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caused to produce fibers. These fibers are generally drawn to a conductor at an attractive
electrical potential for collection. During the conversion of the liquid into fibers, the
fibers harden and/or dry. This hardening and/or drying may be caused by cooling of the
liquid, i.e., where the liquid is normally a solid at room temperature; by evaporation of a
solvent, e.g., by dehydration (physically induced hardening); or by a curing mechanism
(chemically induced hardening).

The process of electrostatic spinning has typically been directed toward the use of
the fibers to create a mat or other non-woven material, as disclosed, for example, in U.S.
Pat. No. 4,043,331. Nanofibers ranging from 50 nm to Sum in diameter can be
electrospun into a nonwoven or an aligned nanofiber mesh. Due to the small fiber

diameters, electrospun textiles inherently possess a very high surface area and a small
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galactosylated PCLEEP nanofiber scaffold as well as the functional 2-D film substrate.

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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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 least 100.

According to another embodiment of the present invention, a latent reactive
activatable nanofiber is produced by combining one or more polymeric materials with one
or more cross-linking agents each having at least two latent reactive activatable groups
and forming at least one nanofiber from the combination. The nanofiber may be formed
by electrospinning the combination containing the polymeric materials and the cross-
linking agent. According to yet a further embodiment of the present invention, the
combination may also include biologically active materials or be further combined with a

functional polymer that will subsequently react with biologically active materials.
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plate mcfydgnga surface coating having at least one nanofiber including one or more
polymeric materials and one or more cross-linking agents each having at least two latent
reactive activatable groups.
While multiple embodiments are disclosed, still other embodiments of the present
invention will become apparent to those skilled in the art from the following detailed
description, which illustrates and describes exemplary embodiments of the invention.

Accordingly, the detailed description is to be regarded as illustrative in nature and not

restrictive.
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According to one embodiment of the present invention the nanofiber includes one
or more natural or synthetic polymeric materials and cross-linking agents having at least
two latent reactive activatable groups. According to a further embodiment of the present
invention, the nanofiber may be biodegradable or non-biodegradable and may also
include a biologically active material. The latent reactive activatable nanofiber can be
used to modify the surface of a substrate by activating at least one of the latent reactive
activatable groups to bond the nanofiber to the surface by the formation of a covalent
bond between the surface of the substrate and the latent reactive activatable group. The
remaining latent reactive activatable group(s) are left accessible on the surface of the
substrate, and may be used for further surface modification of the substrate.

A number of processing techniques such as drawing, template synthesis, phase

separation, self-assembly or electrospinning have been used to prepare nanofibers. In one
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The polymeric material used to form the nanofiber may be selected from any fiber
forming material which is compatible with the cross-linking agents. Depending upon the
intended application, the fiber-forming polymeric material may be hydrophilic,
hydrophobic or amphiphilic. Additionally, the fiber-forming polymeric material may be a

thermally responsive polymeric material.
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polyprr]oopr;llgnaet Il')lgl?ll(\/lgglg?ﬂno%rdle;: p%?}llntqgthglmethacrylate (and other acrylic resins),
polystyrene, and copolymers thereof (including ABA type block copolymers),
poly(vinylidene fluoride), poly(vinylidene chloride), polyvinyl alcohol in various degrees
of hydrolysis (87% to 99.5%) in crosslinked and non-crosslinked forms. Exemplary
addition polymers tend to be glassy (a Tg greater than room temperature). This is the
case for polyvinylchloride and polymethylmethacrylate, polystyrene polymer

compositions, or alloys or low in crystallinity for polyvinylidene fluoride and polyvinyl

alcohol materials.



exanpl e synthetic peptide, nucleotide, and sacchari de
derivatives). These types of synthetic polyners can be
w@e@diexd by standard synthetic techni ques, supdiI/ES2008/067739
solid phase synthesis, or reconbinantly, when al | owed.
“natural polyne refers to a that .is eithe
W anbOﬁ %}%P%%lﬁtm‘gﬁnﬂep t%%%?é%e& QaFeﬁlaé)f'se%%‘?lé‘@ml e
S
conde@lﬁé’ttl&d ﬁl% rt%}%f‘ 1 érrfcgsf Iegﬂ% f@%&aﬂn@%ﬁ a?gggggﬁde sation
polyniigtigia aiqunqio)wfﬁér Meye feemrtadiohl' édg g@’[e@fcerﬁisrmjfor all long chain
derivitized, or otherwi se treated to change the
synth@mremlzzamlctem MopicgHysiean n@lﬁl@p@amirwcafdeﬁ Héelﬂ%% Qfrgmbers such
n LML D
as in 1%% N %eé wh hI ?19163{% %a%#ﬁe %gtﬁl’ng mft[altlglls ared, ﬁgl%lge tand tahcé diacid

(the ﬂ?ﬁtdigﬁhn(ﬁ@dtﬁl@&f C{ fiamifXapihe, se@ondddilgit\fﬂldlbzitﬁ% dicatboxylic
ol yner or a "deglycosyl ated nat ural d%@Eyrrer

acid qmmp@ﬁmd)a rAmthelr ielbs cari be medarbplthe polargon

iti nd c ndensat mer nat
caproffagn iE s BRSEER Al Hor AREHRT of BRe] am Bacacinybtfies nylon-6
(madé’?rblnui 9}?@1&5&% -%[k% lﬁﬁWaS Q lbfﬁhﬂﬁﬂl(ﬁﬁgroﬁé‘ Luglﬁfjﬁrat is a linear
pol yaryl ene oxi de, polysulf nodi fied pol ysul f one
polyapuody nEmrssheanldylnn xopolgsictshae catsb cobteamhtady Copd hmicak san be made
Wi thin these generic classes jncl ude pol yet hyl ene,

by copiiiRing VRHpH ol AR RHEHMP By, (\raé@pa@@m FRINHRE @Bfl ypdgus cyclic
lactarf! Q{rﬁ&ﬁﬁ%% ﬁqgehctlBﬁl 1§;¥er %h& e?lr rrgctpe InPllon with rarsdomly

acry

posm@@éd/ﬁlbnb@eﬁc nééeitopod p@l@aﬁndmﬁﬁmre (Fdr@xudipng aAfon 6,6-6,10
type bl ock copol yners), poly(vinylidene fluoride),
materg igy¢ wmmmﬁ@ct@wﬂcﬁqrﬂ apxapethyleng yllarmne endr Gorand a Cyo blend

a us degr drol SIS 7W 99,
of dla&‘r‘%s% TrRES- GRS ﬁ oMty S“((% E?Jé( @&“&?@"n of epsilon
amin@@pidié Qﬂdpl%yééffﬁﬂﬁrlér%‘diaﬁﬂqéoﬁl&é Bl%ﬁ& of 8 ClGindReaf, MacidAterial.
roomtenperature). This is the case for
pBllgaki enpodhars icde akn depoby rendngdfrvet hatm’rylllsatla preparlng a
or a s or

cormpBiE S FRPrPar o RGUD RGP e QBN PEA G choseh such that
both HIGLREY rQ)él)luﬁL CRARRL ¢ %er '(ﬁ{esefaﬁlﬁ@{gedneﬂﬁ%d{/g?n&{cngPfs&rgﬁe) or

ilon

I nvention the nano r materi 1S a

AB (stpetefiPapbbmgrah yrlmhylelhmchionée seleentf iBxagpbadifimaat dlock
t he pol yam de gondensati on Xol ynmer is a nylon polyner.

copolm@rswgfsﬁ]Krﬁgnnon"typ%oféA i BANRI ek polymers quMgn&ha. n

styrelféynﬂg.ftgcggﬁecarﬁpg%aeﬁ]efﬂgﬁro %ﬁ%e& %{1 Saﬁigg@%éﬂ%ﬁe& n@%@g @E)u L®ebax™
type ofdpSitor- eabrshbﬁm&mgtente idet idtd Sgmpabe™M-glps ofipelyRsteFethylene

0x1dedaln?1r{)10?yeurgtr}]1gne% O%t}?;lgr(l:el oxide and isocyanates.

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 soluble at low pressures and temperatures. Highly

crystalline polymer like polyethylene and polypropylene generally require higher

temperature and high pressure solvents if they are to be solution spun.
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second digit indicating a C6 dicarboxylic acid
w@ooopowse) . Anot her nyl on can be nade by the PCT/US2008/067739
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blendi; FBLEBAUNIE kR ol RRe Ry TEre oar S 400 05 BingRg with
low nﬂle&ﬂeﬁfw& B, RidH | éfil'cﬁﬁé)l?stg%%rA@hylogléotﬁgteﬁgp&{mlénded with

can al so e ‘used as nanofi ber materials. In preparing
a nylan copoposértsuoh af aiNytloe-6p6 Sp érl@toopnlymrﬁern dnotheharplyvanyl alcohol
. sol ven syst n be hosen S t hat baoth b ocks are
having 3i1q] deere alreydEgpvanteh ﬁ’th xS LhdrarayTed %ﬂ‘imsx alcohol can be

P
blendgéw eﬁ%l'; %‘&3‘@%} (ﬁ?ol@lgf Slllaglggo VHl C%H%r%éc Ef hydrolysis
betwe%ﬁ @@ AAEN9599% raﬁd digdreat MK diﬂ'ﬂleieytﬁ@teﬁfalséﬁ adﬁﬁxtﬁﬁ%a@ Hecdtosslinked
pol ynmers includi ng styrene/but adi ene and

usmgéipgm@ﬁl@rqﬁrawb@émré@ld@ultsm éﬁseleéflt PR ‘éfm@f 09?16115911 @W@E da
cross R Al R e e e R P Eb AT A MR ER G R e

Polyv%([:}q aRIh¥HRtRRANESInHe &bmlhﬁaﬁugﬁg ¢ d@&‘}'l fe%@t@x)’eaﬂﬂéie@l%ls such as
dition polynmers such as pol yvinylidehe fluoride,

monoswnhydﬁsamqh@s ;foﬁy@ﬂgzhwieeuream pnd:lymesfommaildehydec thsimeand its
fluoride a xaf | uor opr.opyl ene, [ yyi nyl l.cohol

analogtts borends and dier S EBHE ComBaands S P e L& ufpthancs.

epom@sS a Qlol'kgfi“kﬁ)ﬂ Ric shhl?i)a %ggr]ltbt @r@&ﬂﬁkﬁﬁ%ﬁ%? Yi’t}eféc@%hﬁlfbﬁns

acryl at es, ystyrene,
covalerttl bonidsl bém&eﬂ potysnatathiaing so sxﬂmdryﬂﬁysmpmleyﬁmmhﬂw weight,
net hacrylate) and its various coPoI yners, .can he

chemiga] igpistRceGTaAl §Fenet ard fesisase ipeghpical #@graéatéon

S@l (?ég%l(ﬁ%le 1%34?191%1%3 ' ?sé AR eh?ﬁ"afg eﬂ%ﬂérgféon 'o_lf Qtphﬁflcle

assocf@t@éWftB hd SR Bener ﬁhllcyurfee Maﬁ@lésl Mg séscomeh eletic @oBtlrs that
hi gh pressure solvents if they are to be solution

have besnrstudiodns bierdegredsblanwderisds fnstudscoflyastarp gloyyaspiies,

polyure(%HErPessl Igoll%]r 5e3 S, poiyc%pro\i\octone (PCL), polyiminocarbonates, aliphatic

carbonates, polyphosphazenes, polyanhydrides, and copolymers thereof. Specific
examples 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-polydioxanone), polyanhydrides,
poly(glycolide-co-trimethylene carbonate), and poly(glycolide-co-caprolactone). Blends

of these polymers with other biodegradable polymers can also be used.



nore polyneric materials in polynmer adm xture, alloy
format, or in a crosslinked chem cally bonded

W@ 200900286€. Two rel ated polyner material s can PEI/US2008/067739
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aﬁprtaiqde icadss-1mkagpsd denks 1nglude ehham mosomdlyd Gnsllcanlebele materials)

crosslinked using crosslin agents that are
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capatfiL¥ KBl eacféﬁ*v?éoﬂn%t@{t%lélt%féﬁﬂﬁ*?a%%%%%J 858 42 Bk of
energ§ lsa&h assraﬁiutlrasﬁl élebtyidel, orih@asal en@logMin geﬁ@amt@kﬁhymVe

resin and its anal ogues, boric acids, and other
activataie gemipe a&ﬂmﬁ@@ml@c&m@mﬁa@@d tQﬁP&@if@sa,PPh?@ﬁht&ﬁ@é energy or

ot her known c

stimuf S Seiate v LS o UM R FLOT o iSO RETE % adiagepy chemical

stmctth%t VIEREtROAYVE Vgr&tﬁﬂ'a@@ tHoRe SHUPE At 'r@t'ainYthbm%OM@nt bonds under
nol ecul ar wei ght, "chem cal resistance, overal

storaget qoadgioms dntithae first anvetent bomdschh iother rrdzéqnd@atpommctlvatlon by
al so be used

Bi 0 earadable pilgners H
an eXtﬁ’F@gﬁ eV SRYGE ahSYPrE© Hg%%llﬁtpgﬁreﬁﬂ‘f? grﬂgps form active
speciQRRh aD Rk k@ficAd r Tﬁé#rﬂeeergé QE %r lféll 2 ﬁ‘grges,oéarblne or excited

synthetic polyners that have
stateshifdxé&gleadpdni ebsvepteon afl cxtérnall yiaeplizdl q‘(tﬁsﬁlerdectrochemlcal or
yam des,. pol yur et hanes pol yort hoest er

theﬂnabmgﬁ‘é&qbr Yrtienoeenmes 9t rfpdfrwriﬁ%@ﬁ%h/aw@élablalatsﬂtatie%twe
e
gmupgggégﬁ%@%h% in ﬂgrtéé&gs&%%gg%@ﬁﬁ 979%36‘5‘538’1[)&1@ §56§‘BS’6 S:37.460;

ners I C"éXa i ‘ddegra
or 6,2m81088i al s that can be used in connection wth, for

exanple i mpl ant abl e nmedi cal devices include
plight setnarsciafiilayayatio nudafunpdoned phetgaselinkers based on

trichloromethyl triazine are available either from Aldrich Chemicals, Produits Chimiques
Aucxiliaires 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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pol y(l acti de-co-gl ycol i de),

pol y(gl ycol i de- co- pol ydi oxanone), pol yanhydri des,
w@eiogpapsyrol i de- co-tri nmet hyl ene carbonate), anBPCT/US2008/067739

pol y(gl ycol i de-co-caprol actone). Bl ends of these

pol ymer s th ot her _bi odegradab polyners c | so be
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bmaxggﬂgg#gﬂgggﬂ?%g%ﬁggg'generalIy not able to be
N s@ne gimbbt dadnty, thdjatknd rgtctiealotoupe arethz wamie] walle yn other
degraded. For exanple, the non-bi odegradabl e pol yner )
emboggnenss thetlatent reactivcysratipg ek berlaffereny Ty cxampla thy/latent reactive

roteases. .Non- bi odegr, I ol y.ner inclyde
wrour PR e PR AR, SoBRioHEREE oo d8Rgrer o
embo@i@ifis bhdlakdl r@@eRE Srovptiihy by A6t EREPBy tddifTon WA Atbther latent
t he nanofi ber, allows the hanofiber to be conpatible

reactiv group milbe aethgecdoby beatpSritalacfassdimkinghagents include bi-, tri-
cross-1inkjng agents can be used alone or in

and mi e REHPA LM PRCS Aud PANTECAREetapr ovi de a desi red
SUL{AE RaChiel g% kS b reftiveaBl Rerffd@ o8 hbdt RKERY iAABRE § variety
i ncl ude either noneric (small nolecule matérials) or

of reaptiVy meidtes mat erayahsludaknogn abnipeasds thaoddcatgrose thermally to
reactive actjvatable groups that are capable o

form yegety hgpectsy PTG BT vl By 1 %ﬂvgl_%_éwds allow the

crons SHRUEED I 8 ARG Thue S EHERLIR FAFLRL L s

have 4 paie bf W@ naCiavwiad ahte sendtinsoelabile bemd. CHkbatdabild basistifétde
respond to specific applied external energy or stimuli

OXyganooxjesarbanes suchi asdespaes bends niirogeswky g bewsisaprdhitrogen-

nHN)bondiE% éo n gjqg%nnzchgnﬁgah)g%ggct%{q; thent e of not
5B R0PHY &3 IS AY E TEHE Q8 5T AU C PR SRLTHIR P Adipe

more @A ENtoPonds under storage conditions but that form
coval ent bonds with ot her nol ecul es upon activati on by
abogxthermally germrafpd sadenes. andnigones wndorgti areariaty of ahanical

sreactiv rouyps .form acti ve .specie uch as free
reactipiinclidind parion bopd oy, arigHtiy. RrEPEgEaNBF R end
. 0 . n 4 i
dime B B Py S h R 2o AR AN ARG Mpounds.
Examplesrofalitrareiegyratdiaindude @xhapdes parftickoWwpeofluorinated aryl azides,

commercj al |y, available | atent reactive groups are .
acyl azidesr anddripoliyn yEdessdn pdaitipnt AR thabypoiyleating form reactive

e Bt 3B ASRy T Cnf3R 1 L Fle i
form feah@ei05stchéth@ ogsed on trichl oronethyl triazine

?jrhri? m?% gl[glb 2 (?ilmeen? It}}ehtﬁgrrrflarlloyrgeélct?\tel grgugho? (c?leccz:irlo g s’-linFigig g l;!géri
includes a peroxide --(O--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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Auxiliaires et de Syntheses, (Longjuneau, France),
Shi n- Nakamara Chem cal, Mdori Chemcals Co., Ltd. or
w@a00ek02865. A. (France). The ei ght conmpounds i neCTIUS2008/067739
2,4, 6- tris(trichloronethyl)-l 35triazine
trichloro 3,5-triazine,

step b(f%ﬁ‘ﬁélg o %}?ﬁ%ﬁn&or@ By e clsesived Hinlststate, e in an
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the gy RolsbG! BBy angl weplacepBREG bt ny1 ) -1, 3, 5- i
a}l‘e?&s&ﬁtﬂﬂ@e BN ey fn\()he)treé afe reported in US 20060030669 other
bis(trichloromethyl)-1,3,5-triazine. In sonme

repre@n‘cﬁmﬂc Tty latére rbastivnerowacre vaporfed up¥/Sar,258,041 berenf these

t her the latent reactive groups
doculﬂﬁg}s E’J%e fbﬁif?fryelﬁl&ﬂ@(’f%%%‘ﬁ ggﬁgsﬁfﬂnge the latent reactive
gmtb%réaeﬁv@gr e fafeefres&ﬁve%%w&%r he@¢ 1dRRIA, such as
activated by radiation. In other enbodi nents one
ultravhaibtemﬁvmbtwhdmﬁog,r ayu pypreal lybnefaodd teats potoghemdiabtdaotive groups.

