NANCFI BERS CONTAI NI NG LATENT REACTI VE GROUPS TECHNI CAL FI ELD The
present invention generally relates to nanofibers and nanofi ber nodified
surfaces. Mrre particularly, the present invention is directed to

nanof i ber&(}%b?)o %gpg one or nore nulti-functional cr OSP%_T!’I}SQ&]%@%'??&em S
each having at Teast two |atent reactive actiyatable groups. e

nanofi bers containing |latent reactive activatable cross-Ilinking agents may
be used to NDANANOFIBERSCONTABNEVG LA BENTBREKGROWEDGROUPSNanof i bers are
bei ng considered for a variety of applications because of their unique
properties including high surflagedsi@al EAEBDI fiber dianeter, |ayer

t hi nness, high perneability, and |l ow basis weight. Mre attention has been
focused on frupgtdsemahieitidn paR@hllpalded @ UiaRgibde atdRabibét vodified

i ncorporating active chem stry, especially in bionedical applications such
as wourdrfaces Mg pamicolaehsbe PTesme BYiog | 1ydirgcd tpingsefdbeanigrdmg ag.

Nanof i i : r J; Lp] referred to
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sol ut i eansvatapabteepefl Thhhanrifibgrsfdob@imng lasendeddctiknanivaabld diass-lnkérp descri bed
in a nunber of patents, such as, far exanple, U S. Pat. Nos. 4,043,331 and
5, 522, 89S M3¥ bgus §§n@%%é?§€%Fﬁ§%?ﬁH f§%General Iy invol ves the
introduction of a liquid into an electric field, so that the liquid is
caused to produce fibers. Thesephifetipoaneg generally drawn to a conduct or
at an attractive electrical potential for collection. During the

conver si on b QU6 J : bt : | 3 ‘ -dry. This
har deni ng anﬁ?%§&§%§ﬁﬁ§gﬁ%§&§§mﬁﬁﬁéiﬁv%3§%ggﬁﬁﬁgmggﬁ?ﬁgﬂﬁ?gﬁ?%? i.e.,

wher e tuhgpkipgepedidssneloding high sarfaot aea,aimal idver dempeeratayerathinoysselrgpor at i on

of a solvent, . e.q., by dehydration hysi cal i hduced rdening),; or by a
our § ng PRGN e e e iR hie O op R GoauEeY o

el ect r QgAHteSs RRAYUNE Gapidslith WP ik BlporaiRRetidl RGhIRGY lRp&idiiine use of the
fibers to create a mat or ot her non-woven nmaterial, as disclosed, for
exanpl djomedi¢al SpplivationdNaich 45 998nd Gressifartubichears andgngifnlis flordins® run to
5)tmin_dianeter can be el ectrospun into a nonwoven or an aligned
nanof i 5BF"HeEl Due to the small fiber dianmeters, el ectrospun textiles

i nherent |y pRESHSSEs hay®k falti@hduy diat®sakie dpiantgdalsdilféredi® as

2009/ 002869PCM52008/ 067739 pore size. These properties nake el ectrospun
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Recently, efforts have tocused on using electrosplinning teéchniques to

pr oduc exmaplaoV e Pae Mk 20 043,83 1 AIRELD8TS. The process Madletirdygimdigan be used to
nodi fy the surface of a substrate. Mst nan?fiber su&égc%ﬁ have .to be
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biocon%%%fgﬁf f&?Mﬁggﬁ%eg%aggﬁgﬁg#% %émgtJ%?gg?ggﬁg&ﬁ%%§%€gkﬂgﬁa¥gﬁhniques
have beknirzehsotetgiad dorfootle@miny Mymringaho toibersiorodi the Gatidonto fiers, éxanpl e,
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pol yur et hane U) er surfaces’ through plasma-inducéd surface
pol yresélrenti op., by dakeghstionslphysicallyosiuded diayden g ;gedymonoing meechaismsur f ace

charged . PU.fiber . mesh s.igplanted in rat subcutaneous dorsum for 5 weeks
to evaﬂﬁ??ﬂ“?gggﬁgéaéﬁ%%PFﬁgPity, and it was found that negatively charged
surfaces mayhé %ﬁjcbsst(ﬁ’repecﬁa%@ spingh@Wadttybithily bbé ditdefcanowadsheashot

bi omateri al s. et al. in "Surface Engineering of Electrospun

Pol yet Hgl fghees thegregit e At aF etheppon- wiEebmatsens aydizalosed. bevapapieetUSt a New
Mat er i I Vi ' { NQ" B i al- /- 2536 (2005
conbeg%%éﬁééﬁgggg1b§%%g¢%$¥%#g§%§ggg893@?g§%§%hg%@§%&%§%gﬁ% terapgthaléte

( PET) erogbdphe fisotaiopughemogirndligdd pahofitet hael yDue it dmapd@ber and found
that the gelatin nodification i nproved the spreadi ng and proliferation of
endot hé%ai'fﬁlter%éll‘?"émém@st?’%lﬁs fherepEY AR § B%’Vg'*}g fhatags ¥s2 5?‘%% &M9d the EC s
phenotype. Chua et aL in "Stable Inmobilization of Rat Hepatocyte
Spher oi ds on Gal act osyl at ed Nanofi ber Scaffol d* Biomaterials 26, 2537-2547
(2005) introduced gal actose |igand opto pol y(e-caprol actone-co-ethyl

et hyl ene phosphate) (PCLEEP) nanofi ber scaffold via coval ent conjugation
to a poly(acrylic acid) spacer UV-grafted onto the fiber surface.

Hepat ocyte attachnment, anmoni a netabolism al bumin secretion and
cytochrone P450 enzymatic activity were investigated on the 3-D

gal act osyl at ed PCLEEP nanofi ber scaffold as well as the functional 2-D




general and easy to use and can be applied under mld conditions 0 a w de
vari ety of nanofi bers. In a first aspect, there is provided a | atent
reactive nanol i ber conprising a conbination of: (i) a cross-1linking agent
havi ng at wiemesdnpobs® | at ent photochemically reactive gregpas@gck7tid ) a
fiber formng polynmeric material that is conpatible with the cross-Iinking
" agent. . In a second aspect, there is provided an article having a

sur f aceP¥8&iZend heSRIPPTIAY H&ks Fleelpsoup f@rncrs apentialapdidpigefos aiymbeess, t he
nanofib t at
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In a third aspect, there is provided a cell culture article having a

sur f aceMEBRIANGEOLBHNMIPSSng a plurality of latent reactive nanofibers,
wherein the ﬁ%ﬁﬂeﬁ%{aﬁb‘ém&k&&o ‘Bi@%:ﬁ%&é@fhﬁfbsﬁ‘at@rmfﬁéﬂaﬁb&g agent.
having at |east two [atent photoc emcally reactive groups and a fi-ber

f or m ngsypfdcyniervieco bateginedred Ihaobtam thmahnhty tiolienmwibi lhzetthemaleades. | Sunkicag
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CoNpri Shiry eRtekiQSH shidiéd, %ﬂd%%i}tcoﬁﬁﬂérﬁﬁcﬁlqﬁﬁﬁﬁt'e baw doatigBkd for
phot ochem cally réactivé groups, and a fiber formng material; and (b)

f or m ngpelymernagniofiber modmﬁcahm cEmrmxgmpieo Samjiers( et)al. in “Fibro-Paroms Mefsh¢s aspect,
there | rQvi ar oati f a str COI’I})I’I si ng
st eps oﬁa §' ”‘g&g&{?% ﬁag]:st |E§ﬁe g“o f’?‘ngﬁﬁrg(‘f‘%g[bssfl? IW& eagent

havi ng Eafoniaeea% EMIBBSI%F(QOO%&SM aakdrtsBE8dd oHard OHRRctradpiina i ber
form ng rraterlaﬁgj ; orm ng a nanofiber fromthe conposition of (a); and

(c) comcémthgm auefaoﬁsﬂhrougbpla@mmnﬂma@ @mrifaf@rpolymenzatwm% si xth

aspect, t hod of -, n e _functional
ol yrerieedivaly bRt Fhael RorineR TGS aTR R BB R or - (2
pr epar i igplahtéPRRasdub @A EQRRIOr §inkd €orE WERS $o Ed el 14 Elssag @Bin Pﬁtﬂﬁhﬂ?gazﬁi it | east
two | atent photochemi cally reactive groups, and a fiber form ng mat eri al ;

and ( b)wasoforndhagnegativeivishargadsiriaons 6%@? wessplfingrgyth 1é9 theont act i ng
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and andeBsar st RehPEtEr Bl 3l KN rRO Rk Bl B P Qﬁct.ve gr oups
of the M]P@Bylbmmktlﬂgnth@lef& (PETACmb DAY Ttocvam,e)@mshqﬂwme of a NEthetemﬂes ent

di scl osure, a nanofiber includes one qr nore natural or. synthetic

pol ymeript BiradeY ssaglEnginsesing” Gionweraals ﬂés%ﬂ’f'r%ﬁéﬁr(aﬁ%%éﬁwg@s% B°IA%Yi ng at

| east t ?EZ]%IE a}v@, cally or

t her mal F(g%nglrllftehi F%%egﬁgh}é)s W eﬁe@%@#nﬁgtg\sgﬁgﬁﬁbon%g V\/ne subj e)ét ed
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groups.” -These |l ate reactive groups may be the sane or nmay be ‘different.
For exaipbbmidsain GalactbbatedtManofibendaifiobd griompterimly 22> phabec@ohs)cal | y

, t . Alternativ t m he, di I th
Cr oss. RS Eefshg i T B S ORGP B ER S BL Py S REOPHE el 1y
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polymeric materials or may be a m xture of both nbnoneric and pol yneric

mat er i araftedxpdotheifrigr serface: |f&mt@wm¢an@m@, shmohia petabaism, dlbsgimsure, the

Bt pAFTEROLR Sy 8 SRR Ble LR Rare  SRtple Sl PR aop § at on.
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SUMMARY
The methods and techniques summarized above are costly, complicated, or

material specific. Thus, there is a need for a surface modification approach that is more
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bi odegradabl e polyners. In still further enbodi ments the nanofi ber may
inchwie a -biologically active material. The nanofiber typically has a
dianeter ranging 2mm 1 nmto 100 mcrons and nmay have a di anmeter ranging
from1l nmto 1000 nm The nanofi ber may have an aspect ratio in a range of
about at least 10 to at least 100. According to another enbodi ment of the
present disclosure, a latent reactive . activatable nanofiber is produced
by conbigenengd abd@agyr tone eng ahy e rapplicdatreler alikl wintitioont awidoraiety of

cross- i nki rg agents each having at |least two |atent reactive activatable
groups M Srming at | east one nanofiber fromthe conbination. The
nanof i ber mayy e fer et DYheeé 661 SIOSIENN Merk heack MMhIHbEOBork@REAI A1 NQ t he
polymeric materials and the cross- |linking agent. According to yet a

furt her cenpedEPhRht (be cromelipingsasnt Ve ahleast dWo dgient PE‘B?P&FIH%‘{%}YJH § al so

i ncl ude ghlgd fQiER Atk ﬁﬁﬁihg’?olﬁﬁérﬁﬁﬁa@érﬁl 104t iBmbatibideith tROdrRisMakinydelt. a
functional polymer that wll subseguently react with bioglogically active

materials. \W3 60 HOSHCHRETS DEYIFE A0 @iElEdapns & SYTBRAFOPY PHRBFENS el ude

any sui %ﬁpa!ﬁ% PR RECHIAN Db Bre HandIBES critBink @ B@hbibHGk Pa drBBlinkihg | 1 eact
with a biologically active nmaterial. Representatiyve fu?ctlonaJy"gr_oups for

these p@taphavmeahlerst iy laigpypbheipchegudally reagtiys groups, gad 4, G0 formype polymikie 1o
thi o, NnlaeesieayisSbiasiblc Wit ehe dr&oOpanaigent. anhydride, a7i de, al dehyde,
cyanuryl chloride or phosphine gr.oups. Accordi ng to t anat her
embodi nent, th# ﬂb‘Fdegsé’E‘iL %‘F’?c’lscfgg‘fi%%p? &< G'élgﬂﬁ‘r@glﬁ%g‘aﬁﬁg cao?i‘%ﬁﬁeg C%?%E%r face of
a subst eahRisindCL Phaldling of Ga@fite ranbe dhdwefifersDfwhettin hiee sanfibal sompdare, the
met hod i ncl.udes conbi ni one, pr . nor I rj er.ials and one or nore
Cr oser | FARTMGORGEN O dale ARDH R a2 T Pl BhR k208 s 0Ly bl <
gr oups, afido fienfproaihg pedandric omeerinbthafii dvewpatflomirtt thecrosinkingtgeon, cont acti ng
the surface of the substrate W t. I ; d

R’l a %Of.llﬁ]% gsrpecg,n%erfz I}lS piovi ?(} p %e{ﬂiﬁl 8; k\ﬁ(ﬁ%lgnlgaanlgte{nqj%z%&%nﬁo

bet ween t he nano e surface. Acco 0 a further enbodi ment of
t he pr esenmristg stepsosiula prepduimg pevthpudition cdmyieins acobsiiikinggewt havingst legshe of t he
| at ent ' LY, i Wid B ReSRHARE nferi@NGhdYh) tOmpQNAl the
nanof i bé‘?éﬁgehgﬁgl?o% %né?%lg?%a%tlg{:%é\g%’ mat erﬁ;%gl . A{cgor (:f{lné toybz%n a%%-g(;r native
enbodi memofibf fromdhanompesiiiondf &¢1 osure, the nethod includes simul taneously
activating apfgil.shdl Bk if fBAHMEMALId of 8daaRE £ QT a kbsRADE PRSI anof i ber
to the surface and a second | atent reactive activatable group to bond the
nanof i b&ePxal: &) BicpArng @ CAMPSPition CPRIRFisAg AT gsglinking agent having at'least two latent

photochemically reactive groups, and a fiber forming material; (b) forming a nanofiber from the

composition of (a); and (c) contacting the surface with the formed nanofiber.

In a sixth aspect, there is provided a method of immobilizing one or more functional
polymers on a surface of a nanofiber, the method comprising steps of: (a) preparing a
composition comprising a cross-linking agent having at least two latent photochemically reactive
groups, and a fiber forming material; and (b) forming a nanofiber from the composition of (a); {¢)
contacting the nanofiber with a functiénal. polymer; and (d) treating the nanofiber and functional

polymer to activate latent photochemically reactive groups of the cross-linking agent.



According to still another enbodi nent, the present disclosure provides an
article having a surface coating including a plurality of nanofibers

i ncluding one or nore natural or synthetic polynmeric nmaterials and one or
nore cross-|inking agents each having at |east. two | atent reactive

~activatabl e gegns o bt emBSEMETOOEE prRftnSdisciostrt,al ragifibal ihgtudes bieve nat eri al ' is
bonded to the nanofi bers.- According to yet still another "embodi ment, the’ '

pr esent oxineed masurakori @nﬂaen@pdﬂymhc onateala ped PRCOTIBOTEGT efsJinking-2ec8Hat i ng

h t | t f b I I

i onecish TG S Rasanp kR S A EvaTRR Yo, TPLf PRREIRLET, ! ©

reacti V@heﬁﬁéj e%%&%ﬂ&%%&éps Wil fofmrBekviicat ordshadh BEjtcediea shured e ed,
er

still o ment s “of E&esent di scl osure wi I | becone apparent to
t hose s&ndrgﬁdSmmbidme@rtsomoomnc efrafliagian apd thetradl Yeeneirys A SB%‘F’on whi ch

Il lustrat and d Sc ed ex Seabat

Accor di ¥4 f@%&%&@? %{Sly%lﬁ | g%%gg reg%r’lc}earddas | l | st rative in
nature é}gg{nﬁﬁ,; Eﬁéf’ardia%the VO 2009/ 002869PCT/ US2008/ 067739 DESCRI PTI ON
OF THE DRA % Figures 1A - 1D are electronlc I ma

poI ycapr ol ac%oszsdﬁﬁ?:ﬁ ?tﬂ)éﬁﬁ‘?@ét Iggstitfia %‘i’”éé%gv"olé%tb‘%@é%lfﬁoﬁpsﬁxalrrggss
cont ai n%ega}?%ow 4 &TOHRT H@yé)rgo}&%g&%g{]%?gé ge}%crl b%g}é 19 ]{@ﬂﬁé

Jatent reacnve groups may be photochemically reactive groups. Altematlvely, n other

: embodlments of the dzsc]osure the cross-linking agent may include both photochemically
?and therma]ly reactive groups Further the cross- hnkmg agent may be monomeno or
polymenc materials or may be a mlxture of both monomer:c and polymeric matenals
| Accordmg to various embodlments of the present disclosure, the polymenc

i matena] of the nanoﬁbcr may be hydroPhlhc hydrophoblc amphiphilic or thermally -
?responswe, dcpendmg on the desired application. Accordmg to yet a further embodiment

| .
of the present disclosure, the nanoﬁber also may be either blodegradable or non- R

; blodegradablc polymers. In still further embodlments the nanofiber may 1ncludo a

-biologically active material.
_ The nanofiber typ1ca]ly bas a dlarnetcr ranglng from 1 nm to 100 microns and may

| have a diameter ranging from 1 nm to 1000 nm. The nanoﬁber may have an aspect ratio
in a range of about at least 10 to at Jeast 100 '
According to another embodlment of the present disclosure, a latent reactive
. actlvatablc nanoﬁber is produced by combining one or more polymenc materials w1th one
or more cross-linking agents each having at least two latent reactive activatable groups
-and formmg at least one nanoﬁber from the combmatlon The nanofiber may be formed

by electrospmnmg the combination containing the polymenc materials and the Cross-

- linking agent. According to yet a further embodlment of the present disclosure, the
combination may also inclade biologically active materials or be farther combined with a

' ﬁmctional polymer that will subsequently react with biologically active materials.
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Figure 5 illustrates protein-imobilization |evels for nanofibers

descri bed in Exanple 10. Figure 6 illustrat'es horse radish

per oxi dase activity for nanofibers described in Exanple 11. Figure 7
graphs enzypdohdoode@r adati on of nanofibers described i nPEXASPISOEI239
Figures 8A - 8D are electronic images of enzymatically degraded nanofi bers
that are described in |'e 12. DETAI LED, DESCRI PTI O\I ﬂ resent

i nventi oﬁuncstiodalrw(btre@“s mﬂ)\{ﬁ@a@’ $%ﬁa@§@°}?@%f’éth?%g 9B§ PLROHHIUECHR gﬁog‘gsr The
| at ent r ctiva R ribace of a
substr at IKF kst 3%*01??%[ Q%Q{t%‘}zge surf ag%ﬂé&%%ct)]ltvg [ calo%l ’(%g%éve )

mat eri al gcoBy 01?@ ctsTHAIRE EZBOx st epory) biy vy, amatic amahcs thib Asdrydsoxyeact i ng
with the latent reactive groups exposed on the surface . of the substrate.
Typi cal | yyecirimidsi sbeygineta) ayh v@%?@?‘i’%%"%ﬂﬁ ﬁﬁ‘lﬁfld? BLBHOSEIRE of ¢t hei r

bi oacti vi to¥1 after having been i mobilized on the nanofiber nodified

sur f ace. &T0UPS: Accordl ng to one enbodi nent of the present invention the,

nanof i ber i NCALGR% P0Gt QothER ERbSIRhAN, @Le;@éseﬁn@&ib@fdlﬁovmh peibed of coaingni al s
and cross-|i nk| ents havi ng at 'east fttglo Iat reactive activatable
groups. M@@r@(ﬁi‘dﬁgﬁw é‘c‘F‘ﬁ?lflﬁE’ronéﬁ’BB‘?ﬂ‘i‘Wﬁ? P BFB%% i nvention, the

nanof i be 1&% Bl RLC AL AHRRL Fof oGk BoRIRHTARALS s AnKlomwyr Bbserisc ude a

bi ol ogi c Ve e reactive activatabl e nanofi ber
can be ugﬂ@lng@ skl htingsiidaceyoihicat mabbieratieatic gmpe,afpnn@gat lepgast

one of thelatent reactive activatabl e sto e fiber to the
surface oye nanefipefrem tnognb @aE%éﬂogﬁFm&)ﬁa gﬁl bn‘?ﬁ? ntgleth%f t he

substrate a fﬂ!ié f{&bﬁbéreang&wamemmmgwg | at ent

reactive® 351’9?% ?E%% 5% ?ﬁgtbare eft accessible on the surface of the

substrat ﬁm@f@ﬂlbaaﬁﬁer%fms gbsdubdisdlesntshibe msthod indedenadivitiog gt kashonsf  t he _

substrate A nunber of roceSS| n technl es. su&h as ‘%E%}%(ﬁ% eanpl ate
ave

synt hemgfthpﬂrﬂé@éf?,&é’ﬁﬁﬁ%a‘ﬁq‘fﬂﬁa lg grqupy @rﬁﬁ(vm(? EPEY % E%d nnt ng %been
used 10 Bofflfy %gaﬁqug% bhgrs1. hepaBfhe Heh AA0RLANIBARRERLASI AN 0RAT 39
i

enbodi rrenlt pber can ormed by electrospinning a fiber-for m ng
conbi nat alﬁmoshﬁa ahe inbRbddasIR @ﬁnﬂlﬁnem}eacﬁﬁuymﬁrsclammpﬁ‘alasﬂ‘aﬁble

i nk hav,
O | v ebael b oS i SR e P bR FPELINCARLLKRI AR on
the fi be{ ﬁo&?'ﬁﬁ%ﬁﬁﬂpﬂt@a&bﬁﬁbﬁ@%ﬁﬁ%hﬁ@f@e bi ol ogi cal ly active

naterlals ectrospinning generally involves the introduction of one or .
mor e pol ymer i Lccoming td s%illls:netheraiﬂbemmbmthhe pl’ESEﬂIrﬁlSQ@SIB’@PTQYIFl@ﬁg aele| i qui d i nt'o

an electric fiel so _t hat soI 5.
When o SEPOMR SFEce ROt s e &Pl S sF bl el B SHE of AoR AR
conbi nat 6xf§§rnﬁ1%{1€' bl}nmxﬁaﬁ&ﬁalswnmna o€ &foird mﬁsyhmg efentsaeaph helang atlieaspl et
of the fib fotw ng conbination fromthe capillary outlet,is deforned

into a Tesd brentuacivarrsvatable gioupa gl somerRRodments, pIQRgICAIY 2FE, t he

el ectric forces.over ace tension on the droplet, ~and a charged
jet of tHa¥GH3 PPB% dCtPr{F? ﬁgcﬁt é—gej ected fromthe tip of the Taylor cone.

