BRUSH POLYMER COATI NG BY I N SI TU POLYMERI ZATI ON FROM PHOTOREACTI VE SURFACE
CROSS REFERENCE TO RELATED APPLI CATIONS [ 1] This application clains
benefit oloWof/10deB! ity Patent Application No. 12/714, 9bty/dshéed2ddBg ch 1,
2010, and U.S. Provisional Application Serial Nunmber 61/157,058, filed on
March 3, 2009, entitled "Brush Polyner Coating by In Situ Polynerization
From Phot oreactive Surface", the contents of which are incorporated in
their entirety herein by reference. FIELD OF THE I NVENTION [2] The
invention relates generally to conpositions that include cross |inking

agents that pBRUSH RBPbY CRAZTENG BY dDpSITE BOL W ERIYATION kFROMand at

| east one pol yneri zabl e ”DnOWﬁQOT%hkﬁﬁQghkﬁfé Rf%nﬁEconposition i ncl udes a
di aryl ketone, such as benzophenone, and a polynerizabl e nononmer, such as a
zwitterionic nononer. The conpositions are useful as surface coating agents
that provi de QROSS REPERENGREIO REIOCATEDJAPPIDEATIONSyneri ¢ coatings can be
used on nedi cal devices, such as artificial joints, to reduce wear between
the conponentgo®f the jphibhpaidishsinicsinett U 8| Udlinakferd@pplisat@@ner at ed
by friction between the joint conponents. BACKGROUND OF THE | NVENTI ON [ 3]
There are sevid¥pal2/ThAgdd, GiedjMamsh 4, 23 0; pred Hundroveanal Applsaionayerigh

categori zed igto i ar n i ght., beay | [10l : hi p,
P

| oad- bear i ng Indifut Bolymxizagioh Feorh iPhowkeaativk Swéacar ehe ansérdesdhichararei ght
bearing joints. The hip, knee, and ankle are further categorized as

synovi al ~ j oi nf€oTPaataden thear Gnkirety DEreineby WieTgicSe i s a cartil agi nous j oi nt.
These joints, especially the weight bearing joints, can undergo
degener ati ve gaN9esr §¥: iOVENGGHNE, age, trauma, repetitive |oading and/or
genetics. WD 2010/101863PCT/ US2010/ 025838 [4] The individual whose joints
experience s egenersat | : i oS g £ o - Lh and
even di sabili ggplnitia ‘?@O?ﬂ§¥5§?§y§8%?%ﬁy%3% %gﬂ%%%@%%@&%?%ﬁﬁkﬁ
degener at i ve latkanggsntschithhesed¢ phadstivatable@reupdesugb asatyhketdesi snd @r f usi on

of the effected joint. Although this can effectively reliev ain and | ead
to an inprea§€m¥ﬁn?H@yﬁﬁﬁFﬁﬁ?gﬁPOWW?e@t@ﬁ@ﬁ@ﬁ“&ﬁﬁx@%ﬁﬁﬁ?Pé% t15 %al ter the
nor nal bi omec(hgllg,[ gébnd WG dsH2npHehénee bl £5 hEIYmcALMIS mohbBaL BRIM as@Pt | ONS

have since advanced to include notion preserV|§£ i npl ants, "known as
art hropl ast y déttetesc nibheser.j Bietonmympitmos aeriseigbed seicaserdingpgednial se a

pair of endpl ate ith. sone.type of .internediate co nents or anticulating
beari ng surfa@8§ﬁf§‘r‘1‘sgémelRoglﬁg%?qagﬂgso:f%%ﬂ&m ngg? %@ A anvger SO

bodies. [5] /QedicahiRlicesgect Qrar@fidiflromasd sddeweL Hetwids thtedonigdhetitie hi p,
knee, ankle or spine, is the selection of the proper materials for the
various conpotehe pintad & redics op siyatiati dabriy sengrated by dagionhejvesn the nat erj al
for exposure : or bodily fluids--and biodurability--the ability
of a nateriaﬂgﬁgggﬁPﬁ%%fh its physical and chemical integrity after

i npl antation jin LY t < < tial for permanent nedi cal

i npl ant s. watfé%ﬁ?‘gkmﬁﬁgfﬁ ﬁgﬁmt otoxicity, systemc toxicity,
irritation, oscopi c_or allergic reacti.ons, scl e .degeneration, or

ot her adversg%ﬁé%ponse.TW%%mﬁFS% A RRSSHT9IpTs 14 the nHﬁﬂ%ﬁgiﬁg?ﬁ”?gﬁﬁirenents
si gni fi cantl Yeahdddhibed € WElgBCEdaARg Fhd H@A-Wei%ﬁk Beatdljbialdl €hd Bip, MWRieght bearing
devices. [6] The inplant conponents nust also exhibit sufficient strength
and excel | entankig inguetepertebrahdine i tho spine e epasidensil dead-tearing jaantgyvehile | ong

|'i fe under physi.ol ogi cal | oadi ngs and kinepatics.. .Propert.ie uch, as yield
strength, br e‘ﬁﬁ ﬁgg?r%‘i‘é?%e, b Icg%‘?eé?oag?r}'gﬁl CARE AN St ?%en}glf hl,(sn(%ha .

conpressi ve sink@gt fur@fer thegdrivel 2oty oo piee] whilathe sitgvtftétgaindisyisanpact the
success of the inplant in weight bearing joint arthroplasty. Hard and stiff
material s, swektilagineesigintc $hese jointsapspecipy Befygi ghtspangofth gam undergo
characteristigs. ver t el . I, i.gher fl exural
nodul es t han %%grtlé;% eccglra ?%ec%;alﬁ Qﬁdgﬁléggsh’ﬁ%gs% Jg%ﬁaéz sgﬁg@%ﬁglhgégﬁﬂgﬁ known as
"stress shi el ghneges. whi ch may cause bone | oss and the | oosening and
85520486. 1-2- eventual failure of the inplants. Certain polymer materials,
having a flexural nodulus simlar to cortical bone, are thought to mnimze
stress shielding and the associ ated adverse effects. However, many pol yners
do not have sufficient yield strength to be used in weight bearing joints.
[7] As exenpldstiomeliin the devices descriped above, known hip, knee and
ankl e arthroplasty devices, and the magjority of disc arthroplasty devices,
incorporate articulation in their design. The articul ation can be
conform ng, such as the ball and socket arrangenent of the hip joint, or
non-conform ng, which permts sliding notion such as in known knee

arthropl asty designs. In both conform ng and non-conform ng designs, the

e




[8] The use of ultra-high nol ecul ar weight polyethyl ene (UHMAPE) agai nst
nmetal in total joint replacenents has a long clinical history dating back
decades. whWRkHEowgs proposed as a counterface to stainl egg/isb@elo2dee to its
greater bioconpatibility and i ncreased wear resistance over PTFE when

eval uated on pin-on-plate wear testing sinulators. UHWAPE al so possesses
superior nechani cal toughness and wear resistance over nost other pol yners.
UHMAPE on netal hip joints have succeeded clinically, with high rates of
survivorship beyond 25 years in sonme cases. However, UHWMAPE is al so known
to have cert ai%84Hr anbackie mdiyiduahivhatd joids expeeerceispell drgenerpéo@ay f or snal |

di anet er head. si . frigti QL qye, . 0 -t han

opti mal | ubrilcrzla]%]Iizsg%?hg%(nlIi gg?@%@%ﬁ al%ﬁ&elﬁtﬁkm%bﬁlg Ullfrﬁlnngﬁfﬂﬁeo%lﬁéﬁtluﬁng

sterilizati onfor dehavearwittadsederayvd tHahgdedrodlyesd ¢dinis Svas te tindergrone

particul ate. 9] . One djsadvant age o is the accunul ati on of wear
O

! f  UHMAPE
debris elici t¥REOETSapRWpen. ddhe elifented s omitioush s fap eféectinely 4piRYEI on and
osteol ysis of _t I i r . hol d
wear rate of %%P%%%g}r%}gggl%\%%q% ec%&ggi {’fflgfﬁgﬁl%ﬁﬁg%‘g%%@?%i% y%slf%g ﬁ%ay | ead
to failure. Tiemal bioineahaniedfuncaoeobihe JHMARE]dints. Trepthent eptoashpat enti al |y

exceed this value., It has.been suggested.that the UHWWPE ar. vol une can be
control | ed bel®W elde%n‘ieH(‘j‘? E’&F"@& n?qji‘%géjﬁ?ﬂeﬁ”?%‘rm@%tédﬁn%’insas BYOPIYI ng t he

di aneter of th&ifeMHal jdﬁﬁ%g;lalaé'e@{&l‘t’@évic@ @H%U &mprad pdRer eaksed he range

of motion of the joint and elevates the risk of the neck of the fenoral
st em i npi ngi ngithupeme tyipe of upervdsitmeprapaicnis ar adivubfing hearingrsorfa¢esiead. [ 10]

The perfornmance.,.of UHMAPE on tal,.joint i ni.s nmay al so be adversely

i mpact ed by t%f‘tllgqt%gﬁf)oﬂggweﬁgﬁ}eiagdcsl?tev.ertﬁ%qlgi @%fé??pl e, cements such as

Pol ynet hyl met ylate (P are. connon used to secure the netal fenoral
stem of a hi pﬂaﬁggst heseén%%e‘ﬂﬁefof aiileR agté’éﬁéﬂce%rwhteﬁ@r FRERS hiBali&eng of t he
tibial tray tguidg dpidi Alih&an@kion SMHR Rekd: &Rl SRR IROGATEs &HpRRRR

bet ween the head and UHMAPE acetabul ar cup. Such third-body wear
particul at e cthereaf sBiocompatibsletybtheesuabilitst ofla matetidldbreexpoTtie so thaypodeat t o

oaul ¢ of -t ey duidre Tag Dby R T bl e BRHPlol R iR o0

and/ or by rouglenkemgal ety ﬁﬂ@ﬂn%tantd@@nmbaividgaa@u@m eRentiliffrace. [ 11]
Cerami c on ceram c bearl| n?_s have been found to have the |lowest in vivo and

in vitro wearpermeeent medipal Enpdents Afatgaals cheger shilharqid RYIOOXiAY: ¢ beari ngs do
not share the i.0l:00i Gal: fr j.cul ate debris as
ot al bear i ngySreEe RO R Ao AR BB B 2 el T nert
However, cer addgescratién, pr other ddversatrespbade. The biocempitdilityaby &otdechbilgyhi gh

mechani cal stress, either _in tepnsile or i.npact |oadin ich limt
their long t&rAVFTREN %lglvlﬁffmﬂaﬁ%f@fﬁfes%&f’ Pﬁ@aﬁesglﬁevglap@%wa@? [12]
Qther wei ght haanl REvibQl Nt repl acement devices have been proposed that
utilize conpliant bearing surfaces provided as coatings of netal structural
conponents. K xanpl o} i . npl i ant
material as a[%ggff ace %%eelrﬂﬁ)%ééﬁgwggﬁn%ﬁﬁ E?tg%%g}(ﬁjgas}‘ﬂﬁéﬁ?%%{%lﬁrﬁng agai nst
t he native casxicellagétipue phadomcatatodvoid mbliaaidabhfafufecrver s nigdife undwr| uded
silicon rubbers, . pol et hanes_and ol .efin based synthetic rubbers. These
devi ces have Iﬁﬁ’é‘ﬁﬁégﬁ aiges pad E@@m@ql%shi’wmleﬁawﬁ%wﬁ?aﬁﬁer@g‘b%a%% of the
Fluid-filmlubreat ﬂ%ﬁﬂ%@ﬂ%ﬁwe&&; af@nihiekfbarenghortd ipbogduce

| ower wear than Current prosthetic naterials as the two surfaces of the
joint are congingioakyts sepsigaifieahtlyyimpatt thersurcessyod dlvd iaipldnt in Weighhlegaringve been

shown to posses bal ance of physical .strength, flexibil]j dynam c

Tl exur ol enddPReauPmer BAT EHeMTCRR URSHORT £y D Ay Be b Br e

conmpat i bi | i t YiavdiBleWten@h cBArBGERIRE SHSWERr A8 cIP Rl R QUL tnBAlly
articulating weight bearing material have not shown any benefit in terns of

wear resi st artgghavlsrurahmogplesthan et of evrticaltheas. hbis caupives a pAeRPMA0S may

| ead to questjions regarding, their.biodurabjlt t

bi oconpati bi | lfntof/@ as[ %\5; 5 fﬁlglsdl & hVeV}rlfe%h i%sjayaC%?‘éeee%m%é&g\%&a E‘ﬁ* tSl (8gs'leég{rhlgnagr]1 dt ot al

joint arthroplasty devices having excellent strength, bioconpatibility,

bi odurability, friction and wear characteristics for high perfornmance,

| onger life and |l ower risk of adverse responses such as particul ate induced
i nfl ammat i on sasedus@st eol ysis. There is algo need for such devices having
articulating surfaces that do not produce potentially harnful netallic wear
particul ate. Ideally, known problens of using polyneric articulation
surfaces, such as higher failure rates and the increased wear associ ated
with strain hardening caused by nultidirectional notion, could al so be
overcone. Such devices are needed for applications requiring conformng
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pol yneri zabl e nononers as well as a diaryl ketone, such as benzophenone,
and a pol yneri zabl e nononer, such as a zwitterionic nononer. [18] The

appl i cat iwo 20fo/tolgs3conposi tion for the treatnent procesecras2e/o3dgsienti a
or simultaneous with regard to the addition of the conponents. That is, in
one aspect, the crosslinking agent (or diaryl ketone) can be deposited onto
the substrate and partially activated to cause the crosslinking agent to
adhere to the surface. The polymnerizabl e nononer can then be deposited to

t he substrate surface and then subjected to activation, thus resulting in
the brush typeepbirlfasirecof|thgamplans.Cearigin pahungt mptgtisdsiaingraoliesiuralki ng agent

di | Kk ied. f
At the some {TRR un g 1eoPRAPpRle, 68 A R SR bR R R ™

pol yneri c | ayssociatbd &veldeefiens] Heweverohaphgdlomescloinoehamei saffi@sntwidldi n t he
conpositions provides that. the conposition can be used with a w de range of
support surfa @é‘gthfﬁzeémﬂ@c@g%@%%%&used al one or in conbination with
other materials to provide a desired surface characteristic. The

conposi ti ons,[08fbne or Anexcommifiedtin B¢ deivichs desetibrerabone.dinpwh hipkoe¢ des t he

treated surf i b £ J r f h can i nclude l.ubricity,
henoconpat i bi ?tarf}? ye\/\ag@f%%ﬁ?f@{/dl&%y%rd ggﬁha O(?h’ ?}qp dlg?%r(t:horﬂ%‘g{?/%ﬂlﬁsy and/ or
(decrease) baata@pbate atdhasicann thdi2ddsignn Th aittidelatias paChe confi@nPiLSeEt

i nvention pertajns Lo | ubri ci ous conpositions that are described herein.
Such coat i ngs®s¢andyeandswaket grrapgament af bgnyent caonsgaforang ™id ci al j oi nt
conponents. i; L '@Fg% i i1l other
enbodi nment s oée%%k%%lggg{é%i% E@gﬁ??gﬁﬂ% %&%ﬁ‘g"lgﬁp%%g%? ' ’nob%:%ose skilled
in the art fromfdrinnd oldmntogfaeted dedndethe nigubh ofitheAstiaildtionserfaggar ent ,
the invention is cap of nodificati onglﬁele% var.i ous obvjous aspects, all

bl.e
wi t hout depar3&Hgt ‘Tatcgmhteﬁger?ﬁ?tﬁ ‘f’ea.érli’ﬁrtkc(‘} OFf PHRRTHFEYdRtt CAVEM fon.
Accor dingly, Hip@rdialedeskifescht Birh@ashal énd Rk d@dpsiidd ustrative
in nature and not restrictive. BRI EF DESCRI PTION OF THE DRAW NGS [22]
Fi gure 1 denumeithesises eaheicumypriomerdy befvesn theahstademprtah cowiypssindittons of t he

i nvention have.hrush tvpe r . coatings. [23]. Figur enonstrat es

t hat nyl on coaﬁ%gurll%l nrséﬁe{lt{tg(éed(p f\c/)[\nh%(ﬁ%%{r%r%?ihﬁ%%%a i %fh%ea?ﬂefglﬁﬁa 1° have

decr eased norinpaahtiio€ ol Gtdei B dadsOk ftinRhetpeGoRPBRItRol oA bidlbgieat ed nyl on
coupon. DETAI LED DESCRI PTION [24] The present invention surprisingly

provi des conptsiPErdiTs otomsfiagee theraelagicelicringnagyeit dictetedbe lifptimend the | east 2
(or more) PhofoRe! el fudiBihoridn BRLGLGH AL B Wi dehalfuPAtA! N ng
crosslinking agents, 1 n conbination wth one or nore polynerizable
nononers. [ 2Be ndt lendvat dnvelvysse aslldasesponed nadnifeged bhmaciopbsdel nki ng agent
can be substituted with a one. Both passibilities are represented

cijar ! keé {1

throughout t HETEBOM giapt i gy BPHQREne 8183 GRey© fi’t‘é‘énﬁ s HEBBELY i on of the
i nvention”. 11g.dfetoamRRGhlanddinldsRbEIAR Ahd BOtYITESt & MRlS THRIU RS & € utili zed
in the coating. 26] In one aspect, the coatings produced by the
conposi t i ons inflamietiomelethe tissue arant Yk wpdriskiucted pointadstedyan ehdifailnstofpr onot e
non-specific tﬁ)é 1ndi1Q interactions with non-target nolecules. [27] In the
specification and i the claims, the terns "incl udi ng" and "conprising"” are
open-ended t and should be interpreted to an "includjng, but not
limted to. 1008 " Theaeuis fEuli -oﬁgt‘fﬂ%ﬁbwﬁ@ ePolagbylpRs (SRR
"consi sting ea%&%&_trhahﬂmt@tfal'joﬁﬁ%ﬁig&ﬂr%hétﬂaygmgéiini&?ﬁ]stow ddiistbaP noted
that as used herein and in the appended clains, the sindgular fornms "a",
"an", and "t letadendVANEVBE waslipropobet srceunterasstot aniesyrtesk tlue tocisy | y
di ctates otherw se. As l.. the ter "a" (or "an" —one,_or re" and "at
| east one" c%e%%%ﬁ%cé)aqp:gﬁ{’1&?%?‘]’9&6@5@% Y&t Eq(sﬁ.¥anf? OY%’PJPEO"%% GLYgPuﬁE?fjed t hat
the terms "cComyin-hiphte wehmedtigisifilators NAHIAGWEE big6 oR¥sse@fPeribaVvi Ng" can be
used i nt erchangeably.

mechanical toughness and wear resistance over most other polymers. UHMWPE

on metal hip joints have succeeded clinically, with high rates of survivorship

85520486.1 3-



WO 2010/ 101863PCT/ US2010/ 025838 [29] Unl ess defined ot herw se, al
technical and scientific terns used herein have the sane neani ngs as
commonl y woderwtoessd by one of ordinary skill in the art pto/usheiohn2isis s

i nvention belongs. Al publications and patents specifically nentioned
herein are incorporated by reference in their entirety for all purposes

i ncl udi ng describing and disclosing the chemcals, instrunents, statistical
anal yses and mnet hodol ogi es which are reported in the publications which

m ght be used in connection with the invention. Al references cited in
thi's specifi cBavionsh2ayeats § sung erenh Hey ever UERIWEE SrlsoH@op@vepav skill in
the art. Nothjng: ARy : 855 Siham t

invention is %%@JgﬁﬁﬁP%gg%?%Hgﬁggg§¥gkéﬁﬁﬂd§§%@'83urg§ yggﬁ%?%%xg?%%rior

i nvention. [88s tCramst ihekiiogormtendis: duetd 1dss Tiae optiomklubrikitivg, exjéation
(crosslinker) jncludes two or. re pendent photoactive groups, described in
detail herei n‘,’fltgﬁé]t%il\éﬁvé) & ‘Eeé'éltlflg%logla’ion’g}é‘}geﬁtﬁﬁ@f@?n’ And v Cab‘?‘l')‘@é}? %&ﬁe
generators or @%ﬂﬂ%ﬂ@&kﬁQﬁx%QE%ERLhkﬁnd include aryl ketones, azide/nitrene
generators, c rogenerating ieties (a free radical generator), carbene
generators ory@dhpz0 NDi 8L 1L & Sk : -, OUS
forms, such agﬁ?ﬂose degééﬁﬁghmhéééfgb?9%e cr%gs |%%§?BF%@Fﬁ ggwﬁ?ﬁ%east
two (2) pendedicitipoinoaiotise eclfaupsponse igediag ad inflammatian hiod ogbdyoacf i vat abl e

crosslinkers conprises: 33 .Core PA 4] wherein "core" is a

linear or bra rﬁ@a%d%w b‘%‘leo ,(htﬁrai“?rﬁ)é‘éﬁ(?geétrs)aﬁﬁrﬁﬁ@%g’egl ngﬁé}f&P group, an

aryl group, anzpdal shRINREEparficRINRBEEHBIVHS Y RSt EfIurd THRPL I de, a

protein, a nuclei'c acid, an oPlgonucIeotlde, pol yacrylics, polyvinyls,

nKI ;)ns, t pol %/ucl:)l?rﬁdrvdimal; raﬁ]ofrl(HHWHBﬂ@ imr[la?ﬂ: Emt citiRAy ex¢eeddperdentlty, is a
ot oacti va rou can r one n azide.or. nifrene

generator, aaWFZEg?§&§E§F£BBEE¥éﬁ%?ﬁvgggéﬁﬁgﬁ%maéﬂbﬁ%‘H@Dng§d8W§§% noi et y.

85520486. 1- 9- jnd\ted ML RH IRCIHASBO 1iMi RS 83&liarh38d of ‘the fanfor@mehdt eger from

at least 2 to about 5,000, for exanple fromat |east 2 to about 1,000, from
at |east 2 toHawevar, &gvaller hean dacrdasesghe mngp obmetien efibe jeipncanddilevgtes |

i ntegers and r . . 0 ut 3 to about
5, 000, fron1a%%ggﬁifgggggg%{%gﬁﬁﬁﬂﬁl?@gﬁ1gg%ﬁgangim%%&ggg%F£4,999, etc.

[ 37] Addi ti ondikloyaticawiftiadfemopdideadict i vat abl e crosslinkers include those
described in United States Patent Nos. 5,414,075; 5,637,460; 5,714, 360;
6,077 698 and[o§oR78, 018Thd hefoe@At @YU WPE 6h nddt4 jbinERiRataiad alkerein in
their entirety for all purposes and nost particularly colum 5, line 1

t hr ough | i ne Bsadysrselyompaeiedby thirebalytweas patiiciiatre Faoexgmplss ceaerip suqlo.

5,414, 075; co i r { i t hr ough
line 20 of US‘J‘ Sm%thho&%é@gg}? Zlglgﬁ/l %jo%}g r%éé’g?ot%ﬁ'r %S%g E&%gﬁﬁen%kwlé ztaar]%d colum 9,
| i ne 1 througfemoirdletefod hipprdaliesad inbdothe Fernddrd] 3L orahéd niktal Badkimgefghe col um
8 and colum 9, line 1 through Iine 40 of US P%tent No. 6,077,698; colum 3
through col untbial tsaydo & kil Bnali PBVIA peritcdaigan PPoRBItigpPeddabiedt e No .
6,278, 018; angl,aoLyMUMWPE R&tabul?tOy Hhch 'tlﬂﬁi—l%&igfw r pHtidRtoanlalde 5
through line 30 of US Patent No. 5,414, 075. 38] In one aspect, use of
phot or eact i vecanmiroe baot ovmdtabpertcles Tass paenttedto gucolapedaivedriof thehe

crosslinkers ihed herein are generally in the rm of. phat oreactive
aryl ket ones ﬂﬁ$@@?g§PSgﬁﬁﬁmﬂggawﬂgﬁﬁﬁéﬁ%ﬂéﬁaﬂ&ﬂ%%ﬂﬁ@%%%@??%ﬂ%ﬁ?&ﬁuinone,
ant hrone, andpaphicORe: dd the UMV YGFRS ahd/oby rdigh&fifetelsifacnalpgs of

ant hrone such as those haV|ng N, O, or Sin the 10-position), or their
substituted (wetgl headibegringipstace.ut ed) derivatives. Exanples of aryl ketones

i ncl ude heterocyclic derivatives of anthrone, including acridone, xanthone,
and t hi oxant higié] and t@eiamicomcprauivdteatingsduive bednviatind wshave thegawestcul ar,

t hi oxant hone,. and its derivatives avi xci.tati on wavel enqgt.hs greater
than about 36% A ndyg?WF??a?égiE¥ﬁ8pgﬁﬁ%?FB%ﬁwngngﬁbC%V1 &tones are
preferred singgrihBedo AStQhiRARH davnCRPRBICE @ncésBHRAOiNBrad particulate _
activation/inactivation/reactivation cycle. Benzophenone i's a photoreactive

moi ety, si nceddbrisias metababdregsfasphen ave hensideatd torbeirelativan bilegicallyanerhi t i al
formati on of an excited singlet state that undergoes 85520486. 1- 10-
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intersystemcrossing to the triplet state. The excited triplet state can
insert into carbon-hydrogen bonds by abstraction of a hydrogen atom (from a
support swofameideder exanple), thus creating a radi cal perrus2Gehssgsient
col |l apse of the radical pair leads to formati on of a new carbon-carbon
bond. If a reactive bond (e.g., carbon-hydrogen) is not avail able for

bondi ng, the ultraviolet |ight-induced excitation of the benzophenone group
is reversible and the nolecule returns to ground state energy | evel upon
removal of the energy source. Photoactivatable_ aryl ketones such as
benzophenone BAuewEctcapmiendiserenetograterial daibue when puedtediedigthasnuch as

t hese groups i i i . i . - h e

provi de i ncre%é%&ﬁtégjafﬁn%teg?@%i%enﬁiclﬁ(.nrﬁf‘%&ﬁ lgﬁlhg%%%%%g%mg@rggtlo d t hat

w t h refer enciermh ponppdladtal waighi warinpjehtyarthirdygagpendent phot or eacti ve groups

i nclude free radical generators, nitrene and carbene generators or

combi nati ons fohgy eof , asthbeivBighPBdain@fjoihh@pREan&ltidekiess hdvbdterd he
photoreactive noiety is attached to the remainder of the crosslinker via a
bond or a |i nkPpeped thatptitizeagoninliantbeanag swdacss pevidedas spatarey of Betghe

remai nder of th I | I g r
benzophenone ?ﬁgﬁﬁﬁﬁﬁﬂ?ﬁ%tiEPgEQﬁ@ﬂﬁgégiPﬂaﬁﬁgaﬁﬁggﬁﬁfﬁiggfﬁggﬁﬁ that the
ket one functisnglliahymbefial 3% surfadddovBting abh meadl Gasdralkillngtiagaintgs, descri bed
herein, can include one or nore hydrophilic portions, i.e.,,ah%ygroxyl
group (that ragynskthsnalivceasipee ¢ 'ﬁé??ﬂ%ﬂ%Bﬁgaﬁpéﬁggfwﬁ@@ye“F 1 n one

embodi ment t hg L0k il $adQlsTHhgtic rubfdk. These devi

L- ((D-T-O(R %n@%éé%&@ﬁ?%ﬁ% ,a%?‘?é eFﬁifg Qs bl ng group. Dis 0, S,
SO, SO, NR5 loave BR6RhowT tb 9pérateGiizh yory 1¢w CHEHDbe0aysk of the@RREGHPEH2- 0- ) X,

(- CH2CH2CH2CH2- 0-)x or forns. a.bon i s, a.-hydrogen ato n_ al kyl ,
alkyloxya!kylyb%ﬁ fon that Jey,erh Wﬂgﬁwg%yféyyggéﬁﬁﬁgﬁﬁﬁﬁr?%#5%@} S, or

NRBRI. P is gl Hoefeid QMeARlsds Bel@Ghi Bcks O ehdointhitetoldpetdliyovi so that P
is absent when X i's NRBR9. R2 is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, aryl oxydepiried byra fdmyofoyparigl flgd olley have beqy, shgwnppossess a b@ﬁ/m,ce
(CH2)t-0- or C=0. . nd R4. are;.each in e t . . I

aryl al kyl , he‘%@ S erRa§1IS%e%%tﬁaﬂ%{élfﬂelr%ogy%ng?%@f‘lﬁ}gfﬁ%&lﬁ?ﬂg& 1@%?’%&3@%{?’? ! R3 and R4
can be tet hergshiliggat paysivlogichl doidralitility. -TBeAs¢ 6 it torGki2 shch as
(-CH2-)rS(-CH2-)s, (-CH2- )rS=0(-CH2-)s, (-CH2-)rS(0)2(-CH2-)s, or

(- CH2- ) r NR( - Grepyyrethapssasandirtigulafing weight headep@atsaiat hayef0h atom or an
al kyl, aryl, vl \ ; A pendentd ¥nd

hydr ogen ato&%kgﬁhéf§§ﬁfhggéfgggygﬁ%?ﬁgP?Z g%ﬁ?%@?yalggﬁﬁgtgﬁ%afy?alkyI
group. R8 andhRnay keaktcquestimapegréing theicbibdutrloygmndtsobseqaental kyl , aryl, or
aryl al kyl group, R L%.a hydrogen atom an al kyl group or an aryl group, ¢

i s an int eger?PsBMRAIHEY-about 7, r is an integer from0 to about 3, s is an
integer fromQ to about _3, mis an integer from2 to about is an

] . i 10, t
i nteger from[@18b aboutThus. ks ix aingechfor weighy Bparmedataliofiny agBEARass00. [ 45]
I n one aspect L : I; | et ween
about 2 and éggh?gQgﬂggéggﬁggggﬁ@anFQGEilﬁggﬁ%?%%?ﬁgg%géﬁgmgﬂ?g@an oxygen
atom (0). [ 4wgarlcharattetisticaiatthgh pasperinee, Toriger life@Hd 19 weransk(of GH2TH2- 0- ) x and

x is 1 or 2. 48] In still .yet anpther aspect, R, is a hydrogen atom
[49] In yet dﬁg¥ﬁ%$”ﬁ§b@%?¥“§ﬁﬁ§l .°‘£96§HB%¥@HFH6P“§NH$§ r%”ﬁyﬁrogen
atom  [50] | QkcamttdueR d&a0&HavinBartichl AingRAFRGR hAl8 Mot ploddde Jolertaill |

anot her aspect, G is an oxygen atom 52] In still yet another aspect,

0.
R3 and R4 ar éhasafidl matalliv weaapariiculaty) Idgﬂbu[ssqwnvm@lﬁn@enf usmgfnetyrherte
substi tuted, %pd mis 3 [S%L I%f ne.parti ulaﬁ aspect, L is, Dis 0, Tis
(- articulation sutfaces; Such as higher failure rates and theinctéased wear

associated with strain hardening caused by multidirectional motion, could also be

overcome. Such devices are needed for applications requiring conforming bearing
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CH2-)x, Rl is a hydrogen atom X is 0, Pis a hydrogen atom R2 is a
hydrogen atom Gis 0, R3 and R4 are phenyl groups, mis 3 and x is 1.

[ 54] | n weD 20npiolngss particul ar aspect, L is (-CH2-)y, Dpics/u$2010/obm3§ - CH2-
)X, RI is a hydrogen atom X is 0, Pis a hydrogen atom R2 is a hydrogen
atom G is O, R3 and R4 are phenyl groups, mis 2, x is 1 and y is an
integer from2 to about 6, and in particular, y is 2, 4 or 6. [55] In
certain enbodinents, x is an integer fromabout 1 to about 500, nore
particularly fromabout 1 to about 400, from about 1 to about 250, from
about 1 to ab®Butecaepch asaAacsisbule] cun B adéritointsmd aflé‘r%fﬁ{altsgdfmfa R¥-about 100,

fromabout 1 - f bout 1t b
107 156] I antpantgectact sbARABN b ol o ARRKSOIRE 0 i 57
L-((T-C(R1 R2GR3C(.=0) R4 58], wh in .L P, R2, R3,
R4,((R8,C( Rg?(éro)(‘)g_iR, d, Cf}}er%}s %ﬁgd " l!ian e e%tare%?ggwa%sftgﬁe%%%ﬁ%%%. [ 59] Cil n one

aspect, L hasreguit@hdisd #ha€ 606 Being stisstattiallg tddicuddn) for Mpeovedirhdding of [ 60] A
and J are each independently a hydrogen atom an al kyl group, an aryl
group, or togderEectod agagdedlyasus W&prwga,lsm@m@diugwéﬁ CRSBEE J are

each i ndepend r - : group then B
i's not pr esen(fqtgge ¥(? @e%?jﬁé}g?;%?ﬁ%@d%ér%g?%eﬁ}?@g@&f@@@gnd J forma
ring, then A giddihganehd adfid2n) horer Thisd js Rfurihsr @eciyd raigenthatnombenof al kyl

group, an aryl group or denotes.a bond with T, each z independently is an
i nteger from %Pnﬂﬁ’ngméh‘ﬂ“k?ﬁéﬂ}‘iab@bl‘t\ﬁﬁg??p@sf 1C8S 8¢ asJ”i%"Yﬁ?)?e“feﬁ&?d%yi s NR

ST T A e e b L S s
L- ( ( GTZR3C( =0ywh)detices should also be readily sterilized using conventional radiation or
steam sterilization techniques without causing oxidation and associated adverse
effects. Ideally such devices could be provided for the major weight bearing joints
in a range of sizes required to serve the full patient populations for various

degenerative joint conditions.
BRIEF SUMMARY OF THE INVENTION

[015] The present invention surprisingly provides compositions of
unique crosslinking agents that include at least 2 (or more) photoactivatable
groups; in particular diaryl ketone containing crosslinking agents, in combination
with one or more polymerizable monomers. After application of the composition
(with the crosslinking agent(s) and polymerizable monomer(s)), the composition
is subjected to photochemical and/or thermal reaction conditions to form the
brush polymer on a substrate surface.

[016] Alternatively, the composition comprises a diaryl ketone, such as
benzophenone and a polymerizable monomer, such as a zwitterionic monomer.
[017] It should be understood, that throughout the present application,
reference to the compositions of the invention refers to both mixtures; that is, a
composition having a crosslinking agent that includes at least 2 (or more)

photoactivatable groups, such as a diary! ketone, in combination with one or more
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[64] wherein L, T, G R3, R4, K10, R q, r, s, m t and x are as defined
above. Z can be a C=0 ,C00 or CONH when T is (-CH2-)x. [65] In one aspect,
L has a fwormiomosssgor ding to structure (1): (1) [66] whenskeodssts J, R',
and z are as defined above. [67] In another aspect, L has a formula
according to structure (11): N 312R13 KK 16R17RNNRI 4R15 [ 68] R12, R13, RI 4,
R15, RI 6, K are each

i ndependently a hydrogen atom an al kyl or aryl group or denotes a bond
with T, provided at |east two of R12, R13, R14, R15, R16, @R17 are bonded
with T and eawtyRerizahtéapentdesis byweld agmdigeyl Ketone, such as benzophenone, and a

polymerizable monomer, such as a zwitterionic monomer.

[018] The application of the composition for the treatment process can be
sequential or simultaneous with regard to the addition of the components. That is,
in one aspect, the crosslinking agent (or diaryl ketone) can be deposited onto the
substrate and partially activated to cause the crosslinking agent to adhere to the
surface. The polymerizable monomer can then be deposited to the substrate
surface and then subjected to activation, thus resulting in the brush type polymeric
layer. Alternatively, both the crosslinking agent (or diaryl ketone) and the
monomer can be applied to the substrate surface at the same time and subjected to
activation to form the brush type polymeric layer.

[019] The inclusion of photoreactive moieties within the compositions
provides that the composition can be used with a wide range of support surfaces.
The compositions can be used alone or in combination with other materials to
provide a desired surface characteristic. The compositions, alone or in
combination with another material, provides the treated surface having a modified
property that can include lubricity, hemocompatibility, wettability, hydrophilicity,
biocompatibility and/or (decrease) bacterial adhesion.

[020] In another aspect, the present invention pertains to lubricious
compositions that are described herein. Such coatings can be used to coat medical
devices, such as artificial joint components.

[021] While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent to those skilled in the
art from the following detailed description. As will be apparent, the invention is
capable of modifications in various obvious aspects, all without departing from
the spirit and scope of the present invention. Accordingly, the detailed

descriptions are to be regarded as illustrative in nature and not restrictive.
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[69] In another enbodi ment, the crosslinking agent has the fornmula: [70]
L-((TGQR3C(=0)R4)) 1, [71] wherein L, G R3, R4, RR}, -, Kq, r, s, m

X are as wefhwhme@diswbove. T is (-CH2-)", (-CH2CH2-0-)x, (PCEI&SIZ@@H?SB@S)X

(- CH2CH2CH2CH2-0- )), or forms a bond. Qis (-CH2-)p, (- CH2CH2-0-)p,

(- CH2CH2CH2-0-)p or (-
about 10.

NIl A(l) [73] wherein A, B, J, R', and z are as defined above. WO
2010/ 101863PCT/ US2010/ 025838 1{{"@ In anot her aspect L has a foinula

accordi ng to BRIGEDESCRIFTIO

REH. RRAWIN

[022] Figure 1 demonstrates that nylon coupons treated with
compositions of the invention have brush type polymer coatings.

[023] Figure 2 demonstrates that nylon coupons treated with
compositions of the invention have decreased non-specific protein adsorption as

compared to an untreated nylon coupon.
DETAILED DESCRIPTION

[024] The present invention surprisingly provides compositions of
unique crosslinking agents that include at least 2 (or more) photoactivatable
groups; in particular diaryl ketone containing crosslinking agents, in combination
with one or more polymerizable monomers.

[025] Alternatively, as described above, the crosslinking agent can be
substituted with a diaryl ketone. Both possibilities are represented throughout the
application and are referred to as the “composition of the invention”. In one
aspect, zwitterionic polymerizable monomers are utilized in the coating.

[026] In one aspect, the coatings produced by the compositions of the
invention are hydrophilic in nature and do not promote non-specific binding
interactions with non-target molecules.

[027] In the specification and in the claims, the terms "including" and
"comprising" are open-ended terms and should be interpreted to mean "including,
but not limited to. . . . " These terms encompass the more restrictive terms
“consisting essentially of” and “consisting of.”

[028] It must be noted that as used herein and in the appended claims, the
singular forms "a", "an", and "the" include plural reference unless the context
clearly dictates otherwise. As well, the terms "a" (or "an"), "one or more" and "at

least one" can be used interchangeably herein. It is also to be noted that the terms

nn "o

"comprising", "including", “characterized by” and "having" can be used

interchangeably.

85520486.1 -8-

CH2CH2CH2CH2-0-)p and p is an integer from1l to
[ 72] I n one aspect, L has a formula according to structure (I):

t and



| 61 217RNKNRR16 (I1). [75] R12, R13, R14, R15, R16, R17 are each

i ndependently a hydrogen atom an al kyl or aryl group or denotes a bond
with T, pwovndediss | east two of R12, R137 R4, R15, R @cTRkZoanessbonded
with T and each K, independently is CHor N. [76] In still yet another
aspect, conpounds of the present invention provide that R3 and R4 are both
phenyl groups and are tethered together via a CO a Sor a CH2. [77] In
yet anot her aspect, conpounds of the present invention provide vvhen R3 and

R4 are phenyl groups, the phenyl groups can each independently
substi tuted v{PgW at | ealélﬁleﬁﬁr@ﬁéF<ﬂ<9'lh6Wé‘F’I@UIte‘§lflk9ﬁ Jyan tqﬁ‘tlgg Termd uSed

o0 (202 e SRR R R SuiSEB Sheh sl e,

n i s an i nt egeanhd aroto which tldbowentidh bdlaigdk. Mwbhbﬁtmnsandbpatmtent the

crossl i nki ng agent s the formula: .[79] L-({(- - ) XX =0).R4) 2) , ,
[30] whr ci n SPeC g} Rentfencd G5 e Hsaprrad by EirroRes IndRTh R0 ety 4.
each r, each Phchuafda B,k %%d&l@@lbﬂﬁgth’é%&%m%&dnf%uﬂnén@n i nt eger “from
1 to about 1 %C I'n one asp ec% L has a fornula according to structure

(1y: N A( Is)at{sﬁ&ﬂ]amﬁeasesland meﬂ&dol]ogldﬁmhlclam repaated imthequblipatignabove.
85520486. 1- 15Wthh might be used in connection with the invention. All references cited in this
specification are to be taken as indicative of the level of skill in the art. Nothing
herein is to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
[030] Crosslinking agents:
[031] The crosslinking agent (crosslinker) includes two or more pendent
photoactive groups, described in detail herein, that are free radical generators,
nitrene or carbene generators or combinations thereof, and include aryl ketones,
azide/nitrene generators, chlorogenerating moieties (a free radical generator),
carbene generators or diazo moieties.
[032] The crosslinker can take on various forms, such as those described
herein. The crosslinker includes at least two (2) pendent photoactive groups. A
general formula for photoactivatable crosslinkers comprises:

( CoreH PA)

[033] n
[034] wherein “core” is a linear or branched alkyl group, a linear or

branched alkyenyl group, an aryl group, a sugar substrate, a polysaccharide
substrate, a peptide, a protein, a nucleic acid, an oligonucleotide, polyacrylics,
polyvinyls, nylons, polyurethanes, or polyethers.

[035] Each “PA”, independently, is a photoactivatable group that can be
an aryl ketone, an azide or nitrene generator, a free radical generator, a carbene

generator or a diazo moiety.
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WO 2010/ 101863PCT/ US2010/ 025838 [83] In another aspect, A and B are
hydrogen atons. [84] In still another aspect, xx is 1. [85] In yet another

aspect,
1. [87]

[ 88]

)t0-,
| n anot her

In still
t is 1

yet another enbodinent, xx is 1, Rl is H each Gis (-

and each of R3 and R4 are each individually aryl groups.
enbodi ment of the invention, the fanily has the fornula

L-((- C(Rl)(XP[)CHRZGRBC(“O)R4)1 [91] where L, RS,

Rl G,

X, P, G036l

L i S 7 t7ss g By aid BBl By SASLD ok Sl 2 10%(5 A0SR
;“[aég(% n ano%ﬂk H 6?“94

al kyl
still
[ 96]

group or an ary gfoup

as ect,

bot h

Rvoi2810H01§686] I n still yet another aspect, G ispCT@d201iodss3and t is
I n anot her aspect, R3 and R4 are each individually aryl grou

pS.
CH2-
[ 89]
[90]

R9,

, s, fn”isAdinteger @O%atd@st%éﬁa@ﬁW@OO fpgiv]amme Bﬂ@ aé\spect

In

anot herindlspigtall inlegesiand i@lﬂgﬁs ﬂom a{t Qabt 2 ﬁhcﬁ/ﬁOO(Bmcg. Ffﬁim ab(pRGtto Pis H

In still

yet anot her as R2 97] I n anoth aspect,

(- CH2-)tO- andpout $,09, from aboup[ 4 to ‘about 5 OOO from[at least 2 to about 999 etc.

[037] Additionally, suitable photoactivatable crosslinkers include those
described in United States Patent Nos. 5,414,075; 5,637,460; 5,714,360; 6,077
698 and 6,278,018, the contents of which are incorporated herein in their entirety
for all purposes and most particularly column 5, line 1 through line 15 and
column 8, line 5 through line 30 of US Patent No. 5,414,075; column 5, line 1
through line 24 and column 8, line 1 through line 20 of US Patent No. 5,637,460;
column 5 through column 8 and column 9, line 1 through line 40 of US Patent No.
5,714,360; column 7 through column 8 and column 9, line 1 through line 40 of
US Patent No. 6,077,698; column 3 through column 4 and column 5, line 1
through line 28 of US Patent No. 6,278,018; and column 5, line 1 through line 15
and column &, line 5 through line 30 of US Patent No. 5,414,075.