it s b e S B b B
activa%ﬂl@ggllﬁw OtIlE [s;l%t‘éﬁirlgar]%% n@%ﬁ%ﬁre@%&%}%ﬁ?@%& r?/l ket?nes

includdictiphefénd) @atizopheid@, hnbltdgdenoncyatthehny, afthfoaadikeve
noi eti es and may i ncl ude known conpounds t hat

heterqgaelsfpos ehatpreeyielid a,naﬂngforamhr@mfs easélp@@ﬁ@ymgﬂ‘éx Owpy § in the

t hen for cov nds.. val.ent nds | o
10-pol PR R Thi ¥R F e R e o i PSR EERPREPES Birflgh By
ketonbO BRI Rlel ¢ tdr8@fllic \lRriOAIPHR D ta r &1, lic INAKE adriddéHe! xaﬁthone and
atoms havi ng ‘a heat sensitive or |abile bond. Heat

thloxamlmnee atxd s rimgiubdtitused devatixgg el fpotiddars dohxanghone, and its
i de bonds,. nitro

en (0)'4 . .and
derivyTes JHRg ‘%’i%t@féﬂn SRS B o A pp A acusgful

d t
TRyt P ANIGR L5 8 0P8
capablTe of widesgaing en gotl‘mtmaflnaitwaﬁﬁmcmmmtain cyedat Bemz&)phenone is an

i ncl udi ng carbon bond insertion, mgration, dr ogen
exemplgey phRtpehsmicallyreariie 1 efabie SleRBnpnessit eﬁfca@a serte

photo%ﬁ&ﬁfc?f &csl’tfah&g kx}fﬁjlechg Hrﬂﬁﬁlrfop%§t1&pgf %‘ %éc tg@%[ﬂﬁ 4R %e that

trene genera

underaéd 1In€d#é}f%tdny cRRkihk Yo Eheﬂtaffp@sﬂ stitd! | Tz éxteed tﬂﬁhét staﬁel cﬁiﬁsnsert into
and triazoliumylides. In addition, groups that upon

carbopdwdrqggnfheonds by abstiaggion off plhefdrogeataézm (§oha support surface, for
radi,cal ons and

exam& gétﬁ%sggrggfgbg 3 Bada cal pair. %rl]lt)sequer?t collrasgel ocfathe ({1028 paquaglds to
formation of a new carbon-carbon bond. If a reactive bond (e.g., carbon-hydrogen) is not
available for bonding, the ultraviolet light-induced excitation of the benzophenone group
is reversible and the molecule returns to ground state energy level upon removal of the
energy source. 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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formthe thermally-reactive group. In one enbodi nent

the thermal | y-reactive group of the cross-1inking
w@e®pnolspe| udes a peroxide --(O-0-- group. PCT/US2008/067739

Thernally reacti ve peroxi de-containing groups include,

exa thernmal | y-reactive diacyl peroxide
g?% %@fimﬂt@ n?féladwfiﬁéloael?f&%}eeﬁ%&ﬁ%ﬂﬁQ{eﬁ%hnkmg
agentg Eﬁ?%l (16¥1VE& #Qhh Me DRtk RES R0 80185 AP milies. Some families
y-reactive peroxyester groups,
1ncludehﬁfer’fﬁr| rhyrertgaedphiiec petionykiet,al hygirexydpro@ndhat may be protected),
thermal l y-reactive di oxet ane groups. Di oxetanes are

amin%@komé ﬁwpédet@yath% patlessirasincige hydeephobic aasmpplybic
ed: t dar d d
porticy, b By e R e PR B bRl os ™ The T miti ol
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hydror’grBh Glon® 81{ gg){aotécq{ﬁ%r é%rﬁgﬁ) 'ﬁltlygle%ggggg AR %ng%rt when X is NR°R’.

epresen reactive group

? is 4 BpdroLed aiom,dB a5k§a5:ﬁk914)3;ym§zh a@fl &ﬂy&s@ledpyalwmﬁylsmd@l group.
here@éﬁ | ncor rate refer eq atent reactive

Gis Qro &%N e(ClHaétc(% WeCT- & el g Aeeh indepandarilyan alkyl,

aryl, er%ﬁlﬁyisliléflertlpé% I 0| ?gt%r%gérll%kg][ %8{%@%#%/ o?%é 5‘8{1%‘ gre tethered

togetIQﬁQ/‘rbp@«Cﬁ-Jﬂ)%l, use of CLex-ant,- ? SaatHYESARTH V% @J@jrq;l “FHL0[-&H,-),,
in the form of Iatent reactive actlvata

(—CHkeS00k6-CH,-hisef (uiCHzE)ﬁﬁm@\Hy)sl Remd R 8ant ¢ach lndependently a

A e
hydro%@ﬁ atog, a‘ﬁha?l§yl( %rgs arylgﬁNéy?(})f%Qééﬁé FI x th&)ﬁ?l&’ﬁ%@%t}% ? and R’

uch as those
are ee@hdnddpenderﬁlybashydrugaﬂat()m gn alkyil,rgyls Ubsﬁyﬂetlklyl%ﬂ)up, Risa
deri vati ves npl es of aryl ketones inclu

hydroggp atoged) 3 ]éylcgé?‘ﬂR/ af 3y 8FOURNE Ay Yhiditegen é‘qoaaﬂ yabout 7, r is an
1ntegengtdn? BN ’abﬁlftg'ﬁ[égqy 1{11rﬁ§§e tqun‘? )6&[8598 ej nff‘ﬁ 1%? %{ F]IJOH92 to about

Itute rva arti C
10, t i9@Af ihfegerdesrnViatoi abe&: 1(avd R ﬁi(ﬁlltég%tr ﬁ@[h elf@algmsoo

greater than about 360 nm are useful.
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 x is 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 is a hydrogen atom.

In another embodiment, R? is a hydrogen atom.

In still another embodiment, G is an oxygen atom, O.
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The functional groups of such ketones are suitable

because they are readily capabl e of undergoing an
wa@edoppeasson/ i nacti vati on/ reactivation cycle. PCT/US2008/067739

Benzophenone is an exenplary photochenically reactive

i vat abl e group, .since_ jt capabj e of.
Erb HEkATOHIer @Q@W%@B&M%ﬁ? A ‘?aﬁ{‘ sndividpaiyami sroups.
whwﬁ%&ﬁ&?ﬁﬁ@@rﬁhﬁﬂﬁﬁ&i%/@B?lpbat under goes i ntersystem

crossing to the tri'plet state. The excited triplet

state can insert into carbafi-h khonds by
abstraction of a hydrogen at n1( support
surface, for exanple), thus creat ng a radical pair.

S sRAPSHLuReLBEg@E, It e radi£al pair | eadsotPis (-CH,-),, R
formation of a new carbon-carbon bond If a reactive

isa hj&imgef( @tOgL X e P i dhiyptirogemitois Rids a Aydiogam honi,ds is O, R* and
ﬁﬁ; t he ulé avial et light-induced excitation of
R* arg ?Eﬁﬁéﬁd% 5&% is reversible and the nol ecul e

Eri %t%ohfér ﬁﬂféﬂfjar% ﬂlrﬁ 'BYs { BYEl), UBR0O, #OYRIHL), R isa
e’ ener gy ource toc em ca réactiveé
hydrogetl atomt, a0 lieOaPyd a h;ecﬂmgels amugR’as ab@dmg@hamn eGand, R and R*

acet ophenone are of particular inpportance inasmuch as
are phopxkgroyphup s %r’ielsslufﬂ}dééts gNERgEE freme? fasahaut Qe Ragticular, y
is 2, yﬁg &r and hence provide increased coating

fi'ciency.ln some enbodi nents of the invention,
p o t@ehie vhbalinterteacik iav énte f@SBorhiablsiinD tRgRk socmewio&e

derived fromthree different types of nol ecul ar
partichinlyl frers abguink tof 2haut #0@, fretolabaet biveabwut gdP.drom about 1 to about

200, PR LIRSt APt nfil f BP0 it By podPo,

from hB6H: 116 2bBEY2 9 AChbidebBYET &%&%qoor anphi phi lic
portion. In one enbodinent, the famly has the

f &n amdther dmqddnCaCER ﬂal)l(lbyﬁ)mmﬁﬁﬂa:q RA))m L is a
linking group. Dis O S, SO S, NRS5 or CR6GR7. T is
(-CH 2-)X, (-CH2CH2-0O) (- CH2CH2CH2- C>)Xor

(- CHR2CH2CH2CHZ 2 tom an al kyl,
al kyl oxyal kyl , gﬁ%FXRQEQFg§§§1 K’ @P0xyaryl
group. X is O S, or NR8RO. P |s a hydrogen atomor a

prot§ct|n%*9roug with the proviso that P is absent
and LyfleR XKi B TRERK » K2 R 'sRa hhydk dheéns.an.drindanarg ok gFfined above.

a oxyal r aryl

o SERC Rt L Ko RGP (Bt Lo ro
and R4 are each independengly an al kyl, aryl,
aryl al kyl, heteroaryl, pt/g\geteroarylalkyl group or

when R3 and R4 are tet déether via (-CH 2-)q,

(-CH 2-)rC=Q(-CH 2-)s, (cH 3-)rs(-CH 2-)s, (-CH

2-)rS=Q(-CH 2-)s, (-CH 2Nrs(02(-CH 2-)s, or (-CH

2-)rNR(-CH 2-)s. R5 and R;b_are each independently a
(D).

A and J are each independently a hydrogen atom, an alkyl group, an aryl group, or
together with B form a cyclic ring, provided when A and J are each independently a
hydrogen atom, an alkyl group, or an aryl group then B is not present, B is NR'', O, or (-
CH,-),, provided when A, B and J form a ring, then A and J are (-CH,-), or C=0, R'' is a

hydrogen atom, an alkyl group, an aryl group or denotes a bond with T, each z
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hydrogen atom or an al kyl, aryl, or arylal kyl group.

R6 and R7 are each independently a hydrogen atom an
wa@bdogho2ser yl , aryl al kyl, heteroaryl or heteroargl/ak109$/067739

group. R8 and R9 are each independently a hydrogen

B T AV R e AL T (N A FL e
R“Etg (hqtggeg oMot s "?‘q%ﬁ 17, r is an integer from Qo

I's an Integer tromQo about 3, mis an

| i egetherf drobodmient, dbigWCHLO, t is an integer from1 to
about 10 and x is an integer from1 to abo

t
ohsenibeiatmets. i niboren ol mﬁmﬁqm o and 1,

n havi n bet nd oyt rb
TG Roke KRt AR srnar e darhanfeAEA B £5hdi cfon £60 or
CQNHnNﬁ;gﬂTIIS Jhgr errbodl ment Tis (-CH 2-) Xor

CH2CH2- )XandX|slor 2. In still yet anot her

eﬂnbonn ahodinrnt,ilshas hiamodreaccarding to siryasaredhot her
enbodi nent, X is an oxygencatom O and P is a
hydrogen atom In another gnbodiment, R2 is a hydrogen
atom In still anothene ﬁr{nt Gis an oxygen
atom O In still yet anoii her enbodl ment, R3 and R4 are
each individually aryl groups, which can be further
substituted, and mis 3. Ter one particul ar enbodi nent,
Lis, DisO Tis (-CH2f)X, Ris a hydrogen(@tom X
is O Pis a hydrogen atom R2 is a hydrogen at

and A, B, ®, R R3amhg afasatefinplhe@byie. gr oups, mis 3 and x IS 1.
I'n yet anot her particular enbodinment, L is (- D
i §n @otirerj embadapent, % hagp ﬁoglnalaraﬁ@m@g@nma%tmﬁurx(ﬂb o P
is a hydrogen atom R2 ige=ge hydrogen atom Gis O R3
and R4 are phenyl groups mis 2, xis 1l andy is an

integer from2 to about and in particular, y is 2,
4 or 6. In certain n X 1s anlnteger from
about 1 to about 500 artlcul arly fromabout 1
to about 400, fr@rirabou K rR&Fout 250, from gbut 1

t & aboutR 108, - Rt ofn e rchindepeag droggppigsR . Akyl or
aryl gtrw&&m?e@ ondrv%ﬁ ?58 tVl(i]edtaQ l%g?ér&uq JPR12 R1AROL et Ris R17

ment the
are bonded with T and each K, 1ndependently is CH or N.

to ,abqut ,200, from-about 1 to abou from about 1
1 15 6 7 S%tgyggy

In another embodiment, the family has the formula:
L-(TGQR'C(=O)R"))p,

L,G, R R, R R, q,r,s, m, tand x are as defined above. T is (-CH,-),, (-CH,CH,-O-
)x, (CH,CH,CH,-0O-),, (-CH,CH,CH,CH,-O-), or forms a bond. Q is (~CH,-),,, (-
CH,CH,-0O-),, (-CH,CH,CH,-0O-), or (-CH,CH,CH,CH,-O-),, and p is an integer from 1 to
about 10.

In one embodiment, L has a formula according to structure (I):
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L-((T-C(R 1) (XP)CHR 2GR3C(=O R4))mand L, T, R, X P
R, G R3, R4, R8, R9, RIO, R g, r, s, m t and x are
w@g00debiseeed above. I n one enbodi nent, L has a POY/Ds1088/067739

according to structure (1): A and J are each

i ndependently a hydrogen atom an alkyl group, an aryl

group, or together with B forma cyclic ring, provided

when A and J are eachyad ng,ently a hydrogen atom

an al kyl group, or an aqyl gqoup then B is not

present, Bis NRL 1, O fr (- CH2-)Z, provided when A

B and J forma ring, then~ and J are (-CH2-)Zor C=0

RL 1 is a hydrogen atom -a-al kyl group, an ar group

or denotes a bond with T, each zindependently | g
AﬁBiJnRég@ﬁdfg@ya§hdﬁ@e§agaﬂgprovided when either A or J IS

C=0O then Bis NRL 1, O (-CH2-)Zand z nust be at

| &menother ambedivene i lmt@of@mghltaccq‘r g togtrugture (H):

anot her enbodi ment, the {agily has the fornula:

L- ( (GTZR3(( O)R4))mand T, G R3, R4, RIO , R q,

r, s, m t and x are as fi ned above. Z can be a C=0

CCDor CONH when T is§(-CH 2-)X. In one enbodinent, L
has a fornula accordi tgolstructure (1): and A B, J,
Rl 1, and z are &s"re€fi

abeve’. | n another (1)

1 qgrbqgl nt, L.-has a formula according to structure
R RT.IR Y, QR RR3 are pach indapenderdlsa hydrozen ponyg@rplkyl or aryl group
n m a2 g1kyj14agisag vl o or
or denoqg ﬁ%\?de \g/ﬁthy%%n (f %teh?aset"iw of o d%iat e,g[é £ al'[i \NbRo facrjggﬁnded

WlthTaﬁﬂ-gaGhBlﬂidepéﬁliénﬂ R1GH, orFN-7 are bonded with T and
each K, mdependent?,y is CHor N In another

e htb efalil pretrenothas @n’fb@phmgnthggnpmmds of thel present invention provide that

anﬁqR(“ﬁa SR phary bl g terfed B o X ot a T,

%%ﬂ@r e)rfbo(im%@%n@s b}(the(pr%@h@@h@%rcglde when R*

orns a bond

and R(4 aftHACHY Chduls, the phe@%@@tﬁ@dﬁﬂdﬁcl&ﬁ&pﬂdpnﬂg ba substituted with
I n one_enbodi nent has a

at oo Gy RO Sodt 7/ HePa (O HRO B of (g0 C PaRHECH.O-
)a-a h?%ﬁrﬁ n‘g age%i eﬂﬁ& dgl%uﬁbs%\éﬁ as & et:}%l(g ﬁ?ﬂd@ﬁ%ﬁﬁolj h@ISHé(

accor to st r
CH,CH,CH,0-),-, etc. wherein n is an 1nteger from 1 to about 10.

In another embodiment the family has the formula:
L-(((-CHz-)C(RH(G)R’C(=O)R "))
L, each R, R', each G, each R?, each R?, each R'’, each g, each r, each s, each t and m are

as defined above and xx is an integer from 1 to about 10.

In one embodiment, L has a formula according to structure (I):

! M
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R1L7RN I NR14R15 (H) R12, R13 , R14, R15 , R16 , Rl7 are
each independently a hydrogen atom an al kyl or aryl

WQ@r@apoass9 denot es a bond with T, provided at |PEEUS1008067739
of R12, R13 , R14 , , R16 , R17 are bonded with T

eac , pend ntlyls CHor N In still yet
A, Béngilh%? é?r’ﬁ?d‘%fﬁ%@ﬂ? 1g?)YFpounds of the present invention

p ups and are
PP Ao ibadTheANe) S BIs BRI uhepe &
amotil¢ anethiroghbetiment arounds of the present invention

provi de when R3 and R4 are phenyl groups, the phenyl
gﬂlbl}j?fsan@ﬁr?réﬁﬁﬁdlfﬁ%p%ntﬁéﬁtly be substituted with at

IR BRI sl B Rl Be Bl ).

hysl ﬁ@@‘théraérﬁ@ocﬁhiéﬁ?( R GQRI, ars Bedh iadividaly2E2&bups.
HO( - CH2CH2O ) n - or HQ - CH2CH2CH20)n- etc. erein

nln stilhpet anodpe enfhodimants px sblo®’ 118, cheh Grin{4dh-)0-, tis 1 and

t th h f I
cach R AR Db c3eh tetivietg Raep L &S o) m L, each R RL,
e%%&eﬁaﬁ%&enﬁme BévenBi8t thEEnily 88CtheTorRAGN T

each s, each' t and mare as defined above and xx is an
integer from1 to about 10. In one enbodinent, L has a

f or,mul to, struct [):A B, J, RL 1, and
L'(('Q(%;}(ngipgg%ﬁ%gﬁﬁ;l EQQH%SOIZ r:J?} gagt ge?r enbodi nent, A and B

are both hydrogen atonms. In still another enbodi nent,
xX is 1. In yet another enbodinent, RLis H In still

L, R, Ref RGOt RER RO MNP, GGyirss,(t; £m)drOas defindd dtovd. 1 n
anot her enbodi nent, Egs and R4 are each individually
aryl groups. In stll f another enbodinent, xx is 1,
RlL is H each Gis (o =)t O, tlslandeachofRS

and R4 are each indjW dyally aryl groups. In another
errbodl rrelgtE I?T%ente?e i (\ﬁm e f ang1 lf‘%% g}ag:}sl Ipés]lsiﬂi@llm,
hydmgé SBT%H gaﬂ%oﬁf}? Qﬁg] g%?dl ment L [ s’ aﬁng;nOa;ﬁd
REn incther @alsddimedi, R'durl. 1y a
In still another embodiment, X is O.
In yet another embodiment, P is H.
In still yet another embodiment, R? is H.
In another embodiment, G is (-CH,-)O- and t is 1.
In still another embodiment, R and R* are each individually aryl groups.
In yet another embodiment, R'is H, Xis O, Pis H, R?is H, G is (-CH;-)O-, tis 1,
R* and R* are each individually aryl groups and R*® and R*' are both methyl groups.
In yet another embodiment, the present invention provides a family of compounds

having the formula:
L-((GR’C(=0)RH),y.

