @Fthéiga?lf“éﬂﬂ &Y o1 ﬁ*%?r%q’ﬁﬁd tp QVé‘P‘CB'Fe by the use of an
P Otk @Aty {ﬁﬁﬁfn@ﬁ@rﬁmiﬁ@th&ﬁﬁuﬁ& (hipEhiSMidybr W&dﬂ&ﬁé shycone and
attract a negativ pol yphosphazene p

e char ged
f i edpobprby! e%%ﬁ“t“ﬁkﬁ?%‘) c RiEHFuant caesEhiRkRE BA ﬂi?@t@ﬁaaé)ewe%the
Si drhin@RAd SMLHATEd AP OVIE e 14yer AHAGRE m&agﬁ)ugp@ﬂ tMa (poEy)
eth | enei m ne can include, but are not limte

oHdensigine GFEIY u]#‘ft'éf’c‘@SfSﬁ)ﬁl@qg(aHS?’dY%lﬂWS)as g@‘@@*ﬁ@ prqm%ers One
nogo‘?‘geﬁﬁ?fc&b;\é@t uséfhl’&? tﬂg%lélggoug EQH@(% tl(a%resg'ﬁs frd?’ﬁ the

, €eSpecl a loride groups, e use

10 chitygiralysag 9frite s@@m p@@@'ﬁora\ghlph &y rIP;HTI\é%nbmm@noi
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phosphorus chloride, phosphorus oxychloride, and/or

oxal yl gl MOl dethe R sdr@RE bR manYAL e?(pot)f)ﬁﬁyfenezmme film
anhydr ous enei mne (for exanple, “dissol ved

| neagirpe ysp%eydwrﬂ%wfﬁ%eq ovdpeaiadhesion peasiligpnegifag or layer and

ﬂ ‘%Pﬁ%?“@?’ pﬁﬁmgéggfgh&ﬁa&hls type of activated

I tone surface can generate a
honngeneous or near honogeneous tie | ayer on the

si | i cord o8gRPed of thiavesbpPy.dhksitad Higragtina betapen the supsgprigpand
benhbapded: &LQ vt Qﬁa!ﬁlsllxédctg Qﬁ 1p¥oﬁllglﬁl $}% DbxAR and the

i nternmedi ate (3-am nopropy!)trinmethoxysilane (APTMVS)
| agcdyphbstharcan. Bréhedpin G?cbﬁ@caénder@ﬁ@n( pbtrsy)eemﬁytr@hléﬁ fiche

(Pﬁ{e)acné&ébﬁ %%H@Sk&at:@ ﬁﬁgﬁ?&tsoﬁg' ﬂ;gef%gé%trBé?ﬁ 19&&%0@3&1’1&9%?

am no-end groups a er an
ammmp@rimfp@noz infepa{rpeicy ps @nmhismeqamonela(w&v Jeacting t he
c 0 d t o, ONE
i S R BT S
aI aphoieht dhatged pslyinesc f,trrfamstalhmehydr olysis of the
silicone precursor, which for APTMS, is nethano

usi g aft e RSE RS ALLOS: 3L LHELAD EL PO P

enei m ne oSt
suﬁ@wmménhx@mmﬁmmésaﬁhmsnamuwﬂmanwnhiﬂbn@csbwéaoemomoﬁhne

lsﬁ glr rxlzgamsayela rlileesnrtnltl% tc\e/\rllrr{upatetd a?ke%gsl, %Ecp sqglgtlgsa%re a0 alkylphosphonic
acid. Concernmg the various silane-based adhesion promoters, these can include
ureido- and glycidyl-terminated silanes which are especially useful for bonding of
epoxy resins, thiol or acroyl termini which can be employed for bonding to vinylogous
and acrylate based rubbers, or other substrates disclosed herein. For fluoroelastomers,
amine and perfluoro based silanes are generally preferred. Other examples of silane-
based adhesion promoters include N-(2-aminoethyl}-3-aminopropyltrimethoxysilane,

bis[(3-trimethoxysilyl)propyl|-ethylene diamine, and other commercially-available
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In one aspect of this invention, physical interaction
bet ween the substrates and the tie |ayer can be

we@sdoalkioshed to aid i n conbini ng t he sil oxane BCmUs1v87/080976
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pol yphosphazene. By the term "physical interaction”

|1 phSidRERMand x@aéeﬁﬁl W&]esdéﬁé&t I&'E)Eil%l(:é‘iﬁltl (4281 @Rane-based adhesmn
el ectrostatic Interactions, either electrostatic

i nprematet isda- aallutsmé)py!‘)@meéb@amiaée WP ng ionic pairs
such as ammoni um car boxyl ates by reacting

pol yet hyligiei Pldifs %ﬁolﬂr %BQﬁwidd%l&%Ql&mzat% R¥niques,

the attraction of the two oppositely charged polyneric
supteieedy elpane and srtizped palymeripubstragh cambaiughgdpasiadrath
th&hsadh&si 83sRnRER ﬁ{on&ﬂ&lcb gha"i’lpfo‘?ﬁlgg'?g’a%ialn{ &L which under
conpound, ~such as an am no-term nat €d sil ane, or based
onplaminesiitianeforma frighb- Ctr@&smlwépeldmnk erréings o the ibsiegien For
na

e, 5% et cRlo: 245ne R AR SHAELATENRRLES, aceryene
pr ool ssnyilat h@spamcdm e$mclhld{}dlalsamelit€dl®0mmdldgl §cdld31¢sma

b oﬁ%%gﬁ%g % n)a? rrrloedslﬁdssur alr gr 1%6 rrg g%nraaé:b % a%fxesmn P V\%mothng tie

Camyhﬁbehﬁhﬂyﬂdmﬁ@bf&Dﬂ@bhgwhof&h@ykhgmuﬁamﬂﬁmaﬁmwmneﬁ&n
| ate based rubbers or other substrates discl osed

h F i :
erei n. 1, ko1 2 i ngeé% ﬂfﬁg}érga}tgg‘g?g% %Ih‘?t&?ﬁié s{tépggg;%gg yapour

based S|Ianes are genera
of dgpokidmebaléegiach epe]nyunnﬁtti@nﬁcbmiaudsnfbb Bld'efated surfaces also can be

am.no n1no .0
bi éu%:{eg{n fill ﬁ&%‘ﬁ%}{yéi‘“ﬂ}‘ sﬂ) E@%’ﬂiutmtnﬁy seulg]t)ége ctlve eri]%ents suﬂ'n as
ot fefo-aoairbBhieyie anviahik alvhdod® oﬁ@tlﬂzﬂii’ﬂﬂrfactants and generally
14 1func%%ﬁnal sil ane,reagents., |In one gﬂpeCtﬁﬁﬁ ired
15 haf SPRAIPEYINY BT B PO e HEA s LG ATRRSPBH Braficy e slete
( 3ﬁﬁﬁﬂ;dﬁ@ﬁﬂ&@@We)stuffdlcﬂﬁtfh@%)f@ﬂch@;%zéd%'ﬁw&)pectlvﬁiytcy;@zlgecalsubstrate
chemi cal vapour deposition angi ga f ég t|on
t eMiRFEHFAY 2137 adhedige PYPmatiag He iy S Ry WPP’@WW
SUpRty g{cgiam%aq)o%h@gﬁmmgg fimeacted with unsat ur at ed,
crossllnkable nononeri c, chain- forn1ng react ant gases

whi ch asna ondltlons form hi ross) i nked

ol ymer P sl Bge St st Sl ot e i S SRl B can aig
SUinttadéSnIgRERE of e lsilidencaiubitha@N@ith 1he Pelyp@lshhizembaf érclude
cyanget hyl ene, acetyl ene, or. other simlar conpounds

es paRIngIMspoy QYR PrAOSANE S RRITHE dromaoliiiop PR fBe Plasma activated

PoLyeiRdit ZQMiablecBBmpaids BRI R 08E hAGRFosHnkbdYBh poBRftrized
act as an adhesion pronoting tie |ayer for further

bomgnergolégo-.qohaerip splytesi Expmplesof UighIgeRmpRpugds include, but are
pok&&ﬁ#\%@ RAZRBE-, Baw\emlfyrbnétmhks @olfger LBGL) ARREShethdBmBdnium
alternative or an ad I onal st usi ng vapour
chlorides, (oligo-, poly-) ethylene oxides, (ohgo~ poly -} acrylates, and {oligo-, poly-)
silanes, which then can be polymerized and grafied to the substrate. This
polymerization-grafting process can occur either by physically subjecting the coated
substrate to heat or (positive/negative) ionizing-, actinic-, X-ray irradiation, UV-light,
or chemically by employing thermal or light-curing, transition metal based peroxide-,

azo-, and other typical polymerization catalysts known in the art.
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deposition and/or plasma pol ynmerization techni ques,
the activated surfaces al so can be subjected to a

WO e@pgioesoss eat ment i nvol vi ng sol uti ons of surf aPeT/a8100v€80976
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agents such as mono- oligo- or polyneric anionic,

non- i onh, G fhef ApeQNARIIRHUETREE 84 12 enflS ed ﬁ{k%ﬁﬁs'n{alﬁon with the

compounds that Inmpart a positive, negative, ionic or

andetisetinarmalbnds ard ether sieps disslpied abeisden asidiziang phosphagene of

S uﬁ\E g&gent TResfon Y ﬂfétsﬁlgﬂx?éwdn%a%%@gh@s&ﬁé pfe&tekéfﬁélé’ the substrate

char strate surfaces can act as adhesio

pr omoeitigaied vith b glearing gsnt, Suphtdy @chtypinelictrgniog agﬁtﬂh@r the substrate

PO I

LT g A PR RURABIREAR LA o

ftht: h@ss'atbsterramevetdh dhespametizidd cmmmlscwn@ungabq: eubstgfte with a

:: 2% eﬁ‘lléclé’:l g %I;’]RF%U%H QSSEtlﬂr Oath IZ!V\% %?ﬁn a(Pl?ilCéglF]{y?(?rrg g@éﬁ&%ﬁ%ﬁmtl on, ora

IC nole
fr etducod agemoﬂaam‘ahmotsﬁtﬂy pﬂcﬁﬁmriaomd—mtaédngubsttéﬁatﬁSepara’ie
Sui, t abl F nds al sq coated as

undrBESIEP R HS?P ?)(1 et 288 nono-, ol i go-,

pol ynmeri c sol utions. Exanpl es of suitable conmpounds

i ncI udelp flrtiter agpectnchis Hiscibsueelprovidé¢ohetods, foppohking a medical device
| ene im es ol i go-. [.y-) .