[038] In one aspect, use of photoreactive (photoactive) species as
pendent groups within the crosslinkers described herein are generally in the form
of photoreactive aryl ketones moieties, such as acetophenone, benzophenone,
anthraquinone, anthrone, and anthrone-like heterocycles (i.e., heterocyclic analogs
of anthrone such as those having N, O, or S in the 10-position), or their
substituted (e.g., ring substituted) derivatives. Examples of aryl ketones include
heterocyclic derivatives of anthrone, including acridone, xanthone, and
thioxanthone, and their ring substituted derivatives. In particular, thioxanthone,
and its derivatives, having excitation wavelengths greater than about 360 nm are
useful.

[039] The functional groups of ketones are preferred since they are
readily capable of undergoing an activation/inactivation/reactivation cycle.
Benzophenone is a photoreactive moiety, since it is capable of photochemical

excitation with the initial formation of an excited singlet state that undergoes

85520486.1 -10-
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[98] In still another aspect, R3 and R4 are each individually aryl groups.
[99] In yet another aspect, RLis H Xis 0, Pis H R2is H Gis (-CFl2-
)t0-, t iwokoioR®1®mBd R4 are each individually aryl groupstasdoied2ssssl R21
are both methyl groups. [0100]In yet another enbodi ment, the present

I nvention provides crosslinking agents having the fornmul a:
[0101]L-((GR3C(=0)R4))1; [0102]where L, G R R3, R4, R, q, r, s, mand t
are as defined above. 85520486.1-16- 0 :cgs [0103]In one aspect, Lis O
[0104] In another aspect, Gis C=O_ [0105]In still another aspect, R3 and R4
are each indi W@wtqnycr@rsgmg g*tbG}tr@let[S@I@G heexgeed tripdetistate easp BEILING i s C=0

end FS" gty DALY 0 PG ST T

No. 200700037&ifface,tfbCex@ipl©Nihss efcatiy £ hdasaBpdif) cmu@e@@he@bltapgea;mh@y

reference. radical pair leads to formation of a new carbon-carbon bond. If a reactive bond
(e.g., carbon-hydrogen) is not available for bonding, the ultraviolet light-induced
excitation of the benzophenone group is reversible and the molecule returns to
ground state energy level upon removal of the energy source. Photoactivatable
aryl ketones such as benzophenone and acetophenone are of particular importance
inasmuch as these groups are subject to multiple reactivation in water and hence
provide increased coating efficiency.
[040] It should be understood that with reference to a photoreactive
moiety, the pendent photoreactive groups include free radical generators, nitrene
and carbene generators or combinations thereof, as being part of the crosslinker,
that the photoreactive moiety is attached to the remainder of the crosslinker via a
bond or a linking group that joins the photoreactive moiety to the remainder of the
molecule. In other words, for example, there are benzophenone fragments that
are included in the crosslinker, such that the ketone functionality remains.
[041] Suitable crosslinking agents, described herein, can include one or

more hydrophilic portions, i.e., a hydroxyl group (that may be protected), amines,
alkoxy groups, etc.

[042] In one embodiment the crosslinking agent has the formula:
[043] L-((D-T-C(R")(XP)CHR’GR’C(=0)R*)m.
[044] L is a linking group. D is O, S, SO, SO,, NR® or CR®R’. Tis (-

CH»-)y, (-CH,CH,-0O-),, (-CH,CH,CH,-0-)y, (-CH,CH,CH,CH,-O-), or forms a
bond. R'is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or
aryloxyaryl group. Xis O, S, or NR®R’. Pisa hydrogen atom or a protecting
group, with the proviso that P is absent when X is NR*R’. R%*isa hydrogen atom,
an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl or aryloxyaryl group. Gis O, S, SO,
SO,, NR'?, (CH,)-O- or C=0. R> and R* are each independently an alkyl, aryl,
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[ 0108] Crossl i nki ng agents enconpassed by the present invention can be
prepared by selection of an appropriate aryl group wth a photoactivatable
group andwet2iog@sgezone group that can either act as a neclraspéilrsssi te or
can be acted upon in a nucleophilic displacenment reaction with a |inking
agent (L) having at | east two opposing groups, either a |eaving group(s) or
a nucl eophilic group(s). General synthetic schenes detail ed bel ow
denonstrate two approaches suitable to prepare corrpounds of the invention.

0 X R3R4-Nuc L(Y)" L(Nuc-R4COR3), Sche I 0 X

RR__ L(Nuc- Rm;z%(yl heteroaryl, or a heteroarylalkyl group, or optlonally, R’ and R* can be
tethered together via (~CHa-)gq, (-CH,-)/C=O(-CHz-)s, (-CH2-):S(~CHa-)s, (-CHo-
%:S=0(~CH,-)s, (~CH,-):S(0)2(—CH;-)s, or (-<CHp-)NR(~CH,-);. R’ and R'’ are
each independently a hydrogen atom or an alkyl, aryl, or arylalkyl group. R® and
R’ are each independently a hydrogen atom, an alkyl, aryl, arylalkyl, heteroaryl or
heteroarylalkyl group. R® and R’ are each independently a hydrogen atom, an
alkyl, aryl, or arylalkyl group, R is a hydrogen atom, an alkyl group or an aryl
group, q is an integer from 1 to about 7, r is an integer from 0 to about 3, s is an
integer from 0 to about 3, m is an integer from 2 to about 10, t is an integer from 1
to about 10 and x is an integer from 1 to about 500.

[045] In one aspect, L is a branched or unbranched alkyl chain having

between about 2 and about 10 carbon atoms.

[046] In another aspect, D is an oxygen atom (O).

[047] In still another aspect, T is (—CHj-)x or (-CH2CH,-O-), and x 1s 1
or 2.

[048] In still yet another aspect, R' is a hydrogen atom.

[049] In yet another aspect, X is an oxygen atom, O, and P is a hydrogen
atom.

[050] In another aspect, R? is a hydrogen atom.

[051] In still another aspect, G is an oxygen atom, O.

[052] In still yet another aspect, R® and R* are each individually aryl

groups, which can be further substituted, and m is 3.

. N
.
~ N
’, <
. <
. .
.
N
.
.

[053] In one particular aspect, L is N ,Dis O, Tis (—
CH»-)x, R is a hydrogen atom, X is O, P is a hydrogen atom, R? is a hydrogen
atom, Gis O, R? and R* are phenyl groups, mis 3 and x 1s 1.

[054] In yet another particular aspect, L is (-CHy-)y, D 1s O, T 1s (-CH»-
)x, R! is a hydrogen atom, X is O, P is a hydrogen atom, R? is a hydrogen atom, G
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n Scheme Il wherein X is an integer equivalent to "n" and n is an integer
between 2 and about 6, R3 and R4 are as defined above, "Y' is a | eaving
group or wognmwvpigeBat can be acted upon by a nucl eophi lpce/rewp2ssssich as
an ester, carboxylic acid halide, etc. and "Nuc" is a nucl eophilic group,
as described in further detail below. Alternatively, the reaction between
"Y' and "Nuc" can be a condensation reaction, such as the reaction between,
for exanple, a hydroxyl group and a carboxylic acid. [0109]It should be
understood in schenes | and Il, that R3 and R4 are interchangeable.

[ 0110] Sui t ablie Oalic lkadBhiate phegylamipeps( mue ¥, ¥ ticl andley isfaprintegerfpire 2 tam nes,

hydr oxyl , thh%%m;,%ﬁdj{B%%%1§PiE§QRFbJ§aVing groups, or groups susceptible
to nucl eophili’c a facK, Pi'nci tad 'estel's, et hers, epoxi des, hal i des,

i socyanat es, [055]t hi ocyanatRsin egibbli@ints, @ s o intkesr frampdni desSaboaesdmpXxyl i c
acid halides, carboxylic acid esters, and aldehgdes. [0112] Resul t ant

functi onal nﬁp‘éﬂeipé‘étlcp}aélhﬁff%a?@ﬁéttPého%éer@Wlta Qutr felaBewrA0i Bogr oup and
| eaving (or C%Bﬁltef‘Foaan'oﬁ{b(ﬂi %H{ HoQf | HiShout P50, SRR 1 §S IR 106 MR S
car bamat es, thi ocar bama es, su ?ones, am des, ureas, thiourea, ’am nes,
sul f onam des,abbut hesabptih®(, fimanataat 1 vs abvart 25 ediromthbout hteeaboedUi ng agent

such as sodi um horohydride to an am ne) tc, [0113] Suitable reaction

condi tions fdP®uch coﬂaéﬁgéﬁﬁ%ﬂ@xg%mﬁu@ﬁZ@BHYL?%&@ﬁgﬁﬁéﬁenents are known
in the art. kggpnexanpl g, (RyaroxKp)eaRta&RAE eti es can be condensed with
a carboxylicﬁacﬂd under gg%ygrg?%%g condit?g?gp?refluxing tol uene, acid

catal yst, Dedf58tark t remreind., ToRmX%ed & sG, Reat RU&K hRl% Beg ream,bie
di spl aced by hydr ox IdagoHpE under basic conditions. An isocyanate reacts
Wi th a hydr odH grotpedEe et

4t to form carbamates. Likew se, an

i sot hi ocyanat{gsg)r eact s ohB ashebty BrHax ¥ lfog4 RedoRith@tdRtAictné ag:ar bamat e.  Under
deprotonation conditions, a hydroxide ion reacts with an epoxide to form an

et her linkage and form ng a neM/hydrox(1 group. Reaction between a hydroxyl
and a sul fonyl chloride forns a suggpgéL\Regction bet ween a hydroxyl and an
anhydride will forma ester with a cérbox Tic acid portion as well.
Reacti on between a hydroxyl group and an ester wll also forman ester,
with the renoval of a correspondi ng dispt’aced al cohol, generally under
conditions that drive off the displaceqnalcoqgl.
(D.

[060] A and J are each independently a hydrogen atom, an alkyl group,

an aryl group, or together with B form a cyclic ring, provided when A and J are

each independently a hydrogen atom, an alkyl group, or an aryl group then B is

not present, B is NR! 1, O, or (-CH»-),, provided when A, B and J form a ring, then

A and J are (-CHa-), or C=0, R'! is a hydrogen atom, an alkyl group, an aryl

group or denotes a bond with T, each z independently is an integer from 0 to 3

and provided when either A or J is C=0, then B is NR! 1, O, or (-CHj-), and z

must be at least 1

[061] In another aspect T is —CH,-.

[062] In another embodiment, the family has the formula:

[063] L-((GTZR*C(=0)RH)m

[064] wherein L, T, G, R*>, R*, R'% R, g, 1, S, m, t and x are as defined

above. Z can be a C=0 ,COO or CONH when T is (-CHj-)x.

[065] In one aspect, L has a formula according to structure (I):
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[0114] Much |i ke the reactions with hydroxyl groups, am nes serve in simlar
manner. For exanple, an am ne can react with an activated carboxylic acid
for formwo 2ami@ese3Acti vation of a carboxylic acid can lpetfimeibiotased by
various nmethods in the art, including for exanple, use of

di cycl ohexyl carbodiim de (DCC) that generates urea as a side product. An

i socyanate reacts with an amne to forma urea and an isothiocyanate reacts
with an amne to forma thiourea. [0115] Reacti on between an am ne and an
epoxide will forman amne with an appended hydroxyl group fromthe

nucl eophi l i ¢ di spl acenent of the epoxidg ring. Reaction between an am ne
and a sulfonyl chloride will form a\,SUI/ﬂ@&m de. Reaction between an
anhydride and an amine will afford -‘anvam o Wi th a carboxylic portion
attached to the product. Reaction between lan al dehyde and an amine wl|
forman i mne which can be further reduged to an ami ne. Reaction between a
carboxylic acid halide and an am ne will--form an am de, as well as the
reaction between a carboxylic ester and am nel) Last | y, mel am ne type
conpounds canpgggfct W tHhaRi2 Ber RO Lod MasierhidkR9es. [0116] Reaction
conditions to formthe conpounds of the invention are known in the art. For
exanpl e, sui tE@FEk react iInomodwndipetip hshaandomiese a¢dosting v stivetuch(1§: Advanced
Organic Chemi stry: Reactions, Mechanisnggsand Structure, 5th Edition, John
Wley & Sons, Mchael B. Smth & Jerry |[March; Fieser and Fieser's Reagents
for Oganic Synthesis" John Wley & S NY; Vogel's Textbook of Practi cal

Organic Chemistry (Fifth Edition) by'A 1-%Vogel, B.S. Furniss, A J.
Hannaford, P.WG Smth, and A R miﬂ\@mngn&n Scientific and
Techni cal, Longman G oup UK, antk"AdVana&d Ongani(l).Chemi stry parts A and B"

Third Edition, E. A Cargy, ;R .S, ,Sundberg, Plenum Press, NY, 1990, the
contents of wW¥8h are iRco poRat Bd- Rer Bi nirpyachapdenspdetly s iydeagenentirety.

VO 2010/ 10186356T é&éﬁ@l@éﬂ%ﬁ&% #Ioée;lg‘aegﬁb @Witfl X PRIPR HS §LRd that

each "Y" independent ferent. ere it 1's possible to have
reaction prodrttR"t REt RInBIYBE @abetdedrwitti Tikadeachsk vieddpeadensly ie€Heor | i nkage
to the car bonlgfl cont ai ni ng photoactivatabl e group. [0118] An exenpl ary
non-limting reaction is depicted in Schenme |11, in which a hydroxyl group

under goes nucpoggphi | i ¢ RdshbiHePBmb&iARnE MelroRlinBak dedithhdBe @miaN undergo a
condensati on reaction between ;he hydroxyl group an%i a carboxylic acid.

X = OH Owve, 700 L-(TGQR’C(=0)R")m
[071] wherein L, G, R*, R R R, g, 1, S, m, t and x are as defined
above. T is (-CHy-)y, (-CH,CH,-0O-), (-CH,CH,CH,-0-),, (-CH,CH,CH,CH,-O-
)x or forms a bond. Q is (-CH;-),, (-CH,CH;-0O-), (-CH,CH,CH,-O-),, or (-
CH,CH,CH,CH,-O-), and p is an integer from 1 to about 10.

[072] In one aspect, L has a formula according to structure (I):
(0]
> \N/[LN/ 4
A\B/J
.
! ey
[073] wherein A, B, J, R, and z are as defined above.
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Scheme 111 [0119] Pol yneri zabl e Mononers: [0120] " Pol yneri zabl e nononer™
means a pol ynerizable allylic, vinylic, nmethacrylic or acrylic conpound.
The nonomneo 208Mmolpgs3ani oni c, cationic, zwitterionic, or ROWUSPII0/025838

[ 0121] Exanpl es of nonofunctional pol ynerizabl e nononers include styrene,
met hyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-

et hyl hexyl (neth)acrylate, lauryl (neth)acrylate, cyclohexyl
(meth)acryl ate, cycl ohexenyl (neth)acrylate, 2-hydroxyl (neth)acrylate,
hydr oxypr opyl gneth)acr | ate, tetrahydrofurfuryl (meth)acryl ate,

6- capr ol act onl@7fbdi f i ednta@ethshyspeet Libpud JarmuistasymlingfostrecturH@oxy et hyl
(met h)acryl ate, phenoxy pol yethyl ene ghy&el (neth)acrylate, dicyclopentenyl
(meth)acryl ate, dicycl opentenyl oxyethyl| (nmeth)acrylate, isobornyl
(nmeth)acryl ate, benzyl 85520486. 1- 20- met h) acryl ate, 8

- caprol act one-nodi fi ed hydroxyet hyl tH)acryl ate, polyethyl ene gl ycol
mono( net h)acryl ate, pol ypropyl ene glycol Jgono(net h)acryl ate,

2- hydr oxy- 3- phenoxypr opyl (netﬁ%éw yl axe, wﬁyaﬂbuy 3- butoxypropyl

b & byl prdfBT ot iyl dhe et Bec o 1 Ba e SPGBy S ks | o
(met h) acryl anitéle, alNiRRtRYHD |grdd§&ir@aﬁ&é§/zi BEA ORItk gt idllovﬁfeﬁ%f lead@Wy Loy

nor phol i ne, t hyl am noe (neth)acryl ate, vi nyl - 2- pyrrol i done, etc.
[0122] I n addll%llgﬁ?qbvt%ﬂiﬁﬁ{e}’ %%’ él(%é@ mra%dwlthdbwpbwu Kyoirdspendentlpis gdmer s, and

pol yners preyjously nentioned, useful free-radically polynerizable nmonomers
i nclude, for exanple, styrene and substituted styrenes (e.g.

1, 4-di vi nyl bgozéne, al ﬂhaﬁﬂ@‘éﬂwllo&iey’ﬁ@iéet) cordpdilds Qﬁﬂlerp&?eséﬁ»‘t 1ﬁvent1\éh nyl
acetate); vinyl Et hers, ﬁ butyl vinyl ether); N-vinyl conpounds (e.g.,
N-vi ny1-2- pyF9dfs ighR’ arNi .%fylbeﬁmfﬁpéloﬁrams ané@r%/qem@éoa@ihpr%%m, ut ed
acryl am des (485 QraCEi)?N' di al kyl acryl am de); nonofunctional (neth)acryl ates
(e.qg., isooctyl (ne acryl ate, nonyl phenol ethoxyl ate(neth)acryl ate,

i sononyl (et HQbﬁr yl at e, Ingetednothee aspegt, yaopdumds by therpydsahteinvention provide

bor nyl | t hoxyet h th | at
2 et hyl bexyl (THEC SR SEEP PALPPIE L PALH s, cob G AraiRrsmicry be |
mono( met h) ac rs%s%ﬁed behae Peram%ﬁé%m}ydﬁym%&h%x%ﬁﬁ ysluéﬁ B chs6! Q@thﬁ%@ Jh) acryl ate,

2- hydroxyet hyl (net h) a | at e Yaciylfonitrile, maleic an
itaconi c aci @ @éh&)ﬂ'zl Pa}aﬁdetce&ylad@cPéquy(gmum)sadr 38l H{@EQH2CH20-

(ot ) acr y1 1 €T Gy TRy B D Sy Sty it Fofpigedt fom

pol ycapr ol actlaﬁab@stler ( rret h) acryl ate, hydroxypropyl (neth)acryl ate,

hydr oxyi sopr 015) I (meth)acryl ate, hydroxybutyl (neth)acr ate,

t et r ahydr of ul$i®ly| (net Hl} aeqtheragmbod w@tM%s§lﬁ@na)aa@ﬁ¥lasaﬁle,forrnula:

n- hexyl (et h yl at e, 0 ey yl ate, isodecyl (neth)acryl ate,
2- met hoxyet hywﬁ th) acry %ljg %g@%){bﬁfﬁg@%ﬁ% y) et hyl (rret h) acryl at e,

| auryl (et h);moy ate, zvherﬁmenoxzyohtMﬁ(mr()mdy teach R*, each R', each q,

i socyanat oet h 82 acr I ate | yci d th acryl ate,

benzyl (et h) 5 5? ’tqa ey (‘frgr I@Ve(?élﬂr’%l i§@pdnigesretay dcioyl at e,
hydr oxyi sobugyd (it h) acryl ate, and tet rahydr of urfuryl (neth)acryl ate); and
conbi nati ons thereof. Such conpounds are w dely avail able fromvendors such
as, for exarriﬂﬂé] Sar t ofeenGonpenly hafx foomulaRacordiy@BoGhrectiegl)s Cor por at i on,
Snyrna, Ga.; and Aldrich Chem cal Conpany, M| waukee, Ws. [0123]"Cationic
monomer” means a nononer whi ch possesseés a net positive charge.
Representative cationi c nononers mQI the guaternary or acid salts of

di al kyl ami noal kyl acryl ates and net hacrylates, the quaternary or acid salts
of dial kyl am noal kyl acryl am des and t hacryl am des, N, N-diallyldialkyl
ammoni um hal i des, Manni ch products, aﬁq the like. Al kyl groups are
generally Cl1-C4 al kyl. Cationic nononers i nc(l[IKde di al I yl di met hyl anmoni um
chl ori de (DADMAC), (3-acryl am dopropyl)trinmethyl ammoni um chl oride (APTAC),
(3- net hacr y[e#2] do) pr oppkteir ApBhi;[Rdhmma iz ure shlefinedgbdWAPTAC) ,

di met hyl am noet hyl acryl ate nethyl chloride quaternary salt (DVAEA/ MCQ),

di met hyl am noet hyl net hacryl ate nethyl chloride quaternary salt (DVMAEM MCQ
and di net hyl am noet hyl acryl ate benzyl chloride quaternary salt (DVAEA/ BCQ) .
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[0124] " Ani oni ¢ nononer” means a nonomer whi ch possesses a net negative

charge. Representative anionic nononers include netal salts of acrylic

aci d, netweeowliotseaci d, or itaconic acid, 2-acryl ani do- 2cmaisbyio/opssepane
sul fonate, sulfopropyl acrylate or nethacrylate or other water-sol uble

forms of these or other polynerizable carboxylic or sul phonic acids,

sul phonet hyl at ed acryl am de, allyl sul phonate, sodi um vinyl sul phonate,
nonoacryl oxyet hyl phosphate and their sodiumsalts and the |ike.

[ 0125] " Noni onj ¢ _nmonomer” mnmeans a nononer_which is electrically neutral

a
(contains no [B88l zed gr Bugpsther pansele detnddt arpdorbhydspgea atgdner s i ncl ude
acryl am de, kpcryl anj,dga l.ac % m de,
N,Ndinethyl(gth acryla% efgkgggo ng§¥sﬁéth)acrylanide, N ( 2-
hydr oxypr opypi@86hacr y| ahi ybe andthereispact,dt 'deHy| ami de, N-vi nyl f or mani de,
Nvi nyl acet am N-vi ny] - N-met hyl acet am de, pol y(ethyl ene
gl ycol ) (et h) ﬁ’?ﬂ/l ate, {&oﬁ“;l}(yéf Ff%%t@%élslgq%ébﬁ)('ﬁ?:%ﬁgﬁeﬁ%ﬁ isdt her
mono( met h) acr pigaf €, N- Vigibir BHREORP SANR! 1@l HGEHAlVidTRNG Gf cryl ate),
2- hydroxyethgté%eth)achLatefgﬁ%nyl nethy?sulfoﬁéfmggnglEgggﬁgﬁé, and t he
like. [0126] "[B#8Lt er i onincstittoyed reothememalnslimensokx sel, iR/ db e eadi 66si(€H,-
containing cationic a ani Pk C harged). functionality in equa
proporti ons, %o”gﬁhkm}_%wHBf coft ﬁi@E%@%?ﬁ@Uﬁﬁﬁhy39@ﬁéLW? Represent ati ve
ZwW tterionic [0GgPNeErs | TAGhUer embodiment of the invention, the family has the formula
N,N—d|nethyI-N-acryIoyIoxyethyl-NWBS-squQE%?pyl -gnnnnlun1beta|ne,
N, N- di et hyl -9kt hacr yl oyl ohfletHR DO CERS GRF 657 @By L) - ammoni um bet ai ne,

N, N- di et hyl - ryl am pyl nN-{2neatdbgx oy R~ ni um bet ai ne
N, N- di et hyl %’fbt hacr y‘?ge?né g*o%r gp’y 2 ﬁ’?ﬁz-’ gaf?‘%%gyﬁgﬂ’ %%?8%’&? ?ffﬂa%eaf%i ne,
N, N- di met hyl -&N-dafingd sbvvdopr opyl - N- ( 3- sul f opr opy1) - ammoni um bet ai ne,
N, N- di met hyl - N- net hacr yl am dopropyl - N;, ( 3- sul f opropy1l) - ammoni um bet ai ne
(SBMAM), N, N-di met hyl - N-acryl am dopr opW $+(2-carboxynethyl)- anmoni um
bet ai ne, N, N-di net hyl - N- met hacryl am deprepyl - N- (2- car boxynet hyl ) - anmoni um
bet ai ne, 2-(nethylthio)ethyl nethacrylloyl/-S(sulfopropyl)-sulfonium betai ne,
2-[(2-acrylo hyDdi met hyl anmopi o. yl - byl osphate, . .
Z-Egcrylozloﬁbgémzl)-gﬁp@%PFﬂﬁ?ﬂ§PgnnDniﬁ%f@gﬁ§I%ﬁhggﬁﬁéﬁﬁ,lnmv“hmny
[ (2-acryl oyl ef iRty A hy! @9§Rhonic acid, 2-[(3-
acrylanidoproé?&?%%nethylannnnﬁg%gﬁﬁylagﬂ-lsopropyl phosphate (AAPI), 1-
vi nyl - 3- (3- sUP$Hpr opy| )nahetheoispesh Rydhbxi de, (2-acryl oxyet hyl)
car boxynet hyl t hyl sul Lum.chl oride,, 1-.(3-syl fopropyl)-2-vinyl pyridinium
bet ai ne, N-(l[s)gxs‘]ul fobut%}%l‘f-1 Ep%é?rhaﬁp?cgl,we&?g% S?I%g'm ne anmoni um bet ai ne
(MDABS), or Noo&li al | yl -Ihyskednbyter bBspedt, ut Hoet hyl ) anmoni um bet ai ne,
2-met hacryl oyl oxyet hyl phosphoryl choline, ,and the like. [0127]1n one
aspect, 2-neﬂﬂ%@ryloyldﬁﬁ%ﬂﬁyﬁmﬁﬂ@§®H@?WPchhmine is not included as a
mononer. \O;g@#40/ 101863 / 338 [ OL { &y yl Ket ones:
[OlZQ]SuitabﬂeQerl ketoﬁgghggépég(?%gfﬁgégg%%géﬁ??%ns of the invention
i ncl ude, for [89&Inpl e but sl enatbér dspett,tREntiR* aaceichpidindog]y hehgepfenone,
ant hr aqui non nt hrone, and ant hr one-l,i k et erocycles, (i.e., heterocyclic
anal ogs of aﬁ?%ﬁone suiﬁy&%a“to £ @AY fngs ﬁ,’ EI(O‘,S_CBrPSH’rRtlﬁéL@lSprHﬁ on), or
their substityd-edis(ie F3.and ' *NGe SBShifvithan) ag@rg'rd{?) MG R pl &5 10h, aryl
ket ones i nclude heterocyclic derivatives of "anthrone, 1 ncluding acridone,
xant hone, andnathyl@xeupshone, and their ring substituted derivatives. In
parti cul ar, ioxant hone, and.its derivatives, having. excitation
wavel engt hs nga er th %V%&@B?mﬁﬁﬁgﬁﬁ?ﬁP%hﬁ@%@ﬁP@ﬂfﬁ%§@ﬁ%@Wﬁ¢ho|ogy:
[ 0131] " Al kyl "erdaylinkiseh den@rhagmofBé for@lilaanot her substituent refers to a

12 g

[0101] L-((GR’C(=0)R")).y;
[0102] where L, G, R, R® , R4, RIO, g, 1, s, m and t are as defined above.
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saturated or unsaturated branched, straight-chain or cyclic nonoval ent

hydr ocar bon radi cal having the stated nunber of carbon atons (i.e., Cl-C6
means onewbeosiwissar bon atons) that is derived by the recwusbowh23se
hydrogen atom from a single carbon atom of a parent al kane, al kene or

al kyne. Typical al kyl groups include, but are not limted to, nethyl;
ethyls such as ethanyl, ethenyl, ethynyl; propyls such as propan-|-yl,
propan-2-yl, cycl opropan-|-yl, prop-Il-en-1-yl, prop-1-en-2-yl,
prop-2-en-1-yl, cycloprop-I-en-1-yl; cyc%oprop-Z-en-l-yI, prop-1-yn-1-y1 ,
prop-2-yn-1l-yl, etc.; butyls such as butan-1-yl, butan-2-yl,

2- et hyl - propan- 1-yl , 2-nethy|-propap{2- , cyclobutan-1-yl, but-l-en-1-yl,
but-1-en-2-yl, 2-methyl-prop-1l-en-1-yI'Y buf} 2-en-1-y1 , but-2-en-2-yl,
buta-1,3 -dien-1-yl, buta-1,3-dien-%é%i$mc Igﬁgt-l-en-l-yl,

cycl obut - | - enggdo%] . cyclPbd Bpdet 3- (i €N~ , t-1-yn-1-yl, but-1 -yn-3-yl,
but-3-yn-I-yl, etc.; and the Pike. Where specific levels of saturation are
i nt ended, thel0@Aknc! at lranothekr kepegl, G'is'Ceikenyl " and/or "al kynyl" is used,

as defined be "Lowey alkyl' refers_to kyl groups .haying from1l to 6
carbon at ons. loagg]20486. &1;311)11-%0% SPEDY Eoi%‘ggpéﬁe%%*ét?%ﬁ’ﬂ%‘%% I'groups.

[0132] " Al kanytd1oby it seldf ye@an@Bei@pdet,af iA00ORAN RSURS R hrtenthrefers to a
saturated branched, straight-chain or cyclic alkyl derived by the renoval
of one hydr ogedivadusihyfardrerrsi ngl e carbon atom of a parent al kane. Typica
al kanyl groupghec! ude, t i.m y thanyl .. et hanyl.,;

pr opanyl s sucﬁ”ngpropaﬁg f§ Fﬁ%gggggég%%%g%%%%5$§b§P§¥i%@%?gﬁ?%ﬁg%-I-yI,
etc.; butanyl 51/s28503E& DPttdivationyNo. 1007800205}, ths@titddtd O Which are

2- met hyl - propan-1-y1 (isqb%tyl , 2-nmet hyl -propan-2-y1l (t-butyl),

cycl obut an- | - yeorpatated hegeig by eferepga.  [0133]" Al kenyl " by itself or as part
of another su it uent : 1 al -chain or
cyclic alkyl aegng at F§%§?§g¥eg%g?gﬁﬁﬁﬁg%%%ﬁ%ggg§B§g§gﬁg%iéﬁf%g%aby t he
renmoval of ongreparcdd bgegiecdioomffan apprapsiatagtyé geaupbweith apbetvaftivataprrgadp al kene.
The group may etin Fither t he cis‘ﬁr trans c nf%rnation about the doubl e
bond(s). Typi T8It LRI S YHHALCan FEPEIASt aha RUh e RIS SIE iR FERF 3654 et heny!
propenyl s suclpoasn Rm@Brebpiific Hisylacenr® PeabtiSM wah Y linkifeOear @) hhvith at
prop-2-en-2-yl, cycloprop-l-en-1-yl; cycloprop-2-en-1-yl1 ; butenyls such as
but - | - en- | - yileaghivo pprasing-grpupspeither hy¢avpreogroap(sher a iyicleoplific Zramp(D- yI |

but - 2-en-2-yl, - ~dien-l-yl,. ta-1.3-dien-2-yl, cyclobut-l-en-I-yl,
cycl obut - | - eno % yélgy‘i‘?gﬁ‘%%ﬁ%? ﬁ?%@%ﬁ%g’ﬁfiw g?r?ogfrge;ztwﬁﬁgpg%ghqsiswégble 0

[ 0134] " Al kyl opeypdrkybhipsaldebsthednenibh.et y havi ng two al kyl groups tethered
toget her via an oxygen bond. Suitabl e al kyl oxyal kyl groups include

pol yoxyal kyl enes, suth as pol yet hyl eneoxi des, pol ypropyl eneoxi des, etc.
that are term_nated W th an al kyl group, such as a nmethyl group. A general
formula for sdeh co unds can bge depicted as R-(OR")" or (R,0)11-K
wherein n is anrPfit egerrf+omlct 0 abdyl) 10,—armd—R>™and RNae-& @ORy), or

al kyl ene groups. [0135]"Al kynyl" by itself or as part of another
substituent refers to an unsaturated br3hehed, straight-chain or cyclic

al kyl having at |east one

or

~ )J\ —_—
_l’_
=3 Ry L(Nuc), L(Nuc-R*COR?),

Scheme I1
wherein X is an integer equivalent to “n” and n is an integer between 2 and about

6, R? and R” are as defined above, “Y” is a leaving group or a group that can be
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carbon-carbon triple bond derived by the renoval of one hydrogen atom from
a single carbon atomof a parent al kyne. Typical al kynyl groups include,
but are mwo 2biomioissd t o, ethynyl; propynyls such as propetTAsdetoAyIsss
prop-2-yn-1-yl, etc.; butynyls such as but-Il-yn-1-yl, but-I-yn-3-yl,
but-3-yn-I-yl, etc.; and the |ike. 85520486. 1-25- WO

2010/ 101863PCT/ US2010/ 025838 [0136] "Al kyl diy1" by itself or as part of

anot her substituent refers to a saturated or unsaturated, branched,

strai ght-chain or cyclic dival ent hydrocarbon group having the stated
nunber of car¥ woshy qnuckeophiit-grsipreahssfan saten sarbosyléd scidhallsenctat ons)
derived byth re v wo di fferent
carbon atons g\r{%aigen]?Jl %ﬁ%ﬁle g%ﬁgglgggsor%({ i%}tﬁ et%@beﬁ(ﬁ%’ renoval of two

hydr ogen atormltémmeay sheghetigaidoosenatiorand “Nilcpaﬁleﬂéaa&)ﬂ‘eﬁﬂﬁﬂoﬁ' kene or
al kyne. The two ponoval ent radjcal centers or each val ency of the divalent
radi cal cent 2R FHPFS BHERCAntIstwece, WafRarapled hydsoen Erawpamd 2 Typi cal

al kyl diyl gro e, but are not limted to, nethandiyl; ethyldiyls
such as et ha%P%XYHEEHQ , ethan-1,2-diyl, ethen-1,1 -diyl, ethen-1, 2-diyl;
propyl diyls s[O&OB]as pr oIpalmuld Be dm@elrstoqufmpsamerﬂesz aﬁdyl, ,thquépﬁlei ai- di yl,

pr opan- 1, 3 di H? h Propan- , 1 -diyl, cyclopropan- 1 ,2-diyl, prop- 1
-en- 1, 1 -dpifena %’B en- 1 ,2-diyl, prop-2-en- 1 ,2-diyl, prop- 1

-en- 1 3 - diph1o fcyd Opglﬁﬁble]nucl%ephlillc g?ou‘ﬂk YNuc)CiB(&ﬁ&%Prf&Féx%ngﬁ darill ned diyl,

cycloprop 2- en- diyl, prop-1- , etc 'such as,
but an- 1, 1-di yhydr(mﬂ athwh,e&dl yl, but an 1 3 diyl, but an-i,4-diyl,

but an- 2, 2-di y; - et hy, an-1, 1-di 2- neth “PIo

cycl obut an- 1, [b” dify1; cyéc I%E%H Shing goﬁli’%lf’f EOYRY 3B pé‘ﬁ t% I%BP%VF but- 1
-en- 1, 1 dittW:k itdtide élster@@theils eﬁoﬂdéé' halllds, -isckyar®iles, ﬂsoth%@hlydtes but- 1 -en-
1 ,4-diyl, 2- nethyl -en- 1 -diyl, 2-nethanylldene propan- 1 , 1
- d| yl, but a- ]_sulfgnyl(gh@ﬁl_deg_ anhydruiewcarh@gy]ac ficid Balidfisegprbarylip aeiid ghtershanda- 1, 3
-dien-l , 3- dum%my@% a-1,3-dien-1,4-diyl, cyclobut-l-en-1,2-diyl, cyclobut-1
-en- 1 3 -diy cyCIobut 2-en-1, 2-diyl, cyclobuta-1, 3- di en- 1, 2-diyl,

cycl obut a- 1, 3Joti23n- 1, 3-Rhisyltant lﬁmrtoﬁﬂmalyllibletif;sffr(ﬂn ﬁie,reﬁlﬂ%nbet‘%&n tﬂe 4-di yl

buta- 1, 3-diyn . and the like. Where_ specific | evel s~ of

saturation ar‘@C]ieﬂP}éH‘dgﬁmptai‘?gE%%r{ﬂ sqndeRsatipR grRAPYingludeafok E¥RIEy | and/ or
al kynyl di yl icgtettS 8lersVORDSnAtts, 'tlﬁoéa?@é%ﬁeftésc%lkdﬁek e ﬁl)(/){ﬂlég’ene

val enci es be on fhe sane carbdn atom hé nonencl at ure
used. A "l om@mlmSkwlﬂmym‘Idassmanese(thaybzdlbydfugﬁhmrpdlhrwdlmgnéredmiﬂlghgenﬁ car bon

oo P LSRRG 15 B, O e e, saturated acyel

carbons, e. g.[o118t handigyitaBie 3488 cdnd®®ons for such condensations or nucleophilic
displacements are known in the art. For example, hydroxyl containing moieties
can be condensed with a carboxylic acid under dehydrating conditions (refluxing
toluene, acid catalyst, Dean Stark trap) to form esters. Reactive halides can be
displaced by hydroxyl groups under basic conditions. An isocyanate reacts with a
hydroxyl group with heat to form carbamates. Likewise, an isothiocyanates reacts
with a hydroxyl group to form a thiocarbamate. Under deprotonation conditions,
a hydroxide ion reacts with an epoxide to form an ether linkage and forming a
new hydroxyl group. Reaction between a hydroxyl and a sulfonyl chloride forms
a sulfone. Reaction between a hydroxyl and an anhydride will form a ester with a

carboxylic acid portion as well. Reaction between a hydroxyl group and an ester
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(et hano); ethan-1,2-diyl (ethano); propan-1, 3-diyl (propano);
butan-1,4-diyl (butano); and the like (also referred to as al kyl enes,

defi ned iwbrajo10i$337] " Al kyl ene" by itself or as part ofrcanstéien2ss3s
substituent refers to a straight-chain saturated or unsaturated al kyl diyl
group having two term nal nonoval ent radical centers derived by the renoval
of one hydrogen atom from each of the two term nal carbon atons of

strai ght-chai n parent al kane, al kene or al kyne. The | ocant of a doubl e bond
or triple bond, if present, in a particular alkylene is indicated in square
brackets. Ty pWéb‘I‘lS%Fq@ﬂl aarfstegrvitihtcirpapyr of a gerrespprding displaged deaohod,

Tet byl ene (MeLaRnRl AL ERES: BHEASHARGIEh BRAR et hyno: pr opy! enes
such as propano, prop[l]eno, propa ,2? di eno,” prop yho, etc.; butyl enes
such as but anf@114jut [ | | eMach bki¢ fh2]reaiondwith hiddkdi gromps, birek katwoin but [ 2] yno,
buta[ 1, 3]diynq, .etc.; and the |ike. Wlere specific |evels of saﬁ,ur ation are
i nt ended, t heSROARRAME uF &" RPN 20 AMkEndras! BithanagHntedcaeiglicl n
preferred embogh fRMES arf DRidR! MG REortS QMR I fi iR BE rdcfitartPby al kyl ene.

Al so preferred are straight-chain saturate g ano groups, e.g., nethano,

et hano, pr opavesioubutethods irathd atthimcludkes fof ekagfle, Asybf by itself or as part of
anot her substituent refers..to qval ent aronmatic drocarbon group

havi ng t he st%f%cio%ﬁﬁggﬁog?mb@ipwébgrggnf(rﬁt.eé‘.lfeaé%-a Pﬁ%‘ﬁ’ﬁ& ’g? om5 to 15
carbon at ons)isgl8uhaeceall Willead SARAS ¥ LN8a BYHEOLEIMRY 2B F250 il ngl e
carbon atom of a parent aromatic ring system Typical aryl groups include,
but are not |3mangiagtq Prmgribippseaderi ved from aceant hryl ene, acenapht hyl ene,
acephenant hry, , ant e, .azul ene, . benzene, chrysepe, coronene,

FFvor ant hene 7 lor ne X SER0E s @E4 B Enins 04 & Epofdf ¥AF B 0 E .
s-indacene, iwilRaeappendeiieydroapidipl fesie theotichophitic daplapheneaf tact al ene,

oval ene, penta-2,4-diene, pentacene, pental ene, pentaphene, perylene,

phenal ene, pHERAKERMEN K cagiioneietyesy) agi anplas and psfmyl C%W%Wﬂlrgﬁ@,a r ubi cene,
tri phenyl ene, i t , t i 1 l. . i,ous. hydro

i soners ther esg;f.%alﬂﬁﬁg'r 2? %ﬁf}gé) e%ﬁe%gg? (r%enirll%dgﬁetaﬁg al}:il\tlr‘?ly meg‘?%ﬁ%ﬁ’fés@‘? @?%15) aryl,
with (CS-Cl With bearhgxdicgrrimr gtaphaf ertheprod®Par Reacticardeywgmehaldebgdar yl s ar e

phenyl and naphthyl. [O "Arylalky|" by jtself or as part of another
substituent reférdmy ‘é.’ﬁr% AN e %’b‘IChFéﬂ%’%gﬂrthfﬁre\ﬂmeéﬁgﬁﬂém&e't he hydrogen
atoms bonded g&QicRocBéEtReEh AEABYxINRIcKAlIMe 8nd 81 FhiiRlwillfodR 3n GRAIROR atom is

replaced with an aryl group. Typical arylalkyl groups include, but are not
limited to, beelksdthe paghembdtweethaparbaxyliglestepanghamipkelhghys mElanyihe type

napht hyl met hyl . 2-napht hyl et han- 1.-y]l, . 2-naphthyl et hen- 1 -yl,
napht hobenzyl seRAEREh SV IRdp it i AR Bl e, vher & Speci fi c
al kyl noi eti gg1#8]e i nt ehetlon Ediiti@ReHN fIratthé Cordpitindb kAthelinveativh adekeny!

and/ or aryl al kynyl is used. Preferabl g an arylal kyl group is (C7-C30)
aryl al kyl , e.lgiowntipheqri diy|exampleesiyiablsireagting ggndienserg deseribeeinar y| al kyl

i Cl" ' : i i - ,
ot ol B kyt gr o AR bEy S BB R EdHof Ve Hais ARG LR o
al kynyl noi et5th @flitiohgelchnyW Atk Sogs Adjrhad K. ChaiBY Jarrg Mdreh;dtigder ami ety i s
C6-C12). [0140]"Aryl kyl" tQ i.ety havi Vi d
S 2l kyl g oUOFEE RERGES 195 CrHEIC VIR SRy SH cH i o SO At Ar y oxyal Kyl
groups i nc| Udﬁx%%ﬁ%k?i‘a)é%b&‘i)dr@é}ﬁé Chéﬁgny@iffﬁ%iemmgﬁ&.x'v@%ﬁ pxyphenyl

etc. [0141]"Cycloalkyl™ by itsSelf or as’part of arother substituent refers
to a cyclic Jergpr.bftlaanaford, RyW'G g¥moilp.and YR cBdtclr)lc Longkad Sgewifips i ncl ude,
but are not linpgited.to,, cyclopto - cyclobutyl s such as cycl obutanyl and
cycl obut enyl ;ang;}tc? f?%(éag’t chfréréaﬂ‘(%lz’f Ogé IU(E/ @%l‘g ﬁéﬁ ?%%9 I%r%rﬂc @Elinb%lyl@ﬁf/ f

cycl ohexyl s sug!Bashicy elipfaxrw| cabg R’ e keh@ean Plenuaereh &Y, 11880, the

[0142] "Cycl oheteroal kyl" by itself or as part of another substituent refers
to a sat ur at egnisntsoh & dir e Eompedtpd hereinHy refetinealin theinghiicsty.one or nore
carbon atons (and any associ ated hydrogen atons) are independently replaced
with the sane or different heteroatom Typical heteroatons to replace the
carbon aton(s) include, but are not |limted to, N, P, 0, S, Si, etc. Were
a specific level of saturation is intended, the nonencl ature

"cycl ohet eroal kanyl " or "cycl oheteroal kenyl" is used. Typi cal

cycl ohet eroal kyl groups include, but are
85520486.1 -19-



not limted to, groups derived from epoxi des, im dazolidine, norpholine,

pi perazi ne, piperidine, pyrazolidine, pyrrolidine, quinuclidine, and the

| i ke. [O0Iwd]0tdalooggen” or "Hal 0" by thensel ves or as par pcofusanobbssss
substituent, unless otherw se stated, refer to fluoro, chloro, brono and

i odo. [0144]"Hal oal kyl" by itself or as part of another substituent refers
to an al kyl group in which one or nore of the hydrogen atons are repl aced
wi th a hal ogen. Thus, the term "hal oal kyl" is neant to include

nonohal oal kyl s, dlhaloalkﬁls trihal oal kyl s, etc. up to per hal oal kyl s. For

exanpl e, the E4ifkssi onltsheid @y baanderstegd that pachi¥e snddpﬁod@mlvtcmm

di f1 uor onet hy f roeth 11d|fluo th

1, 2-di f1 uor Oe{iﬁfefern't. #@&%ﬁ?@;ﬁt{c}%h%srs%bé% t];l?avg 6%arc¥1)n Brodggl;tﬁﬁat méixgl% an etHer

[ 0145] " Het er oh:hkajgb as Well as a@kdarlitkagd Rl tae cabs@y cbatalnai ey pathble by 1t sel f
or as part of another substituent refer to al kyl, alkanyl, al kenyl and

al kynyl radi c8l°’Prespectively, in which one or nore of the carbon atons
(and any asso d hyd ﬁlnﬁsc)” I ced with
t he sane or d@? g]reent h}éﬁgrﬁé(}glt% gl?%ﬁmgqg#tlbl ca@%%q Elosya %)rr%ngcllzﬁ’glfloups

i ncl ude, but whehradtydqum gredp undergdes nuelSophili@ addition ©-ad-gster Or Seid halNRR -
=-1\1-N=, -NeN-, - d - PH %C&O)é- -0-P(0)2-, -S(0)- -S(0)2-
_SnH2- and t h¥ P Ra¢ er\%ﬁét"@“‘l‘@ns?@nﬁﬁ igg&Rtwesh kBa hydeeyd erouptead 2al kyl |

cycl oal kyl, Sébl?&;dtha@iq cycl oal kyl, aryl or substituted aryl.