L,G,R R’ R" R", q,r,s, mand tare as defined above.
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hydrogen atom an al kyl group or an aryl group. In

anot her enbodinent, RL is H In still another
wepdomiasent, X is O In yet another enbodi nentPCRUSR0$067739
In still yet another enbodinment, R2 is H |[In another

enbodi nent , Gis(CHZ)OtO and t is 1. In still
anot her errbodl nment , nd R4 are each individually
aryl groups. In yetx ;ﬁn er enmbodinment, RLis H Xis

O PisH R isH Gi |CH2-),O,tisl,R3andR4
are each indivi dual I%\ryl ps and R20 and R2 1 are
bt bneremnbydingmoups. © yet anot her enbodi nent, the

resent i nvention provides a famly of corrpounds
hawwgt eHanpHGNR O - ¢T@R3C(=O R4))m L, G R RS,
Rg% tﬁ}gnotPgr ef_rﬁbocﬁ?lemaﬁig : grlf’”ea‘? Q%:hdiﬁﬁ Vn(ﬂ%llﬁltﬁ?%}__%bﬂlfsone

st bt Aoeidhembeahaeitngrs C—RBaahR’ B4d Rf ereedeh individually aryl
individually aryl groups. In yet another enbodi ment, G

groupss C=0 and R3 and R4 are each individually aryl

t nmbodj t, th t.
e ingles F o fRE s AR RLA ERagoRtRaieh ay Py gompounds
havink Rl ((GREC(=O RA))m L is a Iinking group;G is
., S, SO SO2, NR10 , (CH2), O or C—O R3 and R4 are

each independently an aL+(§(BR GHRO®RBLy! al kyl ,
Lis a&iﬁ(gl{gggr{oép;l%}se(aa?og(& ié?’ b J(éﬁéb-l ) ou8 % \Me]lrelcril Raee’lrea Qadch
1ndep%1i_%ern)ﬁyg‘n ﬁ%ﬁ? aglgl?? %g_?r gc(rypg( %swé%teé(&r%la kgll gzou&_i)r when R?

and Réa)d INRerédogethst VB:KOCH% )@ (h@HzQQE‘FO@mm -RJ (—&H,3), Wbﬂz -)s, (=
or an aryl al k drogen at om

CH,- )a$:R(9( (- h®r frHo- @Sﬁah? Qqu § %rrcllifni HB%TCHEW 1R ofs ahydmgen
atom 8P ? eglg i, ?ylI S@g ﬂggacl)%? 0151; q{qscg lff]y géﬁ atg §1n aﬁiy"il?r an aryl

coer
group@@thn irQegeﬁll'fﬁbrﬁ 1its aB@utiﬂt egﬁﬁarf n@dPet filoth @b@%out 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.

“Alkyl” by itself or as part of another substituent refers to a saturated or
unsaturated branched, straight-chain or cyclic monovalent hydrocarbon radical having the
stated number of carbon atoms (i.e., C;-Cs 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-yl, cycloprop-1-en-1-yl; cycloprop-2-en-1-yl,
prop-1-yn-1-yl, prop-2-yn-1-yl, efc.; butyls such as butan-1-yl, butan-2-yl,
2-methyl-propan-1-yl, 2-methyl-propan-2-yl, cyclobutan-1-yl, but-1-en-1-yl,
but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl , but-2-en-2-yl, buta-1,3-dien-1-yl,
buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl,
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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10. "Alkyl" by itself or as part of another
substituent refers to a saturated or unsaturated
whe@nobesed strai ght-chain or cyclic nonoval entPCT/US2008/067739
hydrocarbon r adi cal having t he stated nunmber of carbon
one to sjx. car

Co6 t
Satur%t@ndlé? W@Hieﬂyt%f’ e e “alkapyle rﬂllé%(g ﬁ%m l%xrarﬁl’?%% used,
as de%{l e@o&ap‘ﬁ‘é}@/eflalganef s RALIRDE %Iﬁl,lﬁﬁgﬁn%%‘%ﬁpﬁt@g carbon atoms.

Typl ca groups” i ! t are not
I 'r‘mut @Yt oy itsedf dStyals,paﬁt B tisey stibsaisu it hefbisl to ae;fahﬁﬁlyﬂ branched,

et hynyl ; proeﬁls such as propan-1- propan
stralgby@l]laé@, o gjacﬂlcl kiyl depivedh by _t]@}q]rqmq;v]al oéemﬁphydr@g\erga@m from a single
c
carboR lga&e alkraﬁé( Jl"y]g Ic an)yli] gro%s 1n0116(lie F?u&are nqt 11>I/r|11"ced to,

metheﬁiy@ etheﬁﬂﬂl )ﬁr@p:ﬁﬂ@@s@ﬁ R lzrbﬁ'@ﬁhnlt ,prépHnaR: g? (i¥épropyl),

2-met hyl - propan- 1| -yl , Pr opan-
cyclopspphotitylapct -bytanykssuch ag hutanyll -y E@utanﬂ-eh(szcﬂ;blutyl)

2-me [ Bismbn BV byt 2 ety PBteninsy! G, cxclgbuanslyh ete.
and tHYgdobut - 1-en-1-yl, cyclobut-1-en-3-yl,
cycl obuta-1,3-dien-1-yl, but-1-yn-l-yl, but-I-yn-3-yl,
bUAllaany : H>y yd;e,lf @t a3, partasithnbtter ubstitudhh eeferssp @aivhs aturated
L els turation a1re i ntended, the nonencl ature
branc %\(i/ a

p@gﬁga & aig|og sxgie allnbiring 3 Ikgas pne crbopaghonggouble bond
derlv&%%\i Hl%qFB%LJQlVY)f onle% rg%%n@[% offr?s%fl & %g&@ ca?rHﬂ %to% ?Pgﬁ?rent
alken@r TAS ghAmtmey banotiktest tisuls b Huamn boﬁieﬁﬁaﬁort gbout the double
saturated branched, strai %ht chain or cyclic alkyl
bond(@brm@aalw}kqﬂyé grosmp iagludss byhare m@a Hoyied tatehemyl:aropenyls such

b f k | kanyl
as progy [bS 7R eRiRL 2hETy e hrdb- R Préf2Rs- LB ckElepfir R -y
cycloftoparyh-1 f‘) QRAIHISs1HER bAE | RIORGN-bht Len-Bry@pan- 2- v

I Sopr opy cycl opropan-1-yl, étc.; butanyls such as
2-methyt- Bropil-y‘h I- jalubalﬁfl Znyll -yl bet2teut3ry), buta-1,3-dien-1-yl,

buta- %3 rag éTy)l -Buctynahgr S bijotbg}{% -en- %lmgtctyﬁ@bﬁ iezri-)[ I-yl, etc.;

zmdthéﬁ%ﬁ”yl by itself or as part of anot her substltuent

ers to an unsaturated branched, straight-chain or
CVAIlkxdopasl'dHWI” hef?etsr’tg aahoﬂeqalsztvumgmmﬁ: alklpbgroups oinerdd tdyeeher via
bond derived by the repoval of, one hydrogen atom from

an oxgea bigide Seutablsia ko UKy Eerpupeine e eRo X g b pC Y

sl RSB S MpShaly ahe SPALSLABIAR, SHEH o,

such zi9sf £mey] kidtipt Qﬁ gbﬁbraleﬁoh@ﬁléﬂ for @lﬁ@i’@ﬁﬁ‘}bcﬁmﬂy ¢#n BS depicted as R’-
rop-1-en-1-y prop-|-en-2-yl, {)ro-z en-1 -yl
(OR’ WM%“RQ \yheregy@ IsoPr iBfeger émm {4 about 10, an 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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cycl oprop-2-en-1-yl ; butenyls such as but-1-en-1-yl,
but-1-en-2-yl, 2-nmethyl-prop-l-en-1-yl, but-2-en-1-yl,

whoedoaexsm 2-yl, buta-1,3-dien-1-yl, buta-I, 3-dPenu2098/067739
cycl obut-1-en-1-yl, cyclobut-I-en-3-yl,

Emmawwe% Ofy @ft&r%()ﬁ%ltogh%ﬁbﬁtgw%wfﬁg o\ iatrpigr or
unsatlgl{a%tdlp ﬁratn@{'n{l? rs& hp 91%15‘ oF F%(%Jﬁ (ﬁ(} 12 XW&%Qe R gt%ﬁgthﬁp ng the

yI oxya oups I nc e po yo uch

statedpﬁinylﬁirh))ﬂceﬂ)@ﬁ)wtcﬁﬁ§ (i.pal yOr aeyhefrooxéres sixetarbor hl@tnsalﬂerlved
termnated with an al kyl group, such as a nethyl
by theyresigyal af @%@dépgmtﬁm fzomeiack g Ve dﬁffé@ﬁ@rk@@rﬁt@@s of a parent

alkang e%ﬂé ;tgr%qfar eloli l%yq?hg) 1910?(61 &‘2‘?8 I}%dr%eg aEQI%I Broth ?E n%f‘e carbon

atom af K?h&ﬂ@alﬂlﬁﬁw R¥kene A Ia},k?ylb ThY tib $&ddovalenBfadRal t:erﬁérs or each
anot her substit uent ers to an unsaturated branched,

valengy oﬁi;hgrdlvaim;nrﬁdlgal chat;jr |can éq)m;/bomng]mlg thetsahgsaantdifersnt atoms.

Ty AR ar Gara Eherais af agn i b Rt such as

a L1 algyn I i re
ethanpl ik aigflma%lg%@@ -dily, ryﬂ&glyl 1.2 dgyloﬁlyhﬁg 1gztgﬁyéhﬁ%byfa@yls Rikth A

pmpaprlobdiylypmbalwl 2- ﬂrymmrﬁpamm—damb pem%an Buhylnwdomphln«ésl diyl,
ut etc

CYCIOPW@aﬁlk?édlYAI H{9pd| - le;Ith%@?-ﬁ - asdy blapfopofﬁ earﬂo%ﬂ@ﬁnd

prop-FRSl KNG BhTT L1 2881 K BB IR 2R o4
cyclopiprpear1nediyd mrop- 1na-l [Bgdi?rheens; Bt iyl e anbutar Roliyl,
- neans romone to Six carbon atons

butandle%dwelc(jbwntlh?edryénb}vm 16‘f*d1€¥hé>uﬁ3ﬂd2 89(@1711 atfﬁﬁﬁhb’l“mﬂpéadh? -diyl,

2 e BB AR R 3580 SRR -0

but-l%homé diy10Buta] -hNg- @,lﬂ %thne@tl theﬂ witRagenY-@hkane,
al kene or al kyne. The two nonovalent radical centers

2-metbyl-peophl -eat 1ehdyy102 mdhlmxyﬂldaﬂleaptopaadl, kdiyldernadi3-dan-1,1-diyl,

buta- Lty g Rrpte:-Sibeor S e AR 10,
cycloB&t hap« q' pA Idgll e(fﬁl’dﬂ%l‘tw ?@Qg?,ﬁ%yab’gﬁp eflI 1221 gl ]

et han- | et hen-

cyclobmtafly]s-dneyll B,29dj3z]h cmlobﬁtafiam—dienl-} awyl, bpt- byyant, B d2y1d| yl,
an- 2, 2- propan

but-lwcférqlﬂpgﬁtar d@{ryﬂ (é:lyb |eg:pf@}51athe liko.. §ykqre specific levels of
saturagi:ogr%_rslz 1n2§]h(16’t1|2t:hg:n§é}n1’ene¥aglﬁ_e a%eaﬂx dﬁ% gllkél!l%/lfilyl and/lor alkgnyldlyl 18
used. IweBre it isZspdtificall ¢ ytbdedaRatdhe Brvo ¥aknélicy be on the same carbon
atom, the nomenclature “alkylidene” is used. A “lower alkyldiyl” is an alkyldiyl group
having from 1 to 6 carbon atoms. In some embodiments the alkyldiyl groups are
saturated acyclic alkanyldiyl 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).
“Alkylene” 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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cycl oprop-2-en-1,1-diyl, prop-I-yn-1,3-diyl, etc.;

butyl diyls such as, butan-1,l-diyl, butan-I|,2-diyl,
whedanedsssB- di yl , butan-1,4-diyl, butan-2, 2-di yPcT/Uszoos/067739
2-nmet hyl -propan-I,l-diyl, 2-nmethyl- propan I, 2-diyl,

bond,dﬁgqleg%ﬁ: ngp]a ]l)ar‘gcglp%//%ﬂ?yf;gg llqolk?]gﬁpaé?eq 1n(§g15}q11>é brackets. Typical alkylene
groupg lfﬁc'l{,\dée 'P)u} 1% rgit Ylllmitegucb &ﬁ@i&lé&eggféﬂ%‘aln ?‘i et}iylineg sufh as ethano,

ethena eﬁyﬂiﬁ@yd)p}dﬁttespﬂomopind, pdd)p{ll enbupﬂ)pa[]l,,ﬁ]dﬂ?br@nprop[ Jyno,
-diyl, buta-l,3-die

etc.; hfamlﬁnq:s Sslchl a8 hutansrlwtg/ll enqa dw&mens, bl'iltéH-a$ digng; putll yno,
but 2@\(@' olgtyllt %d? no e g,%dXhe A C{Kﬁi% c spfc cdle\e/elg’ f %l_llal,ltly][’l are

cycl obuta

intendAC ﬂféﬁiﬂn@en%la%m@'aﬂf@olalﬁeﬁé bﬁlld/ obévlk nd Isylﬁed 11356ty bmbodiments,
but-I-y-I 4-di yl, buta-1, 3-d ?’ diyl, etc.; and
the alkylen¢ gikoaip 1S/\h@r—€6)stpre(6hf630 allwmes Qihelsqnbwdameots ipglgde

nde th onmencl ature al kanyl dj yl, al kenyl di
straighfGeih S RGN BrouPdi. TRy stharc, pERBPY g, pnd the
like. |ntended that the two val enci es be on the sane carbon

atom the nonenclature "al kylidene" is used. A "l ower

al‘Ry¥ldibylitselfor an patt oy Ianld)thbr sglbetjmehmciferg td & amnbvalenaromatic

carbon atons sone _enb nts the al kyl diyl group
hydroaﬁr@owwpala@d%gvcﬂt%ted Y nﬁq AhoryRHEIIL L ¢- n%l@ﬁﬂeﬁ?ﬁeﬁom 5

to 15 E&‘[‘B dgrﬁﬁ%%ﬁ%?%ﬁg%%@fee@%% f&@ @rPgeg{ %ﬁano?rﬁ a%ingle carbon

atom pf @pa;ra:nt adntity IringuyeRean o) ypibaltaayt drodpslinglude bbitan@not limited to,
and the like (also referred to as ali | enes, defined
groupss gierisgd fropy aggpethaylens, apw@hfhy&nea@cqphma%hrym@t grehracene,
refers to asstrai hai n saturat

azulof abis By ies Farobihes Mb R 0 ghe. SRRk fexbhene,

hexal 6RY) QY-3h@REbnd, d0h8alens SAHMCS itRhb Vr%hméléﬂéeoét%%\é%ct hene,
one hydrogen atom from each of the two term nal on

octaleat porealafe, pcmta1294rdlenhapentmne,menmlmeﬁntaplhmlnepwlene
ocation of a double bond, or tri pI eb

I
phendfynéy pRsanthTene i chirt P edrg: PATIRST BHEhEenHtRss g Phenylene,
trlnapﬁ%%n% Q{F(?ﬁliéq{ 0(/911 %@kh %lu? ngdlg)r iQ Ers'tﬂitj Pfj €n Biie

re not limte met hyl ene enes

embodmdsntash@hﬂya gmupes h@f’r@u) atﬁmpaltqnmalpfﬁlﬁ m@&@&)@hylas()ther
opano, . prop[l]eno, propa[ , 2] di eno, prop[l]yno,
emboé{r’éent Bigtydeatsayandnapbtiylit ano, but[l]eno, but[2]eno,

b“kﬂl'a}kﬁ ldtk;‘ﬁﬁ?qlf Qﬁés[m(g‘fgangﬁg‘g I%ﬁ %t ?{e’fe?s[ t'P’a%] A YCalky1

radica#lah Whadh 6t éffitBe hz&@@e@ dtonmﬁ)rfd@mem |CQItU€bﬁ%,tCﬂh k@Pieally a terminal
alkeno and/ or alg¥no is used. In sone enbodi nents, the

or sp alaklgnreai@mg rSd@plap W@h mybgm(lp:r TEBI)%]aEITBdﬂH’éﬁ groystiaelude, but
M MUERT AT e R R

2- naphﬂl%‘llethan-l -yl, 2-naphthylethen-1-yl, naphthobenzyl, 2-naphthophenylethan-1-yl
and the like. Where specific alkyl moieties are intended, the nomenclature arylalkanyl,
arylalkenyl and/or arylalkynyl is used. Preferably, an arylalkyl group is (C+-Cs)
arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is (C,-Cy0)
and the aryl moiety is (Cs-C,g), more preferably, an arylalkyl group is (C;-Cy) arylalkyl,
e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is (C,-Cg) and the aryl
moiety is (C4-C1).
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like. "Aryl" by itself or as part of another
substituent refers to a nonoval ent aromatic

whyapoexsbon group having the stated nunber of PCEHUKI®ING/067739
atons (i.e., C5-Ci5 neans fromb5 to 15 carbon atons)

SglosvalkoRteat G %x%'l%{l? AV BRET A Brdpie ahg Aol L e tothered
oz e A SRR A Ry T PO T R g Pk tenes

such acaptheraptidayl lcesyphaityiiracene, azul ene, benzene
chrysene, coronepe, fluoranthene, f]|uorene, hexacene,

hé‘Q&@ﬁéﬂ@r szl boreas Isarﬁ Hcraedies suléslitlﬁfdvééefﬁe tojarfygHe version of
alk‘yll ﬁgp n‘ri'"ggltcgﬁl R eaclikﬁ &p%nlgglggg %? c%t 1%@1&1% %ngyclopropyl

cydo&ﬁ@k&ﬂbﬁﬁ?cy@@BMhﬁﬂdeQﬂ@R@hﬁﬂ?lc?&%@éﬂ&ﬁﬁ@ﬁﬁas@yﬂaﬁﬁumnd
pl ei adene, pyrene, ﬁrant rene, rubicene,

and cyelpplkemyl) eycéohetxwlsrsup fah ay dnkexaapbartdheyclahiesenyd sandsthi liks.