G AT ey ranndisk i R v rophosrgege §rthe presen

et h.yérem Mkis dl&sl,osv.(ra hisg pfowdps)hym))dsaifnmba‘tlegl,m]ﬂMng propertles to

gl}egpﬁlg% i/cgg l?}h éor%g%E@F \gg%u%?ngﬁ?gﬁ enc%gsr‘gat%g he gucYng tBe severxty
pObﬁ/tHR)Eﬂbbﬁh i@ imProdihg kRGnpreeaBs pedarties ofithe gictiisirdebiye. Also

physi cal |y su ctl n ted substrate eat or
pgrwﬁ%é/wégﬁ GlopRYe %‘HF'EP‘?%&%““%P%?’E’E’E‘“%#WD

| r irfhrofb&itnicPYodettth o a MedicdIeVie@ihkicobdai @RoBYEdAgosiloxane, the

thermal or |ight-curing, transition netal based

persihipd somprising addigg do HE RalyoreppIsdarang 8T Samtiniag pith the
caj eﬁ% HeddsHaaMNat st §IR pBr hos?@az&@ IHhHLdredettt inbéhtidn.

further aspect, additiona eps can be enpl oyed in
conbination with the activation ngtho s and ot her
steps dREBIBE Y ISI0T Erpwsh S ety © S%B*P%?ﬂ&f‘stm‘fa&'&?éw@? (SEM)

t NEnREEHE Mov N TIkBBelRe Hﬁﬁn&'b!y WhRehEBicat Mkfion can impart
substrate. For exanple, the substrate can be treated

wi FIRTecbieqoBwAi e Pragies fogurlericas PGS hdhrpesly 3 & ingch gl a surface
agefY 5i1Qfic™ ﬁlﬁey%é%&? HaEwER KRR 2Bt ﬁ@éngc%gta(ﬁﬂﬁtahﬁ'fma] urine

treat ment whereb ¥ contam nants on the surface or er

of caninisgBstalatie Fir-d (160RV.bie Stivis eF tiest ttheber an U“eate with
co t
bRE2 YA DSy FHRRbE LR A rg n sufd ﬁﬁl then
g‘ﬁwas %zan OX?,‘E}QCZKI&HQ Zl an aC(IS ¥ g ut %?n 9
aI kabjdcred te tie dtdapnpcubation ncedfuclmngGaZJéﬁﬂX) EtnﬁﬂGcihﬂ 600*) the
po %@/ [ t a
§§asp Foﬁé@ghtﬁetgg tW;ép k{))tgf? IQ%H gﬁﬂ a?lg gb@gﬁlﬁglpa%&{e 51?(1 tgé‘le ?15
subjected to the 3-day incubation period.. As these SEM data :Hustrate no significant
calcification or mineralization of the polyphosphazene-treated Silastic® catheter was
observed at the end of the 3-day incubation period (FIG. 1), whereas the untreated
Silastic® catheters exhibited significant calcification after the 3-day incubation period
(FIGS. 2 and 3). Thus, the FIGS. 2 and 3 samples clearly show more crystal formation,

where the mineral deposits appear as the needle-shaped material. Therefore, in still
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In further aspects, this disclosure provides nethods
for maki ng a nedi cal device conprising a

w@eiogos39sn0si | oxane in conbination with a PCT/US2007/080976
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pol yphosphazene of the present invention. This
di a?ﬁlh@xséﬁg@ct ahe e%@éﬁhg&%r%@%d&fa rhdTRA Jri 'ré?ﬂcmg calcnﬁcatlon
i nprovi ng properties to the nedi cal devices , TO
ex@mpﬂ@org‘a@@l&xf@r&m C@eﬂain"@rﬁ@mgﬂm hag gontpes d\ﬂ‘@ﬂﬁg@t% @Hlds of the
| t

ant i el GO 8RN e Bbay ARG foshurens o o
prm}&ycdgachomcxmm sf\Sd:iestribgésbﬁremaths mrghtcdads ipfotilimpied s feghe exact
an acter nd/ or

ool AFRE. kT aBo B! MEATRIBONG L SURIALAS e
rredahpdlym(gamml@iangcadﬁlcnged with,tdended yoh gainoswikanaicd o,

conbi.n t he l.yor ganosi | oxane at |east one
pgm?ﬂ %@pﬁé‘?ﬁ & 6f ({)I"g%xe&r"g‘glelﬂta“?’ HV8HYi on. Referring to
FIGS. 1 through 3, a series of scanning el ectron
nicrosdopen@sﬁwmemnaQEQSQDsushmmmesMam0®ﬁmd§tﬂa$@n®m@Mﬁ

manner. b the sent can i art

oy aRawga 1B s BIeERED g b a8tk o o

3 pbede tegesicofvithestanfedaad &ipeﬁox&‘prbmmscélat)veﬁo Itl@yievxce in the
e take ti,on

cat het er .t hat r uba
o PRI P g IFECSBOME I R BB ey - osphasent devies
( 18RQhKNancédtibadtail p:@ééﬂlefaitﬁbkﬂmabgwthfropmg dnhatced flow

with poly[bis 2, 2-trifluoroethox hosphazen
ORI S iee? it strace Rt e GG B SEfiES cpponeed
t hesidmfl@to Ufﬁ&ﬁﬁbﬂl,‘éﬂd pel-fepdtiod profpdrfes. 2 (550*) and FI G
3 (1600x), the Silastic(r) Foley catheter was not

Suby et B FneRHev Bt NARELRRE TG Garr SHow AR pRplgy which ar

SEMt @becdnbtnieatif adyewam ispepg lirgigtioncaponithe xcat»a tbereof. On the
nineralizatign of the polyphosphazggs t reat

S 1OREERE 110 Cae RETL RPN B FoBd e oo Rt o,

3- dadodin&id dlodamafess] d effiventddheredhRhiRS ffehRading the
unt r eat ed Sllast|c(r) catheters exhi bj.ted sjgnifican

ca@"‘éP’Fﬁf@ﬁthP@H’ s# weedshi@ermsahyy 19 enepd ardivay el foige prtpagout
%%grtéé ffroM@ spitif \6F thd ﬁen&n@é’iﬁiog’ 01‘5@@’9&0%@ ofihe @ﬁ;ﬁe‘x‘)d&f‘kﬂﬂns

crystal ftormation, where the n1nera deposits
appear as the needl e- sha ed mat eri al Erefor

still 4tiptabgyundersopd fhat 1%’&/%&% assipeh lipite %Pﬁ?lggé?wces

di §BLeR §p& (ﬁ@llf%l%v béﬁ?ﬁhc@pﬂ'ﬁ%ﬂ%@ br @fhef &HhSuRs used and disclosed
calcificafion of %an03||oxane conta

dew theiny praton Hassmémea@@, ving indb ol lopingley MRl  Eacher these

gf NIV O, PR A0 @5 b@ﬁrﬁi@ﬁt@og Wﬂn‘e%ér%cﬁ%‘ W3 Kerein is for
po hosphazene to the pol yorganosi | oxane

d e@e rpmmeu: dfelessirihinghitisulrpashends e anborsnantsran ot édenggd to be
po‘“@lgﬁgg ﬁ&}id e PRI {e%lmgfog? Iﬂ?edﬁﬂ laﬁn{}g e%‘&&@ kP KARRHMed by

azene conponents
reference conflict with the usage or termmoiogy used in thzs disclosure, the usage and

terminology of this disclosure controls.

Unless indicated otherwise, parts are reported as parts by weight, temperature is
reported in degrees Centigrade, and unless otherwise specified, pressure is at or near

atmospheric. An example of the preparation of a polyphosphazene of this invention is
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t he pol yorganosi | oxane can be coated with, bl ended
wth, mxed with, grafted to, bonded to, |ayered on,

w@eoogosdsed with in any manner. In sunmary, tPET/US2007/080976
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present disclosure provides nethods and devices and

r .

& R R o Bl R e oy R e,
W WIticlersrpmpwd aguodisgiipdy.BoRatqt dpplicelies Pybdicattaniéo. 200X Mle 7142,
de n hazene. In

patr F@J WE 'ﬁﬁps m% mcofjmfa%cﬁ%) gglgér)le devi ce has
enhanced antl bact erl aI properties, antithronbogenic

pr oper tAlesynlesn indirad offeowise diene ranet of anydypedniiasiowsd or

e nc:ﬁilm%éi JXi'r %‘gﬁgﬁang e%‘f 913)2 fjg? I,g!aﬂrs],’ 1%(%@2 Bﬁ&%gs!ese §0ncentragons

ance -re
prtelppefﬂauu%, anfhle ljees e:nntendede@ﬁiiswjnseits chum triqlemduaily each possible

it |Or|1 b @‘t'ﬁts o ?l?%aanige couﬁc& reasona g%ri)l(c% lasessi‘nc V\ang # afgu% raﬁ)ges

up@ompasaiabgeint E&:rmfnpleﬁvh&rhbe Appllidaaﬂs yl;schoke drg:ldio alpbemical
cl ear| under st ood t hat reso% fto v

ot TRFOAERBE F SO BB HHEmS FO AR 8 alofRppiRRs” inten
eq kovdibadk r tlhed Elﬁf\'id&\lﬁiiﬁhqer)alﬁdsebleﬁﬁﬁdbﬂgattshﬁl a range couid

descri ption herein, ca u st.t one
or QAPPSR i e oV e by g e ffan otk
S pﬂubétttu@if ot @Sum&aashem oAV e@ 20 ERbET atbhg Aﬁ@ﬂ%tﬂﬁtehth@to recite
_ tsended cl ai ns. [ e under st ood % @t 1§ hi s
in C

it G 0uRaRS | &?@dst%@e@eﬂ?. e He 16717, 18, 19, o

S URSdak i@ fomst }{9 §§oﬂ(17Jr eRd d;ii@ %Qhe (ﬁéﬂidéﬁf&ﬁaﬁ E%éﬁﬁx%ﬁs b&veen one
ot her Corrpoun s used | Sclosed in the invention

desendldenansdebeitn p ﬁéhl%neﬁ@ of fom ghoyt 9n¢ BANFIEYeE Kagheriekim, or
Eagfn Qo Bﬁéﬁoﬁ@%&yg %out'\@tﬁl? QY &bm abBut'oﬁe ﬁloﬁ&a}e‘? Pfbout 4pm

under st ood that the term nology used hereinis for th
puerdseatisiut ehegeerioldyagiopheutiSem arfrem p@wﬁ gngmonolayer to abeut

nm&g gﬁ&‘&é 11’8 qt is %téh%:d {ﬁhgg%:eglbir& ?w t ﬂ]tﬂlg ch;oﬁbé’ léll& as,

or ter u I'n a erence t
i nfuocmm édmbs,boute?fuer @mbeutct@ atfduk émmwi! thh:knm, amdag@utéﬂm to

terbﬁutnfqp%gpﬂ t#sk s! Ac h}d?‘ ggggxﬁgﬁgalﬂ{seresef\l%qh{‘ﬁ?rg?o ﬁ%glso out or

CONtro
i Nekictuele m@ mthlv&immh meann:amﬂsscla:x gongpmmwchng aa/ spbdrztr&efbe)r

TN T R T
at gras pinesimiar m\mhnex atpi nyatasbinapplieapa rchdids@m cﬂimﬁless than the full

p0| %F%\S;Ji g-@die W?qswet 2.!: PRI é‘%clgg : Ifosf" aAEefercnce t%at /g'pphcants are

pol!ldéﬁwﬁi_re&(ffa%bu%%tﬁe%fﬁkphﬁﬁﬁbﬁmm. (PzF) pol yner,
which is prepared according to U S. Patent Application