The ejected jg &8} ?f}?m&u} aeé%&boﬁm?eﬁth@@;eh@gmmmelmeﬂemmmat acts as a
counter el ectrode ower el ectrl cal a§}teﬂgntl al.. .The % is split

into snvplamahdu@}ag afSutféWsCQ)fr‘tlﬂrgi hgvinecat Jendt onnIeReHRE MRCHFiBg SRt OeP8i5or at es
IeaV|ng hind a ONyy ically
spun fi %mﬁlé%mt?g a%‘?l%& gses ?;l}jktl I&iﬁ ng% gfsgr%%}% %?vsm %tglra%?rﬁ(g%z@% hat

i nfl uencgadhe aghaﬁg}glgrgr()@ny stency, and uniformty of the eI ectrospun
fibers include the polyneric materia ﬁljfé

d I
(1 oadi ng) in Whie m%@lﬁfeﬁ?t?ﬁdh‘@e’éféﬁfﬁ ‘gn Cgtﬁﬁ%h%flﬁg‘i’ odifio preg%%
needl e col | ect or_ di stance. Q[hé)ar{eﬁmg?‘ %'dn%g%dg&lefd*a&cﬁﬁ%ﬁ,em
u .

i nvent i ghscl Oé“rﬁgﬂb‘?qc%‘?aﬂﬂﬁ@méo ° NG ng TFom a

which illustrates and described exemplary embochments of the disclosure.

Accordmg}y, the detailed description is to be regarded as illustrative in nature and not

restrictive.



1 nmto _about 100 gm In other enbodi nents, the nanofiber has a dianeter
in a range of about 1 nmto about 1000 urn Further, the nanofiber may have
an aspect ratio in a range of at |east about 10 to about at |east 100. It
wil | r that, because of the very snall dllaé:ie(rj e
fi bers BﬂBzﬁ&)Egﬁr gghave a high surface area per unit of na%éﬂs%%"}"% hi
surface area to mass ratio pennits fiber-formng solutions or |iqui ds to
be transfornmed fromli qLﬁ)ESGRIISHIOIsaO@d{“HEfm{AWMﬁiSng materials to solid

nanof |l bers i fra io of _.a secaond. The nmeri ¢ material used to
formthe na dgl?fﬁ% (}56@ @@t@E{Ce‘B’ag%‘?ﬁp&Waﬂ T% ‘ﬁ REriareBEd Pywhi ch

i's com@t biRlcBssebdlideln k29! . Nki Ng agents. Dependi ng upon the intended
application, the fiber-formng polyneric material may be hydrophilic,
hydr ophob| c Toguranpidi lﬂmttaatszfunémkahaﬂ gmmalde;xsmeah@r fiapdibefsaontangngp cdrboer i ¢

mat eri al beat mal | | ymeric material. WO

2009/ ooaé‘é ;ﬁt‘féfl?gf@ ﬁfl?{etl c or natural, biodegradable or
non- bi odegr afqghlee 1HQ§tbé’f@rp?ot€ﬁMnﬁﬂcSHﬂ1£alﬁ%n maféeffbpﬁanoﬂﬁers&bég@ﬂbea ¢ pol ymer”
refers to a polyner that is synthetically prepared and that includes

non- natkraaitiy 1&ccurring nononeric units. For exanple, a synthetic pol yner

can i ncl ude A n %ahusrtraa . OPS%r}g 1| c éjrral t.s ac%w acr%{ﬁ%tr%e %?ﬁnﬁcd%l am de

units. Synth e porymets are yp caf“ldasef ornet%%% ALy
pol ymerkzaigioni.r eacti ons, such as addition, condensatl on, or free-radical
pol ymeri zat| ons. _Synt heti c pol rs can al sq include those havi ng natural
nononeri ¢ udigwe 7@9@8@%@%%&%@%&%@@%@;s\ﬁca@ed HuBraenle dd, and

Secohar | e TRAGHFRAC LSRRI Al MO DB Rl BRBRTRY € Ui
These tarpésscabediniheigic 1ol ymers can be p’roduced by standard synthetic

t echni ques, such as by solid phase synthesis, reconbi nantly, when

al | oned. A "natural po olynmer that is either

natural ly, reconbinantly, b@%ﬁ@%@éﬁ@%@gar ed and that consists of
natural ly occurring nononeric units in the polyneric backbone. In sone

cases, the NACHFEEOLIBISHAOR Ihayeqsel W&ré%@@eﬁf ma@e‘é%%féaatah@rnawfb@zed or

ot her V“ﬁf%i treﬁafes&w%%c DRIMIE nidtiveP e l&ﬂlse@'%jﬁ]%ﬁlfff) Q%ﬁﬁg@é oftABGfd &S of the
nat ural polyner. ese I nst ances, tenn "natural polynmer™ wll be
nmodi fi e;niowde aéniﬂoaonaltzhé smiﬁmeg é%xblngtchﬁy maiuerrazitemﬂ; ymg be (fharobdxadphe, a

"derivitized .natur or.a e cosyl ated nat ur al I r“y.
Nanof | 56§ eaaBeT SpdtnieR Sretbe e ettngayth et oe THERC SOt FORPROPY A and

condensgihQoMad m&aﬁaﬁ%ic@i}§ tﬁé’ﬁi&l@c ?'a)éﬁlréaﬁ]h&naﬁ%tﬁﬁ%tl@a%t sopgl yani de,
pol yester, cellulose ether and ester, yal kyl ene sul fide, polyaryl ene

OXi deI Cffdhe;nslmbilqbwiery aﬁbﬁiﬁ%l@%mllmmbﬂmwé Opctha/mt)ﬁbenmoggmd elmém::] her eof
Exerrp ary teri s within the neril c C. Nncl u 1 ene
e chor Sl Snb Brthorthae S o B Hiesko T SRR s S FtoiBeD Bl

pol y( Vioayhdi8 hetitad 03 syndedtis Ry iRhhaeaN lhall erdsandkial Egént@ﬁixb{ﬁ%(& LRSI nS)

pol ystyrene, and copol yners thereof (including ABA tgl e bl ock copol yners),

pol y(vitwg lpterireactiva eetivieable grolpy. viesardiag tea SRy PabpC n}?@t 9f/fihﬂy¥689n’fcohol in
Y0
\rllgLI glrjos‘gi I nﬁetg gén(’%g{%xé%l %10(:1%;1 S%bq?lggfrlf?n/% od %&%i :Jd]?]ggge glassy (a Tg

gr eat efindliddna blem@ldaﬁmeui@et mmehal TitieSlatiefit ﬁeb]@nxeae&vdtwie Aghofibenydncidl or i de and
pol ymet hyl met hacryl ate, pol ystyrene pol yner conpositions, or alloys or |ow
in crydsed oimedy %@ﬁuﬁa}eﬁ;ﬁ A fPFEREm BY fi‘FtU/@FIﬂa at I ope PY eAgtentapacsive

mat er| %lzﬁvatab\i‘é)gﬁ)%i}?{ %Qﬁ?&ﬂo‘ﬁ%@%%@%&% by she fo D430 8E, 2 ERARL ment s of
the invention e nanofiber material s a € condensati on pol yner.

| n nor éosgbetiwicet therdnofdcaeiths subshatemnﬂyhﬂfﬂattelt manﬂmtfamble@md)we]rhel S a

nyl on poI The term eneric nape for all chain ‘
synt het T84, aa%ﬁ%r&gctwwﬁi%%{@% f‘sa% TG Heeqsst cet%lﬁané%&?ﬁwseri es of
nunber gyisiGh 88 iy %¥h@é&1@r§m¥ﬁ@r§ﬁfé&%&ﬁﬁ@a‘ﬁ LRRthd ABsSHarting materials
are a C6 di am ne an a C6 diacid (the first (?Iglt indicating a C6 di am ne
and the sec@nmlmbeglcfprwdssmﬂedgn@e@@um Mrbmqgl, fecnpage dyrchespophaty.  Anot her
nyl on can bte ﬁﬂg X %%condens%tl og e(Em | on ca Qngact min the

pr esenE@HHA- SHafs o Lﬂﬁe ONHTRIPE DERY QeSPAERY FOITRBY Rt 0h?' (made
froma cyclic | actamal so known as epsil on-am nocaproic acid) that is a
l'inear polyam de. Further, nylon copglyners are also contenpl ated.

Copol ymers can be nade by comnbining various di am ne conpounds, various

di aci d conpounds and various cyclic lactamstructures in a reaction

m xture and then form ng the nylon with randomy positioned nononeric
materials in a polyam de structure. For exanple, a nylon 6,6-6,10 materi al
is a nylon manufactured from hexanet hyl ene di anmine and a C6 and a C10



nore polyneric materials in polynmer adm xture, alloy format, or in a
crosslinked chem cally bonded structure. Two rel ated polynmer materials can
be bl ended to provide the nanofiber with beneficial properties. For

exanpl e, | ecul ar wei ght pol yvinyl chloride ca with a
IOMInbleeng@g&%%%Lt pol yvinylchloride. Simlarly, a ﬁﬁgﬁﬁggﬁ@gﬁ'%r wei ght
nyl on material can be blended with a | ow nol ecul ar wei ght nylon material.
Fur t hergmlsbidirhext] thg nspeibee sai0be forged &y @lecpodphifng & fibemfosmag codsbidtaded.

For exappl.e,. a high nol ecul ar wei ght styrene material can be bl ended with
a | ow riBHdBEINGRS ANEIOG AIOre RPIYACTIR A Igb OB $oelitkingagqpisdRY B #1988 al can be
bl ended,y ; u @t AMRsfatid Snbii ymer .

Furt her, é&%% 3@¥ﬁgﬁw§f%%ﬂ%gﬁﬁ‘§i%g“§ﬁf%mp%%gﬁggmgg‘%§’ggﬁggﬁgﬁgich as a
87% hy diredeyzmdeniainy therfiHer-&brenhg bornamatien tmag nedrokmddbialogichlly amivesuper
hydr ol yzed .pol yyi nyl .al cohol vi ng a degree, of hydrol ysis between 98 and
99. 9% aﬂﬁe%ﬁghéi'm%mm%% SW&Q?F’N&Y%FP%‘S@%WP%H?&%/ % EHPTBEOYFEES] i nked
usi ng %ﬁﬁﬁ%ﬂﬁb@&%m@ﬁ&%&hhﬂ%@@9hﬂ@ﬁ§§mﬁéﬁ@hu&uﬁQ@&ﬂ%@&kﬂ%oﬁﬁ@%&"nked usi ng
crosslinking agents that are reactive wth the nitrogen atomin the am de
| i nkagesoludohyviligyid pmbdwhohanmdibersi Whercastrirg deaostatinkield wsppigdigdr oxyl
reactiv, terials such noal dehydes, sugch as..fornmal dehyde,  ureas,

ol an M PR BE LR Bt rEEog beTu iy e RSl ¥aRie of rer

I nor ga%@ﬁﬁ@%ﬂﬁﬂ@&mﬂﬁﬁﬁ@ﬁm@@me_cqtﬁtmﬂéuﬂdﬁs%&@m,inmop@y@,coaad ot her
known crosslinking agents. Crosslinking reagent reacts and forns coval ent
bonds b¥hoeds vebrampirpaskasiatbrashold yeeateiciciic fores overcame dwuaiecaei ght
chem c Lesi s ce., overalJd str. d,.resistance. c i ca
degr aaatruoEB ARt Rl £ BPE e S0 085, B QLB R TEILEER S on o
an art it €ay@ese@icalTRd citictcd jbitBeNMO0Ed tdtviatd & Colfdctibl tdta® scrEorpdipl R% Hf

cl asses of synthetic polyners that have been studied as bi odegradabl e

mat er i & WURE plggleodsdiayie elogver plsriyig rpgentiahof Yuiekisaheiato wenll datsrdest er s,
pol yca t i - ak] i es,
po|yph§§%h§§§ﬁ§§?&go an yhg#%%%?ggﬁgﬁ%%%gﬁgﬁgkgﬁgﬁébgg pggﬁéic exanpl es
of bi odegnaid@bihe seratreri al s that can be used in connection with, for

exanpl e, inpl antabl e nedi cal devices include polylactide, polygylcolide,
pol ydi oxanot %ctfﬁaqagmlgecwa Sbe.cqn e pracieyd ga‘{ﬂgg very thin diashotdrs,
pol y( 9lpaephdide R 1RRlel @XAURANGY:, ¢ Li%?cg:?}’ﬁginl%ﬁﬁ)mﬂty of the electrospun

pol y(glycolide-co-trinethyl ene carbonat
pol y( glfiten indede teqapymodracinetes;] andl ceomi il tdresergiohy edmghint the Gibber

bi odegr.adabl e | rs, can.al.so, be used. . WD.2009/.002869PCTM>2008/ 067739
" SO SR QPEHESE e RO OLERs L Booflr S BEgPRASDI STREN PHat s.

Non- bi Qe ghddaniet beMHE heeskR: IRGIMIR! SnididibeAhR DBRGERL PR @RLEnIt0 be
non-enzymatically, hydrolytically or enzymatically degraded. For exanpl e,

t he nor-tm suepuaded e, dolofiras embedinessitss thananpEberdgs adzaniader inlsaengeesf be

caused r ot eases. - bi qdegr adabl e lvmers _may include .either natural
RS AR R 7858 106058, HSREL AN BOREIR BT B AR 1B e 1 11
t he compasichit@boiitanh ABodthe IARIalI hewill B hprscidbe taanetiuse bf the ves

conpatible with a wide range of support surfaces. The cross-Ilinking agents
can be sppgldiamapreoidhe fihers.onpilibamsiberne abigh wrfaes argaperyndl of rpass. phisvi de a

desireg. erj.stic,. g | -1 nking agents

i ncl udéﬁl%u{u%fg?gﬁlb%%ggn%(rélgsc{a@%ﬁltsn%kf%cfaﬁeﬂn%%?{ élr%f)gl{(gr)s1§ ulrldsggibgmari c materials
havi ng tathsfbenasd frbmdiduid @dolvaearfibereoatini\radteddletopodid pandfitrks @r e capabl e of
form ng coval ent bonds with other materials when subjected to a source of
ener gy TOGEPNSAT 4388k i on, el ectrical or thermal energy. In general, |atent
reactive actyBhablfoarAlRe B o iBREAarRRbhlhes bl balcderaRy HBosPect fi C
applied extern energy or stinmuli to generate active specles %nth

r esul t driniopwakeil whahds ngmpatitde watljthe erots-bhlang egdnts t Pepehding upbatlent
reactive ups..are tho roups that retain.their coval ent bonds under
storag@n@gkgﬁgpgﬁ§m5 e%ﬁ&%ﬁFH“%ﬁB VECERMANE §mﬁﬂFﬁWﬁFﬁ Yol ecul es upon
actl V?h&%pﬁé’bi@ﬂr %bﬁibﬁﬁi!c. EFiOhaB P U Eibel-fhraHEy AMROK ARRES mhabent
reactive groups formactive species such as free radicals. These free

r adi catbermally rasponsdee prilymenemateriat. bi ne or excited states of ketones upon
absorption of externally applied electric, electrochem cal or thermnal
energy. Various exanples of known or .conmercially avail able | atent
reactive groups are reported in United States patents 4,973, 493;

5, 258, 041; 5,563,056; 5,637,460; or 6,278, 018. Ei ght commercially
avai l abl e nmul tifunctional photocrosslinkers based on trichl oronet hyl
triazine are available either from Al drich Chem cals, Produits Chim ques
Auxiliaires et de Syntheses, (Longjuneau, France), Shin-Nakamara Chem cal,




Both thermal |y generated carbenes and nitrenes undergo a variety of
chenical reactions, including carbon bond insertion, migration, hydrogen
abstraction, and di meri zat i on. Exanpl es of carbene generators i ncl ude
diaziri N&s o3 5@ g 0- conpounds. Exanpl es of nitrene oensy n?stzﬁ’(rsﬁy +7ggcl ude
aryl a2|des particul arly perfluorinated aryl azides, S22 d
triazolium yI ides. In addition, groups that upon heatl ng form reacti ve
triplet statSysthetivohnatarall xdipaniable cmon-dibdegtadaliic poBnandmagdiraathecat i ons
may al so be used to _famthe the/ nall -reactlveg In one

enbodi HEAPT P A FPHRSHF POREREL ﬁeéf‘ésaw Yo {btisdyebetallyersgt

i ncl ud = | | V.

per oxi S“ga@f)‘ﬁtﬁg?%m%g‘a&’%%bg %%?%@g?&?ggygjggsnp%é egﬁﬁﬁe}'?nag ym:hert1 g glt)m%/e di acyl
per oxi dengnaufEsyontitinal mlohgmmaumitmcb es morylzlteocarabgﬂamde grnos pSynthetic

t hennal I -reactive. dja r oxi de 0 .t her mal I tive, peroxyester
gr oups, p HEY AN Iyp}cgg% %’é’ag Lfg‘?’ loné?ﬂ?“ F‘W"gll qsﬁ‘ﬁii’é’%t ive

di oxet aRBIEHIERS or free-racﬁwwmﬁgaa{s@ QUi FHShRE GGIdoGnRARIOKLEeS t hat
react or deconpose at | ower te]gger atures$ conparéd to standard peroxi des

due to hmmgmangalsnormmrmumtses Iaen@ﬂue@y-dmemngmepaﬂe sndpotide, aik
deconpogsi ti Oﬁe di oxet anes i av%‘%ﬁh@ﬂ“‘“ h second step

br eaks THaRI¢ BOBERETE HEET 1 "é’mbﬁ‘éa car “”‘%"8%?%@“4 rt?‘brl et state,

and onexifhpBbyaRetit pebtideNgh@totilepdl saddRriay abdiaivid)l Ohede §hats carbonyl
can extract a hydrogen from an adjacent material, form ng two radi cal
&

speci essyn@ﬁtéc pelypges @@Jb&@ﬂ@ucﬁﬁm sraaflard senthefic phniaeescarchenbpsolithe
car bon new coval ent bond bet ween the
t her mal %’Q‘ﬂ%l Vé&ﬁI oxe%%%glw I%g{“gé ‘acent material .

Repr ese nt at iA/endnlivel ey iy refeed ﬂo\aq)dl?rha{ﬂnﬁss aitiger mapedltye eecombiiandpap0030669
other representative thernmal |atent reactive groups are reported in US

5, 258, CANIEBERYreRabandBaLAABRES 04 PRI ASUITHE AP S #NBY @ er ence.
Lat ent t QH‘F}:? ation,
such a W‘%@ﬁg e&gﬁn%&?%b?%grtggﬂg%agﬁokl%}eghﬁyge ﬂg& ? e({e?% to as
phot oc I'(En'rivttizbd ree attcarwee greatep so change theldbenuc and/ot ph)ema} plegezheyef the
actlvatabl ecies in the form of Iatent ct|\4 tiva e aryl

et one A RRTTFT: TERaHp ISPt CaielL B e wo%iFoH Sx@hitHies

i ncl Ud%h@&%@@ﬂ?ﬂﬁ@%@mrﬁ%ﬁgﬂéﬁﬂﬁ%am?@Q“@éﬂ%ﬂlﬁh%@%aﬁﬁa{ltﬂalﬁ%" ARt hrone-1ike
het erocycles (i.e., heterocyclic analogs of anthrone such as those having
N, 0, dJdegyiasytatel @uplygilymori)., and their substituted (e.g., ring

bsti t uted) d t f de het | i
dor 1 vat | ves NSPORRPBHENS: ik PG ey PHDHE o RaRERgREo SN SR oxant hone,
and t hebhddnsibrSptdsthbt MbRfad/uEY A potesiefid, hoPAEELL pbRamiddh peyaidhone, and

its derivatives, having excitation energi és greater than about 360 nm are

usef ul .cellulose eﬂwreanﬂ@ﬁ@t inehelkdensuipbidss pelyatylqueosifisspaly el ot traplifebecause
t hey ar
% (}{] ﬁﬁ e olgl%%% ?r ean#%\stgéllggfn %%gc/%plary }éxaterlals within thes geper

acti vat I'na enzophenone i's 1gxerrpl ary
phot oc keibeahdiidd pﬂgéthyien@qioly(aica;hbﬁc@my polyslatiae).igoly(giyeslpeb| e of

phot ochem cal excitation with the initjial formation of an excited singlet
state mbwrwmgﬁ@gmwléhlgyé@emlmﬁty ragfhecsylakieapd pihreetcrglicicsins)The

excite t ggg by abstraction
of a h%gg}r E]@é’% }om ghgbnggm'[c sué%fgg%?%yﬂégg%@@%@ﬁhus creating a
r adi calpobavmﬂuﬁmhshmuda), po¥Hiapsizne thiohideY, adivealyl pladliol e adsous defieesrat i on

of a ne I reactive bon rbon- hydrogen) is
not  avai P4 P@SIS&?%&HE‘%?@('B Wéosafrekeé\ﬁné|n@p~qf?saﬁ?kqdﬁgﬂeseo§% 144t i on of the
benzophameps ol IchaeNe Eb@l(%%eﬁt&eﬂlﬁﬁhﬁﬁﬁ'{ BdcRANSTRIQ iheund stat e
energy | evel on renoval f the énergy source. Photochemcally reactive
act|vamamhbrpwbdmwddﬂnmﬁsasd@hb@xﬂudm@ﬁpMQhan@oaqueu&nahuhenone are of
particul ar i orta snuch S, L ect nmul tiple
onct | ampeiitiR. GRS s T oo FoHERiESS BaRhegiaadriihe). © vo
2009/ 0QR368REI-LE2008/ 067739 I n sone enbodi nents of the invention
phot ochem cally reactive cross-linking agents nmay be derived fromthree
different types of nolecular famlies. Sone famlies include one or nore
hydrophilic portions, i.e., a hydroxyl group (that may be protected),

am nes, al koxy groups, etc. Qther fagilies may include hydrophobic or

anphi philic portion. In one enbodinent, the famly has the fornula:
LAD-T-C(R1) (XF) CHR2GR3C(=0)R4))". L is a linking group. Dis 0, S, SO