[0146] " Heteroaryl by itself or as part of another substituent, refers to a
nonoval ent heteroaromati c radi cal derived by the em)val of one hydrogen
atomfroma single atomof a rent heteroarogatig ri g system Typi cal
het eroaryl groups inglude, butjjare not | jm IS de¥ived from
acridine, arsindol e%\a«l{\r@u 3/\ar/b/8i*i e, benzi m dazol e,
chromane, chronene, cinnoli e, fdr an, im dazofe i ndol e,

i ndol i ne, indolizine, isobenzofurah= @ﬁo@Mf@ﬁ’éﬁé i soi ndol e, i soi ndol i ne,
i soqui nol i ne, isothiazole, isoxazole, naphthyridine, oxadiazole, oxazole,

perim di ne, phenanthridi ne, Qhena‘t‘hr_ol“i‘h‘& phenazi pe, phthal azi ne,
pteridi ne, purine, , pytlazi ne, pyrazole, pyridgzine, p ridine,

pyrimdine, p e ui Mrae ui pdLi
qui noxal i ne, adi azol e, t%ol e, thi %S
xant hene, and s ef erably, the deteroaryl
menbered heteroaryl, noré preferably from5-10 nenbered
Preferred het oarﬁg groups are those derived fromthi ophene, pyrrol e,
benzot hi ophe CPENRZof uran, indol e, pyri di ne, quinoline, imdazole, oxazole
and pyrazi ne. %0147] Heteroaryl al kyl" by itself or as part of another
substituent A8IEs to é’r?%!é?’é?i} hle %Wﬂegﬁoup in which one of the hydrogen
at ons bonded car ba ﬁﬁﬁ%@z p arbon. atom is
repl aced withbg2 teroa?y groﬁ%g glrﬂgysﬁg%nsfarpom?{%rabl% ?evénylce

i nt ended, thmﬂb&mﬂndcataarﬂchemmmﬂladlh&lmherdaﬁbeh@lahml adtenid, and/ or

het er oaryl al kyn is used.. I.n preferred enbodi nents, the heteroaryl al kyl
group is a 6%"1 SHAPe PEROHERIET oar yI al kyl , e.g., the al kanyl, al kenyl or

al kynyl noi etjy1 8] t he I teroaryl
noiety is a é 15- m%e%&%&t@gﬁpgwnd@naﬁ géh?zl cu ﬁ/ﬂoﬁ?’é{%&?‘gﬁ&e

enbodi nent s, St}ﬁ@lmwéwbénsﬁh)ﬁbwate,l @h)d (ﬁet]ﬁacmﬁmbelmeyﬂ (rettonogiad, ak kyl , e.g.,

t he al kanyl t he het |

orery oY iR afim R TR FleltphS e Rty iR Rt ool on Lo

part of anot hgsloheresyl (mwfnacrmteeQaqytiﬂ»@n(rﬂétk)élcrywt@q@df ?M’bt ¢h one or nore
I TU

of the hydr ogen atons are replaced with a dr oxyl  Subs ent. Thus, the
term "hydr oxi@?@@mylﬁ@ tetalmtdrefyriund I(mé@)amﬁ@ﬂqy@p@prylattbw-moddiddydr oxyal kyl s,

trihydroxyal lféﬂ‘ﬂ?l?’dl%tﬁ?rﬁlrgllo(%%l)af ?fa?entphe'tbr‘{og(natthylc(metlggcr%%, pH?eno&?/f ers to an

unsat urated cyc
polyethylene glycol (meth)acrylate, dicyclopentenyl (meth)acrylate,

dicyclopentenyloxyethyl (meth)acrylate, isobornyl (meth)acrylate, benzyl

85520486.1 -20-



pol ycyclic ring system having a conjugated TC el ectron system Specifically
included within the definition of "parent aromatic ring systent are fused
ri ng systworoionowdstch one or nore of the rings are aronmpriraQsand/o2ssss or nore
of the rings are saturated or unsaturated, such as, for exanple, fluorene,

i ndane, indene, phenal ene, tetrahydronaphthal ene, etc. Typical parent
aromatic ring systens include, but are not limted to, aceanthryl ene,
acenapht hyl ene, acephenant hryl ene, anthracene, azul ene, benzene, chrysene,
coronene, fluoranthene, fluorene, hexacene, hexaphene, hexal ene, indacene,

s-i ndacene, i Wahacryidtedreaprplapieneratcdified hydrewyethe] (mehlphiaie, oct al ene,
| , t -1d] t al t , | ,
oval ene, pen ﬁo'lgett %lghe?@?zc%l%&o@%@%facrﬁgtg@l%%%@@e? lggoﬂene per yl ene

phenal ene, phenanthren i cene, ela g) ant hrene, rubi cene,

t et r ahydr onapinbhe(hetieacritate) Beryitaxyes-plidnoranbpIahRiDacriate, bhgdidxkes- as wel |
as the various h%y%ro i?on%rs t hereof  [0150]"Parent Heteroaromatic Ring
Systent ref er @IYPLORYA (BRD)A%F YR RiEhalicagidspenedliox vy bmashecstateror e car bon

atons (and a i e i I replaced with

t he sane or W%r%gﬁﬁg{pﬂ%@g%ng%%%?@%d ﬁ%%%jrag t%gfsr}gt?%tﬂlrl}é%ll ace the carbon
at ons i ncl udemdathyacratamideN-hiethyl @dmteth)adyylaRidébut, etlfEir, aceyleyl Speci fically

i ncluded within hle d%fi r{'hti on of " &grgnt het eroaromatic _ring systens" are
fused ring sy2¢'@RRING, dfpsRHanmecty! (asth)agty athd ML Rirelidewingtt ¢ and one
or nore of tf{@ﬂ:ﬂ_ngs arg 2384ibhas el RIyHREFILY ALY fldnBRersl OF exanpl e,
arsi ndol e, benzodi oxan, benzofuran, chromane, chromene, 1 ndole, indoline,
xant hene, et lighnsiscand palyoats Metiewshamontitried, niefig fegstdinadlyi ncl ude, but are

not limted tg; i.ndol e. carbazale, P-carboline, chromane, chronene,

ci nnol i ne, fLP(r%éIy&lfil ér?r%ﬁ azol ey lﬁl&g@&l for eXgRIRlE .Sty PRGBSI R ST eRe,

I sobenzof ur ane.gi, 0L BivaiyiRzeres MRSl el ethyldtHRh &) Ofnly NEsterb ?@QWiH?ll eic@_@te_); )

i sot hi azol e, i, soxazol e, naphthyridi ne, oxadi azol e, oxazol e, perindine,

phenant hri di réoy! sHEFaG oty véty! sthenaivinyl qortneandsderge Nwiroi-2¢li ne, puri ne,

pyran, pyrazi . 0),; i KN ti dine rimdine,. pyrrole,

pyrrolizine, ﬂéﬁo%%%eﬁ?ﬂﬁlgﬁylg?ﬂ%ﬁ%ﬁ?ﬁg Eca}(ll?%%#el azniIa r?gf’gélﬁtf%g%rg{aﬁ%‘% (F'g’t’r azol e,

t hi adi azol e, N,hi-dizlidykcryidrhidphemeofinctiezdingsthysamyihene.g.and the 1ike.

[ 0151] "Leavin "ds group that is displaced during a reaction by a

nucl eophilic 1?%’2{3’2@?3?}1)3?}9’?3{3%Pgnﬁgléf{ﬁohgh@%ﬂﬁﬁgnﬁtth}?p{y&ge,s( 0)2Me, -SMe or hal o

(e.g., F, O isdBonylltheth)diak, ditmyi eth! I [ as an

i nternedi ate lSI ocﬁ}ékbgtt \Bmeéﬁ t Wo o? eﬁ%?gegﬁgeté‘?%ﬁg?g’ @%{ébrﬁrg%?tgﬁ Sﬁftﬁe

| i nki ng gr oup-@agtheraethowydtiymetindcrykate, 2rechyloex ylinreth)adriylateany conbi nati on of

atons or gro eful for spaci,ng one, nolecular .nmpi ety from another. For

exanpl e, thelll%hl%}{}t%?tfh A IRE B anedﬁ%?@“f’@“ﬂb&f:@’&%?’ﬁﬁﬁ'bri dge (e.g, a

saturated or cwbsayam(rﬁ@thﬁbma{te,gg)b[%%]q@néﬁ)aE@lehél@0, et hano, etheno, propano,
ut

prop[l]eno, butano, but]]l %ﬂeﬁno, eno, but a[’l,_3] dieno, and the like), a
monocycl i ¢ ofYHeryeh¥(methiagaylee dmsinagyloniele salgic afhydajibdnzerioacid,

2, 3] napht hal @gk% i S| cyclig, heteroatom c or
Let e]r oalokyl dlhsy?)lag(@,r1 ge)tdl(‘%l%é Eﬁgaﬁc-y?(rr{e@?&?]é?e@¥jcou-t3ﬁ|‘-lmé,%)-aﬁi3f- E}te’- c(0) -,
-C(0) NH, - S(e)yl(metiBatiyBe, heS(10hdtacr e Ordtifacryi®ailt2-, - CH2- 0- CH2-,
-0-CH=CH CH2-, and the | keg, a nocyclic or polycyclic heteroaryl bridge
(e.g., [3,4] Fﬁﬁ?ré(ﬂ&eﬂk???rﬂﬂ% }’drpﬁ}r’%ﬁ}?g?@,l pplysarPhicipae egpitaedaondate,
pyrazi di no, WAl | : j i of such bridges.
[ 0153] " Pol yrrg?drg%ﬂsrﬁbﬂ?g?g%gmﬁ&gg’aﬂ}}go y%rsgg) fo%ggﬁiaelﬁﬁgdtrﬁlgfe’ is formed froma
pol yrer i zabl bydakghutdtmeethiaciyige aetragidoeiefpol (e )azalite t er mi nal group

and/ or radi cal ,generati,n rou rejn the polynerizabl e substrate is the
base materi ach(lgtfépff(glghgg%g‘ggﬂsF]hﬁwﬁaethbi@ﬁ{la%&-@é%yqtlwé@nqﬁ@,a@,qy}p}g, or can be
engraf t ed t oisollelFRAMhES1R, biniaofRubiigdpsgy I oLpal (such as the

substrate), thereby substantially taking the formof the base material. The
pol yneri ¢ chéaibaxysahpxyethdtmett)atrybate.dmyylioletmerilagb2e macronmer. Pol yner

brushes are radi cal, .pol ymeri,zati.on descri bed bel ow. A brush
has an el ong%l]?e{engE %_‘fﬁ%&m%ﬂ 5a§ry6%t TIF%CGIF%IO%‘%@“?tﬁ%SWEat&i rection related to the

degree of polynerization in a first direction, its "length", and a cross
sectional dianeter or thickness is related to the degree of polynerization
in a second direction perpendicular to the first direction, its "width".
The brushes can assune a coiled or conpacted norphol ogy or an extended

mor phol ogy. &badsanndt h of a brush can vany along its length. In addition,

t he pol ynerization reaction can be controlled to create branch-1ike pol yner
brush structures, as well as increasing or decreasing brush density, i.e.,
nunber of brushes per surface area or per weight of base nmaterial, as
descri bed bel ow. The length, w dth, branching, and overall norphol ogy of

t he pol yner brushes in the present invention can be varied according to the

o o o,



hydr oxyl oxygen in place of a |abile hydrogen atom Suitable hydroxyl
protecting group(s) include esters (acetate, ethylacetate), ethers (nethyl,
ethyl), ewbasywmmisd derivatives (ethylene glycol, propylpemasgbyoodss and t he
| i ke that can be renoved under either acidic or basic conditions so that
the protecting group is renoved and replaced with a hydrogen atom Qui dance
for selecting appropriate protecting groups, as well as synthetic
strategies for their attachnent and renoval, nay be found, for exanple, in
G eene & Wits, Protective Goups in Oganic Synthesis, 3d Edition, John
Wley & Sons, Slbeidylmsdcrdpte, ‘qugkﬁmeﬂ@mrylh@, irdeeylentblacoiated t her ei n

(hereinafter [ [ t he . conpositions of the
i nvention canca?e SO@)@%% r}late g%ﬁ %{é}p@ﬁé@gfﬁl 8it%rzligdor i n al cohol s,
such as Isoprt@pam@llrofutfutﬁ@ﬁﬂth)aamdﬂ@)mﬂd ccﬁﬂiﬂiﬁa’tﬁins tlfe@édfOSQ&h/&ﬁnﬁcﬁth§0| s).

ket ones, (ﬁtone carboxylic esters ., ethyl acetate) and the
li ke. [0156] E?(S% ¥ ayilahls; 15qm wenqss such @ o %amnﬁlsdlétowa%@mmy,m ty to the

conposi tions pfohhe 'LWB'@He ﬂ@o@%ra@%ﬁ%ﬂigﬁgoggg%ﬁﬁd ANthch Rekiidle) hydroxyl

groups, pol yhydric groups, oxy roups I'enes, am nes, am des,
esters and |dﬁ®mpg1yohbbvauﬂced,577]smce the conposition is appl ied to a

substrate, t ating gcan. then sybjected to an energy source suitable
toinitiate t@égﬁl on of 3198“1%{1?90&?'3& AP DMORPBEIYHER PPFTREFES 2 PP158] The

conposi tions ﬂfsﬂiv@%hélr%&eREb&ﬁbrﬁaﬁﬂeQ@ﬂ&ﬁ@Hoﬁngﬁ ifcladd tfh@ fat@ af}n(; eabﬁiSt in
any suitabl e manner or exa , the conposition can app ed y dip

coating or byaHs gi)déﬁlé(b’l@glltlfb?ék)d@ﬁlf)’dmmndnn«tth@rslum abeqvéa‘tana@mmpﬂdesaltby spray

coating). Sui 3 application inclu in solution,
di ppi ng, spr a(i/f%g%ﬁ I n%(g@(%afcéll nql%te?ﬁ m WSCTP’%W&‘?S @ggtdllarc@ dl‘%ﬁ Yone aspect ,
the conposit I@ﬂnmﬁu@pﬂﬂldﬁj M@nidh%r@dﬁcfsaﬁﬁi fh 3k 8| pAHtﬁl £08pd 418 ge@Sallyni S
application rret haod pI’OVI des increased control of the density of t'he coating

on the support!-Strakde Caippic ampomesy ivsiudg dullydbnethy\pmngssao shleride 33-
B e T

about 2 nano ters rons, in parti ween about
5 nm and aboutetB@Dylamidmploppltmpthytairendrauth yhibeidegeid Pabaty, 20 nm and about
100 nm dimethylaminoethylacrylate methyl chloride quaternary salt (DMAEA/MCQ),
dimethylaminoethylmethacrylate methyl chloride quaternary salt
(DMAEM/MCQ) and dimethylaminoethylacrylate benzyl chloride quaternary salt
(DMAEA/BCQ).
[0124] “Anionic monomer” means a monomer which possesses a net
negative charge. Representative anionic monomers include metal salts of acrylic
acid, methacrylic acid, or itaconic acid, 2-acrylamido-2-methyl propane sulfonate,
sulfopropyl acrylate or methacrylate or other water-soluble forms of these or other
polymerizable carboxylic or sulphonic acids, sulphomethylated acrylamide, allyl
sulphonate, sodium vinyl sulphonate, monoacryloxyethyl phosphate and their
sodium salts and the like.
[0125] “Nonionic monomer” means a monomer which is electrically
neutral (contains no ionized groups). Representative nonionic monomers include

acrylamide, methacrylamide, N-methylacrylamide, N,N-
dimethyl(meth)acrylamide, N-isopropyl(meth)acrylamide, N-(2-
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[0160] Not to be limted by theory, the coatings of the invention adhere to
the surface of the substrate. It is unknown whether the adhesion is from
coval ent wo 20mniogseat t achment, or if any physical attachremtusagiozisty
occurs. However, it has been found that treatnent of the coatings where
inter- or intrapolyneric crosslinking is acconplished (such as thermal,
phot oacti vati on (photopol yneri zation), radical generation, etc.) often
provi des a durable coating that is not easily renmoved. [0161] Pl astics such
as polyol efins (such as ultra-high nol ecul ar wei ght pol yet hyl ene, UHMAPE),
pol ystyrenes, hvzgexpwm@mmé)thwﬁa@r% Nrasthyledacyd amideoNinylfasgiamide, N-

pol y(vi nyl ace | 3 (Ml . ine-contai ning polyners
such as pol y(%ﬁk@?%‘[argﬁﬁb%ﬁi ‘g}e{%ﬂ%ﬁl %%ﬁg%g%rﬁ%}ﬁe@g%@{hg%ﬁgcar bonat es,

pol yam des, pglygolpincteis)acrplatey poBidiayiess glpbdnmbhescthglnéthe- epoxy resins,

pol yesters, silicones, cellul ose-based plastjcs, and rubber-1like plastics
can al | be usB@na@neiasyiae N-yngl 2 dvaglidencs gyewol marowagthieriya) £r ed as
descri bed hergi ; 1 GSH] : 5484, i pnci se
Encycl opedia o d}%‘??%gﬁ%@iragﬂ !:a)e(e,ghrf)l%%%ﬁ%é@opﬁ&mﬁ?é%ét%ﬁ%dﬁe ggg John

W ey and Soni126P90, t fewiliesahiosumenet” mharsh padymercableanaltade her ei n by
reference. In addition, su res skj(g{; aa h&?se or med %f gﬁ/rol tic carbon,
paryl ene coat SYEEPELRRYIC Ahthandonic (chapgpd) hnelonalityin epal rOPQIEPES, S nat ur al
pol ymers, sucihapeWrAtu{£RINkULRS4R) @V@Pﬂl.mﬁfe@é}ﬁéﬁxﬁé%ittﬁﬁ&{i@ hbhomeaPer

ceram cs, netals or conposites are suitable for surface nodification.

[ 0162] The coatichige phBwlinethyb)N-adidoglonpakyltNdAhsulddpropid)-pmuenivinohetpinoyi de

i mproved surf ch eristics,, su ubricity or function to reduce
frrctton whenosaraapRaRt Bl aRy el e gy Aol pRERSS | of e <
and nedi cal dEN-@&fethyMPadB140iH03:363PTIL LIk OMeRy B 38nh Odiba] fdratghact i vati on

can be defined as a ﬁhenonenon ereby i ndividual substances are joined

t oget her to cNekdangthpe methesaylamidopeqnyt-&N-Gycagbgxystethyhearimonym of | i ght .
When light is rnbed; iINA g i.n: 0ol ecul es.
These exci tedb(g%gggg’ﬁgglg% gltzj ng\{ gﬁ?’lfﬂggﬁrgﬁ}gr%%?%?‘%l?%’égﬁ@tnﬁﬁ{ngglrﬁgﬁate by one
of three pat hbeyise, N Nedieeti - &8 nstiaceylanidopiopyl- 8- (Alolfoprop ylpameidonen a

singlet state (flu S C of. a triplet state osphorescence), lose its
energy via b g@“m T‘{B?’ﬁﬁ_h@[ikg%%i’l? pw&@-&-@hﬁﬁ?we@?ﬁﬁecause the
absorption OfarﬁmBHi%hPlB’bté’ih;Q,rNI,N-&%&fe‘tﬁﬁ-@i-ﬁw%k%i@op&ﬁﬁtﬁ-(ﬁ a much w der
variety of reactions possible than standard 't hernochem cal neans.

Phot ocr ossl i nédrpaxyosghylt-fregeniaabetiions?-(ethgiho)stal methebrybyll-€s t o ot her

smal | nol ecul gs,. | ar | ecules.to | | | ecul.es nd | arge ecules to
sach ot her (provatSRaF rErEi b Rer S S RsfS Yy st meRisEndy

nol ecul es to gust Iﬁ}aisﬁlsqt@,r2-(@alryudﬂép@&t}(y@hpr(&hﬁaﬂylaﬁn{o@i@%ﬁ@&gﬁsasph@el,r! ng
phot ocrossl i nking each increase in nolecular weight is initiated by its own

phot ocheni cal [(F8getaybehditimethylasmueniplwetlay] phasnbeaicgicidar-[fResul t in the

formati on of | [ ' Sl rossl i nki ng
can usual ly b%&@?‘?sdé’&@é@g.ﬁﬁ?q@l%% . %FB%%?‘? 8%@5%%@8&%? ?33}}%@ icl)s wher e
crossl i nks arenyled-eultpprégid)ididaecliun dadokiae, @facayioeyediyi echrivoxlyatyé .
Representati ve reactians uld be a photo .2 + 2 cycloaddition_(or 4+4) and
cis-trans i soREPYZEHPHHRT _qabiﬁpl-é3-56%&§9p>@<%-ﬁmywr@9r}wnﬁib§taelgﬁp “dre

deronstr at ed Mfob@%l)%%é?ﬁ‘;‘rlfﬂif\l—éﬁﬁyﬁﬁi&f n%h&[ﬁgmt%taﬁﬁé QABRABYEI VAL ves,
chal cones and stil bénes, anthracenes, msﬁ el m des and strai néd cycl oal kenes.
| n anot her | atigidyldV-msghydfN-(Z2adfaetind) arhineniuni ptahe, 2bethaaivtoytbxytthye of

carbonyl groups i.n kefagnes c esult in either fragnentation (Norrish Type

| reaction) o‘ﬁloﬁmgﬁé‘ﬂlnﬁb%‘ﬁgﬁﬁlg%n. (Norrish type Il reaction). Both of

t hese photorgmtnons Crgaing a%:p’!!ét,Q%btﬁ@ér?lo%x‘}&h??ﬁho%;%tﬁi?y]%h@%qyﬁ&t ly react
[ or ones,

w t h surroundi ng nol ecul es. exanpl e, aromatic ke such as
benzophenone, inglodell 432 mademefo hydr ogen abstraction reactions wth any
preformed pol ynmer possessing CH bonds. A possible nmechanismis shown in
t he Schene which foll ows.
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85520486. 1- 35- WD 2010/ 101863PCT/ US2010/ 025838 [ 0165] (C6H5) 2C-0) (T1) + Rp-H
-> (C6HB)2C.-OH) + Rp [0166]Rp + (CB6H5) 2C-OH) -> (C6H5) 2C- (Rp)-0H) [0167] Rp
+ Rp - > Wp2Rw/o®k68] The second usual type of phot ocr osgcirniscangoesssher e
crosslinks occur through the action of a photogenerated reactive species.
Exanpl es of the second type include the use of nitrenes that are forned
fromorgani c azides, and carbenes. [0169] Whet her through direct excited
state reaction or reactive internedi ates, photolysis of photoreactive
groups can begin a process of bond formation throughout a m xture. The act
of cross |inki0ig8i || sBiargl Ketoppgir ease the durability of this surface.
Bonds wi I | be d be .. 15 at i rossl.i nkers and
crosslinkers, [0{1%{)]{? at or%\ﬁ‘aﬁl‘i(r[‘;‘)(q3 %rfqll l{elk%}egpgeﬂgﬁéﬁ L{)%%%? Oesﬁ&)gé §fst§1f§’iln eglrlcs)n and/ or

initiators angclde fstiedaaggte bt drdrotdinbisddriaf setopberbnk eBéphenonmy t ake pl ace
by many neans within the various systens. In man)f cases radicals are foined
t hr ough phot oM¥REUINERE ARRrAne cafd W%F%%W brierasydler G erghcteragy digi anplogs cal

recombi nat | onr dghid QR LORSALEANCE, BOOMwIYdIeaER) abginact  on and

subsequent reconbi nati on or ad furt msnt)aitl on, oxygen

addi ti on, or uibstutedde.gi, ongtustituted) deglitivas. Poasplet ef @Hatomes itdwatest er
reactions. Sim/larly, photoreactive pol ric species_can be bonded to the
surface of tHESAREIF JPRvatigEebartiugp l?%ﬁﬁﬂa &&é‘?e’f‘?ﬁlﬂﬁaw i ncrease the

dur abi li ty angioshaibhd, bid Bfeitidle SBSHthEd bty £RSESTMRHERIACRENAkBokar benes
and nitrenes, bonds would be forned typically by insertion, hydrogen

abstraction tandfitsrderivaithies diayingrexaitatmgeanstengths greater Thransibowtinoare s not
limted to thueSSﬁ:l mechani sms, and in fact, many mechani sms nmay be at work
wi thin one photeoé'cti vatabl e crosslinker(s) and initiator(s) system

[ 0170] Phot oreacti ve species are as described herein, and are sufficiently
stabl e to be [8f3fled undEermgivakdgyi ons in which they retain such properties.

See, e.g., U t. Na. 002,.5 t he discl f ich is i ted
e 8, Ul AR e Rl B RhslR e kg Lo orate

responsi ve t Gauaitb®usudaiZlidBbradclizE; strap@itich®R%r 0fclidBofvaleht omagnet i ¢
spectrum wth those responsive to ultraviolet, 1nfrared and visible

portions of thdrasgewnradcylhayiag thegstated papberpigarbop aismey @ ge £il Wed Jeans
0171] Lat ent Y I - Std ' er go

gct [ v]e speci edngg(?l Isal{rxaft(a ft%qr}%vv\(ﬁlt? ﬂ ﬂ?ﬁ Eso{bglrvtrc}gtb ?)élﬁleel%&%galc&g{\? gF Ilé k?r%g%jnﬁgﬁlo gn

adj acent chenframl sgtgieicirboregtom.of a,pasest glkend, dkdndyr dlkynes diypicarl algyldi f f er ent

rolecul e Latent iegoke 15, SR AL 0TS, oUPS £ o L syl ectle

external energynsPWi&Ris fRh A pRYZH-EN, HOpasI WL thcBpRehn M) eCUl €S.
prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl, cycloprop-1-en-1-yl;
cycloprop-2-en-1-yl, prop-1-yn-1-yl , prop-2-yn-1-yl, etc.; butyls such as
butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl, 2-methyl-propan-2-yl,
cyclobutan-1-yl, but-1-en-1-yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl,
but-2-en-1-yl , but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl,
cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-y1, but-1-yn-1-yl,
but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like. Where specific levels of
saturation are intended, the nomenclature “alkanyl,” “alkenyl” and/or “alkynyl” is
used, as defined below. “Lower alkyl” refers to alkyl groups having from 1 to 6

carbon atoms.
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[ 0172] Phot or eacti ve groups generate active species such as free radicals
and particularly nitrenes, carbenes, and excited states of ketones upon
absor pti omoebiogloessBr omagneti ¢ energy. Phot oreactive growps/usasnobessshosen to
be responsive to various portions of the el ectromagnetic spectrum and

phot oreacti ve species that are responsive to el ectromagnetic radiation,
including, but not limted to ultraviolet, infrared and visible portions of
the spectrum are referred to as a "photochem cal group" or "photogroup."

[0173] The initiators that can be conbined with the crosslinkers described
herein to fork®88le i nvemlkoryl?bypedf o1 asrpartoif anptber ywhetituesmefersab ade

Pnitiators cat b PhlEied SptEh oRb SOFE Ry R Fhlie polaEefRe A

Conpounds di rigalrdgenprcn fios 4 sidpledatholtdinbNMPbaen Akarkr agprRAL Akimn af ter
external energy absorption. The radicals result froma honolytic or
het erol ytic cEesrRsigelude bat aiegohlimagd i, methrayk sthappl propreyls su@lad. Comon

exanpl es i ncl o1l o} {4 t i de: n conpounds,
benzoi n deri vlga+tg ?@rﬁﬁ'%ﬁ;ﬁ%aﬁ% #gdx{(liﬁoﬁ&})@c@oﬁ{r@% g?’ L Sgh’g)é]? iy g)%éghegsophenone
derivatives, theaezilykdusns?-ybshydugRy2niehypesanels yaisdbagm) noal kyl phenones,
0-acyl a-oxi nm noketones, acyl phosphi ne oxi des and acyl phosphonat es,

t hi obenzoi c S Bt ﬁ‘?,mpéﬁ‘c?'ﬁr{ﬁg‘été’ﬁd%ymhé{% ,efC’tSrqnéiﬁfHélée-and bi i m dazol es.
WO 2010/ 10186g/Ps3y/ USZOl‘Q’(Ig%%_ﬁ’r 03§y [t@rﬁ(ﬁ]a—g%gﬁ o?anc@ﬁ&ps‘apg erﬂ?ﬁ@fs% fnfree

radi cal s by bi nol'ecul ar gen abstraction after |ight absorption. The
hydr ogen abstumaattiiated phothed sstiwight-ehgn oupyddictadryd havingxcletgdnst at e and

undergo an internol ecul ar action wth,a hydr n donor to generate free
radicals. Thi€" Oé‘é‘iﬂigbot“o‘ﬁ’tuhk o sHY byot_lheée %Yq? %g?ne(rj%?‘&%qn@%l“i?@ph%ti ng
fromtwo diff@igatarbol 86 &S pafoift akeH®! TRYg®hp hagiveah Sitkahhdgs bspgdut 0 form
crosslinks, especially in the solid state 1n }tjhe absence of solvents.

Comon exanpl @sfarmetietiebayt thegoabledrondisii Twrical elkehsl grotpsontlnde, bhemical

cl asses. Qui . nan xant hones and . t.hi oxant hgnes,

ket ocounar i ngl %?gﬁfétﬁg? clﬂ%ﬁ%ﬁgl glrﬁé{“g%escthaa%é’ r%gﬁiﬁ lgjylygr)?ﬁléf%'gfyeder ogen
abstraction reegRicanisyk propad-sn-20dceicldpndy-aeat ieol b adlbptop-Phér-1§BCt i ons are
not effecti vg}ufor the direct initiation of polymerization and are used
internal |y f oMo sueh AbbHtonetst -YhrPutrtdr el 2anethypiog-lrei-bntedi at e may be

ef fecti ve for,furdibeys 61059 AkbG 14eARRdI Ny AR 1L SichLLyCt ur e [0177] The

phot ol ysi s of organi T azi des een shown'to redult in" N2 | oss, producing
nitrenes as raydobutveentityds epetiibat-ésn-Nvl, ceriasital S-&nowylf ac.unstkthgdiké.i ve

general reactg] . 1) Addjtion.to, dauble bonds is obseryed for both singlet
and triplet rﬂlﬁlﬁnes m%&ﬁ,‘d%p@@ & %rét(b‘l‘H’QF?YH?‘EW%H’&“&@S@PF@ in
rear r angenentiet@ibrell Regeliet Kiatintkykéh Bordie GANGRE )éll@[@x%lk?g oRufORERIgyabl e

mechani sm 2) Insertion of a nitrene into a carbon-hydrogen bond to give a
secondary ampeoxbidlisilenes, sushears welyethytenspxidése polpropgleesoxid®s, ¢ty dhagen
abstraction i . Q n reactjion of triplet nitre i ol ution
where the fort%%régag?#ﬁ%hrag mg Oélﬁdsugiéla%%ﬁlelﬂgc]iiggoéﬁp‘ g%ﬁ%}eéﬁq&%q? ?cﬁse apart
and the am nauclacingglunddsin cdepiBe SRRV b JRTD)RAROTRvh& B VB a8 Pri mary
amne. 4) Nitrene dinerization 5) Attack on heteroatom for exanple
nitrenes readbtegfrifonyyitqakovs i, asd\Ryend R* are alkyl or alkylene groups.

[0135] “Alkynyl” by itself or as part of another substituent refers to an
unsaturated branched, straight-chain or cyclic alkyl having at least one
carbon-carbon triple bond derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkyne. Typical alkynyl groups include, but are
not limited to, ethynyl; propynyls such as prop-1-yn-1-yl, prop-2-yn-1-yl, etc.;
butynyls such as but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like.
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[0178] Upon direct excitation, carbon hal ogen bonds such as those in
trichloronmethyl triazine, tribrononethyl triazine, and aryl i odides,

honol yt i owblayiocloessse form ng a hal ogen radi cal and a carbwruse@diogssbs Ei t her
or both radicals can then abstract hydrogen, disproportionate, couple other
radi cal s, add to unsaturated bonds, or perform other typical radical
reactions resulting in crosslinking and 85520486. 1- 38- bond formati on.
Sui t abl e exanpl es include trichloromethyl triazines, tribrononethyl
triazines and/or aryl iodides. 0179%The use of photoreactive groups in the
form of phot oi0daBk i ve arAdkyidifoheisel @WﬁﬁﬁﬂuﬂaQ@Eﬁ*@b“ﬁ@@ﬂ@ﬁh@ﬁ@ﬁe
benzophenone nt hro roc cles
(i.e., heter6?3%%?@ggﬁ%@gggﬁ%ﬁgén%%E%Hgéggd%l 9&§gg\ﬁ§@pﬁ§r "or Sin

the 10-positi @'Dl)lp haoving ﬂﬁlstat@ilbﬁﬁbdr@feﬂbélﬁ?at@ms (f &.Q1-81608Edrks lﬂdﬁﬂ&me to
derivatives. | es of aryl ketones include heterocyclic derivatives of
ant hrone, i ncsi”ElE] @natem%%vedkm%wvahmn@rlﬁyérs@@ﬁ@h Aefromedch peiwo ri ng
substituted depbyat é¥6s: atdf o atives,
navi g exci t atlon e e o T BPA pAei Bkane, MAKANIRE: o AL Il b

[ 0180] The phdtorlydoigen atogrsoinps acingeicitbdestomest aqj’aeenpald{fa@a’ mBdnsbnce they are

readily capable of .un oin tivation/inactivati reactivation

cycl e. Benzoparlnlébf{’(?né[tlll g ?‘}%‘ﬂgﬂ%éa‘iﬁ@ SRR A Garhaency o t ?ﬁJP%ts of _

phot or eact i veaadfRhlelch®S carSfoRG HohdeX iR R G 'd?ffé?émramﬁsoc a@ a%gﬁ?fgﬁ' tation
0

with the initial formation of an excited singlet state th es
i nt er syst em creusiingude bhare not nged &, ateghandiyl eénddiylsduch aml et state can

upport Sur 1 Rt Pl SRERLP S B SRR E e A R o PR Su R e

col | apse of tgepanadi-cal, I&apzin-l eafisl, Eﬁpﬁ@&@&@plﬂr(ﬁfanﬂ gy, car bon- car bon
bond. If a reactive bond (e.g., carbon-hydrogen) is not "avail abl e for

bondi ng, the YFoPEAPRR1erdiy], GM@IDPW@%é@ @Xbipf@tl-ﬁh-lo}f*dlb’he benzophenone,
acet ophenonea{)q(‘gp @%W?‘E]Wl{ﬁpﬁzg&of‘ﬁ ngvgr%}g g]i EI L& nd the nol ecul e returns

to ground st ener gy upon'’re ehergy sour ce.

Phot oact i vat a:lybkepmpy]l e-@2odigl cgeloprope-tie h2edilie opuieprop2tdnr Boudiylone and
acet ophenone ar rti cul a%;%t%frp)ﬁrtance i nasmuch as these groups are
t

subject to mi’lr?f?eﬂﬂyé‘ ]Pgél&h &fat S Sehes Bifan- he B e, pytavildedivher eased
coating ef fi gugmcy3-di J@&Mmtd}ﬂr bEhASD -8y, @Hﬂ%ﬁﬂpﬁgﬁgh ¢ 195iguPs 1 ncl udes

conpounds having an Si-Si wherein It the S'-Si bond is
br oken upon éxwethal- Plt@naw112hdla1 ICV@hbutgrmllrlechyl symihblam-mtdlyla | aser or WV

l'ight. The radi. n e n b kage provide, for reactive
sites sui tablcgdf)g fag; § ?ﬁf'ﬁ&l’ Ehggarlaggﬁ'tb ?qnﬁi?egg'ad&agb‘{tlgé? iagafh'?ﬁll’ es of Si-Si
bond cl eavag®ut-$e8- 1J4 dlyal Breehyl- MopEi-qu21 d?l 2MaEdh&y] ﬁ@M@F%[gaﬁl @sff. X

Al l onas and J.P. FouasSi er, "New Hi g i cient di ca hotoi niti ators

based on Si - gutad, éélmgbl dvélcbléﬁdt%élﬁnés2 -dpbdpte- bB-di@sh3-dig530 whi ch
descri bes 104,10 0 S S Al drich, St
Loui sI MO) angutg? 1 édlE% '}ﬁvpgg%htélé:?ga—%gxgc ObPP&(SPQgg% tlhe Lontents of

whi ch are i negelpbutet-exd 1 Redigl, bydlﬂblithl-&l?ar diem1j2- &Jtyy cyclbBik 3] 3Tden ed-diyl,
pol yneri zat i gg ?an be defined as a_phenonmenon whereby indjvidual

subst ances aPBU{oPreddtbdtiamn-1.6- dd}"le‘é‘t“é 34fliyarl %‘Eﬁ%&%r%’@tb?hk%e action of
heat. Numer 0%&9%%&%%198%&99&& 1@ dtér?a‘%drﬁ%‘&ﬁl'eﬁclé{\?%‘é“aﬂ? 37@&??% IT the

deconposition tenperature corresponds to a conveni ent tenp range the
subst ance rray’llldgeyldséﬁnd/on aikyramhylxsmsed o%enentsmpédlﬁmﬂlyemahm thet thé her smal |
mol ecul es, | e nmol.ecul es,to small nol ecul es and | arge nol ecul es to each

ot her (therrrg‘f'gc‘f?)lﬁ?ﬁlf% B¥ the SFPFHET b?n atom, \%\‘ﬂqonéeélqa&F‘@eﬁg SFals|UsHbl ecul es

to substrat ex 9bwbedlkyl8lyeSisGh Ae&@Y1 @@ﬂﬁhmng BoRUl fodF&Shon 4546 Uln t her mal
initiators include organic peroxides, redox teagents, organic

hydr oper oxi dess; emmlmzicqﬁ@lﬁw alfstldily] @Oklyﬂ aye antdrataigrpdivedlkarlyldiyk eagent s.
[0183] Dr al kyl ou%g AW hicAEL f 1ca10<% RrP5e {h gnncljr(laa ogi%ogse etgher{wr:{ﬁ d>11y1by
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cl eavage of the oxygen bond to yield two al koxy radicals. Azo conpounds
deconpose thermally to give nitrogen and two al kyl radicals. The radicals
may t hen woizbicatoessseact i ons as descri bed i n phot opol ynerczatsc@w/obssse
radi cal reactions. [0184] Medical articles that can be fabricated from or
coated or treated with the conpositions of the invention include, but are
not limted to, catheters including urinary catheters and vascul ar
catheters (e.g., peripheral and central vascul ar catheters), wound drai nage
tubes, arterial grafts, soft tissue patches,(?loves, shunts, stents,

-1

tracheal cat h@R@hano)y@andl.drdtddethero); rapurbs-digupepang); Batangdfodivhet i ¢
devices (e.d.y .t Vi Lfieial. j-o0lnts, such as

i npl ants (kneg),u Eﬁ?{i,angg#evllﬂ%a(?f,gg\rle?ﬁ%oaﬁgﬂ(ﬁn%’:de@ggiﬂ#@?' cat heters which
can be prepargd3zkcor di ralkyent’ hiey psedSans pan v atidthér subgtitugerefisto ar e not
limted to, single gn_d mul tiple Iurrendgajgtr,al venous, cat heters

peripheral ly ft ey o ek goup Pgé‘ﬁ%fﬁnma&si on
catheters, pegohl NGRS s B IAMORE @a(osraﬁgﬁonetrgl@wg%g laf ot B

;
catheters, including the hubs and port's of such vascul ar’ catheters, |eads
t o el ectroni ceadbwi teswsueiming cpdoe e of, strdmhi-blrdih bareor dkanay dlkdriegiral

hearts, and inpl anted .bi osepsor 0185] I. not her enbadi nent, . t he

conmpounds of {Iﬁ}é“q' rﬁ@d??agﬁog%ﬁo%ée% |qfé{1&€§05‘iﬁ_§ Resbdpa rardcet or v chi p
for bi onol eculipyleiembaditAed inQRuark B1RRETNEvhRL OW188 BBELAILARNS bENAEET at ed
consecutively fromone (1) through 80 provide for various aspects of the

present i nventdtdimitedrio.onetheleodnetbanc); dtiylenchisndt asiirangr ethénog ¢fhynashe present
erton, B o el DABTL SOIROR b Ol ST SR SN i 1 o
S. SO SO2, NRfylefiesGROIRAS butano, but[1]eno, but[S]eho Ghida])l 8| diend A EHEMO; ) X,
(- CH2CH2CH2- 0-) x, (- . CH2CH2CH2CH2- O- or fornms a bond; ~ Rlis a
hydr ogen at onRuteeAyng, Ryta[1 s%]ldWPo%Sf-faP%g‘lh? like.y Whezg snesitigas el ofsptugtipnoxyar y
aroup, w th 1 ho RSP OACT e liangnh Gy T DO A ST pRABEAN ecting

embodiments, the alkylene group is (C1-C6) or (C1-C3) alkylene. Also preferred

are straight-chain saturated alkano groups, e.g., methano, ethano, propano,

butano, and the like.

[0138] “Aryl” by itself or as part of another substituent refers to a

monovalent aromatic hydrocarbon group having the stated number of carbon

atoms (i.e., C5-C15 means from 5 to 15 carbon atoms) derived by the removal of

one hydrogen atom from a single carbon atom of a parent aromatic ring system.

Typical aryl groups include, but are not limited to, groups derived from

aceanthrylene, acenaphthylene, acephenanthrylene, anthracene, azulene, benzene,

chrysene, coronene, fluoranthene, fluorene, hexacene, hexaphene, hexalene,

as-indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene,

octalene, ovalene, penta-2,4-diene, pentacene, pentalene, pentaphene, perylene,

phenalene, phenanthrene, picene, pleiadene, pyrene, pyranthrene, rubicene,

triphenylene, trinaphthalene, and the like, as well as the various hydro isomers

thereof. In preferred embodiments, the aryl group is (C5-C15) aryl, with
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R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis 0, S, SO S,(CH2)t-0- or C=0; R3 and
R4 are eawbtmwepsadently an al kyl, aryl, arylal kyl, heterageyilo 23368 an

het eroaryl al kyl group or optionally, R3 and R4 can be tethered together via
(-CH2-)qg, (-CH2-)rC=0(-CH2-)s, (-CH2-)rS(-CH2-)s, (-CH2-)1S=0(- CH2-), or
(-CH2-),S(0)2(-CH2-)s, (-CH2-)I-NR(-CH2-)s; R5 and Rl are each

i ndependently a hydrogen atomor an al kyl, aryl or arylal kyl group;

R6 and R7 are each independently a hydrogen atom an al kyl, aryl,

aryl al kyl, hetCerohP\heing evsa mare arefereddk artipubagly: preferred aryls are pgenghandz0 ar e
each independﬂﬂ]{ 1@ hydrogen atom an alkyl, aryl, or arylalkyl group; R
i s a hydrogen om an alkyl or an aryl group; q is an integer from1l to
about 7; r i s[0489] nt egetAifytaiplOby dsAb@Us pait of ah@harsubsitege efbfis@sn® t o about
3; mis an inte er%ﬂﬁr,om,z to about 10; t is an integer from1l to about 10;

x is an i nt eg®Y°hS Phylradigaldp sichsens of hghwlrogsnateins é torbprshet .
0188] 2. Th I C ' 3t r
R e L S A S R e L R L

atom R2 is alyprchl egéaikytgrogps@éladd) puRBe aoidirfdedtoebgiaghyl groups, mis 3
and x is 1.