Publ i cati on No. 2003/ 0157142EXAMPLES
The following general information is provided regarding the molecular weights
and molecular weight determinations of this disclosure. A typical polyphosphazene
that was used in the devices and methods of this invention typically is in the molecular
weight range of from about 10 million kg/mol to about 25 million kg/mol, which is

equivalent to values of n from about 85000 to about 215000, wherein the degree of
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the entirety of which is hereby incorporated by
reference. Also unless indicated otherw se, when a

WO 2089043953 any type is disclosed or clainmed, fopCEXS20pT/@80976
a range of nol ecul ar wei ghts, |ayer thicknesses,
COoRfaREAALib PR %lveﬁ gmﬁrn@h%teﬁ@f ré‘&gtlﬁé}ﬁoﬁdnﬁ%@ unitst w1‘t£§n the
intended to disclose or claimindividually each
pokdyB¢Te number that such a range coul d reasonably
enconpass, including any sub-ranges enconpassed

t her ei NEpefRdlc@eR Rl mERER MRS oABR Ipb K PRisPhttRs MRS Betbrinined
claima chem cal noiety having a certain nunber of

at Bna leasgne 0% thedpliovdng Betiodt ons, Applicants' intent is
to disclose or cla|n1|nd|V|duaIIy every possible

5 nunber 4hadcosimetya W@e@etrﬁ@.@ésuremﬁ@ RRasE@kenGA RGiab{@Bfuran
with the disclosure herein. Thus % t he di scl osure

t haalveghacspndine 14 Sb¥t Ying@atoarDdr-dip b ratse: FoRsHebaino

20p&§q6 Ha@abgmﬁzené\gpiyn%% and pbfddties, iks§ th@ls‘zl k& 1998t 67 (5),
t he al Kyl ‘group have 1, 3, 4, 5 6 9, 1
115151384 j}f‘fgne rejapve Viscosiigs oj'_yolylfpgs(triﬂgorog}lo@p}@éﬁwe] solutions in

at Q% dkﬁux%ﬁ‘ QI0GH v&?&%@@rﬁm&@%ﬂh Q%ﬂ%é\qeﬂ&u rﬁeﬁrﬁﬁﬁsn@wsoosﬂy

coat | r¥ I's between one nonol ayer and about 1mmin
10 t hwwm@s@aic%ﬁrted‘ homrabdaing dmereAusad v isyasitics & zeotancaimgiion. The

of Mo!e%@‘a?@%g fﬁ%&%&hﬁ%@é wﬁtﬁ z}%th‘ég;tof R equation.

about one ayer to about rom about one
nonol ayer to about 5mm or from about one nonol ayer to
about |l Parmeatien Glhirpmatography. Gel parasationghrapatatpgephy

exgﬂr([%nzgﬁ?ca%a §LQ E&&&ﬁoﬁtﬁr‘%&‘@ﬁ%&%by, Iaoﬁcﬁmteﬁ 9{ cyclohexanone

from about Immto out
t hzimkrmlegso thermeketdslowe vidadnin {fo Haouteyl mh Mﬂlef,chR Hewger, T.R.

15 ACERIME NGk rom REUIECRRY S E8GLKG Lhe Tight To proviso
any I

or “exel ude I'ndi'vi dual menmbers of such a group,
i ncl udi ng any sub ranges or conbi nations of sub-ranges
wi t hi n Baik Vgﬁﬂ@l@ptry mhzsureagntssed GG metiodi@eragrargble esalts

Lpa\g?iﬁm 9k e}‘rgr lﬁg% L?(f gﬂﬁ]&{}.gcg eécu a& &'{hh aﬂ?éu(lﬁlf@%%;éshsrsgow a
of mbht&n@ﬂalsmbmsmlmewelgm disedmnph proving tixcabeemt of digoaers with a

f t hat t f at the ti
LS o PP RO P Bl SR v

20 f olybRWING tBenagadl sbofiarmiaban 1i4s provi ded regar di ng
t he nol ecul ar wei ghts and nol ecul ar wei ght

de# rﬁhﬂgi'ons of this disclosure. A typica
po 86 zene that was used in the devices and
nmet hods of this invention typically is in the

nmol ecul GenewdiPgbrtedrraige’lafmd Cloamiapand A&GatmAd | i on kg/ nol
to about 25 mllion kg/nmol, which is equivalent to

tVﬁ'eugs @lfearn%g 5 iRtk 3R0 ORatidh ARV EARAG e SBEFLHR

adhesnon promoter molecules is achieved by a 1-30 min plasma treatment at reduced
25  pressure (typically, 0.01-10 mBar), employing a 70-100/0-30 {v/v) % (nitrogen or
argon)/oxygen mixture as a reactant gas mixture inside a vacuum chamber. The
nitrogen/oxygen plasma itself is created through an RF excitation of variable
magnitude, most preferred but not limited to an AC field frequency of 13.56 MHz at a

variable power of 100-300 watt. The reaction is carried out at room temperature. To
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43 AO 17721 14 tpolynerization is given by the nunber
n of repeating nononer units within the polynmer. The

woriosoedIss wei ght neasurenents of the pol yphosptiEEs08%080976
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was determ ned by at | east one of the foll ow ng

“%Qﬂ%erh@a‘ﬂ gtﬁeﬁ‘ LRS! e RYTIREOIRbE }5u|§%%%%&6§1l§}t§ AWGP A the
en 1 n tet ofuran sol vent accordin

Vi grogaiad bea, A@verﬂtloqs\mrbovfmm ubuastn@aprgw@o@ﬁtt@mhlqwe oils and

e
VI ;sodlststar@&temby plohlylﬁltbd §0mrthd SubstradesunioseyYpleagioh avibnikd highly
qﬁfonﬁ n tetrahydrofuran solvent were determ ned
?ﬁ 3“8t on series. The intrinsic viscosity was
then cal cul ated by extrapol ati ng the reduced
vi scosiTiheessutting zewcouscormtien produétoare repayveiby eengingrthe chamber.

VNVE’ir“}%Pt SR ‘uﬁg&sg tsﬁém%})gg%hﬁ%écg%ﬁiﬂgal{%ﬁ%%m% pr(;cla%mg, thereby

uvmn

Chicadmg ogn alpingasecﬁeierfp@'almeatadzt(amac fho Fﬂaa:ﬁ\&gmagﬂm;p}f(s@@)'eids a
al so ca

C A B R BRI A PO sty swied o
prgmﬂndgdf mbndF, oltdo-, MadroeyalyericMilaivds) daaonlcm![y—c'ﬁargE@Serﬁactants

Vi et b anll ST G apting of B Ry psed

I erbdstu® i9bdsbd 6n @B w%ftfn@rchirad’tmsﬁcmmzﬁx&i 6r gplanmpllc, piasma ~cleaned
nmol ecul ar wei

ght C anal ysis s
rro?“é’c%ﬂ“é(?*e@\é‘?béﬁ?‘%‘f@%?i BReEBROSP ‘Wﬁg ¢ e g e seents,
ol },BiORBLrSleM th Rledbet PatleRatRAl Ml hipResraLibm sl ndifidagissof the
than about 1.6. Pol ydi spersity measurenents were
t ypPEESy in the range of about 1.2 to about 1.4
EXAMPLE 1 General Procedure for Plasma C eani ng and
Acexuatpigim Cl eani ng of the substrates and creation of
reactive anchoring sites for the adhesion pronnter
nol ecules is_ a hleve t ment
ot readzaetsneadline e g o 87 B oA
enpl oying a 70-100/0-30 (v/v) % (nitrogen or
argon) /onijag@fe mﬁ\ktm;muas framrMasit eastcogiad ana X tro thidkrigindwto

grég‘t% gf@{ %Sﬁé éﬁgag 5@;12‘%15,? S Ox%‘gne)\/aggl leé)tical%]elcr]:)scogy

megadstsiaks, msﬂlccﬁfe&f)ﬁpmﬁﬂ vingtlefntculd fivt 240k atrooranerdérature and

field frequenc
amglent moisture. )fhe substrates we%en sub}ected to a pulsed 120 sec plasma

treatment at <5 mBar in a 20/80 (v/v)% O,/N, atmosphere, employing a Ilmvac
PlasmaClean-4 plasma chamber. Treatment was periodically interrupted in 10 sec
intervals so that total plasma treatment time amounted to about I minute. This
procedure was repeated several times and the dynamic contact angle against water was
determined afier each treatment, as described below. This procedure was repeated until
full surface activation took effect, as measured by when the contact angle could not be
modified further even afier prolonged plasma exposure. As a result, it was determined
that approximately two, 1-minute (120 second total) treatments were sufficient for full
surface activation. After removing of the device parts from the plasma chamber, all

parts were subjected to contact angle measurements with a Dataphysics DCAT 1.2
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vari abl e power of 100-300 watt. The reaction is
carried out at roomtenperature. To 44 AO 1772 114

wd ameiesoss/er heati ng t he substrates, the RF fi epdr/usanobesosre
pul sed periodically to dissipate the generated heat.

AdwBIRE thdyl kS S ArHROMHARPHARACE Wak BESS cAMLERNH WithBRPL ference plate
silicone oils and ot her residual contam nants stenmm n

g
f r gRinhwsatps st sdiidighoretaddength efcariedeics opdmas figermined with n-
pr Mﬂ&&r@he@ﬁ& LeRRYILE Waﬂh%@%‘r% Jaﬁ&mgtﬂ'ﬂeed)%%h'%%ct doabt angle
surface by reaction wth react’i ve pl asma.
Thegajrekdiften. Adisgaswdurs vas aﬂp@@t@hat}%r sthicpascatve cedpgsBrby
purging the chanmber. The substrate surfaces are

5 sl i ght I pherrogBaaSsd caphund ckkigitdd @ngﬁ’ﬁv@fé?@o‘h‘tﬂ&gangles beyond
thereby leading to an increased interfacial contact

ar ¥4 in fgaat eadate.y Ehegslysariciiyaagmicafmentgausgd p ayatiys&py in
c h@Jnga%ﬂarfg%@ Bh iR RicHhd &@&?at@ Wh'l&lh@(ﬂcdt& e'%é%g"%&mg Gf @LPs,
especl al 'y suited for grafting nono-, I go
an@mmsﬂ@m ydhesipe promioten eosthe &la@qn@ ﬁuré“we jagd & h%ﬁeg spteading of the
I r
2 b Shme BOHE CFEHGE N Gieafibitrifioh WiEobh e 4R of
10 ba@e dulnnawh@%mtniasglacmamnt e¥ pespictlamiot tedatnesht didarot cause

ex I bV n
b RO R B SR ERRE R el RS PR R AR
V\mufﬁmealﬁorlm@ids@rfdcmepmmmnﬁt rati on and nore
efficient surface nodification of the substrate.
EXéyP k4 Processfor Plasma O eaning and Activation of
f\l cone Surface A silicone RTV conpound from NuSi |
was coated as a 1lnmthick fil monto pre-cl eaned gl ass
rods (|Emyt Pegredwre futi Grietel Witlyaranmedend e 6vaioni cal
m croscopy gl ass slides. The silicone conpound was