t E@%@ﬂl— | QLK yétls?/l gg%%a%lg S S@{%eré%%tﬁgp% re@l‘rs to a saturated
or un@altﬁtﬁfeﬁ%b}{@h 1 fa@?ca@np')fvhﬁ‘hydne ogrﬂ@tre cﬁmddt&ﬁﬁ‘(aﬁld any associated

I ncl ude”ph eny? napht hyl Arylal kyl " by itsel ?
hydrogsn ptonts ) afe mdepdsreilenﬁja bqﬂadedemmth thefsane dr@hﬁereatlye:ténoatom

. a radi cal ich one of the en at '
TyploaLﬁee@af%nsatOéSPQs%C@mor{ Bmé%hmg)uﬁ €.t Pr’n’erf%uqt(flélintf‘éiﬁOBNa P, 0,

: t I i.cal
S. 51§ PR # Pl 1eFBl St AN, ot itRencTffl
cycl@@ﬁé’mh].kaﬂylp loe riyy @b agrob k¢hyl”2s pheinylygtidig Rydlobéteroalkyl groups

ht hyl met hyl ,  2-napht hyl et han-1 -y
1ncluc@, Eubzm: gt bm&,@d_tq),-grpups;@ymeﬁm qu)mdes imidazolidine, morpholine,

2-hapht hophenyl et h the | fi

pipergil BHARRRRS Butah D8Rz vkt BTG, o Fwislififi, ARE 1R@eC! 11 ¢
aFPhRIgkAN ¥ “Héﬂby b th@nydlv@anst Rpaarofladbé Pl bstifucks hless
Preferably, an arylal kyl group is (C7- C30) aryl al kyl ,

otherwisg stat¢checfal toaflyorp, el prome aad kodoyl noi ety of the

C Rl B R8s bRt oot b Sp e g kS group in
Whlcéﬁyﬁl)reaﬁf%h@h§¥ﬂofgﬁﬁ ag)rrr;/s JarFE )ﬂ%&ﬂr\%th a‘ﬁhfﬁ%@ﬂ | Tflﬁs tlae term

moi ety © e group I's
“halotlkel”aks yeanbioahyluids n((ﬁiﬁ)hﬂoﬁbkyl%ﬂﬁa@e&l&g}lkﬁlhaloakﬁlm stct ap to
a noiety having an aryl group and an al ky
perhajoaflnds- ebor e@@m%ee ﬁhex?@rsﬁl(awg?er@zbaﬁ@alksﬁl tnafudes fluoromethyl,
| S n I
diflucthehefts; %hﬁ{;}eny . 'r@%%lﬁ@]lpp% aﬁp%yq%x,l £ l‘?izﬂlluf‘rﬁgtjﬂyl

1,1,1-It1ﬁﬁ@d,16em511 @%rﬂnﬁjrbetﬁi,] anot her substituent refers to a
cyclic version of
‘Heteroalkyl, Heteroalkanyl, Heteroalkenyl, Heteroalkynyl” by itself or as part of

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

but are not Iimted to, cyclopropyl; cyclobutyls such
wa@sooepadsebut anyl and cycl obut enyl ; cycl opent yl BCHUSIN0&867739

cyclopentanyl and cycloalkenyl cyclohexyls such as

c Iohexa cyclohe
y ’y Ryt aégﬁ or: aswrt. P"rheb F‘ﬁﬁélﬁ}%lF tregr S Wrfpqapvalent

heterozagg@%ﬂéé gﬂ%%all ﬁ?lggél'(gb fheel'ea]% y]h&t)(ﬁlg l‘%ﬁr%ﬁ%&%}gr (gﬂ a aSll’l le atom

of a parndhabyoadeanid dhg dydwtdr dypivadhespurdregoupsdapl@deenit laye not
replaced with the sane or different heteroatom

hmlteﬂym &rauph@@r@feéaffwwélnﬁe@méel% ﬁ@b%%iﬂ%dhc%fb@h*%% yenzoxazine,

benmw(zazﬁfje bhrolﬂlia @H‘n]% gﬁgﬁoeld et Rir n 1m1dazgle ? lg %[dﬁle

a speC| evelr’ urarron §¥
indoliRemB6liAhd rl%b&!&fa@ﬁ?‘isﬁkﬁﬁin‘fé}ﬁﬂsmr@ble 1s01nd011ne isoquinoline,
cycloheteroalkenyl is used. Typical cycloheteroalkyl
ISOthlgZ(ﬂ@pSOXaﬁQ]qu@hﬂbmdlaﬁf @xadiazblenvxazdlc perigidopsphdaaithedine,
r,0 oxi des zol i di ne, hol i ne er azi ne,
phengsfREliF pﬁs TR SN R e S
d@ﬂﬁ'e tpYidid nih@ 3R ol pyridhk LARIRELMRSIIRY, q@fholi
pyi pgﬁ ano érrn subst’i toue ty unl gs&émgt her wi J%el stla q olizine,
qulnoxelﬁm t¢toazbley driadiandié,achmzoler thiwphend, triedale, Xadthanal zkr;d fhe like.
itself or as part of angther substit uen% refers t
Prefe@%lya

It hetefogp grennRifeam smed Bempsics heterppy L Hyefiefyetsra rably from
c
5-10 BRAFE RSO SRYEShats RoiBrch Qs bR s Gy 4 HBin hiophene
pyrroldl bahz@ﬂhk?ﬂhe&,e bérZoalrea ikyols, pyidine, irtd)ml@efnﬁahﬂﬂé,l@édamle and
For exanple, the expression "(Cl-C2) hal oal kyl"
pyrazinge| udes quoronethyI di f | uor onet hyl ,

Lej | poromel ’yh¥ ik L)ggsrlg# O ot estuﬁ' [ OREY an acyclic

alkyl Ele bl ﬂd@ﬂﬁ@ﬁ b¥d of @lhydrdiRh k@l KUﬂded"thanaﬁﬂJnkaQGNﬂ typically a
teroa kenyl , Hetefoalkvnyl " by itself or as part o

termial of et cashirsatom éntep et witha ladtérphryl grdum yWheml dpenific alkyl
and al k radi cal res ctlve
moietfi S pontkg. B Mofinaiabiie Peanenrslaykankl pElEo PR Gen ggdier
h r t
heter PR3 & EETI RAGP %?ngﬁﬁ%i%aspﬁf@ BheBaihiipy B8usRT-21
memlgtredibsteroacyiallte], clautthantkangl, alkenyt @chlkwyl nidiety-dFthe

-00, -SS, -0S, -NR-, =N-N=, -N=N-, -NeN-NR -,
heteroapylalky] FS((@QC6) alkyl ppépheheteroayybmoicty d¢ aypol5-meryaped hgieroaryl.
In othteFI gm:bbgﬁn nl\f\g1 %{h%rolairlg‘l%é?{lg t%% 1% @ﬁ%&‘]‘r?ﬁ F&%Itoawalﬁgl e.g., the
alkan$lJ bﬂdehyltttﬁdkﬁfﬂ |m01é‘!9t1§ (OACY) alkylndiths Béteraafylagoiedf i adf-10

anot her substituent, refers to a nonoval ent
membered heteroaryl.

(13

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

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

system having a conjugated 7 electron system. Specifically included within the definition
of “parent aromatic ring system” are fused ring systems in which one or more of the rings

are aromatic and one or more of the rings are saturated or unsaturated, such as, for
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het eroaromatic radi cal derived by the renoval of one

hydrogen atom from a single atom of a parent
whedoenaexsomat i ¢ ring system Typical heteroar yPCOUS20p$067739

include, but are not limted to, groups derived from

o R LA BB SRR T e
I
arome& cgk”% %ﬁ?e n%lofi{élm MPaﬁj?éo lgrﬁlztg gﬁggéa%thngéﬁg e?cen%phthylene

acephleﬁmth@@ér& anthedcenalazokne, tkngend) ohiydene, ics@inbh@ 2hloganthene,

i soxazol e, naphthyrldlne oxadi azol e, oxazol e, .
ﬂuore@érlﬂqﬁaamﬁe ew«bﬁa%th@ml@n%én %@%aﬁﬂpﬁa@nﬁn@da@mém@?ﬁne

h n ur | 2| ne

naphtRa% oq%gacmgew C@Be I %‘%ﬂe% ova Send? iéf: pl))/eﬂta ene
pentaR¥E rpanltaqdheﬁe P 1887 PhbiBend] kéh&ﬂin'tlﬁ@ne %’édﬁ@' ]{)léiaﬂ@ne pyrene

qﬁl noxal i ne, tetrazol e, thiadi azole, thiazo
pyrantieg rebieene:, tdteahytiemnaghtheleaedriphenyletve triniapthalene, and the like,

r ef er abl hetero group is from5-20 nenbered
as wellas SRS hﬁf@foewﬁwgfs %géoe} from5-10 menber ed

h epﬁreﬁﬁﬂﬁeroa%b'ﬂnﬁﬁp RénDSTGEQR 'féﬂersgb %;{ﬁ%erﬂ laforhRSAng system in
derived fromthi ophene, pyrrole, zot hi ophene,

whic}bmmz«m‘ moncarbordatbms (md arghi momqteldmyldrmn alt(rrn@aam irelependently
azoI and pyrazine. "Heteroarylal kyl " itself or
replacg ﬁleo%ﬁmgrﬂxt%é?regh%%t@wmt Tmlrsélrlget%reaf@ﬁlsateyewla%e the

I r
ol SR S8 RO 08 B 1 PSSR ST
w1th1@tmmcﬁn$tldrﬁ@ﬂ zpa&dlt WefcFoarometi € riaakydte@s ouR. fuldierigg systems in
specific alk noi eties are intended, the nonmencl ature
whicheneeoapig afit gﬁygs algearemae gnd RN mgmjgbfothe rings are saturated or

unsatlﬁrg& zll, g%:% ak kyngrgapljssfjs?rgdjoée é)%gioo(ﬁgwngglgzlo rrelltnschrtor%%ne
chronht@leein@al e¥ krRdoink, xatlibne, &Be T§Ff&§ﬂ1¥érentﬂiéf&6¥ﬂon%1c&i {ems
noi ety of the heteroarylal ky Cl1- C6) al kyl
includee bet mamyt limiedtty, arsindolb; dzﬁbmﬂﬂ:)ér mﬂbdjﬂenee Cbmnydne ¢hr0mene,
ot her enbodi nents, the heter oar | al k IS a
Clnnohﬁﬁtfélfaé‘d lrﬂ@@éqléamgi%ﬂlwndo e lgdo 194 énc{glm?y nsobﬁrllq@éww,
|k (;
1sochr% %B}ﬁdoﬂ‘g 1s%ﬁ)r}/d0'111:’1 elgé (;ﬁgltlrgér g%&hlﬁibqe,w%caggfeaf%ﬁ’{tﬂyrldme
oxadlbzmé t(ﬁ@lzéleolberﬁﬁl V\}])h@ﬁan@ﬁ@dlﬁ@ Iphetfghidlike Nbhenefi@e SpHtkalazine,
an al kyl group in ich one or nore of the hydrogen
pteridgine pyripe.yr¥p Ipaeaémmpmzalehpm@@me M diet pemmidimh pyrrole,
meant. to.incl

pymrofigier Gl zaniiucting) g BelE: Riip &R ol iodinrgte.

thiazd}é,&hiophene, triazole, xanthene, and the like.

“Leaving group” is a group that is displaced during a reaction by a nucleophilic

reagent. Suitable leaving groups include S(O),Me, -SMe or halo (e.g., F, Cl, Br, I).

“Linking group” is a group that serves as an intermediate locus between two or

more end groups. The nature of the linking group can vary widely, and can include
virtually any combination of atoms or groups useful for spacing one molecular moiety
from another. For example, the linker may be an acyclic hydrocarbon bridge (e.g., a
saturated or unsaturated alkyleno such as methano, ethano, etheno, propano, prop[1]eno,
butano, but[1]eno, but[2]eno, buta[1,3]dieno, and the like), a monocyclic or polycyclic

hydrocarbon bridge (e.g., [1,2]benzeno, [2,3 naphthaleno, and the like), a simple acyclic
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"Parent Aromatic Ring Systenf refers to an unsaturated
cyclic or polycyclic ring system having a conjugated p
webk@enoxsm system Specifically included w thi nP€TES2008/067739
definition of "parent aromatic ring systent are fused
ring. systens in iich one or nore of the rin a
heterogteyhig ‘%’/rj‘eéfﬁ Balkﬁﬁ]éi\{grbrhjﬁfa e.8f “PneSpi %g@ NE-s ity a{:@'or
at te uc fo e.nfdwor | agane
i atgyt ed oFucR@mvmt o e.oldior eng, ologane,
C(Oﬁ%én%{@phgﬁgﬁze’ng(@mt r’aﬁ%gmbht t%l Zehg?ﬁ Plc@ ypi cal
-O-ClRaCehCHay, andthelikd)ng nsonst gt drppllyelic huterauirgl tridge (e.g.,
limted to, aceanthrylene, acenaphthyl ene, o
[3.4]fHeapheYiadner thicpheno, piparidiee maperazing aheazigwgz Byfeolidino, and the
hr elplgﬁon%orf%gﬁgﬁdfl uor ant hene, fluorene, hexacene,

a2 N C
like) or ¢ 0 €S, : :
)%exap ehe Piiexal ene.°hdacene, s-indacene, indane,

| PPRAEstindaRBiAelk @Ngou® Had Geppen @i RPALRamPrd, alh§afoxyl oxygen
' oval ene, penta-2, 4-diene, pentacene, pentalene,
in plapent apdbelediydpageplagora, Spieblalbydexyphententingrasoen(s pinckrde esters
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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 to 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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dre d,w t. drog at om i danc
AR M RR APt Gort R ShElToe el RS the
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t hyl net h | at I tril
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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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Heme compounds Globin bindings/surface oxygenation
Drugs Drug activity

29



Silicone Lubricity, hydrophobicity Conductive
polyneric materials, e.g., Electric conductivity
w@oiogwi2syd pyri di ne, pol yacetyl ene, pol ypyrr ol eRCT/US2008/067739

Car bohydrates Alginic acid Lubricity, hydrophilicity

Lubricity, hydrophilicity, bio- degradable gl ucose

Cel | ul ose source Chitosan Positively charged surface,
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reactions. The functional groups include but are not limited 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 grafts, 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, percutaneous sheath introducer systems, thermodilution
catheters, including 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
or 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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embodiments described in this application, but only by embodiments described by the
language of the claims and the equivalents of those embodiments. Unless otherwise

indicated, all percentages are by weight.

EXAMPLES

Example 1. Electrospinning Photoreactive Nanofibers

Poly (e-caprolactone) (PCL), with an average molecular weight of 80 kDa was
purchased from Aldrich Chemicals (Milwaukee, WI). 0.14 g/ml PCL solution was
prepared by dissolving 14 g of PCL in 100 ml of organic solvent mixture (1:1) composed
of tetrahydrofuran and N,N-dimethylformamide and mixing it well by vortexing the
mixture for 24 h at room temperature. Polymer solutions with 1%, 5%, and 10% weight
percent of photocrosslinker content (such as TriLite, tris[2-hydroxy-3-(4-
benzoylphenoxy)propyl]isocyanurate) were made by adding different amounts of
crosslinker in the PCL solution. The polymer solution was placed in a plastic syringe
fitted with a 27G needle. A syringe pump (KD Scientific, USA) was used to feed the
polymer solution into the needle tip. A high voltage power supply (Gamma High Voltage
Research, USA) was used to charge the needle tip. The nanofibers were collected onto
grounded aluminum foil target located at a certain distance from the needle tip. The fiber
meshes were then removed, placed in a vacuum chamber for at least 48 h to remove
organic solvent residue, and then stored in a desiccator. The nanofibers were evaluated
under microscope. Other photoreactive nanofibers were also prepared by electrospinning
TriLite containing polymer solutions. The polymers include nylon 6/6 (Adrich),
polystyrene (Mw 170,000, Aldrich), poly(N-isopropylacrylamide) (PIPAAmM, Mw 20,000
— 25,000, Aldrich), and PEG-PIPAAm. PEG-PIPAAm was synthesized by free radical
copolymerization of N-isopropylacrylamide (Aldrich) with poly(ethylene glycol) methyl
ether methacrylate (Mw 2,000, Aldrich) in water using ammonium persulfate (Aldrich) as
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of nanofibers with different photocrosslinker concentration. The average fiber diameters
of 0%, 1%, 5%, and 10% nanofibers are 208 £ 146 nm, 212 + 80 nm, 453 + 146 nm, 315
+ 160 nm, respectively. Highly porous structure was observed in all four formulations of

Figure 1.