2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-1-yl,
2-naphthylethen-1-yl, naphthobenzyl, 2-naphthophenylethan-1-yl and the like.
Where specific alkyl moieties are intended, the nomenclature arylalkanyl,
arylalkenyl and/or arylalkynyl is used. Preferably, an arylalkyl group is (C7-Csp)
arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is
(C1-Cyo) and the aryl moiety is (C¢-Cyp), more preferably, an arylalkyl group is
(C7-Cyp) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl
group 1s (C;-Cs) and the aryl moiety is (C4-C)3).

[0140] “Aryloxyalkyl” refers to a moiety having an aryl group and an
alkyl group tethered together via an oxygen bond. Suitable aryloxyalkyl groups
include phenyloxyalkylenes, such as methoxyphenyl, ethoxyphenyl, etc.

[0141] “Cycloalkyl” by itself or as part of another substituent refers to a
cyclic version of an “alkyl” group. Typical cycloalkyl groups include, but are not
limited to, cyclopropyl; cyclobutyls such as cyclobutanyl and cyclobutenyl;
cyclopentyls such as cyclopentanyl and cycloalkenyl; cyclohexyls such as
cyclohexanyl and cyclohexenyl; and the like.

[0142] “Cycloheteroalkyl” by itself or as part of another substituent refers

to a saturated or unsaturated cyclic alkyl radical in which one or more carbon
atoms (and any associated hydrogen atoms) are independently replaced with the
same or different heteroatom. Typical heteroatoms to replace the carbon atom(s)
include, but are not limited to, N, P, O, S, Si, etc. Where a specific level of
saturation is intended, the nomenclature “cycloheteroalkanyl” or

“cycloheteroalkenyl” is used. Typical cycloheteroalkyl groups include, but are

85520486.1 8-



[ 0189] 3. The conposition according to paragraph 1, wherein L is (- CH2-)y, D
is 0, Tis (-CH2-)x, Rl is a hydrogen atom X is O, Pis a hydrogen atom
R2 is a hydnogemssom Gis 0, R3 and R4 are phenyl growpg/usooios2s33sXx is 1
and y is an integer from2 to about 6. [0190]4. A conposition conprising a
formula: L-((T-C(RI)(XP)CHR2GR3C(=0) R4)) mwherein L is a |inking group;
Tis (-CH2-)x, (-CH2CH2-0-), (-CH2CH2CH2-0-)x, (- CH2CH2CH2CH2-0-)x or forms
a bond; Rl is a hydrogen atom an alkyl, alkyloxyalkyl, aryl,
aryl oxyal kyl or aryloxyaryl group; X is 0, S or NR8R9; ' Pis a
hydr ogen at omh@frliraitesktot grebpspriyed diom eioxkdes Hmignzolidise, méraholing, s absent when
X is NR3R9; . . . ] .ogen _at. an_al.kyl, a .oxyal kyl ,
aryl, aryl oxyP %’ﬂ?ﬂne’@ﬁlp%r%dﬁ‘%fgg%ﬁélggéﬂ&o}l%%}e’sq%?ucg,ﬁ%cfndég,ﬁlg%HZ) t-0- or
C=0; [014BB and Rdalaper”ercHalotdgneaa&MNds Yr aﬂﬁa{ éiﬁ/angt}aandll iq4ar yl a|bky| ,
het eroaryl, or an heteroary]l al kyl group, or_optionally, an can be
t et her ed togef%?tWPtaquﬁwhW}se(sl%%f fertefluorgphipgo, brarmapipnd iodp. CH- ) s, .
(- oH2-) 15°0(- ofdr ). o ilafiiy) by Ok 8 a(bler dfmolricltistireRerciirgs: R 13
a hydrogen atom or an al ) ylF or "ary yl group; and R9
are each i ndegépldgotp in whibly dnogemoret afithe bydragén)dtomﬁﬁr}theplﬁxredaﬁﬂ# al kyl group;
' ; ' I Nt lto
Ris @ hydrogen &l oMl hdteh “nloafti¥is HeaiRb iskiids ononaioatigts, | O™

dihaloalkyls, trihaloalkyls, etc. up to perhaloalkyls. For example, the expression
“(C1-C2) haloalkyl” includes fluoromethyl, difluoromethyl, trifluoromethyl,
1-fluoroethyl, 1,1-difluoroethyl, 1,2-difluoroethyl, 1,1,1-trifluoroethyl,
perfluoroethyl, ezc.

[0145] “Heteroalkyl, Heteroalkanyl, Heteroalkenyl, Heteroalkynyl” by

itself or as part of another substituent refer to alkyl, alkanyl, alkenyl and alkynyl
radical, respectively, in which one or more of the carbon atoms (and any
associated hydrogen atoms) are each independently replaced with the same or
different heteroatomic groups. Typical heteroatomic groups include, but are not
limited to, -O-, -S-, -O-O-, -S-S-, -O-S-, -NR’-, =N-N=, -N=N-, -N=N-NR’-,
-PH-, -P(O),-, -O-P(O),-, -S(O)-, -S(O),-, -SnH;- and the like, where R’ is
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl or
substituted aryl.

[0146] “Heteroaryl” by itself or as part of another substituent, refers to a
monovalent heteroaromatic radical derived by the removal of one hydrogen atom
from a single atom of a parent heteroaromatic ring system. Typical heteroaryl
groups include, but are not limited to, groups derived from acridine, arsindole,
carbazole, f3-carboline, benzoxazine, benzimidazole, chromane, chromene,
cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole,
naphthyridine, oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline,

phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, pyridazine,
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r is an integer fromO to about 3; s is an integer fromO to about 3; mis
an integer from2 to about 10; t is an integer from1l to about 10; x is an
i nt eger fwomib/tooscabout 500; and a pol yneri zabl e nononercTfidi@blssIhe
conposi tion of paragraph 4, wherein L has a formnmula according to structure
(r)y: o 11 AI(l) wherein A and J are each independently a

hydr ogen atom an al kyl group, an aryl group, or together with B forma
cyclic ring, provided when A and J are each i ndependently a hydrogen atom
an al kyl group, or an aryl group then B is not present; B is NRl1l, 0, or
(- CH2-)z; provirdins ranidae, Byanls, Dyrfdizincaqvinpepling Hsinodingngrivoligine, (- CH2- ) ,
or quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the
like. Preferably, the heteroaryl group is from 5-20 membered heteroaryl, more
preferably from 5-10 membered heteroaryl. Preferred heteroaryl groups are those
derived from thiophene, pyrrole, benzothiophene, benzofuran, indole, pyridine,
quinoline, imidazole, oxazole and pyrazine.

[0147] “Heteroarylalkyl” by itself or as part of another substituent refers

to an acyclic alkyl group in which one of the hydrogen atoms bonded to a carbon
atom, typically a terminal or sp’ carbon atom, is replaced with a heteroaryl group.
Where specific alkyl moieties are intended, the nomenclature heteroarylalkanyl,
heteroarylakenyl and/or heteroarylalkynyl is used. In preferred embodiments, the
heteroarylalkyl group is a 6-21 membered heteroarylalkyl, e.g., the alkanyl,
alkenyl or alkynyl moiety of the heteroarylalkyl is (C1-C6) alkyl and the
heteroaryl moiety is a 5-15-membered heteroaryl. In particularly preferred
embodiments, the heteroarylalkyl is a 6-13 membered heteroarylalkyl, e.g., the
alkanyl, alkenyl or alkynyl moiety is (C1-C3) alkyl and the heteroaryl moiety is a
5-10 membered heteroaryl.

[0148] “Hydroxyalkyl” by itself or as part of another substituent refers to
an alkyl group in which one or more of the hydrogen atoms are replaced with a
hydroxyl substituent. Thus, the term “hydroxyalkyl” is meant to include
monohydroxyalkyls, dihydroxyalkyls, trihydroxyalkyls, etc.

[0149] “Parent Aromatic Ring System” refers to an unsaturated cyclic or

polycyclic ring system having a conjugated 7 electron system. Specifically
included within the definition of “parent aromatic ring system” are fused ring
systems in which one or more of the rings are aromatic and one or more of the
rings are saturated or unsaturated, such as, for example, fluorene, indane, indene,
phenalene, tetrahydronaphthalene, etc. Typical parent aromatic ring systems
include, but are not limited to, aceanthrylene, acenaphthylene, acephenanthrylene,

anthracene, azulene, benzene, chrysene, coronene, fluoranthene, fluorene,
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C=0; R' is a hydrogen atom an al kyl group, an aryl group or denotes a bond
with T; each z independently is an integer fromO to 3; and

provi ded wbeoioziotdser A or J is C=0, then B is NR', 0, orcfASkRopzssand z
nust be at least 1. [0192]6. A conposition conprising a formula:

L- ((GTZR3C(=0) R4))1" wherein L is a |linking group; Tis
(-CH2-)x, (-CH2CH2-0-)x, (-COHRCHRCH2-0-)x, (-CHR2CH2CH2CH2-0-)x or forms a
bond; Gis 0, S, SO S, NR1, (CH2)t-0- or C=0; Zis C=0, COO, or CON\H
when T is (-CH2-)Xx; R3 and R4 are each independently an al kyl,
aryl, aryl al klgxacens bexsahsie, heyalean, indaceno aripdaekslindpnelipdener optional |y, R3

ia (-CH?- - CH2-), C=0(- CH2-) s,
T S5 oo RIS, (5 s e Tetdtic
(- - CH2-) r NR( - fdiiRalgise;, phltaplend, geyydemg pherlcd) penathidh& Wicendpltiade, an

arylal kyl group; Ris a hydrogen atomor an al kyl or aryl ‘group; q is an
i n%/eger yf rgm Hﬁ?‘éﬁ RpBathrene, pubieeng fefrahydpaeplithdane tirheaplone, 3; s is an

integer from @ibo,RRoW .3 t}fpljk%, AN GEE at S rﬂygrot 90309 erd G

[0150] “Parent Heteroaromatic Ring System” refers to a parent aromatic

ring system in which one or more carbon atoms (and any associated hydrogen
atoms) are independently replaced with the same or different heteroatom. Typical
heteroatoms to replace the carbon atoms include, but are not limited to, N, P, 0,
S, S, etc. Specifically included within the definition of “parent heteroaromatic
ring systems” are fused ring systems in which one or more of the rings are
aromatic and one or more of the rings are saturated or unsaturated, such as, for
example, arsindole, benzodioxan, benzofuran, chromane, chromene, indole,
indoline, xanthene, etc. Typical parent heteroaromatic ring systems include, but
are not limited to, arsindole, carbazole, B-carboline, chromane, chromene,
cinnoline, furan, imidazole, indazole, indole, indoline, indolizine, isobenzofuran,
isochromene, isoindole, isoindoline, isoquinoline, isothiazole, isoxazole,
naphthyridine, oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline,
phenazine, phthalazine, pteridine, purine, pyran, pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole, pyrrolizine, quinazoline, quinoline, quinolizine,
quinoxaline, tetrazole, thiadiazole, thiazole, thiophene, triazole, xanthene, and the
like.

[0151] “Leaving group” is a group that is displaced during a reaction by a
nucleophilic reagent. Suitable leaving groups include S(O),Me, -SMe or halo
(e.g., F, Cl, Br, I).

[0152] “Linking group” is a group that serves as an intermediate locus
between two or more end groups. The nature of the linking group can vary
widely, and can include virtually any combination of atoms or groups useful for

spacing one molecular moiety from another. For example, the linker may be an
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t is an integer from1 to about 10; x is an integer from1l to about 500;
and a polynerizable nononer. [0193] 7. The conposition of paragraph 6,

wher ei n Lwbasioaoisssmul a according to structure (1): PCT/US2010/025838Vher ei n
A and J are each independently a hydrogen atom an al kyl group, an aryl
group, or together with B forma cyclic ring, provided when A and J are
each independently a hydrogen atom an al kyl group, or an aryl group then B
is not present; Bis NR' 1 0 or (-CH2-)z; provided when A, B and J forma

ring, then A and J are (- , or C0; R 1| is a hydrog@n atom an al kyl
group, an ar yacygh@hxﬂrmarbmhm (e gbosaiuraletior Tnssturhted alknfrapendest |y is an

eI, 1 Ao, . gy SEY RS0 JORD, 510150 B 7
conposi tion obutparadiesdand thaWie),e Mohodyalsc & ﬁdpydyuh@hﬁﬁswr@bm&ldga structure
(1) (e.g., [1,2]benzeno, [2,3]naphthaleno, and the like), a simple acyclic heteroatomic
or heteroalkyldiyl bridge (e.g., -O-, -S-, -S-O-, -NH-, -PH-, -C(O)-, -C(O)NH-, -
S(O)-, -S(0),-, -S(O)NH-, -S(0);NH-, -O-CH;-, -CH,-O-CH,-~, -O-CH=CH-CHj,-,
and the like), a monocyclic or polycyclic heteroaryl bridge (e.g., [3,4]furano,
pyridino, thiopheno, piperidino, piperazino, pyrazidino, pyrrolidino, and the like)
or combinations of such bridges.

[0153] “Polymer brush" refers to a polymeric chain that is formed from a
polymerizable substrate having a radical-polymerizable terminal group and/or
radical generating group, wherein the polymerizable substrate is the base material
(such as a crosslinking agent as described herein), or can be engrafted to or
otherwise affixed to the base material (such as the substrate), thereby substantially
taking the form of the base material. The polymeric chain can be formed from
any polymerizable macromer. Polymer brushes are formed by radical
polymerization as described below. A brush has an elongated shape of a
particular size in one direction related to the degree of polymerization in a first
direction, its "length", and a cross sectional diameter or thickness is related to the
degree of polymerization in a second direction perpendicular to the first direction,
its "width". The brushes can assume a coiled or compacted morphology or an
extended morphology. The width of a brush can vary along its length. In addition,
the polymerization reaction can be controlled to create branch-like polymer brush
structures, as well as increasing or decreasing brush density, i.e., number of
brushes per surface area or per weight of base material, as described below. The
length, width, branching, and overall morphology of the polymer brushes in the
present invention can be varied according to the desired end use or purpose as

described herein and by methods known in the art.
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NRi 2R13 KK 16R17RNNR14R15 (11) wherein RI2, RI3, R4, RI5, R6, R 7 are
each independently a hydrogen atom an alkyl or aryl group or denotes a
bond wi t wd,20pvoyseded at | east two of R 2, R13, Rl14, RI1pCTREG010823838r €
bonded with T and each K, independently, is CHor N [0195]9. A conposition
comprising a formula: L-((TGQR3C(=0)R4))1, wherein L is a |linking group;
Tis (-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-)x, (-CH2CH2CH2CH2-0-)Xx or
formse a bond; Gis 0, S, SO SO, Ne, (CHZ)tO or C=0; Qis
(-CH2-)p, (-CH2CH2-0-)p, (-CHRCHCH2-0-)p - CH2CH2CH2CH2- 0-)

R3 and R4 arel0dath i ndedspigeing groupy’ lélalé}@up Télla‘ylls appangpdioc for, CXW@PE‘% daryl, or

an e 1 02 gy 5y s SO Ll 0, 0, 0 g g o0 1
or (-CH2-) 1S(g&paf(sar2hyis estérs ChckBtg, th‘;lR(ceﬁEib,Qeﬂ)eS"s (ﬂ?éthyls ethyhysthegeatedit om or
Zpyﬁl S?thar édlqnggévﬁs @@éél ¢ lg@rcglnp%%f? nagly&PD and ?'hq @gegﬂatactﬁgg@ gqrmc?w%éﬁql (l;y![ o
about 3; under either acidic or basic conditions so that the protecting group is removed and

replaced with a hydrogen atom. Guidance for selecting appropriate protecting

groups, as well as synthetic strategies for their attachment and removal, may be

found, for example, in Greene & Wuts, Protective Groups in Organic Synthesis,

3d Edition, John Wiley & Sons, Inc., New York (1999) and the references cited

therein (hereinafter “Greene & Wuts™).

[0155] Alternatively, the compositions of the invention can be solubilized

in water/alcohol solutions or in alcohols, such as isopropanol, butanol, methanol,

ethanol, cellosolves (glycols), ketones, (e.g., acetone), carboxylic esters (e.g.,

ethyl acetate) and the like.

[0156] Examples of moieties that help to provide hydrophilicity to the

compositions of the invention are as described above and include hydroxyl

groups, polyhydric groups, alkoxy groups, polyoxyalkylenes, amines, amides,

esters and ionic groups.

[0157] Once the composition is applied to a substrate, the coating can then

be subjected to an energy source suitable to initiate reaction of the initiator and/or

the crosslinker.

[0158] The compositions of the invention can be applied to a surface of

interest in any suitable manner. For example, the composition can be applied by

dip coating or by dispersing the compound on the surface (for example, by spray

coating). Suitable methods of application include application in solution, dipping,

spray coating, knife coating, and roller coating. In one aspect, the composition is

applied to the surface via spray coating, as this application method provides

increased control of the density of the coating on the support surface, thereby

improving durability.
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s is an integer fromO to about 3; mis an integer from2 to about 10; p is
an integer froml1l to about 10; t is an integer from1l to about 10; x is an
i nteger fwomiv/fosseabout 500; and a pol ymerizabl e nonomercT[i3i®6hiBsFhe
conposi tion of paragraph 9, wherein L has a fornula according to structure
(ry: " NIl A wherein A and J are each independently a

hydrogen atom an al kyl group, an aryl group, or together with B forma
cyclic ring, provided when A and J are each i ndependently a hydrogen atom

an al kyl group, or an aryl group then Bis not present; Bis NR', 0, or
(-CH2-) z; proﬁmégh whenGaperglyihg thicknesso fthe coajings hétheAnandod a@r e (- CH2-) z

or C=0; between about 2 nanometers (nm) and about 1000 microns, in particular between
about 5 nm and about 200 nm and most particularly between about 20 nm and
about 100 nm.
[0160] Not to be limited by theory, the coatings of the invention adhere to
the surface of the substrate. It is unknown whether the adhesion is from covalent
or ionic attachment, or if any physical attachment actually occurs. However, it
has been found that treatment of the coatings where inter- or intrapolymeric
crosslinking is accomplished (such as thermal, photoactivation
(photopolymerization), radical generation, etc.) often provides a durable coating
that is not easily removed.
[0161] Plastics such as polyolefins (such as ultra-high molecular weight
polyethylene, UHMWPE), polystyrenes, poly(methyl)methacrylates,
polyacrylonitriles, poly(vinylacetates), poly (vinyl alcohols), chlorine-containing
polymers such as poly(vinyl) chloride, polyoxymethylenes, polycarbonates,
polyamides, polyimides, polyurethanes, phenolics, amino-epoxy resins,
polyesters, silicones, cellulose-based plastics, and rubber-like plastics can all be
used as supports, providing surfaces that can be modified as described herein.
See generally, "Plastics”, pp. 462-464, in Concise Encyclopedia of Polymer
Science and Engineering, Kroschwitz, ed., John Wiley and Sons, 1990, the
disclosure of which is incorporated herein by reference. In addition, supports
such as those formed of pyrolytic carbon, parylene coated surfaces, and silylated
surfaces of glass, ceramic, natural polymers, such as wood (cellulose),
polysaccharides, proteins, paper, ceramics, metals or composites are suitable for
surface modification.
[0162] The coating provided by the compositions of the invention provide
improved surface characteristics, such as lubricity or function to reduce friction
when contacted to a second surface, such as in artificial joints and medical

devices.
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R11 is a hydrogen atom an al kyl group, an aryl group or denotes a bond
wth T each z independently is an integer fromO to 3; and

provi ded wibeniogiotsser A or J is C=0, then B is NR 0, orpCT@<201pm2838] z nust
be at least 1. [0197]11. The conposition of paragraph 9, wherein L has a
formul a according to structure (11): NR 2R13 KK 16R17RNNR14R15 (11) wherein
R12, R13, R14, R15, R16, R17 are each independently a hydrogen atom an

al kyl or aryl group or denotes a bond with T, provided at |east two of R12,
R13, R14, R15, R16, R17 are bonded with T and each K, independently, is CH
or N [0198] 1@1A3};orrposPh¢t©¢ptlcf@wr ¢asub$gieﬁn¢<bamplaenomenon whereby

L- CH2- 0 Ki
"' & hydr bgenTSUORET Sk eyt n iR Ghdfarieb Rrig A Do sy way
aryl oxyaryl g&OMp act&acdt Ifght SWhen SghtS@abs%@ed H&trorﬂs@dﬁﬁlh’re@xc@éd §eats in

each R3 and R4 are each independently an al kyl, aryl, arylalkyl,
het eroaryl, ofoksulset Ehesseysitadisjatespre gpneraly %@lsb@ié-lhl‘f?d aBtegAtakdycan be
tethered one of three pathways. The excited state can emit a photon from either a singlet

state (fluorescence) or a triplet state (phosphorescence), lose its energy via
vibrations in the form on heat, or react chemically. Because the absorption of a
photon highly excites a molecule, there is a much wider variety of reactions
possible than standard thermochemical means. Photocrosslinking uses these
reactions to join small molecules to other small molecules, large molecules to
small molecules, and large molecules to each other (photocoupling of polymers),
as well as large and small molecules to substrates or particles (photobonding to
surfaces). During photocrosslinking each increase in molecular weight is initiated
by its own photochemical reaction and the coupling of radicals can result in the
formation of crosslinks, especially in the solid state. Photocrosslinking can
usually be classified into two types. '

[0164] The first type is where crosslinks are formed by the direct reaction
of an excited molecule. Representative reactions would be a photo 2 + 2
cycloaddition (or 4+4) and cis-trans isomerization of double bonds. Examples of
this type are demonstrated by the cyclodimerization of cinnamic acid and
derivatives, chalcones and stilbenes, anthracenes, maleimides and strained
cycloalkenes. In another large class of reactions, the triplet, T, excited state of
carbonyl groups in ketones can result in either fragmentation (Norrish Type I
reaction) or hydrogen abstraction (Norrish type Il reaction). Both of these
photoreactions create two radicals which can then subsequently react with
surrounding molecules. For example, aromatic ketones, such as benzophenone,
readily undergo hydrogen abstraction reactions with any preformed polymer
possessing C-H bonds. A possible mechanism is shown in the Scheme which

follows.
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together via (-CH2-)qg, (-CH2-),C=0(-CH2-)s, (-CH2-)1S(-CH2-)" (-CH2-), S=0(-
CH2-)s or (-CH2-)1S(0)2(-CH2-)s, (-CH2-)1INR(-CH2-)s; each Rl is a hydrogen
at om or awmoabiwyloisearyl, or an arylal kyl group; each R i gca/usyehoogass at om or
an al kyl or aryl group; each g is an integer from1l to about 7; eachr is
an integer fromO to about 3; each s is an integer fromO to about 3; mis
an integer from2 to about 10; each t is an integer from1 to about 10; xx
is an integer from1l to about 10; and a pol yneri zabl e nononmer. [0199]13. The
conposition of paragraph 12, wherein L has a fornmula according to structure

(1): NNA 101851 whfebishCAOND) 3 Rar-H eaéhsdefdhdeRpt y a hydrogen

pr vl ded ahenA88ha" ) aRe” SaEHRISOt G R TRBE SR arom an alkyl

group, or an [rg¥] gr oupRpheRpB-bHLRMRH present;
[0168] The second usual type of photocrosslinking is where crosslinks
occur through the action of a photogenerated reactive species. Examples of the
second type include the use of nitrenes that are formed from organic azides, and
carbenes.
[0169] Whether through direct excited state reaction or reactive
intermediates, photolysis of photoreactive groups can begin a process of bond
formation throughout a mixture. The act of cross linking will serve to increase
the durability of this surface. Bonds will be formed between initiators and
crosslinkers, crosslinkers and crosslinkers, initiators and initiators, and between
crosslinkers and/or initiators and the surface of the substrate. Bond formation
may take place by many means within the various systems. In many cases
radicals are formed through photolysis. Radicals can form new bonds through
radical-radical recombination, addition to unsaturated bonds, hydrogen
abstraction and subsequent recombination or addition, further fragmentation,
oxygen addition, or disproportionation, as well as possible electron transfer
reactions. Similarly, photoreactive polymeric species can be bonded to the
surface of the substrate. These newly formed covalent bonds increase the
durability and stability of the matrix. In cases which generate carbenes and
nitrenes, bonds would be formed typically by insertion, hydrogen abstraction to
form radicals, rearrangements, etc. This invention is not limited to these
mechanisms, and in fact, many mechanisms may be at work within one
photoactivatable crosslinker(s) and initiator(s) system.
[0170] Photoreactive species are as described herein, and are sufficiently
stable to be stored under conditions in which they retain such properties. See,
e.g., U.S. Pat. No. 5,002,582, the disclosure of which is incorporated herein by

reference. Latent reactive groups can be chosen that are responsive to various
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Bis NR', 0, or (-CH2-)z; provided when A, B and J forma ring, then A and
J are (-CH2-)z or C=0; R11 is a hydrogen atom an al kyl group, an aryl
group or wenotemiswibond with T each z independently is aoTiust@gepssBgsom 0 to
3; and provi ded when either Aor J is C=0, then Bis NR',
0, or (-CH2-)z. and z nust be at least 1. [0200]14. The conposition of
paragraph 13, wherein A and B are both hydrogen atons. [0201] 15. The .
conposition of paragraph 14, wherein xx is 1, each Gis (-CH2-)t0- and t is
1, each Rl is H and each R3 and R4 are each individually aryl groups.
[0202] 16. A Copﬁygglpstqfdhe glgﬁrﬁmgnﬁ@c gpecpmyih those responsive to ultraviolet,

(S BRI s or il AL IR U 1 o

aryl oxyaryl dipbofreative')0, S, or NRSR9;
[0171] Latent reactive groups respond to external stimuli and undergo
active specie generation with the formation of a covalent bond to an adjacent
chemical structure, e.g., as provided by the same or a different molecule. Latent
reactive groups are those groups of atoms in a molecule that retain their covalent
bonds during storage but, upon activation by an external energy source, form
covalent bonds with other molecules.
[0172] Photoreactive groups generate active species such as free radicals
and particularly nitrenes, carbenes, and excited states of ketones upon absorption
of electromagnetic energy. Photoreactive groups can be chosen to be responsive
to various portions of the electromagnetic spectrum, and photoreactive species
that are responsive to electromagnetic radiation, including, but not limited to
ultraviolet, infrared and visible portions of the spectrum, are referred to as a
"photochemical group" or "photogroup.”
[0173] The initiators that can be combined with the crosslinkers described
herein to form the inventive compositions of the invention include photoreactive
initiators as well as thermal initiators.
[0174] Free radical initiators can be classified by the following two types.
[0175] Type A. Compounds directly produce radicals by unimolecular
fragmentation after external energy absorption. The radicals result from a
homolytic or heterolytic cleavage of a sigma bond inside the molecule itself.
Common examples include but are not limited to peroxides, and peroxy
compounds, benzoin derivatives (including ketoxime esters of benzoin),
acetophenone derivatives, benzilketals, a-hydroxyalkylphenones and a-
aminoalkylphenones, O-acyl a-oximinoketones, acylphosphine oxides and
acylphosphonates, thiobenzoic S-esters, azo and azide compounds, triazines and

biimidazoles.
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P is a hydrogen atomor a protecting group, with the proviso that P is

absent when X i s NR3R9; R2 is a hydrogen atom an alkyl,
al kyl oxyalbybio/miges, aryl oxyal kyl or aryl oxyaryl group; pErits2610/0%8360, SO2,
NRI, (CH2)t-0- or C=0; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-),E=0(-CH2-)" (-CH2-),S(-CH2-)s, (-CH2-)rS=0(- CH2-), or
(-CI—IZ-)l-S(O)Zé-CHZ-)s, (-CH2-) 1- NR(- CH2-) s; . R8 and R9 are each
i ndependent | yl0 7§ﬂydrogeﬁm%nﬁomoamdsﬂeperathflre,e rladICdSWbirkgfl_hcqijatroEpa R is a
hydr ogen ato . |; ,0r. an .ary roup; .1s a hydrogen
a%/om gan al k;/Tl}l }5?%?& gna%gt%clltlba%g%rpl;ighgaPssor%thoni' r}[ﬁjgg%fim%%ﬁ?%ragéo%bout 7; r is an

i nteger from ghot@eadiouioraip éhtdrS aexditell €AY ant@BRGo b8 idB@Mlechlar M IS an
integer from2 to about 10; t is an integer from1l to about 10; and a

pol yrer i zabl eRBIGMEMN 2 hydpea) donortresas pa jagisalst Tharlagflsdpkhel6, wherein L
B L
Xis 0, P is Houpling of dadicBsicsn pe Gd-t) fi@m crossliakd esfRBiallpdn B satie seach
| ndividually tﬁg Xll)seggeogfp s%lv%g’g‘ Izzmrzlimné)jn esza}np%erseinglg(tiQ bl?';%treh r¥(|)t lg;i?e%eg the
following chemical classes. Quinones, benzophenones, xanthones and
thioxanthones, ketocoumarins, aromatic 1,2 diketones and phenylglyoxylates.
Hydrogen abstraction reactions can also occur intramolecularly. The reactions are
not effective for the direct initiation of polymerization and are used internally for
the formation of an intermediate. This intermediate may be effective for further
cross linking depending on its structure.
[0177] The photolysis of organic azides has been shown to result in N,
loss, producing nitrenes as reactive intermediates. Nitrenes are known to undergo
five general reactions. 1) Addition to double bonds is observed for both singlet
and triplet nitrenes which in the case of arylnitrenes results in rearrangement of
the aziridine to a secondary amine as a conceivable mechanism. 2) Insertion of a
nitrene into a carbon-hydrogen bond to give a secondary amine which is observed
for singlet nitrenes. 3) Hydrogen abstraction is the most common reaction of
triplet nitrenes in solution where the formed amino radical and carbon radical
generally diffuse apart and the amino radical abstracts a second hydrogen atom to
give a primary amine. 4) Nitrene dimerization 5) Attack on heteroatom, for
example nitrenes react with azides and oxygen.
[0178] Upon direct excitation, carbon halogen bonds such as those in
trichloromethyl triazine, tribromomethyl triazine, and aryl iodides, homolytically
cleave forming a halogen radical and a carbon radical. Either or both radicals can

then abstract hydrogen, disproportionate, couple other radicals, add to unsaturated

bonds, or perform other typical radical reactions resulting in crosslinking and
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[ 0205] 19. A conposition conprising the formula: L-((GR3C(=0)R4))1; wherein L
Is alinking group; Gis 0, S, SO S, NRI, (CH)t-0- or C=0;

R3 and Rdweneiemeds3i ndependently an al kyl, aryl, aryl al glrjusbeweessasyl, or
an heteroaryl al kyl group, or optionally, R3 and R4 can be tethered together
via (-CH2-)q, (-CH2-)1C=0(-CH2-)" (-CH2-)rS(-CH2-)s, (-CH2-)rS=0(- CH2-)s
or (-CH2-)rS(0)2(-CH2-)s, (--CH2-)1NR(-CF12-)s; R is a hydrogen atomor an
al kyl, aryl, or an arylal kyl group; Ris a hydrogen atom an al kyl or an
aryl group; qbis an inte%ﬁg from1l to about 7; r is an integer fromO to
about 3; s isbeH formaéipar Suitable xemeplaptgtuds trighloremgihyl hieaiyes, from 2 to about

10,05 o5, 30 BARERImIBETIA b8, S pdOoqan o polyrer 220l e ronorer

conposi ti on cforpe) si ng Bhd wermdphototeattivie &6 TRls)i0 XR) CHRAEPBGEORALRA) gry]
ketones are useful such as acetophenone, benzophenone, anthraquinone, anthrone,
and anthrone-like heterocycles (i.e., heterocyclic analogs of anthrone such as
those having N, O, or S in the 10-position), or their substituted (e.g., ring
substituted) derivatives. Examples of aryl ketones include heterocyclic
derivatives of anthrone, including acridone, xanthone, and thioxanthone, and their
ring substituted derivatives. In particular, thioxanthone, and its derivatives,
having excitation wavelengths greater than about 360 nm are useful.
[0180] The photoreactive groups of such ketones are preferred since they
are readily capable of undergoing an activation/inactivation/reactivation cycle.
Benzophenone, acetophenone and anthraquinone are examples of photoreactive
moieties, since they are capable of photochemical excitation with the initial
formation of an excited singlet state that undergoes intersystem crossing to the
triplet state. The excited triplet state can insert into carbon-hydrogen bonds by
abstraction of a hydrogen atom (from a support surface, for example), thus
creating a radical pair. Subsequent collapse of the radical pair leads to formation
of a new carbon-carbon bond. If a reactive bond (e.g., carbon-hydrogen) is not
available for bonding, the ultraviolet light-induced excitation of the
benzophenone, acetophenone or anthraquinone group is reversible and the
molecule returns to ground state energy level upon removal of the energy source.
Photoactivatable aryl ketones such as benzophenone, anthraquinone and
acetophenone are of particular importance inasmuch as these groups are subject to
multiple reactivation in water and hence provide increased coating efficiency.
[0181] Another class of photoreactive groups includes compounds having
an Si-Si bond, wherein it is believed the Si-Si bond is broken upon excitation with
a light source, such as with a laser or UV light. The radicals generated upon the

bond breakage provide for reactive sites suitable for use with the present
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wherein L is (-0CH2CH20-)qq; T is (-CH2-)x; Rl is a hydrogen
atom an al kyl, al kyloxyal kyl, aryl, aryloxyal kyl or aryloxyaryl group; X

is 0, S wo 2bR3BL863 P is a hydrogen atom or appraise@biopgs3gr oup,
with the proviso that P is absent when X is NR8R9; R2 is a
hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryloxylal kyl or aryl oxyaryl
group; Gis 0, S, SO S, NRL, (CH2)t-0- or C=0; R3 and R4 are

each independently an al kyl, aryl, arylalkyl, heteroaryl, or an
het er oaryl al k groupF or optlonally R3 and R4 can be tethered t oget her

via (-CH2-)q, }ln(ve mplgs.of $1-S{ benpelyavgge, cppl )lglevee, cMzElyR@?(F( CH2-) ,

- -)1S 2 « atom or an
glr k§/| ,Cngill g@%&?%ﬁ%ﬂ(ﬁﬁb};{) A i 72 Eg%%l&fs Rgeglﬁ%ggg' ﬁCler(lltependent |y
a hydrogen at Baqlicari’hatdhyitiatoasrbalsedmSiaSiyﬂ:lah\l@)gh” MaotopolRules, 2007y do,0gen at om

o oo &7t o s P e PO PR bl b T8 b i Siemiger £ oo

2 to about 10A1c¥nch,38taﬂou1§tl\@©ﬁ£ndf §, 9Mqim &Ry 12D OUDis 8519 silafluorene, the
contents of which are incorporated herein in their entirety.)
[0182] Thermal polymerization can be defined as a phenomenon whereby
individual substances are joined together to create larger structures by the action
of heat. Numerous substances decompose to free radicals when heated. If the
decomposition temperature corresponds to a convenient temperature range the
substance may be useful in reactions to join small molecules to other small
molecules, large molecules to small molecules and large molecules to each other
(thermal coupling of polymers), as well as large and small molecules to substrates
or particles (thermal bonding to surfaces). Useful thermal initiators include
organic peroxides, redox reagents, organic hydroperoxides, azo compounds, metal
alkyls and organometallic reagents.
[0183] Dialkyl, diacyl and hydrogen peroxides decompose thermally by
cleavage of the oxygen bond to yield two alkoxy radicals. Azo compounds
decompose thermally to give nitrogen and two alkyl radicals. The radicals may
then initiate reactions as described in photopolymerization free radical reactions.
[0184] Medical articles that can be fabricated from or coated or treated
with the compositions of the invention include, but are not limited to, catheters
including urinary catheters and vascular catheters (e.g., peripheral and central
vascular catheters), wound drainage tubes, arterial grafts, soft tissue patches,
gloves, shunts, stents, tracheal catheters, wound dressings, sutures, guide wires,
prosthetic devices (e.g., heart valves and LVADSs) and artificial joints, such as
implants (knee, hip, cervical, vertebral, etc.). Vascular catheters which can be
prepared according to the present invention include, but are not limited to, single

and multiple lumen central venous catheters, peripherally inserted central venous
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X Is an integer from1l to about 500; qg is an integer from1l to about 500;
and a pol yneri zabl e nononer. [0208] 22. The conposition of paragraph 21,
wher ei n RvD0td/10¥868s 0, Pis H R2 is H Gis 0, R3 andpRé/ump@oar3shs gr oups,
mis 2, x is an integer froml to 10 and gqq is an integer from1 to about
10. [0209] 23. A nethod to nodify a substrate conprising the step of applying
a conposition conprising a crosslinker conprising a formula:

L-((D-T-C(R1) ( XP) CHRRGR3C(-0)R4)),, wherein L is a linking group; Dis O,

S, SO SO2, NR5 or CR6R7; Tis (-CH2-)x, (-CH2CH2-0-)Xx,

(- CH2CH2 CHz- oce)tkgeter@, er@qgw@.@gqg_cgthyters@pem@tﬂn@ug sb@ﬁdmtroduoer systems, RL is a

hydrogen at On}he%ﬂocﬂ %E@E%ﬁ %Yl% r@/tjhe h@SsyAn ?Xa/c%l é‘f cgﬁxr gl oxyaryl

group; Xis 0O ro en’

protecting grtzags towildcrohitalepicoy e ab padenRkes, @é&ﬁﬂﬂﬂhto\t\@ Qfifkidl heMRSBU
R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aronxyaIkyI or
aryl oxyaryl gieRiptegpiogengorss, SO SO2, NR10, (CH2)t 0- or C

R3 and R4 areragsp i ndepepdant L:%bé‘éﬁpfémﬁl%coﬂ{r%h&ﬂ #héldtthy C{r{: Ghaoaryl, or

an heteroarylalky group or optiona can ered together
via (-CH2-) q, affplieH®s 3 nSr0§coBriRE Jesor ‘(chlﬁHZer)b@@eEHﬂe JimobiizeRen., S=0(- CH2-),
or (- CH2-)r$( R)>1§8]- G- )’?he %ollowm ga[;lggrap S enuglerated consecutively from one (1)

through 80 provide for various aspects of the present invention. In one

embodiment, in a first paragraph (1), the present invention provides

[0187] a composition comprising a formula:

L-((D-T-C(R")(XP)CHR*GR*C(=0)R*)m

wherein L is a linking group;

Dis O, S, SO, SO, NR® or CR°R’;

T is (-CHz-)y, (-CH,CH,-0-), (-CH,CH,CH,-0-),, (-
CH,CH,CH,CH,-0O-), or forms a bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the proviso that P
is absent when X is NR®R’;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or optionally, R®> and R* can be tethered
together via (~CHjz-)q, (-CH»-),C=0(—CH,-)s, (-CH3-),S(~CHz-)s, (~CH,-),S=O(-
CHy-)s or (—=CH3-),:S(0)2(~CHy-)s, (-CHa-),NR(-CH-)s;

R® and R'? are each independently a hydrogen atom or an alkyl,

aryl or arylalkyl group;
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R5 and Rl are each independently a hydrogen atomor an al kyl, aryl or
aryl al kyl group; R6 and R7 are each independently a hydrogen
atom an wbkyio10es6yl , aryl al kyl, heteroaryl or heteroar ycalusgd1090389;

R8 and R9 are each independently a hydrogen atom an al kyl, aryl, or

aryl al kyl group; Ris a hydrogen atom an alkyl or an aryl group; g is an
integer from1l to about 7; r is an integer fromO to about 3; s is an
integer fromO to about 3; mis an integer from2 to about 10; t is an
integer from1l to about éLO; X, is an integer from1l to about 500; and

a pol ymeri zabl e nononer Rt and Rears gadhaindepshdertily shivsogeatatqm sanciikylhatl, t he

substrate surfa ks nodified. [0210].24. The net hod of paragraph 23, wherein
t he conposi ti 1’3}?6?%%{8#?%%%83%@@%?5?;56?’ at | east one photoactivatabl e

group within the conposkti@RT gt REctAinBORAIM T | rak 3k Cantfik 1 NGy,
substrate. [0211]25. A nethod to nodi fy@%ﬂsubgﬁ a}{mzog?grrpri si ng }t’heyst ep of
appl yi ng a co®ips¥iatkiybarospnpri sing a crosslinker conprising a formula:

L- ((T- C(R1) (XP) CHRZG?SCiﬁfé)Q ﬁ%ﬁr))gen a\l%'l%[ gﬂ ﬁklj‘l oirsan%ryllligrr](i)(dpr;]g group,
q is an integer from 1 to about 7,
r is an integer from 0 to about 3;
s is an integer from O to about 3;
m 1is an integer from 2 to about 10;
t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and
a polymerizable monomer.

[0188] 2. The composition according to paragraph 1, wherein L is

. N
~,* .
3. \./
. N
.
.
N
.

N , D1is O, T is (—CHj-)y, Rlisa hydrogen atom, X is O, P is

a hydrogen atom, R?is a hydrogen atom, G is O, R® and R* are phenyl groups, m
is3andxis 1.
[0189] 3. The composition according to paragraph 1, wherein L is (-
CH-)y, D1s O, T is (<CHz-)y, R'isa hydrogen atom, X is O, P is a hydrogen
atom, R?is a hydrogen atom, G is O, R and R* are phenyl groups, mis 2, x is 1
and y is an integer from 2 to about 6.
[0190] 4. A composition comprising a formula:

L-((T-C(R")(XP)CHR’GR*C(=0)R*))m

wherein L is a linking group;

T is (=CH2-)x, (-CH,CH,-O-), (-CH2CH,CH,-O-)y, (-
CH,CH,CH,CH,-O-)y or forms a bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;
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Tis (-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-)x, (- CH2CH2CH2CH2-0-)x or

forms a bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, arwoxyalilysesor aryloxyaryl group; X is 0, S, or RE3RS2010/025838 P
is a hydrogen atomor a protecting group, with the proviso that P is absent
when X i s NR8R9; R2 is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, aryloxylal kyl or aryloxyaryl group; Gis 0, S, SO SO, NR1,
(CH2)t-0- or C=0; R3 and R4 are each independently an al kyl,

aryl, arylalkyl, heteroaryl, or an heteroarylal kyl group, or optionally, R3

and R4 can be tethered XKogethetr NRR{-CH2-)q, (- CH2-)r C=0(- CH2-)s,

(-CH2-)rS(-CH2-)s, (- - =0 - =) - -)r.S - CH2-

(- CH2- ) INR( - CH2-) s APy %l%ﬁ%%egéﬁgﬁng% %ﬁ%é“gg%‘%‘i?y%?t)lg}g%/ﬁ’m%lrsg B3Pl kyl

gr oup; is absenR&hami iIRNRER® each i ndependently a hydrogen atom an

al kyl, aryl, or arylal kii' group; Ris a h}/droagken atomé an al kyl or aryl
group; g is an integer Krigmhydfagenpiont ap-alkyl;jalkdeoxsabeydgevl, avlomyBlied about
3; sis anin .0 about 3; mis an integer from2 to about 10; t
is an int egerérﬁqgﬁxgg@%g out 10; x is an integer from1 to about 500; and

Gis 0, S, SO, SO,, NR', (CH,)-0- or C=0;

R’ and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CHj-)q, (~CH1-),C=0O(—CH;-),, (-CH»-):S(—CHy-)s, (~CH3-),S=0O(-
CHz-)s or (=CHa-):S(O)2(—CHy-)s, (—CH2-)NR(=CH,-)s;

RYisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and

a polymerizable monomer.