15 L eft t o i &tdnQibn 2fmb @Em& OesRid eaﬁﬁ\taﬁﬁﬁ Qdu?é'f:S}' &tdnd-
nmoi sture. The SUbStra es were then su JeC ed to a

putlseaiortipn thewliging slsomeis andt otber pelymepa Fulisiaty carppegiyrther
( Véu %éé?télé\lw@tt SRACES hmﬁﬁfmr NG 17 fuhdbas density of the anchor

ean-4 asna C Treat nent was
pegno@zaﬂ soudtly for homhrrgﬂfttwpq!:rphm@hsme spredioedhesiangreheter on the

t Péuﬁace‘?' @ﬁ?@ea%&ﬂ'isgﬁ%déd tg?ncmy%ﬁhggvé &reﬁgt;ﬂm 1

procedure was repea sever times and
t he dynam c contact angle agai nst water was determ ned
20 af ter elehvat claming heatmgs! indydesipagrsig thasubyiratein typically 1-

Pf/%,do;ﬂaeze“}a%r'i%ﬁ@a&eﬂm%tér1 dé, 'or%%o%a%ﬁa%*/ M;af R or 1-
t oo

fec as neésure en the cont act ang
co’d onhxghebe:oncentrataon solutzons of aqueous alkali- or alkaline-earth containing

hydroxides for periods of 1-30 min, or more. The hydroxide solutions can contain
organic swelling solvents or agents for the silicone elastomeric substrates to achieve a
25  deeper penetration of the hydroxide solution into the polymeric substrate. In this
aspect, for example, the swelling solvents can be selected from alcohols or organic
amines. For example, swelling agents can be selected from methanol, ethanol,
isopropanol, ethylene glycol, ethanolamine, ethylene diamine, diisopropylamine, or
other typical swelling reagents known to the art, or any combination thereof. Thus,

30 these swelling agents can be present in the aqueous hydroxide solution in any
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nodi fied further even after prol onged pl asma exposure.
As a result, it was determ ned that approximately two,

wd 2008048963 (120 second total) treatnents were sedT/U810eT1080976

for full surface activation. After renoving of the

dexn6& A6, s fhe ONGiNE dPHIRTNBsch MABeKle c@hpouRd pésnitde (Eone
subj ect ed to cont act anqle measurenents with a

Daftn@}my@%sﬂ TEAD 7 agpieoyss ST WF HeT hisopiepaiadavater
Thgi Wik helsky bal ance was first calibrated with a Pt
reference plate against water, after which the wet t ed
 ength of each device part was determ ned w

nper f | UblEE M shemipg tepnenty e grbsials 1 drgd f%tP deionised water
MeRs ibiikd E%d@'lﬁf‘@rﬂk Gt AN1AGL R AGhEcAGH AR ed @R Tinsing
This procedure was repeated after each_consecutive

c oaedivg optieplly Recortmin BRTA 06 Aetie a¢ip dunidls Amprtte®r ver y

hi &Jatrmta bn grfargﬁrﬂman@&@ o ERpleLAMAREMARI fofls HhRh @éht in¥Frere with
st at e. asma activation treatnent caused

meise subéecwp@tpnrﬁmsmnzﬁimﬁi révyg veh varer pivbdrgingiof SWéamp ¢ substrates
S ugtchglr ?Rte%vat% %ﬁ@eéaﬂﬁ‘és%%ﬁéer %‘Qc,sb'uﬁxral %‘%‘39 'bF gmglf()éédq @vl or without

am nosi l'ane a Ion pronoter to the si SUF ace

10 andlisapbetd elcarsyy @ddictigitiof ptokedupsi yphosphazene coati ng

15

solution. No optical deterioration was observed for
anyx Q §ﬂ§1 y substrates after the plasma treatment. A
second plasma treatnent did not cause further drops in
contact angles; therefore, a single 120 sec treatnent
peri od Reaesssior fies Chemicgidiedmeniabl e surf ace
nodi fi cati on. EXAMPLE 3 General Procedurefor Optiona
Vet O qaRkdee iR PRshE ble¥dhd S8 a06vaA0n @ff&&mlb@@vm@az&dw éhe surface
pl asma cleanlnq and activation procedure or a st and
aI Draegeape hydioxf geoug idpisiy 9B a@w&?@dﬁ‘éfo@'léﬂtﬁﬂwﬂtﬁwﬁwew
POd YRl Cushighgd ;Bcﬁitﬁfe&adﬁax%%d fskReRcesHb) 8RS RLGt 0 a wet
chem cal treatnent to enhance the functlonal denS|ty

of the anchor groups_suitable for bondjng }
poi yphdspRE>eRa1egeEs KOTESoRRELR & 4 3;(}/@%5?@?%% /Ypfgr mixture was

SULERE&H. PT&hﬁa-tFerat%ati U@%tsﬂicﬁndgtﬁg‘{lg desdirhies WheBaRRed and
adhesi ve strength he wet chem cal treatnent inc|udes

i neinigingg in his sslyben Foaitfé mip, afighyvbigh figie they peuge pputralized by
orsuinm%x%@g t% Eu%l églﬁ/ﬁsu‘a{es IR 16 ¥ HEARYNuBh fc;'r'369n/91 PBllowmg

% or hi g er concentration sol utions of

20 aq‘flhe omraékat@n |step,dhe stimoddsivreee B@lernsed pithidpioniged water. These

25

hytg[n?xg %Ag;?les% ‘Fgre Pr?eﬁldﬂgé moaf co%v&(giom)@en 2 hbdIP 66> ? B}%bout 1h.

utions can contaln organic swel

solvents or agents for the silicone elastonerlc
subst r dicdlawing thechetdigatnzgnt process, the samples were immersed for about 120

min in a 250 mg/L Pyronin G solution prepared in a 0.1 M phosphate buffered saline
(PBS) solution, after which timt the samples were withdrawn, extensively rinsed with
deionized water, and air-dried. The samples were then evaluated using an optical

microscope at (.65x magnification in transmission illumination.

The resuits of this evaluation demonstrate that for surface hydroxylation of

silicone elastomers, a plasma treatment followed by immersion into an alkaline KOH
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deeper penetration of the hydroxide solution into the

pol yneric substrate. In this aspect, for exanple, the
wemBl#39§3 sol vent s can be sel ected from al cohoP&T/082007/080976

organi ¢ am nes. For exanpl e, swelling agents can be

S eéo@tﬁioﬁ téxbmnnwew anp{ va) Fﬁ;@%o] WakPR QRPN Ixcel RhTW: 8RR

gl ycol , et hanol am ne, ene di am ne,

di Sustoen digiaedes Cﬁ’éafelﬁrboﬁfifh%@f 955 AShFSIGEPINPISE - r eagent s

known to the art, or any conbination thereof. Thus,

t heggnawgid i ng agents can be present in the aqueous

hydr oxi de solution in any 46 AO 17721 14

lconcentrati s the s sen

hydr oxi %@%3@5@6 i @ﬁ%@ﬁ%@ﬁéﬁsm%’*ﬂm
5 (WY ARl s KOH sol ut| on |n a 7:3 (vlv)

i sopropanol /water m xture is used. After the wet

chem c tre ubstrate is rin

ot g i TR B aRtEr SEEreD G retn aah ibstategap be
t r amesce@by aldpatating atiidhesiBproadier ilErehdtid ichgneR dbibgn dynamic
opti onal | an cont.ai n. EDTA or acetic amdmgwtable

arﬁfﬁﬁwerg ap ﬁ ST %I Negta in 18R PIEHECS PIHIF PlasTabtivated substrates. The

cogapbanat bfahe AfhedlBt fomoRP & A caRica 30t hOEEE pBERa WMablBer, either
t he subsequent processes. Afinal rinse with water and

10 gr during opfirgah aﬁan%w&w&ws at e sehstrpfer bygptredusipgtlsggaseous

t em@&@:‘ #Fbﬁ'x%te@ intdHAd BlasA ChHADeR | BOadfRe REuEERhOMEG pressure of
with or without this optional cleaning and activation

prbe edhssien PEXNMPLIPPIPRAE @ad sorerctindimenhignddo@ruu? BED PRt
|
N QiR o @%aﬂlﬁ%%ﬁmﬁpﬁﬁw &Qgt?ggana% b%ﬁ%k&iﬁ&&@?%ﬁmﬂé}

be eval uate e surface ch roxy! oup
denstably vemumcoiget ed 100% al |l silicone catheters were
exam ned, using the positively-charged fluorescence

is dye, Pylfe%hﬂmga gﬁsg’ia GWERE) 90 RGNE Ssdsiddus QlltrHElﬁc‘t)iBn bfla factant

7:3 (v/v) 1so panol /wat'er m Xture was prepared.
Pl gaswihet thene &d/CeOO P76k Nl isoreecan gishisg reasbse matessouhef &

tyal t
RS IO AR LS SO T 00 ST,
t hmotwﬂesngn be bsltan@ﬁtdény clmttlug addlionaivinel@dsitesoinuhe omletde itself.
I ral,i | es
B L T S
20s alnqxhﬂzmmbnmnb kve nthdrrfﬂLexdmenoraammgvmganmnr@vgsmcaxombmds that
C for a t .t r ea nent

ot Bom PR B et et e b UGE SU RN gims con

improve surface propertaes for improved adhesion of a polyphosphazene, without the

need for adhesion promoters.
EXAMPLE 6
25 General Procedure for the Deposition of Silane-Based Adhesion Promoters

Silanization protocols can be carried out in the liquid or gas phases. Further,
liquid phase procedures can be effected under hydrous or anhydrous conditions,
typically employing organic solvents, in which the presence and concentration of water

vary. For example, commonly-employed methods for siloxane surface derivatization
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mnin a 250 ng/L Pyronin G solution prepared in a Ot
M phosphate buffered saline (PBS) solution, after

wokiosh4snt t he sanpl es were w t hdrawn, extensPeBUF2007/080976
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rinsed with deionized water, and air-dried. The

SalipLLHIW I Qithdd ﬂﬂar@y@fbwsa&gm@@mazs@e iPRfub&Alorganic solvents. In
m croscope at 0.65c magnification in transm ssion

i | tPlﬁﬁ?ﬁ?a‘ﬂ‘F greseoep af ¢veg uﬁ%esantﬁunts i wate) eanjgad tg guto-catalyzed
d %Wi&ﬁ&@aﬂd@@&eﬁ@nt ?&l%é}%n&%’ &k tQé%lo@Eﬂe%n@Euﬁs il € R&ction

el ast oners, | asma treatnent foll owed by inmmersion
i ripegligmn mrkléﬂi rwvié thecmrface grafting eaction) Fhargfreaqueppscrabiions can

¥ it Kafie bViMdyel OB 19&9%?6 arg@ﬁ b rdbbRd drﬁecﬁzp re morc »

excei? l'ent negative s ace C or cova ent
of prefefreghia ta@hé@iaommpn@mmaﬂ@mwpw 5 Gener al
Procedurefor Surface Mdification of Silicone