Example 2. Acid Derivatized Nanofibers by Polymer Deposition

Poly(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/ml 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 the mixture in 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
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devi ces such as pacenmekers, defibrillators, artificia
hearts, and inplanted bi osensors. Additional articles
wo baw/oexm be fabricated fromor have a surfacePCTES2008067739
be coated or treated with the |latent reactive
ctivatabl e nanofi bers of. t resent invention c
coatefl AEIQIdRsT MSSHERVE eBENRS NithedF 987 Water 491 Fahotg? and then dried
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and ATREA e BB RSk o Bk lesh I ha R bR was
immekdedWh bb RES PR %FPEM&/AI*M%%%%& n%cﬁuﬂiéh theq@frlz 1Rl dish

many changes Can be made in t odi ment s descri bed
(Quard Sthontificddpar Faingprf Harbarh@H3 cldpld agfitatibre was epelitd to remove the
. . Invention, Thus the scope.of the present invention . )
air bu{@ﬁ]&a igpRest ingée nppgetiteas 110V iadiahien dandifnsppded io Biednixpre in a
| L | . .
VP ERRRPELLTLRe o il DT SO, FRONS, HERERLRSRY

12.7 drhp9@e Qﬁﬁ@ﬁ&df&ﬂésﬁ-wésﬂ’ﬂli@ﬁéd ot dremdi1$¢ iilndirdibedpphdd again. The
per cent ages are by vveig t. EXAMPLES Exanpl e 1. '
coatenerafitss piashemycRiuashed it daomasbMalse fer Jbhgurs and then dried

undm&?'cﬁgﬂ°|80t8 %&ﬂ RQL), with an average nol ecul ar
Wérllg&]ﬁ 8FO8Y $ purchased from Al drich Chem cal s

(M1l waukee, W). 0.14 g/m PCL solution was prepared
by dissolving 14 g of PCL in 100 m of organic sol vent
Examplg #ur £poXxy Derdcrtized Xanpitibiees by RpliyroéxuPapositidn

N i et hyl f gr mam de and. 0, xi it. well by vortexin

¢ RebeRE b LreiacaRat) ofv sonid ssiatiie vaparghigmrovie cpoxy
groups Yntthé OFacH 1A cd¥in %?‘f?ouﬁf‘?f %%YBIXQ’E&%FP@E hGE8Y b mesh was

phot ocr ossl 1 nker content (such as TrilLite,

immetgeidsh 20hyloFoong/8E Pelly(glycidyl methacrylate) water/DMSO solution in a
benzay] phenox&)ré)r opyl ]i socyanurate) were nmad
C

quartz e glidh (QusFEnci@iBisning- dripeddupak ). Mitliég jon was
T T T
appliddcio@né hfikt@ire HSAUVIBCLUSBO Wieral Rest Absslinker (40 watt, 254 nm,
distance from light source 1s 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 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 [SurTec, Inc. A certain amount of photoreactive PCL nanofiber

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

(Quartz Scientific, Inc., Fairport Harbor, OH). Mild agitation was applied to remove the
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pol ymer solution into the needle tip. A high voltage
power supply (Ganmma Hi gh Vol tage Research, USA) was
waiz@dooxsechar ge the needle tip. The nanof i ber SPEEDS2008/067739
coll ected onto grounded alum numfoil target |ocated
a certajn distance fromthe needle tip. The fiber
air bufblen sgbped 1 iR @ANG RSy AV ipspdigtion mas hepapnlind &hiiegarxture in a
r r
UvP L0l (RRSIOECRABMETRY B0 9908, SRLKEDph RS e
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Coatecrrlmqﬁt@r senshes Weiegvpded math daenizedivater Tor ‘b]@fPLWréﬁ‘é then dried
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20, OOO - 25,000, Aldrich), and PEG Pl PAAm PEG Pl PAAmM

was synt hesi zed by free radi cal copol ynerization of
Exanmle $opAsiy Q;rothmimﬂ)@eivetimd N@npﬁhmsth Eirp{teR oly memization

D PV TR el Tansa Relh fafie phitp dmg! of ST G acrytic

o O T D g e

solutivAs$n Sty Binbesilastbdiie TR mheadici wad Wibbiwl Witk arpon forR hiadnd
(Mwv 70, 000 -100, 000, Polysciences) with benzoBhenone
transfggpe tah n@aﬂ@@mﬁ|d¢sh (@@rt@rsémlé“@, -therppetddarpen QJf), followed

by 2 i G RERASh Bt (B RobORMARG RS atere s fighe source

was 8%@&%? 86 chdh zﬁh@ 6F fiRSicp M e, PBeBRrSQINBIbOR M iR with
TriLite. The el ectrospinning conditions are sumari zed

distillied whédyl thret tinTesh e shedBv gl waserpivarmigly ddrizemtibred. The

nor phol ogy of all the nanofbers was investigated using

a Htachi S-3500N SEM The fi ber sanples were nounted

n is t bon tape and gol d

Exangnpﬁ? t e?ﬂ-u ?%?@@e‘?@?@%ﬁglﬁ%‘ The average di aneter of

t fenctioml plyeips (vasadeke and raeﬂn(b)aﬁet(’the mlandbiﬁﬂﬁaers were measured by

nmeasurenents of at |east 20 fibers. gure 1 shows the
revergiflgjipmic dSElbllfid*r%\@ d=alibratipag gyre dpae wﬂmh‘a respestiigrdyes in the

v RSN GF LR AT he SIRERLIALL R, YR RE LR on
Spectﬂaﬁ}@aﬁM2 R2ti-d8Rchibh Rébder floth MdieciddbDerkioss. nm
respectively. Hi ghly porous structure was observed in

aII four fornulations of Figure 1. Exanple 2. Acid
C b ati zed Nanofibers by Polyner Deposition
ar ?%Y TQUPY1ic acid) (PAA) was used to provide

C R opatloi® e PGl e O b\ GaR&N 8 drRR¥ht 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

IT (Aldrich Chemicals) in water (pH 3, HCI) at room temperature. The samples were
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surface. PAA sodiumsalt with an average nol ecul ar

wei ght of 5 kDa was purchased from Al drich Chem cal s.
we@enoxwsn anount of photoreactive PCL nanof i be€T/Dexn8/067739

was i mMmersed in 20 m 50 -100 ng/ M PAA aqueous

wasn L 83t B g P e SR oE S GRAb L o
Aftertsfflfiﬁg‘? & 5 6, Ahd URYOR a‘%%otgu[ti%ﬁgﬁqhé &Hﬁﬂ?@ﬂ RanddoREISt 479 nm.
Irra pplied to t

iation was then a e mxture In a

UY¥Re Ghinctidnal glotipawim tHeatanCfibsisdurfike ivefd Qetamhined Dagednom 1:1

di stance fromlight source is 12.7 cm. The nanofi ber
compipxgHomhetvwieen pwesdiongkerogptanddyd malechlesi on appl i ed

again. Th ted .nanof.i ber wi t h

aaPb Ao BFGERLRS (BRI RElepBFENES o B SLHBHSH Sk lbs por meof

nanof#REHITLERs 0oNSF ke WEh@RS thaERAMDHE 0BitioNBINE%, 5%, and 10%
Derivatized Nanofibers by Pol ymer Deposition '
nanoffigiry yigi dedtdashoxygroumdenseias oL 252 NPy apl/$ 72 nmol/mg, respectively.

Theof R G ERRTo  Preaepons e oG Sh T o1 PR ffetiona
densi%}/ gfv%ﬁ@hér@ilaﬁfé%@‘fed‘i\ﬁh%g sddhe. MR Pafe BYREBRSI #86p B¥nsity on

e-radi cal copol ynerization of DVA and APNVA
5% ndnodibecshivar slgshtly Aower than tha b U fé nafofibent drshacld heend®€ld that the
nanof i ber sh v\gil mmersed in %O m 50 rrgﬁ]m
same PR APNIRTERSTRB 118 bigach f1agetervauld paricss poame yrigge arca.

N TS g g ERE R Py o v

less at¢adpipRbHotodrogp@naic fitei Surfadé, Idadadi tata lowenasnsity@® PAA on the
apg}l§ie to the mxture in a UYP CL-1000 U traviol et
surfacer blsH1g thr eplk drpsiaof PCRHA. 13ng/md) andhthe digmetay of §amanofibers

deren PG P e eyl PBa RO B R e R b R frn be

convdtRAb nRBIbeNMBENRSHINERI Sré@sha@thn fitker daHAR. Redalalatld fufétional
24 hours and then dried under vacuum to constant

groupwhsingttites wexa hfyl 1, 4nd BP gxgupseniny & PédS Mandfli0bensndfipers (Table
P ifi Pol | yci.dyl th | at Mv

2), wiigh B AP bHRBS) AL ST (il deveb BkpgrEps shown

o R S Sl PO O i

was 1Qebythagh yaribdyy demdityamnytaadde)y RAeddpoMBons ehidhi ik pantially due to
quart.z round dish éQJartz Scientific, Inc., Fairport
P¥Age

20% aginggpn opylgM Ay Est i1 B0 agasb apAtioBP BAA k594 t he
pts B ST RO g ENELL ORI g
nmolrhd, Bahelal abll gSEhoINkgy, ifdifatiit foor Zetingefficiency, 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 Densit Carboxy Density (group/

Diameter (nm) (nmol/mg};anoﬁbgrs) an}:‘iber sur)‘/fa(ge) i
1% Nanofiber 212 282 10
5% Nanofiber 453 203 16
10% Nanofiber 315 572 30
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di stance fromlight source is 12.7 cmy. The nanofi ber
mesh was flipped over and UV illum nation applied
wW@g@pn028dhe coat ed nanofi ber neshes were washeRPCTS1008/067739
dei oni zed water for 24 hours and then dried under
vacuum to constant weight. Exanple 5. Acid Derivatized
Nanofi bers by Sel f-Assenbly Mnol ayer (SAM SAM aci d
us tpoxylic acids on the nanofiber
Exanﬁﬁ§§ 9%réﬁ ac%gg%bgggynthe5|zed by I SurTec, Inc. A
céaht @bmsasrmfmhe adnafibet oreslastwasedeReininahof b tlnqmdnﬁslﬁaaweaﬁent
imrersed in 1.0 ng/mM aqueous solution of SAM acid in
methq;i qiiameeshsampér Wps Hnneisas i 2 SEdeRtedraydindenontaipap r\bo\fq ume of
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of thel 4if BEHIASY. ATFtNAD rhinCthecaRMhihed feoldag abTvy!t Vhewkile@nldMiPsample
CL- 1000 U traviol et Crosslinker (40 watt, 254 nm

was rengvethitemfthe n’yllm@m and cher eeeidugl IPA Volurr)e is Fhe(\haMof wisethe

fI| over d UV ill i on.applied
ol 1P Rel i P e osrb VB GLERBY Sieen in he
fibersdfheftiag B4,-%a} Ghs ﬁf%rtot%‘ﬂvgﬁ’,l%egoiaﬁ‘l@er aﬁﬁ%o%dsesgaé’en d[‘l‘qhs the porosity
vacuum t o’ const ant wei ght. Exanpl e
of theDeltdrwedsi cheadnddbaofV p¥E)s (‘ByV(Q aft Pol yrrerl zat [ on
Prewei ghed PCL nanofi ber nmeshes were imersed into 20
m of 50 ng/m acrylic acid (Al drich) or 3-aninopropyl

met haghyl gl@&%s{tﬂ;’er g’.‘-]lgﬁbeﬁgwtp ﬁ))u?ﬂ%i%r EBating

solution in emx evvas
1

bubbl ed—w 2 hrs g ransferred a

t ah
quartz reung ALY ‘g,g;\g?f@“? e ‘.Sz.tcoafé.éai dpor t
A 7 RN
Har bor , FeH) 3 |

1% it . )
(Harl an.;@—%lt 'u“v'fv"GG, ?g’%aa?/dl stat ce" leBBE/I roht )
source 1 A)lTHEI éeb) OT1 Bdgoty stTde gf—t ”6920 UBII nmesn.
Ther eaf ter; sanptes were rinsed wth distitted water

three tinmes, washed with water overnight and
| yophilized. Exanple 7. Functionality Characterization

Exanﬁﬂggt' Bi6th o e AHPEN flobfizafidghPoXy and am no) on the

anof i bers were nmeasured by reversible ionic dye
b Hmism@adlﬂaPeﬂmmataS@ (ISR ReP erodamiaee MyipehX i hgignes pess timvebilized on

PCL l?da}yq% sfssct Wﬂvhvenéf%ﬁé 33@;@;& g@%@:ﬂigna@wwfﬁ%ﬁlqyﬁhéed
nanofBREFHERES MR 15 ] A TRARU LML YR o s

mg/m$ DNakS3 rin S@er a@h@ted Ifo ﬁH o, Afterlidcutptibntdni Dgtiaker (100 rpm) at 4°C

Sz A~
$ _

for 30 min, the activated samples were removed, rinsed quickly with ice cold water and
immediately immersed in protein solution (5.0 ug/ml, PBS, pH 7.4). After gentle agitation
at room temperature for 2 hours, the nanofibers were removed and rinsed with PBS, then
washed extensively with PBS-0.1% Triton overnight. The protein immobilized nanofiber

was rinsed and analyzed for protein and activity assays.

Example 10. Bicinchoninic Acid (BCA) Protein Assay
The protein loading on the nanofibers including the ones for nonspecific protein
adsorption was determined by standard BCA assay. Preweighed protein conjugated

nanofibers were dissolved in 2 ml of 1.0 N NaOH containing 2% SDS overnight at 37°C.
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(Al drich Chem cals) in ethanol at room tenperature,
rinsed three tines with ethanol for 30 s each, and

wao bap/ooasner sed in 10 m of a solution of 0.01 PCHTE20081067739
a 1:1 mxture of ethanol and water. After shaking for

1.5 h, fluorescence, of the sol ution recor ded at
The sghioR el PaTAbed B . Hcﬁrﬁ%ﬂlel at gﬁ%ssa%@oam%dé%qi to 250
ul 6.0 TR RS QUG AR S Flcbgilin 4 T e MbR 10k frifuged a
14k rpial fpr &inin oo forireapesteinypetict. The peHapl sswishecawaish2ed [heee

times wth water (pH gﬁi and imersed in 10 m_ of water
acetoigppviee by RaiFuganonaind shigdiong: st blogk i AS°G Far SUwinviTde protein

eEROERLAGD 85 S0 ES B PRSP o
waterd@leB UL NRA &R EchsRRY %snl GHW@A %@}yi 1GN(PREL WSk ford, HT). Protein

functional "groups and dye nol ecul'es. The functi oha
loadingy leupl Wanddtéyninad as thpovdiglt mscamtagle offiminotbdlizedabtein per dry

.}grgups fper ng of nanofibers (Figures 2-4). Figure 2
WCIZIR ROWSNRTATS-PAA deposition on 1% 5% and 10%

B T b R e
differe@natfabe hodiidatiohs. A veresed todk@istracthe oilitihood dugeVRAA

“higher functional density, given the dianmeters remain
modifi¢rbnaymiibersHibmeed the higbestypneteinoinzhobytisatporddns pgimgnf@basved by

nanofi bers slightly | ower than that 1%
AAg Wéfqaagﬁée.r??f-‘*sw%@gb a%a%QTWt%afedt%@0§§% (hds/we). The

order gﬁtﬁ“ QLGRS otlet aﬁ pérgg%? %%{Sztggo%le]{% %H#ﬁ%#ﬁ? ssess snal | er

ace area. ere houg nanofi bers had
nore crosslinker in total weight, it mght have | ess

accessi bl e _phot ogroups on the fiber surface, |eading
Example 41 Bioaetivienet liymepilizad Ryeteine surface. Using the

byl k ,densi f PCL. (1, I d. di f
© S B Ry o€ ol i R B kR O R e T sifppee
solutibHNCoIbP A&V el B RGR WA inTTJHRITRE DRAT s IRFaRRRRIMEKIPEY WAR added

nunber of functional group per nnR fiber surface.
to HRReqoaljwgatet mohofibacst Adteall O grious fieivsicid wes aédael thGtoplthe color

and 30 groups/ nn2 far 1% 5% and 10% nanofi bers

dovelpRaBHin) DS OIRAREF HAS0RN VRBSRIGCE: G HESaTHIvE REHRP was
' h_hqﬁmg@ﬁ'a Jevel. ARECHRP. As shown in Figure

used %],&t e am nebdée{hdsltsltﬁlrg\r{iﬁostﬁrﬁes created by (80:20)

DIHR PARIVE i Y eparsintasune days HRPadta liyhed TVEB bridyiticenss thown in

. generated_ by PAA deposition, which was partially due .

Figure §, HBd, eomijygatedorn BAADnndikpdmaneafibers showod Bighswhagtintty vihile
loweroar&tixei%@vvagfglfﬁd 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

important 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 from P. cepacia. The samples for the degradation study were prepared as
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pol yneri zati on of APMA to photoreactive nanofibers
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out in} HHﬁe.qiﬁ)egrE&athﬁMaé Slbfifcfiiabers, which represents the

r
vol ume of ‘porous space 1 n the fibers, whereas (V2-V3)
was the total voMigigholos§ +I(MerMayill, por(®¥s space. Thus
the porosity of the filter was obtained asaéV1-V3)/

wherq Mp.apdM, argahe mags ofsnedivess adier naghbefopedegragatipnand

hout ; DAA i le 9. Bionolecule . . .
L TR R 15 RE R TN TR B R RuS Snfaserials i that they
disapR&k @K HasRIT PR Moy haSk SN |cWalkeil FIRRbAI ARChPEBRY surgery is

nanof i bers ™t hrough an EDC/ NHS coupling nethod. '
neededdp beoryve tneot. ilbAatdng epplrcatiofs tegnirpesiiersnidageadatme ratesl It is

impm%tr%,tﬁxp ]:1r . > ?tal['si k@%@e&?af%ﬁ%{gﬁ%‘gg{ %IO $%%£§T§11 El%: p&?e%.lﬁy control it.
The dePEMRAMA RMnfAflerfed RBKSHly b1 gg@?@?gggct)a{e@ e;/lrﬂvr\p%eﬁﬁ&esuch

vat ed sanples were qui ¢
as moleelarobdghatestadlivdty, ohadioaicatayioh narer sthel morphiotdgéeal variables,
solution (5.0 ugq/lnrgi , PBS, TpH 7.4). After gentle .
but alggyby 8 @y impnmesitcopfibanrsatlyy@conshitionsperednvesggated in the

T e e
materiethpldegidati oroDRC L iig eehyndseidud es itvaiphriyassshoditdty and high
anal yzed for protein and activity assays. Exanple 10.
degregio¢ crystadiiipi. ©nseiPd Ly Bdabrigated bitey nagedthers, it may degrade faster
because of a significant increase of surface area. On the other hand, degradation rates may
slow 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% crosslinker. However in 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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The protein | oading on the nanofibers including the
ones for nonspecific protein adsorption was determ ned
whygooshversear d BCA assay. Prewei ghed protein conP@yasmds/o67739
nanofi bers were dissolved in 2 m of 1.0 N NaOH
cont ai ni 2% SDS overni ght at 37C. The sol utio
possipla & b e dFradion qfﬁlarlRf Eﬁﬁs% annEShe ploErTkERcontent,
Whlcﬁ“ﬁa% g%ﬁg%ﬁlgsteﬁs%c@llﬁwéeyo gﬁﬁg%év?\élg‘ﬁéctge{qé%lﬁés‘?&l}gtgg%&n%@ﬁlcatlons
that récpjiﬂef(hffe&nﬂdégrhdatfdhrrmea PEML ighagep elhd\eéd thIh@fte;?r@ el sig@isicant
washed with 200 nml col do acetone tw
degradetiry Wﬂ%@%ﬁer‘&ﬁi larQ(% angl dgo @amé“lbﬁ@a\tflﬂa; ﬁ@@lkaﬁfacgsta@or@ng sough,

it U PRSP asrl FBRLR e $hele Plping
smoolﬂ@qﬁ?’%ureig hen used for protein assay using a BCA assay

Pi erce, Rockford, IL). Protein |oading | evel was
determ ned as the wei ght percentage of inmmobilized