[0191] 5. The composition of paragraph 4, wherein L has a formula

according to structure (I):

' @)
wherein A and J are each independently a hydrogen atom, an alkyl

group, an aryl group, or together with B form a cyclic ring, provided when A and

85520486.1 -43-



a polynerizable nonomer to the surface of the substrate, such that the
substrate surface is nodified. [0212] 26. The net hod of paragraph 25, wherein
t he conpowot2ommoiss3phot oacti vated such that at | east onecphst@aobisssit abl e
group within the conposition forns a bond with the surface of the
substrate. [0213]27. A nmethod to nodify a substrate conprising the step of
appl ying a conposition conprising a crosslinker conprising a formula:
L- ((GTZRSC( =0)R4))1 wherein L is a |linking group; Tis (-CH2-)Xx,
(- CH2CH2-0-),, (- CH2CH2CH2- 0- { (- CH2CH2CH2CH2-0-), or forms a bond, GIS
0, S, SO SO2! ammach indepepdenly mhydregen aromsanctiy! anom, oban @okErow dienTs
(- CHz-) x; s not pres ntR3 and R4 are each independently an al kyl, aryl
aryl al kyl , he{ eroary or an heteroarylal kyl group, or opti onaIIy, R3 and
R4 can be tethered togBtHER! \{icaof(cﬁa))cp ( CHZ ), C=0(- CH2-)"
(-CH2-)1S(-CH2-)s, (-CH2-)rSs=0(- or ? S(0) 2( - CH2-
(- CH2-) INR(- CH2-)s; Rl @Véieﬁ B@e# ?d{d&rﬁoan a‘ngah@ﬁ angh X gre (5 a)mor
aryl al kyl gro&;g .Ris a hydrogen atomor an alkyl or aryl group; g is an
i nteger from to about 7; r is an integer fromO to about 3;

R'!'is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T;

each z independently is an integer from 0 to 3; and

provided when either A or J is C=0, then B is NR' ', O, or (-CH3-),
and z must be at least 1.

[0192] 6. A composition comprising a formula:

L-((GTZR*C(=O)RY)m

wherein L is a linking group;

T is (—CHj-)4, (-CH,CH,-O-)x, (-CH,CH,CH,-O-)y,
(-CH,CH,CH,CH,-O-), or forms a bond,

Gis O, S, SO, SO, NR', (CH,)-O- or C=0;

Z is C=0, COO, or CONH when T is (—<CHjz-)y;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
together via (~CH»-)g, (-CH»-),C=0(—CH,-)s, (~CH»-),S(—CH>-)s, (-CH»-),S=0(—
CHa-)s or (=CH2-):S(O)2(~CHz-)s, (~CH2-):NR(-CHz-)s;

R'%is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and
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S is an integer fromO to about 3; mis an integer from2 to about 10; t is
an integer froml1l to about 10; x is an integer from1l to about 500; and a
pol yner i aabl2eé10monssger to the surface of the substrate, egtlustiwio2isse
substrate surface is nodified. [0214] 28. The net hod of paragraph 27, wherein
the conposition is photoactivated such that at | east one photoactivatable
group within the conposition forns a bond wth the surface of the
substrate. [0215]29. A nethod to nodify a substrate conprising the step of
appl ying a conposition conprisi ? a crosslinker conprising a fornula:

L- ((TGQR30( =0) R4) ) 1 whe# polpmerizablambherkéng gr oup; Tis (-CH2-)x,

(- CrecHe- [0(1R§H 2CH2GH2- 0- 4, o@%loéog_'ar(a 2 6 Bher(eu@é% bo di Gis

OSSOSOZ )t-0-

(- CH2CH2CH2- Qx%@ﬁﬂﬁybsﬁuaﬁHa@HZCHz 0-)p; R3 and R4 are each

i ndependently an al kyl, aryl, arylal kyl, heteroaryl, or an heteroaryl al kyl
group, or optionally, and R4 can be tethered together via (-CH2-)q,
(-CH2-),C=0(-CH2-)sy (HCH2~)i S(-CH2-)s, (-CH2-)rS=0(- CH2-)s or

(-CH2-), S(0)2(-CH2<)™ (--1ICH2-) INR(-CH2-)s; Rl is a hydrogen atom or an
al kyl, aryl, or an aiyléL yl group;

wherein A and J are each independently a hydrogen atom, an alkyl
group, an aryl group, or together with B form a cyclic ring, provided when A and
J are each independently a hydrogen atom, an alkyl group, or an aryl group then B
is not present;

Bis NR', O, or (-CHa-),;

provided when A, B and J form a ring, then A and J are (-CH,-), or
C=0;

R'"isa hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T

each z independently is an integer from 0 to 3; and

provided when either A or J is C=0, then B is NR! l, O, or (-CHy-),.
and z must be at least 1.
[0194] 8. The composition of paragraph 6, wherein L has a formula

according to structure (II):

NR12R13

K|/KK
A N

wherein Rlz, R”, RM, Rls, R'®, R' are each independently a

16R17RN

hydrogen atom, an alkyl or aryl group or denotes a bond with T, provided at least
two of R'2 R} R R, R'®, R" are bonded with T and each K, independently, is
CH or N.

85520486.1 -45-



R is a hydrogen atomor an alkyl or aryl group; g is an integer from1l to
is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; p is an integer fromstomoabout 10;

t is an integer from1l to about 10; x is an integer from1 to about 500;

a polynerizable nonomer to the surface of the substrate, such that the
substrate surface is nodified. [0216] 30. The net hod of paragraph 29, wherein
the conposition is photoactivated such that at | east one photoactivatabl e
group within the conposition forns a bond with the surface of the
substrate. [OEM9FB1. A nBt hodAtcompositiby campribisg rdtrenudonpri sing the step of

applying a conposition g¢ LSk osslinker conprising a formul a:

L-((-CH2-)xxC(R1)(GRSC(ggﬁg%?gf%%{aﬁgé%in L is a linking group;

Rl is a hydrogen atom @Hm%hhyﬁ@j@ﬂﬁ%%g%%gﬂky|, aryl, aryl oxyal ky, or
S, SO Sz,

about 7; r

aryl oxyaryl

group;

each Gis 0

S, ] NRI, (CH2)t-0- or C=0;
T is (-=CHz-)x, (-CH,CH,-O-), (-CH,CH,CH,-0-),,

(-CH,CH,CH,CH;-0-), or forms a bond;

Gis O, S, SO, SO, NR'?, (CH,),-O- or C=0:
Qs (~CHy-)p, (-CH,CH,-0-),, (-CH,CH,CH,-0-), or

(-(:}12(:}{z(inz(:}iz—()-)p;

R’ and R* are each independently an alkyl, aryl, arylalkyl,

heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (~=CHp-)q, (-CH;-),C=0(~CHz-);, (<CH,-),S(~CH,-)s, (—=CH,-),S=0(-
CHy-)s or (=CH3-),S(0)2(~CHz-)s, (-CHy-)NR(~CH,-)s;

[0196]

R%isa hydrogen atom or an alkyl, aryl, or an arylalkyl group;
R is a hydrogen atom or an alkyl or aryl group;

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

p is an integer from 1 to about 10;

tis an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and

a polymerizable monomer.

10. The composition of paragraph 9, wherein L has a formula

according to structure (I):
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each R3 and R4 are each independently an al kyl, aryl, arylalkyl,

heteroaryl, or an heteroaryl al kyl group, or optionally, R3 and R4 can be

t et her ed wogetoneisesi a (- CH2-)q, (-CH2-)rC=0(-CH2-)s, (- PcChiR2)i0Biss6812-)Ss,
(--CH2)r8=0(- CH2-), or (-CH2-)rS(0)2(-CH2-)s, (-CH2-)rNR(-CH2-)s; each R
is a hydrogen atomor an alkyl, aryl, or an arylal kyl group; each Ris a
hydr ogen atom or an al kyl or aryl group; each q is an integer from1l to
about 7; each r is an integer fromO to about 3; each s is an integer from
O to about 3; mis an integer from2 to about 10; each t is an integer from
1 to about 10; xx is anwhereiageend § aipeack mdepradentiioa hydieigen atom, an alkylg

ol yneri zabl e t [ . su rat e, Ssuc hal the
g ubgt rate sur gg é%;%?édqga?()%f%%ﬁg}tg% f?ﬁ-g ar’rcé/?ﬁ%)rdn fp’r%vellg%dg}rv}té%% :§1_nL(,1 wherein
the conposi tilodreieschindépeadéritivat igdreden htdnain aitylleeap! otstarphabeaeichat abl e

group within the conposition forns a bond with the surface of the
substrate. [0229]A8RUnet hod to nodify a substrate conprising the step of

appl ying a conposition gg@ﬁils@gmcg_gssl i nker conprising a fornul a:
= &1 éi

L- ((-C(RI) ( XP) CHR2GR3(C( 4) 5§, " A Lis a linking group;

Rl is a hydrogen atom m@mnvidk&when Al BydndXyfadnk g lringathgh A eaud Vil apex (- &1HgY)) oror
aryl oxyaryl géggp;
R'isa hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T
each z independently is an integer from O to 3; and
provided when either A or J is C=0, then B is NR! l, O, or (-CH3-),.

and z must be at least 1,

[0197] 11. The composition of paragraph 9, wherein L has a formula
according to structure (II):
NR12R13
K X

)|\K)\NR”R15 1)

wherein RIZ, R]3, RM, RIS, Rlé, R'7 are each independently a

16R17RN

hydrogen atom, an alkyl or aryl group or denotes a bond with T, provided at least
two of R'2, R, R' R R'" R!7 are bonded with T and each K, independently, is
CH or N.
[0198] 12. A composition comprising a formula:

L-((-CH2)xC(R)(GR*C(=0)R )2}

wherein L is a linking group;

Rlisa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalky,
or aryloxyaryl group;

each Gis O, S, SO, SO,, NR'’, (CH,)-O- or C=0;

each R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
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Xis 0, S, or NRBR9; P is a hydrogen atomor a protecting group,

with the proviso that P is absent when X is NR8RO; R2is a
hydr ogen wbemo/amseal kyl , al kyl oxyal kyl, aryl, aryl oxyal leglr/useodnyisexyar yl
group; Gis 0, S, SO S, NRL, (CH2)t-0- or C=0; R3 and R4 are

each independently an al kyl, aryl, arylalkyl, heteroaryl, or an

het eroaryl al kyl group, or optionally, R3 and R4 can be tethered together
via (-CH2-)qg, (-CH2-)rC=0(-CH2-)s, (-CH2-), S( CH2-)s, (-CH2-),S=0(- CH2-)s
or (-CH2-),S(0)2(-CF12-)s, (-CH2-)1NR(-CH2-)s R8 and R9 are
each i ndepend@gﬁﬂhyr wa Ky oge 6-GHoe=Q6-Gky - CHWIIS( ©tl>-ar HCAHKW=Qfr-oup; RI

hydrogon atonf T Ay o aR GRCET N 6H AR 1 268" om 1 fo abour

7, r is an integer frOn&thH@Oﬁth(}%réﬁen%tdﬁoﬁ'&héll@ﬁeﬂ@[ ok hRAHlk@ about 3; m
is an integer from2 to about 10; is an integer from1 to about 10; and

a pol yneri zabg@Wpononer to the surface of the substrate, such that the
substrate surface i s nodj e 220 34. The od of aragraph 33, wherein
the conposition is phot'%aaféltR vat r0§3 ﬁtophor anaatkﬁ Oasa{yl uPphot oactivat abl e

group W thin the conposgddchqris h®iniggea flopndiombotit 1;he surface of the
substrate. [0221]35. A nethod to nodify a substrate conprising the step of

each r i1s an integer from 0 to about 3;

each s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

each t is an integer from 1 to about 10;

XX 1s an integer from 1 to about 10; and

a polymerizable monomer.

[0199] 13. The composition of paragraph 12, wherein L has a formula

according to structure (I):

wherein A and J are each independently a hydrogen atom, an alkyl
group, an aryl group, or together with B form a cyclic ring, provided when A and
J are each independently a hydrogen atom, an alkyl group, or an aryl group then B
1S not present;

Bis NR'', O, or (-CH,-),;

provided when A, B and J form a ring, then A and J are (-CH,-), or
C=0;

R''isa hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T

each z independently is an integer from 0 to 3; and
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appl yi ng a conposition conprising a crosslinker conprising a fornula:
L-((GR3C(=0)R4))1,; wherein L is a linking group; Gis 0, S, SO

SQ2, ( CH2)weQe1001014630; R3 and R4 are each i ndependenbloyssas al kyl ,
aryl, arylal kyl, heteroaryl, or an heteroarylal kyl group, or optionally, R3
and R4 can be tethered together via (-CH2-)q, (-CH2-),C=0(-CH2-)s,
(-CH2-)1S(-CH2-)s, (-CH2-)rS=0(- CH2-), or (-CH2-)1S(0)2(-CHz2-)s,

(--CH2-), NR(-CH2-)s; Rl is a hydrogen atomor an alkyl, aryl, or an

arylal kyl group; Ris a hydrogen atom an_al kyl or an aryll group; g is an
integer from1 to aboutPrpvided whennithertdeget isfGepnthent B imlBut O3 por 6CiHs-)an

i nteger from t .3, is an integer from2 to about 10; t is an
i nteger from %%%mg%g%tat e&smand a polynerizabl e nononer to the

surface of thg2e0pstrates. suThe édmggosttha oftp_bﬁgfa%h%;swﬁéraﬁ%bﬁd mogé f i ed.
[ 0222] 36. The rreého of paragraph 35, wherein the conpositionis
phot oact i vat lPth hydrogametoms. | east one phot oacti vat abl e group within the

Corpos L on (R, b v kel O AORERAST.E,
conpri sing a is(g3¥$)-)@kard Weiprack Rids H ahdeatt R and R* are each individually aryl
L-((T-C(RI) ( Xgl?)OI%-éRZG?SC( =0)R4) ) m

[0202] 16. A composition comprising a formula:

L-((-C(R")XP)CHR*GR*C(=0)R*))m

wherein L is a linking group;

R'isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR'R’;

P is a hydrogen atom or a protecting group, with the proviso that P
is absent when X is NR8R9;

R’isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Gis O, S, SO, SO,, NR'®, (CH,),-O- or C=0;

R* and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (~CHp-)q, (-CHz-)/C=0(~CH,-)s, (-CHz-),S(—CH,-)s, (-CH3-),S=O(~—
CHy-)s or (=CHz-),S(0)2(~CHa-)s, (~=CH,-)NR(—CHy-)s;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R' is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q 1s an integer from 1 to about 7;

r 1s an integer from 0 to about 3;

s 1s an integer from 0 to about 3;
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wherein L is (-0CH2CH20-)qq; T is (-CF12-)x; R1 is a hydrogen
atom an al kyl, al kyloxyal kyl, aryl, aryloxyal kyl or aryloxyaryl group; X

is 0, S, WO 2363 P is a hydrogen atom or appraisecmionss3gr oup,
with the proviso that P is absent when X is NR8R9; R2 is a
hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryloxylal kyl or aryl oxyaryl
group; Gis 0, S, SO S, NRL, (CH2)t-0- or C=0; R3 and R4 are

each independently an al kyl, aryl, arylal kyl, heteroaryl, or an
het eroaryl al kyl group, or optionally, R3 and R4 can be tethered together
via (-CH2-)q, (-CH2-), aeof aromegpsfrop 2aezbpptg cHe- ) s, (- CH2-), S=0(- CH2-),

or (-CH2-.),S(0)2(-CH2-)." -gg%— - )1§..Rl 1s a hydrogen atom or an
al kyl, aryl or arylalkffsaégh ,rk%npf%)ﬁ%@tggagﬁd RO are each independently

a hydrogen atom an al kypolymentablexhomspéral Kyl group; R is a hydrogen atom
an al kyl or aryl group; q is an integer from1 to about 7; r is an integer
fromO to about 3; s is an integer fromO to about 3; mis a@mintgger from
2 to about 10; t is an integer from1l to about 10;
o]
s,

AN

[0203] 17. The composition of paragraph 16, wherein L is
and R* and R?' are each individually a hydrogen atom, an alkyl group or an aryl
group.

[0204] 18. The composition of paragraph 17, wherein R'isH, X is O,
PisH, R?is H, G is (-CH;-);O-, tis 1, R® and R* are each individually aryl groups
and R?® and R?' are both methyl groups.

[0205] 19. A composition comprising the formula:

L-((GR’C(=O)R))m;

wherein L is a linking group;

Gis O, S, SO, SO, NR', (CH,)-O- or C=0;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R* can be tethered
together via (-CHz-)q, (~CH>-),C=0O(-CHz-)s, (-CH2-):S(—CHs-)s, (~CH;-).S=0(—
CH,-)s or (~CH2-),:S(0)2(~CHa-)s, (-CHz-),NR(—CHz-)s;

R'? is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer.
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X Is an integer from1l to about 500; qg is an integer from1l to about 500;
and a polynerizable nononer to the surface of the substrate,
such t hatwoheisuwissrate surface is nodified. [0224] 38. TireTshé0d2368

par agraph 37, wherein the conposition is photoactivated such that at | east
one photoactivatable group within the conposition forns a bond with the
surface of the substrate. [0225]39. The conpositions or nethods of any of
par agraphs 1 through 38, wherein the polynerizabl e nononer has an acryl ate,
met hacryl at e, V|nyI or diaryl ketone contai ni ng noi et [0226] 40. The

conposi tion 09288k hod o20.par He eqstposdione priesraph A8, wbergindtis, net hacryl at e,
vinyl or diaryl ketoone pol yneri zabl e polynmer further includes a zwtterionic
noi ety. [0227]41. The conposition or nmethod of paragraph 40, wherein the

pol yneri zabl e: r is N, N-dinethyl-Nacryl oyl oxyet hyl - N-(3-sul f opropyl) -
anmoni um bet ai n¢, di met hyl - N- met hacr yl oyl oxyet hyl - N- ( 3- sul f opropy1l) -
anmoni um bet ai d t hyl - N-acryl am dopr opyl - N- ( 2- car boxynet hyl ) -
ammoni um bet ai'ne, ™, N- di ret hyl - N—nethacrylanidopropyl N ( 2-

carboxynethyl ni umbet aj ne N—acr am dopropyl - N- ( 3-

sul f opropyl) - %nﬁﬁgrun1ggtaln COKPR?@F?@SWRH %?ylanldopropyl N ( 3-
sul f opropy1l) - ammoni um be{@-oR )(IXH\)IC@I]H%@(RH@h@;Ré};;,yI am dopropyl - N-( 2-

car boxynet hyl ) - anmoni um bet ai ne,

N, N- di et hyl - N- met hacr yWagieiadpis p9 CHEH2@anboxy et hyp- amoni um bet ai ne,

2- (et hyl t hi o) et hyl P F I2rﬁﬁ-S(sulfopropyl) sul f oni um bet ai ne,

2-[(2- acryloylethyl)dlnetﬁy a ni o] et hyl 2- nethyl phosphate,

2- (acryl oyl oxyet hyl ) -2 R($mﬂnﬁﬁ@yﬁammnmnuﬂkﬁmﬂyMn@hmsph@ﬂﬂﬂybxydkw

[(2 acryloylethyl)dlneth | anmoni o] net hyl phosphonic acid, 2-[(3-
acrylan1doprdﬁi?%ﬂ?%%¥ﬁ¥¥%%nnnlo]ethyl 2' -i sopropyl phosphate (AAPI), 1-

Vi ny1l- 3-( 3- suIfopropyl)qugnghmg@phydrOX|de (2-acryl oxyet hyl)

car boxynet hyl met hyl sul f oni um chl oride, 1-(3-sul fopropyl)-2-vinyl pyridinium
bet ai ne, N-(4- sul f obut pB)hyskogenhydm N Npoitakihg ervpneiththeomrbuise bet Bi ne
(MDABS), 2- nethac (0D phosphoryl chol i ne, or

N, N-di al | ylI - N—W@Fﬂﬁ%kﬁg%é %guﬁﬁoethyl) anmoni um bet ai ne. [0228] 42. The
conposition or nethod af? iganhyafogpRhde, aRhk Ilamyn&@gmy%rylwgﬁoa%l@pnpri sing
a photoinitiator or a therna? initiator, erein the initiator is
benzophenone(”&ﬁfaﬁﬁwﬂﬁﬁ@ﬁbne derlvatlve a peroxide, a peroxy conpound, a
benzoi n derivative, I I ajk henone, an

am noal kyl phenone, an acy1§§¥?né%éyﬁ‘ (@éﬁ)gké{ghggphlne oxi des, an

acyl phosphonat e, a thi dlfemzldl (hréea&hh@depeﬁdbnay@n@H(yazlrﬁlﬁarymn@mund a
triazine, %VZ di ketone, a quinone, a coumarins, ,a xanthone

azobi s-i sobu F?ﬁﬁY#PI@1%?aﬁaﬂ4§kﬂé%p%h8¥@ﬁﬁmaﬂbiﬁgTﬁé#H@nPﬁﬁﬂ@ﬁabf any of
paragraphs 230k e, WNere),n.dgeubs! (e, | S Raf Y)?,t(béf

pol ypropyl ene, ~nyl on, " sili’€one rubber, o ystyrene yuret ane,
gl ass, ceIIuKﬁ%ﬁkOpéﬂygﬁhﬁﬁaﬂFd%B)$p+©He)N§((@Hpﬁr, ceranlcs metal s or
conposi tes.

N

RYisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;
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[ 0230] 44. The net hod of any of paragraphs 23 through 42, wherein the
crosslinker is applied to the substrate first and subjected to

pol yner i aabi20m/wessdi ti ons fol | owed by the pol yneri zabl e peonsoen/obsks onwed by
subsequent pol ynerization conditions. [0231]45. The nmet hod of any of

par agraphs 23 through 42, wherein the crosslinker and pol yneri zabl e nononer
are applied to the substrate and sinultaneously subjected to polynerization
conditions. [0232]46. A nedical device coated with any of the conpositions
or prepared by any of the nethods of any of paragraphs 1 through 45.

[ 0233] 47. A conposi ti on xopringgeagiranditanpdutk®dpone and a zwitterionic
mononer. [0234]48. The conposi.tion of paragraph.47, wherein the diaryl
ketone is acet ophenone,q‘ggr‘??dlbtﬁ%‘ﬂ&%énq ?‘ﬁ‘%‘ﬁ%ﬂ?ﬁ& e, anthrone, acridone,
xant hone, thi oxant hone, 5 gslyfietabl@mohbgeeof [ 0235] 49. The conposition of

ei ther of par'%%r afhs 47 or 48, wherein the zwitterionic mononer is

N, N- di et hyl - 288} yI oyl Sy et Ry cangasitiosusif perempy 2) - whereini Rins BeXas fe,

N, N- di et hyl - - et hacryl oyl t hyds- N (37 sul fopr 1) - anmoni Um bet ai ne,
NN i ot byl - o TS S Ot Tl A A B Sl Dt bR Bl

N, N- di et hyl - N amt fipe rayliegat dpnopyd abdu2iear boxynet hyl ) - anmoni um bet ai ne,

N, N- di net hyl - N-acryl am dopr ggyl -N-(3- sulfopropyl)-ammoni um bet ai ne,
, N-di net hyl - 28k hacr y#&ni 5@%«3}4 tonpedity asubsaie epyryisiagihsstapaibet ai ne,

N

N, N- di et hyl - ; i - - N- (2~ 1) i-um bet ai ne,
N, N- di et hyl %@é%gg% gﬁ@g%drm pi/sfr?%\?( égéﬁ%%@%)ﬁg%%% um bet ai ne,
2- (et hyl t hi 0) et hyl net ba@-FOR " YSPICHRIEROPED)IREN, f oni um bet ai ne,

2-[ (2-acryl oyl et hyDdi met F%/I anmmoni o] et hyl 2- net hyl phosphate,

2- (acryl oyl oxyet hyl ) - 21¥pEFieS RV Pr) et hyl phosphat e,

[(2-acryl oyl et hyl ) di netyyd amyogh R NRYlo, RiEGRPONI ¢ acid, 2-[(3-

acryl am dopr opyl ) di et hyl antroni o] ethyl 2' -1 sopropyl phosphate (AAPI), 1-

vi ny1- 3- ( 3- sul f opr opyl )T m @&Eat)i, (oMo )d¢-CH.2TaCHyi@ )y ét hyl )

car boxynet hyl oni.um chl oride, 1-(3-sulfopropyl)-2-vinylpyridinium
bet ai ne, N(4QH§%HQ¥%P§?1 i)l\%@flﬂwl-bf{f,‘% di al | yl ami ne ammoni um bet ai ne
(MDABS), or N, Ndial 'yl - R @Ritstopbh 6@ns uh haet, Ay o:3ATRINIAHM HoloriARy]

[ 0236] 50. A nethod to nodify a substrate conprising the step of applying a
conposi tion cOEYIPKYay sowharyl ketone and a zwitterionic nonomer to the
substrate such that the}(?sfﬁségﬂtl\ﬂ{ urface is nodified. [0237]51. The net hod
of paragraph 50, wherein ediaryl ketone is applied to the substrate
first and subjected to PpolatiEidgeatatonn oo pabitdctiap grdupl Waknek fryvisb enat P

zwi tterionic nmononer. followed by subsequent polynerization conditions.
[0238] 52. THéakErhyBebE HERaBraph 50, wherein the diaryl ketone and

DL TR 1 MRl bl SOR RN, ARG
or aryloxyaryl group;

Gis O, S, SO, SO, NR'’, (CH,),-O- or C=0;

R’ and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or optionally, R* and R* can be tethered
together via (~CH»-)q, (-CH»-),C=0O(—~CH;-)s, (~CH;-),S(—CHj-)s, (-CH;-),S=0O(—
CHy-)s or (—=CHz-):S(O)2(~CHa-)s, (-CHa-):NR(—CHz-)s;

R’ and R'? are each independently a hydrogen atom or an alkyl,
aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl group;
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[ 0239] 53. A nedi cal device coated with any of the conpositions or prepared
by any of the nethods of any of paragraphs 50 through 52. [0240]54. A
conposi t iwo 20fo/foageaul a: L- (D- T- C(R1) ( XP) CHR2GR3C( =0) R4) pcTmised@iorssks i S a

| i nki ng group conprising a formula according to structure (1): O NA (1) A
B and J forma ring, wherein A and J are C=0; B is NR'; R11 is
a hydrogen atom an al kyl group, an aryl group or denotes a bond with T or
a formula according to structure (I1): NeR' 16RL7RNKNeR15 135, 55

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q 1s an integer from 1 to about 7,

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

x 1s an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.
[0210] 24. The method of paragraph 23, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.
[0211] 25. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:

L-((T-C(R")(XP)CHR*GR’C(=0)R*))m

wherein L is a linking group;

T 1s (-CH3-)y, (-CH2CH3-O-), (-CH,CH,CH,-0-),, (-
CH,CH,CH,CH,-0O-), or forms a bond;

R'isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR'R’;

P is a hydrogen atom or a protecting group, with the proviso that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

Gis O, S, SO, SO,, NR'®, (CH,)-O- or C=0;
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RR14 R15 R16 ,-.17 wherein Rl12,are each independently a hydrogen atom an
al kyl or aryl group or denotes a bond with T, provided at |east two of R12,
R13, RN.,wBbbfi/1¥186365 R17 are bonded with T and each Kpics/uN20100e®3ER6R7;
Tis (-CH2-)", (-CH2CH2-0-)x, (-CH2CH2CH2-0-)x, (- CH2CH2CH2CH2- 04, or

forms a bond, R1 is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, aryloxyal kyl or aryloxyaryl group; Xis 0, S, or NR8R9; P
is a hydrogen atomor a protecting group, with the provisio that Pis
absent when X i s NR8R9; R2 is a hydrogen atom an al kyl,

al kyl oxyal kyl , aryl, ar§i exiRl ayleadrindenendsaslaraplaligi carpl, arylalkyl Gis an

e, oo FUNETR i LSRRI o i M Ml S,

are each i ndeﬂ@gaﬁamlﬁ ¥-GH,-R| KOH,- )@@:yd)sz3 Mk %UGHH states- psa{])de H=CR

het er oaryl al k roup _or optional can be tethere toget her via

(-CH2-)q, &E (?J MH@HQ(%( Qszsiz( ?HS().I@@C}IS )s;(- CH2-)1S=0(- CH2-), or
CH2-)i S(0) 2(-CH2-)" n_atom or an

<(’;1| kyl , );r3(/l )og aryl ?’;ﬂ Kk Ilim?a %ch@éen%@m otan’d 156}1 a@ 0[5% Yé@g}%egargl,lpl ndependent |y

a hydr ogen atom an al kBﬁ andaR dre eadhyihadpeylientiyetisidesyey latod, dnelien aayly| al kyl
group; R8 and R9 are each independently a hydrogen atom an
al kyl, aryl, SrrdpNvheRYP: group:

R is a hydrogen atom, an alkyl or aryl group;

q 1s an integer from 1 to about 7;

r 1s an integer from O to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.
[0212] 26. The method of paragraph 25, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.
[0213] 27. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:

L-((GTZR*C(=0)R))m

wherein L is a linking group;

T is (<CHs-)x, (-CH2CH;3-0-), (-CH,CH,CH,-0-),,
(-CH,CH,CH,CH,-0-), or forms a bond;

Gis O, S, SO, SO,, NR'®, (CH,)-O- or C=0;

Z is C=0, COO, or CONH when T is (-CHj-);

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R?> and R* can be tethered
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Ris a hydrogen atom an alkyl or an aryl group; q is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; t is an integer fromstomoabout 10;

X is an integer from1l to about 500; and a pol yneri zabl e nmononer.

[ 0241] 55. A conposition of formula: L-(T-C(RI)(XP)CHR2GR3C(=0) R4) m wherein L
Is a linking group conprising a fornmula according to structure(l): O NI

(1)
together via (~CHz-)q, (~CH3-),C=0O(-~CHj-)s, (~CH3-),S(—~CH3-)s, (-CH>-),S=0(—
CHy-)s or (=CHz-),S(0)2(-=CHa-)s, (-CH-),NR(~CHz-)s;

R'%is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7,

r is an integer from O to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.

[0214] 28. The method of paragraph 27, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.

[0215] 29. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:

L-((TGQR’C(=O)R))im

wherein L is a linking group;

T is (-CHz-)y, (-CH,CH,-0-), (-CH,CH,CH;-0-);,
(-CH,CH,CH,CH,-0O-), or forms a bond;

Gis O, S, SO, SO, NR', (CH,)-O- or C=0;

Q is (-CH3-),, (-CH,CH;-0O-),, (-CH,CH,CH,-O-),, or
(-CH,CH,CH,CH,-0-),;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (-CH»-)q, (~CH3-),C=0O(-~CHj-)s, (~CH3-),S(—~CH3-)s, (-CH;-),S=O(—
CHz-)s or (=CHz-):S(O)2(—CHa-)s, (—CHa-)NR(-CHa-)s;

RYisa hydrogen atom or an alkyl, aryl, or an arylalkyl group;
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A B, and J forma ring wherein A and J are C=0; B is NR11, R11 is a
hydr ogen atom an al kyl group, an aryl group or denotes a bond with T; T is
(- CH2-) X,WbO20t62030- ) X, (- CH2CH2CH2-0-) x, (- CH2CH2CH2@H2A32()16/02583§ Or NB a
bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl,

aryl oxyal kyl or aryloxyaryl group; X is 0, S, or NR3R9; Pis a

hydr ogen atomor a protecting group, with the provisio that P is absent
when X i s NRBR9; R2 is a hydrogen atom an al kyl, al kyl oxyal kyl,

aryl, aryloxyl al kyl or aryloxyaryl group; Gis an ester, ether, carbamate,
t hi ocar bamat e, sul fone,RéﬂﬁhlEi;OgﬂneeéthOhh@aH@hQr apl grevp;sul f onami de, i nine,
carbonyl, or (CH2) t-0O-;. . and R4, are. each independently an al kyl,
aryl, aryl al kyl, het ero%]rsfln,mt(ggg‘a%ﬁo%itt%? %ﬁl?/r al kyl group, or optionally, R3

and R4 can be tethered tig@gliheder Hos € tddtdu) 8, (- CH2-) 1C=0(- CH2-) s,
(-CH2)r8(-CH2-)s, (-CH2-),S=0(-CH2-), or (-CH2-)1S(0)2(-CH2-)s,
(-CH2-)1INR(-CH2-)s; RI §%§ aallll’f?gﬂfé@@hb&l%hﬂubﬁ; an al kyl, aryl or arylal kyl

group; R8 and R9 I%rigﬂ?ﬁ%ég{lﬁg@%@dd%g&{%.a hydrogen atom an al kyl,
I'S ydrog

aryl, or arylal kyl group; en atom an al kyl or aryl group; ¢
is an integer from 1 to Bh@uhteder from $ t@sbduntieger from 0 to about 3; s is an
Integer fromo to abOUtt i:sg;an integer from 1 to about 10;
X 1s an integer from 1 to about 500;
a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.
[0216] 30.  The method of paragraph 29, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.
[0217] 31. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:
L-((-CH2)xCRN(GR’C=OIR D)
wherein L is a linking group;
R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalky,
or aryloxyaryl group;
each G is O, S, SO, SO,, NR'?, (CH,)-O- or C=0;
each R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (-CHa-)q, (~CH3-),C=0(—CH>-)s, (-CH>-),S(—~CHa-)s, (-CH»-),S=0(—
CH;-)s or (-CH-):S(O)2(—CHa-)s, (—~CHz-)NR(=CHa-)s;
each R' is a hydrogen atom or an alkyl, aryl, or an arylalkyl
group;
each R is a hydrogen atom or an alkyl or aryl group;

each q is an integer from 1 to about 7;

each r is an integer from 0 to about 3;
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mis an integer from2 to about 10; t is an integer from1l to about 10;
X is an integer from1l to about 500; and a pol ynerizabl e nononer.

[ 0242] 56.woompwsseti on of formul a: L-(GTZR3C(=0) R4) 1" wiperaispoio/ops3a

| i nki ng group conprising a formula according to structure (1): 0" "NN
A, B, and J forma ring wherein A and J are C=0; Bis NR1l;, R11 is a
hydr ogen atom an al kyl group, an aryl group or denotes a bond,

Tis (-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-)x, (-CH2CH2CH2CH2-0-)x or
forms a bond,

each s is an integer from O to about 3;

m is an integer from 2 to about 10;

each t is an integer from 1 to about 10;

xx is an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.

[0218] 32.  The method of paragraph 31, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.

[0219] 33. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:

L-((-C(R")(XP)CHR*GR*C(=0)R)m

wherein L is a linking group;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the proviso that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R* can be tethered
together via (~CH»-)q, (-CH»-),C=0(—CH»-)s, (-CHa-),S(—~CH>-)s, (—CH>-),S=0(—
CH;-); or (=CH3-),S(0)2(—CHz-)s, (-CH-),NR(~CHx-)s;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R%isa hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;
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G an ester, ether, carbamate, thiocarbamate, sulfone, am de, urea,

t hi ourea, am ne, sulfonam de, imne, carbonyl, or (CH2) t-0-; Z is C=0,

COO, or GEHowhemsed is (- CH2-)x; R3 and R4 areTamed0/025838

i ndependently an al kyl, aryl, arylal kyl, heteroaryl, or an heteroaryl al kyl
group, or optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-)rC=0(-CH2-)s, (-Cf12-)rS(-CH2-)s, (-CH2-)rS=0(- CH2-), or
(-CH2-),S(0)2(-CH2-)s, (-CH2-),NR(-CH2-)s; R is a hydrogen atom or an al kyl
or aryl group; q is an integer from1l to about 7; r is an integer fromO to
about 3; s is an integens friptaglr fromdbiowbo®;7;mis an integer from2 to

about 10; t is an integer froml to ou : X is an integer from1l to
about 500; and a poIynefpfﬁﬂ?%gﬂ3%5ﬂ§39a%ﬁ%%S]57.A conposition of formul a:
L- (TGQR3C(=0) R4) 1 wher ei fi dn ihfegd frdAkitdEbAItaYP conprising a fornula
according to structure (1): O

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.

[0220] 34.  The method of paragraph 33, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.

[0221] 35. A method to modify a substrate comprising the step of
applying a composition comprising a crosslinker comprising a formula:

L-((GR’C(=O)R"))m;

wherein L is a linking group;

Gis O, S, SO, SO,, NR', (CH,)-0- or C=0;

R’ and R” are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CHs-)q, (—~CH»-),C=0(—~CHz-)s, (-CH2-),S(—CHj-)s, (-CH,-),S=0(~
CHs-)s or (—CH32-):S(O)2(—CHj3-)s, (~CH3-),NR(—CH3-)s;

RYisa hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t 1s an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
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(1) A, B, and J forma ring wherein A and J are C=0; Bis NRl1l; Rl1 is a
hydr ogen atom an al kyl group, an aryl group or denotes a bond,
T is (-CHRes1010162CH2- 0-) x, (- CH2CH2CH2-0-)", (- CH2CiHRCHRGHBHOssEs Ofr

forms a bond, Gis an ester, ether, carbanmate, thiocarbanate,
sul fone, am de, urea, thiourea, am ne, sulfonam de, imne, carbonyl, or
(CH2) t-O; Qis (-CH2-)p, (-CH2CH2-0-)p, (-CH2CH2CH2-0-)p or (-
CH2CH2CH2CH2- 0-) p; R3 and R4 are each i ndependently an al kyl,

aryl, arylalkyl, heteroaryl, or an heteroarylal kyl group, or optionally, R3
and R4 can bel0R@2her ed 3®get Reg meihad pf GMagipagh 36 .- vdM2eintiE-@mOsRionss

-CH2-), S(-CH2-)" (.- - =0(-,CH2-),.0or (- =), S(0)2(- CGH2-) s,

(- Cro-) N - gt Wen oGl g e s Blor e SRR A by an

aryl al kyl gr ogtaposflionSofndy 86001 BHeQlifBée AMhablttrater aryl group; g is an
integer from1l to about 7; r is an mtgger fromO to about 3; s is an

i nteger froml®223] about3B; nhimethed forrnedibra subsivate compagpgthestp ¢ i s an
T SSEr oM g hBthodiol A PRSI LA SR 200 T
conposi tion of formula:L-((T-C(R")(XP)CHR*GR*C(=0)R*),»

wherein L is (FOCH,CH;,0-)qq;

Tis (-CHy-)x;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the proviso that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

Gis O, S, SO, SO, NR', (CH,)-O- or C=0;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CHj-)q, (~CH2-),C=0O(-CH;-)s, (-<CH3-),S(—CH3-)s, (-CH2-).S=0(—
CH;-)s or (—CH2-),:S(0)2(—CHa-)s, (~CHz-)NR(=CH,-);

RYisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s 1s an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;
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L- (- CH2-) X, O(R |

) (GR3C(=0)R4) 1, wherein L is a |inking group conprising a

formul a according to structure (1): 0?2 /",., "\NN11 A ...,... 7 I(l) A
B, and J wormomotseag wherein A and J are C=0; B is NR'; pRI/US2018/0b56d8 ogen
atom an al kyl group, an aryl group or denotes a bond, Rl is a

hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryloxyal ky, or aryl oxyaryl
each Gis an ester, ether, carbamte, thiocarbammte,

gr oup;

sul fone, am de, urea, thiourea, am ne, sulfonam de, imne, carbonyl,
each R3 and R4 are each independently an al kyl,

aryl, arylal kyl, het er oatsydn intggeraforhdttembaurty0é] kyl group, or optionally,

(CH2) t-O;

and R4 can be tethered

qq 1s an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that
the substrate surface is modified.

[0224] 38.  The method of paragraph 37, wherein the composition is
photoactivated such that at least one photoactivatable group within the
composition forms a bond with the surface of the substrate.

[0225] 39. The compositions or methods of any of paragraphs 1
through 38, wherein the polymerizable monomer has an acrylate, methacrylate,
vinyl or diarylketone containing moiety.

[0226] 40. The composition or method of paragraph 39, wherein the
acrylate, methacrylate, vinyl or diarylketone polymerizable polymer further
includes a zwitterionic moiety.

[0227] 41. The composition or method of paragraph 40, wherein the
polymerizable monomer is N,N-dimethyl-N-acryloyloxyethyl-N-(3-sulfopropyl)-
ammonium betaine, N,N-dimethyl-N-methacryloyloxyethyl-N-(3-sulfopropyl)-
ammonium betaine, N,N-dimethyl-N-acrylamidopropyl-N-(2-carboxymethyl)-
ammonium betaine, N,N-dimethyl-N-methacrylamidopropyl-N-(2-
carboxymethyl)-ammonium betaine, N,N-dimethyl-N-acrylamidopropyl-N-(3-
sulfopropyl)-ammonium betaine, N,N-dimethyl-N-methacrylamidopropyl-N-(3-
sulfopropyl)-ammonium betaine, N,N-dimethyl-N-acrylamidopropyl-N-(2-
carboxymethyl)-ammonium betaine, N,N-dimethyl-N-methacrylamidopropyl-N-
(2-carboxymethyl)-ammonium betaine, 2-(methylthio)ethyl methacryloyl-S-
(sulfopropyl)-sulfonium betaine, 2-[(2-acryloylethyl)dimethylammonio]ethyl 2-
methyl phosphate, 2-(acryloyloxyethyl)-2'-(trimethylammonium)ethyl phosphate,
[(2-acryloylethyl)dimethylammonio]methyl phosphonic acid, 2-[(3-
acrylamidopropyl)dimethylammonio]ethyl 2'-isopropyl phosphate (AAPI), 1-
vinyl-3-(3-sulfopropyl)imidazolium hydroxide, (2-acryloxyethyl) carboxymethyl
methylsulfonium chloride, 1-(3-sulfopropyl)-2-vinylpyridinium betaine, N-(4-
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together via (-CH2-)q,

(-CH2-)rs=0(- CHz2-)s or

(-CH2-)rC=0(-CH2-)s, (-CH2-)rS(-CH2-)s,
(-CH2-)rSs(0)2(-CH2-)s, (-CH2-)1INR(-CH2-)s; each R

i s a hydrwoencatoosyzor an al kyl, aryl, or an aryl al kyl growps2€aobsseis a
hydrogen atom or an al kyl or aryl group; each qis an integer froml to
about 7; each r is an integer fromO to about 3; each s is an integer from
O to about 3; mis an integer from2 to about 10; each t is an integer

from1l to about 10;

XX

pol yneri zabl e nononer. _ _ .
is 1, each G $wfoputghNymahylenil-¢diallglamineaahorim tetdha@dDa&y), R3 and R4 are

h i ndi vi dual . [,0246] 60. A it f | a:
T R e L L
fotinula accongfoBtiyl)@nhdriehbeRidel): 0 (1) A B, and J fotin a ring
wherein A and J are C=0

[0228]

is an integer from1l to about 10; and a
[ 0245] 59. The conposition of paragraph 58, wherein xx

42.  The composition or method of any of paragraphs 1 through

41, further comprising a photoinitiator or a thermal initiator, wherein the initiator
is benzophenone, an acetophenone derivative, a peroxide, a peroxy compound, a

benzoin derivative, a benzilketal, a hydroxyalkylphenone, an aminoalkylphenone,

an O-acyl oximoketone, an acylphosphine oxides, an acylphosphonate, a

thiobenzoic S-ester, an azo or azide compound, a triazine, a 1,2 diketone, a

quinone, a coumarins, a xanthone, azobis-isobutyronitrile or a mixture thereof.

[0229]

43 The method of any of paragraphs 23 through 42, wherein

the substrate is polyethylene, polypropylene, nylon, silicone rubber, PVC,

polystyrene, polyurethane, glass, cellulose, polysaccharides, proteins, paper,

ceramics, metals or composites.

[0230]

44.  The method of any of paragraphs 23 through 42, wherein

the crosslinker is applied to the substrate first and subjected to polymerization

conditions followed by the polymerizable monomer followed by subsequent

polymerization conditions.

[0231]

45. The method of any of paragraphs 23 through 42, wherein

the crosslinker and polymerizable monomer are applied to the substrate and

simultaneously subjected to polymerization conditions.

[0232]

46. A medical device coated with any of the compositions or

prepared by any of the methods of any of paragraphs 1 through 45.

[0233]

47. A composition comprising a diaryl ketone and a

zwitterionic monomer.