S2, NR5 or CR6R2. T is (-Cl-12-)x, (-CH2C142-0-)., (- CH2CH2CH2-0-)" or
(- CH2CH2CH2CH2-0-)x. R1 is a hydrogen atom an al kyl, allcyl oxyallcyl,
aryl, aryl oxyal kyl or aryloxyaryl group. Xis O, S, or NRBR8. Pis a




In one enbodinent, L is a branched or unbranched al kyl chain having

bet ween about 2 and about 10 carbon atons. In another enbodinent, Dis an
oxygen atom (0). In still another enbodinent, T is (-CH2-)x or
(-CH2CH2-0-)x and x is 1 or 2. In still yet another enbodinment, R is a
hydr ogen WP et anot her enbodinent, X is an oxyddd’ @86 and P is
a hydrogen atom |In another enbodinent, R2 is a hydrogen atom In stil

anot her enmbagishRB bmbGiinfendofAKY SRBASIOME naofiber material R ajolydmiyi€t anot her
enbodi nent, R3 and R4 are each individually aryl groups, which can be

f ur t hercosdersetienpasmennla meiespecific ambpdimsaist ihemobnpnedbhedidarsation | j s2<, D
Is 0, T ks (-CF12:K, }S r.oger em . X 1s.0 | gen atom R2
is a h)Pd)r]%Bérﬁg:gP 31 npéh%gro%ganﬁlygﬁfl g%%gﬁ %nr?yt} gerfglﬁ%@}o%%gﬁ?) and x is
1. synthRtiy gblyamedds e Typially, Givlcarnoeneaemiire iMciudes b Series@fi2uperslBuets 0, T is
(-C1-12-)x, R2 1s a hydrogen atom X is 0, Pis a hydrogen atom_ R2 is a
hydr ogeit iapslen-6 péid ndigatgh thaRihe sragtingiBAlprialg aup &'y dismise and 5Cq dlagidand y
is an i . . 0 i VAR :

i cort GBS a8 X thntho BB o R MR hBaiph S, GetoBiE
par ti culcad tompcuad). aheetherlnstion edachet mddOhy the poivabudehsdtich@fapalsn 250, from
about 1 to_about 200, from about 1 to ahout 1%&, from %?out 1 to_about
100, f rgRTodMsEAR 1t FrEBYt © mall FRYUS 8 _P"a‘frt SBRAFEOB 5018 2P dRGbout 1 to
about C]g%adle %‘oﬁp%%fc 18THQdLIE Rhowh Q?eﬁs@l%%ﬁiﬂ@%ﬁﬁ@a&@ 8 i@z linear
L- ((T- C(RL) ( XP) GR3C(=0)R4)),,,, and L, T, R, X P, R2, G R3, R4, Rs,
R9, Rl1%wol®Rmide. Fyrtler, mplon camiymerare ds defdmadtcdbOvpolyimersone bempaldi nent , L

has a fornul.a .accor.di ng to struct ur
by combining various diamine compoun

s?vér&gll:s d?acid compounds and varioug cyclic
lactam structures in a reaction mixture and then forming the nylon with randomly
positioned monomeric materials in a polyamide structure. For example, a nylon 6,6-6,10
material is a nylon manufactured from hexamethylene diamine and a Cq and a Cyg blend
of diacids. A nylon 6-6,6-6,10 is a nylon manufactured by copolymerization of epsilon
aminocaproic acid, hexamethylene diamine and a blend of a Cg and a C,, diacid material.

Block copolymers can also be used as nanofiber materials. In preparing a
composition for the preparation of nanofibers, a solvent sys{em can be chosen such that
both blocks are soluble in the solvent. One example 1s an ABA (styrene-EP-styrene) or
AB (styrenc-EP) polymer in methylene chloride solvent. Examples of such block
copolymers are a Kraton™-type of AB and ABA block polymers including
styrene/butadiene and styrene/hydrogenated butadiene(ethylene propylene), a Pebax™-
type of epsilon-caprolactam/ethylene oxide and a Sympatex ™-type of polyester/ethylene
oxide and polyurethanes of ethylene oxide and 1socyanates.

Addition polymers such as polyvinylidene fluoride, syndiotactic polystyrene,
copolymers of vinylidene fluoride and hexafluoropropylene, polyvinyl alcohol, polyvinyl
acetate, amorphous addition polymers, such as poly{acrylonitrile} and its copolymers with
acrylic acid and methacrylates, polystyrene, poly(vinyl chloride) and its various
copolymers, poly{methyl methacrylate) and its various copolymers, can be solution spun
with relative ease because they are solubie at low pressures and temperatures. Highly
crystalline polymer like polyethylene and polypropylene generally require higher

temperature and high pressure soivents if they are to be solution spun.

8



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 t‘ﬁég&i}agz%@\]ls NR', 0, or (- CH2-)z, provided %%2@8/057?9“ J form

a ring, are (-CH2-), or C0, R11 is a hy rogen atom  an al kyl
group, an aryl group or denotes a bond with T, each z WD

2009/ 002869 REho 60 08 A67 B3 Sorinied €fuen gelRileyic icSmpﬁsﬂub}iS&gﬁTpnfsfngmve oro 3 and
provi ded when either Aor Jis C=0, then Bis NR CH2-), and z
must  bemefe PobRasricmateTialy HypemeR B TR R0y formgt, CtliF@a qusf’ﬂlfé‘ﬁét her

enbodi rgﬁ%bcahg%oﬁ@e@ sltﬁﬁcttﬁ?é 'f{@'ﬁ é‘%}lg{eg'ﬂg%meﬁ‘ rﬁa@%@% e@léﬁﬂﬂ@ L, T, G

R3, R4 above. e a C=0
, C00 orth@ﬂdtdﬂwﬂemtﬁ' bemf(cia(}];i?e@ertzesl Wonmn@ir@mdngtemolecblaham@tf or mul a

AR T TR WA NI M I RN SRS
Similarly, a high molecular weight nylon material can be blended with a low molecular
weight nylon material. Further, differing species of a general polymeric genus can be
blended. For example, a high molecular weight styrene material can be blended with a
low molecular weight, high impact polystyrene. A Nylon-6 material can be blended with
a nylon copolymer such as a Nylon-6; 6,6; 6,10 copolymer. Further, a polyvinyl alcohol
having a low degree of hydrolysis such as a §7% hydrolyzed polyvinyl alcohol can be
blended with a fully or super hydrolyzed polyvinyl alcohol having a degree of hydrolysis
between 98 and 99.9% and higher. All of these materials in admixture can be crosslinked
using appropriate crosslinking mechanisms. Nylons can be crosshnked using
crosslinking agents that are reactive with the nitrogen atom in the amide linkage.
Polyvinyl alcohol materials can be crosslinked using hydroxyl reactive materials such as
monoaldehydes, such as formaldehyde, ureas, melamine-formaldehyde resin and its
analogues, boric acids, and other inorganic compounds, dialdehydes, diacids, urethanes,
epoxies, and other known crosslinking agents. Crosslinking reagent reacts and forms
covalent bonds between polymer chains to substantially improve molecular weight,
chemical resistance, overall strength and resistance to mechanical degradation.

Biodegradable polymers can also be used in the preparation of an article
assdciated with the nanofibrillar structure. Examples of classes of synthetic polymers that
have been studied as biodegradable materials include polyesters, polyamides,
polyurcthanes, polyorthoesters, polycaprolactone (PCL), polyiminocarbonates, aliphatic
carbonates, polyphosphazenes, polyanhydrides, and copolymers thereof. Specific
exariples of biodegradable materials that can be used in connection with, for example,
implantable medical devices include polylactide, polygylcolide, polydioxanone,
poly(lactide-co-glycolide), poly(glycolide-co-polydicoxanone), polyanhydrides,
poly(glycolide-co-trimethylene carbonate), and poly(glycolide-co-caprolactone). Blends
of these polymers with other biodegradable polymers can aiso be used.



NR 2R13 K NR171215 R12, RI3, R14, RI5 R 6, -17 X
are each independently a hydrogen atom an al kyl or aryl group or denotes
a bond with T, provided at |east two of R42, R13, R14 R15, R16, Rl7 are

bonded w each K, independently is CH or N. odi nent
the fani |‘;’y8ﬁ“"3ﬁ{’]’%@ formul a: L-((TGOR3C(=0)R4))"a, L, &%@67‘3’%0 R q,
r, s, m t and x are as defined above. T is (-CH2-)., (-CH2CH2-0- )X,

(- CI-IZCHZCI—IZ-Iﬁ)sdmfa e@b&iﬁr@ﬂ&&ﬂ%‘ﬂdﬁoﬁb&%amrnohW(&gﬁtdel@@ol}@ldﬁ NofH2-) p, (-
CH2C142-0-)p,. (- CH2CH2CH2-0-)p or (-CH2CH2CH2CH2-0-)p and p |s an integer
from 1 Hiedégridaple Tefers ty p@h@n ?Wﬁerau Raiseble fodieanaengrdatienlg t o

L L e T S L o
K\, K RdZ&siskbBto diiAzdaRdbd thaRﬂrﬁy b;e-caﬂséd by proteases. Non-biodegradable polymers
4 may include either natural or synthetic polymers.
The inclusion of cross-linking agents within the composition forming the
- nanofiber, allows the nanofiber to be compatible with a wide range of support surfaces.
. The cross-linking agents can be used alone or in combination with other materials to
- provide a desired surface characteristic, _
W Suitable cross-linking agents include either monomeric (small molecule materials)
or polymeric materials having at least two latent reactive activatable groups that are
. capable of forming covalent bonds with other materials when subjected to a source of
- energy such as radiation, electrical or thermal energy. In general, latent reactive
. activatable groups are chemical entities that respond to specific applied external energy or
g :f stimuli to generate active species with resultant covalent bonding to an adjacent chemnical
_ structure. Latent reactive groups are those groups that retain their covalent bonds under
storage conditions but that form covalent bonds with other molecules upon activation By
an external energy source. In some embodiments, latent reactive groups form active
species such as free radicals. These free radicals may include nitrenes, carbine or excited

states of ketones upon absorption of externally applied electric, electrochemical or

\g.J

thermal energy. Various examples of known or commercially available latent reactive
groups are reported in Untted States patents 4,973,493; 5,258,041; 5,563,056; 5,637,460;
or 6,278,018.

Eight commercially available multifunctional photocrosslinkers based on
trichloromethyl triazine are available either from Aldrich Chemicals, Produits Chimiques
Auxiliaires et de Syntheses, (Longjumeau, France), Shin-Nakamara Chemical, Midori
Chemicals Co., Ltd. or Panchim S.A. (France). The eight compounds include 2,4,6-
tris(trichloromethyl)-1,3,5 triazine, 2-(methyl}-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-
{4-methoxynaphthyl)-4.6-bis(trichloromethyl)-1,3,5-triazine, 2-(4-ethoxynaphthyl)-4,6-
bis(trichloromethyl)-1,3,5-triazine, 4-(4-carboxylphenyl)-2,6-bis(trichloromethyl)-1,3,5-
triazine, 2-(4-methoxyphenyl}-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-(1-ethen-2-2'-
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_tc are each independently a hydrogen atom an al kyl or aryl group or
denotes a bond with T, provided at |east two of 12.12, R13, Rl14, R15, R16,
R17 are bonded with T and each K, independently is CH or N. In still

yet anot :\gbﬁg({;ﬁg%hﬁnt, conpounds of the present inverpd]g&&gogs%&?ge that R3

and R4 a enyl groups and are tethered together vi a Sor a
CH2. In yet another enbodi nent, conpounds of the present invention

provi defunip 6R3s(aitthidRdmathe)phesyttiaghe uid2-(4-hetxenytylpdoups can each
i ndependent|y be substituted with at | east one al kyl oxyal kyl group, such
as CH30uY( wethyl)-1.39-tapE0%-- CH2CH2CH20) - a hydr oxyl at ed al koxy gr oup,

such as HO = q-jge 29 s GH2 4L =11 C. wherein
nis an int e%%r fg%lﬁ? t%'%lj}tgtgﬁ%{eaﬁtﬁ;eg%ﬁer errt%)%}g|g’fr)‘7\’e%11t%Il s ﬁ)é am |y has
t he f orembodimdént{ the Cri2at)reactive(gRigps ME@yRBCH{BeRY ) Bk eximpleathle IRentReactieach G

et | o EBVEN A B EREhEIHDUB SR L B hobRG enbodi ment.
2006/ 003BRS Rt TRBCERT DIt ok ey tigqied b idhon i potheriott o 1
anot herreanfilyo giavprhgy e antira®d dyehebiot uitahdropepedinkingragents inadwdd bi-, anot her
enbodi ra%ﬁtmu]éz%uﬁc%o%é] monomeric and polymeric materials.

Latent reactive groups that are reactive to thermal or heat energy include a variety
of reactive moieties and may include known compounds that decompose thermally to '
form reactive species that will then form covalent bonds. The covalent bonds allow the
cross-linking to bind to adjacent materials. Suitable thermally-reactive groups typically
have a pair of atoms having a heat sensitive or labile bond. Heat labile bonds include
oxygen-oxygen bonds such as peroxide bonds, nitrogen-oxygen bonds, and nitrogen-
nitrogen bonds. Such bonds will react or decompose at témperatures in a range of not
more than 80 - 200°C. '

Both thermally generated carbenes and nitrenes undergo a variety of chemical
reactions, including carbon bond mnsertion, migration, hydrogen abstraction, and
dimerization. Examples of carbene generators include diazirines and diazo-compounds.
Examples of nitrene generators include aryl azides, particularly perfluorinated aryl azides,
acyl azides, and triazolium vylides. In addition, groups that upon heating form reactive
triplet states, such as dioxetanes, or radical anions and radical cations may also be used to
form the thermally-reactive group.

In one embodiment the thermally-reactive group of the cross-linking agent
includes a peroxide --(0O--O)-- group. Thermally-reactive peroxide-containing groups
include, for example, thermally-reactive diacyl peroxide groups, thermally-reactive
peroxydicarbonate groups, thermally-reactive dialkylperoxide groups, thermally-reactive
peroxyester groups, thermally-reactive peroxyketal groups, and thermally-reactive
dioxetane groups.

Dioxetanes are four-membered cyclic peroxides that react or decompose at lower

temperatures compared to standard peroxides due to the ring strain of the molecules. The

initial step in the decomposition of dioxetanes is cleavage of the O--O bond, the second
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In yet another enbodinent, RL is H In still yet another enbodi nent,

(-CH2-)t0- and t is 1. In another enbodinent, R3 and R4 are each
i ndi vidual l'y aryl groups. In still yet another enbodi ment, xx

Rl is H, N> %Qms%(-mz-)to-, t is 1 and each of R3 (I{I?O(%rogﬂggach
? A gr oups. 0 e

i ndi vi dual

| n anot her enbodi ment

famly has the formula: L-((-C(R1l)(Xl)CHRRGR3C(=0)R4),,, L, R R,
Ra, Rs,stdgthredRisahe @—-Obdhd cBeatihg odB dadoaylen ds eieftém&@abm/ee an®3f% @ dnn one

enbodi nent, . L issr

an al k;ﬂxc’é"r%%%g%trsmo{ﬁ Qﬁwxcgﬁeé@apleﬁ falg GBEORBY! BHEBEIG R

Gis

is 1,

-

I nvention, the

R2, R3,

R23 are ach i ndi vidually a hydrogen atom
%ydmﬁﬁnf@mn In still

anot her,g %{5@&% %%@éfm | still
yet anot her n%gﬂéln%ﬁ%ﬁ Oljgalllgl%( ﬁagﬁtgtﬁ Inen%teﬁala% lﬁr H2) 0-

and t

itBe darbon of the carbonyl with the oxygen and will form a new covalent bond between
the thermally reactive dioxetane and the adjacent material.

Representative thermally reactive moieties are reported in US 20060030669 other
representative thermal latent reactive groups are reported m US 5,258,041 both of these
documents are hereby incorporated by reference.

Latent reactive gréups that are reactive to electromagnetic radiation, such as
ultraviolet or visible radiation, are typically referred to as photochemical reactive groups.

The use of latent reactive activatable species in the form of latent reactive
activatable aryl ketones is useful. Exemplary latent reactive activatable aryl ketones
include acetophenone, benzophenone, anthraquinone, anthrone, anthrone-like
heterocycles (i.e., heterocyclic analogs of anthrone such as those having N, O, or S in the
10-position), and 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 energies greater than about 360 nm are useful.

The functional groups of such ketones are suitable because they are readily
capable of undergoing an activation/inactivation/reactivation cycle. Benzophenone is an
exemplary photochemically reactive activatable group, since it 1s 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 fo
formation of a new carbon-carbon bond. If a reactive bond (¢.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. Photochemically reactive activatable 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.
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In still another enbodinment, R3 and R4 are each individually aryl groups.
In yet another enbodinent, RLis H Xis 0, Pis H Ris H Gis
(-CH2-)i0-, t is 1, R3 and R4 are each individually aryl groups and R2 and
R21 are b $ groups. In yet another enbodi nent ’P&Hﬁfszﬁ’(fs}%ﬁ%%

i nvention provides a famly of conmpounds having the fornula:
L-((GR3C(---0)R4)).. L, 0, R R3, R, wo, g, s, mand t are as defined
above. 17 \lDs260 eHDOBREARCH thISRABBTEL plidiBchamionis readindicomntlinkingl s |1 n
anot her enbodi nent, G,i.s C=0. ] n still another enbodi nent, nd R4 are
each i @(ﬁe@ﬁsmhiﬁe@ﬁfﬁﬁ TGROES. dfferent typgs %P&aﬁaﬁf@m%é%gam?ﬁmﬁ% is C=0
and R3 ; Ll Evd - ar her
enbodi rrllﬂe{r:‘:i%1 dgté‘%‘ié%?@ggﬁtd {di?)(rfli{i/ﬁe/cJ i onﬂ%?'g'il?(g%%&)gﬂ&gﬁﬁ (;h%fméé’gbr%ggtﬁgﬂsag%avi ng
t he f oramihes, alkoxy groups, etc. Other families may include hydrophobic or amphiphilic

portion. In one embodiment, the family has the formula:
L-((D-T-C(RYXPYCHR*GR*C(=0)R),..

1. is a linking group. Dis Q, S, SO, SO,, NR’ or CR°R’. Tis (—CH,-),, (-CH,CH,-0O-), (-
CH,CH,CH,-O-), or (-CH,CH,CH,CH,-0-),. R!is a hydrogen atom, an alkyl,
alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl group. X is 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? is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxylalkyl or aryloxyaryl group.
Gis 0, S, SO, SO,, NRY, (CH)-O- or C=0. R? and R* are each mdependently an alkyl,
aryl, arylalkyl, heteroaryl, or a heteroarylalkyl group or when R’ and R® are tethered
together via (—CHy-)q, (~CH,-),C=O(-CH;-),, (-CH2-).S(-CH;-),, (-CH;-),5=0(-CHy-)s,
(—CH,-)%S(0)~CHy-), 01 (<CH,-),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 cach independently a hydrogen atom, an alkyl, aryl, or arylalkyl group, Ris a
hydrogen atom, an alkyl group or an aryl group, g is an integer from 1 to about 7,1 1s 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.

In one embodiment, L is a branched or unbranched alkyl chain having between
about 2 and about 10 carbon atoms.

In another embodiment, D is an oxygen atom (O}.

In still another embodiment, T is (—CH,-), or (-CH,CH,-O-), and xis 1 or 2.

In still yet another embodiment, R’ is a hydrogen atom.

In yet another embodiment, X is an oxygen atom, O, and P 15 a hydrogen atom.

In another embodiment, R is a hydrogen atom.

In still another embodiment, G 1s an oxygen atom, O.
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L-((GR3C(=0)R4))", Lis alinking group;Gis 0, S, SO 502, NRI

(C112),-0- or C=0; R3 and R4 are each independently an al kyl, aryl,
aryl al kyl, heteroaryl, or an heteroaryl al kyl group or when le and R4 are
tet hered ia (-CFl2-)qg, (CH2-),C=0(-Cl12-)s, r12-)s, E
mz-),s:&‘?%@%{a%ﬁ%r (-C142-), S(0)2(- CF12-1, (-CH2-). N -uaazo-é'?és??‘%l is a
hydrogen atom or an al kyl, aryl, or an arylalkyl group; Ris a hydrogen
atom an al Hyktilbyctamotiry bmbodiugent, & izsd B aragaey erdivideaiylarylgratwut  7; r i s
an integer. from 0 about 3; s.is an integer fromO to about 3; mis an
integeﬂ%WF%ﬁ?%bqgméﬁaﬁ@“¥ﬁﬁﬁaﬁ%yW1?3 an integer from1 to about 10.