El ast ongh&ioft thaghehe $daLRohTPAR corilh @ut%&g A9y AhdR ambient
pol yphosphazene surface active agent to the sugstra te

c atondhidonsrnd Avuen Iy peligaporasomplelanuiun estaneepf rotlexant n
a 60%@1"09 rﬂheCJ&ﬁHE?J ﬁ%'s@&trgte HAAThE: M‘QZ&MI@H fhsuttslin a

necessary, heat, the presence o
pl assshinkieg dfthe Ed}f!s@rﬂs)tﬂr tt sysngtiitvendiepostctvan tf pofireer and

AL BLAMREGE oS ALSnGRLL S A i DAl A AL 38R ncea

cI IB:arW rgg/eoﬂltdrattere%hxsst foaﬁbl;x tﬂagknﬁssmm@dily Gfianyg?dnlne layaes Bmirgange

o 00 o BN DS aaiuR s PR AT e B0 A o

apqmbmpiroga?t f&ar an d7m1reaceﬁ>h Itiynesli :Tgefi’t&;t angek hederel ;dmsmnmag 4l i@ the
or _exa & conbipatio r ot ar

%’g‘lﬁ’:ﬁqné BRAYAZY Ja AP %‘rg t30° BRI ag‘i‘flcfoégFf%“\géﬁ J}?rfg%[h"é‘é%b"“‘

PG‘JSE% BoRgs . @le@%f%g@'e’?&lh@r 9. @'I:Hni RYe. 51992“19@%95{%442
introduction of a réactant gas other than a N2/ Q2

Ar BremxWudéiceare/enbatl 872 5y Bactdiby &lemsy et 3).. dangrofr %{WO /6,
Otﬂi%ﬁ %% dhgﬁéstet %p%gfﬁmr I&%r ?5 Q€6 Ig@le rng"’?gl]il{e o \., Langmuir

nat ur € of adhesi on nmol ecul es ca e enhance
by208P e/t 164y 1 ddd8 L. i onal anchor sites on the nolecule
itself. For exanple, fluoropol yrrer films can be

deposi tﬁ&e@ﬂre?éa@ﬁmﬁ ﬁlcdnh%rbml d Ql%ﬁ@lf\%émg Wﬁ@dﬁ%}&%r to

ot her fluorine-containing inorganic or org
c ochp taprggeal iy predigsed Iuommthwn@@ of ek If nartlhdeoqi g mefbix

choﬁd@gPsS? 'é%*a%te é?gs%P%l@f?% n%gféan% ohldtl‘iﬁ‘&él&gﬁh% E@Qﬁ}{&onmt angles

padry pitbsphazegeiromabhuo ds® tblagout 55°. Careful and thorough trace water
removal can be employed to prevent the polymeric siloxane aggregate formation that
can be encountered in aqueous environments. See: Sligar et al., Langmuir 1994, 10,
153-158 ; Vincent et al (Vandenberg method) Langmuir 1997, 13, 14-22. See also:
Langmuir 1996, 12, 4621-4624; Langmuir 1995, 11, 3061-3067; and Haller and Ivan, J.

Am, Chem. Soc. 1978, 100, 8050-8055.

Silanization is also carried out in the gas phase. This procedure can achieve the
same film quality as an anhydrous liquid phase deposition technique, without risking

the formation of polymeric aggregates on the substrate. Whether the procedure is
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need for adhesion pronoters. EXAMPLE 6 Gener al
Procedurefor the Deposition of Silane-Based Adhesion

w@e@soiwss Sil ani zati on protocols can be carriBCr/os1007/080976
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the liquid or gas phases. Further, liquid phase
Pr Qe@ALLue SndeAPachfin %t Et%gmna Bty JErQ8SpoBmcNd RYEHE 448 lack

condi ti ons, typical Ig npl oyi ng organi ¢ solvents, In
Wrﬁuéﬁfmtfﬁ HANPHBRIEHHE 18 @C%%‘é‘ﬁ’f g the gasspusikiess thgseiare,

Feéé@t@?ér@ noCRANRRY ¥n BRRLAYEE, FREORMS HeProRhd X8RS in
sur e deri vatl zation 48 AO 17721 14 1lare carried ou

ei phiyeisorbed slangschan be cambyaad withsbe vidanizgligy teghniqug gergeubation of
orga QleSerRed M%I s?lané éhr%cnécﬁen@ Snenl, %op{o%&emirgz orf¥Fur to

race anounts wat er’ can ad t'0 aut’o- cat ai y:
hyrdoneﬂuyez althiisoprocendlis g etvsadjshed tby porhguabef thatireavtedfsilarnve under

o RS EAMPOARIGA b EBL B FREL ol SLpBAAL A8 o
c osothichi wnisr reflmx toeaplosutahessii]aoesamehmwlb‘st'rdtcagzeﬁac@e’ﬂﬁbiatlhio\ring
anhydr oUs 1 eact i

whi. |
{ i P R GRS P ey SRS FRAE Bl B/ Chem.
agsieoLE®6r EHCE@S@FE%:&Q{ atraCeerg.aﬁrob.l ms,dlwn, Mﬂ@ﬂ&ﬁﬂidll}zr and Fvan,
t [ i eve nore
S e SRl o
the substrate. The substrate then is heat-treated

whi ch rigssllas distloscd hereirs sunfiice n@ddfcammmfpﬁicymladtcams with

BB O RA T SV E R ) B RGO TS 40 fone-

praeestng subiienancidth e Icmxt@fmnwmlen aHuwevev ates for

TSR oAb E P TR B Tt bR e by any

t | dfRhe 4Brethchi@dQe sildndiiabpdtedaf®s Andwn RReEt. 100 A for 24
-72 h reaction tines. Contact angles before

B@g%yiﬂgﬁg fall in the range fromabout 20 to about

after crosslinking to the range from about
45 to about 55. See: Stenger et al., J. Am Chem Soc.
1992, 1dces8h35uB44R,SiBasaam W, Macronol ecul es 1972,
5, 792-798 ; Heiney et al., Langmir 2000, 16, 265

205 AT

Prege glzc@sinaacparad dcmtcatlon apth hy dk oG8 plLk, quE@IO pl-samples of (3-

T PR TR R SAEh o s ot oo

| f Pg@tlish.eUheOddsicuaeewasiedhdudied to a pressure of 1x10" mBar, after which the
vacuum line was closed to afford a static vacuum. After incubation for 30-60 min in
the desiccator, the vacuum valve was opened again to remove the physisorbed silane
under a dynamic vacuum, at pressures below about 1x10 mBar. The samples were
then heat-treated from about 30 min to about 60 min at 60°C to crosslink the
aminosilane layer. For the polyphosphazene coating evaluation described herein, eight
similarly “aminosilanized” silicon wafers were used as reference substrates. After
plasma activation, all substrates were silanized in the gas phase, which raised the

contact angles for all substrates to the reported literature range of 65-75°.

50

AQ 17721141



conditions, a separate crosslinking step can be
omtted, and the resulting contact angles are within

wo bmsoatege from about 45 to about 55. Careful BEMUS2007/080976

t horough trace water renoval can be enployed to
pr eventohfiedR@iohTBfdnfords verane 1@aaed Hodnfte beBiiddaRe in
that can be encountered in aqueous environnents. See:
S| prgmpting stepg adhicsing Reiveenoghiconggontaigme pefstrategndident et
al % fa1il-a §239%4audBethd ha8&
alg%%%ﬁ%ﬁﬂ%ﬁFr:H%%QQ ¢ k EQQYh( ,1Lgngﬁ%|€ﬂa%6% e]
30646113@617 8dh@ﬁ@“ plgrotars Téhfd’vqf‘?/@ﬁt@d sverwﬁmmémza%éé-
5 [ i 2 -
" ?rﬁ:te %ggcy%ﬁ)ggntm gz kBN ZRE110Da-b S S BoGalL geﬁ*m%{oxy

i's procedure can achi eve the sane
fi $i%rim@m4|)idte%yé®e girzindi yold engh of th divlpwitkea $& vdegowntacigmgles are
te ? W thout risking the formation of polyneric
rega es on the substrate. \Wether the procedure is
49 AO 17721 14 lcarried out under vacuum or

at no con itions, |arger polynmeri Coagorbgdt es
Iackag)f]q‘; g’ﬁ'f’ (}apour pressure to be c&urikd over

intpo the gg;geungha§$; therefore, aggregates are not
depogtL£enkSon t he subsintat e. Moreover, the process of
renpbvi ng physi sorbed sil anes can be conﬁ%ﬁgbiﬁﬁéh t he
si | a-aaihooptipdhathgueilafet(aPTMBgubat i on of the
substratezﬁkpmg\e(§ange- |ched envi fonnent, prior
to cregslisnki ng expglre tQupoi sture. This process
i s acconpl i shed by renpval of the unreadi®# 54’83
Und°N{§¥ﬁﬁﬂMﬁmyﬁﬁ%yﬂkyﬁmaﬁgkﬁﬂw&ﬁiMﬁen gas phase and

| i gpi-d—phase—degposTtimm uses a sotventTunderTeftuxto
deppsit the gila QS/Gﬁ\vhe substrate surfaces while
achleving simlar resultjs wthout the need for a
separate cresslinking s {See: J. Am Chem Soc
1996{H:%9)85" 2950- 2953; J. Chem Soc{1978, 100,

8050- 8055; Haller and lva Langnuir 1993, 9,

296bH- 2973; Langmuir 1995, , 3061-3067)14.7hud98as

di scl osed herein, surface nodificationiof silicone

el astomers with adhesi 1cBl.§inDt er s is one preferred
procedure for depositing the silanes onto

si || gORe6R t(%‘nﬂétﬂ&xﬁfi‘ﬁﬁ}r&;%ﬁ)@&a:‘{ﬂb' n the context of

th|>dk&%%n |on 'S stralghtformard to
deme t—a pU| ‘y'pu |aLe||c opcu fe—st+tane—adhesion
propoter by an o? the af orementioned $il ani zati on

procedures kno in the art. EXAMPLE 7 |Process for
Substrate Silanigation

SKOCH,),
T \/( 115.65 % 0.13°
(cho}ssl\)/

1,3.3-tris(3-(trimethoxysilyhpropyl)-1,3,5-
triazinane-2-4-6-trione
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Fol | owi ng pl asma activation as descri bed above,
different silicone substrates were placed in a

WGE epanass desi ccator, and 10 ni-, 50 nL-, or 2BO1/US2007/080976

nmL- sanpl es of (3- am nopropyl)triethoxysi!ane (APTES)
wereammagesl beneath the substrates in a closed Petri

di sh. The desi ccator was evacuated to a pressure of 1x
10 1 nBar r _which the um,l i ne closed to

af f or d arogﬁf it 6 SRR D RBUEAET BRF or 30-60 i n
in the desiccator, the vacuum val ve was opened again

t o r enA.Preparafiby sf Stﬁfshﬁd:ss Al saine sl]i’cldﬁr substohyer ants eut into 2.0 cm

vacyum at press res b | ow about ?Af 2. nmBar Frrﬁ‘ . .
safploés eSS Y RE IFBAIN RERPRRIofIaRe: JBBGES We Ao pigsed with

ab@i#t 2] MhdBovROREWIR aGHERS b il NBheRrBORhhRANGbstrates were
| ayer. For the pol yphosphazene coating eval uation

detsesiered inved Blapma eiagiver aid mlasapitipated A hbsBenfer 2 @griod of about