[0234]

48. The composition of paragraph 47, wherein the diaryl

ketone is acetophenone, benzophenone, anthraquinone, anthrone, acridone,

xanthone, thioxanthone, or mixtures thereof.
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Bis NRI I; R" is a hydrogen atom an al kyl group, an aryl group or denotes
a bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl,

aryl oxyalwpl2omriossegl oxyaryl group; Xis 0, S, or NRBRI; PCT/US2010/025888i S a
hydrogen atom or a protecting group, with the provisio that P is absent

when X i s NR8R9; R2 is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, aryl oxyal kyl or aryl oxyaryl group; Gis an ester, ether,
car bamat e, thiocarbamate, sulfone, am de, urea, thiourea, am ne,

sul fonam de, imne, carbonyl, or (CH2) t-0-; R3 and R4 are each

i ndependent | yI0285al ky! , 4%ry|Th€asr0yrllm>lskr;®n of igkesrod rspieraphs 4 aor Hevdiecar yi al kyl

t d R4 CHz2-
aroup:  or_SPt 0l {ohop gl B3R SSHATGBIR IR Y12 (- O ) o
(-CHz-), S(0) %dﬁgpog)/@,alﬁmorﬁhﬁ Heﬂalwmm)aﬁmyl-N methacryloyldi&et&iﬁlﬁNRQ are each

I ndependent | y rogen atom_ an al or yl al kyl group; Rl is a
hydr ogen at om%mpmyafmonlamwetalml\faﬁ CBmyiha( 40%?61149}3“!?}’?%\9@ hydrogen

oo 21,2 AR Mo AR o2 RSB LA g [ 1 o

I nt eger from @-daebaxlyaigthylPaminonismetietaing, @g s difedinl -N- h@yhb@dﬁprd;@/l-l\ami
sulfopropyl)-ammonium betaine, N,N-dimethyl-N-methacrylamidopropyl-N-(3-
sulfopropyl)-ammonium betaine, N,N-dimethyl-N-acrylamidopropyl-N-(2-
carboxymethyl)-ammonium betaine, N,N-dimethyl-N-methacrylamidopropyl-N-
(2-carboxymethyl)-ammonium betaine, 2-(methylthio)ethyl methacryloyl-S-
(sulfopropyl)-sulfonium betaine, 2—[(2-acryloylethyl)dimethylammonio]ethyl 2-
methyl phosphate, 2-(acryloyloxyethyl)-2'-(trimethylammonium)ethyl phosphate,
[(2-acryloylethyl)dimethylammonio ]methyl phosphonic acid, 2-[(3-
acrylamidopropyl)dimethylammonio]ethyl 2'-isopropyl phosphate (AAPI), 1-
vinyl-3-(3-sulfopropyl)imidazolium hydroxide, (2-acryloxyethyl) carboxymethyl
methylsulfonium chloride, 1-(3-sulfopropyl)-2-vinylpyridinium betaine, N-(4-
sulfobutyl)-N-methyl-N,N-diallylamine ammonium betaine (MDABS), or N,N-
diallyl-N-methyl-N-(2-sulfoethyl) ammonium betaine.
[0236] 50. A method to modify a substrate comprising the step of
applying a composition comprising a diaryl ketone and a zwitterionic monomer to
the substrate such that the substrate surface is modified.
[0237] 51. The method of paragraph 50, wherein the diaryl ketone is
applied to the substrate first and subjected to polymerization conditions followed
by the zwitterionic monomer followed by subsequent polymerization conditions.
[0238] 52. The method of paragraph 50, wherein the diaryl ketone and
zwitterionic monomer are applied to the substrate and simultaneously subjected to
polymerization conditions.
[0239] 53. A medical device coated with any of the compositions or

prepared by any of the methods of any of paragraphs 50 through 52.
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a pol ymeri zabl e nonomer. [0247] 61. A conposition of fornula:
L-(GR3C(=0)R4),,; wherein L is a linking group conprising a fornula

accor di ngvoeoswmwsssure (1): 0 (1) A B, and J form a ricmgisedenessss A and J
are C=0; Bis NRl1l; R' is a hydrogen atom an al kyl group, an aryl group or

denotes a bond; Gis an ester, et her_, car bamat e, _ o
t hi ocar banat e, sul fone, am de, urea, thiourea, am ne, sul fonam de, i m ne,
carbonyl, or (CH2) t-0-; R3 and R4 are each independently an

al kyl, aryl, ar | kyl, _het eroaryl _or an het groaryl al kyl group, or
optionally, R@’%hﬁ R4 cah be t“é’ﬂ?@?’é@npggﬁnﬁ ‘via (-CH2-)q,

C=0( - CH- 2 ;&t@ £S=0(- CH2-), or
E ag g S(0§ 2(- CH)ZS)S( (Qﬁg;)%(ﬁﬁﬁ%@g g R)‘é hydrogen atom an al kyl
or an aryl group; q is whenemtIeg;e&hrﬂ«mmgrbupOOmbﬂmhg 4 formula according to

structure (I):

! ey
A, B and J form a ring, wherein A and J are C=0;
BisNR'';
R'"isa hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T or a formula according to structure (II):

NR12R13

16R17RN/]\ /k

wherein Rlz, Rl3, RM, RIS, Rm, R'7 are each independently a

NR14R15 I

hydrogen atom, an alkyl or aryl group or denotes a bond with T, provided at least
two olez, R13, RM, R", R16, R'7 are bonded with T and each K is N;

D is CR°R;

T is (=CHz-)x, (-CH,CH»-O-)y, (-CH,CH,CH,-0-),, (-
CH,CH,CH,CH,-0O-), or forms a bond;

R'isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P

is absent when X is NR*R’;
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r is an integer fromO to about 3; s is an integer fromO to about 3; mis
an integer from2 to about 10; t is an integer from1l to about 10; and a
pol yner i abl2eiomnssger . [ 0248] 62. A conposition of foili ulpar/us2010/025838

L- (T-C(R1) ( XP) CHR2GR3C(=0) R4) ,, wherein L is (-0CH2CH2-)qq; T is (-CH2-)x;
Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Xis 0, S, or NR8R9; P is a hydrogen atom
or a protecting group, with the provisio that P is absent when X is NR8R9;
R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryloxyl al kyl or
aryl oxyaryl group; R?is ahydrc@enatoan aeaik@'t,,allaﬂmlkyhar)baﬂryloayalkyl

t hi ocar bamate, sul fon am de, urea, thiourea, am ne, sulfonam de, imne,
car bonyl, or ?éﬂg X¥ar§gr R3 and R4 are each independently an

al kyl, aryl, arylalkyl Ghﬁirﬁés@@réfher chrbﬁfﬂatQEthr%E%ﬁﬁﬂ!n@l éﬁ!’i*ongra%& or
optlonally, R3 and R4 can be tethered together via (-CHZ2-)

d,
(- CH2-), C=0( -\gpi thigureq, apppe,)subpnapride,)iming, c@bipnyl, 8<0H,) EPR- ), or

1S(0) 2( - CH2- hydr ogen.at om or an
gl E;i ) ar§/| )0§ aryl ;ls kylé a%'rEFR )are eacﬁl 1%pe?1§e’ntly an aﬁ(y? aryga(ﬁ(y,

heteroaryl, or an heteroarylalkyl group or optionally, R* and R* can be tethered
together via (~CHz-)q, (-CH3-),C=0O(—CH;-)s, (-CH;-),S(-CH3-)s, (-CH>-),S=0(—
CHa-)s or (=CH2-):S(O)2(—CHy-)s, (<CHa-),NR(-CH>-)s;

RYisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R are each independently a hydrogen atom, an alkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl group;

R® and R are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

r i1s an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and
a polymerizable monomer.

[0241] 55. A composition of formula:
L-(T-C(R"(XP)CHR*GR*C(=0)R*),»,
wherein L is a linking group comprising a formula according to

structure(I):
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R8 and R9 are each independently a hydrogen atom an al kyl, aryl, or

aryl al kyl group; R is a hydrogen atom an alkyl or aryl group; gq is an

i nt eger fwomoib/toeseabout 7; r is an integer fromO to abegir/32019/02®38N

integer fromO to about 3; mis an integer from2 to about 10; t is an

integer from1l to about 10; x is an integer from1l to about 500; gq is an

integer from1l to about 500; and a pol yneri zabl e nononmer. [0249] 63. The

conposition of paragraph 62, wherein RRis H Xis O, Pis H Ris H Gis

0, R3 and R4 are aryl groups, mis 2, x is an integer from1l to 10 and qq

is an integer from1 to about 10. [0250] 64} A nethod to nodify a substrate

conprising the step of applying a conpegsition.of fornmula:

L- (D T- C(RI) ( XP) CHR2GR3C( =0) R4) , , vvhér\?l n LTT‘S a linking group conprising
A

a fornmula according to |

N

! @

A, B, and J form a ring wherein A and J are C=0;

BisNR'";

R is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T; T is (<CHs-)x, (-CH2CH;-O-)x (-CH,CH,CH,-O-)y, (-
CH,CH,CH,CH,-0O-), or forms a bond;

R! is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) (-O-;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R* can be
tethered together via (~CHj-)q, (~CH3-);,C=0O(—CH>-),, (-CH2-),;S(~CH,-);,
(—CH,-),S=0(~CHa-)s or (~CH2-);S(O)2(~CHz-)s, (-CH;-):NR(-CH>-)s;

R is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from O to about 3;
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structure (1): 0 (I) A B, and J forma ring wherein A and J are C=0; B is
NR11l; R' is a hydrogen atom an al kyl group, an aryl group or denotes a

bond; D iwoGRHR01863 Tis (-CH2-)x, (-CH2CH2-0- Ptr/US2010/025838

(- CH2CH2CH2-0-) x, (- CH2CH2CH2CH2-0-)x or forms a bond; Rl is a
hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or aryl oxyaryl
group; Xis 0, S, or NR8R9; P is a hydrogen atomor a

protecting group, with the provisio that P is absent when X is NR8R9;

R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or
aryl oxyaryl group; m is an inte@ef Homr? tesbewt, 10t her, car bamat e,

t hi ocar bamat e, sul fone,t.an‘i d?é Urea, hi outrﬁ?, gm ne, sulfonam de, im ne,
carbonyl, or (CH2) t-O- ;1S atl Ieger rom a&ﬁ& 1 8% e each i ndependently an

al kyl, aryl, arylalkyl, x Reheitegdrom Oko #bubst@raaryl al kyl group or
optionally, R3 and R4 can be tethered together via (-CH2-)q,

(-CH2-), C=0(-CH2-)s, (-amqdymersgablgHponomer- CH2-), S=0(- CH2-), or
(-CH2-),S(0)2(-CH2-)s, (-CH2-),.NR(-CH2-)s; R is a hydrogen atom or an
al kyl, aryl or aryl al kyl group;

[0242] 56. A composition of formula:

L-(GTZR’C(=0)RH,
wherein L is a linking group comprising a formula according to

structure (I):

W

A, B, and J form a ring wherein A and J are C=0;

BisNR';

R'" is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

T is (—CHj-)x, (-CH,CH;-0-), (-CH,CH,CH,-0-)y,
(-CH,CH,CH,CH,-O-), or forms a bond;

G an ester, ether, carbamate, thiocarbamate, sulfone, amide, urea,
thiourea, amine, sulfonamide, imine, carbonyl, or (CHj) -O-;

Z is C=0, COO, or CONH when T is (—CHj-)y;

R? and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CHp-)q, (-CH;-),C=0O(~CH3-)s, (-CH>-),S(—~CHz-),, (-CH»-),.S=0O(—
CH;-)s or (-CH>-),S(0)2(—CHjz-)s, (-CHz-);NR(~CHa-)s;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7,

r is an integer from 0O to about 3;
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R6 and R7 are each independently a hydrogen atom an al kyl, aryl,

aryl al kyl, heteroaryl or heteroaryl al kyl group; R8 and R9
are each wodependsst |y a hydrogen atom an al kyl, aryl, ponr/umeylo@bisys gr oup;
Ris a hydrogen atom an alkyl or an aryl group; q is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis an integer from2 to about 10; t is an integer from1 to about 10;
X is an integer from1l to about 500; and a pol yneri zabl e nononer to the
surface of the substrate, such that the substrate surface is nodified.

[ 0251] 65. The net hod of ?p'araagmtagetrfﬁszMebceitﬁ the conposition is

phot oacti vated such that .at ast sane g)hag)t a&i.i vatabl e group within the
conposi tion forns a bond W H 3% Ot 4 908t ' he substrate. [0252]66. A

nmethod to nmodify a substikah ente@piohs1 Raddae1@¢t ep of applying a conposition
of formula: L-(T-C(RI')(XP)CHR2ZGR3C(=0) R4%mv\,here|n L is a |linking group
conprising a fornul a acktragilpigeerdrom 1 to about 500; and

a polymerizable monomer.

[0243] 57. A composition of formula:
L-(TGQR’C(=0)R%)»
wherein L is a linking group comprising a formula according to

structure (I):

! ey

A, B, and J form a ring wherein A and J are C=0;

BisNR'';

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

T 1s (—CH3-)x, (-CH2CH3-0-)« (-CH,CH,CH,-O-),, (-
CH,CH,CH,CH,-O-), or forms a bond;

G 1s an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O-;

Q is (=CH>-)p, (-CH2CH;-0-),, (-CH,CH,CH,-O-), or (-
CH,CH,CH,CH>-O-),,;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R and R* can be tethered
together via (~CHp-)q, (-CH;-),C=O(~CH>-)s, (~CH;-),S(—CHz-)s, (-CH,-),S=O(-
CHa-)s or (=CH2-):S(O)2(=CHa-)s, (-CHa-):NR(-CHa-)s;

R'isa hydrogen atom or an alkyl, aryl, or an arylalkyl group;
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structure (1): O
is NRl I; Ri

() AL B, and J forma ring wherein A and J are C=0; B
| is
denot es awbaeoth/10is6B

I
is a hydrogen atom an al kyl group, an aryl group or
T; Tis (-CH2-)x, (PCHACRR0023838

(- CH2CH2CH2-0-) ", (- CHCH2CH2CH2-04, or forms a bond, Rl is a
hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or aryl oxyaryl
group; Xis 0, S, or NR8R9; P is a hydrogen atomor a

protecting group, with the provisio that P is absent when X is NR8R9;

R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyl al kyl or
aryl oxyaryl group; R is a hydrogenjatomaor e tlly] oretrilegroug ar bamat e,

t hi ocarbamat e, sul fone, am de,[13 urea, h%g]i our ea, am ne, sul fonam de, im ne,
carbonyl, or (CHz) t-0-915anintegeriro MW % are each independently an

al kyl, aryl, arylal kyl ,ribet 6ft@aFf fom ®to &dub®t eroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(- CH2-), C=0(-CH2-)" (- GHe i gftegerons0) tq aboMp3;) | S=0(- CH2-), or

(-CH2-)1S(0)2(-CH2-)s, (- - -%-) - R, is a hydrogen atom or an
al kyl, aryl or aryl al kyrf1 1%18%@1%0 Oa%)outgg’ and RO are each independently
a hydrogen atom an al kyis.anadtyger fioin atyhtaukyd; group;

t is an integer from 1 to about 10; and

X is an integer from 1 to about 500; and

a polymerizable monomer.

[0244] 58. A composition of formula:
L-(-CHy)xCR)GR’C(=O)R)im
wherein L is a linking group comprising a formula according to

structure (I):

! @
A, B, and J form a ring wherein A and J are C=0;
Bis NR“;
R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

Rlisa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalky,
or aryloxyaryl group;

each G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHy) -O-;

each R? and R* are each independently an alkyl, aryl, arylalkyl,

heteroaryl, or an heteroarylalkyl group, or optionally, R* and R can be tethered
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R is a hydrogen atom an alkyl or aryl group; g is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; t is an integer fromstomoabout 10;
X is an integer from1l to about 500; and a pol yneri zabl e nononer
to the surface of the substrate, such that the substrate surface is
nodi fi ed. [0253] 67. The net hod of paragraph 66, wherein the conposition is
phot oacti vated such that at |east one photoactivatable group within the
conposition forns a bond with the surface of the substrate. [0254] 68. A

met hod to nodiogsther Yabstha)e(-€FhprCsPagHe (sC€Hp)S(-Gpp)yiH.9:S6Hposi ti on
For mil & accor 'y 13 SOFUS(UFE Ty (gCREINRECH, S 19 9roup comprising @

each R'” is a hydrogen atom or an alkyl, aryl, or an arylalkyl

group;

each R is a hydrogen atom or an alkyl or aryl group;

each q is an integer from 1 to about 7;

each r is an integer from 0 to about 3;

each s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

each t is an integer from 1 to about 10;

xX is an integer from 1 to about 10; and

a polymerizable monomer.

[0245] 59. The composition of paragraph 58, wherein xx is 1, each G
is (-CH,-),0- and tis 1, each R' is H and each R® and R* are each individually aryl
groups.
[0246] 60. A composition of formula:
L-(-C(R")(XP)CHR’GR’C(=0)R%)
wherein L is a linking group comprising a formula according to

structure (I):

! @
A, B, and J form a ring wherein A and J are C=0;
BisNR';
R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;
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ATR (I') A B, and J forma ring wherein A and J are C=0; B is NR

R11

is a hydrogen atom an al kyl group, an aryl group or denotes a bond; T is
(- CH2-)" ,wb-20te2@#30- ) X, (- CHRCH2CH2- 0- ) x, (- CH2CH2CH2CHeTA%2010/m24888 N5 a

bond; G

t hi ourea, am ne,
CONH when T is (-CHz2-)x;

COoO, or

is an ester,

et her, carbamate, thiocarbamate, sul fone, am de,
sul fonam de, imne, carbonyl, or (CH2) t-0-; Zis C=0,

R3 and R4 are each

ur ea,

i ndependently an al kyl, aryl, arylal kyl, heteroaryl, or an heteroaryl al kyl
group, or optionally,

(-CH2-),C=0(-CH2-)" (-

(-CH2-),
or aryl
about 3;

S(0) 2( - CH2-)

ko GH2-
group; ¢ iogafgpﬁo%WC'gg@u

R3 and R4 can be tethered together via (-CH2-)

dkbis p hgdroge atosy, ap-atbpid-ajk yB=0@lkybiapyl) aryloryalkyl

XisO, S, or NR8R9;

P is a hydrogen atom or a protecting group, with the provisio that P

is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl

or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,

urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O-;

R’ and R? are each independently an alkyl, aryl, arylalkyl,

heteroaryl, or an heteroarylalkyl group, or optionally, R’ and R* can be tethered
together via (~CH;-)q, (~CH»-),C=0O(-=CHy-)s, (-CH3-),S(~CHz-)s, (-CH3-),S=0(-
CHz-)s or (=CH2-),S(O)2(—CHa-)s, (-CHz-),NR(—CHz-)s;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,

or arylalkyl group;

[0247]

structure (I):

85520486.1

R'%is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer.
61. A composition of formula:

L-(GR’C(=O)RMm;

wherein L is a linking group comprising a formula according to

-70-

NR(-CH2-)s; R is a hydrogen atom or an al kyl
From1 to about 7; r'is an integer fromO to



S is an integer fromO to about 3; mis an integer from2 to about 10; t is

an integer from1l to about 10;

X is an integer from1 to about 500; and

a pol ynmerwoaableeiorgssoner to the surface of the substrat epcsusbothadsss he

substrate surface is nodified.

[ 0255] 69. The net hod of paragraph 68, wherein

the conposition is photoactivated such that at | east one photoactivatable
group within the conposition forms a bond with the surface of the
substrate. [0256] 70. A nethod to nodify a substrate conprising the step of
applying a conposition of fornmula: L-(TGQR3C(=0)R4)1 wherein L is a

A B

conprising a fornmula according to structurge (I): O,," \NN", 111

~,° -
Y -

! @

A, B, and J form a ring wherein A and J are C=0;

Bis NR“;

R''isa hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,

urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,

heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (~CHz-)q, (~CH3-),C=0(—CH>-)s, (-CHy-),S(~CHy-)s, (-CH,-),S=0(-
CHy-)s or (=CH2-):S(O)2(—CHa-)s, (-CH2-),NR(-CH;-)s;

R is a hydrogen atom, an alkyl or an aryl group;

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer.

[0248] 62. A composition of formula:
L-(T-C(R")(XP)CHR*GR’C(=0)RY),,
wherein L is (-OCH,CHj-)qq;

T is (-CHz-)y;

R'isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl

or aryloxyaryl group;

X is O, S, or NR®R’;

85520486.1
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Il I(I) AL B, and J forma ring wherein A and J are C=0; B is NR11,

R11 is a hydrogen atom an al kyl group, an aryl group or denotes a bond
with T; wo2010n0is3(-CH2-)x, (-CH2CH2-0-)x, (- CH2CH2CH2PQT)US2010/025838
CH2CH2CH2CH2- 04, or founs a bond; Gis an ester, ether, carbamate,

t hi ocarbamate, sul fone, am de, urea, thiourea, am ne, sulfonam de, im ne,
carbonyl, or (CH2) t-0- ; Qis (-CH2-)p, (-CH2CH2-0-)p,

(- CH2CH2CH2-0-) p or (- CH2CH2CH2CH2-0-) p; R3 and R4 are each

i ndependently an al kyl, aryl, arylal kyl, heteroaryl, or an heteroaryl al kyl
group, or optionally, R3isand/dRigeoartonber 4 ptotetiag gtagpetvite thespravisioGhiz-p q,

(G- S(0) 2t Pl Ja6n CIERBNPNR - o) s RI 14 a hydrogeh’ atom or an
Syl aroum o is an Tntsgon e A Ly E Bl 0t o
about 3; s i sorarylpxtasgegrodmom 0 to about 3; mis an integer from2 to about
10; G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHy) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CHy-)q, (—CHz-),C=0(-CH,-)s, (-CH;-),S(~CHj-)s, (~CH>-),S=0(—
CHy-)s or (=CHa-)S(0)2(~CHaz-)s, (~CHa-):NR(~CHa-)s;

RYisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R? are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q 1s an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500;

qq 1s an integer from 1 to about 500; and

a polymerizable monomer.

[0249] 63.  The composition of paragraph 62, wherein R'is H, X is O,
PisH, R?is H, Gis O, R® and R* are aryl groups, m is 2, X is an integer from 1 to
10 and qq is an integer from 1 to about 10.

[0250] 64. A method to modify a substrate comprising the step of
applying a composition of formula:

L-(D-T-C(R')(XP)CHR’GR’C(=O)R"),,
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pis an integer from1l to about 10; t is an integer from1l to about 10; X
Is an integer from1 to about 500; a polynerizable nononer to

t he surf awe 20fotissssubstrate, such that the substrate swcraseoios2svseli fied.
[ 0257] 71. The net hod of paragraph 70, wherein the conposition is

phot oacti vated such that at |east one photoactivatable group within the
conposition fornms a bond with the surface of the substrate. [0258]72. A

met hod to nodify a substrate conprising the step of applying a conposition
of fornmula: L-(-CH2-)xxC(R1)(GR3C(-0)R4)1 wherein L is a linking group
conprising a fornul a aceberdinfgistadirkingigrioup eorhpiising @ forir(ulld agkordByg wnd J form

aring V\herelsqru%tuz%ga):\] are C=0; B is NR11,;

T

A, B, and J form a ring wherein A and J are C=0;

BisNR'';

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

D is CR°R’; '

T is (<CHj-)x, (-CH,CH,-O-)4 (-CH,CH,CH,-O-)y, (-
CH,CH,CH;,CH;-O-), or forms a bond;

R! is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or optionally, R® and R* can be tethered
together via (~CH»-)g, (~CH»-),C=0O(—CHa-)s, (~CH>-):S(—=CHs-)s, (-CH3-),S=0(—
CHz-)s or (—CH2-)sS(0)2(—CHz-)s, (-CHz-)NR(~-CHz-)s;

RVisa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl group;
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R11 is a hydrogen atom an al kyl group, an aryl group or denotes a bond;
Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal ky, or

aryl oxyarwb 2910000863 each Gis an ester, ether pcerasbannass
t hi ocar bamate, sul fone, am de, urea, thiourea, am ne, sulfonam de, im ne,
carbonyl, or (CH2) t-O; each R3 and R4 are each independently

an al kyl, aryl, arylalkyl, heteroaryl, or an heteroarylal kyl group, or

optionally, R3 and R4 can be tethered together via (-CH2-)q,

(-CH2-), C=0(-CH2-)s, (-gﬁZ-),S(-CHZ-)" (-CH2-),S=0(- CH2-), or

(- CH2-), S(0) 2(- CH2-) s, R:@R’)aeichdhtiepesdendaarhyRioges atonmadraigérargl om or an

al kyl, aryl, or | al kyl group; each Ris a hydrogen atom or an al kyl
e

or aryl group™? YPan integer from1 to about 7; each r is an integer

fromO to about 3; eachRg 4 dnk@ASn dIkABrAnthBy13RApt 3, mis an integer
from2 to about 10; each t ?%ﬁg% i nt eger fgon11 ?6 about 10; xx is an

integer from1 to aboutqiB@n igfager from 1 to aboutd; pol yneri zabl e nononmer to the
surface of the substragq5a§%ﬁge}]gt 6ped§yp§1rate surface is nodified.
[ 0259] 73. The net hod of paragré%ﬁ 72 WhEPE v t he conposition is

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

[0251] 65. The method of paragraph 64, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

[0252] 66. A method to modify a substrate comprising the step of
applying a composition of formula:

L-(T-C(R')(XP)CHR*GR*C(=0)R"),

wherein L is a linking group comprising a formula according to

structure (I):

! @
A, B, and J form a ring wherein A and J are C=0;
Bis NR'';
R"" is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T;
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phot oacti vated such that at |east one photoactivatable group within the
conposition fornms a bond with the surface of the substrate. [0260] 74. A

met hod t owordidisssubstrate conprising the step of applgirng@onessp®siti on
of fornula: L+C(R1l)(XP)CHR2GR3C(=0)R4)1, wherein L is a |linking group
conprising a formula according to structure (1): O NA (1) A B, and J form
aring wherein A and J are C=0; Bis NRll; R11 is a hydrogen atom an alkyl

group, an aryl group or denotes a bond, Rl is a hydrogen atom
an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or aryl oxyaryl group; X is O,
S, or NRSR9; T (CHa-hydridddh-Qtah@.Gptht@dt, {ing group, with

the provisio thiaty R @088t SR Kohs, NRERE:

R'is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR®R’;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O-;

R? and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
together via (~CHjy-)q, (—CHa-),C=O(—CHz3-)s, (-CH2-),S(—=CHz-)s, (-CH;-),S=0(-
CHa-)s or (—=CH-):S(0)2(—CHz-)s, (-CHz-):.NR(~CHa-)s;

R'isa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
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R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis an ester, ether, carbamate,
t hi ocar bawet2e1o/mwedone, am de, urea, thiourea, am ne, sechasaniodessss nm ne,
carbonyl, or (CH2) t-0-; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-)rC=0(-CH2-)" (-CH2-),S(-CH2-)" (- CHZ-)rS:O(- CH2-), or

(-CH2-)18(0) 2(-CH2-)s, (-CH2-), NR(-CH2-)s R8 and R9 are each

i ndependent | y[0258)ydr oged.at ofie mnthaﬁlov,‘?paraawyh 66,0vheagig thd MPogﬁ@upS Rl is a
hydr ogen atom.,or a s a hydrogen
atom an al ky?hoé?acﬁﬁgtgﬁh(éfméﬁ%ﬁb1ea§f ERS PBW"%?%{V&E% @P%erth{n thglbout 7; r is an
integer from grhgosaRRAubmds a BoridswR e offthosaketrite. about 3; mis an
integer from2 to about 10; t is an integer from1l to about 10; and

a polynerizable nononer to the surface of the substrate, such that the

bstrat f : 74, wher ei
he conposi 11 WASTE phot bhct | 04RSP EeRod RO EF e Sa b BBE BRI o o

group W thin igptyia@apompbditen dformula: bond with the surface of the
substrate. [0262] 76. A nethod to nodi,fy a substrate conprising the step of

appl yi ng a conposition bﬁGﬂgﬁnG(—éD)R Im

wherein L is a linking group comprising a formula according to

structure (I):

A\B/J
-
' D
A, B, and J form a ring wherein A and J are C=0;

BisNR'';

R' is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

T is (<CHz-)x, (-CH2CH»-O-)x, (-CH,CH,CH,-O-),, (-

CH,CH,CH;,CH;-0O-), or forms a bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) (-O-;

Z is C=0, COO, or CONH when T is (—CHy-)x;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R’ and R? can be tethered
together via (~CHj-)q, (—CH»-),C=0(—CHa-)s, (-CH>-):S(-=CH2-)s, (-CH»-),S=0(~
CHa-)s or (—=CH2-):S(O)2(~CHa-)s, (=CHa-)NR(=CHz-)s;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;
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L-(GR3C(=0)R4)1; wherein L is a linking group conprising a foinula
according to structure (1): ON (1) A B, and J forma ring wherein A and
J are C=OyoBoicssiodd831l; R' is a hydrogen atom an al kyl gcouso@n2a8%! group

or denotes a bond; Gis an ester, ether, carbamate,
t hi ocar bamat e, sul fone, am de, urea, thiourea, am ne, sulfonam de, imnm ne,
carbonyl, or (CH2) t-O; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-)1C=0(-CH2-)s, (- Oﬂzn)mtsgermy'to gba@#3; ), S=0(- CH2-), or

(-CH2-)rS(0) 2(-CF12-)ss, %f@ CI—% ; is a hydrogen atom an al kyl
or an aryl group; qis @r}sﬁlﬁlné %W SDtolf#:\)]:ﬂjout 7; r is an integer fromO
to about 3; s is an integah idie@MfiOnt PtoadtRut 16,

X is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

[0255] 69. The method of paragraph 68, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

[0256] 70. A method to modify a substrate comprising the step of
applying a composition of formula:

L-(TGQR’C(=0)R*)n

wherein L is a comprising

a formula according to structure (I):

! @

A, B, and J form a ring wherein A and J are C=0;

BisNR'!"

R is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T;

T is (—CHj-)x, (-CH,CH,-0-)y (-CH,CH,CH,-0-)y, (-
CH,CH;CH,CH,-0O-), or forms a bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,

urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) +-O- ;

85520486.1 -77-



mis an integer from2 to about 10; t is an integer from1 to about 10; and
a polynerizable nononer to the surface of the substrate, such that the .
subst r at eweunfoaoeseds modi fied. [0263] 77. The method of pacagrsapl/oZBss wher ei n
the conposition is photoactivated such that at | east one photoactivatable
group within the conposition folins a bond with the surface of the
substrate. [0264] 78. A method to nodify a substrate conprising the step of
applying a conposition of formula: L(T-C(R | ) (XP)CHR2GR3C(=0) R4) 1, wherein
Lis (-0CH2CH2)qq; T is (-CH2-).; Rl is a hydrogen atom an

al kyl, al kyl oxyal kyl, aQys$ (-Chly),0kGHbRHL-Oo),, (ACHICHYEH yO-)gooup; X is 0, S,
or NR8R9; C (5 i@{mgrogen atomor a protecting group, with the
provisio that Pis Hpl A 0% s NR8RO: R2 is a hydrogen
atom an al kyl, al kyl oxyahdeks ar@'éyéhnnéé@éh@éﬁfllyaz{n@ﬁf %135%& afy group;

Gis an ester, ether, carbamate, thiocarbanate ur ea,
thiourea, ami ne, shdt¢romrahioden hpteioasylalksglrdrounylor opMOr(aﬂMZR 4ndR* can be R3

and R4 are each ind ent | Y. YN Q 5 Ce]{f

het er oar yl al kyI W ﬁ%{e%g% ]b |V6%(Qa}§')q’é§8§ﬁacﬁzg(€ %{I (f égégﬁz&get her

via (-CH-)q, 012—6}1:&@%3(0(0322 §0r (Lc%éo (~R),) S CH)SR-LHS5Q( - CH2-) s

or (-CH2-)1.5(0)2(-CHz- 1%‘%
isa hydrogen atom or an a kyl aryl, or an arylalkyl group;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7,

r is an integer from O to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

p 1s an integer from 1 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500;

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

[0257] 71. The method of paragraph 70, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

[0258] 72. A method to modify a substrate comprising the step of
applying a composition of formula:

L-(-CH2)xC(R)GR’C(=0)R ™)

wherein L is a linking group comprising a formula according to

structure (I):
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Rl is a hydrogen atom or an al kyl, aryl or arylal kyl group; R8
and RO are each independently a hydrogen atom an al kyl, aryl, or arylal kyl
group; Rwe aidnpaseegen atom an al kyl or aryl group; g ipsTAas20m0t0eges from 1

to about 7; r is an integer fromO to about 3; s is an integer fromO to
about 3; mis an integer from2 to about 10; t is an integer from1l to
about 10; x is an integer from1l to about 500; qg is an integer from1l to
about 500; and a polynerizabl e nononmer to the surface of the
substrate, such that the substrate surface is nodified. [0265]79. The met hod
of paragraph 78, wherein the conposition phot oacti vated such that at
| east one photoactivatable group wthiw %ﬂé\cnpp05|t|on forms a bond with
the surface of the substrate. [0266]80n Nyfreric brush conposition or
coating conprising the reaction product|of ﬁy of paragraphs 1 through 22,
39 through 42, 47 through 49 or 54 throughyﬁé [ 0267] The i nvention wll be
further described with reference to the -"%- 0
A, B, and J form a ring wherein A and J are C=0;
Bis NR'';
R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond;
R! is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalky,
or aryloxyaryl group;
each G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHj) -O-;
each R? and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (—CH»-)q, (~CH3-),C=0O(-=CHs-)s, (-CH»-),.S(—CH>-)s, (-CH2-),S=0O(—
CHz-)s or (—CH2-),S(O)2(—CHa-)s, (—~CHa-),NR(-CHz-)s;
each R'? is a hydrogen atom or an alkyl, aryl, or an arylalkyl
group;
each R is a hydrogen atom or an alkyl or aryl group;
each q is an integer from 1 to about 7;
each r is an integer from 0 to about 3;
each s is an integer from 0 to about 3;
m is an integer from 2 to about 10;
each t is an integer from 1 to about 10;
XX 18 an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
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followng non-limting Exanples. It will be apparent to those skilled in
the art that many changes can be made in the enbodi nents descri bed w thout
departi ngwbnomonsssscope of the present invention. Thuspthasseopessss t he
present invention should not be limted to the enbodi nents described in
this application, but only by enbodi ments described by the | anguage of the
clains and the equival ents of those enbodi nents. Unl ess ot herw se

i ndi cated, all percentages are by weight. [0268] Exanple 1. Synthesis of
trifunctional triazine crosslinker [0269]1.2 g (4 nmol) of triglycidyl

i socyanur at e [026%lri ch CHeni cHiesmetibd whpdcegapW3, veredei the qprpbgitionad ) of

4- hydr oxybenzgphenon Al drj ch m cal s, I kee, W). were mxed in a
Som round HORCGRAReb R Baar A gne PhilgretrEBR R MintRE " Maak v
flushed with @ngeRitfoarforkts dbdhdatieh eatgskd of tH3Qib&rdt® an oil bath. Once the
reaction mxture nelted, 6 ng (0.02 mmol) of triphenyl phosphine (Al drich
Chem cal s, M| waukee, W) was added. The m xture - was stirred for another
2 mnutes un rgon copl ed to roomtenper o dhe.r ticon residue
was di ssol vegﬁlﬁgﬁBO m ¢ Ior%fnbeghﬁdqf’ ﬁréondﬁ asﬂ%ﬁ“%%ﬁ%ﬁ-{%%%%ﬁé) frri x 3) and
dei oni zed wat#ilyidda bbmposkion dittermilgani ¢ | ayer was dried over magnesi um
sul fate and concentrated to an)k%ness pn the under reduced pressure. The
product was purified byL€tSIBHMXBRREIRGEPM M6silica gel, 230- 400 nesh,
What man, Inc.) using et aGef.at =4 T i ons
containing the pure pr o‘g%écr%ﬁ\cf{“e{rsglglgﬁ%%é?g%%é%%%go?%lg%ae%gﬁﬁ!{%ﬁgr educed
pressure and sruaturd @):powder was obtai ned after drying under vacuum (yield
70 %9 . [0270] The crosslinker is soluble inp nost common sol vents i ncl uding
chl orof orm nethylene chloride, acetone, dthyl acetate, isopropanol, etc.
1H NMR (CDC13) confirned the structurg€ t hec product. The peaks at d 7.78
ppm (m 12H), 7.46 ppm(m 9H), 6.98 'ppg\(mTGH) were the typical signals
from 4- subsituted benzophenone. The peak at;d 4.35 ppm (m 6H) was
assigned to the protons of nethylene conn cted to phenoxy group. The peak
at d 4.13 ppm(m 9H) was a conbi nation of;-6 pr gj ons of 3 nethyl ene groups
connected to nitrogen atomand 3 protons from 3 t hi ne groups. The peak at
d 3.00 ppm (s, 3H) correspandgdoinda hiygdrdeydin @r aiddsare [6071] Exanpl e 2.

Synt hesi s of photoreactive g|,ycol crosslinker [0272]2.26 g

4- hydr oxybenzophenone (Ww]i%ch Chem cal s, MIwaukee, W) was dissolved in
50 mM of acetone, and G5 e rd i ci ences,
Warrington, PA), and 3% gg%%g{déss%ngd% rgh%rg%ﬁggtgé&%%%grq% ﬁﬁ)%ﬂg)r&ridglgﬁé¥§

M | waukee, W) wertenddded to the solution. The reaction m xture was heated
to reflux over 24 hours,, After 24 hours o eating,. .thin.layer

chr omat ogr aphy (TLC) sﬁ%v&éa grr?§ﬁl?1f>tf)fnoﬁnB{ky[]ﬁ&y&’&éwglaryétaéylp?‘ﬁadk%t eri al
(el uent 20:1 $hlRpQfLYlidrbugret hanol ) and the emergence of three uv active
spots. The acetone was renoved by rgtary evaporation and the residue was

di ssol ved in chl or of or ¥ is@dSfarNReRed. The resul ting chl or of or m sol uti on

was washed three tinmes .t Na e i .pnce W.t. iponi zed
water, then twice with %Mﬁ al%f%% eﬂgg)lﬁgg% té'??cgﬁ,é %%)ﬁlﬁ?\{\/ﬁﬁglg ;{r&ﬁ%@ t@%&’?n W th
dei oni zed watieabsehwhahkas NRORI sol uti on was dried over magnesi um sul fate,
filtered, and the solvent renpved by rotary evaﬁ)or ation. The resulting oil
was washed three times SuifB hyiwesy o aealkyhalkylowalkylrand arylesydevt renmoved

al | 4-hydroxy, tarting material, with TLC revealing the sane
GRS

three uv active sp de three products presumably correspond to
singl e, double, and tri@lsamsastestdthars ¢avanadte briozapirenosalfone, tahedgl ycer ol

compound. [ 0273] F50R Suitne, uftbiimil Smthe! Eboly Co DS b, nker synthesis

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
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[ 0274] 4- Hydr oxybenzophenone, 2.2758 g (11.4811 mwl, 2 nol eq, Alfa Aesar,
Wward HiIl, MA), was added to a 100 nL round bottom fl ask equi pped with a
refl ux comdensemiskad di ssolved in 75 nL of acetone. Et hpcens:@lpessss

di gl ycidyl ether, 1.0000 g (5.7405 mwol, 1 nol eq Al drich Chem cal s,

M | waukee, W) followed by potassium carbonate, 3.1736 g (22.9621 nmwl, 4
nol eq), was then added to the m xture and was heated at refl ux overnight.
After cooling, the renmaining solid was filtered and organic | ayer was
removed in vacuo. The crude product m xture was redissolved in 60 nL of

chl or of or m an@gether yie&iidalq, 4-(HpdrGx9Q6ERopHefbng SteSH- Rl )B-GEshi ng

witha4NNa(¢¢Hau US:-SQleut The I rr was then dried over
MySO4 and fil e?'gﬁ%gaéﬁé%@ﬁ%%% (égfé]%{%&hg_lgg%f%f’on of the chloroform

sol vent was renoved i n RagubR Ugtk iehchBinadpeh@smmiynasdrddes aRim duGlikyiasyi, sol at ed
by silica colum (EMD Silica CGel 0.040-0.063 mm 230-400 nesh,” 60" A) using
(9:1) Ethyl AUHekylg0sPe as el uent. Elution was nonitored by TLC. Rf

val ue of desired producgio i . | N 13): 6=
7.7-7.9, 7.4-7.6, 6.09- .1\[‘?%1}19‘15@?&61%?%?‘1@??ic@g%t‘%eéﬁffz%‘p%g@é‘&%“ﬂa 2-4.3 (m),
4.0-4.2 (m), 3.6-3.8 ppru{ahydrpGrdrxangke of.anaynighapi s of urea

phot o- crossl i nker [0276] Bi s-.2, 3-di hydr oxypr opyl urea, 0.3000 g (1.4408 mwl,
1 nol equiv. Aldrich ChBfdaieger T haQ R 7W ) | was added to a 50 ml round
bottom fl ask under arg ' . in 20 nL of DWF (Fisher
Scientific, Pittsbur gh%&i@%ﬁ%ﬁ%%@i%?’( 60% di spersion in mneral oil,
Al drich Chenicals, M| wagkeated)ion00 28@wmug3y(5. 7633 nmvbl, 4 nmol eq), was
then added and stirred at roomtepperature for 20 m nutes.

4- (Br ononet hyl ) benzophdRdh&E ™ e_gglgggg z(at@.a%%tsl mvbl , 4 nmol equiv. Aldrich
Chem cal s, M| waukee, Wj;j anm@%eaggﬁldl foupbheigraxgure and heated at refl ux
under positive argon pressure for five hours. After cooling, the reaction
m xture was di ssol ved iaPodpoemgablst meesinanite 8 smefees ofthe sutistrater sndk thet oduct
was extracte i I orm .Ihe organic |ayer was then dried over
magnesi um suﬁ?%%%)gtar% S?{f?{eé?énfdféc:e%rermve the drying agent. The chl orof orm
was renoved in vacuo and the crude product was redissolved in a m ninal
amount of (85;15) CHC13: MeOH. The product was_isolated by silica gel colum
(EMD Silica &B%61. 040- 05063 Theymehed afomragsanph 746 ovhsyein dierfgmpasitios js

CHC13: MeOH a : [ ] -value of desired
product was .h%déigtﬂ‘tai‘%d?“gglﬁewéﬁisﬁ?? d e@é%gwaéglgtggo ﬁ%mﬁst%‘? at ed toget her
and may r epr esaposition fortitsradend avith the surfdckiofidtel suhattdtzed crosslinkers. 111
NVR (CDC13): 8= 7.3-7.9 (m characteristic benzophenone pattern), 4.5-4.7
(m, 3.5-3.8 ppm (nm). [0277] Exanpl e 5. Synthesis of polyal cohol

phot o- cr ossl i [ 02783, 4-0 f i BBLIM g (2.2498
POl 1 ol aq A dri o Cherd iédae?fsa’,gtﬁﬂ%fg%gg?%ﬁ), iing M SRH0E0 L0
round bot t omapplagle eepmpswnwiffernalaef | ux condenser and dissolved in 25 nm
of chl or of orm under ar @{ﬁﬁy&g&a J}la,H (with 60% dispersion in mneral oil,

Al drich Chem cals, M| watkee, %,‘“0. 2700 g (6.7495 mwol, 3 nmol eq), was
added and then stirred viereid0 iFhhiukg grémpBrpmRmptdmihbrnzenhgsene (Al drich
Chem cal s, MI|waukee, W), 0.1.23808 g (4.4996 mwbl, 2 nol eq), was added
to the nixtusBUgHE Weat ed at reflux overni ght under positive argon
pressure. After cooling, the organic |ayes was filtered to renove
precipitate. A portion of the chloroform gol vent was renoved in vacuo until
5nm. remai ned. The product was i sol at ed< 'NI}Kca gel colum (EMD Silica Cel
0. 040-0.063 nmm 230-400 nesh, 60 A) usilng cql oroformas eluent. Elution was
nonitored by TLC. Rf value of desired product was 0.40 in the same el uent.
Three conpounds were isolated and may repfesent different isoners of the
compound. 1H NMR (CDC13): 8= 7.3-7.9 (m "Charaqperistic of benzophenone
pattern), 4.6-5.0 (dd), 4.5-4.6 (s), 3.6-3.9 (m, 1.5- 1.6 ppm(s).