Exanfiig 15y o BRm e ok ord evadasstessfife R, Napetbers Using

Direct i WmShdd & ent surface nodifications. BSA was used
to construct the calibration curve. PAA nodified

nanaéérbearmibhopiedes Werchtiug freat lapgarmenofibanybédth thadtvicon
T I I L
(TL) R)ragﬁ;g Coht qlr%;i%sio%&]ﬁ%so&zgﬁo @, Par bo; 2&%{1 dgps] E?(;%h? %g & sixteen

ber's activity

piecePivetepiapdiog f&i @adh ia\BCX ppdteimnany, |w}ﬁ&dthHBFheW@Sght pieces were
determ ned using a TMB substrate solution. Color

prepagrsh/ier ap aetititirssay-nEechaelehic apnafibez pidees wisse watgded prior to

incubs sol ut @8 éﬂ PHPe was added to HRP conjugated nanofi bers.
%?%VV Y Sulfuric acid was added to stop the

col @I‘sog@ﬂ@é&ﬁﬁ&nt)va@pfbpakbwsmgﬂl@@o@hnéﬁemlm egg white

nmeasured. A standard curve of HRP was used t
(AmresgbchidlaneOthke Thic dgorzymictwasgfreparadbi 3G Izlgétnl-RFdeQlefhe

nanotﬂ@ersswsé%inﬁﬁ%ﬁ%%ﬁf@ 6 oRMPC Bl P PP PAA SRS e

ith MRkl bers showed hi ghest activity while |ower
W actflﬁ\%ty was found on aci d- SAM coated and AA grafted
nafedk ithesse h(ﬁir\tmrubhham it the lpmz@reiersollmmi tt&maAAﬁgerafvtreeel
nanofi bers was nost tw ce 1 as that

removgd fgors Ag kYéaaéae ﬁ%lﬁaf’lil Bagd glaceqh gn §|nﬁ=qea}f Tgélorn&pf the UV
111um#gﬁbr%?ﬁ“ﬁ§ ﬁ%&lsdwéAMhEﬂlﬂﬁ[edgﬁr g t&?f 6%03@9{11? (é@ %g&gﬁfs %er side

éin"conju e ac
x2). between PAA dep05|t|on and

After UV illumination, the nanofibers were placed into new scintillation vials and
washed overnight with two ml 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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AA grafting suggests the orientation of PAA chains on

t he nanofibers could play an inportant role in protein
wW@ewpeiasye Exanpl e 12. Degradati on of Phot ocr oB&ST/U810081067739

Nanof i bers Degradati on was studied in two degradation

il ?OE%@ER% SO Su3 ke e M@@Uﬁawiﬁsﬁfmwas
adde@%rtﬁe Hﬁﬁﬁ?d'e?sdfo?%é’%b%v‘%r%teaﬁ ta?é'apl% 9?8%51% &fﬁgc e n%ﬁ‘@ﬁbers were

bers were renov um num co

incubbiedatitnghe tNEDHISDSVed1atioh ovéragseat 377€m from t he
coll ector and then |yophilized. The fiber nmeshes were
then crosslinked under WV irradiation (UVP CL-1000

| Vi sSl.i er 40 watt, 254 nm distance
Exan#’l%rﬁnal [ %OZ&?@%“}V% 5 |nches) for 15 mn. 40 ~ 50 ny

OfA., nan@ﬁmﬁmlm ?b@@ﬁi’e)&@ﬁ@it P AkSayl centrifuge tube

and 10 degradati on buffer was added. The tubes were
phAax:EI@lzC&wk® kyriegmei Assay XiQd Noleawlar BrobeTHa1@miangp| @B) was used

to detfipigg e fid THIETF! @ €08 PIBEDLGT R B TRERE 1S NS P 4he
reagefisREd ¥ tﬁ@Qs%E?Weré"?f@%Qlted%g&rdl éi%l{ﬁgklt-fﬁ‘&r&)&gﬁé' | ment

was carri ed riplicate radati on was
c A dahddre duave: wopiépagbd il 296 wel](pl@tel‘db&d&ﬂdhg(toltﬁé)%t\ﬂlr&rlmtions.
t he mass, of nanofi bers after and before .

L5 mbeﬁwﬁﬁg ﬁeéﬁhﬂmﬁ(mﬁp@rq%@a KHAPAgeakAFFer S WG fdBstpictions)

was agﬁ%y {%% h%% tlﬁa' égaélo A aflé ??ﬁtg h#e glr)@?e?gﬁs eg.n g'h% gﬁndards

and n@lﬁcfﬂjw pseuégefepe 1m3umaﬁez@thttbe EETRYeR stoll‘lﬁmn fior bhehemtand 50
appl i cations re(%w e different degradation rates. It

minufies a§ Hpér (paetected bgkand the degr adati on behavi or of

t I d h t dat
" SRR D BB T RE IS s PR 60 Bliprigo B AR SERTH:El from
cach RINOPBEE 42918 Wk 16R1cdTh ﬁ@pﬁ@fe ahebb ,WeCIFp/lﬁeQ‘Jolnteﬂﬂnh? ,the
chain orientation, and other norphol ogical variab

standdnds aadl $lgotpgcarive vervmeasnredrat 4l 8 oondi ti ons. Two
were investigated in the degradation study:
h&gr ol ;ﬁ?‘g P&HEF‘%%%N c degradation. It is well known
that. a5 a ByblipREL |y GE A AdAb AReA ABRETEA
very sl Zw due tgﬁ?ts %nﬁydsrlogho c{)t gndAﬁﬂg )
dagickbredcetic ysidaSi grm-mldrl@a OvilWailikdes WA brals maédaﬂb pmotipitate the

nanof bers, it. may grade faster because of a
lysozying djom therolytins @ag'@lrang Her¢iarov e enotiberst he ot her

133 B ALIA AL TSR e o gt e 1
HCL dedfirdaftiaced il 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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PCL nanofbers with four different crosslinker |oadings

(0% 1% 5% 10% w/w) was conducted in phosphate
whedobeoxse sal i ne PBS (pH 7.4) and PBS cont ai ni PQI/682008/067739

units/m Lipase. The results showed that after 23

weeks i.n PBS, 10.66% wei ght | oss was. found for PCL

nanof i B&rs iﬂr?l’\a@%@rt% QW]@F%OW@%&SS% si gns of

d ! h fido :
PRI B bR R, B WIBNAS. S0 MRS Re slyon s
added to dable tybeas elisselvefthé pelase, 96hgl oxdidfO bes shehegidad eslcach tube to
. much faster with 93.6% 41.0% 8.6% and 3. 7% wei ght
bring thestotal yoluaatsr | Ber 'ghq,\pqopplgwlullws Boseiansigyoed to glass test tubes
rosslinker after 24 hrs (Figure 7). It is concluded
fOrth%I:‘lléa)\si%y'|ohotocrosslinking greatly affects the degradation
of nanofi bers. The degradation rate sl owed down wth
the increased crosslinker content. It ispossible to

tune tBg dedrepaite loysogymesritandast €ubye changi ng t he

photocrossl i nker content,. whi ch ha reat prom .

C BT SRS EPTieR b nE ey e aguersr SaRPs OFbrp dH:0,
Ten sBRBALIE Hdr@ BRoph Rl in ' @ANKEE tifHeh kIR indGAasRtl A6 AL®Sug/ml to

SEM i mages showed that after 5 hrs; significant

0.0196 egyatat mb rotuas lots eevetdndard )% and 1% nanofi bers with
fi ber surfaces becom ng rough, while 5% and 10%
nanofi bers nostly remained intact with fiber surfaces

remai niykhg s ' A . .
o 11 2at 110t Oy S o8 A ERBRUMARY Sy Wit BCA
Workiap®eapesis Using Direct UV Il lum nation Sixteen

nanofi ber E]Tl{eces were cut from|l arger nanofi ber sheets

t HaQuortiRyolY B4 dspunKiy Sigoa-édrichy hdilwauksri BE) wapn sisecfor the

e e d usi.ng four different Trilite (T .
assayy TG, REEPBG Ao ki el bR Sl insslo G nsbgrigny) was
addedl@%aclEbg e @indafR HiPdxBEAMRhAE SimPIBE £ Rl eRAT Rfume et fde).
in a BCA protein assay, while the other eight pieces
The stendeardp raparmples oreratheagn¢ubated aiSIal folthete lofurs.h€wo hundred pl

of the P RhE gt Rre S s S e pen ke leaG B3 etk and

bsorb¥ QY4B E L QR Chisgk e, €99 white (Anresco, Sol on, CH. )

¢ SorT%g Iysozyr?e was prepared at 50 ng/m in dH20. The
ndhofredodts somimeed thatid sigedidant drheudtysdyyorpmeolastdonjugaad onto

one hour, at. roomtenperature with shaking. After the
PCL grefifeiarbyi ¢eash iV HRmination hoyeysy the wynapiliged hispeyme showed

limiteﬁaa%ﬁutpﬁﬁﬁic@ﬁﬁgethe 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 invention
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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renmoved fromthe |ysozynme solution and placed on a
pi ece of Teflon for the UV illum nation. The fibers
woweee/0odsbuni nated for a total of two mnutes (BOT/US2008/067739
seconds per side x2). Af{qraMysi!!um nation, the
We panoflbers were placed into nem130|ntlllat|on vials
H8" washed over ni ght with two ml of PBS/0. 1% Triton
(Sl gma- Al drich, MIwaukee, W) to renove any unbound
L%soz yne. The nanofi bers were washed at. room
t

: MIBPARGTCONBHISIEONSHRBPe TRGIRLO SYgthetis pebaRerigmaterial and

/

one O}A’ﬁisoge P{%Hsogl c\%l)sts ﬁl@é{%é@qa hfﬁﬁg aPTeagth[gzorlgl%fH Ilelagﬂvégéc%ngﬁable

group8Go Mérind b@kal@i behéd Whed bl@OJB@@@fd zb@csur@da Sﬁ@‘ﬁer @r the
activity assay were used i Mmedi ately for the assay. Two
m of a IN NaOH 2% SDS (Si gna- Al drich, MIwaukee, W)

2. SQLULLABRNBSFRNNAT LohtiR tRERRK RelcavE QEtialkih1BE&Aups are
protein assay to di'ssolve them The nanofi bers were

photocheuizatlgdr thcrimatly ectiNaCHISP®UpPs] ut i on overni ght at 37C.
Exanpl e 14. Lysozyne Activity A Immobilized Lysozyne
Activity Assay: An EnzChek(r) Lysozynme Assay Kit

3.  (bkeanbfiberlfobas, |, Riguanehe Rrcorafenes@distradidede bniheemal
the activity level of the immobilized |ysozynme on the

CnerghiFs. 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

4. kilheinasofibartof ohsm 31 véhendin dlic sdivgtonanergyok wisilda, ultraviolet,

) r(_:re ared with kit ents according to the kit

infrarpehor e DTGRPV GRS O EHCTOMaRFCTPARHE S ne i || ati on
vials containing the nanofber pieces. The standards

and nanofi ber. pieces were incubated with the substrate
5. sdihgmpaefipesofs wheaﬁa thyplafang grast va activatalp eeups eethe

same Ol; ﬁ[&érgrg[fgchjﬁtg{r}]l e incubation with the substrate

he supernatant from each
nanoflber sanple vvas | oaded in triplicate to the 96

6. vl B AT et O LR RS SRS o
polyn'f’ér%@ﬂehﬁie Lysozynme Using Trichloroacetic Acid (TCA)

7. The nanofiber of claim 1, wherein the cross-linking agent is a bi-or tri-functional

monomeric material.

8. The nanofiber of claim 1, further comprising a biologically active material or a

functional polymer.

9. Then nanofiber of claim 8, wherein the biologically active material is a compound
with one or more functional groups that are polypeptides, proteins, oligonucleotides,
polysaccharides, nucleic acids, epoxides, anhydrides amides, amines, carboxylic acids,

carbonates, esters or urethanes.
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Trichloroacetic acid (Sigma-A drich, MIwaukee, W)
was used to precipitate the |Iysozyne fromthe
WQNOHADDZBGSB contai ni ng the dissol ved nanofi ber SPCWh82008/067739
[ I
OO SR L RPN PN ASE IS conning

one oepea foictiohallpgsups] Gfchwascat vy, ahaiad, thmltémxypNutydm (
1 volume: 4 volunes) and the tubes were placed on ice
SUCCllﬁla”rld%OSQﬁYﬁ@%tésanhMiﬂé@a cypRurybelipride e ldehydpazidsm abinece,

e spun in the mcrofuge at 14,000 rpmfor
phosp&n%,gﬁ?i(ir_oxﬁ.}e super nat ant was renoved, Ieavi ng the

protein pellet intact. Two hundred m of cold acetone

t hen.added to eagh t. hthe el | et.
1. E e e G Gy Mt 1o 019 RBRp ok SRR b adeige Sbout
1 nm td€0FHRELAAt ant was renpved. This acetone wash was

repeated twice for a total of three acetone washes.
After the final acetone wash, the protein pellets were
dd S Q, k- -

12. IR Gah Pt rohIAT stane ARl BERE b IEERKE 1 e of

aboutAss@ayo Abb@nndryi ng the protein pellets, forty m of a
0. 2N NaOH /5% SDS sol uti on was added to each tube to

di ssolve the pellets. 960 m of dH20 was then added to

13. €gHR ntaﬁ@ﬁbér‘bf R, WRrdiR IR n%ﬂb@?hzﬁsoanlas%ct A6 in a range of
protein sol utions were transferred to gl ass test tubes

aboutfapteash k) tsadgast 83)0.Pr epare Lysozyne Standard Curve A
standard curve was prepared using |ysozynme (Anresco,
Solon, OH) in dH20O. Ten standards were prepared in

14. QlTashahebertofloesmr 1a m@iem@nitlﬁe poIRaRAt madteddls breosneldt more

/m to 0.0195 total volune r. )
hydroggdwhy@mphql;lw nﬁﬁﬁh@lcarélﬁmw& TSDW@HEXB@PF fcgmaterials.
Sanpl es Wth BCA Wr ki ng Reagent A Quanti Pro(tn) BCA
Assay Kit (Sigma-Aldrich, MI|waukee, W) was used for

15. t Adeassafyber@ieondingotpo cBim bmlkdraig the aglymericpnapealedre synthetic
ac ordln ki t |ntruct|o S added to each of

or naig P UfdaIaue bl et R o biiRes (2 m total
vol urre per tube). The standards and sarrpl es were then

i ncubated at 37C for three hours. ndred ml of
16.  t dBe oaneliber dceordinexpela i nvaeredd mﬁna@ﬁglb%@ adantaé ép pabonded

to a sﬁtrféc%l df%%%s&é&e %8& a}f\ﬁveltloﬂlb%/ta so%f?ge of energy of at least one latent

reactive activatable group.

17.  The nanofiber according to claim 1, wherein the nanofiber is adapted to be bonded
to a biologically active material upon activation by a source of energy of at least one

latent reactive activatable group.

18. A method of producing a latent reactive activatable nanofiber comprising the steps
of combining one or more polymeric materials with one or more than one cross-linking
agents having at least two latent reactive activatable groups and forming at least one
nanofiber from the combination, wherein the nanofiber has a diameter in a range of about

1 nm to 100 microns and an aspect ratio in a range of at least 10 to at least 100.
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absor bance was neasured at 562 nm The results
confirmed that a significant anmount of |ysozyne was
W(amopmgmssed onto PCL nanofbers by direct UV  PCT/US2008/067739
| tige
O | TR RibordlER Elgim (R WHERERE e by SRARATR | RPERS
nanoﬁhﬂrlﬂ‘lgn chier @itbihbfi @oeyrgadeks electrVepinoing t]rimebrﬁbmatid’)mns
and additions can be nmade to the exenplary enbodi nents
di scussed wi thout departing fromthe scope of the
20. PTBSeMthbd¥&dEdiAR to ERIm @ 8aWRkbRin Migodythigc AIARHII®R80%e or
descri bed above refer to particular features, the
more smibetlcoor natieal hyrdrephﬂl@nhﬂ{)rgphwmgl anetgEpleitib odtresmaly responsive
1 havi n? ferent conbinations of features and
PolymSHsdd tﬁﬁlﬁ s that do not include all of the described
features. Accordingly, the scope of the present
invention is intended tq enbrace all

21 allihempethod accordipaite Flagnil §n§1rth§ﬁaomarlﬁ1§§%eﬂ§ma§g pdielogically
actlveV\fnta{e'rlg Wﬂt ﬁ% ﬁ&?/n%ﬁqcé?%ﬁ%gg \?g&c &g?g_ﬁl&glgyag&tall

equi va ai m nofi ber
conpr i SI ng one or nore natural or synthetic polyneric
nki n

d
2. T R a8 s St i PRuRE Co bt e SsPLof i higine
one of ﬁlofr@bﬂl‘y%‘l‘@rﬁﬂérlﬁ’@ Relth ¥ktesr rﬁara 186k 66c E&s?—hﬁﬁiﬁrﬁga%eﬂfs having at

ener gy. The nanofi ber of claim1, wherein
least tvat katant rmuw vethatahile gtoalphefognongps leaseopmmmﬁ]’menfroai thy

combiagof SonighBE e s c<dh B TBROBH: 399 T BdR o Aopyeen the

nanofﬁl%? LR eeﬁﬁ*f% 4. The nanofi ber of claim3, wherein
t ation energy is visible, ultraviolet,

infrared X- ray, m crowave or other el ectrorragnetl c

| AP RhepR oDl o ROReLRFho Gk B Hdng RBRUGH G Soive
mateﬁi’dl fWied ga1ynReik invAb@dk end BrRURSss-BakidP 8gdirmalinBek 1kt two latent
claiml, wherein the cross-linking agent is a

reactlmadmmta‘tdegrmpm yneric material. 7. The nanofi ber of
claim1, wherein the cross-linking agent is a bi-
tri-functional nononeric material.

24.  The method of claim 22, wherein forming the bond between the nanofiber and the

surface includes activating at least one of the latent reactive activatable groups with a

source of energy to bond the nanofiber to the surface.

25.  The method according to claim 22, further comprising the step of activating at
least one of the latent reactive activatable groups to bond the nanofiber to a biologically

active material.