"Alkyl" by itself or as part of another subs itugnt refers to a saturated
or unsaturated branched, straight-chai cyche¢ nonoval ent hydrocar bon
radi cal having the stated nunber of carbonjatons (i.e., Cl-05 neans one to
si x carbon g Qs hartibaih: biibOtfdeed by t he~renoval ofy gre hydrogen, gt om from
a single carbon atomof a parent al kane, al kene or al kyne. Typical alkyl

gr oups is nblydmbeen o, X e (hat is kilyidtogen etom, Ftihg hydregérystems Gok Cak’ endhany | |

et henyl_, et hynyl ; propyls, sugh. propan-|-yl, propan-2-yl,
cyclopﬁgbﬁﬁg¥@§*gﬂﬁ?%ﬁ¥“ﬁ3@WfXF?EyI, prop-1-en-2-yl, prop-2-en-1-yl,
cycl oprop- 14g ?et' abibier BYELPRF SRbadifRne 1Yk (-CHL0Q- 1 is OYyNid(-€Kl),, Rl isa

prop-2-yn-1-y etc.; butyls such as butan-1-yl, butan-2-yl . .
2- met hyliydprgspatent.-y is O 2 et Iydrogsmaypem- - 312 hydiagen Bigna g IS-@IR and R

but-1-en-lcyl, but-1-ens2-yl, 2- hyl.- pr ap- el -yk, hut-2-.en-1-yl,

bt - 2. dRe B! eitbs, i R oy apd T et Wi Rt anll e L0 )
cycl obug 2] 4 8606.3-yl, cyclobuta-1,3-dien-1-yl, but-l-yn-1-yl, but-I-yn-3-yl,
but-3-yn-1-yl, etc.; and the like., Were specific levels of WD
20091002869 PTFaILER 0P GBTCRES X S0 inERD OBy DoVt erahelt St & mencl at ur e

"al kanyl " % |} ! . I bel t Lower
at eyt ~ B R Mo toBhou iRy i atoBL KR HbouE 2 Rk B L Hbout
" Al kanydg), Bymidbeel T tocaboas] B fitorodboan d tdelsows 108 tirdru ebdut rieb ebauttso, a
saturated branched, straight-chain or, cyclic alkyl derived by the renova
of one TFRAAIRBYREH tarbavt2S oM abRitd 1 aPEA0at om of a parent al kane. Typica
al kanyl groyps, biG! diiGaiRus, g;re%alﬂﬁ)t;hag L eshi9. methanyl; ethanyl
propanyl s such as propan-l-yl, propan-2-yl1 (isopropyl), cyclopropan-I|-yl,
etc.; butanyls such as butan-I-yl, butan-2-yl (sec-butyl),

2- met hyl - propan-1-y1l (i sobut ) - IRy o] o -2-yl (t-butyl),

cycl obutan-1-yl, etc.; jﬁﬁﬂkﬁégﬂ@égaiﬁ{¥%18525§23y4" by itself or as part
of another substituent refers to an unsaturated branched, straight-chain
or cyclic alkyl havi@g atslgasg %nenparbon-carbon doubl e bond derived by

t he rermpddl, ToR' GReP.MidGoBaR 'aRaR t RonRaast mrghe andrron aaddincdrbevear ent

al kene. The_.grou . be, i.n_either .the ci,s or tran onformati on about the
doubl & bond(Ee FpRPdm e, LR ga‘a?‘gﬁﬁ‘%cofﬁl@fgg%%@%ﬁ? e not I1inited to,

et henyl; propenyls such as prop- 1 fen-1 -yl, prop- 1-en-2-yl, prop-2- en-
1 -yl, prop-2-en-2-yl, cycloprop-- 1Jl- en- 1 -yl1; cycloprop-2-en-1-yl1 ;

but enyl s such as but-1 -en-I-yl< bt - wé%-Z-yI, 2-met hyl -prop-1- en- 1
-yl, but-2-en- 1 -yl, but-2- en-2}yl, buta-1,3-dien- 1 -yl

but a- 1, 3-di en- 2-yl, cyclobut-l-enf$%y¥{ cycl obut -1 -en-3-yl,

cycl obuta-1, 3-dien-1-yl, etc.; and-tlthe |ike. "Al kyl oxval kvl" refers

to a noiety having two al kyl groups'tethered t oget her Vv h an oxygen bond.

Sui t abl e al r i y
polyethyleng%%?gggk%%§1g%%%%??gﬁgéx 8%?1%§§?%%ﬁ%#ﬁgﬁg%ﬁggﬁﬁﬁgﬁgﬁoaﬁth an
al kyl gogatiger vaiticR fasn a cpeichyig, prouded whaehandll afeoranhirslepordestiicth conpounds
can be depicted as R - (OR')" or 0)"-R' erein n.is. knteger from1l
o e b aRen S oo iyt o Tk L erobp U R ey KRR TR Loom
by it sef _Orn@gidea@itheRfA, @Q{J‘ﬂ‘onﬁ%%%zftﬁé%% ah & f3-CR,-Abr URSRIRF Ated

br anched, stgalght-chaln or cyclic alkyl having at | east one carbon-carbon
tri pl e hydngtedetdnv,ed abiyy] icheip; emagyd Erop oo dendiyos bepshwidh dnedchem a si ngl e
carbon atom of a parent al kyne. Typical al kynyl groups include, but are
not limted to, ethynyl; propynyls such as prop-1-yn-1-yl, prop-2-yn-1-yl,
etc.; butynyls such as but-l-yn-l-yl, but-l-yn-3-yl, but-3-yn-l-yl, etc.
and the like. W) 2009/ 002869PCT/ US2008/ 067739 "Al kyldiyl" by itself
or as part of another subst tuent refigrs to a saturated or unsaturated,
branched, straight-chain or cyclic dival ent hydrocarbon group having the
stated nunber of carbon atons (i.e., C-C6 neans fromone to six carbon
atons) derived by the renoval of one hydrogen atom from each of two
different carbon atons of a parent alkane, al kene or al kyne, or by the
removal of two hydrogen atons froma single carbon atom of a parent




cyclobut- 1-en- 1,2-diyl, cyclobut- 1 -en-1,3-diyl,
cycl obut-2-en-1, 2-diyl, cyclobuta-1, 3-dien-1, 2-diyl,
gyflo?ugié;,s-iﬂZib;,?-digl, buta %hyn[;ks-db%l’ but-I_—g_n-li)4-diyl,f

uta-1, 3- - -diyl, etc.; an e like. ere spe o]
saturationbé@g Pn?ended, t he nonencl ature alkanyldiylﬁ$§%%gﬁ§%§f§? and/ or
Val i indogsadanlytinan saer Garbot AbmiroyHedncwmRthatAe) Ielkp) henal
val enciiedepes: ihen saeger o 0l rd oelJ isal: al 1s
used. A "|,owner yldiyl"™ is an al kyldiyl group having from1l to 6 carbon
at ons |I?‘F{so§$§°re@%§@-bﬁé%%mtlﬁ&%t F%Ji-yl groups are saturated acyclic
arbons. 5. o e oty ot han 1. 2-di vl (ethano):

pr ?pan- 1 3- dﬁ&notbgr@ﬁmd@)wntb?heefmmﬂy:h?sﬁhy :forqmﬁz:eln(i"ﬁTZdi?@(%ﬁiHﬁl’)jmkmd(Ial o) f
ot her Stst Qb et o B¢ B0 GR i GARLthaR: SarmPhede OrCORSE ur ated
the reraual of one harosen atom from each of the tue term nal carbon
atons of st dajoghembpainenpdrleasta fairalnaccafiing hestorcterekPne. The | ocation of a
doubl e bond or triple WD 2009/002869PCT1US20081067739 bond, if present,
in a particular alkylene is indicatgd i.n square brackets. Typi cal
al | cyl ene groups include, but apg, |#fited to, nethylene (nethano);
ethyl enes such as ethano, etheno, |ethyno; propyl enes such as propano,
Er?FEi]eno’bp[fgf[l’Z]glani g;gpp\ébng,tfff.; buLyifgfs such as butano,

u eno, bu eno, buta[1l, iendg, bu yno, bu yrio,
buta[ 1,3]cliyno, etc.; and the |ike.l Wiere specific |ev@ls of saturation
are intended, the nonencl ature al kano, al keno and/or alkyno is used. In
some gr?é‘éd”rar%ﬂtg, »?W%F!@?Idéﬁ%edgﬁb@M% is (C1-C6) or (Cl-C3) alkylene. O her
cthano.  pr opana MA@l r Ik o BebRbRISMBUA IS, O 0.0 Tart “of
anothe} substithent reférs to awzﬁgfﬁalent aromati ¢ hydrocarbon group

havi ng the stated nunber of carbon atons (i.e., C5-Cl5 neans from5 to 15
carbon atons) derived by the rertvatk of one hydrogen atomfroma single
carbon atom of a parent aromati ¢ ring system Typical awl groups include,
but are not limted to, greaw o m@pon1aceanthrylegﬁ) acenapht hyl ene,
acephenant hryl ene, ant hracene, azul ene, benzene, chrysene, coronene,
f 1 uor ant hen® U6, REXRIC ervssach exdapéreioatly hbydrogereatons an alitstene,
e e e L A TR e R Y
phenal epeboRiegRal NefdEach GRAGend Riyas efeor YT ene, pyrant hrene, rubicene,
triphenylengie thnaphthalene%@%ndﬂtge %jgf, ?s wel | as the various hydro
i somer s t hedeeahoth¢rergweementhibditarnny bas thidorawlla:gr oup is (C5-C15) aw or,
alternatively, (C5-Cl10) awl. O her enbodi nents include phenyl and

napht hyl . "Arylal kyl"™ by itself or as part of another substituent
refers It- chhyehal kyl radical in which one of the hydrogen atons

QT NEOR

bonded to a carbon atom typically a terminal or sp3 carbon atom is
replaced with an awl group. Typical arylal kyl groups include, but are not

limte wr3bgnzpt  2-phe - 1-vi y ey 1v vl A
naphthé?%%g%ggf%%fggéhﬁﬁy?%%%%ﬂg%¢%§¥h§@%%p ?ﬁy#g% g%i%fyd?E%%%ﬁg%obenzyl,
2- naphthoaliBaH,etham, 1 (-OHLCENGHLOH,10-keor iherebare«) fsicCal by k- noi eties are
i ntended, the nonenclature arylal kanyl, arylal kenyl and/et aryl al kynyl is
Used. RSBy (-CARCRRG PatGor grioms HATHEFQay oty Parigieetdi | 4 ne

al kanylp @l fgenyl or al kynyl rmoiety of the arylalkyl group is (C1-Cl0) and
the aryl noiety is (C6-C20), nore preferably, an arylal kyl group is
(C7-C20) ar yh ahkgthbodimgnt, Lthae agbioaniy hocoadike ydtnoturalRynyl noi ety of the
arylal kyl group is (Cl-CO and the awl noiety is (C6-Cl2). WO

2009/ 002869PCT/ US2008/ 067739 Aryl oxyal kyl" refers to a noiety
having an aryl group and an al kyl group tethered together via an oxygen
bond. Suitabl e aryl oxyal kyl groups include phenyl oxyal kyl enes, such as

nmet hoxyphenyl , ethoxyphenyl, etc. "Cycloal kyl" by itself or as part
of another substituent refers to a cyclic version of an "al kyl"™ group.
Typi cal cycloal kyl groups include, byi are not limted to, cyclopropyl;
cycl obutyls such as cycl obutanyl and cycl obutenyl; cycl opentyls such as
cycl opent anyl and cycl oal kenyl ; cycl ohexyls such as cycl ohexanyl and

cycl ohexenyl ; and the Ilike. "Cycl oheteroal kyl" by itself or as part
of another substituent refers to a saturated or unsaturated cyclic al kyl
radi cal in which one or nore carbon atons (and any associ ated hydrogen



WO 2009/ 002869PCT/ US2008/ 067739 "Heteroaryl" by itself or as part of
anot her substituent, refers to a nonoval ent heteroaronatic radical derived
by the renoval of one hydrogen atomfroma single atomof a parent

het er oar QUAL)G HhiRP System Typical heteroaryl groups ﬂd’i‘?ﬁéﬁﬁjtﬁmﬁp/% are not
limted to, "groups derived from acridine, arsindole, carbazole,

B- car bol i ne, benzoxazi ne, benzi m dazol e, chromane, chronene, cinnoline,
furan, inmdazole, indazole, indole, jli ndoline, indolizine, isobenzofuran,

i sochronene, isoindole, isoindokkqgﬂ\gigquinoline, i sot hi azol e, isoxazole,
napht hyri di ne, oxadi azol e, oxazole; perim di ne, phenanthridine,
phenant hrol i ne, phenazi ne, phthaIAzine] pteridine, purine, pyran,
pyrazi ne, pyrazole, pyridazine, pyrgine, pyrimdine, pyn-ole,
pyrrolizine, quinazoline, quinoline%uquinolizine, qui noxal i ne, tetrazole,
t hi adi azol e, thiazole, thiophene, triazole, xanthene, and the I|ike.

Pref erably,; kive el 0 En&H SRl s from 5-20 nmenbered heteroaryl, nore
preferably from 5-10 menbered heteroaryl. Suitable heteroaryl groups are

t hose deri vdulafigthen aniiodphentel. hpy e foaila frsarbngiocymemes (IBenzof ur an, i ndol e,
pyridine, quinoline, imdazole, oxgzele and pyrazine

"Heteroarylal kyl" by itself or as|part of another substituent refers to an
acyclic al kyl group in which one/4£§the hydr ogen atons bonded to a carbon
atom typically a ternminal or sj3 carbon atom is replaced with a

het eroaryl group. Were specifi@_alkyl noieties are intended, the
nomencl at ure het eroaryl al kK&ipl”, hefer o'yt akenyl and/ or(Ibet er oaryl al kynyl

is used,izl s enpedipents, ., the heteroaryl.al kyl group.is a 6:-21 nenbered
et er odb v ey P g " igh iitonedegng B et ol B RusyT oBrdT Ehuf

het er oajr ieadtkya borid Wil TChovd ¥k IcaichwlonsT RIBtRe? gelf W IPoF e atehoRded
5-15-nmenbered heteroaryl. In other enbodinents, the heteroarylalkyl is a
6- 13 mevief ead pedhdr.gasspenilqafly, is &Hyor Nt he al kanyl, al kenyl or al kynyl
moiety is (@l | kyl . r I [ | 5-10 er ed

et or paryl - Tt yacihcs ARFod tenEbpaRS or W tabal Byt PR

subst i tRieint R'efebsh phed gdupy land aaupthicrtdwbgaier aftea 00, B & x0EH. he hydr ogen
atons are replaced with a hydroxyl substituent. Thus, the term

"hydr oxyal | & et anethepambodinicnh cpigauns 6 IicRTEsepa IRy RED RIPHFE M) & Kyl s,
trihyd | " | € 4Rl L L .
rihydraayyal,| yél%ngﬁ%r?)u%sé r%/e C%hgﬁ. { Qﬁﬁ%ﬁaﬁ%ﬁ ﬁld%é?ﬁeé}%@éﬁhsﬁﬁ{e% xgnﬁn 0 an

g
unsaturated ¢ ccring system hayi ng "a conj ugate

el ect r anlcaytsine mkySpeeikli galubysuchek GHBO-WH KO he od €L 01THYTHTCH, Par ent
aromatic ring systermd are fused ri S ' ' ne or re of the
rings Qf@%¥¢%ﬁﬁ%ﬁﬂ' Y SR Y %%Qgﬁiﬁﬁﬁggﬁnggxgﬁé ’%é@%&ﬁgf

unsat Ur(ﬁrlz@i{zéﬂé)h) A3ic. %Erci@ﬁ%ﬁﬂﬁtegfe}ﬁ‘%qn@abbt&dl@e, _indene, phenal ene,

t et rahydrionapht'hal'éne, etc. Typical parent aromatic ring systens incl ude,
but are not I amithadntbedinaed dnt familydme thatoemalght hyl ene, acephenant hryl ene,
ant hracene, azul ene, benzene, chrysene, coronene, fluoranthene, fluorene,
hexacene, hexaphene, hexakne, indacene, s-indacene, indane, indene,
naphthQLgp@}ﬁqugggngﬂgag$@9hgﬂgf oct al ene, oval ene, penta-2, 4-di ene,

pent acene, pental ene, pentaphene, peryl ene, phenal ene, phenant hrene,

pi cene, pleiadene, pyrene, pyranthrene, rubicene, tetrahydronaphthal ene,
tri phenyl rin th Re 14 S |..as. the vari ous hydro
i soner sa 23 %égl(ra%’o ’eac%%’ ea%;ﬁe’néfacﬁieﬁlfeéraggrﬂ oﬁiaég(fhc&ﬁlaér(l%hg?/s B éiilrte &S % a

par ent agdefifeid ot t Al SYBla@MhicBeidra 0RBo@r10nOr e carbon atons (and any
associ at ed hydrogen atonsi are independently replaced with the sane or

di fferent hét @W%%Iﬂ‘éﬁﬁlm% dup aHemaHs aehding WF‘H@Q)'{ he carbon at ons
include, but are not limted to, N, oP, 0, S, Si, etc. Specifically
included within the definition of "fparent heteroaromatic ring systens" are
fused ring systens in which one>gf e~of the rings are aromatic and one
or nore of the rings are saturatefl or junsaturated, such as, for exanple,
ar si ndol e, benzodi oxan, benzof urah._chronmane, chronene, indole, indoline,
xant hene, etc. Typical parent heter8aromatic ring systems include, but are
not limted to, arsindole, carbazolé, fl-carboline, chridane, chronene,
ci nnoline, furan, imdazole, indazole, indole, indoline, indolizine,

i sobenzof uran, isochronmene, isoindole, isoindoline, isoquinoline,

i sot hi azol e, isoxazol e, naphthyridinﬁ5 oxadi azol e, oxazol e, perirnidine,
phenant hri di ne, phenant hroline, phenazi ne, phthal azine, pteridine, purine,
pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimdine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole,
t hi adi azol e, thiazole, thiophene, triazole, xanthene, and the I|ike.
"Leaving group"” is a group that is displaced during a reaction by a



0-CH=CH CH2-, and the like), a nmonocyclic or polycyclic heteroaryl bridge
(e.qg., [3,4]furano, pyridino, thiopheno, piperidino, piperazino,
pyrazi di no, pyrrolidino, and the |ike) or conbinations of such bridges.
"Protecti “e1S a group that is appended to, for ?Bﬁgﬂ% hydr oxyl
oxygen iﬁﬂgﬁg%gg%!)a | abi | e hydrogen atom Suitable hf)roxy 8%?@?%cting
group(s) include esters (acetate, ethylacetate), ethers (nethyl, ethyl),
et hoxylAatRd, BEr anvdit inces defhdd/aterve. gl ycol , propyl ene glycol) and the |ike

t hat can be renoved under either, _acidi¢ or. basic conditions so that the
protecting_d?Bﬁﬁﬁg§nﬁﬁﬁﬁygﬁréﬁ@dﬁgﬁpgwgﬂhﬂ¥?$?%ﬁﬂyﬁrogen atom CGui dance
for sel ecting aPRAQRE A dphotest ismg groups, as well as synthetic

strategies for their attachment and renoval, may be found, for exanple, in
Greene & Witls yetRmothee einbediGreoy R is H. Or gani ¢ Synt hesi s, 3d Edition, John
Wley & Son lL.nc., New York.(19 .and .t references cited therein
(hereinafteiﬁs%ﬁggﬁgo c@ﬁ?@“g.fmg%gm%ﬁgﬁéggkgn t\?iriety of substrate
material s thatndmy dsbddsgehd R® ARERPARTAM ndRANARIy AR gPdist | CS such as

pol yol efins, polystyrenes, pqu(nethyl)np;hacrylatest%gokéacyylonltrlIes,
pol y(vi nyl adesall ge)anofhgr gmbediment, aixds hok sif H, eattositheCEont i hisdgngdol yneri ¢
mat er i fael HSYER: Ay ]Qpellg Xcihni%lfi?vi ugbloraj q%‘rmp%! yoxynet hyl enes, pol ycarbonates,
ponan13€s, po?ylnldés, ol'yure Hames ﬂhenollcs, am no- epoxy resins,

pol yesteers, isuhdth@n@shodeabhtWidsembasta, Hedbiniip bas b dornibier -1 i ke pl astics
may all be used as supports, providing surfaces that can be nodified as
descri bed herein. In addition, supports such as those fornmed of pyrolytic
carbon,; parylt tadisurfaees, and silylated surfaces of gl ass,
ceranigﬁRg?ﬁggggpe§$éégﬂ?€g%@%ﬁ#or surface nodification. The met hod
of the present invention may involve the attachnent or bonding of a

bi ol ogical |l y acti,ve, material to a support surface. For exanple, a

nanof i ﬂer&il%cﬁu& ng & Kods-Phikihg agehend 8 37 8y ifewda9Yhg two or nore
| at ent reactive activatable graupsein the presence of a support surface.
At | east one of the |atent reaﬁb{?é activatable groups is activated and
covalently bonded to the surfate. fThe renmai ning | atent reactive
activatable groups are allo evert to their inactive state and are
| at er react ilvaheembodigiedel. 0 | at-€r ahd B andRObegiaclaiddyvidedliyve material in

order to attach the bhiologically active material to the surface of the
subst r VETOLCNBOIHEY/AHTD SHEIPET ANSPOEEPEE 7739 The steps of the nethod
may be perfenyedy in anvisMiit gblsgor der. For exanple, a nanofiber including
a cross-linking agent, as described herein, can be physically absorbed or
adsor bed t o Imstsllianahdrenswdposrt, Xus Oace by hydrophobic i nteractions. Upon

activation soyrce of .enerqy, .at |least one of the latent reactive
activatable?%V%ﬁﬁgﬁfé? g?ﬁﬂgﬁggﬁﬁéﬁone groups) undergoes coval ent bond
formation afy, tdey&URBREE ctibbdiafkg: RAiL Ny, t he absence of abstractable

hydrogens in the proxinmty of the renmining unbonded |atent reactive
act i vat abl e Iypeaih¢rembodindentehoy &Clbf)@+eddaut.ce of energy, the |atent

reactive acti vat abl rqup. returns from an.excited.state to a ground
Ctate oot PEhERTS RRiE R atnd S e VAR Rl e Then capabi e
of being reaeié\abid: WABHimeht, ®'QUHCHI ik Y, 2GE HY R iAW eGial-GMy-poded f or
i mmobi lizatign is Eresent, and when the jreated surface is exposed to

anot he®R’readRd ast edch [individaelihoery! mouss aed Rodnd R, e badswmethisberoses. a

"t wo- st ep” (o] &? t gé |V %' -%% Lher is
applied in %ﬁg&?ﬁgg?rs g%ﬁ?%ﬂgggz1%&%&P§?§%Qrﬁgg@%%g&§_ ?9%%&%%%R§urface,
and i nhat@esiectonautt ep, the biologically active material is added for
attachnment to the activated surface. Al ternatively, the nethod,
described as a "one-step” nethod, provides that the |atent reactive
acti vat abl e nanofi bers of the Pr _} tion are conbi ned or m xed
2 . . ! ‘ (QZHQ : M

gether with the biologically tive t al to forma conposition. The
resul tant conposition is used to surface nodify nmaterials in a single step
of activation,b ource of ener In.this case, activation by a source
of ener[g?’ﬁ’ilgég%??ﬁ&nén‘?“fﬂéd\?éq %%éefﬁsﬁa&‘f& mati on of at |east one |atent
reactive activatable group with the surface of the substrate, but also
si mul taneously triggers coval ent bond formati on with any adjacent
biologically active naterials residipg on the surface. In an
alternative enbodi nent, the nanofiber is formed froma conbi nati on or
m xture including a polyneric material, a cross-I|inking agent having at
| east two | atent reactive activatable groups, and a biologically active
material. At |east one of the latent reactive activatabl e groups undergoes
coval ent bond formation at the support surface to bond the nanofiber to



WD 2009/ 002869PCT/ US2008/ 067739 TARGET MOLECULEFUNCTI ONAL ACTI VI TY
Synthetic Polyneric Materials Sul fonic acid-substituted Lubricity,
negatively charged surface, polyacrylam de hydrophilicity Polyacryl am de

Lubricity rotejin repul sion, hydrophilicity Polyethylen | ycol
Lubri ci ty‘?voglg 9@?% protein repul sion, hydrophilicity Pﬂ%?%&ﬁgﬁgei m ne

Positively charged surface Polylactic acid Bioerodi ble surface
O

¥

N

s
In one embodiment, I. 15 © N NTeo

In another embodiment, (15 C=0.