[ 0279] Exanpl e 6. Synt hesils, anfl Jghoe o ringadiereie Poxsl Ji ank €~C; 0280] 6- Am nour aci |,
0.1091 g (0.8581 mwl ,Oé-srﬁgit{u,eq, Al drich Chem cals, MIwaukee, W), was
added to a 100 nL round bottom fl ask equi pped with a reflux condenser and
di ssolved in 50 nmL of chloroformunder argon sweep. 4-(Benzoyl)benzoic acid
chloride, 0.4199g (1.7161 mwl, 2 nol eq, Aldrich Chem cals, MI|waukee,

W), 4-Di et hyl am nopyridine, 0.01260g (3-5 wt % of 4- (Benzoyl)benzoic acid
chloride, Al emeogds.iChem cals, M| waukee g\W), and Triethylam ne, 0.1042 g
(1.02969 mwl, 1.2 nmol eq, Aldrich Chemcals, M | waukee, W) were heated
at reflux under positive argon pressure overnight. After cooling, the
reaction mxture was filtered to renove precipitate. The organic | ayer was
removed in vacuo and the remaining crude reaction m xture was redi ssol ved
in a mniml anount of (9:1) CHC13: MeOH. The desired product was isol ated
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[ 0281] Exanpl e 7. Synthesis of TEG photo-crosslinker [0282]1.94 g of
tetraethyl ene glycol (Al drich Chemcals, MIwaukee, W) was dried under
vacuum atwbQofo/foess32 h and di ssolved in 50 m anhydrous pretusadydessisir an.
6.8 g of 4-(brononethyl)benzophenone (Al drich Chem cals, MI|waukee, W) and
1.8 g sodium hydride (60 %in mneral oil, Adrich Chem cals, MIwaukee,

W) were added to the solution. The m xture was stirred overni ght under
refl uxing condition and argon protection. The reaction solution was cool ed
to roomtenperature and filtered. The filtrate was concentrated by rotary
evaporation and the resRHugahgdropenr atbingdn alikytgrouprrancinyl@redogrdzpbtes 6si | i ca
gel, 230-400 nesh, (;/{\gjat man, Inc.) using 25:1 chl orof orm net hanol m xture as
el uent. The fracti W& cont ai ni ng the pure product were conbi ned and
concentrated to dryness by rotary evaporation to yield yellowish oil (yield
80% . [0283] The TEG crosslinker is soluble in nost common sol vents

i ncl udi ng chl orof orm nEtihgn ester, ethew cirdematecthroshtpamefeu s foneaaeidone, et hyl

acetate, isopropanol, etc. 1H NVR CDClE{% confirme he.structure of the
product. The ‘brggﬁglog’feaf@@e’-Su%ﬂgl?@n\%lﬁrﬁntl ’Cig’ﬂ?ykﬂ/@? &%ﬂé’of ypi cal signals
from 4-subsi tuted benzophgnoReare théh iR8@)enadénty. HGIBANArYS aryldtlhylvas assi gned
to the protons of nethylene connected to benzophenpne group. The peak at

3.70 ppm (m haeparybor es peisarylelsylegrayn. onergensllysR” pobR4qambsripihered.

Synt hesi s of -Gk 0SSt iker~[0285] 1. 70~g Qf, hexaet r ycol

(Al drich e B g P |C\ckﬁlahﬁle{e,%%ﬁcmg§%§zi b GRS R BYeY , |
and di ssol vedCHg)af (RCHa By, 61CH,- ), gt ChhyNRF-CHay),;, 3.7 g of

4- (br ononet hyl ) benzophenone, (Al drich Chemjcals, M| waukee, W) and 1.5 g
sodi um hydride (60 %i nerﬁ%Bydapg%ﬁ4t9mﬁ%mﬂwreﬁémlééwg M | waukee, W) were
added to the sol ution. %ﬂe&nﬁhﬁégé}fﬁoﬂﬂ‘@%%ﬁédﬁ?d over ni ght under refl uxing
condi tion and argon protection. The reaction solution was cooled to room
tenperature and filter eds aifeeddr ftonad ¢o stmsit 3oncentrated by rotary
evaporation and the residue.was puri bi edtzqgun col um chr omat ography (silica
gel , 230-400 nesh, V\hatsnlﬁﬁf”lFtﬁ%‘?r?mtﬁ% Y28 3> chi or of or nf met hanol ~ mi xture as
eluent. The fractions c@niah Mg B/ P Hobf Aguct were conbi ned and
concentrated to dryness by rotary evaporation to yield yellow sh oil (yield
70% . [0286] The HEG cr dds ki kikeger iftomy biojabost Udlagdi n nost conmon sol vent s

i ncluding chloroform nge | en | or i t I C et hyl
acetate, isopropanol, et Ongrﬁgrlsqb?%ﬁg P{)/rggf&f)&% %ﬁﬁﬁgé\g gr‘g}%irﬁ%hl%k%? %5(:13)
confirmed thethskibsehiersarfade &heodpfi@duct . The peaks at 7.26 - 7.79 ppm (m
18H) were the typical signals from 4-subsituted benzophenone. The peak at
4.64 ppm (s, 4H) was assigned to the protons of nethylene connected to

benzophenone p. Th eak I . et hyl ene
groups. [0287?Exgéainpl e gTﬁHDP'E?éfpgtgtg ggPaﬁaéﬂgﬁér@dh %ﬂp;ﬁ%ﬂg{&ﬁ@@%

met hacryl am dehof@2884tdd 3(cB tianahlegst ote photoyctpotaplt dryte weh{nHDPE)
(McMaster-Carr, Chicago, Illinois) . coupons re.imersed in an acetone

sol uti on cont‘é’infﬁoﬁ’élngo /anllongle‘?@%)gﬁéﬁ A QIRE SYPRIEIFi ch Cheni cal s,

M | waukee) for 30 s and then dried in the dark at roomtenperature to
renove acetone. Sul fobetaine nethacryl am de LéDSBI\/AI\/p (Al drich Chemi cals,

M | waukee) wel®284lssol vetB.i n Aeiatimdtednedifyer substrap camprising thestaptatat i on of
0.5 mol /L. Then,the HDPEOSctoogﬁ(gfr}s cola_t ed with benzophenone were imrersed in
t he agueous S@W%%F?}Ppoﬁl 836%§'sed under argon. Photo-induced graft
pol ynerization on the HDPER/ N HPFCMRGREEOIRYY with ultraviolet |ight

(300 to 400 nm for 1 hr (Harland Medical UYMA00, Eden Prairie, MN). After
pol yneri zati on, the HDPEMgEISBMANTOCH2CHz)qq;

T is (-CHa-)s;
R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl

or aryloxyaryl group;
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coupons were renoved, washed w th dei onized water and isopropanol, and
dried at roomtenperature. [0289] Exanple 10. HDPE Treated with Triazine

Cr ossl i nkwo 20fo/fexssapl e 1 and SBMAM [ 0290]1 X 3 cm hi gh eemaistyiopedsget hyl ene
(HDPE) (McMaster-Carr, Chicago, Illinois) coupons were imrersed in an
acetone solution containing 10 ng/nL the triazine crosslinker of Exanple 1
for 30 s and then dried in the dark at roomtenperature to renove acetone.
Sul f obet ai ne met hacryl am de (SBMAM (Al drich Chemicals, MIwaukee) was

di ssol ved in deionized water to obtajn a concentration of 0.5 nmol/L. Then
t he HDPE coupons coat edXwistth St heNRrRazi ne crosslinker were i mersed in the
aqueous SBMAM sol ution gnd ge(?rasseq under ar gon. Phot o-itﬂduced .(gfhaH>

pol yneri zation on the H%If'ﬁa TP PELAGRELOT S P ISHREET QIR VIR 1P BLAVSTShaf P ght
(300 to 400 ngabkait wheh'X {shigirdnd Medi cal UVMAOO, Eden Prairie, MN). After
pol yneri zation, the HDPE;g- SBMAM coupons were renoved, washed with

dei oni zed water and i soBr Spaisirogeartorar dnedkdt alkponyallepayhendexylalkyl

[ 0291] Exanpl e ated with BP and SBMAM [0292]1 X 3 cm Nyl on
(McMast er - Car ?‘}g’éﬂ?%%rgggrgpﬁl i noi s) coupons were imMmersed in an acetone

sol ution containing 10 Gyé ah ehenzhph) eadamatcAhsdatdaniahe sileaesamMe] Waukee)
for 30 s and then dried in the dark at roomtenperature to renpve acetone.

Sul f obet ai ne WERHAIMAaMHE, SBRARYde mige; @rPoeik st €18 O | waukee) was

di ssol ved in deionized 1 j t [ nmol /L. Then

t he Nyl on coupons coat ega\%\ﬁ% %g(r%g%lg{ﬁlgeor?g% reg1 %l%%glégi}ﬂ%kghe aqueous
SBMAM sol ut i ohetemdryllegas settraanyg elikybgrgop,. orBptive iynHl ewbR Geafte tpibkseder i zat i on

For 1 hr” (Far PERICNEAN Cal -oiOb BRI B ekt EEow-CAP o GRGryTan 2at | on,
t he Nyl on-g- S8 S&qugg@gl_sy\@k@@}@p}gy@@%sr/%m@%}@)g;h dei oni zed water and

i sopropanol, and dried a& roomtenpera .
2010/ 101863PCT/ US2010/ 0R5838 hydr29@] Erunglae aikyl, eyl anrytalsgt grdumi t h Tri azi ne

Cr i nk f Ex | 8 SBVAM.[.0294 3 | M -Carr,
ChiOEZQIO,n Ielrl ionoi s?ngoﬁp%ngrm\:%r%reieﬂ%‘}r{alfé%pae]“%ﬁl)ﬁa'na lgy?é"?\%eﬂg“?os‘lgl alﬁ‘t%’e%%t ;.r ni ng

10 ng/ L the érdrglaikyegiupssl i nker of exanple 1 for 30 s and then dried in
the dark at roomtenperature to renove acetone. Sul fobetai ne net hacryl am de
(SBMAM) (Al drich Cheni cBlisa hxdrpgenaten) amalkyldirgsyiaiewp;i n dei oni zed water to

obtain a concentration pof a%.iﬁteggj%&nﬂg%go&t@e Nyl on coupons coated with the
sed | (

triazine crosslinker were 1 me n the aqueous SBMAM sol uti on and
degassed under argon. Phoetointaglundeth §rta@dtioupd] yneri zati on on the Nyl on
surface was performed with ultraviol et

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500;

qq is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
[0265] 79.  The method of paragraph 78, wherein the composition is

photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.
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light (300 to 400 nm) for 1 hr (Harland Medi cal U/MA00, Eden Prairie, M.
After polynerization, the Nyl on-g- SBMAM coupons were renoved, washed with
dei oni zedvoavawioessd | sopropanol, and dried at room t enpecausLE0/025838

[ 0295] Exanpl e 13. Preparation of CBVA [0296] A car boxybet ai ne net hacryl ate
(CBMA) nononer, 2-carboxy- N, N-di nmethyl-N-(2'- nethacryl oyl oxyethyl)

et hanam ni uminner salt, was synthesized by the reaction of

2- di met hyl am noet hyl nethacrylate (DMAEM (Al drich Chem cals, M I waukee)
Wi t h13- propi ol actone (Al drich Chem cals, MIwaukee). 5 nL P-Propiol actone
in 10 mL of d0R§8Ir ous akfet onk pebmeaddedshdoopwsisien boceatinglcomposingfhel0 nl

st Tred under St GBR PHNGE LGN PAEFBN (oML A NG BEED i IR uRe oy
renovi ng acet@ng,thidignh kgsi due was washed with hexane twi ce and dried under

vacuum vyielding 9.2 g CBMA product. [0297] Exanple 14. HDPE Treated with BP
and CBMA [0298]1 X 3 cm high density pol yethyl ene (HDPE) (MMaster-Carr,

Chi cago, 111inQLs) couppns. were i rsed in an.acetone. sol uti.on containing
10 ng/ niL benz@gﬁanone ?ﬂredP?’%Woa@H{%ﬁ@}ef{@ﬁ%Bﬁ &8 r?f(%?en%%ostggnd t hen
dried in the fdasWingtnohdamting Mxemples & will veeppaentac ehdp ekilleBMhvas di ssol ved
in deionized water to obtain a concentration of 0.5 nol/L. Then the HDPE

coupons 8552Chgananyrhangescgnbe madp tththssmpepkantriesoiged Wigost dedring t he
aqueous  CBMA g, i %gp%gg%?%ﬁqgveﬂﬂgﬁrT 90 sﬁ@%{fﬁfelﬁ}gs;éﬁﬁﬂv%@t

pol ymeri zation on t ace was pertforned w avi o | i ght
(300 to 400 nstpuliaiot he himitetHar tharehbh@idhened dsbABEAAn tHis epplicatdim, bet olfN) . Af t er

pol ymeri zati qn, the HDPE-Qg- coupons were. renpved, shed wi t h_deioni zed
wat er and is&ﬁr%&%&ﬂ?nta%ﬁg&%@ glﬁq%%ﬁg@t%fﬁﬁ%fﬂé%ﬁ@d tpgmymﬁﬁf e 15.

HDPE Tr eat ed i dhnldaffle ChRessSdhasile ifdic A& gerdenidbs %w&e@éﬁol 1 X3 cm
hi gh density pol yethylene (HDPE) (MMaster-Carr, Chicago, II'linolis) coupons

were inmersed in an acetone solution containing 10 ng/nL the triazine
crosslinker db2@janpl e Exdoyple30 sSyawthesishefnirifhin@ibnahtridzénedabisliaker oom

tenperature tQ_renove acetone. was . di ssol ved i n deionjzed water to
obtain a con&g"ﬁ?q ation of gé‘.’f @%ﬁ%ﬂ%ﬁ@gﬁ SREYAUBRES @%lgﬁghgk%%léd with the
triazine crosgliakek, wg?]&nd ﬂH%gwMa) bPEha@eL P SHRMA RO Allifi@n and

degassed under argon. Photo-induced graft pol ynerization on the HDPE
surface was pérehoeatedMikivatkes) Wihwersineixed ingh$0-8 @Qurtddodtom fask chotriningr

(T el el UMED, Sy L0 P A BTLE DR, ™

i sopropanol , @ocCdhiagdildatt. @R HRBAIdN WiiRture melted, 6 mg (0.02 mmol) of
triphenylphosphine (Aldrich Chemicals, Milwaukee, WI) was added. The mixture
was stirred for another 2 minutes under argon and cooled to room temperature.
The reaction residue was dissolved in 30 ml chloroform, then washed with 4N
NaOH (30 ml x 3) and deionized water (30 ml x 3). The organic layer was dried
over magnesium sulfate and concentrated to dryness on the under reduced
pressure. The product was purified by column chromatography (silica gel, 230-
400 mesh, Whatman, Inc.) using ethyl acetate as eluent (R¢~ 4.5). The fractions
containing the pure product were combined and concentrated under reduced
pressure and a white powder was obtained after drying under vacuum (yield 70
%).
[0270] The crosslinker is soluble in most common solvents including

chloroform, methylene chloride, acetone, ethyl acetate, isopropanol, etc. '"H NMR
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[ 0301] Exanpl e 16. Nylon Treated with BP and CBVA [0302]1 X 3 cm Nyl on
(McMaster-Carr, Chicago, Illinois) coupons were inmersed in an acetone

sol uti on wonvaimissg 10 ng/ nL benzophenone (Al drich Chemipcalus20iblobssasikee)

for 30 s and then dried in the dark at roomtenperature to renove acetone.
CBVA was di ssolved in deionized water to obtain a concentration of 0.5

nmol /L. Then the Nyl on coupons coated wi th benzophenone were i mersed in the
aqueous CBMA sol ution and degassed under argon. Photo-induced graft

pol ynmeri zati on on the Nylon surface was performed with ultraviolet |ight
(300 to 400 niGDCElerconfitmed testractdrevddheplod ey VAGpeakslaid Prappindm, MN) . Af ter

pol yneri zati o t | on- g- coupon re renoved,. washed ywith

dei oni zed wat Q%H)aﬁ‘% %%@b%&ﬁg% BRIBQH]P ?Iélg%a?{e ‘5‘889%1‘%32?&&8? 5?{?%}.”

[ 0303] Exanpl esubditutdyb@2ogicpsh& AT fdak Bt d aBnnimesH )i vidseksighedtsakpl e 1 and
CBMA [0304]1 X 3 cm Nylon (McMaster-Carr, Chicago, Illinois) coupons were

i mersed in anoesepbmethstsnacponectedrie ahenony s1mprEherpeakti did § 3prm ém,

cromst ket SFgL eyl AL TRl S B A g

tenperature to renbve acetone. el oni ze

obt ai n a concfeiraal Bgaotohs Ro IMkthine ghbgss. Thepddkla0a 3cupang, BHat ed with the
triazine crosslinker were i mersed in the agueous CBMA sol uti on and
degassed undeforgsrisded mhiptdsoX M EIR®E graft pol ymeri zation on the Nyl on
surface was perfornmed with ultraviolet light (300 to 400 nm for 1 hr

(Harl and Medi [‘EQZ‘HU\/WOOEX:EHﬁl@ ZPr%jn'ﬂi&is otdtbA&lve RY HIBFds@iftfilepn. the

Nyl on- g- CBMA coupons were renoved, washed wth dei oni zed water and
i sopropanol , [@8@2]dri ed 2226 gdemdt@yperzapberene [ ARIOEH Ebamplats, V8lwabnt,act

\ﬁ\/gtg Lre? c 81;“ gf@k‘g?ﬁa % ?Jegggg 8%&33%%%@1@ \t%g({ ggﬂgg’i éif %g'%gﬁ%{ %szy Ci‘i?’ﬁieg%f angl e

goni onet er (4@Q1ysdesded; Weirinddid PAN, andA)3 g NRAKWLEBIShaweredigken 5 seconds
after putting 57ii,L deionized water drops on the surface. 5 replicate

measur enent s Gesneicger¥dwaelceoW bwets asddepiodhe soldtieh el aispcipa mizfuies wer e
taken as e conagh 3RGhSSer YOhARLOAROLBPRRSTL HRRRIE/ARTERR Sur f acesvt er

Cont act Angl e’
chromatography (TLC) showed consumption of the glycerol starting material

(eluent 20:1 Chloroform:methanol) and the emergence of three uv active spots.
The acetone was removed by rotary evaporation and the residue was dissolved in
chloroform, and filtered. The resulting chloroform solution was washed three
times with 4N NaOH aqueous solution, once with deionized water, then twice
with 1N HCI aqueous solution, and three times again with deionized water. The
chloroform solution was dried over magnesium sulfate, filtered, and the solvent
removed by rotary evaporation. The resulting oil was washed three times with
diethyl ether and dried. This treatment removed all 4-hydroxybenzophenone
starting material, with TLC revealing the same three uv active spots. These three
products presumably correspond to single, double, and triple substitution of
benzophenone on the glycerol compound.

[0273] Example 3. Diethylene glycol photocrosslinker synthesis
[0274] 4-Hydroxybenzophenone, 2.2758 g (11.4811 mMol, 2 mol eq,
Alfa Aesar, Ward Hill, MA), was added to a 100 mL round bottom flask equipped

with a reflux condenser and dissolved in 75 mL of acetone. Ethylene glycol
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Nyl on52 HDPE- g- SBMAM ( BP) 12 HDPE- g- SBMAM (Tri azi ne6 crosslinker of exanple
1) Nyl on-g- SBMAM (BP) 10 Nyl on-g- SBMAM (Tri azi ne5 crosslinker of exanple 1)
HDPE- g- CBVB 20 3263 HDPE- g- CBMA (Tri azi nel8 crosslinker etTasanplogssiy

Nyl on- g- CBMA (BP) 16 Nyl on-g- CBMA (Tri azi nel5 crosslinker of exanple 1)
[0307] The contact angle results show that conpared to benzophenone the
graft polynerization induced by the triazine crosslinker of exanple 1
treated sanpl es generate nore hydrophilic surfaces. [0308] Exanple 19.

M croscopic Anal ysis of Exanples 11 and 12 [0309] Nyl on- g- SBVAM coupons wer e
i nvesti gat ed dighierdydpthies 410000 g (5.7405 mMol, 1 mol eq Aldrich Chemicals,

Milwaukee, WI) followed by potassium carbonate, 3.1736 g (22.9621 mMol, 4
mol eq), was then added to the mixture and was heated at reflux overnight. After
cooling, the remaining solid was filtered and organic layer was removed in vacuo.
The crude product mixture was redissolved in 60 mL of chloroform and the
residual 4-Hydroxybenzophenone was removed by washing with a 4N NaOH
aqueous solution. The organic layer was then dried over MgSOy and filtered to
remove drying agent. A portion of the chloroform solvent was removed in vacuo
until 5 mL remained. The product was isolated by silica column (EMD Silica Gel
0.040-0.063 mm, 230-400 mesh, 60 A) using (9:1) Ethyl Acetate:Hexane as
eluent. Elution was monitored by TLC. Rfvalue of desired product was 0.40 in
same eluent. 'H NMR (CDCl): 6=17.7-7.9, 7.4-7.6, 6.9-7.1 (m, characteristic of
benzophenone), 4.2-4.3 (m), 4.0-4.2 (m), 3.6-3.8 ppm (m).

[0275] Example 4. Synthesis of urea photo-crosslinker

[0276] Bis-2,3-dihydroxypropylurea, 0.3000 g (1.4408 mMol, 1 mol
equiv. Aldrich Chemicals, Milwaukee, WI), was added to a 50 mL round bottom
flask under argon sweep and dissolved in 20 mL of DMF (Fisher Scientific,
Pittsburgh, PA). Sodium hydride (60% dispersion in mineral oil, Aldrich
Chemicals, Milwaukee, WI), 0.2305 g (5.7633 mMol, 4 mol eq), was then added
and stirred at room temperature for 20 minutes. 4-(Bromomethyl)benzophenone,
1.5858g (5.7633 mMol, 4 mol equiv. Aldrich Chemicals, Milwaukee, WI), was
added to the mixture and heated at reflux under positive argon pressure for five
hours. After cooling, the reaction mixture was dissolved in 200 mL of deionized
water and the crude product was extracted with chloroform. The organic layer
was then dried over magnesium sulfate and filtered to remove the drying agent.
The chloroform was removed in vacuo and the crude product was redissolved in a
minimal amount of (85:15) CHCl3:MeOH. The product was isolated by silica gel
column (EMD Silica Gel 0.040-0.063 mm, 230-400 mesh, 60 A) using (85:15)
CHCI3:MeOH as eluent. Elution was monitored by TLC. R¢value of desired
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m croscope. The images show that the triazine crosslinker of exanple 1
treated sanpl es produce nore uniformcoating than benzophenone. See Figure

1 for exawpl2e10/1o®330] Exanpl e 20. Nonspeci fic protein adeorpistemw/oesszExanpl es
11 and 12. 85520486. 1-94- WD 2010/ 101863PCT/ US2010/ 025838

[ 0311] Nyl on- g- SBMAM coupons were investigated for nonspecific protein
adsorption. Nylon-g-SBVAM (BP), Nyl on-g-SBMAM (tri azi ne crosslinker of
exanpl e 1) and uncoated Nyl on coupons were incubated with 300 uL nonocl onal
anti-rabbit 19G peroxi dase conjugate (1:10,000 in PBS) géSi gnma) at room

t enper at ur e frpduct was Ogdnthased ehiant SeBSalrspoenwensdsaes! toghibar andanasar d

per oxi dase substrat appljed to the.surfaces, Pi .taken after
D min. The rdetiretmsbanratnind Gt bRttt ke S G B3t ngs
exhi bi ted hi gh3J°7€93(rﬁ,ffﬁﬁﬁa@tehgti@%ﬁﬁﬁ@nf)h@pdifeﬁi),eh.B—4311Fg}, Bt3-®8 pph@H2] Exanpl e

21. Solution polynerization of Exanples 16 and 17. 313] After graft
pol yneri zation in Exanples 16 and 17, the Nylon-g- CBMA (BP) and

N1 on- g- COBA fobrhazi ne BLasslelst6haals B AR SRHPIRSIRE Tomoved and

t he viscosit t he nmonone 0 Ions S’measured usin ookfield
Digital Viscooersyr (M dillebiopropyidenelidendoBihl, $31000 igqn.2)8 mdlidl, Dol t
pol ymeri zati on was al so neasured as a _control. The viscosity is 1.3 cP for

CBMA sol ut i orednddrasi Clagmeals.diiweuleec Wi}, gyas egpd torar 30 geund ttem nker of
Exanpl e 1) anﬂiasﬂ%gglpﬁgd {Vﬂfl aBMX é(ﬁ?élasep_&ﬁif (Ei@%)oletdqn%@ME)h@Hlomrﬁl sol ution

pol yneri zati on oc ed in BPIn gra ynerization than in the
triazine crossldenfgon efedpx aigH éwith bOutepdrsipraitmipeatay mbrAldath Chemicals,

[ 0314] Exanpl 2. Bac i dher assay., of anpl e 15] A bacteri al
cul ture of S_.eMﬁﬁ’ra@g?j M@% \Kg?ﬁg? Hﬁfﬁoée}%%m%aﬁdﬁl‘%&kg Pptic soy
agar, AcuMedi @irreh @RS NGikds: 4@@%%&%%&&% BMRRe (Sldridh CRUSIARS
transferred fromthe TSA plate to BB ( utterFl eld s buffer, PM

M cr obi ol ogi cdilsaule Mébn (INCP330Q8 srefkdd 98 mdgl, Crupla).suaspdded ©rihe THxuk0g
U I SUe PR3, IR Ty PR Sy Sl R T 2
organic layer was filtered to remove precipitate. A portion of the chloroform
solvent was removed in vacuo until 5SmL remained. The product was isolated by
silica gel column (EMD Silica Gel 0.040-0.063 mm, 230-400 mesh, 60 A) using
chloroform as eluent. Elution was monitored by TLC. R value of desired
product was 0.40 in the same eluent. Three compounds were isolated and may

represent different isomers of the compound. 'H NMR (CDCls): 8= 7.3-7.9 (m,
characteristic of benzophenone pattern), 4.6-5.0 (dd), 4.5-4.6 (s), 3.6-3.9 (m), 1.5-

1.6 ppm (s).
[0279] Example 6. Synthesis of photo-uracil crosslinker
[0280] 6-Aminouracil, 0.1091 g (0.8581 mMol, 1 mol eq, Aldrich

Chemicals, Milwaukee, WI), was added to a 100 mL round bottom flask equipped
with a reflux condenser and dissolved in 50 mL of chloroform under argon sweep.
4-(Benzoyl)benzoic acid chloride, 0.4199g (1.7161 mMol, 2 mol eq, Aldrich
Chemicals, Milwaukee, WI), 4-Dimethylaminopyridine, 0.01260g (3-5 wt% of 4-
(Benzoyl)benzoic acid chloride, Aldrich Chemicals, Milwaukee, WI), and
Triethylamine, 0.1042 g (1.02969 mMol, 1.2 mol eq, Aldrich Chemicals,
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[ 0316] The grafted HDPE sanples, in triplicate, of Exanple 10 were incubated
with 15 nL 104 CFU/ nL S. aureus suspension for 2 hours (25C, shaking at 250
RPM . Cowponsiwveiss3r enoved fromthe bacterial suspensi orcand2@bacadsi n a
fresh vial of 15 nL BB (2 m nutes, 25C, shaking at 250 RPM . 85520486. 1- 95-
Coupons were renoved fromthe rinse vial and place in a fresh vial of 15 nL
BB (total of 4 coupon rinse cycles). After the last rinse, coupons were
noved to a fresh vial of 5 nL BB and sonicated (40 kHz, Bransonic 2510,
Danbury CT) (1 mnute sonication, 1 mnute rest, 1 mnute sonication) to
renmove adher eMlibeekes VD weererheagdd atellBBimslenpasitivecmgaopressutsovisas gl at ed t o

TSA (pour pla met hod,.. 37C J.ncubation f 3 hours). The sonjcation
procedur e vvasgr%grpceoé) e t %reeaﬁgé%nr o %%ree “é%sffﬁ%é%j 05?m?‘ﬁe)epr1e ?lpgqte'sgh? cation

cycl e. [0317] dagnit &gt tvas sdngored id haduotahe tHeaeiemid crdénehénonahixhiie SBVAM
grafted HDPE sanples was 1.79 1.08 cells/ mg, Stri\ggestl ng a significant
reduction of Watkedispalvediaraninvmalamgiat eti(% b GHdbMde@l. dhe degredd@redict me on

treated HDP bt j 1
(ht £ ot 1 eposTEoF PR3 shftel BEcdtbb IR Sites 051084006 315 %W Whough ¢ he
present i nventisn 6bdy usegnha@sDraMeEH: MeOH as efventedenit@ cputidheyyrEdC. Ry

enbodi nents, perso _skdll dinthe art will recognize that changes may be
made in form ¥ Fetesired PRI utes Jelpdpthe e dwiihe spirit and scope of the

|nvention. Al joaff €1 encegadiplod syRiRMEBPYEd BRodREGIfihk | on. 1 ncl udi ng

those in the bacKground, are incoOrporate eln 1nthelr entirety. Those
skilled in thi@®282k wi | |1.9¢goftitmethylene ghycallAddtich GlsaeicslsiMjlwaskaegWip nor e

th ti [ tati jvalents to . ifi nbodi nents of
the i nvent i on" BEGEFH O saEneT il ©yoheP arh SR Bl VaABHTSr e | nt ended
to be enp0rrpat@ﬁﬂ@dwfuﬁqhegs%Qﬁm-@froﬁl&ﬁeﬂ@i)lb&%ﬁ}@n@h { AMriciCEpdAYRalhat i s
claimed is: 1. A conposition of formula: L-(DT-C(Rl) (XP) CHRRGR3C( =0) R4) 1"

wherein L is Milwapkgend/1ypedip 8 eowegivins hydyidg (6@ Pl maingeat el o lgicho structure
(1): Chemicals, Milwaukee, WI) were added to the solution. The mixture was stirred
overnight under refluxing condition and argon protection. The reaction solution
was cooled to room temperature and filtered. The filtrate was concentrated by
rotary evaporation and the residue was purified on column chromatography (silica
gel, 230-400 mesh, Whatman, Inc.) using 25:1 chloroform/methanol mixture as
eluent. The fractions containing the pure product were combined and concentrated
to dryness by rotary evaporation to yield yellowish oil (yield 80%).
[0283] The TEG crosslinker is soluble in most common solvents including
chloroform, methylene chloride, tetrahydrofuran, acetone, ethyl acetate,
isopropanol, etc. '"H NMR (CDCls) confirmed the structure of the product. The
peaks at 7.49 ~ 7.79 ppm (m, 18H) were the typical signals from 4-subsituted
benzophenone. The peak at 4.66 ppm (s, 4H) was assigned to the protons of
methylene connected to benzophenone group. The peak at 3.70 ppm (m, 16H)
corresponded to ethylene groups.
[0284] Example 8. Synthesis of HEG photo-crosslinker
[0285] 1.70 g of hexaethylene glycol (Aldrich Chemicals, Milwaukee,

WI) was dried under vacuum at 50 °C for 2 h and dissolved in 50 ml anhydrous
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O A Band J forma ring, wherein A and J are C=0; B is NRl1,;

R11 is a hydrogen atom an al kyl group, an aryl group or denotes a bond
with T orwe 2bmimudea according to structure (11): NR12R1®ct(U52010/025838
16R17RNKNRL4R15 (I1) wherein R12, R13, Rl14, R15, R16, RI7
are each independently a hydrogen atom an al kyl or aryl group or denotes a
bond with T, provided at |least two of RI2, R13, R4, R 5 K-16, Rl7 are

bonded with T and each Kis N; Dis CR6R7; Tis (-CH2-)Xx,
(- CH2CH2- 0-) x, (- CH2CH2CHz- Ot) - CH2CH2CH2CH2-0-), or forms a bond;
RL is a hydr o@@ﬁhﬂirofwaraﬁ T8 ¢<y4 (bramhyﬂedwibhbn@ppher@ny [Aldalcly Chxmpadaksy|  or

o o’ pr ot et | NGB DA Tl BT s 0% b pireamielit ik X | o NReRo:

Chemicals, Milwaukee, WI) were added to the solution. The mixture was stirred
overnight under refluxing condition and argon protection. The reaction solution
was cooled to room temperature and filtered. The filtrate was concentrated by
rotary evaporation and the residue was purified on column chromatography (silica
gel, 230-400 mesh, Whatman, Inc.) using 25:1 chloroform/methanol mixture as
eluent. The fractions containing the pure product were combined and concentrated
to dryness by rotary evaporation to yield yellowish oil (yield 70%).

[0286] The HEG crosslinker is very soluble in most common solvents
including chloroform, methylene chloride, tetrahydrofuran, acetone, ethyl acetate,
isopropanol, etc and slightly soluble in water. '"H NMR (CDCls) confirmed the
structure of the product. The peaks at 7.26 ~ 7.79 ppm (m, 18H) were the typical
signals from 4-subsituted benzophenone. The peak at 4.64 ppm (s, 4H) was
assigned to the protons of methylene connected to benzophenone group. The peak

at 3.66 ppm (m, 24H) corresponded to ethylene groups.

[0287] Example 9. HDPE Treated with BP and Sulfobetaine
methacrylamide
[0288] 1 X 3 cm high density polyethylene (HDPE) (McMaster-Carr,

Chicago, Illinois) coupons were immersed in an acetone solution containing 10
mg/mL benzophenone (BP) (Aldrich Chemicals, Milwaukee) for 30 s and then
dried in the dark at room temperature to remove acetone. Sulfobetaine
methacrylamide (SBMAM) (Aldrich Chemicals, Milwaukee) was dissolved in
deionized water to obtain a concentration of 0.5 mol/L. Then the HDPE coupons
coated with benzophenone were immersed in the aqueous SBMAM solution and
degassed under argon. Photo-induced graft polymerization on the HDPE surface
was performed with ultraviolet light (300 to 400 nm) for 1 hr (Harland Medical
UVM400, Eden Prairie, MN). After polymerization, the HDPE-g-SBMAM
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R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis an ester, ether, carbamate,
t hi ocar bawet2e1o/mwedone, am de, urea, thiourea, am ne, sechasaniodessss nm ne,
carbonyl, or (CH2) t-O; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-),C=0(-CH2-)" (-CH2-),S(-CH2-)s, (-CH2-),S=0(- CH2-), or
(-CH2-)rsS(0)2(-CH2-)s, (-CH2-)1INR(-CH2-)s; Rl is a hydrogen atom or an

al kyl, aryl oeougend weteyemgyeashipashed with deionizgew atadiarziseprepangt langd dependent | y
a hydrogen at an alkyl, aryl, arylal kyl, heteroaryl or heteroaryl al kyl
group; g%om%ﬁ%‘ﬁéuﬁg are each independently a hydrogen atom an

al kyl, aryl, ppsgyylal kgkafipRrup. HRFE TRedtvd W@eTriatingCragtlinkkysf or an aryl
group; g is an integer froml to about 7; r is an integer fromO to about

3; s is an inExaupleflrand 9BMAMbout 3; mis an integer from2 to about 10; t

s an int egelrj[l()éé@? 1to %gp%}l @ﬁpd‘?ﬁsﬁf%@%t}"91%%%1?%{59&&“586@@8“ 500; and

a polyneriza noner . osit1

LAT- C( R1) ( XP) OhB24aRBGA510) Rpdnyrereémmekseld$n an heatbdenglgioawpnaongy 1&i ng a

formula according to . . . L
mg/mL the triazine crosslinker of Example 1 for 30 s and then dried in the dark at
room temperature to remove acetone. Sulfobetaine methacrylamide (SBMAM)
(Aldrich Chemicals, Milwaukee) was dissolved in deionized water to obtain a
concentration of 0.5 mol/L. Then the HDPE coupons coated with the triazine
crosslinker were immersed in the aqueous SBMAM solution and degassed under
argon. Photo-induced graft polymerization on the HDPE surface was performed
with ultraviolet light (300 to 400 nm) for 1 hr (Harland Medical UVM400, Eden
Prairie, MN). After polymerization, the HDPE-g-SBMAM coupons were

removed, washed with deionized water and isopropanol, and dried at room

temperature.
[0291] Example 11. Nylon Treated with BP and SBMAM
[0292] 1 X 3 cm Nylon (McMaster-Carr, Chicago, [1linois) coupons were

immersed in an acetone solution containing 10 mg/mL benzophenone (Aldrich
Chemicals, Milwaukee) for 30 s and then dried in the dark at room temperature to
remove acetone. Sulfobetaine methacrylamide (SBMAM) (Aldrich Chemicals,
Milwaukee) was dissolved in deionized water to obtain a concentration of 0.5
mol/L. Then the Nylon coupons coated with benzophenone were immersed in the
aqueous SBMAM solution and degassed under argon. Photo-induced graft
polymerization on the Nylon surface was performed with ultraviolet light (300 to
400 nm) for 1 hr (Harland Medical UVM400, Eden Prairie, MN). After
polymerization, the Nylon-g-SBMAM coupons were removed, washed with

deionized water and isopropanol, and dried at room temperature.
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structure(l):

0 NNo=% A (1) A, B, and J forma ring wherein A and J are

C=0; B is NR11; R11 is a hydrogen atom an al kyl group, an aryl

or denot esoachpmndsedi th T, T is (-CH2-)X, _
(- CH2CH2CH2CH2-0-), or forms a bond; Rl is a hydrogen atom an

gr oup

(- CH2CH2- 0-) x, PCT@IS263biDeRd3s O- ) X,

al kyl, al kyl oxyal kyl, aryl, aryloxyal kyl or aryloxyaryl group; Xis 0, S

or NR8R9;
provi si o that

P is a hydrogen atomor a protecting group, wth the

Pis absent when X i s NRBR9; R2 is a hydrogen atom an

al kyl, alkylo | oxyl al kyl or aryl oxyaryl roup, Gis
an )éster et héﬁgg ar banﬁgﬁmf’?"rﬂy ?( Yubrrated withflgipzine Gy n'ﬂ"rré%f t hi our ea,
am ne, sul fongg&ﬂﬁl”mmgm\@@gponyl or (CH2) t-0-; R3 and R4 are

each independently an al kyl, aryl, aryI al kyl , heteroaryl_, or an
het er oar yl al kip294F oup, bX bpmlNJ)daﬂl [Mpl\/ﬂaﬁeaﬁdnmmwgo biéinbisy drtelpenis vaget her

Bé%%;@-é a%;a%&() zl?ﬂrr\éé(ngéigé 15 tngant; the H“’I% ‘b‘%m&ﬁ% ae-),

al kyl, aryl ogxagiptd alfdﬁ@o Qal’n@lﬂ@en dried in t/RBdA10 & B@nﬁ%ﬁp%ﬁﬁ'e tdl‘é%@@dent | y a
hydrogen atom an alk yl, or arylal kyl group;

via (-CH2-)q
or (-CH2-)1(

acetone. Sul obetame methacrylamide (SBMAM) (Aldrich Chemicals,
Milwaukee) was dissolved in deionized water to obtain a concentration of 0.5
mol/L. Then the Nylon coupons coated with the triazine crosslinker were
immersed in the aqueous SBMAM solution and degassed under argon. Photo-
induced graft polymerization on the Nylon surface was performed with ultraviolet
light (300 to 400 nm) for 1 hr (Harland Medical UVM400, Eden Prairie, MN).
After polymerization, the Nylon-g-SBMAM coupons were removed, washed with
deionized water and isopropanol, and dried at room temperature.

[0295] Example 13. Preparation of CBMA

[0296] A carboxybetaine methacrylate (CBMA) monomer, 2-carboxy-
N,N-dimethyl-N-(2’- methacryloyloxyethyl) ethanaminium inner salt, was
synthesized by the reaction of 2-dimethylaminoethyl methacrylate (DMAEM)
(Aldrich Chemicals, Milwaukee) with B-propiolactone (Aldrich Chemicals,
Milwaukee). 5 mL B-Propiolactone in 10 mL of anhydrous acetone was added
dropwise to a solution of 10 mL DMAEM dissolved in 300 mL of anhydrous
acetone. The reaction mixture was stirred under argon protection at room
temperature overnight. After removing acetone, the residue was washed with
hexane twice and dried under vacuum, yielding 9.2 g CBMA product.

[0297] Example 14. HDPE Treated with BP and CBMA

[0298] 1 X 3 cm high density polyethylene (HDPE) (McMaster-Carr,
Chicago, Illinois) coupons were immersed in an acetone solution containing 10
mg/mL benzophenone (Aldrich Chemicals, Milwaukee) for 30 s and then dried in
the dark at room temperature to remove acetone. CBMA was dissolved in

deionized water to obtain a concentration of 0.5 mol/L. Then the HDPE coupons
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R is a hydrogen atom an alkyl or aryl group; g is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; t is an integer fromstomoabout 10;
and x is an integer from1 to about 500; and a pol ynerizable nononer. 3. A
conposition of fornula: L-(GIZR3C(=0)R4)1 wherein L is a linking group
conprising a formula according to structure (1): O NI (I) A B, and J form
a ring wherein A and J are C=0;

coated with benzophenone were immersed in the aqueous CBMA solution and
degassed under argon. Photo-induced graft polymerization on the HDPE surface
was performed with ultraviolet light (300 to 400 nm) for 1 hr (Harland Medical
UVM400, Eden Prairie, MN). After polymerization, the HDPE-g-CBMA coupons

were removed, washed with deionized water and isopropanol, and dried at room

temperature.

[0299] Example 15. HDPE Treated with Triazine Crosslinker of
Example 1 and CBMA

[0300] 1 X 3 cm high density polyethylene (HDPE) (McMaster-Carr,

Chicago, Illinois) coupons were immersed in an acetone solution containing 10
mg/mL the triazine crosslinker of Example 1 for 30 s and then dried in the dark at
room temperature to remove acetone. CBMA was dissolved in deionized water to
obtain a concentration of 0.5 mol/L. Then the HDPE coupons coated with the
triazine crosslinker were immersed in the aqueous CBMA solution and degassed
under argon. Photo-induced graft polymerization on the HDPE surface was
performed with ultraviolet light (300 to 400 nm) for 1 hr (Harland Medical
UVM400, Eden Prairie, MN). After polymerization, the HDPE-g-CBMA coupons

were removed, washed with deionized water and isopropanol, and dried at room

temperature.
[0301] Example 16. Nylon Treated with BP and CBMA
[0302] 1 X 3 em Nylon (McMaster-Carr, Chicago, Illinois) coupons were

immersed in an acetone solution containing 10 mg/mL benzophenone (Aldrich
Chemicals, Milwaukee) for 30 s and then dried in the dark at room temperature to
remove acetone. CBMA was dissolved in deionized water to obtain a
concentration of 0.5 mol/L. Then the Nylon coupons coated with benzophenone
were immersed in the aqueous CBMA solution and degassed under argon. Photo-
induced graft polymerization on the Nylon surface was performed with ultraviolet

light (300 to 400 nm) for 1 hr (Harland Medical UVM400, Eden Prairie, MN).
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Bis NRL1; R1 | is a hydrogen atom an al kyl group, an aryl group or
denot es a bond; Tis (-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-) X,

(- CH2CH2GMBGbidy 01968 or forms a bond; G an estemusedlomrss3s

car bamat e, thiocarbamate, sulfone, am de, urea, thiourea, am ne,

sul fonam de, imne, carbonyl, or (CH2) t-O; Zis C=0, COO, or CONH when T
s (-CH2-)x; R3 and R4 are each independently an al kyl, aryl,
aryl al kyl, heteroaryl, or an heteroaryl al kyl group, or optionally, R3 and
R4 can be tethered together via (-CH2-)q, (-CH2-)rC=0(-CH2-)" '

(- CH2-), S( - CHeftgrepol ymeHRtipn,Ike NylongHEBMA gpugongpizerg regiaypd(washed yith
(-CH2-)INR(-CE12-)s;. R is .a hydrogen ato r..an.al k r aryl group; q is
an integer f%gellﬂni et%ow%{%roaﬁ]td l%ﬁ?pﬁngfg%(???lrﬁe%er?g rt%ﬁ?%gttuge’ about 3; s is an

integer fromp@3es aboutEdimpleils. Nylon kR With Mrizine @RYinkkBoft s an
integer from1 to about 10; x is an integer from1l to about 500; and a
pol yneri zabl eExapmpledrandiCBVSposi tion of formul a:

[0304] 1 X 3 cm Nylon (McMaster-Carr, Chicago, Illinois) coupons were
immersed in an acetone solution containing 10 mg/mL the triazine crosslinker of
example 1 for 30 s and then dried in the dark at room temperature to remove
acetone. CBMA was dissolved in deionized water to obtain a concentration of 0.5
mol/L. Then the Nylon coupons coated with the triazine crosslinker were
immersed in the aqueous CBMA solution and degassed under argon. Photo-
induced graft polymerization on the Nylon surface was performed with ultraviolet
light (300 to 400 nm) for 1 hr (Harland Medical UVM400, Eden Prairie, MN).
After polymerization, the Nylon-g-CBMA coupons were removed, washed with

deionized water and isopropanol, and dried at room temperature.