Si § [GONARGTEHSVINEME MBS B HRIBLRNG &hS WRHEA &S spray-coated
After plasma activation, all subst rates were silanized

i nwithsargus (%oﬁaglepmmmt@meﬂlamé@et(ﬁé’TM%taél@ﬁloa@gl%erfsgwmns

L R i

10 al spoayt @stimpsohtidnswowpraparc es priofided balewi n pronot i ng

15

strong adhesi on between a siiicone-containing

polyt ol VAIRRBPRESE L] B i b
AdSJtr!tltlwn ahn eitiflesiton (lémmeiyﬁn1(&312-tw§n@rocté@>cyémwaﬁméene (PzF)
sé&gés'a}ﬁ'n 65 g'rfgabxed asttbh WL r]AYF@% ﬁ‘ﬁ%i fp%%rb%mbmed with 898

ox - dlaza ~Si ane;
( 3g of Et@‘tchﬁ?)xysmhoyhtmmpyq}) ofdf eﬂﬁﬁlnw%szLa‘m:ln eqlutamd21.8 mg

a6l 2 LolSuEh, 2% 35 7 ISP SO0UARL RO £ e

SphiceyiedCoali amBtCa cPatoppiybaphatez(@in Binésnate £o pidvidpaPak soay afating
SUb %{?Sf??% é{_\ %}‘Fﬁ%m*/oé‘gé%“; {)G(\: o]gtg) /Sgt rn\?\}fxﬁﬁe Wﬁﬁa%ltl(t)Aéﬂ&g weight

aCﬁtEO DEabwi Bl enesh) tpidatly Wagesewm&hﬁ Ipaipbse. rloRseahph, 1RO g of

b a6 27 EfAt sele v hertinsdouy i ERERS D™ fiing

20 pl aﬁmle@hambg bf BT In@ 9025 £ beRth bvife d corBatrakion oBPzF of

25

riod of about 8 mn. After renoving the sanples from
t h@<%ﬁhn‘3§? mg b/ &Y @aURGOBNSRr ay- coated with
various (3-am nopropyl)trinethoxysil ane (APTMS)
adhesi an AI@HIHE 6 ABDMSl/IFRFSpray Coating Solutions. Using the dilute PzF

solution in EtOAc / IAA, the following (3-aminopropyljtrimethoxysilane (APTMS)
spray coating solutions were prepared. The wt% numbers of APTMS are reported as a

weight percent APTMS relative to the weight of PzF in that spray coating solution.

I. 1% APTMS / PzF, A spray coating solution was prepared by mixing 4000 g
dilute PzF solution and 33.4 mg (32.9 ul.) of APTMS. The 4000 g dilute PzF solution
was prepared from 150 g stock (PzF / EtOAc) solution, 1925 g EtOAc, 1925 g IAA as

provided above. The resulting concentration of APTMS was about 8.2 uL. / kg spray
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contai ning poly[bis(2,2,2-trifiuoroethoxy)
phosphazene] (PzF). These APTMS / PzF spray coating

waeelshioss were prepared as provided bel ow. B.PCT/US2007/080976
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Preparation of Pol yphosphazene (PzF) Stock Sol ution

E&.&%% %tltﬁ onC'rit fe ténéfbn@érﬁé 1o SIEARENS tq P2zF was about 1%, that is,

y[ bi s( uor oet hoxy) phosphazene]
( Rz}‘a}lvgtodbkmgslom’zlbm thmpreparehsprayceoasng solutions. A 20
g-sanpl e of PzF was conbined with 898 g of Et OAc. for

a concenty /@P\'P?Q’IS(/@ZFO]}\ sgraly ARy sﬂﬁl‘slgﬁ %ﬁ]gre}%r&ﬂ? mixing 4000 g

sol ution, 218 ock sol ution
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or ot})r&pde%%?@ c{cc’)%ﬂru%osﬁﬂyahn ﬁ%ﬁ@% n@é a 10 P(Aluf I\gsto?’about 41.1 pL
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weight r.ati.o.of about ( I
. oéro’% at is, rel lVé: Sf% ©pas rséf;( %ﬁp%l{e\’fﬁ%}&@ﬁ%g%? h&ﬁng@
/ EtOAc) solutlon was conbined with the EtOAc / | AA

m xt ur . 1956 AFOMISAIPABdASORE cgatonl sEiutime watriepatbbygniping 4000
I

ot Pty BACKI B 3nE BEERETEIR O Plr AP She ST ol
/ PoFidSpsmyy Gading nguBol aving asondgsiratpniohé PAMSefebPatB2.2 pl. /
solution in
e BB Sy L e RN ATV o s ghout
sol 0%b,i than Ss, vabatere po Bp arasdlof PERen e Yraparddepay obatiAPTNERiar. e
reported as a wei ght per cent APTMS relative to the

wei ght PzF y

g I L

m X md dﬂ@@\}gms ¥ Bz%spP@RoamhgﬁblemvamdraS& dntn@me(s&listx@tes The
PzF sol.ution

é % APTNES. dle 00$gdilut§ i o S, ra

BAG ¥R PO 18Eye A9BERT] pEle SRE AR SUIR B 855

g ke ,andﬁ%ilg:dl b&/}srmurﬁl‘ed)wrgfm&t apove 4 EEiﬂeThceSlSIdaﬁdeﬂ:@tween
concentration APTI\/S nL./ kq spr .
e 24 S0 Bl PR Ml YOS 70 iy SR rBffowing
C OxpBBitoa I B AFHTMEPTME ip@y%ﬁlﬂgaﬂncabmmi%retﬂhﬁbd irSa drying
relative to the mass. of PzF in the r epar ed tp

c oG OE G ot #bgHt ShmingyshierRBoYe ey al's V%Pfa@o %’fflf%g}he
SohpiM@n was prepared by m xing 4000 g dilute PzF
solution and 167 ng {164.4 i) of APTI\/IS as descri bed

i mredi at €| OVI a spr atl n ol ytion
vt ng T AT it S A Bre s per Ageet g an
SPhR¥alCRREdsEe 204 tHHeirés ecthB‘ﬁhﬁ %ﬁiﬂéﬂdldg%s(é‘)ﬁlﬁﬁéﬂ 12t 9:08x,Qlnd 10x
APTMS to PzF was about 5% that is, relative to the

rewegmficaipr For PeHerpRe papeeh SPPEpCEd£asRY totampleiims was cut
twice at a 90° angle with the scribe tool from an ASTM delamination test kit to get a

PzF

square 2 mm x 2 mm pattern. The test kit used was a Gardco, Model P-A-T Adhesion
Test Kit, performing according to ASTM D-3359. The test tape used is a Permacel, P-
99, polyester/fiber packaging tape with known specifications. The supplied test tape
was placed onto the prepared films, firmly brushed onto the substrate, and after 2 min
was peeled off from the film surface. The patterned films were evaluated before and
afier application of test tape. This test showed that the films sprayed with the 10%

APTMS / PzF coating solution showed the largest increase in adhesion. Approximately
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3. 10% APTMS / PzF. A spray coating solution was
prepared by m xing 4000 g dilute PzF solution and

wW@3bsh43983 (328.8 L) of APTMS as descri bed aborer/usmo7/080976
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provide a spray coating solution having a
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under an optical mcroscope and the respect ive film
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I ' .
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perform ng according to ASTM D 3359. The test tape
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EXAMPLE 9
Coating Silicone-Containing Catheters with a Polyphosphazene

Various commercially-available urological catheters were cut into 2 cm
segments and coated with a 20 mg/mL PzF solution. One set of samples was used as

received, while the other set was pre-treated with an adhesion promoter. Samples were
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A. Plasma Treatment. Samples were subjected to plasma activation for about

120 sec in a Diener Electronics Femto plasma chamber. The system was evacuated

below 5 mBar pressure and normal air was introduced into the chamber as an operating

gas, after which the plasma process was initiated. The chamber was vented thereafier

and samples were subjected to aminosilanization.
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Table 2. Silicone-Containing Catheter Sanples Used for
Coating with a Poi yphoasphazene. A. Pl asnma Treatnent.
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t he uncoated segnent, and the coated tubing section

we®PH§4ht |y grasped. The coated section was pul | ed
several (about 4) times through the zone where the
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gai ned nore benefit fromthe am nosil ani zation

procedyfy@er, it was observed for coating substrates at PzF concentrations below
about 5 mg/mL in ethyl acetate, the increase in hydrophobicity of the treated substrates
was not substantial. At concentrations above about 5 mg/mL, including at
approximately 10 mg/mL and above, typical PzF non-wetting behaviour towards water

was observed.

After complete drying of the substrates the sensitive balloon section of all
urinary catheters could easily be inflated at moderate pressures (0-1.5 Bar) without

causing balloon rupture or PzF film delamination.
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Further, it was observed for coating substrates at PzF
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ani cal stress from bending and insertion or

rem)val of the catheters. Catheters made fromsilicone
25 EXAMPLE 10

Properties of the PzF-Coated Catheters

Two types of silicone tubing materials (16 French size x 11 cm or 20 cm in
length), a rubber material made of 100% silicone, and a material containing latex and
silicone were evaluated for friction and coating durability. Both types of tubing were

30 coated with PzF according to the method described above. The lubricious property of
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coated latex, Silastic (r), or 100% silicone polyners
were therefore well-suited for application of PzF
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These results demonstrate both the silicone catheters and the silicone/latex
catheters that were coated with PzF had significantly reduced friction forces and

therefore a significantly enhanced lubricity.
EXAMPLE 10

Biological Evaluation of PzF-Coated Silicone Tubing: Bacterial Adhesion and

Biofilm Formation
Two types of silicone tubing materials were evaluated, a Silastic® material and a

material containing latex and silicone. Approximately 30 cm and 16 French sizes of
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Table 4. Viable Cell Counts per cm? x 10°

Tubing Samples Day | Day3 Day 7 - Rinsed
Silastic®-uncoated | 13.5 45.5 9.68
Silastic®-coated 8.33 25.4 0.03
Silicone-uncoated | 10.1 16.7 4.03
Silicone-coated 4.88 1.81 0.16