In still another embodiment, R® and R* are each individually aryl groups.

In yet another embodiment, G is C=0 and R® and R” are each individually aryl
groups.

In yet another embodiment, the present invention provides a family of compounds
having the formula:

| L(GR*CORY),,
L is a linking group;G is O, S, SO, SO,, NRY, (CH,)~0- or C=0; R? and R” are each
independently an alkyl, aryl, arylalkyl, heteroaryl, or an heteroarylalky! group or when R’
and R* are tethered together via (—CHj-)q, (—CH-),C=0O(-CH;-),, (-CH,-),S(—CHy-)s, (=
CH,-),S=0(~CH,-), or (<CH;-),S(0)(—CH;-),, (-CHp-)NR(-CH,-);;  R'”is a hydrogen
atorn or an alkyl, aryl, or an arylalkyl group; R 18 a hydrogen atom, an alkyl or an ary!
group; q 1s an integer from [ to about 7;  r1s an integer from 0 to about 3; s is an integer
from 0 to about 3; m is an mteger from 2 to about 10; and t is an integer from I to about
10.

“Alkvl” by itself or as part of another substituent refers to a saturaied or
unsaturated branched, straight-chain or cyclic monovalent hydrocarbon radical having the
stated number of carbon atoms (i.e., C,-C4 means one to six carbon atoms) that is derived
by the removal of one hydrogen atom from a single carbon atom of a parent alkane,
alkene or alkyne. Typical alkyl groups include, but are not limited to, methyl; ethyls such
as ethanyl, ethenyl, ethynyl; propyls such as propan-1-yl, propan-2-yl, cyclopropan-1-yl,
prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-vi, cycloprop-1-en-1-yl; cycloprop-2-en-1-yl,
prop-1-yn-1-yl1, 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- I-yl, but-2-en-1-yl , but-2-en-2-yl, buta-1,3-dien-1-vyl,
buta-1,3-dien-2-vl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-vl,
but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like. Where specific levels of
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Pol yvi nyl al cohol Lubricity, hydrophilicity Polyvinyl pyrrolidone
Lubricity, hydrophilicity Quaternary am ne-substituted pol yacryl am de
Lubricity, positively charged surface Silicone Lubricity, hydrophobicity

Conduct i I jc materials, e.g., polyvinylpyridi | ene,
polypyrr§f%?aﬁ%g%%{ic conductivity Carbohydrates AIg?ﬁFggg%¥@gf%%ricity,

hydrophilicity Cell ul ose
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.

“Alkanvyl” by itself or as part of another substituent refers to a saturated branched,
straight-chain or cyclic alkyl derived by the removal of one hydrogen atom from a single
carbon atom of a parent alkane. Typical alkanyl groups include, but are not limited to,
methanyl; ethanyl; propanyls such as propan-1-yl, propan-2-yl (isopropyl),
cyclopropan-1-yl, etc.; butanyls such as butan-1-yl, butan-2-yl (sec-butyl),
2-methyl-propan-1-yl (isobutyl), 2-methyl-propan-2-yl (z-butyl), cyclobutan-1-yl, ezc.;
and the like.

“Alkenyl” by itself or as part of another substituent refers to an unsaturated
branched, straight-chain or ¢yclic alkyl having at least one carbon-carbon double bond
derived by the removal of one hydrogen atom from a single carbon atom of a parent
alkene. The group may be in either the cis or trans conformation about the double
bond(s). Typical alkenyl groups include, but are not limited to, ethenyl; propenyls snch
as prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl, prop-2-en-2-yl, cycloprop-1-en-1-yl;
cycloprop-ﬁnen— 1-yl ; butenyls such as but-1-en-1-yl, but-1-en-2-y1,
2-methyl-prop-1-en-1-vyl, 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-yl, efc.;
and the like,

“Alkyloxvalkyl” refers to a moiety having two alkyl groups tethered together via
an oxygen bond. Suitable alkyloxyalky] groups include polyoxyalkylenes, such as
polyethyleneoxides, polypropyleneoxides, etc. that are terminated with an alkyl group,
such as a méthyl group. A general formula for such compounds can be depicted as R’-
(OR**), or (R’0),-R”’ wherein n is an integer from 1 to about 10, and R” and R”” are alkyl
or alkylene groups.

“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, efc.; 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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Lubricity, hydrophfligity, bi o- degradabl e gl ucose source Chitosan
Positively charged surface, hydrophilicity, henostatsis G ycogen
El ydrophilicity, biodegradable glucose source He armp

Antithroq?ggﬁgkgkhi, hydrophilicity, cell and growth Hgghgégghggg ment ,

protein a aluronic acid Lubricity, negatively surface
Pectin Lubricity, hydrophilicity Mno-, di- saccharides Hydrophilicity
Dextran sul fafiey]ERT"OBIRU @RE palBd hdothdkdbafhdit k&fbdsYo a saturated or

unsaturated, branched, straight-chain or cyclic divalent hydrocarbon group having the
stated number of carbon atoms (i.e., C;-C4 means _from one to six carbon atoms) derived
by the removai of one hydrogen atom from each of two different carbon atoms of a parent
alkane, alkene or alkyne, or by the removal of two hydrogen atoms from a single carbon
atom of a parent alkane, alkene or alkyne. The two monovalent radical centers or each
valency of the divalent radical center can form bonds with the same or different atoms.
Typical alkyldiyl groups include, but are not limited to, methandiyl; ethyldiyls such as
ethan-1,1-diyl, ethan-1,2-diyl, ethen-1,1-diyl, ethen-1,2-diyl; propyldiyls such as
propan-1,1-diyl, pfopan» 1,2-diyl, propan-2,2-diyl, propar-1,3-diyl, cyclopropan-1,1-diyl,
cyclopropan-1,2-diyl, prop-1-en-1,1-diyl, prop-1-en-1,2-diyl, prop-2-en-1,2-diyl,
prop-1-en-1,3-diyl, cycloprop-1-en-1,2-diyl, cycloprop-2-en-1,2-diyl,
cycloprop-2-en-1,1-diyl, prop-1-yn-1,3-diyl, efc.; butyldiyls such as, butan-1,1-diyl,
butan-1,2-diyl, butan-1,3-diyl, butan-1,4-diyl, butan-2,2-diyl, 2-methyl-propan-1,1-diyl,
2-methyl-propan-1,2-diyl, cyclobutan-1,1-diyi; cyclobutan-1,2-diyl, cyclobutan-1,3-diyl,
but-1-en-1,1-diyl, but-1-en-1,2-diyl, but-1-en-1,3-diyl, but-1-en-1,4-dryl,
2-methyl-prop-1-en-1,1-diyl, 2-methanylidene-propan-1,1-diyl, buta-1,3-dien-1,1-d1yl,
buta-1,3-dien-1,2-diyl, buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl,
cyclobut-1-en-1,2-diyl, cyclobut-1-en-1,3-diyl, cyclobut-2-en-1,2-diyl,
cyclobuta-1,3-dien-1,2-diyl, cyclobuta-1,3-dien-1,3-diyl, but-1-yn-1,3-diyl,
but-1-yn-1,4-diyl, buta-1,3-diyn-1,4-diyl, etc.; and the like. Where specific levels of
saturation are intended, the nomenclature alkanyldiyl, alkenyldiyl and/or alkynyldiyl is
used. Where it 1s specifically intended that the two valencies be on the same carbon
atom, the nomenclature “alkylidene” is used. A “lower alkyldiyl” 1s an alkyldiyl group
having from 1 to 6 carbon atoms. In some embodiments the alkyldiyl groups are
saturated acyclic alkanyldiy] groups in which the radical centers are at the terminal
carbons, e.g., methandiyl (methano); ethan-1,2-diyl (ethano); propan-1,3-diyl (propano);
butan-1,4-diyl (butano); and the like (also referred to as alkylenes, defined infra).
“Alkyiene” by itself or as part of another substituent refers to a straight-chain
saturated or unsaturated alkyldiyl group having two terminal monovalent radical centers
derived by the removal of one hydrogen atom from each of the two terminal carbon atoms

of straight-chain parent alkane, alkene or alkyne. The location of a double bond or triple
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WO 2009/ 002869 PCT/ US20081067739 TARGET MOLECULEFUNCTI ONAL ACTIVITY
Protei ns Anti bodi es Antigen binding, imunoassay Antithronbotic agents
(e.g. antithronbin I11) Antithronbogenic surface Al bum n Nont hronbogeni c

surface %6%&{3%&{%&9 prot ei ns/ peptides (e.g. collagen) %fms@ﬁ&sﬁ;ﬁ%ﬁ@am

Enzynmes

bond, if present, in a particular alkylene is indicated in square brackets. Typical alkylene
groups include, but are not limited to, methylene (methano); ethylenes such as ethano,
etheno, ethyno; propylenes such as propano, propf 1 Jeno, propa[l.2]dieno, prop[1]yno,
etc.; butylenes such as butano, but] 1 jeno, but[2]eno, buta[1,3]dieno, but{1]yno,
but[2]yno, butal1,3]diyno, etc.; and the like. Where specific levels of saturation are
mtended, the nomenclature alkano, alkeno and/or alkyno 15 used. In some embodiments,
the alkylene group is (C,-Cs) or (C;-Cs) alkylene. Other embodiments include |
straight-chain saturated alkano groups, e.g., methano, ethano, propano, butano, and the
like.

“Arvl” by itself or as part of another substituent refers to a monovalent aromatic
bydrocarbon group having the stated number of carbon atoms (Z.e., Cs-C;5s 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 thereol. In some
embodiments, the aryl group is (Cs-Cys) aryl or, alternatively, (Cs-Cyo) aryl. Other
embodiments include phenyl and naphthyl.

“Arvlalkyl” by itself or as part of another substituent refers to an acyclic alkyl
radical in which one of the hydrogen atoms bonded to a carbon atom, typically a terminat
or sp” carbon atom, is replaced with an aryl group. Typical arylalkyl groups include, but
are not limited to, benzyl, 2-phenylethan-1-y1, 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 arylalky] group 15 (C7-Csg)
arylalkyl, e.g., the alkanyl, alkenyl or allynyl moiety of the arylalkyl group 15 (C;-Cyg)
and the aryl moiety is {C4-Coy), more preferably, an arylalkyl group is (C-Cyg) arylalkyl,
e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group 1s (C;-Cs) and the aryl
moiety 18 (Ce-C;2).
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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.

“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 iimited to, cyc]oprdpyl;
‘cyclobutyls such as cyciobutanyl and cyclobutenyl; cyclopentyls such as cyclopentany!
and cycloalkenyl; cyclohexyls such as cyclohexanyl and cyclohexenyl; and the like.

“Cycloheteroallcyl” 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 éarbon 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
mchude, but are not limited to, groups derived from epoxides, imidazolidine, morpholine,
piperazine, piperidine, pyrazolidine, pyrrolidine, quinuclidine, and the like.

“Halogen” or “Halo” by themselves or as part of another substituent, unless
otherwise stated, refer to fluoro, chloro, bromo and iodo.

“Haloalkyl]” 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 halogen. Thus, the term
“haloalkyl” is meant to include monohaloalkyls, dihaloalkyls, trihaloalkyls, efc. up to
perhaloalkyls. For example, the expression “(C,-C,) haloalkyl” includes fluoromethyl,
difluoromethyl, trifluoromethyl, t-fluoroethyl, 1,1-difluoroethyl, 1,2-difluoroethyl,
1,1,1-trifluoroethyl, perfluoroethyl, etc.

“Heteroalkyl, Heteroalkanyl, Heteroalkenvl. 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-, -0-0O-, -8-5-, -O-5-, -NR’-,
=N-N=, -N=N-, -N=N-NR’-, -PH-, -P(0),-, -O-P(O);-, -S(0O)-, -5(0),-, -SnH,- and the
like, where R’ is hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
aryl or substituted arvl.
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“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, B-carboline, benzoxazine,
benzimidazole, chromane, chromene, cinnoline, furan, imidazole, indazole, indole,

- indoline, indolizine, 1sobenzofuran, isochromene, isoindole, isoindoline, isoguinoline,
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.
Preferably, the heteroaryl group is from 5-20 membered heteroaryl, more preferably from
5-10 membered heteroaryl. Suitable heteroaryl groups are those derived from thiophene,
pyrrole, benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole, oxazole and
pyrazine.

“Heteroarvlalkvl” by itself or as part of another substituent refers to an acyclic

alkyl group m 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 some embodiments, the heteroarylalkyl group is a 6-21
membered heteroarylalikyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the
heteroarylalkyl is (C;-C;) alkyl and the heteroaryl moiety is a 5-15-membered heteroaryl.
In other embodiments, the heteroarylalkyl is a 6-13 membered heteroarylalkyl, e.g., the
alkanyl, alkenyl or alkynyl moiety is (C;-C;) alkyl and the heteroaryl moiety 1s a 5-10
membered heteroaryl.

“Hydroxvalkyl” 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, efc.

“Parent Aromatic Ring System” refers to an unsaturated cyclic or polycyclic ring

system having a conjugated w 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
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example, fluorene, mndane, mdene, phenalene, tetrahydronaphthalene, etc. Typical parent
aromatic ring systems include, but are not limited to, aceanthrylene, acenaphthylene,
acephenanthrylene, anthracene, azulene, benzene, chrysene, coronene, fluoranthene,
fluorene, hexacene, hexaphene, hexalene, 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, tetrahydronaphthalene, triphenylene, trinaphthalene, and the like,
as well as the various hydro isomers thereof.

“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, O, S, Si, ete. Specifically included
within the definition of “parent heteroaromatic ring systems™ are fused ring systems i
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, benioﬁlran, chromane,
chromene, indole, indoline, xanthene, etc. Typical parent heteroaromatic ring systems
inchude, but are not limited to, arsindole, carbazole, B-carboline, chromane, chromene,
cinnoline, furan, imidazole, indazole, ndole, mdoline, indolizine, i1sobenzofuran,
1sochromene, isoindole, isoindoline, 1soquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline, phenazine, phthalazine,
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizing, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole,
thiazole, thiophene, triazole, xanthene, and the like.

“Leaving group” is a group that 1s displaced during a reaction by a nucleophilic
reagent. Suitable leaving groups include S(O),Me, -SMe or halo (e.g., F, Cl, Br, I).

“Linking group™ is a group that serves as an intermediate locus Between two or
more end groups. The nature of the Iinking 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 acyclic hydrocarbon bridge (e.g., a
saturated or unsaturated alicyleno such as methano, ethano, etheno, propano, prop[1jeno,
butano, but[1]eno, but[2]eno, buta[1,3]dieno, and the like), a monocyclic or polycyelic

hydrocarbon bridge (e.g., [1,2]benzeno, [2,3 Inaphthaleno, and the like), a simple acyclic
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heteroatomic or heteroalkyldiyl bridge (e.g., -O-, -S-, -S-O-, -NH-, -PH-, -C(O}-,
-C{O)NH-, -S{(0)-, -5(0);-, -S(O)NH-, -5(0),NH-, -O-CH,~, ~-CH,-0-CH;-,
-0-CH=CH-CH,-, and the like), a monocyclic or polycyclic heteroaryl bridge {e.g.,
[3,4]furano, pyridine, thiopheno, piperidino, piperazino, pyrazidino, pyrrolidine, and the

like) or combinations of such bridges.

“Protecting group” is a group that is appended to, for example, a hydroxyl oxygen
in place of a labile hydrogen atom. Suitable hydroxyl protecting g}oup(s) include esters
(acetate, ethylacetate), ethers (methyl, ethyl), ethoxylated derivatives (ethylene glycol,
propylene glycol) and the like that can be removed 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, Profective Groups in
Organic Synthesis, 3d Edition, John Wiley & Sons, Inc., New York (1999) and the
references cited therein (hereinafter “Greene & Wuts™).

- There are a variety of substrate materials that may be used in the present
mvention. Plastics such as polyolefins, polystyrenes, poly(methyl)methacrylates,
polyacrylonitriles, poly(vinylacetates), poly (viny! alcohols), chlorine-containing
polymeric material such as poly(vinyl) chloride, polyoxymethylenes, polycarbonates,
polyamides, polyimides, polyurethanes, phenolics, amino-epoxy resins, polyesters,
silicones, cellulose-based plastics, and rubber-like plastics may all be used as supports,
providing surfaces that can be modified as described herein. In addition, supports such as
those formed of pyrolytic carbon, parylene coated surfaces, and silylated surfaces of
glass, ceramic, or metal are suitable for surface modification.

The method of the present invention may involve the attachment or bonding of a
biologically active material to a support surface. For example, a nanofiber including a
cross-linking agent is provided having two or more latent reactive activatable groups in
the presence of a support surface. At least one of the latent reactive activatable groups is
activated and covalently bonded fo the surface. The remaining latent reactive activatable
groups are allowed to revert to their inactive state and are later reactivated in order to later
bind a biologically active material in order to attach the biologically active material to the

surface of the substrate.
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In an alternative embodiment, the nanofiber is formed from a combination or
mixture including a polymeric material, a cross-linking agent having at least two latent
reactive activatable groups, and a biologically active material. At least one of the latent
reactive activatable groups undergoes covalent bond formation at the support surface to
bond the nanofiber to the surface of the substrate. The remaining latent reactive
activatable group(s) can undergo activation by a source of energy to react with a second
biologically active material. Alternatively, the biologically active material incorporated
into the nanofiber can itself react with a second biologically active material to provide for

further functionalization of the substrate.
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substrate.
Typically, target molecules are selected so as to confer particular desired
properties to the surface and/or to the device or article bearing the surface. According to
one embodiment of the present invention, the target molecule or material is a biologically
active material. Biologically active materials which may be immobilized on the surface
of the nanofiber modified substrate, or alternatively, provided as a part of the nanofiber
composition, generally include, but are not Himited to, the following: enzymes, proteins,
carbohydrates, nucleic acids, and mixtures thereof. Further examples of suitable target

molecules, including biologically active materials, and the surface properties they are

typically used to provide, is represented by the following nonlimiting hist.
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TARGET MOLECULE FUNCTIONAL ACTIVITY

Synthetic Polymeric Materials

Sulfonic acid-substituted

Lubricity, negatively charged surface,

polyacrylamide hydrophilicity

Polyacrylamide Lubricity, protein repulsion, hydrophilicity
Lubricity, cell and protein repulsion,

Polyethylene glycol hydrophilicity

Polyethyleneimine Positively charged surface

Polylactic acid Biocrodible surface

Polyvinyl alcohol Lubricity, hydrophilicity

Polyviny] pyrrolidone Lubricity, hydrophilicity

Quaternary qmmewsubstlmted Lubricity, positively charged surface

polyacrylamide

Silicone Lubricity, hydrophobicity

Conductive polymeric

mater:_;a]s, CE Electric conductivity

polyvinylpyridine,

polyacetylene, polypytrole)

Carbohydrates

Alginic acid Lubricity, hydrophilicity

Cellulose Lubricity, hydrophilicity, bio- degradable glucose
source

Chitosan Posxtwely.charged surface, hydrophilicity,
hemostatsis

Glycogen Hydrophilicity, biodegradable glucose source

Heparin Antithrombogenicity, hydrophilicity, cell and

growth factor attachment, protein affinity

Hyaluronic acid

Lubricity, negatively charged surface

Pectin Lubricity, hydrophilicity
- Mono-, di- saccharides Hydrophilicity
Dexiran sulfaie Chromatography media, hydrophilicity
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TARGET MOLECULE FUNCTIONAL ACTIVITY
Proteins
Antibodies Antigen binding, immunoassay
ﬁgﬁiﬁ?ﬁtﬁ? gents (.. Antithrombogenic surface
Albumin - Nonthrombogenic surface

Attachment proteins/peptides

Cell attachment
(e.g. collagen)
Enzymes Catalytic surface
Extra_cellular Imairix Cell attachment and growth
proteins/pepiides
Growth factors,
proteins/peptides Cell growth
Hrrudin Antithrombogenic surface

Thrombolytic proteins (e.. g,

streptokinase, plasmin, Thrombolytic activity
urokinase)
Lipids
Fatty acids Hydrophobicity, biocompatibility

Mono-, di- and triglycerides

Hydrophobicity, lubricity, bio- degradable fatty
acid source

Phospholipids

Hydrophobicity, lubricity, bio-degradable fatty
acid source

Prostaglandins/ lenkotrienes

Nonthrombogenic surface/immobilized
messenger

Nucleic Acids
DNA Substrate for nucleases/affinity binding, genomic
assay
RNA Substrate for nucleases/affinity binding, genomic
assay
Nucleosides, nucleotides | Source of purines, pyrimidines, enzyme cofactor

Drugs/Vitamins/Cofactors

Enzyme cofactors Iimmobilized enzyme
Heme compounds Globin bindings/surface oxygenation
Drugs Drug activity

29



PEG Pl PAAm water 5 12 0.2 6 PVB-BP THF/ DVF 25 17 0.1 13 The

mor phol ogy of all the nanofibers was investigated using a Hitachi S-3500N
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Fluorescent compounds
{(e.g., fluorescein)

Fuorescence

Target molecules can also be functional polymers. Functional polymers are
defined as polymers with functional groups which can be used for further chemical
reactions. The functional groups include but are not Iimited to carboxyl, amine, thiol,
epoxy, NHS, aldehyde, azide, phosphine, or hydroxyl.

The latent reactive activatable nanofibers of the present invention can be used in a
wide variety of applications including: filters, scaffolds for tissue engineering, protective
clothing, reinforcement of composite materials, and sensor technologies.