26.  The method according to claim 22, further comprising the step of simultaneously
activating a first latent reactive activatable group to bond the nanofiber to the surface and
a second latent reactive activatable group to bond the nanofiber to a biologically active

material.
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8. The nanofiber of claim1, further conprising a
biologically active material or a functional polyner.
w@20090@s6nanof i ber of claim8, wherein the bi oPCOUSZNNS/§67739

a 0

2. 7 ERE YRR SEcoRtink o Plaf 2P WACkeM I fAGnStic MRl ol are

hydrophil@ohuddophbdtid @&npmphﬂlsacxcﬂhaﬁnﬂgsresmmhx&l golgierls materials.
epoxi des, anhydri des am des, am nes, carboxylic acids,
carbonates, esters or urethanes.10. The nanofi ber of

28. clagi 4Ri8le h&bﬁfged SurfRe coutined Epdisin® h YRHAlitySofhaRefiyéers) the
contai ning one or nore functional groups, such as

nanofgzry g@qyprlsmg]one of mqr@natuqu ox yynth}atm/ml(gmrlg weademdlsrigd one or

more Ig%o anat @g%p%\lé 1=,J1r ﬁiyan%/g)lgtfshtdr%ict?\lzﬁ?ét%atable groups
to forﬁ?&%!é%%o&és \%éﬂ mb]ect&f‘ﬁ)r £idurtder é%?%gf.' ber has a
dianeter in a range of about 1 nmto T00 mcrons. 12.
The nanofi ber of claim 11, wherein the nanofi ber has a

20 SRS 95, Oy R M, AR T

biolo@igsPBChcthvatrhgtetifll, &vheasig theddioRigval a@ive raastiallid boadéd to the
east 100. 14. The nanofi ber of claiml1l, wherein the

nanoffirymeri ¢ materials are one or nore hydrophilic,
hydr ophobi ¢, anphiphilic or thermally responsive
polymeric materials. 15. The nanofi ber according to
30. clTaenmrtigle nhelagh 28t Wheppol theeranofibets dwittadr sompeise primidlegicelly
. or natural, biodegradabl e or non-bi odegradabl e
activeyRpteRar . 16. The nanofi ber according to claim1,
wherei n the nanofiber is adapted to be bonded to a
surface of a substrate upon activation by a source of
31 efféue Gytide ohelajra 8§t Waﬁl@m &@Mym@%ma&éla&&rp Wxdeaphdic,
hydroghgb ﬁa%rgphlghﬁlc ad %fapat g&e%apco%gfvgg)gﬁrdggl% ma]terlail's
blologlcally active naterlal upon actlvatlon by a
of _ at ast o | at ent ive
Faids pECGE s i iniaenbRben Hisondsig e Yafogrpf the
aﬂuﬂ&eactlve activat abl e nanofi ber conprising the steps of
conmbi ning one or nore polyneric materials with one or
nore than one cross-1inking

wher ei n

33. The article of claim 28, wherein the article is urinary catheters, vascular catheters,
wound drainage tubes, arterial grafts, soft tissue patches, gloves, shunts, stents, tracheal
catheters, pacemakers, defibrillators, artificial heart replacement valves, artificial hearts,

or biosensors.

34, The article of claim 28, wherein the article is slides, microtiter wells, microtiter
plates, Petri dishes, tissue culture slides, tissue culture plates, cell culture plates, tissue

culture flasks and bottles, cell culture microcarriers or chromatography media.

35. A cell culture device comprising a surface coating including at least one nanofiber
comprising one or more natural or synthetic polymeric materials and one or more than
one cross-linking agents having at least two latent reactive activatable groups to form

covalent bonds when subjected to a source of energy.
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agents having at least two |atent reactive activatable
groups and formng at | east one nanofiber fromthe
w@ oovbionss® on, wherein the nanofi ber has a di aneCEUS1008/667739
r f ] 1 i . .
36. - ARG e culRtfeetlc fm 5 HeEGRE AR 36 B3ARERaBHLR o
biologiedlhoactaeanstdiialy to cl ai m 18, wherein the step of
form ng at | east one nanofi ber fromthe conbination
conprises el ectrospinning the conbination. 20. The
37. M fRgs-BARIAEABt JfAnG|oTitie AiBce AL ERIMS U B, RAeydI® ElcCeross-
materials are one or nore synthetic or natural
linkinigyeggenipisial photodg v esp latsish-dinkengodgephhdviieg e formda ol | y
responsi ve polyneric materials. 21. The net hod
af) c OrdDAT-C(@ W IX@) CHRBGRF QO ") ;onpr i si ng conbi ning a
biologically active material with the polyneric
materjals and the cross-linking agent. 22. A nethod of
coat VAgeH kit 3 HBENgratubst rat e conprising the steps
of conbining one or nore polyneric materials with one
or r: aQno CPSS: bihki.ng agents having at | east
t wo é?g%?’?gggg?dgﬁag{F§agdble groups; formng at
| east one nanofi ber fromthe conbination; contacting
t he Bur ads-w ¢-0H, 68, 1anof-HBCH,ahH-®9¢ on (RGHaCbieGH,CH,-0O-),;

bet ween t he nanofi ber and the surface. 23. The net hod

of clajm?22 further copprisi comi ni ng

bi o g%S@alm%;w%?&a}t% ﬁ%ﬁ@gﬁéﬁkﬁgw?%gi WQ@(@%&@% Al s
and -l i nki ng agent having at |east two | atent
react'§g§%§?§§g?éble groups. 24. The nethod of claim

22, wherein form ng the bond between the nanofi ber and
t he Xus OaSeoi NB'RYes activating at |east one of the
| atent reactive activatable groups with a source of

energy to bond the nanofiber to the surface. 25. The
Hods aa’&)ﬁ(fxpa%@mfrbor& BHOHRCHDS S MR, R BEPEPYise Hgt Frigabsent

stepwﬂ§ L NERNg at | east one of the latent reactive
activalégﬁe groups to bond the nanofiber to a

biologically active material. 26. The nethod accordi ng
t o cRaism BRlroganrdttuer ac aikgt, iadiiyigxtaliley sarehy aofloxyalkyl or

si mul t aneously activating a first |atent reactive

act | ¥%loxBP ] gF¥Wp t o bond the nanofiber to the surface
and a second | atent reactive activatable group to bond

th kb ' ' I J terial.27.
The et Rodt Qeora Mg o APEPRSS Unerein the

pol yneric materials are
R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an

heteroarylalkyl group or when R* and R” are tethered together via (—CHp-)q, (=
CH,-),C=0O(—CH,-),,

(—=CHy-),S(—CH;-)s, (<CH;-),S=0O(—CH,-); or (-CH,-),S(O),

(—CHy-),, (-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;
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hydr ophi i ¢, hydrophobic, anphiphilic, or thermally
responsive polyneric materials. 28. An article having
w@2@u0626e coating conprising a plurality of PCT/US2008/067739

nanogp# 9 n

et o oo 2 A b RRE Ry FHIRE R oL My EAEA o arylaky
nmor egroiggn one cross-1inking agents having at |east two
| atent reactive activatable groups to form coval ent
bonds .when subjected t source of energy. 29. The
ar t i Riea Bydrogeh ﬁﬁ%,anwi@ﬁarﬁntaﬁé ZoRace coating
further conprises a biologically active materi al,

wher ein. t: j ' ive material is bonded to

t he Engfﬁggggﬂkggi ]%ﬁgyticle of claim28, wherein
the nanofibers further conprise a biologically active
mat erisah.intdger ffdra Oatotabolie3;of cl ai m 28, wherein the
polynmeric materials are hydrophilic, hydrophobic,

anphi philic or_thermally responsive polyneric

at € RandNieger Ml Waboli & of ol ai m 28, wher oi n the
nanofi bers are bonded to the surface of the article.
33:1£n§m§5hﬁ%ﬁqhﬁﬁ2QB%%8$@ﬁh wherein the article is
urinary catheters, vascul ar catheters, wound drai nage
tubes, arterial grafts, soft tissue patches, gloves,
shuntis an sntegersfrormridotabailit Khtandt er s, pacenakers,
defibrillators, artificial heart replacenent val ves,
artificial hearts,. or Dbi sors. 34. The article of
cIaPﬁﬁf@fnﬁﬁﬁ?épﬁl%Hbd%¥$§§ e is slides, microtiter
wells, mcrotiter plates, Petri dishes, tissue culture
qbqggg;anggggchRQH(QXthpgﬁ cell culture plates,
ti'ssue culture flasks and bo ?Ies, cell culture

m crocarriers or chromatography nedia. 35. A cel

cul twheretelvicelivlomgrgreimg a surface coating including
at | east one nanofi ber conprising one or nore natura

one: RS W R EReR & he R abrdetr CheEEcHeER-0o

reactive activatable groups to form coval ent bonds

wheng 5idhy @@&@gknte@o@r %%ﬂ@g aBly 180RIIBN; 91, af8x$akY1 or

cul ture dévice of clai wher'ei n t hé nanofl ber
f ur térgloxpambei®es a biol ogically active material. 37.
A cross-linking agent of any of the preceding clains

1'3§Xi¥Ef ?Lkapﬁ%crosslinking

P is a hydrogen atom or a protecting group, with the proviso that P is absent

when X is NR*R”;

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

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

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (—CHp-)q, (=
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agent is a photochem cal cross-1inking agent having a
formula of: a) L-((D-T-C(R 1) (XP) CHRRGR3C(=0O) R4) ) m
wob@omdased is a linking group; Dis O S, SO BORUSNBE067739

r %&@&E@%ﬁﬂaﬁls é%dro@gngg(:g?n ?(1%12(@}?(

al ky) S(OLkLIEDy, a- M- )I\HT(yCHzG)Lyl oxyal kyl or
aryl oxyaryl group; Xis O S, ONRBR9; P is a hydrogen

atom Qr. a protectlng grou mnth the ﬁVISO that Pis
abselﬁt iy Bhdseges algrgROAN RVl Sry GRyAgY a@@f 2P an
al kyl , al kyl oxyal kyl, aryl, aryl oxyal kyl or

o0y QR S0 B3l S S OB O,

arylgnapylalkyl, heteroaryl, or an heteroaryl al kyl
group or when R3 and R4 are tethered together via (
2-)q, .(-,CH2-)r 2-)s, ( CH 2- XS§(-CH2-)S, (-CH
?%éu hiz}ﬂlrogel} §t0m, 3. adiﬂd of PRl - CH 2- X, (- CH
2-)rNR(-CH 2-X; R5 and R10 are each independently a

hydr@&q&lﬁ[ nPPt éﬁ%&7 aryl or arylal kyl group; R6

and are |ndep ently a hydrogen atom an
al kyl, aryl, arylalkyl het eroaryl or heteroaryl al kyl
groumsﬁﬁimmgmﬁﬂnamaoaaoht3mdependentIy a hydrogen
atom an alkyl, aryl, or arylalkyl group; Ris a

hydr ogen .at om . an al k an aryl group; g is an
|ntébgﬁmﬂP@ﬁ@1r98(bﬁﬁ%Pu?g’r is an integer fromO to

about 3; s is an integer fromO 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(=0)RH),n

wherein L is a linking group;

T iS (_CHZ_)Xa (-CH2CH2'O')X, ('CHQCHQCHz'O')X,
(-CH,CH,CH,CH,-O-), or forms a bond;

Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;
Z is C=0, COO, or CONH when T is (-CH,-),;

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (—CHp-)q, (=
CH,-),C=0(—CH;-);, (-CH;-),S(—CH;-),, (-CH;-),S=O(—CH,-);, or (—CH,-
):S(0)2(—=CHz-)s, (-CHz-)NR(-CHz-)g;

1% is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
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mis an integer from2 to about 10; t is an integer
from1l to about 10; and x is an integer from1l to
W@b@aoBe9; b) L-((T-C(R 1) ( XP) CHR2ZGR3C( =0O) R4) h@T/US2008/067739

whergi: j jnki . R - CH 2- X,

(- Qgéjﬁhgég@? %%%9%&?%1r g‘?’}l CH2CH2CHR- O X:
Rl is a hydrogen atom an al kyl, al kyl oxyal kyl, aryl,
ar yl qisyaal ikydgenfroar twabyomt Y1 group; X is O S, O NR8RO;
P is a hydrogen atom or a protecting group, with the
provi so that PIS abs en Xis NRBR9; R2 is a

hy drio§ @R 1aiegsh fram 4o PUt | kyl oxyal kyl , aryl,

aryl oxyl al kyl or aryl oxyaryl group; Gis O S, SO

SC2. NR1G inicbGHRYP @Fatri0y: K3 and R4 are eac

i ndependentty an al kyl, "aryl, arylalkyl, heteroaryl,

or an heteroaryl al kyl group or when R3 and R4 are

t et harigdn imwgedrifemm Qita abe@H®-) g, (-CH2-)rC=Q(-CH 2-)s,
(-CH 2-)rS(-CH 2-)s, (-CH 2-)rs=Q(-CH 2-)s or (-CH 2-
)rS(O 2 CH 2-)s; RIO is a
hydrtdééfgl%tle%‘?ﬁ%‘?m&ﬁoé‘l Rk}ﬁ)fd\l%gﬁi or arylal kyl group; R8
and RO are each independently a hydrogen atom an

al kyl is & logePlroRf ¥ lRhdork sgp.0up; R is a hydrogen atom
an al kyl or aryl group;, g 1s an integer from1 to

about 7; r is an |nteger fromO to about 3; s is an
|dr)tbgéTGQRo€i(ﬂ))1b)hbout 3; mis an integer from2 to
about 10; t is an integer from1l to about 10; and x is

an |n I%ll’lLflSrE? nl%lntgorglPOUt 500;

T is (—CHz-)X, (-CH2CH2-O-)X5 (-CH2CH2CH2-O-)X, (-CH2CH2CH2CH2-O-)X or

forms a bond;
Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;
Q 18 (—CHz-)p, (-CH2CH2-O-)p, (-CH2CH2CH2-O-)p or (-CH2CH2CH2CH2-O-)p;

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R* are tethered together via (-CH;-)g, (=
CH,-),C=0(—CH;-)s, (=CH;-),S(—CH,-),, (-CH;-),S=O(—CH,-), or (—CH,-
):S(0)2(—=CHz-)s, (-CH-)NR(-CHz-)s;

1% is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
R is a hydrogen atom or an alkyl or aryl group;
q 1s an integer from 1 to about 7;
r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

49



c) L-((GIZR3C(=O)R4)) mwherein L is a linking group; T
is (-CH 2-)X, (-CHRCH2-0), , (-CH2CH2CH2-0),,

WO 2@0ACHRCH2CH2- O- ), or forms a bond; Gis O B T/B8008/067739
SQ2, : - =@. Zis CO COO or CONH
\/\hentgﬁéllg%“}tg%ﬁ%- %to%ogr_ll?’m are each independently
an al kyl, aryl, arylal kyl, heteroaryl, or an
het ep caaryinadgey frogr bupaterutwen R3 and R4 are tethered
together via (-CH 2-)q, (- CH2-)rC=Q(-CH 2-)s, (-CH
2- ) ri5p Appipteggrsfrom_lag a%o}l? Kk@ndcH 2-)s or (- CH 2-

) r S( - - z - (-CH 2-)s; RIO is a
hydr’oggsga%l lgtégr%nr %r?mafntoﬁ_l‘ﬁo%} ?5@% yl, or an aryl al kyl
group; Ris a hydrogen atom or an al kyl or aryl group;
) iLs((@@Hi-HtERN((HRACER Ut 7; r is an integer
fromO to about 3; s is an integer fromO to about 3;
mis an jnteger. from2 to about 10; t is an integer

f r onvherel o tinking gEewPsx is an integer from1 to
about 500; d) L-((TGQR3C(=O R4))mwherein L is a

i nkjpn N Y - - - =

(- bR fegmat . W SD b B Bakoxyalky or
bondirylexiysryDgrdap; SO, SO2, NR1O , (CH2VO or C=O Qs
(-CH 2-)P, (-CH2CH2-O ) p, (-CH2CH2CH2-O ) p qr
(-CH2CH2CH2CH?2- O . R3 _apnd R4 are each independently
an apiG lsa(Pﬁa,S%arWalN&l () ePodr O or  an

het eroaryl al kyl group or when R3 and R4 are tethered

t 3\ 4 y - - =) - -

A L R R B Pl

) 1 S(4D) BeterChty2alk gl grouf2 whiehNR(-a6H RF-ar s tethered together via (-CH,-),,
(_CHZ)rC:O(_CHZ')sa (_CHZ')rS('CHZ')sa (_CHZ')rS:O(_CHZ')s or (_CHZ'

):S(0)2(=CHz-)s, (=CH,-):NR(=CH,-)s;
each R" is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
each R is a hydrogen atom or an alkyl or aryl group;
each q is an integer from 1 to about 7;
each r is an integer from 0 to about 3;
each s is an integer from 0 to about 3;
a. mis an integer from 2 to about 10;
each t is an integer from 1 to about 10; and
xx 18 an integer from 1 to about 10; or
f) L-((-C(R")XP)CHR*GR’C(=0)R),

wherein L is a linking group;
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R10 is a hydrogen atomor an al kyl, aryl, or an

aryl al kyl group; R is a hydrogen atom or an al kyl or
wa@eaob/ogeseup; g is an integer from1 to about 7PCT/UBRO&067739

i nt of o b ' 0

aboce 3R AaBe T, sy B DA &

I nt egeloxfagingdodpp about 10; t is an integer fron11 to

about 10; and x is an integer from1 to about 500; e)

L((Qﬂ%mq RD{(GR3(=O R4))2) mwherein L is a

| i nkXngOgPe®pNRRE S s” a hydrogen atom an al kyl ,

al kyl oxyal kyl, aryl, aryl oxyal ky, or aronxyaryI

group:; :

91 P PRGof Aok o e B D Gigd G LPR absen
ar ylahdy X, is Ng*®°paryl , or an heteroaryl al kyl group or
when R3 and R4 are tethered together via ( CH 2-)q,
(-CH2)rc=Qq-CH 2-)

2-) r%—o(&loﬂr@ggnsat@m, fn éﬂqytz 311$Yr1 3@)1193(1 @Ml mlgxya(lkﬁdr@r

2-)r ?H ; .each R10 is a hydrogen atom or an

al k %5%) g an aryl al kyl group; each Ris a

hydrogen atonror an al kyl or aryl group; each g is an

i nt egeiG fr@rs, SO,EAHOR" ACHRab- 6r ¢sOan i nteger fromO0
to about 3 each s is an integer fromO to about 3; a.

mis_an jnteger from2 to about 10; eac

i nt e%ermct Rorﬁefa% nglsgendenty aaﬁ&sslxarwb aerta kr»rt él@tqrowbﬁr an

1

LBt ARy By by SR LI B .

al kyCH,9)da0EmhKkY -CHNW(-CHLY ,@WHE%‘S':OQLCHz -)s or (-CH,-
)rS(O)Z(_CHZ')sa ('CHZ')rNR(_CHZ')s;

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

group;
1% is a hydrogen atom or an alkyl, aryl, or an arylalkyl group;
R is a hydrogen atom, an alkyl or an aryl group;
q 1s an integer from 1 to about 7;
r is an integer from 0 to about 3;
s 1s an integer from 0 to about 3;
m is an integer from 2 to about 10; and
t is an integer from 1 to about 10.