59

AQ 17721141
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Rl to R6 are each sel ected i ndependently from al kyl,
am noal kyl, hal oal kyl, thioal kyl, thioaryl, alkoxy,
whadosaliosxy, aryl oxy, hal oaryl oxy, al kyithi ol ap@r/US2007/080976
aryl thi ol ate, al kyl sul phonyl, al kyl am no,
di al kyl am no, heterocycl oal kyi conprising one or nore
het eroat ons sel ected from nitrogen, oxygen, sulfur,
phosphorus, or a conbination £hé#M¥éf, or heteroaryl
conprising one or nore heteroatons selected from
ni trogen, oxygen, sulfur, phosphorus, or a conbination
t her eofl. 2. AThmedipaddived coduvisioe adebyorgdnesgorane ¢ ennphination with
wh ' S of RL to R6 is an al koxy group
. su%é‘ﬁ%hﬁ’ é} %@’t‘&heg‘%lgl east one fluorine atom 3. The
medi cal devitimepodypbosplinaege bas thd Wirmuld; wherein at | east
one of Rl to R6 is selected from OCH3, OCF3, OCH2CH3,

OCH2CF3, CH cH8, ocH 2CH2TF3, OCH2CF2CF3 OCH( CF 3)
, OCCH 3([CF3) 2 2CF20F2CF3] OCH2( CF2) 3CF3,

OCH2( CF2 == XOCHPTOF2) IFEFS, (Cray’ CF3,

OCH2( CF2) , CF2CHF2, CF2CF2CHF2,

OCH2( CF2) SCHF2, OFR( CFR'4CHF2," OCH2( CF2) 5CHF2,
OCH2( CF2) 6CHF2, or QOCH2(CF2) CHF2. 4 . A nedical
devi ce accords A il aim 1, wherein the

pol yphosphazenerb s cach selected independently from alkyl, aminoalkyl,
pol y[ bi s(2 2,2-tr|f!uoroethoxy)? hosphazene. 5 . A

10 radi ¢al hainslvb hielic Giongy Ldost diakalkoxwsetvnhalpasyioxy,

00l yor ) ) L h, ' Ny '
bl endeg % t Hié?%g(, ?Qﬁtthieozatﬁt% g%&%w&%ﬂ’tagj cr gg’g‘i]%ﬁ%&m\?\ﬁ th,

6 1 AO herTyclpodkilcoporiying pioednat heicropioms seleeed Gierd horogen,
reacted \w.th [ i at . j -
i or PRt afi s ESHRER B soh Dol kol ir RAALEH: comprisine
devi ce @eoomdimigtdrotahasenckd fwhenigbgent dveygen, sulfur, phosphorus, or
pol yor ganosi.| axane i s coated with the poi yphosphazene,
wher ei it YRE'} glfm g\%e& hazene coating has a thickness

from about one pol yner nonol ayer to about 100 mm 7 . 1
A nmedi cal dévkoedasobrdi ageotdngloailaml, whereinhéfeast one of R to
cogpri si a tie layer be n.t l yo nosi | oxane
e el B b 2 Bled Ml P Rl B FRE B cor i g
to claim1, wherein the polyorganosiloxane is ]
cont act®d wiTthh nzdicaldiee i eeroptingrotedaimsevberrmd feagmne of R to

N- gL WLai8f 864 Fid; OCF,, OCH,CHs, OCH;CFs, OCH,CH,CHs, OCHCH,CFs,
20 OCHCF:CFs, OCH(CFs)s, OCCHy(CFs3)s, OCH,CF:CF2CFs, OCH(CF)sCFs,
OCH,(CF2)4CFs, OCH(CF2)sCF3, OCHy(CF3)sCF3, OCHy(CF,);CF3, OCH,CF,CHF,
OCH,CF;CF,CHF, OCH;(CF5);CHF3, OCHy(CF2),CHF2, OCH(CF;)sCHE>,
OCH,(CF2)sCHF, or OCH,(CF,),CHEF;.

15

4, A medical device according to claim 1, wherein the polyphosphazene is

25 poly[bis(2,2,2-trifluoroethoxy) Jphosphazene.

5. A medical device according to claim 1, wherein the polyorganosiloxane

is coated with, reacted with, blended with, grafted to, bonded to, crosslinked with,
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trimethyl silacycl opent ane;
2, 2-di met hoxy-1, 6-di aza- 2-si | acycl ooct ane; ( 3-

wo eoosmideexysi ! yl propyl ) di et hyl ene triam ne; PCT/US2007/080976
(3-am nopropy!)trinethoxysilane (APTMS);
| %o&étyﬁkﬁké’&ﬁhhpéy Slated lah Y6 ORYdtd I REIh ANaeHARAIRE layer that is coated
NJ ~b\'s(3- (trinmethoxysilyl)propyl)ethane-|

, 2ang{os rapisd withgheolynheiPaeps-i met hoxysi | yI ) propyl ) - |

,3,5- triazinane-2-4-6-trione; or any conbination

t her eofs. priromhedial aoNT&d d&b(ﬂﬁm@ heclpad y&ﬂ@&ﬁﬂ&b |p0]>§ia@8nosﬂoxane
with the pol yphosphazene. 9. A nedi cal

acle spHdyith @eépbﬁ) Smha%ﬂewé?fﬁmttheep%m?&hgéfﬁsgwﬁﬁ&ﬁ-‘eﬂ
5 I SthicihGs Eemalbb@fle pbib MePmbitlslet @BbutdD @y Sel ected

from hyd roxy, car boxy, carboxyl, al dehyde, peroxy,
Z|mk3|os ony %JFa&dR%j/ger Elgt(ﬁj,?erﬂglrg“t(‘gi&gll%ﬁﬁﬂh T comprising a tie layer
NM@n@ﬁefﬁdmﬂgmkﬁox%muemwlwhos;ﬂma@t hyl ene im ne,
ol i goet hyl ene i m ne. polyethylene imne, fluoride,
chloride, brom i adi de, clic ha
ronosi 1ane. /GG EFaHCcIRYS: ARSI 20 B e iosene
Si sabRacteWillPat £hBicapefhott k8fteed ik Nanéey 1Nz ed
al kene, al kyl phosphoni ¢ acid, ureidg-ter n‘{onat ed

10 g rigeghy! Sg@%iwvttv& rilrinethonr |- anizadrsilatyeloartaie t-ed
Si drmox%w\%pyﬁ)aremyl@e @&ianﬁhé @ﬁsml ngfoﬁ)ysgkﬂmaiokw@m @PTMS);

a conbi nation thereof or ining wth
powgiéxﬁf@gﬁmﬁé%i)mf@yl)wt P@awnedé{vi\fcélsa*ccor ding to

cl ?ﬂnﬂbﬁ'mxyéﬁﬁﬁﬁb&l)%ﬁﬁnmbm{nﬂﬁ@qu 3 %ﬁﬁﬁnﬂnéthsgﬁhﬂ%r@ﬂi) 1,3,5-

an adhesi on prom) er a swel ng ag ent
c r@@@mﬂﬁ:k’% ﬁé tEgR Y ara’rvoal@ir@tiorathbrag% prf@rrfo @&m@mmgﬁ@e

15 308 borgdho AN R 1R BoBgENpRadnd eCUCt g agent. an

ource, actini tion, ionizing radiation,
e-beam radi ati on, corona di scharge, flanme pyrolysis,
pI asma Hi scHamgdical devigniccerdingiinaling b, wheaviadic poporgsposilgxane

ur{},'ti&gah%é ith Q?un@@ér}épm9§§ n?e@fég fro%ﬁgx}7ga2bok} carboxyl,

11 A nedi ca Tb devi ce accor [ai"m 1] whereéeiln
t h@dmﬁywh@sp,m@memh@sh%o Moy {iredey higo, a/l}éfrxgmlkﬁﬁulﬁml diabeyl

ab 7 I 4

oo 10 000N RSBl ML RSR1L Dy
20 f r momd, lpelycthplssd ﬁﬁiu@ﬂugndd}/@;lomroﬁﬁ@ idNg T ycbie pﬁy‘w@sphazene

hgwsﬁc%qéneﬁglc Osg\%nteSpeoﬁ/ssﬁel\élleD%r%m]O%ermmatedASé lnge%r %ﬁ}lo dug.{mmated alkene,

mditmaérnﬂawmmhaﬁkmwhoaeﬁcﬂ midyoerga:m dlkamagsfmdvl-

nd . . : . . . : .
terminated silane, thiol-terminated silane, acroyl-terminated silane, perfiuorosilane, or a

combination thereof, prior to combining with the polyphosphazene.

25 10. A medical device according to claim 1, wherein the polyorganosiloxane
is contacted with an adhesion promoter, a swelling agent, a crosslinking agent, an acid,
a base, an oxidizing agent, a fluorination agent, a reducing agent, an X-ray source,
actinic radiation, ionizing radiation, e-beam radiation, corona discharge, flame
pyrolysis, plasma discharge, or any combination thereof, prior to combining with the

30 polyphosphazene.
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fa. conbining the pol yorganosil oxane with a
pol yphosphazene; wherein the pol yphosphazene has the

wo erosidsas3n is 2 to ; and RL to R6 are each seb@nuUsmo7/080976

10

15

20

i ndependently from al kyl, anmmoal kyl, hal oal ky!,

thioal Kyl , thiQataY levi@lKQfding RALAR! K RN¥reinthy E&?ﬁ%osphazene
hal oaryl oxy, al kylthiolate, aé&% thiol ate, alkyls
ulhphamplecular yichimfnbleast plruk V9.804 #iBol- het er ocycl oal kyl
conprising one or nore heteroatons selected from

Ni troggn, OAYEE&kal dideheeor@ROBPRNAMUS wheleinAh€ PRbDoRAdsMikane
t hereof, or heteroaryl npri sing one or nore

co
het exlestaddimm telckietiBeptipp dR. HMRoGPER, PEXfy &R F VM fig pecordance
ph&ﬁpﬂgfmléﬁg. a conbi nation thereof. 14. The net hod

for making a nedi cal device according to claim 13,
wherein at |east one of Rl to R6 is an al koxy group
subst i tlat ed Awpethodfor mgkigg 2 sivdic] dr8icP-fEMRTIGRE 63 AO

17721 14 j1 roviﬁﬂfg IRtded afake tﬁﬁ%bﬁ?ri@es%@ly%@an@%}éke?\g; and

according to clarm 13. wherein at [east one of

R6 i s sellactenbiningthegohdreagrsizxanecHicHyRberharss:
PCH3, OCH2CH2CF3, OCH2CF2CF3, OCH(CF 3) 2,
3)2, OCH2CF2CF2CF3, OCH2( CF2) 3CF3,

OCH2( CF2) 4CHS,po3pkpERRRGIEEBhe tOaMA¢:CF2) CF3,

OCH2( CFa) 7CF3, OCH2CF2CHE2, OCH2CF2CF2CHF2,

OCH2( CF2) [3CHF2, (CF2) 4CHFR2 OCH2( CF2) 5CHF2,

OCH2( CF2)|6CHF2, orj OCH2(JCF2) 7¢HF2. 16. The net hod for

maki ng a rreg"lﬁ— 57 %e Breewrging to cPai m 13, wherein

t he pol yphosphazene is

pol y[ bi s(‘2, ®*2-tri¥| uor &t hoxy)'] phosphazene. 17. The

nmet hod for nmaking a nedical device according to claim

13, wher ei n"the9PH13P8r ganosi | oxane is coated with,

reacted wit iy (bhendesdniticfed B eh_@chtlsz%onp&ﬁﬂ,eﬂnih@aila)}l,
or

crosslinked w th, cogvol ynerized with, or coated an

r eact edalgiatitil. drodliatdhivad]. atkexy. dploalkpraprylerye brpayoxy

and/ or L iRiolRE aRIISYRRASRRAZ RMAGno, H:ikyThiBino,

nmet hod a?@?mr?a%’\r%qamalonediacgls gevi ce acco?%ii ng yto igloai. m

13, mhéw@rwytihdkxi@bwriga&@yﬁ droxan betproatemasderied Fom pHegen,
pol yph%%?é‘e%,zﬁﬁﬁr, p\ﬁ@s%'hgxlug, otrla%ombination thereof, or heteroaryl comprising

one or more heteroatoms selected from nitrogen, oxygen, sulfur, phosphorus, or

a combination thereof.