Medical articles that can be fabricated from or coated or treated with the latent
reactive activatable nanofibers of the present invention can include, but are not limited to,
the following: catheters including urinary catheters and vascular catheters (e.g., peripheral
and central vascular catheters), wound drainage tubes, arterial grafis, soft tissue patches,
gloves, shunts, stents, tracheal catheters, wound dressings, sutures, guide wires and
prosthetic devices (e.g., heart valves and LVADs). 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 catheters,
emergency infusion catheters, percutancous sheath mtroducer systems, thermodilution
catheters, inchuding the hubs and ports of such vascular catheters, leads to electronic
devices such as pacemakers, defibrillators, artificial hearts, and implanted biosensors.

Additional articles that can be fabricated from or have a surface that can be coated
of treated with the latent reactive activatable nanofibers of the present invention can
include, but are not limited to, the following: slides, microtiter wells, microtiter plates,
Petri dishes, tissue culture slides, tissue culture plates, tissue culture flasks, cell culture
plates, or column supports and/or chromatography media.

In another embodiment, the latent reactive activatable nanofibers of the present

invention can be applied to a microscope slide or “chip” for biomolecule immobilization.
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Poly(acrylic acid) (PAA) was used to provide carboxylic acids on the
nanof i ber surface. PAA sodiumsalt with an average nol ecul ar weight of 5
kDa was purchased from Al drich Chemi cals. A certain anount of

phot oreactive PCL nanofiber nesh was i mersed in 20 m m  PAA
aqueous SOP PO a quartz round dish (Quartz Sci entl Ic?rﬁjcszt}ngﬁ%ﬁ%( Fai r port
Harbor, OH). MId agitation was applied to remove the air bubbles trapped
in the nanoft Rer ot einbbditicat, it Mawasrehbton REPAthigd nbaofitess o tké pregedtn @ UVP
CL-1000 U traviolet Crosslinker (40 watt, 254 nm distance fromlight

sour ce ireention paw h§ appiied toa seFacser aved Kuligrs Mate-pped over and WV
illumnatio i m 39 coated
nanof i ber %%g@e&gg%%gmggﬁf §fl %S%%%%g%%?§g¢y§&%% ﬁgﬁﬁ and t hen

dri ed ungehe¢aahplas.t B wibnshppiremed gitise siikadi e art tharinteryDdenyea chr bel
Nanof i bers by Pol yner Depos

Pol y( di hyl
acryl arfBddgdn g %‘i’(?%@?@bQPSCHQ?%W@W%’?%%?%W%%&PW@@W% used to
provi de, agino %ﬂsu@%gs?(ﬁ)ﬁadﬁhéweg&gﬁw el d&gﬁﬁi YOTBE il t?@lﬂaver age

nmol ecul ar wel was synt free-radi cal copol ynerization
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fi h / I
' qUEREEES DR SN S e RSB FIOSE PR B VB O ST bBr - O

MId a%&é&tb&’%ﬂ‘ﬂ?&ceﬁ%@kéﬁ‘éb&%vé:?t@Ve the air bubbles trapped |n the
nanofibers. UV irradi ation Wwas then applied to the mixture in a UVWP

CL- 1000 U traviolet Crosslinker (40 watt, 254 nm distance fromlight
source is 12.7 cm. The nanofi bem flipped over and WV
illum nation applied again. The nofl ber neshes were washed with

dei oni ZBG WAL’ EXctEAApDMSPROGrédteie Nanpdiperder vacuum to const ant
wei ght. Exanple 4. Epoxy Deri vati zed Nanofi bers by Pol ynmer Deposition
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Fai rport Harbor, OH). fg agitation was applied to renove the air bubbl es
t r appedf |t¢tra&1hérorﬁtamfancbblrﬁ—dlwhv}fm@ﬁrmﬂt ond @asing Kfé?ﬁlh]@pwféﬁlilll&)th@ he m xture

UVP. U let Cr 2 ) ) f
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Pol yrer i zat| on Prewel ghed PCL nanofi ber neshes were inmersed into 20
m of Smdaghmrosaopéyl Dhenpliadoreadtoeinehdiibars Seevilsmpreppyd byrelchaespyarg de

oxt ur d il BORRBACUPOR 50 ganT P SO R BB G quar 2 round

di sh ( e&cowtmt)logo ATgich), Faly(RAEdproyIReviankdd) (PTrol A @yerl by,080 mm of
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was 8 imsHe) Addricacimddifie PERAARE REGEIP e watpartesiacd by aapdied wer e
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ether methacrylate (Mw 2,000, Aldrich) in water using ammonium persulfate (Aldrich) as
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Exanmple 7. Functionality Characterization Functional groups (i.e.
carboxy and am no) on the nanofibers were neasured by reversible ionic dye
bi nding. Calibrations were done with the respective dyes in the solvents
used for elution. The fluorescent/UV/ vis neasurenents were perforned on a
Spect r aV¥XC MPORAZES - det ecti on Reader from Mol ecul ar DEGHTEEZM88S Hoxy

G oups PCL nanofi ber sanples were shaken overnight in 10 m of 10
mg/ 1 t hiipioh aﬁcﬁ\]ﬁ‘ﬁ,‘l\?,IN’%ﬁé@n%gﬁ:}hﬂéhe@faﬂﬁ@{Aiﬁﬁcﬁ)@@'Ehﬁa%?@[ ature, rinsed
three tines with ethanol for 30 s each, and then inmmersed in 10 nl of a
sol ut i photreadtiod pdlyHELPVB-BP Wag spitkesizad tof the rdagien ofprdyivatyé butyrd er

shaki n 0 ugr.escence of. the solution recorded at 620 nm
(exci tg{v{‘%ﬁg’é%@’@r%édoAﬁ?lﬁémacgg’p‘glﬂl betfzoB Onﬁﬁﬂg\fgﬁ%’é CXNP RE were shaken
over ni ?Ji\%pai’éﬁ Yy (50 kdHeiom o P4-baRzoiMinLbic GFidTaedridh) b gkdlgichldigix cal s) in
water (pH 3, HCl) at roomtenperature. The sanples were WD

2009/ 0628BTPEPHUSZOTEN 08 Y P3BPwanelakrrs weweprepares byplepirepginaing BMB3BPand

i nmers i-n. 1 - r 2, . Af 1.0 - mn, the
TS TR R T e S e e
functional groups on the nanofiber surface were determ ned based on 1:1
conpl exati on between functional groups and dye nol ecul es. The
functional group densityl#Rls I Esefresinnias Baspmsters uncti onal groups per ny
of nanofibers (Figures 2-4). Figure 2 shows that PAA deposition on 1% 5%
and 10%jnanof i bers yi el ded car bdey™gf oup depgiat i es fepdinB2, Qaiscliamd 572
nol / mg,| r BYYRRt i vel ySOMREOr et?%‘@?qtr t'°"nang&b@:nﬁ Wi tﬁft%&gheP'S@f‘E’fssl i nker
cont ent [shput-e-gi-yve—higher—H nct(i°q“ﬁa§ Ay o veif Che—ai a.'[r“;‘,f[zm et remain
th_e sang Ny '"'g%vLe:" p tFii’iflg‘BroL é'r)’éiiﬁ’,““l ogt ot dcl[ﬁ t y pm 5I‘f’ﬁl)1llolllt.fi blﬁmb was
slightly Pog¥End & GARDME 170 Maqpi T Oers. ¢ shpui dpge moted i frat t he
same magPENAMTanol i beE&pNEL 0T JgeE di anet efg woul d pe3Sess snglfer surface
area. TheeslrPam €Ven vaeugh [5% nagof | ber s @ad nbre gRrosslii nker 1 n total
wei ght, [iPvBmPght havaHFess accessebl e phot ogr oups onotithe fii bers sur/f ace,

| eading to a | ower density of FAA on the surface. Using the bulk density
of PCL (1. 1Zhgid8rph &1 Gk ARRS erdvad MCcNBARHBRES diefcar si35eoNby SEM
the density of nrnol Tfunctional group per ng nanofiber can be converted to
nurmber SEMf The fiberramplgsovgye prounpadro® 4o depingigr $tal ssinRewripe tipgred 26ldnct i onal
group densities e 10 .16 nd roups/ -onP f 1% 59 %

nanof i BB r}zer'(c‘?%tlgfi gg%r? Vl\?ﬁil% Tzlalr%gvearl‘sige %‘bO\? ge% g f %egnragé)%beﬁsn%? ? E(%}t%ﬂ%n%c? nmum

densi t batedual thiveheaxReBERE of ASlesddOMMibER, Fightty Bstbwstthe typidah SENERSigty on
surfaces created by (80: 20% DVA: APMA deposition_was | ower than carboxy
densi t Pf gardibstsertiygiferont ghplosiossisrer cRricenfraiior. bhs Fyeargeyiben diapsterp o,

A a0t Vs, ARSI AU AO0M0 SR DRI LAL 090 ufiiAss @ @kl 315

pol ymert zati on“of ve nanof i'bers gave [ow am’'ne

densi t 'i%O(r@nH_E‘@eéﬁ%lyBH[%ﬂ%fo%u@ﬂﬁm?m@Wﬁis/dﬁgérved pdilcRbt igmpREbngsaf ting
ef ficiency, which was probably due to the presence of inpurities in the
monomeF i@, Figure 4 shows that all three functionalization nmethods
coul d generate a high density of carboxy groups on 1% nanofi bers with the

d boxy ,densi t. hi gh to | aw being PAA > AA graft i d- SAM
Tai o Srassniod,Acf Bt Naethots o b fensaionn: B anet o ( nm

Car boxy Dengpi¥acrylic acid) (PAA) was used to provide carboxylic acids on the nanofiber

surface. PAA sodium salt with an average molecular weight of 5 kDa was purchased from
Aldrich Chemicals. A certain amount of photoreactive PCL nanofiber mesh was
immersed in 20 ml 50 -100 mg/mi PAA aqueous solution in a quartz round dish (Quartz
Scientific, Inc., Fairport Harbor, OH). Mild agitation was applied to remove the air
bubbles trapped in the nanofibers. UV irradiation was then applied to thc- mixture in a
UVP CL-1000 Ultraviolet Crosslinker (40 watt, 254 nm, distance from light source is

12.7 c¢m). The nanofiber mesh was flipped over and UV illumination applied again. The
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(nrmol / mg nanofi bers) Carboxy Density (group/ nnR2 fiber surface) 1%
Nanofi ber 212 282 10 5/0 Nanofi ber 453 203 16 10% Nanofi ber 315 572 30

=

WO 2009/00286% PCT/US2008/067732

coated nanofiber meshes were washed with deionized water for 24 hours and then dried

under vacoum to constant weight.

Example 3. Amine Derivatized Nanofibers by Polymer Deposition

Polv(dimethyl acrylamide-co-aminopropyl methacrylamide) (DMA:APMA 80/20)
was used to provide amino groups on the surface. The copolymer with an average
molecular weight of 5 kDa was synthesized by free-radical copolymerization of DMA
and APMA hydrochloride. A certain amount of photoreactive PCL nanofiber mesh was
immersed in 20 ml 50 mg/m! PDMA/APMA aqueous solution in a quartz round dish
(Quartz Scientific, Inc., Fairport Harbor, OH). Mild agitation was applied to remove the
air bubbles trapped in the nanofibers. UV irradiation was then applied to the mixture m a
UVP CL-1000 Ultraviolet Crosslinker (40 watt, 254 nm, distance from light source is
12.7 cm). The nanofiber mesh was flipped over and UV illumination applied again. The
coated nanofiber meshes were washed with deionized water for 24 hours and then dried

under vacuum to constant weight.

Example 4. Epoxy Derivatized Nanofibers by Polymer Deposiiion

Poly(glycidy! methacrylate) (Mw 25,000 Polysciences) was used fo provide epoxy
groups on the surface. A certain amount of photoreactive PCL nanofiber mesh was
immersed in 10 mi 50 mg/ml Poly(glycidyl methacrylate) water/DMSO solution in a
quartz round dish (Quartz Scientific, Inc., Fairport Harbor, OH). Mild agitation was
applied to remove the air bubbles trapped in the nanofibers. UV irradiation was then
applied to the mixture in a UVP CL-1000 Ultraviolet Crosslinker (40 watt, 254 num,
distance from light source is 12.7 cm). The nanofiber mesh was flipped over and UV
illamination applied again. The coated nanofiber meshes were washed with deionized

water for 24 hours and then dried under vacuum to constant weight.

Example 5. Acid Derivatized Nanofibers by Self-Assembly Monolayer (SAM)
SAM acid was used to provide carboxylic acids on the nanofiber surface. SAM

acid was synthesized by ISurTec, Inc. A certain amount of photoreactive PCL nanofiber

mesh was immersed in 1.0 mg/m! aqueous solution of SAM acid in a quartz round dish

(Quartz Scientific, Inc., Fairport Harbor, OH). Mild agitation was applied fo remove the
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WO 2009/ 002869PCT/ US2008/ 067739 Exanple 8. Porosity Measurenment The
porosity of the nanofiber neshes was determ ned by a [iquid displacenent
nmet hod. The nmesh sanple was i mrersed in a graduated cylinder containing V1
vol ume of isopropanol (1PA). A bath sonication is applied to force IPAto
ent er theWB3?d§§m£§ﬁ9d get rid of the air bubbles. After Pfg%fﬁl?'ﬂsmfﬂg vol une
Is recorded as V2. The wetted nesh sanple was renoved fromthe cylinder

and t h%ifﬁﬁb@d%ﬁb&ﬁﬂ%ﬁé AR fibSrsVBIV #¥liiadn wad shehhppNad tditke BlixtifAnkel d in
I C

the fibers, wh represents the volune of porous space in the fibers,

wher eadU VL300 brayndet agpenlinker (GRevass 294 nnedisgne Bondisht spyaesels Thus t he
porosit filter . c . - .

Por osi tlx)/ﬁ"g;m&laqﬁlg ﬁ%‘gef%erw ? }ﬁ %?1‘% gl%eeﬁ ﬁ%ﬁﬁ %ﬁ&&v @%}n%ég(gn @B&ggggﬁeng PAA
coat ed Q%edmahofitRr 8RsBYOwetdowbshdd with dUnB8devater ToriddiHoars and then dried

under vacuum to constant weight.

Example 6. Acid Or Amine Derivatized Nanofibers By Graft Polymerization

Preweighed PCL nanofiber meshes were immersed into 20 ml of 50 mg/ml acrylic
acid (Aldrich) or 3-aminopropyl methacrylamide (APMA-HCI, Polysciences) aqueous
solution in an amber glass bottle. The mixture was bubbled with argon for 2 hrs and
transferred to a quartz round dish (Quartz Scientific, Inc., Fairport Harbor, GH), followed
by 2 min of UV irradiation (Harland Medical UVMA400, MN, distance from light source
was 8 inches) on each side of the fiber mesh. Thereafter, samples were rinsed with

distilied water three times, washed with water overnight and lyophilized.

Example 7. Functionality Characterization

Functional groups (i.c. carboxy and amino) on the nanofibers were measured by
reversible ionic dye binding. Calibrations were done with the respective dyes in the
solvents used for elution. The fluorescent/tJV/vis measurements were performed on a

SpectraMax M2 Multi-detection Reader from Molecular Devices.

Carboxy Groups

PCL nanofiber samples were shaken overnight in 10 ml of 10 mg/1 thionin
(Aldrich Chemicals) in ethanol at room temperature, rinsed three times with ethanol for
30 s each, and then immersed in 10 ml of a solution of 0.01 N HCl in a 1:1 mixture of
ethanol and water. After shaking for 1.5 h, fluorescence of the solution was recorded at

620 nm (excitation 485 nm).
Amine Groups

PCL nanofiber samples were shaken overnight in a solution of 50 mmol/L Orange

11 (Aldrich Chemicals) in water (pH 3, HCI) at room temperature. The samples were
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87.5% 95.8% 10% Tri Lite 90% 92% Exanple 9. Bionol ecul e | nmobilization
Hor se Radi sh Peroxi dase (HRP, PeroxidaseType XIl, Signma) was i mmobilized
on PCL nanofi bers through an EDC/ NHS coupl i ng net hod.

Car boxy-functional i zed nanofi ber neshes were immersed in a fresh sol ution

cont ai ni MCIWMPBMA EDC and 5 mg/ml NHS, in water, adPGItEHPEEH 4. 5.
After incubation on a shaker (100 rpm at 4C for 30 mn, the activated

sanpl es, WRELtHH& NS with bARS Eo1d 1) G ¥nMbishd ICR EPbh iRt @11 andvdammedi at el y
50 ug/mM, PBS, pH 7

imersed in protein solution (5 , pH 7.4). "Aftér gentle

agi t at i‘oferahaking fortlSrpiay thie e/ Vip pbsrptour of the sedutioarvedsi theqrdediairdd Imesmoved and
rinsed with_PBS, then washed extensively.with PBS-0.1%.Triton.qvernight.
The protein i tnf)f‘%e%oq?érﬁ)@ftﬁ'ﬁgfnﬂsﬁé’g _?'fvlﬁscgﬁl e&%‘ge\?%{ﬁléﬁfg@ae# 8t 1Ic)lr otein and
acti vi tipnibisadsn bésaBP it cibhal Brsipd ah@aidineletglesl (BCA) Protein Assay
The protein | oading on the nanofibers 1ncluding the ones for nonspecific

prot ei n adsdhptfinstionslsrelm desitn sis psposed Atlamd! EdrnemsalsroppseRsingheld

protein_conl ugat.ed n f.i.ber r i j £, OH
Pont ai MEREE AEt D800 ARES HELE it $20L YEbolidn oo Toa ol AT ST e
Wi th | Mahhgadyikidst cafbok groupldehiites wers2adoieshd 3723bkblphe, GeshebliveGA
solution. After 10 nin incubation at 4 C, the sa%_e was centrifuged at

14k r pribresretisaly, ganefibepy with highet @pssligken @ntentihougbsive biohesivpad®el with 200
111 col i ' i ked, 95C
for 50 (inABTERRAE dAbERCRYG BARRY bt AL IR ARE. A6 hRug Brdlp Mepglh O8N 2 00T,

0.1 N N&OhhmufibeR6Oaspilighfly thvedr ithdnettlatveft184 nartdfibarsub aboifld be potet ¢hat tleesssay

using a BCA assay kit (Pierce, Rockford, IL). Protejn |qading |evel was
det er miSARE TERSS P w@baqatmgeblg%ﬂm @Betslprmﬁaeﬁsz%%ﬁkra@ % dry wei ght
of nanofy ) i hoys; ;N J s on
1% nanarchas: ¢yen thodh 9 pEncRIERON 1S RESHACE M FETER MR D,
const r Uess attmsibkl phbteatoups oauhe SberRtfaom deadiredo ndowén dvesisy shivadntthe

nanor 1 sabeck Dby fhlyedity i uhi e@u Bl we AR Bopofbgrme) e

or der %feh%h@a%? SEMg, é@@ﬂsitgfoffﬁfﬁdl’%ﬁ@ﬁﬂ%&% ge mdhneneéd dans. Exanple 11
Bi oactivity of I'nmobilized Protein e bioactivity of immobilized
FI RP wasniatedtoimabiennsifngctmna\goup bet mat Bbas slifedeoRecabolled fovapegdnent was

initiated after. 2 ni trate sol ution k) conas ed tp H nj ugat ed
nanof | BV CREES: "R b1 401 T e dErR e rnhane 10 aLpp R e Leey
devel opyepkicRak ADHRKHBNCE 0@ nASOhoMiM@TrTBasIy &del We skpwreal dsghswe of HRP
was used to calculate the bioactivity of inmobilized HRP. .

m Figure 3, the amme density on surfaces created by (80:20) DMA:APMA deposition

was lower than carboxy density generated by PAA deposition, which was partially due fo

20% amination on DMA:APMA versus 100% carboxylation on PAA. Graft

polymerization of APMA to photoreactive nanofibers gave low amine densities (2

nmol/mg, 8 nmol/mg and 7 nmol/mg), indicating poor grafting efficiency, which was

probably due to the presence of impurities in the monomer APMA. Figure 4 shows that

all three functionalization methods could generate a high density of carboxy groups on

1% nanofibers with the order of carboxy density from high to low being PAA > AA graft

> acid-SAM.