[0305] Example 18. Contact Angles of Examples 9 through 12 and 14
through 17
[0306] The static water-contact angles of coated coupons were measured

with a contact angle goniometer (400, Micro-Vu, Windsor, CA). Measurements
were taken 5 seconds after putting 5 uLL deionized water drops on the surface. 5
replicate measurements were performed on each sample, and the average values

were taken as the contact angles.
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L- (TGQR3C(=0)R4) 1, wherein L is a linking group conprising a formul a
according to structure (1): 0 N (I) A B, and J forma ring wherein A and
J are C=OywoBoiosiold831; R11 is a hydrogen atom an al kyl gcons0@0238y! group
or denotes a bond; Tis (-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-) X,

(- CH2CH2CH2CH2-0-), or forms a bond, Gis an ester, ether,
carbamat e, thiocarbamate, sul fone, am de, urea, thiourea, am ne,

sul fonam de, imne, carbonyl, or (CH2) t-O; Qis (-CH2-)p,
(-CH2CH2-0-) p, (-CH2CH2CH2-0-)p or (- CH2CH2CH2 CH- 0-)p R3 and
R4 are each indepéndgéandsy an al kyl, aryl, aWBwrkﬁ)ontaI@étAetgiar yl, or an
het er oar yl al kyI grou opti onal I y, R3 and R4 can be tethered together
via (-CH2-)q, (- ;EC—O( CH2- )s (--CHz2-)i S( CH2-)s, (-CF12-), S=0(-
CH2-), or (- CHZ )1S(0)2( CH2-)s, (-CH2- )1NR% CH2-)s; Rl is a hydrogen atom
or an al kyl, aryl, Nypnan aryl al kyI gr oup; R a hydr ogen atom or an al kyl

or aryl grouri  pnpp . SBMAM (BP) 12
HDPE-g-SBMAM (Triazine 6
crosslinker of example 1)
Nylon-g-SBMAM (BP) 10
Nylon-g-SBMAM (Triazine 5

crosslinker of example 1)

HDPE-g-CBMA (BP) 20
HDPE-g-CBMA (Triazine 18
crosslinker of example 1)

Nylon-g-CBMA (BP) 16
Nylon-g-CBMA (Triazine 15

crosslinker of example 1)

[0307] The contact angle results show that compared to benzophenone the
graft polymerization induced by the triazine crosslinker of example 1 treated
samples generate more hydrophilic surfaces.

[0308] Example 19. Microscopic Analysis of Examples 11 and 12
[0309] Nylon-g-SBMAM coupons were investigated under optical
microscope. The images show that the triazine crosslinker of example 1 treated
samples produce more uniform coating than benzophenone. See Figure 1 for
example.

[0310] Example 20. Nonspecific protein adsorption of Examples 11
and 12.
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gis an integer from1l to about 7; r is an integer fromO to about 3; s is
an integer fromO to about 3; mis an integer from2 to about 10; p is an

i nt eger fwommib/tosseabout 10; t is an integer from1 to abouis20i0/028381 X is
an integer from1l to about 500; and a pol ynerizabl e nononer. 5. A
conmposition of fornmula: L-(-CH2-)C(Rl)(GR3C(=0)R4)1 wherein L is a |inking
group conprising a formula according to structure (1): 0O NA(l) A B, and
J forma ring wherein A and J are C=0;

[0311] Nylon-g-SBMAM coupons were investigated for nonspecific
protein adsorption. Nylon-g-SBMAM (BP), Nylon-g-SBMAM (triazine
crosslinker of example 1) and uncoated Nylon coupons were incubated with 300
uL monoclonal anti-rabbit IgG peroxidase conjugate (1:10,000 in PBS) (Sigma) at
room temperature for 1 hr, and rinsed with PBS-Tween and PBS. Then standard
peroxidase substrate was applied to the surfaces. Pictures were taken after 2 min.
The results noted in Figure 2 provides that both SBMAM coatings exhibited high
resistance to nonspecific protein adsorption.

[0312] Example 21. Solution polymerization of Examples 16 and 17.
[0313] After graft polymerization in Examples 16 and 17, the Nylon-g-
CBMA (BP) and Nylon-g-CBMA (triazine crosslinker of Example 1) coupons
were removed and the viscosity of the monomer solutions was measured using a
Brookfield Digital Viscometer (Middleboro, MA). The CBMA solution without
graft polymerization was also measured as a control. The viscosity is 1.3 cP for
CBMA solution without grafting, 9.3 cP for CBMA (triazine crosslinker of
Example 1) and 41.7 cP for CBMA (BP). The results show that more solution
polymerization occurred in BP induced graft polymerization than in the triazine
crosslinker of Example 1 induced graft polymerization.

[0314] Example 22. Bacterial adherence assay of Example 10

[0315] A bacterial culture of S. aureus ATCC# 6538 was grown overnight
on TSA (tryptic soy agar, AcuMedia, Lansing MI). Using a sterile swab, S. aureus
was transferred from the TSA plate to BB (Butterfield’s buffer, PML
Microbiologicals, Durham NC) to make a 10® CFU/mL suspension. The 108
CFU/mL suspension was then diluted in BB to make a 10* CFU/mL suspension.
Final cell density was calculated by plating S. aureus suspension to TSA.

[0316] The grafted HDPE samples, in triplicate, of Example 10 were
incubated with 15 mL 10* CEU/mL S. aureus suspension for 2 hours (25°C,
shaking at 250 RPM). Coupons were removed from the bacterial suspension and

placed in a fresh vial of 15 mL BB (2 minutes, 25°C, shaking at 250 RPM).

85520486.1 -95-



Bis NRI I; RLl' is a hydrogen atom an al kyl group, an aryl group or

denot es a bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, arwoxyallysesor aryl oxyaryl group; eaclrcE&Uus3018/02338 er ,
et her, carbamate, thiocarbamate, sulfone, am de, urea, thiourea, am ne,
sul fonam de, imne, carbonyl, or (CH2) t-O; each R3 and R4 are

each independently an al kyl, aryl, arylalkyl, heteroaryl, or an
het er oaryl al kyl group, or optionally, R3 and R4 can be tethered together

" CH2-), S 2- CH2-), S=0(-_CH2-),
\cl)lra((G?QZ))q%é')‘Pﬁ)(‘lS@%Qf‘)eElovgéﬂ? t}‘éﬂﬂfe 4 Qd)&eééeﬁre&v v%o%f ( BRen a%om
or an alkyl, @l @fépéou?aﬂn?ihi’é Blckes). AR U 1a83He, RobiSorR Wgﬁﬁggﬁ't Om or

i

al kyl or aryI group; each g 1s aninteger from’l to about 7; eac is an
i nteger from ﬁGSthO/l@lbrftith,BBaatdﬁomanddﬁao kHegmnsdnio2d 10, Danlainp(i’tr)m mis an
integer from2.to about. 10; each t is .an integer from1 t ab ut 10; XX is
an integer fr%l}ﬂu% ?Oén%b@&tl Hlu%eali‘?at ba%ﬂ?@ﬁﬁ‘?licga’ﬁ‘%o%’r%’ﬁé&here bacterig: The

conposi tion of nil &ithe BB WAREEsMsofidrSwds pl&RE b FSAY F&ur%e)ﬁeﬁlodaﬂﬁd is 1,
each Rl is H and each R3 and R4 are each i ndi vidual ly ‘aryl groups 7.

A conposi t i oning#batign fer 18: houssgy Fhe SoxrpOMRIGRET =B pRepeated to ensure the

efficacy of the first sonication cycle.

[0317] The results showed that the bacterial density on the SBMAM
grafted HDPE samples was 1.79 + 1.08 cells/mm?, suggesting a significant
reduction of bacterial adhesion compared to a density of 10° cells/ mm? on
untreated HDPE reported in the literature
(http://repositorium.sdum.uminho.pt/handle/1822/6706).

[0318] Although the present invention has been described with reference
to preferred embodiments, persons skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope of the
invention. All references cited throughout the specification, including those in the
background, are incorporated herein in their entirety. Those skilled in the art will
recognize, or be able to ascertain, using no more than routine experimentation,
many equivalents to specific embodiments of the invention described specifically
herein. Such equivalents are intended to be encompassed in the scope of the

following claim.
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wherein L is a linking group conprising a fornula according to structure
(r)y: (1) A B, and J forma ring wherein A and J are C=0; Bis NR |; RII
i s a hydrwogenioatoosss an al kyl group, an aryl group or deroras:2@obessds

RI is a hydrogen atom an al kyl, alkyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Xis 0, S, or NRSR9; P is a hydrogen atom or
a protecting group, with the provisio that P is absent when X is NR3R9;

R2 is a hydrogen atom an al kyl, al kybg&@ﬁql, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis an , ether, carbamate,

t hi ocar bamat e, sul fone, am de, urea, thiourea, am ne, sulfonam de, im ne,
carbonyl, or (CH2) t-0-; R3 and R4 are each independently an

al kyl , aryl, Whetialclejined iset eroaryl, or an heteroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,
(-CH2-)rC=0(-CH2-)s, (-CH2-)rS(-CH2-)s, (-CH2-)rS=0(- CH2-), or

(-CH2-)rS(0)2(-CH2t)s, A-6iBosifibdRof OHRulkS; R8 and R9 are each
i ndependently a hydrOgeIP—(I%ETO-rCTZ](R%?Xlg)lcglliz’GR%rC%lO)ngm aryl al kyl group;

wherein L is a linking group comprising a formula according to

structure (I):

! ey

A, B and J form a ring, wherein A and J are C=0;
BisNR'};
R is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T or a formula according to structure (II):

NR12R13

K| X K
)\K)\NRMRﬁ an

wherein Rlz, Rl3, RM, RIS, R16, R'7 are each independently a

16R17RN

hydrogen atom, an alkyl or aryl group or denotes a bond with T, provided at least
two olez, R13, Rl4, Rls, Rlé, R'7 are bonded with T and each K is N;

D is CR°R’;

T is (—CH;-)x, (-CH,CH»-0O-),, (-CH,CH,CH;3-0-)y, (-
CH,CH,CH;,CH,-0-), or forms a bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR®R?:
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R19 is a hydrogen atomor an alkyl, aryl, or an arylalkyl group; Ris a
hydr ogen atom an alkyl or an aryl group; g is an integer from1l to about
7, r is anoiwteegesesfrom 0 to about 3; s is an integer fromB2610/0243881t 3; m
is an integer from2 to about 10; t is an integer from1 to about 10; and a
pol yneri zabl e nononer. 8. A conposition of formula: L-(GR3C(=0)R4)1; wherein
L is a linking group conprising a formula according to structure (1): 0 |

g;ér égeﬁ a?(r;(rjn Jal;o;: Ik;/l léllsre{}?p Vmeﬁlraacl),m or g 03%&18%%3%“%5?%&1%5‘% Is)roullgil'olfhaﬁg'l 's a
is absent when X is NR®R’;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or optionally, R® and R* can be tethered
together via (~CHs-)q, (-CH»-),C=0(—CH;-)s, (-CH3-),S(—CH3-)s, (-CH3-),S=0(~
CHz-)s or (—=CH»-),S(0)2(~CHa-)s, (~CH;-),NR(~CH>-)s;

Visa hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl group;

R® and R are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and
a polymerizable monomer.

2. A composition of formula:
L-(T-C(R"YXP)CHR’GR*C(=0)Rn
wherein L is a linking group comprising a formula according to

structure(I):
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bond; Gis an ester, ether, carbamate, thiocarbamate, sulfone,
am de, urea, thiourea, am ne, sulfonam de, imne, carbonyl, or (CH2) t-O;
R3 and Rdweneiemeds3i ndependently an al kyl, aryl, aryl al glrjusbeweessasyl, or
an heteroaryl al kyl group, or optionally, R3 and R4 can be tethered together
via (-CH2-)q, (-CH2-)1C=0(-CH2-)s, (-CH2-),S(-CH2-)s, (-CH2-),S=0(- CHz-),
or (-CH2-)rS(0)2(-CH2-)s, (-CH2-)INR(-CH2-)s; R is a hydrogen atom an

al kyl or an aryl group; g is an integer frorom1l to about 7; r is an integer
fromO to about 3; s is an integer fromOj|to about 3; mis an integer from
2 to about 10; t is an integer from 1>{ $210; and a pol ynerizabl e
nmononmer. 9. A conposition of formula: L-?T-C( ) (XP) CHR2GR3C(=0) R4) 1 wherein
Lis (-0CH2CH2-)qQq; T is (-CH-).; A~ R is a hydrogen atom an

al kyl, al kyl oxyal kyl, aryl, aryloxyalkyf\ar aryl oxyaryl group; Xis 0, S
or NRBR9; P is a hydrogen atomior a gjotecting group, with the
provisio that P is absent when X is NR8R9; R2 is a hydrogen

atom an al kyl, al kyl oxA.aBkaptd ] famy k ringraHessiy Aadridyl aro=8% y| oxyaryl group; G
is an ester, ether, caﬁ?%ﬂgﬁa: t hi ocar bamat e, sul fone, am de,

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond with T; T is (-CHj-)y, (-CH,CH;-0O-) (-CH>CH,CH,-O-),, (-
CH,CH,CH,CH;-0-), or forms a bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR*R’;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHy) -O-;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R’ and R* can be
tethered together via (—CHz-)q, (-CHa-),C=0O(-CHz-)s, (-CH2-),S(~CH>-)s,
(—CHy-),S=O(~CH>-)s or (~CH2-):S(O)2(—CHa-)s, (~CH2-)NR(-CH>-)s;

R'® is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7,

ris an integer from 0 to about 3;

s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and
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urea, thiourea, amne, sulfonamde, imne, carbonyl, or (CH2) t-0-;
R3 and R4 are each independently an al kyl, aryl, arylal kyl, heteroaryl,

or

an het er omoyvbalkyde3group, or optionally, R3 and R4 can lpeTthstdwnessdss oget her

via (-CH2-)q, (-CH2-)1C=0(-CH2-)s, (-CF12-)iS(-CHz-)s, (-CLl12-)rS=0(-

CH2-)s or (-CH2-),S(0)2(-CH2-)s, (-CH2-)1INR(-CH2-)s; Rl is a hydrogen atom

or an al kyl, aryl or arylal kyl group; R8 and R9 are each

i ndependently a hydrogep.atom. an.al klytlo,baryl .or. arylalkyl group; Ris a
-0 GOPU SRR ek

hydrogen atom an al kylxésranealpngergjfrr%nﬁp, eger from1l to about

is an integer from O toa@b@tieridable fohémaf i nteger fromO to about 3; m

7 r
is

an integer from2 to about 10; t is an integer from1l to about 10; x is an
integer from1l to about 500; qq is an integer from1l to about 500; and a

pol ymeri zabl e nonoger. iyt nposition of claim9, wherein Ris
e é clc_)fnp&m?lgn 8?_{%%18%

H Xis 0, Pis H R i and R4 are aryl groups, mis 2,
an integer from1 to 10L46dZRjC{=Oxf),j nteger from 1 to about 10.

A nmethod to nodify a subﬁtrate.co, rising the step of a;l)pl yi r:jg a
conposi tion of formla:V erein L is a linking group comprising a formula according to

structure (I):

! ey

A, B, and J form a ring wherein A and J are C=0;

BisNR';

R' is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

T 1s (—CH3-)y, (-CH2CH,-O-)4, (-CH,CH,CH,-0-);,

(-CH,CH,CH,CH,-0-), or forms a bond;

G an ester, ether, carbamate, thiocarbamate, sulfone, amide, urea,
thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

Z is C=0, COO, or CONH when T is (CH3-)y;

R? and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (-CH»-)q, (~CHa-).C=0O(—CHz-)s, (~CH,-),S(~CHz-)s, (~CH,-),S=O(-—
CHy-)s or (=CH2-):S(O)2(—CHz-)s, (—CHa-):NR(~CHa-)s;

R is a hydrogen atom or an alkyl or aryl group;

q 1s an integer from 1 to about 7;

r 1s an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X 1s an integer from 1 to about 500; and
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L-(D-T-(RI) (XP) CHRZGR3C(=0) R4) , " wherein L is a |inking group conprising a
formul a according to structure (I): O NN%&«% A (I) A, B, and J forma ring

wherei n Avendiokioases C=0; B is NRI |; Rl is a hydrogen ateros:@n/o2dssy |

group, an aryl group or denotes a bond; D is CR6R7; Tis
(-CH2-)x, (-CH2CH2-0-)x, (-CH2CH2CH2-0-)x, (- CH2CH2CH2CH2-0-)x or forns a
bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, .
aryl oxyal kyl or aryl oxyapglyngrietfle mbnbmep, S, or NRSRO; Pis

a hydrogen atomor a protecting group, with the provisio that P is absent
when X i s NRBR9;

4. A composition of formula:
L-(TGQR’C(=0)R*),,
wherein L is a linking group comprising a formula according to

structure (I):

|
A\B/J
L
' (D
A, B, and J form a ring wherein A and J are C=0;

BisNR';

R''isa hydrogen atom, an alkyl group, an aryl group or denotes a

bond,;

T is (-CHz-)x, (-CH,CH»-O-) (-CH,CH,CH,-0-),,

(-CH,CH,CH;CH,-0-), or forms a bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

Q is (~CHa-)p, (-CH2CH2-0-),, (-CH,CH,CH,-O-), or (-
CH,CH,CH,CH,-0O-),,;

R? and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or opti'onally, R® and R* can be tethered
together via (~CH,-),, (-CHa-),C=O(~CH,-)s, (-CH,-),S(—CH>-)s, (—CH»-),S=0(-
CHy-)s or (~CH2-):S(0)2(~CHa-)s, (-CH,-)NR(-CHy-)s;

R%isa hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an integer from 0 to about 3;

m 1s an integer from 2 to about 10;

p is an integer from 1 to about 10;
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R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis an ester, ether, carbamate,
t hi ocar bawet2e1o/mwedone, am de, urea, thiourea, am ne, sechasaniodessss nm ne,
carbonyl, or (CH2) t-O; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group or
optionally, R3 and R4 can be tethered together via (-CH2-)q,

(-CH2-)1C=0(-CH2-)s, (-CH2-)rS(-CH2- - -),,S=0(- CH2-)s or

(- CH2-), S(0) 2(-CH2-) s, t(lsé]li?tﬁ’%ﬁlggﬁijﬁésou% %ng a hydrogen atom or an

al kyl, aryl or aryl al kyk i<0maHRger from 1 to aboutB60a4d R7 are each independently
a hydrogen atom an al kyl, aryF, aryl al kyl, heteroaryl or heteroaryl al kyl

group; R8 andp@ymgrigabdamhnemeiependent |y a hydrogen atom an

al kyl, aryl, or arylalkyl group; Ris a hydrogen atom an alkyl or an aryl
group; g is an integer from1l to about 7; r is an integer fromO to about
3; s is an integersfromQoiposibionbf rmiats an i nteger from2 to about 10; t

is an integer from1 to about 10:. x is an integer from1l to about 500; and
a pol ymeri zabl e monomer L{ &l KGRCHIORN substrate, such that the

substrate surface is rmg'h&jeﬁct. isa mé‘&%ﬁrl]g"t"}%%?&g?ﬁflg%g X0l oA ?cicH}d:l-ﬂg towher ei n

the conposition is photoactivate st one photoatti vatabl e
group wi thin dthetwe(iposition forns a bond with the surface of the
substrate. 13. A nethod to nodify a substrate conprising the step of
appl ying a conposition of fornula:

! (D
A, B, and J form a ring wherein A and J are C=0;
BisNR'';
R'"is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

R'is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalky,
or aryloxyaryl group;

each G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHy) -O-;

each R® and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R? can be tethered
together via (—CH3-)q, (—CH;-),C=0O(—CH3-)s, (~CH2-):S(~CH>-)s, (-CHz-),S=0(~
CHy-)s or (=CH2-),:S(0)2(=CHz-)s, (=CHa-),NR(—CHz-)s;

each R'? is a hydrogen atom or an alkyl, aryl, or an arylalkyl
group;

each R is a hydrogen atom or an alkyl or aryl group;

each q is an integer from 1 to about 7;

each r is an integer from 0 to about 3;

each s is an integer from 0 to about 3;
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L-(T-C(RI') (XP) CHR2ZGR3C(=0) R4) 1 wherein L is a |inking group conprising a
formul a according to structure (I): O I(I) A B, and J forma ring wherein
A and J awe 20mlr1868S NR'; R' is a hydrogen atom a@oTalskylo/ogssssip, an
aryl group or denotes a bond with T; Tis (-CH2-)Xx,

(- CH2CH2- 0-) x, (-CH2CH2CH2-0-)x, (- CH2CH2CH2CH2-0-), or forns a bond;

Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; X is 0 hydrogen atomor a protecting
group, with the provisi8' %?{és{ntelgefgogﬁg@natbo 13)?1 X i's NR8RO; R is
a hydrogen atom an al kaskh t &ldayih@xaratdey 11.to abott,10ar yl oxyl al kyl or

aryl oxyaryl group; 1is an ester, ether, carbamate, thiocarbamte, sulfone,

am de, urea, thiourea, *nisss integarfigmnhiciebout im@d carbonyl, or (CH2) t-O-:

R3 and R4 are each inde aryl, arylal kyl, heteroaryl, or
an heteroaryl al kyl gr ouEIO &%ﬁ@ﬁi#ﬂe@ﬂoﬂrﬁ& R3 and R4 can be tethered together

via (-CH2-)g, (-CH2-),C=0(-CH2- )s (- C|-|2)r8( CH2-)" (-CH2-), S=0(- CHZ) or
(-CH2-)1S(0) 2(- CHZ)s ]( CH2-)NR(-CH2-)s; R| is ahydro en a%tomor
al kyl, aryl or ar -al ky eg‘%ogmgsmon of claim 5, wherein xx is°1, each G is (-CH;-),O-

and tis 1, each R' is H and each R® and R* are each individually aryl groups.

7. A composition of formula:
L-(-C(R")(XP)CHR*GR’C(=0)R*),
wherein L is a linking group comprising a formula according to

structure (I):

T
A, B, and J form a ring wherein A and J are C=0;
BisNR'';
R is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond;
R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;
X is O, S, or NR*R’;
P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NRSRQ;
R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;
G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH3) -O-;
R® and R? are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R* can be tethered
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R8 and R9 are each independently a hydrogen atom an al kyl, aryl, or
aryl al kyl group; R is a hydrogen atom an alkyl or aryl group; gq is an
i nt eger fwomib/toeseabout 7; r is an integer fromO to alpowtus3910924838 an
integer fromO to about 3; mis an integer from2 to about 10; t is an
integer from1 to about 10; x is an integer from1l to about 500; and
a polynerizable nononer to the surface of the substrate, such that the

substrate sur | ai-m 13,_\herein
t he conposi tI{) 8@?“%&%& gaql—é?d)‘suc‘]“;ACEII{”?aigI ?‘P]}Q%&@%ﬁg gr?ﬁzagsc_td@at abl e
group within Che )W@H&QJS@O)Z(@H@)S@(—E@BQNR([-EHZIC)@ surface of the
substrate. rrgt hod,to nmodify a substrate conprisi ng the step of

appl ying a conposi t| on B al?%?\nﬁle&ach_m(l ratly=0y g gengapranalltyli 4vh | i nki ng
group conpri prﬂyﬁlﬁy?b%ba according to structure (l1): O

R'%is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

ris an integer from 0 to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer.

8. A composition of formula:
L-(GR’C(=O)R")w;
wherein L is a linking group comprising a formula according to

structure (I):

! @

A, B, and J form a ring wherein A and J are C=0;

BisNR'';

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHj) -O-;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R* and R* can be tethered
together via (-CHj-)q, (~CH3-),C=0(-CHa-)s, (~CH>-),S(—-CH>-)s, (-CH»-),S=0(~
CHy-)s or (=CH2-):S(0)2(—CHa-)s, (-CH2-):NR(~CH,-)s;
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() A, B, and J forma ring wherein A and J are C=0; Bis NRI I; R" is a
hydr ogen atom an al kyl group, an aryl group or denotes a bond, Tis
(- CH2-) X,WbO20t62030- ) X, (- CH2CH2CH2-0-) x, (- CH2CH2CH2@H2A32()16/02583§ Or NB a
bond; Gis an ester, ether, carbamate, thiocarbamate, sulfone,
am de, urea, thiourea, am ne, sulfonam de i mne, carbonyl, or (CH2) t-0O;
Zis C=0, COO, or CONH when T is (-CH2-) R3 and R4 are each

i ndependently an al kyl, agghyqﬁéé/d eﬁ!)%;ylu} al?ﬁ &I g%gﬁéT?Lﬁ%ran_ het er oaryl al kyl

group, or optionally, can ere via (-CH2-)q,
(-CH2-)rC=0(-CH2-)s, (- &2m)infogerGréin)l"to@b&HtZ;) r S=0(- CH2-), or

(-CH2-)rS(0)2(-CH2-)s, (-CH2-)1.NR(-CH2-)s; R is a hydrogen atom or an
al kyl or aryl group; q 11§aaﬁntF%ﬁf€f’§>éIF0F?6tPﬁui to about 7; r is an integer

fromO to about 3; s isgan, iiRe9S orh HALO g. about 3; mis an integer from
2 to about 10; t is an mtgdergﬁgroom? to% ot 10; x is an integer from1l

to about 500; and m is anlraegaaolﬁy)nnl‘tozzﬂuk»hel(vmnorrer to the surface of the
substrate, such that the substrate S%l 113 rTHdIfI ed.
tis an integer from [ to a out

a polymerizable monomer.

9. A composition of formula:

L-(T-C(R")(XP)CHR*GR’C(=0)R*),

wherein L is (~OCH,CHj-)qq;

T is (-CHa-)x;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH3) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R? can be tethered
together via (~CHy-)q, (~CH»-),C=O(~CHy-)s, (~CH2-):S(~CHz-~)s, (~CH»-),S=O(~
CHy-)s or (=CH»-):S(0)2(=CHz-)s, (=CHz-),NR(=CHa-)s;

% is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from 0O to about 3;
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16. The method of claim 15, wherein the conposition is photoactivated such
that at | east one photoactivatable group within the conposition forns a
bond wi t hwoheismwigsace of the substrate. 17. A nerbodist@onedzgy a
substrate conprising the step of applying a conmposition of fornula:

L- (TGQR3C(=0)R4),, wherein L is a conprising a formula according to
structure (I): (1) AL B, and J forma ring wherein A and J are C=0; Bis

NRI | ; R11 is a hy group, an aryl group or
denotes a bond with T Sdl?%g%f% 3@?%%542 0-)x, (-CH2CH2CH2-0-), (-
CH2CH2CH2CH2- 0-) ,, or f.arigen mtdpenfpm@ fosabant Bxt er, ether, carbamate,

t hi ocar banat e, sul fone, am de, urea, thi our ea, anm ne, sul fonam de, i m ne,
carbonyl, or (CH2) t- Otlsanmteger@opbl Pabagt IG5 (CcHpoHR- 0-) p,

(-CHZCHZCHZ 0-)p or (- tggg%qt Rbout 500; R3 and R4 are each
i ndependently an al kyI aryI % Oﬁlet eroaryl, or an heteroaryl al kyl

group, or optionally, learadnﬂdgarafmnbétd gidue 6ed amdget her via (-CH2-)q,
(- CH2-)1C=0( - CH2-) s, (-CH2-), S=0(- CH2-)s or
(- CH2-)r S(0) 2( - CHe- )s ?%ﬁq)?e‘)lz ??(m@l%'“ ¥s: R is a hydrogen atomor an
al kyl, aryl, or an aryIaIkyI group;
10. The composition of claim 9, wherein R'isH, Xis O, P is H, R%is
H, G is O, R® and R* are aryl groups, m is 2, x is an integer from 1 to 10 and qq is

an integer from 1 to about 10.

1. A method to modify a substrate comprising the step of applying a
composition of formula:
L-(D-T-C(R"Y(XP)CHR*GR?*C(=0)R*)
wherein L is a linking group comprising a formula according to

structure (I):

I

A, B, and J form a ring wherein A and J are C=0;

Bis NR'';

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

D is CR°R’;

T is (—CHj-)x, (-CH,CH,-O-)x, (-CH,CH,CH,-O-)y, (-
CH,CH,CH,CH;-O-), or forms a bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;
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R is a hydrogen atomor an alkyl or aryl group; g is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; p is an integer fromstomoabout 10;
t is an integer from1 to about 10; x is an integer from1l to about 500; a
pol yneri zabl e nononer to the surface of the substrate, such that the
substrate surface is nodified. 18. The nmethod of claim 17, wherein

t he conposition is photgacti I t chlvat abl e
aroup w thi 1 the composs i VPR AFSsk dRltetne AT nPATHENE, RAFhP
substrate.  isabseh®whén et h®RIR(:0 nodify a substrate conprising the step of
applying a conposition of fornmula: L-(-CH2-)x"C(Rl)(GR3C(=0)R4)1 erein L
is a |inking group conp®i Siadtydepaes rip a0 gt raék}ﬂgxxai}(yé,tqrﬂcﬁrgﬁﬁyelﬂ(y_ N A

(1) A B, a”dor]ar§r18£§9r9l érbﬁkg, wherein A and J are C=0;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHy) -O-;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group or optionally, R’ and R* can be tethered
together via (—CHz-)g, (—CH;-),C=0O(-CHaz-)s, (-CH2-),S(—CH3-)s, (-CH3-),S=0(~
CHz-)s or (—=CH2-):S(0)2(~CHa-)s, (—CHa-)NR(-=CHz-)s;

R'% is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
arylalkyl, heteroaryl or heteroarylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
12.  The method of claim 11, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

13. A method to modify a substrate comprising the step of applying a

composition of formula:
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Bis NRI I; R | is a hydrogen atom an al kyl group, an aryl group or

denot es a bond; Rl is a hydrogen atom an al kyl, al kyl oxyal kyl,
aryl, arwoxyallysesor aryl oxyaryl group; eaclrcE&Uus3018/02338 er ,
et her, carbamate, thiocarbamate, sulfone, am de, urea, thiourea, am ne,
sul fonam de, imne, carbonyl, or (CH2) t-O; each R3 and R4 are

each independently an al kyl, aryl, arylalkyl, heteroaryl, or an

het eroaryl al kyl group, pr.Optii 2 R33an can be tethered together
via (-CH2-)q, (- CHo- )réd@‘@zR@&%Rc@‘?eg)@E p-)s, (-CH2-)rs-0(- CH2-),
or (-CH2-), S(0)2(-CH2-) shereinQH2s: 9 MR GHdRp kempsisial aRrmiuda accoydinggen at om or
an al kyl, aryl, or an aryl al kyl group; each Ris a hydrogen atomor an

al kyl or arylﬁgKﬁﬁﬁ Jeach g is an integer from1 to about 7; each r is an

integer fromO to about 3; each s is an integer fromO to about 3; mis an
integer from2 to about 10; each t is an ijpteger from1 to about 10; xx is

~,

an integer from1l to about 10; and ,kw 8 polynerizabl e nononer to
the surface of the substrate, such that {the substrate surface is nmodified.
20. The method of claim 19, wherein the equposition is

B

! @)

A, B, and J form a ring wherein A and J are C=0;

B is NR! 1;

R'!' is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T;

T is (<CH»-)y, (-CH,CH,-0O-),, (-CH2CH,CH»-O-), (-
CH,CH,CH,CH;-0O-), or forms a bond;

R!is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R? can be tethered
together via (—CHa-),, (-CH2-),C=0(~CH;-)s, (-CH32-);S(—CH>-)s, (-CH»-),S=0(—
CHy-)s or (=CH2-):S(0)2(—CHaz-)s, (~CH2-)NR(=CHy-)s;

R'" is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

q is an integer from 1 to about 7;
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phot oacti vated such that at |east one photoactivatable group within the
conposition forns a bond with the surface of the substrate. WO

2010/ 101868RCI/10B2610/ 025838 21. A nethod to nodify a sulpstrnateooesspsi si ng
the step of applying a conposition of fornula: L+C(R1l)(XP)CHR2ZGR3C(=0) R4) m
wherein L is a linking group conprising a fornula according to structure
(r)y: (1) A B, and J forma ring wherein A and J are C=0; B is NRll; R11

is a hydrogen atom an ﬁyﬁf}ir}(t%eﬁ)%mﬂb éagoylm.group or denotes a bond;
y

Rl is a hydrogen atom an a , a oxyal Kyl , aryl, aryloxyal kyl or
aryl oxyaryl group; X i ssifanimteger iNRB®RES about 3; P is a hydrogen atom or
a protecting group, with the provisig that P is absent when X is NR3R9;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

x is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

14.  The method of claim 13, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

15. A method to modify a substrate comprising the step of applying a
composition of formula:
L-(GTZR*C(=0)RMm
wherein L is a linking group comprising a formula according to

structure (I):

W

A, B, and J form a ring wherein A and J are C=0;

BisNR'

R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a
bond;

T is (-CHjy-)x, (-CH,CH3-O-)x, (-CH,CH,CH;,-0-),, (-
CH,CH,CH,CH;-O-), or forms a bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,

urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH») -O-;

Z is C=0, COO, or CONH when T 1s (-CHz-)y;

85520486.1 -109-



R2 is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis an ester, ether, carbamate,
t hi ocar bawet2e1o/mwedone, am de, urea, thiourea, am ne, sechasaniodessss nm ne,
carbonyl, or (CH2) t-0-; R3 and R4 are each independently an

al kyl, aryl, arylalkyl, heteroaryl, or an heteroaryl al kyl group, or
optionally, R3 and R4 can be tethered together via (-CH2-)q,

q
(- Go-)r S0y 2oy s F R ke donchaddts ah Ry iBBIIBID, o oo
ihngependent I yhaerbmhoéﬁmhetbmaryldhylagrkw, ,or’allatycltnallly,rR%mdl Ri cbayx!begetbetpcé RlLis a
ydrogen atom or_ an.a .. a 0 y. roup; i ydrogen
atom an al kytPg?fPera‘fﬁa éﬂfé]l’;-}grGﬂﬁ?z-)qéﬁgﬁgﬁffzr)n?éééﬁ-%g_Féﬁ?@s%@b%~ ~Of=
55020455, 1+ iy A ST FOSTTAMASabON, 3 5 | 0 I nteger from
about 10; and R is ahybb gaveatornab ke alkyhomayl group;he surface of the

substrate, such that the. substratcfg sgrfa,ﬁ?e i7_s nodi fi ed. 22. The
method of claim 21, whetEith PHRETIEWPOL? #4998 /i s phot oactivated such that at

| east one phot oacti vat alk gn @Htedtp vt Okdades.conposi tion forns a bond wth
the surface of the substrate. 23. A nmethod to nodify a substrate

conprising the step of sipphyitagerdrosofpostat dn of foiinul a:
m is an integer from 2 to about 10;
t is an integer from 1 to about 10;
X 1s an integer from 1 to about 500; and
a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

16. The method of claim 15, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

17. A method to modify a substrate comprising the step of applying a
composition of formula:
L-(TGQR’C(=0)R"),,
wherein L is a comprising

a formula according to structure (I):

! @
A, B, and J form a ring wherein A and J are C=0;
Bis NR';
R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond with T;
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L- (GR3C(=0) R4) 111; wherein L is a linking group conprising a formul a
according to structure (1): O NA(lI) A B, and J forma ring wherein A and
J are C=OywoBoiosiold831; RI 1 is a hydrogen atom an al kyl gcons0@0238y! group

or denotes a bond; Gis an ester, ether, carbamate,
t hi ocar bamat e, sul fone, am de, urea, thiourea, am ne, sulfonam de, imnm ne,
carbonyl, or (CH2) t-O; R3 and R4 are each independently an

| kyl , |, | al kyl |
et e 9T et e ey ey or o o
(-CH2-), C=0(-CH2- )GHZCH@HZOHﬁO‘meﬁhS(a-IﬁHB ) S 0(- CHe- ) S or

(-CH2-)rS(0)2(-CH2-)s, éCllZ ) r NW CH2- Is. a h drogen atom an al kyl
or an aryl group; q is HS?IhFSé‘bre?thFrr’S?ﬁbim?@ %&a{bama%w ngrnaMideeger from 0

to about 3; urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O- ;

Q is (-CH3-)p, (-CH,CH>-0O-),, (-CH,CH,CH,-0O-), or (-
CH,CH,CH,CH»-O-),;

R? and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be
tethered together via (~CHz-)q, (-CH»-),C=0O(—CHs-)s, (-CH>-),S(—CH>-);,
(—CH,-),S=O(-CHa-)s or (—CH,-);S(O)2(—CH-)s, (-CH2-):NR(-CHz-)s;

RYisa hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom or an alkyl or aryl group;

q is an integer from 1 to about 7;

r is an integer from O to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

p is an integer from 1 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500;

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

18.  The method of claim 17, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

19. A method to modify a substrate comprising the step of applying a
composition of formula:
L-(-CHz)uCR N GR’C(=O)R Y
wherein L is a linking group comprising a formula according to

structure (I):
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S is an integer fromO to about 3; mis an integer from2 to about 10; t is
an integer froml1l to about 10; and a polynerizable nononer to
t he surf awe 20fo/tiss3substrate, such that the substrate swcraseoios2sveeli fied.
24. The nethod of claim 23, wherein the conposition is photoactivated such
that at | east one photoactivatable group within the conposition forns a
bond with the surface of the substrate. 25. A nmethod to nodify a
substrate conprising the step of applying @ conposition of formula:

L- (T-C(R1) ( XP) CHR2GR3C(=0) R4) ,, wherein, s (-0CH2CH2)qq; T is (-042-)x;
Rl is a hydrogen atom an al kyl, alkyham %L/ aryl, aryl oxyal kyl or

aryl oxyaryl group; Xis 0, S, or NR8BR9; A P is a hydrogen atom or
a protecting group, with the provisio t at PJIS absent when X i s NR8R9;

R2 is a hydrogen atom an al kyl, alkyloxyaikyl aryl, aryloxyl al kyl or

aryl oxyaryl group; G is an ester, etpgr, car bamat e,

t hi ocarbamat e, sul fone, am de, urea, thiourea, am ne, sulfonam de, im ne,
carbonyl, or (CH2) t-0-A,B, MMJTbHHarﬁ&\dmmdﬁw\ameea&h{hndependentIy an
al kyl, aryl, aryl al kyl heﬁgﬁparyl, or an heteroarylal kyl group, or
optionally, R3 and R4 c% tethered together via (-CH2-)q,

(-CH2-)r C=0(-CH2-)s, (-RH3s)h{ro&dRatdm, al( al@l]lz%r upad(aryl Jor d@hotes a
(-CH2-), S(0) 2(-CH2- )s (- CH2-), NR(- CHz- i's a hydrogen atom or an
al kyl, aryl or aryWHlkyI group, R8 and R9 are each independently

a hydrogen atom an al kyl 1s aar{y&dgeﬁ) rato%{,%h%h@{,l al@lg)w?aikyl, aryl, aryloxyalky,

or aryloxyaryl group;

each G 1s an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH;) -O-;

each R? and R” are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
together via (-CHj-)q, (-CH,-),C=O(—CH-)s, (~CHz-),S(—CH3-)s, (-CH,-),S=0(~
CHz-)s or (—=CHa-):S(O)2(—~CHa-)s, (-CH2-),NR(~CH>-)s;

eachR"Visa hydrogen atom or an alkyl, aryl, or an arylalkyl
group;

each R is a hydrogen atom or an alkyl or aryl group;

each q is an integer from 1 to about 7;

each r is an integer from 0 to about 3;

each s is an integer from 0 to about 3;

m is an integer from 2 to about 10;

each t is an integer from 1 to about 10;

XX is an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

20. The method of claim 19, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.
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R is a hydrogen atom an alkyl or aryl group; g is an integer from1l to
about 7; r is an integer fromO to about 3; s is an integer fromO to about
3; mis amoimniee@ese3from 2 to about 10; t is an integer fromstomoabout 10;
X is an integer from1l to about 500; qg is an integer from1l to about 500;
and a polynerizabl e nonomer to the surface of the substrate,
such that the substrate surface is nodified. 26. The nmethod of claim 25,

wherein the conposhiion,i oact.l
phot oact i vat abl e g%lt)'up /vai@ﬁﬁ%@{o@&%gyﬁ%@%@g%E@%ﬁ%&ggﬁebsj(t)%?jtﬁtﬁp ?ﬁ/ﬁ%gnae surface
of the substraimgposition of formula:

L-(-C(R")(XP)CHR’GR’C(=0)RH),

wherein L is a linking group comprising a formula according to

structure (I):

! @

A, B, and J form a ring wherein A and J are C=0;

Bis NR'';

R is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

Xis O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CHj) -O-;

R® and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
together via (~CHy-)q, (~CH>-),C=0O(~CHz-)s, (-CH2-),S(~CH2-)s, (-CH»-),S=O(—
CHy-)s or (—CH2-):S(O)2(—=CHz-)s, (=CHz-)NR(-CHz-)s;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R'% is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;

R is a hydrogen atom, an alkyl or an aryl group;

q is an integer from 1 to about 7;
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r is an integer from 0 to about 3;

s is an integer from O to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

22. The method of claim 21, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

23. A method to modify a substrate comprising the step of applying a
composition of formula:
L-(GR*C(=0)R");
wherein L is a linking group comprising a formula according to

structure (I):

' ity
A, B, and J form a ring wherein A and J are C=0;
Bis NR' 1;
R'! is a hydrogen atom, an alkyl group, an aryl group or denotes a

bond;

G is an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH3) +-O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R? and R* can be tethered
together via (~CH»-)g, (-CH»-),C=0(—CH3-)s, (—CH2-):S(—CHz-)s, (=CH,-),S=0(—
CHy-)s or (-CH2-):S(0)2(~CHa-)s, (-CH2-);NR(~CHz-)s;
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R is a hydrogen atom, an alkyl or an aryl group;

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.

24.  The method of claim 23, wherein the composition is
photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.

25. A method to modify a substrate comprising the step of applying a
composition of formula:

L-(T-C(R")(XP)CHR?’GR>C(=0)R%),,

wherein L is ({OCH>CH,)qq;

T is (-CHy-)x;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl
or aryloxyaryl group;

X is O, S, or NR*R’;

P is a hydrogen atom or a protecting group, with the provisio that P
is absent when X is NR8R9;

R’isa hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl
or aryloxyaryl group;

G 1s an ester, ether, carbamate, thiocarbamate, sulfone, amide,
urea, thiourea, amine, sulfonamide, imine, carbonyl, or (CH,) -O-;

R’ and R* are each independently an alkyl, aryl, arylalkyl,
heteroaryl, or an heteroarylalkyl group, or optionally, R® and R* can be tethered
together via (-CHj-)q, (~CHz-),C=0O(—CH3-)s, (-CH3-),S(~CHz-)s, (-CH,-),S=0(—
CHy-)s or (-CH;-):S(O)2(~CHa-)s, (-CHz-),NR(~CHy-)s;
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R'% is a hydrogen atom or an alkyl, aryl or arylalkyl group;

R® and R’ are each independently a hydrogen atom, an alkyl, aryl,
or arylalkyl group;

R is a hydrogen atom, an alkyl or aryl group;

g is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10;

t is an integer from 1 to about 10;

X is an integer from 1 to about 500;

qq is an integer from 1 to about 500; and

a polymerizable monomer to the surface of the substrate, such that

the substrate surface is modified.
26.  The method of claim 25, wherein the composition is

photoactivated such that at least one photoactivatable group within the

composition forms a bond with the surface of the substrate.
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