14.  The method for making a medical device according to claim 13, wherein

at least one of R! to R® is an alkoxy group substituted with at least one fluorine atom.
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pol yphosphazene coating has a thickness from about one

pol ynmer nonol ayer to about 100 nm 19. The nethod for
woredosngsoss medi cal device according to clai m 13pCT/us10n®080976

conpri sing contacting the potyorganosil oxane with an

adhesi o, pr qiﬁ@h@fhoﬁ%rﬁﬁdkﬂ% o h@fRal devme according to claim 13, wherein
- met hyl - aza- -trirnethylsilac ent ane;

2, B IFiRe ﬁ%ﬁy 9 1% oseRciEAATon O dlcr ObBeGHa OCH:CFs
( 30@1&15@1 C'HXd:H @Qﬁ)m&c@ftzbvi @J@s(t:m)@mm3((:§gz,

am nop r tri mi‘t oxy si | ane
FZ)SCF

(t@pﬁe@ ) prwlﬁﬂ@f:ﬁa @ﬂ@ﬁa Q@HZ
“b

d QQQ@S%???@?@L%WM@%@%@E el e
- 20GHECHp Ok E; W{2%)4§Bﬁblc¥ﬁﬂz(@ﬁg SHEHBF e HFp0r

pol yor ganosi | oxane with the
po{@ %d%%ﬁagg e. 64 AO 1772 114 20. The method for

maki ng a nedi cal device according to claim 13, further
conpri silﬁng fliha eteihod 401 making Etlﬁédib?g Hedeepspriding amelaif 1h wherein

fu t OXY,
BEBLORLBL R pSeherL 5. AN Ao rpERe
hydri de, nitro, al koxy, alkylsulfonyl, dialkyl am no,

10 aryl oxy17 N- Hée W@r@qk&x}gamﬁm%g@\ﬁwq}rdmg to claim 13, wherein
TR Eh Q%fﬁlgsﬁl%nagmn@% colted AART DYk &NGH, g]eH@ed \9194 %%tlaar L £BEnded

uor il chloride,” brom de, i odid cyclic
poloyghespkealzeitie conpymessizbdawish, oo W@@%&nﬂ@m eeactp@ Wyitbiap affermediate

o T R o R e T P BB e

urei do-term nated silane, glycidyl-term nated sil ane,

t hi ol -tk ni e exgthod fermakingcr Bydical devirarseerdingity glain 13, wherein

Pe, f REJeROwheRlid B O
R L

pobq}nrmsmhm iqeatin® has a hipkness fioodabbetrongmRiynigr monslaes &1 about

?ﬁPaccor ding to claim 13, further conprising

con i ng the polyorganosiloxane with an adhesion

pronoter, a swelling agent, a crosslinking agent, an

aci d, al%asdhearthodion making argedieal davieq asspridinatt elaim 13, further

age

N a%)lmlﬁnlsglﬁ’cg%& ggheg%ﬁ%‘r%rgangﬂg)%aﬁea%:tﬁMdﬁ% orﬁ%r%h@&? selected from
20 coNonmhsd*}asa: h,aﬂgtemefﬂyaﬁecmy’v@lﬁws 8.2-dphetborey- b slshaige,

o B S AR e e B SRR "D, "The
rreinhmdprbpy!)tmkuhn@/saammm"mS)dw%ce according to claim

13(tri1\1/1@tle15xe)}sﬂyl)propyi)methancdiamine; N N°-bis(3-(trimethoxysilyl)propyl)ethane-
1,2-diamine; 1,3,5-tris(3-(trimethoxysilyl)propyl)-1.3.5-triazinane-2-4-6-trione; or any
25  combination thereof; prior to combining the polyorganosiloxane with the

polyphosphazene.
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t he pol yphosphazene has a nol ecul ar wei ght of at | east
about 70,000 g/nol. 23. A nethod for naking a nedica

wa@lewsoe9szonpri sing: a . providing a nmedical dewi/U82007/080976

10

15

20

25

30

that conprises a polyorganosiloxane; b. optionally,

cl eani Bg th@héﬂé%@&%r %kﬁ;@% n&%wp&&%@@&&&%@ﬁeﬂa;& 13, further
contactin t he ol yorg anOSI oxane with an adhesi on

prromptiging Sareursdng thepplyorganosiloxane with a functional moiety selected

gl:fg)%dw&l'o @‘argm% éﬁrlgcfxbrmﬁdgy d%';}cwcérﬁtﬂgrm@tﬂ)ehalc hydride, nitro,

|net aza- acyc ooctane
( ko méttyrhmldysyil e}aa!byl@pytlc) aryéctxmyNéw@chwtiaﬁkﬂeN -heteroaryl,

3-
E tnrman% géf;) gtlya %&ﬁ{a}ﬂﬁ Yﬂsi “ﬁgﬁ’gy& @Eﬁ@ms@&ﬁd& cglcm
( thromeit) hoah;i@chlylc)ﬂobmpydphmham&)ﬁbslandiodigwsﬂiel;e polysilane, amino-
[,3,5-trjs(3- . . . .
(PERAHIOR Fyindrapgse fheges primimsalss Sl pehene
; alefd a:mdoctawlbhamat dilafke, gbefd@m‘ermaaﬁldd gilane,ahibhetimgted bidane,

anpsl| |, oxane

Do BT Baisd ST et sPsdertogs) S mSSpHis sk ergy o combining

suhsp@ndrb@lokyoxbewBiRiR pbiypEosphazadd er the
pol yor ganosi | oxane |s contacted with the adheS|on

pr onot A O 1 124, . T g

nedi caI%Ii dev%eemﬁt% &l“?’? "'tgé' rg?déciaﬂtseé’éc ¢ %%?“‘F 2o CrTB‘“e][’aﬁ’ E“S‘he‘
th@ﬁ@ﬁ&ﬁ@@@ﬁmﬁmghﬁtﬁ@hﬁgﬁ@ﬂﬂm&bNﬁ%&maﬂﬁs&m&&mﬁ@cpha@ﬂhng
activation or, contactln he po H39n08||0 ane Wt

beRSFE- SHPLHIRE BT GRAT Fof ROTaP S L eSiie? ffalieft. o

Zﬁedtﬁld'gﬂag&ﬁdarf Qlrayl %ﬂfc@Vdcﬂﬂ;ctritﬁatﬁh oionma tradditlon} t}#b@fn @diation,
nedi cal

evi ce when in contact th tissue ar fl
ofcorpnagiraBarec. Lame PYoialy: P ésm‘"’p‘tlﬁfyf‘r@ﬁ?daay ﬁ@é%‘?l%@étmﬁmoé gprior
t rt@wr%&%g't%&ol?or@ﬁ'o%ﬁfxgmﬂi 1he %8R Bhosphazemt i onal 1y,
cl eaning the surface of the pol yorganosil oxane; c.
Con g e pRgoy PO d AT BRSNS, wherein

N-(RRbhYpodfiRzehe hada hblctBhiiyéisht cTalied0 BRI 201600 g/mol.
2s2-di net hoxy-1, 6- di aza~2-si | acycl ooct ane;

S T P 2 S WA
(trimet hoxy idvidaR PRyGRIBAneHhayshipeisesla pdlyodBiafosiloxane;
b. optionally, cleaning the surface of the polyorganosiloxane;
¢. contacting the polyorganosiloxane with an adhesion promoter selected
from N-methyl-aza-2,2 4-trimethylsilacyclopentane; 2,2-dimethoxy-1,6-
diaza-2-silacyclooctane; (3-trimethoxysilylpropyl)diethylene triamine;
(3-aminopropy!)trimethoxysilane (APTMS); N-(3-
(trimethoxysilypropyhmethanediamine; N NP -bis(3-
(trimethoxysilyDpropylethane-1,2-diamine; 1,3,5-tris(3-
(trimethoxysily)propyl)-1,3,5-triazinane-2-4-6-trione; or any
combination thereof; and
d. contacting the polyorganosiloxane with poly[bis(2,2,2-trifluoroethoxy)]-
phosphazene at substantially the same time or after the

polyorganosiloxane is contacted with the adhesion promoter.
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(trinmethoxysi!yl)propyl)ethane-I ,2-di am ne;
1,3,5-tris(3- (trimethoxysilyl)propy!)- 1 -triazinane

WO 2408/0¢8963 or any conbi nati on thereof; and d. PCT/US2007/080976
contacting the polyorganosil oxane with

poI y[ bi2g( 2, Zh@mithod Fasdameiohianytidat d@ﬁ&%ﬁhﬂdﬁ@&) @kim 23, wherein
?stantlall the sanme time, or after_ the

‘if‘&f“éé’i’Fo%‘F PR P RGHOIONUY SRFYIR PY RBSHRREN R or
prd@ﬂﬁtﬁ{g, th¥REAY @b ihobiltBasd i ftiRE 8astf sol iRn BBGIHRA cHBMIHR a

that is in contact wth tissue or fluids of the mamma
cosHIng&&ehe pol yor ganosi | oxane. 66 O 17721 14. 1
5 25, A method for improving the biocompatibility of a medical device when
in contact with tissue or fluids of a mammal, comprising:
a. providing a medical device that comprises a polyorganosiloxane;
b. optionally, cleaning the surface of the polyorganosiloxane;
¢. contacting the polyorganosiloxane with an adhesion promoter selected
10 from N-methyl-aza-2,2 4-trimethylsilacyclopentane; 2,2-dimethoxy-1,6-
diaza-2-silacyclooctane; (3-trimethoxysilylpropylldiethylene triamine;
(3-aminopropyhtrimethoxysilane (APTMS); N-(3-
(trimethoxysilyl)propy)methanediamine; N, A*-bis(3-
(trimethoxysilyl)propyl)ethane-1,2-diamine; 1,3,5-tris(3~
15 (trimethoxysilyl)propyl)-1,3,5-triazinane-2-4-6-trione; or any
combination thereof: and
d. contacting the polyorganosiloxane with poly]bis(2,2,2-trifluorocthoxy)}-
phosphazene at substantially the same time or after the
polyorganosiloxane is contacted with the adhesion promoter;
20 wherein the surface of the medical device that is in contact with tissue or fluids of

the mammal comprises the polyorganosiloxane.
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