Table 2. Carboxy Group Densities and Photogroup Content

. Carboxy Densi Carboxy Density (group/
Diameter (nm) {(nmol/mg )r[ianoﬁbgrs) nm)z(yﬁber suryfagge)
1% Nanofiber 212 282 10
5% Nanofiber 453 203 16
10% Nanofiber 315 572 30
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HRP activity was nmeasured by HRP-catal yzed TMB oxidation. As shown in

Fi gure 6, HRP conjugated on PAA nodified nanofi bers showed hi ghest
activity while lower activity was found on aci d- SAM coat ed and AA grafted
nanofi bers. G ven that the protein | evel on AA grafted . i bers was

al most t WM BLYH%th as that of acid- SAM coated nanof ﬁ’&ﬂﬁ@%‘%ﬁﬁgﬂi% mil ar
activity indicates acid-SAM m ght be a better spacer candidate for protein
conjugation. The activity difference between PAA deposition and AA
grafting suggests the orientation of PAA chains on the nanofibers could

pl ay arExampleBanoredity Mpagpwement activity. Exanple 12. Degradation of

Phot ocr ossl i-hk naf-1.he | . i.ed. i

degradati on @3&%@%%%&%@@%‘?& ﬁ@%&%@%ﬁﬂ%ﬁbé%ﬂ@l%%é@%ﬁ%@%ﬂ rom P.
cepaci anethb® Temdshsaiple Wwhdnthegsaidaty @ahstaddy linssreonianss ¥dvasme\Wd

2009/ 002869PCT/ US2008/ 067739 follows. After electrospinning, the fibers
ver e r érereRrnpt dRHe-H bathsanisaarcis EpRikadde TaxredPd de prigt e @A RnR&eieid t o

| oosen . h : Lki z i hes were
thon cr S M RO AP 1 b e PRk e KA Y B b SR

Cr ossl ivdsatmod€d faintthe 2dthdemndihs rasichal TR moluirghs Vsqih€&) mas Bhd nches) for
15 mn g&‘ﬂa 5$ ny %f.n&go i ber s pl aced inti) a%fs m centr.iftllj e tube and
10 m  dedranat FFehhadft &, BHFETPPRADT TE YOI U RO HESB* S &P S haker in a
37C i noghat sg'np;, j i b ABraRRy Nt S,
washed thr égvrhte{%gng t'h @gﬁ@g@%?ggﬁ@f%gg@ﬁgt&gﬁ gﬁgatﬁllg Bﬁl}@!@feﬁé to
const antf theefildrtwasrdainades W VM :&%per i nent was carried out in
triplicate. Degradation was cal cul ated as: % Wi ght |oss = (M2-M)/ ML x
100% where M2 and ML are the mass of nanofibers after and before
degradation.  TapldBerdosity FPRAAGHer SRl Rithoeap AdabdAin0! ymers as

bi omaterials is that they di sappear in the body after they have fulfilled
their functions apd—mo Second [SURYPRY chating € UEPAEEBHOVE them -Di fferent
applications requiTe @i filggent degrgd@iion rlates. It is |nportant to

under stand t he degradaitmie Dehavi or ge¥% a natleri alswnd hopeful |y control

it. The degradati pn i Tribfté uenced ngns%nly by théspwl yner physi cochem cal
properties such as_nmbteddliar wei ght 20%rystalil i ni t82% chaih orientation, and
ot her norphol ogi cal variables, but also by the environnental conditions.
Two conditions were investigated in the degradation study: hydrolysis and
enzymatic degradation. It is well known that, as a bulk material, the

degr addtyasmplef. pBiomelegee JminoRiiigafion o jts hi gh hydrophobicity and high
degree of cr abhl i-ni . H‘T@ i - cat g i : Lt may
degr ade fast%@%%%:%%ﬂs%&g?@g&; gni’ﬂe@gf#l%g%@%e%g’;’1%%%8??%%%@?%%@ b%n t he
ot her Haidnarddipeadatongn an EDESNFESycoambbng dethoddUervbry-Cnmesishalidedng of PCL by

t he benzophenone, groups. The degr.adati.on of PCL. ngnofi ber ith_four

di f f er RRCLRGEIRIShEESTe REMTIGID 3@@& i@)e}m%%m%%}%%alﬁv&lfnﬁ@& G?Fgﬁct ed in
phosph I ¥ Ks7 aldbdtBR RONhak &H (e igbs/ i

Li pase%@ﬁgﬁfg%ﬁﬁ&a%h%%é&ﬁﬁ t afsté?‘%53 weeks i n PBS, (10. GW);mwei ght | oss
was f oufod3¢ onin, ARt actameflishepks wierdred¥oved osskid qhiskly willerceasldnwatst gls  of

degradation.(l.ess than.49% .sho on. panof.i s .cross)Eknked with 1% 5%
and L0RERGLTY TRET R B FHERE (ol B8HE BB Ricb e E R ARG <
degr adegrdbi¢ Rertgepdiaie 19 2 Bo@3; B¥naddatRle weG¥nansh shd H¥hsue W PBR Sigenf OF
nanofibers with 0% 1% 5% and 10%crosslinker after 24 hrs (Figqure 7). It
i s concVasbedexthzsivehhwitb s8I Pnkitieg ayeaaghty The proteis irpinebiiaest oh of
nanofi bers. The degradat.ion rate s d with the increased

crossl i%ﬁ?é?lsﬁfgﬂ?‘g?\‘?‘.ﬁyﬁeﬁtf‘?rspm% %ﬁ%&ﬁ%@%lwzooswe??sg possible to
tune the degradati on of nanofi bers by changi ng the photocrosslinker
content, which has great prom se especially when one material is needed
for di fxanaple lﬁppﬁi%&‘th(’@wcﬁ%ﬁ@@éﬁﬂ@teﬂlﬁﬁ@ﬁ’ent degradation rates. SEM
i mages sho - o EQi. £ ear [ rved in 0%
and- 106 nanofBErar  Piirs o hedan P e A R BT O e 00t
nanof i hdsaptiostvhy detefiminadbly stahdat BGA hsshiy Haewsighédpretein esrgigitely snoot h
(Figure 8). Exanple 13. 1 nmobilization of Lysozyne to. Photoreactive PCL
Nenof | BERSES NG 1seRied R 2] Qrk N containiig 2(estis REBRIbET o oces
were cut fromlarger nanofi ber sheets that were el ectrospun by | SurTec.
The nanofi ber sheets were prepared u%ng four different TrilLite (TL)

| oadi ngs. The TriLite | oadings were: 0% 1% 5% and 10% Eight of the
si xteen pieces were prepared for use in a BCA protein assay, while the
ot her eight pieces were prepared for an activity assay. Each of the
nanof i ber pieces were weighed prior to incubation with | ysozyne.




A lysozyne sol ution was prepared using | ysozyme from chi cken egg white
(Anresco, Solon, OH) The |lysozynme was prepared at 50 ng/m in dH20. The
nanofi bers were incubated in the |ysozynme solution for one hour at room

tenperature wth shaking. After the one hour incubation in the
| ysozyme ¥BPUPH t he nanofibers were renmoved from t FEYGREPPRE %01 ution
and placed on a piece of Teflon for the UV illumnation. The fibers were

i 11 um npicadidiRh whasttRdheuhiibdOw Th INUES] 40301 SE6PMESoREbn Haf8ddedto 250
After W illum nation, the nanofi bers were EI aced into new scintillation

vi al s afd WlsHet soltipmiAyfinr M min inowbappn af 4 o sagplTmas sentfiliggdat Al dri ch,

M | wau W Q.r ve any.un n S i~ber s, were washed
at roobﬁ? éﬁ_%lef%%% llj[}l%%% P tHeP %’ﬁeélkgg.&%t'drﬂeype%?%%w%%’%fl %ﬁﬁ%dg rPﬁ |C§1n wash in
PBS/ 0. 1{ibht twide b9 6kriAfpatibe anPB9éd el hPit @tk M5 fdrFSARh. Whé proidik0 and
pl aced into new scintillation vials. The nanofi ber pieces for the activity

assay wellet wesedissoineddn 40 el pI $¥rSRHeolagenipn 0.1 WONaOH and 960 pl of distilled

(S0 arrac 0 TR S FRACet ooyt URE o L PR T ot ¢ o
the BCAoaifs RivB! waS@YerirOndli £B¢ we@hgégten}'ﬁ@ Franeidiesed pretei@ pengdbat ed with

t he NaOH SDS sol ution overnight at 37C. Exanple 14. Lysozynme Activity A
| mobi |Weigkt afpeaofihees. Acti vity Assay: An EnzChek(r) Lysozyme Assay Kit

(Mol ecul ar R : R ﬁ@ﬁ- ] pvity |evel
of the |mml§ﬁ§?§§3hwgg§ ?f%telon e @%HA%‘%]SS& ?%);Haﬁgfg%%ﬁhg&& ed for the
assay Wwhfferepr ipatethodiiatichn@Showadescllité comauciie caitsation curveAPatandar d

curve was grepared in a 96 well plate according to the kit instructions.

1.5 m medigedsmodiberssbpwed Sie Highasbrrotedn wnmpdbitizeticndd gemnd/ 512adeBevehey t o t he

kit instructdans) s added,tq each. e intillati vi al.sgcont ai ni ng
the narbh ittt ibell: PRGN AR AM AT Bhpipf BT iR ThR Lbat oc

W th t hgdgubstlatkehsSaldut boRrbaly RASHNGUT%aRdofergi Nnut es at 37C (protect ed
fromlight). After the incubation with-the substrate solution, 100 pl

of the supernatant from each nanofi ber sanple was |loaded in triplicate to

t he 96 ﬁ?ﬁllﬁ[ﬁ@l%‘fﬁﬂ%&lﬁaio@ln (talt} z%%?oq&'ﬁds and fl uorescence was neasur ed

at 518 nm in say. eClipitate Lysozyne Using

Tri chl or oac gthe Gicdeiithtk JGMmobilized MR R Rrdeaeined witioth (NBgBsAlLEr i ch,
M | waukee, W) was used to precipitate the |ysozyne fromthe sol utions
cont ai rfichiorreolar devsiapapnh #iae inided after 2 ol substrate’solution (KPL) was added

to HRP conjugated nanofibers. After 10 min, sulfuric acid was added to stop the color
development and absorbance at 450 nm was measured. A standard curve of HRP was
used to calculate the bioactivity of immobilized HRP.
HRP activity was measured by HRP-catalyzed TMB oxidation. As shown in
Figure 6, HRP conjugated on PAA modified nanofibers showed highest activity while
lower activity was found on acid-SAM coated and AA grafted nanofibers. Given that the
~ protein level on AA grafted nanofibers was almost twice as much as that of acid-SAM
coated nanofibers, the similar activity indicates acid-SAM might be a better spacer
candidate for protein conjugation. The activity difference between PAA deposition and
AA grafting suggests the orientation of PAA chains on the nanofibers could play an

mnportant role in protein activity.

Example 12. Degradation of Photocrosslinked Nanofibers
Degradation was studied in two degradation buffers: 1) PBS, pH 7.4; 2) PBS with
50 U/ml Lipase fram P. cepacia. The samples for the degradation study were prepared as
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The sol utions containing the dissolved nanofibers were adjusted to pH 2
using IN HCL and then placed into eppendorf tubes. TCA was then added to
the solutions (1 volune:4 volunes) and the tubes were placed on ice for 10
m nutes. After the 10 m nute incubation on ice, the tubes were spun in the
mi cr of uge?Q29AEY rpm for 5 ninutes. The super nat ant’ WASMERETEY,

| eaving the protein pellet intact. Two hundred pl of cold acetone was

t hen addpékwi. A @Rekctindife WAS fbbR Svadd@dnRived Tiden thd RRSnWBREoHBBr BPai N at
14,000 rpmfor 5 mnutes and the supernatant was renoved. This acetone

wash wdbatispthered waiktcle lpesenhern fign e colecter and dhamizonibirass The fiber Af t er

the final acetone wash,. {h [ t - 0O mnutes in a
neat bIBEReL §erangydontykFouR LY Reffilol @i e 1800 Bk
2009/ 0Q2359REd, WSaRA81 06 38istance from light soudde PISEREE) 3t OF @iif. 4paph es For

BCA Assay After drying the protein pellets, forty ul of a 0.214 NaCH
15% SDIn& of panosihenas plagpddnton Eneh cenipaice dubyi and didval 4dgeadation belder 960 pl of -

dH20 V%astﬁ’aﬂgd. %g%ets vae?@gn C%&JB’E agﬂafl{%f gr{lagﬁ"blem&@a%r ’Yﬂé #ﬁgfpl%s%ére m . The

protein solutions were transferre ss test tubes he assay. 3)
Pr epar evithisozy aepréiaaddnet (e \peints, waskedsthesedamnied veithr digtilaswapieeipar ed usi ng

| ysozyme ( Anresco, Eolin, in dH20. Ten stanpdards were regg{gd in

gl ass’ t€RHTREAYER apd APPdE SARsEBhEelsht Wideh Fagugim! i eXPGIMGHt #3S 62161$85 | i g/ ni |

(1 m tot & L MEED RS- ARER Dicklated as: 4) lIncubate Standards And
Experinental¥8anﬁlé§£%Wth RCA VbréﬁnémReagent A Quanti ProTm BCA Assay

Kit (Sigma-Aldrich, M| weaRaeght Wk =Was,-MsEH, fol00the assay. One mi of BCA

wor ki ng reagent repared according to kit instructions) was added to each
of the vgh%gfara&éﬁ\gme thegerssd penptieanpia snd beﬁre 5%%43‘[% une per tube).

The st andar : ' : - OF st ours. Two
hundr ed pl g?e?ﬂglsﬁgﬁig%ﬁ“%%gfg%%%?%ﬁ%ﬁ?g#égé?&??%%%aﬁégtﬁ%gﬁgg in
tripli aidapptan imth@bode biterpthay daeniil@bsiohdia hioetiwasanteasierad atgdsBE nm

The results confirned t a significant amunt of |ysozyna S

coni ugAFEIGRFamPrS B BF e B AR v G G R OReE FOeDd .t he

| mobi {2686 t%S 843 Ran @R chalaili b8k G0k YE § YoatdrROhSPRdRAIE@ntBFS. Of
activity during direct UV conjugation. Various nodifications and
addi t i die degradhiéorma defluencedeoteydinpy theyobimbodihysinocheniied pepettienisediout

departing fromthe .sco f.th resent.inventjon. For. exanple,.while the
enbodi S MRUCHAE Y Pk AnBUBIY Bt Sraeiiop S apSraaiplegcal Felledne of
this i pyenkd 89 i GRirbRGkMEESRIRRE] TR Lendiavisngerd iidfeefi@iéd ®andi nati ons of
features and enbodi nrents that do not include all of the descri bed

f eat ur disgradatiay udyyhydrolyses andopayertie peerplabigrrit 15 welbkirgwnthas 2 abtelded to

L T T L
degree of crystallinity. Once PCL is fabricated into nanofibers, it may degrade faster
because of a significant increase of surface area. On the other hand, degradation rates may
siow down due to crosslinking of PCL by the benzophenone groups. The degradation of
PCL nanofibers with four different crosslinker loadings (0%, 1%, 5%, 10% wt/wt) was
conducted in phosphate buffered saline PBS (pH 7.4) and PBS containing 50 units/ml
Lipase. The results showed that after 23 weeks in PBS, 10.66% weight loss was found for
PCL nanofibers with 0% crosslinker, whereas no signs of degradation (less than 4%)
showed on nanofibers crosslinked with 1%, 5% and 10% crossiinker. However n the
presence of Lipase, the nanofibers degraded much faster with 93.6%, 41.0%, 8.6% and
3.7% weight loss for nanofibers with 0%, 1%, 5% and 10% crosslinker after 24 hrs
(Figure 7). It is concluded that photocrosslinking greatly affects the degradation of

nanofibers, The degradation rate slowed down with the increased crosslinker content. It is
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CLAIMS 1. Alatent reactive nanofiber conprising a conbination of: (i) a
cross-1inking agent having at |east two |atent photochenically reactive
groups, and (ii) a fiber formng polynmeric material that is conpatible
with the cross-linking agent. 2. An article having a rfac ting
conprisiﬁﬁoﬁmﬁpﬁwgiity'of | atent reactive nanofibers,P?ﬁ S%%ﬁ@%ﬁ ers
conprising a conbination of a cross-linking agent having at |east two

| at ent RRabREHaHGR fdLri®ach bY BariTdeRSy @aflpite HidRlotdcassalinler BOhLYRE! i C
material that is conpatible with the cross-linking agent. 3. A cell
cul t ur evBiek hes geriavomige sspedieliz cecacae inpgeTed preedsthiyr iTFrar ApPHSRLGRS | at ent
reactiy i L: | S j I of a
Cr oss- 1 Rg kR SOREEy 08, SERP UL SRR SHA el 71 2
gr oups degehdatidr Wey otiservig RYOEonAEL nendfitieey with fibfafurfascsteopaingabegh t h the
cross-linking agent. 4, A nethod of producing a |atent reactive nail.
fiber ibhﬂfr-‘iqgiaﬁfg 18%eeysnoigpers mesthy Fapaipedigtagt &1 Y BRCTERBIRE ng a
cross- | i.nki . having at |east So | atent photochem cally reactive
groupsfhgﬁgpgﬁggggi formng material; and (b) form ng a nanofiber fromthe
conposition of (a). 5. A nethod of coating a surface of a substrate

conprising steps of: (a), preparing a co sition,co ising.a )

cr oss- HxERg L gen*mﬁ'&!?i'ﬁ@tlﬁg of LYSQZYmto) 0@?&”%‘6&@#%‘5’%‘1"? Pemstive
grOupS{DﬁQ%%{@¥ﬁﬁﬁﬁﬂndﬂ%5ﬁing material; (b) form ng a nanofiber fromthe
conposition of (a); and (c) contacting the surface with the forned

nanof i ber. Sexteeh mebfibet ppdéces meobettifmiom tprgaramanefihep skectsuhatweomal pol yners on
a surface of a .nanofiber, the t hod .conprising, ste of...(a gparing a
Conpos R REE NG 15 berate ART A kP oRauRy Re ticaeit AR TRar ent
phot ocherm talilngs f €RE HY Be WaalRS wRedo®, 1948, dnarimnoeizat ef thakixteand (b)

form ng a nanofiber fromthe conposition of (a); (c) contacting the
nanof i éecewinete preparad far asain pBOAproicimatsay.dyhilertba pibageichicipReio¥drber and

functi qnal ner to activate, | at.ent tochem cally reactive groups of
he - cr SEPHREIeY IS barbdhity ey P e an B PG R el it o e
throughn&ﬂmﬁ@ﬁemﬁlﬁmgwﬁgep of form ng a nanofi ber conprises

el ectrospi nning the conposition of (a). 8. The method according to any

of clains 44 hWseume seutipniwsPreRApd Puba iy sandiehonichickeneggyhilhe f or med

nanof i her agll a pghegical ly reactive
groups o %‘8’%é%és-ﬁﬁnt?%§§§%%%$ggiﬁ%?é%§a4%% n&Hgg%Pgsgﬁ%nked

nanof i hahefibds wieantutateddn doclosahyng: doduthadbmid four bheonciempetagirag a st ep

of treating the surface to activate |atent photochem cally reactive groups

of the Y& nki ng agent, thereby coupling the hanofiber to the surface
via the

After the one hour incubation in the lysozyme solution, the nanofibers were
removed from the lysozyme sclution and placed on a picce of Teflon for the UV
illumination. The fibers were illuminated for a total of two minutes (30 seconds per side
x2).

After UV illumination, the nanofibers were placed into new scintillation vials and
washed overnight with two m! of PBS/0.1% Triton (Sigma-Aldrich, Milwaukee, WI) to
remove any unbound lysozyme. The nanofibers were washed at room temperature on the
shaker.

Following the overnight wash in PBS/0.1% Triton, each of the nanofiber pieces
were rinsed with dH,0 and placed into new scintillation vials. The nanofiber pieces for

the activity assay were used immediately for the assay.
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cross-linking agent. 10. The nanofiber, article or nethod according to
any of clains 1 through 9 wherein the cross-linking agent is a nononeric
or polymeric material. 11. The nanofiber, article or nethod according to

any of clajns 1 through 10 wherein the cross-linking agent i1s a
phot ochent €&t EPBES- | T nki ng agent having a fornula sel%@f‘&am%’roﬁﬁ?g( a)-(9):

(a)L-(D-T-C(11.1) (XP) CHR2ZGR3C(=-0)R4). wherein L is a |linking group

conpri si ng Ml 21 KACAELPYSDS (StdnbtChldrRh( Mitwauked, WT) AoluBoids J form a
ring, wherein A and J are C=0; Bis NR'; R is a _hydrogen atom an alkyl

group, addedioythe grrnfiveariontndied protpigmasay to Kissolvptiea. CRBREnofibers wercH?- ) . |
(- CH2CH -u%hge)a’wi%ﬁ QQWE)’SOS' b .0&- %%ﬁ 2-0-)x or forms a bond; R
i s a hydrogen atom ~an alkyl, a yq 0X Kyl', aryl, aryl oxyal kyl or ,
“aryl oxyaryl group; _ ' : h -
Example 14. Lysozyme Activity |

A. Immobilized Lysozyme Activity Assay:

An EnzChek® Lysozyme Assay Kit (Molecular Probes, Enguene, OR) was used
to determine the activity level of the immobilized lysozyme on the NFs. All of the
reagents used for the assay were prepared according to the kit instructions.

A standard curve was prepared in a 96 well plate according to the kit instructions.
1.5 ml of substrate solution (prepared with kit reagents according to the kit mstructions)
was added to each of the scintillation vials containing the nanofiber pieces. The standards
and nanofiber pieces were incubated with the substrate solution for one hour and 50
minutes at 37°C (protected from light).

After the incubation with the substrate solution, 100 ul of the supematant from
each nanofiber sample was loaded in triplicate to the 96 well plate containing the -
standards and fluorescence was measured at 518 nm.

B. BCA Protein Assay: ‘

1) Precipitate Lysozyme Using Trichloroacetic Acid (TCA)

Trichloroacetic acid (Sigma-Aldrich, Milwaukee, WI) was used to precipitate the
lysozyme from the solutions containing the dissolved nanofibers.

The solutions containing the dissolved nanofibers were adjusted to pH 2 using IN

- HCL and then placed into eppendorf tubes. TCA was then added to the solutions (1
volume:4 volumes) and the tubes were placed on ice for 10 minutes.

After the 10 minute incubation on ice, the tubes were spun in the microfuge at
14,000 rpm for 5 minutes. The supernatant was removed, leaving the protein pellet intact.

Two hundred pl of cold acetone was then added to each tube to wash the pellet.
The tubes were spun again at 14,000 rpm for 5 minutes and the supernatant was removed.
This acetone wash was repeated twice for a total of three acetone washes.

After the final acetone wash, the protein pellets were dried for 10 minutes in a heat

block to remove any residual acetone.
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Xis 0 S, or WRY; P is a hydrogen atomor a protectlng group, with the .
proviso that P is absent when X is INIR8127; R2 is a hydrogen atom an
al kyl , al kyl oxyal kyl, aryl, aryl oxyal kyl or aryloxyaryl group; is 0, S,

SO, SO2 NL.24 2) E-0-- or C=0; R3 and R4 are ndently an
al kyl , arvpzooﬁ{pﬁﬂ kyI heteroaryl, or an heteroaryl a&@?"%&g@gﬁ éj
optlonal ly, R3 and R4 can be tet hered together via (-CH2-)

(-CH2-), C=0(- CFlZ))S Pefard Prhteli Q‘Jlmi;?es)For(B@Lzﬂsaag) S= 0(4CHZ ), or
(--CH2-)rS(0 2( -12-)s, (-Cil-12- NR(CI_IZCL} S hydr ogen atom or an
al kyl, aryl aiw Fh@yRYO@FIbRﬁiletSR@Tﬁ’ri& by M%/ﬁ/mw&éﬁ‘&ﬁm

hydr Oge%gé‘& %ggafgglb%' 5 ¥ syt e?i%éé' @h{ﬂﬁ ofﬁlﬁ leLARkL aﬁ&ed“t%te%&?ﬁ{?élt@' ky'

group; are eac pende ydrogen atom an a

or aryltairgyhe gtalwlurkR iosl @Hmﬂrmgxem mllmmms Mreaﬂrmsfemﬁ tanlads tekt tghaup; q |s
an integ er from1 to about 7; r.is an integer fromO to .about .3; s is an
i nt egerlof M§@EYt 0 about 3; mis an integer from2 to about 10; t is an

i nt eger from1 to about 10; and x is an int eger from1l to about 500;

3) Prepare Lysozyme Standard Curve
A standard curve was prepared using lysozyme (Amresco, Solon, OH) in dH,0.
Ten standards were prepared in olass test tubes ranging in concentration from 10 pg/mi to

0.0195 pg/ml (1 ml total volume per standard.)

4)  Incubate Standards And Experimental Samples With BCA
Working Reagent _

A QuantiPro™ BCA Assay Kit (Sigma-Aldrich, Milwaukee, WT) was used for the
assay. One ml of BCA working reagent (prepared according to kit instructions) was
added to each of the standards and experimental samples (2 ml total -volume per tube).
The standards and samples were then incubated at 37°C for three hours. Two hundred ul
of the standard and experimentai solutions was loaded m triplicate to a 96 well plate and
absorbance was measured at 562 nm.

The results confirmed that a significant amount of lysozyme was conjugated onto
PCL nanofibers by direct UV illumination, however, the immobilized lysozyme showed
limited acttvity, indicating the loss of activity during direct UV conjugation.

Various modifications and additions can be made to the exemplary embodiments
discussed without departing from the scope of the present invention. For example, while
the embodiments described above refer to particular features, the scope of this mvention
also includes embodiments having different combinations of features and embodiments
that do not include all of the described features. Accordingly, the scope of the present
invention is intended to embrace all such alternatives, modifications, and variations as fall

within the scope of the claims, together with all equivalents thereof.
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(b) L-(T-C(R1l)(XP)CHR2CR3C(---0)R4)a, wherein L is a linkin

conprising a formula according to structure (1): NN A (I) Ag %rgﬁg J form
a ring, wherein Aand J are C=0; Bis NR41l;, RHis a hydrogén atom an

al kyl group, an aryl group or denotes a bond with T; T is (-Cl12-)
(-C!—lZ_CllZ-O-) , (-CH2CH2C112-0-)x, (-0-12CI12C112CH2-0-)x or forms a bond:
12." is a hydrogen atom an alkyl, alkyloxyalkyl, aryl, aryloxyalicyl or1
aryl oxyaryl group; X is 0, S, or NggBgms$ is a hydrogen atomor a
protecting group, with the proviso that P is absent when X is NRBR9; R2 is
a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, taryl oxyal kyI or L

aryl oxyaryl group; Gis 0, S, SO

fe are eefg]qtenmg@pwggﬁbprwoalﬁnﬁqlwom%w?n of; lgz gf’%gh‘n%nﬁe%mel% Vi flt least tv;B3 and

het q tg%[[_)éé)t?éhgﬁﬁcalg_'rgdéﬁve SupQRbd Qﬂaﬁbﬁ,foﬂn@uﬂyﬁﬁc o:amnﬂehatt Gtchep@(bletw;@ghqqer
(p 012-)s, ECH2-k-SECI-12-).

ECI -ctgg8nkingqgent] - 12-1, or

2. An article having a surface coating comprising a plurality of latent reactive nanofibers, the nanofibers
compnsmg a combination of a cross-linking agent having at least two latent photochemically reactive groups,

and a fiber forming polymeric material that is compatible with the cross-linking agent.

3. A cell culture article having a surface coating comprising a plurality of latent reactive nanofibers,
wherein the nanofibers comprise a combination of a cross-linking agent having at least two latent '

photochemically reactive groups and a fiber forming polymeric material that is compatible with the cross-linking

agent.

4. A method of producing a latent reactive nér_loﬁber comprising steps of: (a) preparing a composition
comprising a cross-linking agent having at least two latent photochemically reactive groups, and a fiber forming

material; and (b) forming a nanoﬁbef from the composition of (a).

5. A method of coating a surface of a subsirate comprising steps of: (a) preparing a composition
comprising a cross-linking agent having at least two latent photochemically reactive groups, and a fiber forming

material; (b) forming a nanofiber from the composition of (a); and (c) contacting the surface with the formed

nanofiber.

6. A method of immobilizing one or more functional polymers on a surface of a nanofiber, the method
-comprising steps oft (4) preparing a composition comprising a cross-linking agent having at least two Jatent
photochemically reactive groups, and a fiber forming material; and (b) forming a nanofiber from the composition
of (a); (c) contacting the nanofiber with a functional polymer; and (d) treating the nanofiber and functional

polymer to activate latent photochemically reactive groups of the cross-linking agent.

7. The method according to any of claims 4 through 6 wherein the step of forming a nanofiber comprises

electrospinning the composition of (a).
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(-CH2)1S(0) 2(-0-12-k, (-C112-)rNRECI-12-).; 1239 is a hydrogen atomor an
al kyl, aryl or arylal kyl group; R8 and RO are each independently a
hydrogen atom an al kyl, aryl, or arylalkyl group; Ris 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 an integer from
2 to about 10; t is an integer froml to about 10; and x is an integer

from1t Orn%%% d%&gpdu(g% athy &@Ezlmmﬁé}%ﬂmhmﬁisiﬂg b step oﬁrdammert@rr@dou p

conmprising a rnu
wh gP @mgﬁb@?@r@gu@tegf J@?s(}igc;%}ogf %ie:} er;qﬁé}i(i})clilgmlcé{{y reagtlJe ‘groups oiPﬂ:e CIoss- ‘?mlagé Jgexﬁ ring,

thereby forming a crosslinked nanofiber. -

9. The method according to claim 5 further comprising a step of treating the surface to activate latent
photochemically reactive groups of the cross-linking agent, thereby coupling the hanofiber to the surface via the

cross-linking agent.

10. The nanofiber, article or method accordmg to any of claims 1 through 9 wherem the cross-linking agent
is a monomeric or polymenc material.

1. The nanofiber, article or method according to any of claims 1 through 10 wherein the cross-linking

agent is a photochemical cross-linking agent having a formula selected from (a)-(g):

@@ LAD-T-C(RH(XP)CHR’GR*CEOR )
wherein L is a linking group comprising

JL/

a formula accordmg to structure (D:

A, B and ] form a ring, wherein A and J are C=0;
Bis NRH
! is a hydrogen atom, an alkyl group, an aryl group or denotes a bond with T;
Dis CR°R;
T is (-CHy-),, (-CH,CH,-0-),, (-CH,CH,CH,-0-);, (-CH;CH,CH,CH,-0-), or forms a bond,;
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12" is a hydrogen atom an al kyl group, an aryl group or denotes a bond; T
is (-CH2-)", (-CH2C117-0-).,(-CHCH2CH2-0-)", (-CH2CH2CH2CH2-0-)x or forns
a bond; Gis 0, S, SO 502,(CH)t-0- or C=0; Zis C=0, COO, or CONH when T
is (-CH2-)x; R3 and | e 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 (-Cl-12-)q, (-CH2-),C=0(-Cl12-).

|- CH2- 1 1 S( - CHZn )s, hyﬁmgéima S Qficy ChiRyl9yalit, fryChiZtokyaB0 pi(yl Gisidey) soup;
(-CH2-)NR(CH24; Rmis hyd’rogen atomor an al kyl, aryl or arylal kyl

group; Ris a%@r&féﬁma%om or an alkyl or aryl group; g is an integer
froml to aboqt:tIS Jhydlfogexsataﬂdrﬁlb@@euingfgr@mﬁlﬂtme@b@m thgt P is atsent aher Rt R’f rom

Lo about "o B A Ao gﬁfylo Mot b et m%%xg%lg‘l 3 ﬁgloiy%‘r’%ﬁp,f rom 1
L- ( TGQR3C( =0) 1 4 posydmISeL, N, (GHA-Di nkGT group conpri si ng :
*  R}andR* 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=0(-CH;-)s, (-CHy),S(-CHz-)s, (- CHy-),S=0O(-CH,-); or
(-CHo»- )rS(O)z(-CHr)s, (-CHz-)NR(-CHz-)s;
% is a hydrogen atom or an-alkyl, ary} or arylalkyl group;
R® and R’ are each mdependently a hydrogen atom, an alkyl, aryl, arylakkyl, heteroaryl or
heteroarylalkyt group; _ : |
R® and R’ are each independently a hydrogen atom, an alkyl, aryl, or arylalkyl group;
Risa hydrogén atom,—l an alkyl or an aryl group;
q is an integer from 1 to about 7;
r is an integer from O'ito about 3;
s igan intéger from O::Ito about 3;
m is an iﬁtt_:ger from 2 to about 10;
tis an integer from 1 to about 10; and

X is an integer from 1 to about 500;

(b) LAT-CR)XP)CHR’GR’C(=0)R")n
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 NRY; :
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a formula accordi ng:to structure (1): A Band J forma ri [
cCe _ ' ct : , ng, wherein A

and | are C=0; Bis NR'; 12" is a hydrogen atom an al kyl grgup an aryl
?r&lflguarz deglotes a bond wwth T; Tis (-CH2-)" ’

- -0-) X, (- CHRCH2CH2- 0-) .. (- CHRCHRCHR2CHR-0-)x or forms a bond: G i

, ; G

0, S, SO 502,(CH2)cO- or C0; Qis (-0-12-)p, (-CH2C1-12-0-)p, >
(- CH2C1- 12CH2- 0-) p or (-CH2CH2C1420-12-0-)p; R3 and R4 are each
i ndependent | y rehis @hjdeygen ataanydn, alia o, ke kryl gretper deoips o bepd wip T

e eronry o AL LRy G S Sapie oy anato L
g I- [< C:—|2 )afrIS( P) 2 (R Gll1Rdgogen aforlad alkyl, NR(Iomllq_wl, gl aryépxy Lor xéfgélngrgﬁpo mor an
or yly or ou%; by s s abkyl group; Ris a hydrogen atomor an alkyl or
P is a hydrogen atom or a protecting gioup, 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 0, S, SO, SOy, 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(-CHy-)s, (-CH2)S(-CHz")s, (—~CH,-),5=0(-CH;-); or
(—CH2-):S(0)o CHz-)s, (-CH2)NR(-CHy-)5;

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 alky! or aryl group; '

q is an integer from 1 to.about 7;

r is an integer frorﬁ 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

x is an integer from 1 to about 500;

() L-(GTZR’C(=O0)RYn
wherein L is a linking group comprising '

a formula according to structuxe (I):

A, B and J form a ring, wherein A and J are C=0;
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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
integer from1l to about 10; t is an integer from1l to about 10; and X is
an integer from1l to about 500; (e) L-(-CH2-)",,C(10((GR3C(=0)R4)2)m
wherein L is a linking group conprising a fornula according to structure
(r)y: (1) A Band J forma ring, wherein A and J are C=0; Bis NRII; R11
i s a hydrogenggt R, an al kyl group, an aryI group or denotes a bond; Rl is

Y o o Bt SN DI ot B IO A YT
T is (-CHz)y (-CH2CHp-O-)y (- CHZCH2CH2-O )x, (~CH2CHZCH2CH2-O )x or forms a bond;
Gis 0, S, SO, 80,, NR", (CH,)-O-- or C=0;
7 is C=0, COO, or CONH when T is (-CHj-)x;
* R? and R* arc each independently an alkyl, aryl, arylalkyl, heteroaryl, or an heteroarylalkyl

group, or optionally, R? and R* can be tethered together via (-CHa-)q,

(—~CH,-),C=0(-CHz")s, (—CHz—)rS(—CH:_,—)S, (—CI3-),S=0(-CH;-), or

(-CHy)S(0)(—CHz-)s, (-CH)NR(-CHy-)s;
R' is a hydrogen atom or an alkyl, aryl or 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 18 an integer from 0 to about 3;
m is an integer from2 to about 10;
tis an intégei‘ frbm_ 1 to about 10; and

X is an intjcf:ger from 1 to about 500;

(d) L{IGQR’CEOR Y
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 NR11 -
'isa hydrogen atom, an alkyl group, an aryl group or denotes a bond with T;
T is (-CHz-),, (-<CH2CHz-O-),, (-CH,CH,CH2-0-)s, (-CH,CH,CH,CH,-O-), or forms a bond;
Gis O, S, SO, SO,, NR', (CH,)~0O— or C=0;
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each R3 and R4 is independently an al kyl, aryl, arylal kyl, heteroaryl, or
an heteroaryl al kyl group, or optionally, R3 and R4 can be tethered
together via (-Cl12-)cp (-CH2-)rC-0(-0-12-)., ECH2-kS(-CH2-) 3,
(-Cl-12-),S=0(-0-12-)s or (-CH2-)TS(0)2(-CH2-)s, (-C1-12-),NR(-(T112-)3lI
each R 9 is a hydrogen atomor an alkyl, aryl, or an aryl al kyl group; each
R is a hydrogen atomor an alkyl or aryl group; each q is an integer from
1 to about 7; @aqhcm,-),-@nCHRMOeg6CHECIBTR-Q-h oadCHICHAER®-5; i s an i nt eger
fromO0 to aboui, 3

integer from M 8% gb‘?fﬁfmgé“de%?ﬁ r T ; 2 H%Ylt %}ége L\#e}%ogﬂl ?Jg%g%%etﬁ!tﬁyl%ﬁyl
L+C( R1) ( X2 pHR2PRAGE(15% @) R R camb@uemmnd togetberarial (F@lki-lag gr oup conprising a
and 3 ard EBp ek bR LR %@Cl(ll'iﬁ}dr S B al T Group, an aryl
group or EeHe)HO)#- LAY ( CH)NR(-CH-); :

R'®is a hydrogen atom or an alkyl, aryl, br an arytalkyl group;

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

g is an integer from 1 to about 7;

r is an integer from 0 to about 3;

s is an-integer from 0 fo 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; and

x is an integer from 1 to about 500;

(e
L-(-CHy ) CRY(GR)CEOR ) )m
wherein L is a linking group comprising

a formula according to structure (I):

A, B and ] form a ring, wherein A and J are C=0;

B is NRY;

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;

each G is O, S, SO, SOy, NR'®, (CHy)e O—or C=0; '

each R® and R? is independently an alkyl, aryl, arylalkyl, heteroaryl, or an heteroarylalkyl group,
or optionally, R and R? can be tethered together via (—CHy-)q, )
(-CH,-),C=0(-CHy-)s, (—CH;-).S(-CHy)s, (—CH,-),S=0(-CHy-); or
(~CH2)S(O)(-CHyz)s, (-CHz ) NR(-CHy)s;
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Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryloxyallcyl or

aryl oxyaryl group; Xis 0, S, or NR8R9; P is a hydrogen atomor a
protecting group, with the proviso that P is absent when X is NRBR9; R2 is
a hydrogen atom an al kyl, al kyl oxyal kyl, aryl, aryl oxyal kyl or

aryl oxyaryl group; Gis 0, 8 SO 802, NW (CH2)t-0- or C=0; , R3 and 11.4
are each independently an al kyl, aryl, arylal kyl, heteroaryl, or an

het eroaryl al k)éhcth‘hUEhy&ngeﬁﬁtdmah hikyl, 88, emrad aRlalkyteamume t et her ed t oget her

- Cl 12- ECl - 123S=0(-0-12-1,
\(/I ?:I—l(z )r S( O)ZFa%é—lﬁ %enﬁ.“ffl% qéf\%%j%ul}slz 8 and R9 <(31re each o

|ndependentlyeachthmgegcr&tomtoahouaV,kyl aryl, or arylalkyl group; R is a
hydr ogen atomo an al .an aryI al kyI group; R is a hydrogen
atom an al kyl*® &Flsaﬁ“nte%éfﬁom()%?m%l s an integer from1 to about 7; r is
an integer fremhQ it iabgufrod;0teabat3n i nteger fromO to about 3;

m is an integer from 2 to about 10;

<

each t is an integer from 1 to about 10; and

XX is an integer from 1 to about 10;

(D L-(-CR"XP)CHR’GR*C(=0)R ")
wherein L is a linking group comprising
a formula according to structure {I):

L8]
\,r" J\ \‘ -
. \N T

: A, B and J form a ring, wherein A and § are C=0;
: BisNR";
7 R" is a hydrogen atonj, an alkyl group, an ai'yl group or denotes a boﬁd; |
R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or aryloxyaryl group;
XisO, S, or NRR%; '
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, alkytoxyalkyl, aryl, aryloxyalkyl or aryloxyaryl group;
Gis O, S, SO, SO, NRY, (CH)—O- or C=0;
_R? and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an heteroarylalky}
group, or optionally, R? and R* can be tethered together via (<CHy-),,
(-CH,),C=0(~Cll) (-CHy)S(-CHz ), (- CH,-),S=O(~CH,-); or
(—CHQ—),S(O)2(£H2—)S, (—CH,-)NR(-CHj-)s;
. R® and R? are each independently a hydrogen atom, an alkyl, aryl, or arylaikyl group;
‘RYisa hydrogen atom or an alkyl, aryl, or an arylalkyl group;
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mis an integer from2 to about 10; and t is an integer from1l to about
10; and (g) L-(GR3C(=0)R4)",; wherein L is a |linking group conprising a
formul a according to structure (1): A B and J forma ring, wherein A and.
.1 are C=0; Bis Nit"; RHis a hydrogen atom an al kyl group, an aryl
group or denotes a bond; Gis 0, S, SO 502, NItm (CH2)cO- or C=0;

R3 and R4 are each independently an al kyl, aryl, arylal kyl, heteroaryl, or
an het er oar yl aR ligyd hy@togthmtorayanajiyl @nabkdvigroR8 and R4 can be tethered

toget her via (-CH2- - - =(CIT2-)., (-CH2-)rS(-CH2-)s,
(-Cl|2-),s=0(-ﬁﬁ?}%“%S‘%é‘t@Cg%-&%tﬂog,@(O)2(-CHz-)s, Eal2-1, 1\ 14-0-12-)s; Rth is
a hydrogen at omnis ex integerdtokyd fo abpytl3; or aryl al kyl group; It is a hydrogen
atom an alkyl Qr an ary, 1B 39 s an integer from1 to about 7, ,

m is an integer from 2 to about 10; and

tisan intéger from I to about 10; and

(8) L-(GR'C(=O)R");
wherein L is a linking group comprising

' a formula according to structure (I):

A, B and ] form a ring, wherein A and [ are C:Q;

B is NRY;

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

Gis 0, S, SO, SO,, NR", (CH)~0- or C=0; :

R? and R* are each independently an alkyl, aryl, aryialkyl, heteroaryl, or an heteroarylalkyl
group, or optionaily, R? and R* can be tethered together via (-CHa-)q,
(—CH;-),C=0(—CH;-),, (~CH,-),S(-CH,)s, (—CHZ-),S=O(—CH§—)S or
(~CHy-)S(O1(—CHy-)s, (-CHy-)NR(-CH)s3

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

R is a hydrogen atom, an alky! 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; and

t is an integer from 1 to about 10.

49



r is an integer fromO to about 3; s is an integer fromO to about 3; mis
an integer from2 to about 10; and t is an integer from1l to about 10.
12. The nanofiber, article or method according to any of clains 1 through
10 wherein the cross-linking agent is
tris[2-hydroxy- 3-(4-benzoyl phenoxy) propyl | i socyanurate, having fornula: OH
AOHONDO 13. The nanofiber article or nethod according to any of
cl aiy 1 n [ f ' rq ' Nt c or
nat urgzl TE'?M%%I jﬁ%ﬁ %ého%%%gm[%?@né’ro? Flc egéﬂr}m tLOngcP eg%nc%? %I nghlatﬁl’(i):l any of
cIaﬂﬁ@t&ﬁn#ﬂhnﬂﬂwy334wngpﬂphm¢¢Emﬁwﬁﬂ§DQﬁ@Wﬁ®ﬂgﬂnaﬁ€mﬂaI is a biodegradabl e
pol yner sel ected from pol yesters, polyam des, pol yurethanes,
pol yorthoesters, polycaprolactgne, polyim nocarbonates, aliphatic

/g @ nd copol yners of these: 15.

car bonat es, po%ﬁ}ﬁL{Z§L Qkéan hd
The nanof i ber tic ?nggﬁth_ gcoﬂl* g any of clainms 1 through 13

wherein the fiber form ng mati;E conpri ses a pol ynmer havi ng pepti de,

nucl eoti de or saccharide nonorperic units. 16. The nanofiber, article or
nmet hod according to any of cla 1 ugh 12 wherein the fiber formng
material is a thermally responsi poMyreric material. 17. The nanofi ber,
article or method according to claim16 wherein the thermally responsive
pol ymeric materi al conprlses pon(N-lsopropylacrylanlde) or pol yethyl ene

gl y??l i 'P]?el I}/aglcly\# rs (a)I% py mgtgoél zltcggljdmg 10 any of claims 1 through 12 wherem the fiber fomung
material is a synthetic or natural polymer.

14. The nanofiber, article or method according to any of claims 1 through 13 wherein the fiber forming
material is a biodegradable polymer selected from polyesters, polyamides, polyurethanes, polyorthoesters,
polycaprolactone, polyiminocarbonates, aliphatic carbonates, pclyphosphazéneé, polyanydrides, and copolymers

of these.

15, The nanofiber, article or method according to any of claims 1 through 13 wherein the fiber forming

material comprises a polymer having peptide, nucleotide or saccharide monomeric units.

16. The nanofiber, article or method according to any of claims 1 through 12 wherein the fiber forming

material is a thermally responsive polymeric material.

17. The nanofiber, article or method according to claim 16 wherein the thermally responsive polymeric

material bcﬁnprises polym—isdpropylacry}amide) or polyethylene glycol- poly(N-isopropylacrylamide).

18. The nanofiber, article or method according to any of clairus 1 through 17 wherein the fiber forming

material comprises two or inore polymeric materials.

19. The nanofiber, article or method according to any of claims 1 through 18 wherein the nanofiber further

comprise::s a biologically active material or a functional polymer.
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18. The nanofiber, article or nmethod according to any of clains | through
17 wherein the fiber formng material conprises two or nore polyneric
materials. 19. The nanofiber, article or nethod according to any of
claims 1 through 18 wherein the nanofiber further conprises a biologically
active material or a functional polyner. 20. The nanofi bers, article or
nmet hod according to any of clainms 1 through 19 wherein the cross-Iinking

agent d Stk Mnoéﬁé&%{laé‘&l mém%%'}&lﬁg t%ra:njpgti YRS tﬁroﬁ@i B Witkein the cross-linking

agent is a tri-functional monomeric or polymeric material.
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