38. A cross-linking agent of any one of the preceding claims 1-36, wherein the cross-

linking agent is a photochemical cross-linking agent having a formula:

a) L-((D-T-C(R")(XP)CHR*GR’C(=0)R")),
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aryl oxyaryl group; Xis O S, orNRV; P is a hydrogen
atomor a protecting group, with the proviso that P is
wa@b@eno2sehen X i s NRBRI; R2 is a hydrogen at onPCENS2008/067739

al ky. yl, aryl oxyal kyl or
ary‘%:’%lgr yhﬁ%gﬁ%@@m@ is O S, SO S, NRLO ,

(CH2VO- or C=0O R3 and R4 are each i ndependently an
al kyD,is @ $| SOafQhL.aNRybr CREREr oaryl, or an
het er oaryl al kyl group or when R3 and R4 are tet hered

2y eyt - R dyr el op (ebfrsbction -0,
)rS(O2(-CH 2-)s, (-CH2-)rNR(-CH 2-)s; R8 and R9 are
eachpi ndepgy g%é&e{tbfmaaﬁ‘)f £ ﬁ{}rrlgi n‘i'ﬁ ?é}%ﬁlawbxyﬁk lolr or

aryl al kyl gr? R10 1s or” an’ al

ar ylarylxyanyl grodpal kyl group; R is a hydrogen atom an
al kyl or an aryI group; g is an integer from1l to
abou énteger fromQo about 3; s is an
inte%é?ol” about 3; mis an integer from2 to
about 10; and t is an integer from1l to about 10. 38.

A CrPRsy h%(ﬁg gﬂﬂat%ﬁle&t a oté@i}’lg %F@ur}ﬁfmﬁme %E@\‘ﬁl%j {}%QP is absent

clainms 1 ereln e Ccro ing ag
photwhdsremleaJRgafpss | i nki ng agent having a formula: a)
L-((D-T-C(R 1)(XP)CHRZGRSC( =O R4))mvherein L is a

I|n 1%)a rou D IS O 9@12@!1 & SO2 NR5 oLa&os}?alle OIrS
W%’% X Rl s a hydrogen atom an al kyl,
al k Xy gr; aryl oxyal kyl or aryl oxyaryl
group;
Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (—CHp-)q, (=
CH,-),C=0(—CH;-)s, (=CH;-),S(—CH,-),, (-CH;-),S=O(—CH,-), or (—CH,-
):S(0)2(—=CHy-)s, (=CH,-),NR(=CH,-)s;

R’ and R'" are each independently a hydrogen atom or an alkyl, aryl or

arylalkyl group;

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

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

group;
R is a hydrogen atom, an alkyl or an aryl group;
q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;
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Xis O S, OONRBR9; P is a hydrogen atomor a
protecting group, with the proviso that P is absent
wWab@n/008ss NRSR; R2 is a hydrogen atom an al RgT/US2008/067739

Ik | Kyl | |
ar oupt B8 g AYLIE Y (Cove o o0 Ra

and R4 are each |ndependently an al kyl, aryl,
ar ylmalikyh intbgtrdrama2ytb about 1dh heteroarylalkyl group or
when R3 and R4 are tethered together via (-CH 2-)q, (-

CH2-).r C= CH%% )r(CH2) (-CH
2-) ridseql 1% &rto(db@lr vapds 0 2(-CH 2-)s, (-CH
2-)rNR(-CH 2-)s; R5 and R10 are each independently a

hydrogep, ;at @%9&ﬁﬁ%&%&%150 ryl or arylal kyl group; R6
and R7 are ach I ndependently a hydrogen atom an

al kyl, aryl, arylal kyl, heteroaryl or heteroaryl al kyl
group; R8 and RO are each i ndependent|y a hydrogen
39. affchmphatDChemydal cra)ssfﬂlnkmg agewt | dlzyltn oupreRl & aabranched or

unbrapt§eGHR i et Besiien Sbot s Sldapoth Pl Bandp lpric

about 3;s is an integer fromO to about 3; mis an
integer from2 to about 10; t is an integer from1l to
about 10; and x is an integer from1 to about 500. 39.
The phot ochem cal cross-1inking agent of claim 38,

40. wHéeghntacheémical proasrtihkigaugenin bf elaoh8d, whisein Ehai n
havi ng between about 2 and about 10 carbon atons. 40.

e sfiem cal cross-1inking agent of claim 38,

wherfein L is , Dis Cz Tis (-CH2-)X, RLis a

hy ogen atom. X i s P isﬁa hydrogen atom_R2 is a

hydr ogen at oRyis €)i slsérCHS')a iRa hydeogsn M. FivWpB IS i
hydrog%n %to%‘,q{ is a hydrogen atom, G is O, R* and R" are phenyl groups, m is 3 and x

1s 1.

41. The photochemical cross-linking agent of claim 38, wherein L is (-CH,-),, D is O,
T is (-CHj-)y, R'isa hydrogen atom, X is O, P is a hydrogen atom, R?isa hydrogen
atom, G is O, R* and R* are phenyl groups, m is 2, x is 1 and y is an integer from 2 to

about 6.

42. A cross-linking agent of any one of the preceding claims 1-36, wherein the cross-

linking agent is photochemical cross-linking agent having a formula:

L-((T-C(R")(XP)CHR’GR’C(=0)R")),,
wherein L is a linking group;
T is (—CHz-)X, (-CH2CH2-O-)X5 (-CH2CH2CH2-O-)X or (-CH2CH2CH2CH2-O-)X;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or
aryloxyaryl group;
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43.

is 1. 41. The photochem cal cross-1inking agent of
claim38, wherein L is (-CH2-)y, Dis O Tis (-CH

WQ@2000/00R89 i s a hydrogen atom X is O P is a hpdrogms/067739

at ony ;Rg SSOIaNRyﬁvogen atom Gis O R3 and R4 are

phenyl groups, mi’s 2, x is 1 and y is an integer from

2 to about 6. 42. A cross-linking agent of any one of

t he piseckyirngerchtaimer dpidéectinhereim wittetheposwbe that Rgs absent
agent is phot achem cal cross-1inking agent having a

f or miiPen Xis NRRG(R 1) (XP) CHR 2GR3C(=0) R4) ) m wherein L

|s a linking group; Tis (-CH 2-X, (-CH2CH2-0O X,

SRR i AR P o

ar yl aypalybayll gegupar yl oxyaryl group; Xis O S, orNRV, P
is a hydrogen atomor a protecting group, with the
proviso that P_is abgent when X is NR8R9; R2 is a
hydr8deR- & o S 1}aIRky(CHa)lt (X1o5%y&kyl , aryl,

aryl oxyl al kyl or aryl oxyaryl group, GIS O S SO

naebenteit Iy an i pp ety ™ A, B3 A REE deszogy. oran

or amtérehsladkylydralikyt w@mukﬁ and Rﬂﬁmmteﬁﬁer@dld)g%eawei (—CHy) (-
tethered together via (-

2 ) sCH %()sa@:pﬂf))sg( @P%ﬁ f@H%&E%FCIZ]a'))SOT&CHz
NR(- CH 2- R10
a ﬁ;idsf@g}gﬁé%ggm or 5%‘%@?9?1 CI\Hrzyl) ror(ar yl al %(f/l gr oulp;S

R8 and R9 are each independently a hydrogen atom an

al kKyR'’ i@ Yilydrogen atoyh af kiy h1kgt, aeyd; orRrylalkel @aﬁppgen at om
an al kyl or aryl group; g i1s an integer from1l to
about 7; rois an integer from Qo about 3;

R®and R’ are each indepéndently a hydrogen atom, an alkyl, aryl, or arylalkyl
group;
R is a hydrogen atom, an alkyl or aryl group;
q 1s an integer from 1 to about 7;
r is an integer from 0 to about 3;
s 1s an integer from 0 to about 3;
m is an integer from 2 to about 10;

t is an integer from 1 to about 10; and

X is an integer from 1 to about 500.

The photochemical cross-linking agent of claim 42, wherein L has a formula

according to structure (I):
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S is an integer from Qo about 3; mis an integer from
2 to about 10; t is an integer from1l to about 10; and

WO 2009/082869 nt eger from 1 to about 500. 43. The PCT/US2008/067739

phot ochem cal cross-1inking agent of claim42, wherein
L has a formul a accordlng o structure (I):wherein A
and J are each indeperm a’hydrogen atom an al kyl
group, an aryl group, or|togqther with B forma cyclic
ring, provided when A and J are each independently a
hydrogen atom an al kyl grpup, or an aryl group then B

is not present; Bis NRL 17 Q or (-CH2-)z; provided @D
when A, B and J forma ring, then A and J are

whergin @+Hand Fayie egeloindrpendengly @ hw;dmgﬁglea’romr mmlkahg@lukyan aryl group,

d with T
or togies B3 15 o cBEG Rn g nebERCG Slief o BT At et in DAy o
hydro ﬁﬁto%ll teﬁ‘leaﬂkﬁ #bup) dr%ngrycl) crbiietheB B i% M%résento or

44,

Zand z hust’ be at” |'east 1. 44. A phot ocheni cal
cross I|nk|ng agent of any one of preceding clains
1- SGBIMh@&eKh(KhéﬂﬂhhtochentcaI cross-1inking agent
conprises a formula: L-((GIZR3C(=O R4)) mwherein L is

(- DB B b1 sk BpA 100 £ ¢ Hy)e0r C0;

bond Gis O S SO S, NRIO, (CH2VO or C=O Zis
C=0, R OGOy h9drggeiNatomam aTkylsgréuﬁlldn?ar}%mﬁ? oPBEhdk Abénd with

each |ndependently an al kyl-, aryl, arylal kyl,
het eFparyl, or an heteroaryl al kyl group or when R3 and
R4 are tethered together V|a (-CH 2-)

rC= )s (-CH
2" ) rachgiosnytiy) S n e it 5{* & 3. s,
(-CH2-)rNR(-CH 2-)s; R10 is a hydrogen atom or an
al kyprovilel whe@reit@Br Arotljak KHo,9r&4UBsis NR', O, or (-CH,-), and z must

be at least 1.

A photochemical cross-linking agent of any one of preceding claims 1-36, wherein

the photochemical cross-linking agent comprises a formula:

L-((GTZR*C(=0)RM),
wherein L is a linking group;

T is (—CHz-)X, (-CH2CH2-O-)X5 (-CH2CH2CH2-O-)X, (-CH2CH2CH2CH2-O-)X or

forms a bond;
Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;
Z is C=0, COO, or CONH when T is (—CH,-),;

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (—CHp-)q, (=
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R is a hydrogen atomor an alkyl or aryl group; q is

an integer froml to about 7; r is an integer fromO
WO eooalass9 3; s is an integer fromO to about 3PCTHUBRO&067739

i nt r b M NS (aRgl Rkeger. ( 2 )

aboﬁ?lﬁlief;tug?dgj)%f 23%3%%%3#29%?%%’8%@?2 ?rg a og?rzgg%r]( S.:gi.z

The YS@)gebehi)calCHs-MNR(-Chki)ng agent of cl ai m 44,

wherein L has a fornula according to structure (I):

wherej,n A and J are each jndependently a hydrogen

at onl\ii‘)amaavﬂsﬂge@ RS OF 3t aky s 1aryr o ayfalk W FEPWEr Wi t h

B forma cyclic ring, provided when A and J are each

i nd kyl group, or an

aryi oy bpokeRabeaERISt Sn PBrogby Yl B P o oy

(-CH2-)z; provided when A, B and J forma ring, then A

and gisameinfegiHoiZ/bto &t 7R1 1 is a hydrogen atom an

al kyl group, an aryl group or denotes a bond with T

each z independent|ly is apn integer fromO to 3;

and g § ¢ dRGEHNENM HBPUor J s C=0, then B is NRL

1, O or (-CH-)Z. and z nust be at least 1. 46. The

photgaglg&qh&g%rﬂ;&s(%lg ki®g agent of claim45, wherein
L has a for '

l'a according to structure (I1): wherein
R12 , R13 , Rl14, R15, R16 , Rl17 are each independently
a hyaripgemtegarfiorad talakglt Id;, aryl group or denotes a
bond with T, provided at least two of R12 , R13 , Rl4
, R15 , R16 , 7 .are bonded with T and each K,
i ndetdéﬁHéWFg‘if,fﬁ?l@l abpuinf ;4“?&” A cross-1inking agent
of any one of preceding clains 1-36, wherein the
cr osgld kihRGeARBAL 1 tSatdbupREg.ochen cal cross-1inking
agent having a fornula: L-((TGQR3C(=O) R4))m wherein L
is alinking group; Tis (-CH 2-X (-CH2CH2-0O) X,
(- CH2CH2CH2- O ) X, (- CH2CH2CH2CH2-O-),, or

45.  The photochemical cross-linking agent of claim 44, wherein L has a formula

according to structure (I):

[0}

. .
N0 S
/'\ )k /"<

| T
J

' M

wherein A and J are each independently a hydrogen atom, an alkyl group, an aryl group,

A

or together with B form a cyclic ring, provided when A and J are each independently a

hydrogen atom, an alkyl group, or an aryl group then B is not present;
B is NR", O, or (-CH,-),;
provided when A, B and J form a ring, then A and J are (-CH,-), or C=0;
R'' is a hydrogen atom, an alkyl group, an aryl group or denotes a bond with T

each z independently is an integer from O to 3; and
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forms a bond; Gis O S, SO SO, NR1IO , (CH2VO or
C=O Qis (-CH2-)P, (-CH2CH2-O)p (-CH2CH2CH2-O)p or
W@ 20bRAQHIRCH2CH2- O ; R3 and R4 are each i ndepePdEn51098/067739

an . Vil o I Y s 1O, CH.-

ot o MG BT R BAPRING SO & (Chghegpd « must

t ogetidharieast d. (-CH 2-)q, (- CH2-)rC=Q(-CH 2-)s, (-CH

2-)rS(-CH 2-)s, (-CH 2-)rS=Q(-CH 2-)s or (-CH 2-

)rS(O2(-CH 2-)s, (-CH2-)rNR(-CH 2-)s; RIO is a

hydrogen atom or an_al kyl, ar .or an aryl al kyl

gﬁgﬁ@%mc smipaf gy ! %ﬂ%ﬁ*ﬁyfrheé m_ir @S Yoty
aC““??%ﬁ?SﬁuaﬂkﬁSQF from1l to about 7; r is an integer

to about 3; s is an integer fromO to about 3;
mis an integer from2 to aboyd10; p is an integer
froml1l to about 10; t is an iphteger from1l to about
10; and x is an integer from/Lto about 500. 48. The

phot ochem cal cross-1inking;agerjt of claim44, wherein
L has a formul a accordingtl)st ucture (1): wherein A
and J are each i ndeperfeant|y hythrtgfen at om an al kyl (1)

grouyp, .an_ar oup, or together with B forma cyclic
whergip ng 1%}?,&%/1? Jé RieR " era artymagRendgaty o hudinggaatpnanglkyl or

y F OUR I l2 grogm then, 1B 17
SR S L AT
are boMied vAth B agdldach Kofndleperidedy, it oANand J are
(-CH2-)Zor C=O Rl 1 1s a hydrogen atom an al kyl
group, an aryl group or denotes a bond wth T; each z
i ndependently is an integer fromO to 3; and provijded
47 whesrosi-Hipking ageit of any oneof Preseding qlaymyRt3q, wigreigrthe cross-

inkinge e 8 e b Pl SR Pt IOl e e

Cr oss-

E- QPR LB,

wherein L is a linking group;

T is (—CHz-)X, (-CH2CH2-O-)X5 (-CH2CH2CH2-O-)X, (-CH2CH2CH2CH2-O-)X or

forms a bond;
Gis O, S, SO, SO,, NR', (CH,)-O- or C=0;
Q IS (—CHz')p, ('CH2CH2'O')p, ('CHQCH2CH2'O')p or ('CH2CH2CH2CH2'O')p;

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R* are tethered together via (—CHp-)q, (=
CH,-),C=0(—CH;-)s, (=CH;-),S(—CH,-),, (-CH;-),S=O(—CH,-), or (—CH,-
):S(0)2(—=CHz-)s, (-CH-)NR(-CHz-)s;

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

R is a hydrogen atom or an alkyl or aryl group;
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according to structure (Il): (H wherein R12 , R13 ,
R14 , R1I5, R16 , R17 are each independently a
whyawoemsm at om an al kyl or aryl group or denoPEBUS2008/067739

bon east two of R12 , R13 , Rl14
dquaégrl‘iggég&lffgar e&go%glléz with T and each K,

| ndependently, is CH or N 50. A cross-linking agent

of aniy aonetegér fprradeiabgucd;ai ns 1- 36, wherein the

crosslinking agent is a photochem cal cross-Iinking

agent. havi ng a_fornul a:

L- ((SWI?B?%@(fFaW(%%?éESO) R4))2)mwherein L is a

linking group; RL is a hydrogen atom an al kyl,

al kyhQxyRbidsY, %erf?drﬂbto%ﬁbfﬁtol)@yal ky, or aryl oxyaryl
group; each o) S@2, NR10, (CH2VO- or C=Q

each R3 and R4 are each i ndependently an al kyl, aryl,
ar yl mlskapl intdget &ooal td gboot 18n het er oaryl al kyl group or
when R3 and R4 are tethered together via (-CH 2-)q,

CH.2-)rC= S(-CH 2- - CH
(2 ) rids %Fgogff%mﬁ t)O(ab@&F ga?ﬁ)sz o§2( CH )28)3,(
(-CH2-)rNR(-CH 2-)s; each R10 is a hydrogen atom or an

al kyy ig a'illrlﬁlte cPlrofM & Wk kyh, group; each Ris a
hydr ogen atom or an alkyl or aryl group; each q is an

integer from1l to about 7; each r is an integer fromO
48. t dhalpbatocB¢miat bross-liskimg aignnte@faiaim #hvohareindbbast a Byrmula

S an jnte from2 to about 10; each t is an integer
accorfimgrfrPftrPﬁtugeo@bt 10; and xx is an integer from1 to

about 10. 51. The photochem cal cross-1inking agent of

cl ai m 50, wherein L has a fornupa according to
structure (l): wherein A an\d,J re.each i ndependently
a hydrogen atom an al kyl g' Praryl group, or

together with B forma cyclic] r| nq provi ded when A
and J are each independently fa_ /

' @
wherein A and J are each independently a hydrogen atom, an alkyl group, an aryl group,
or together with B form a cyclic ring, provided when A and J are each independently a

hydrogen atom, an alkyl group, or an aryl group then B is not present;
B is NR", O, or (-CH,-),;
provided when A, B and J form a ring, then A and J are (-CH,-), or C=0;

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

T;
each z independently is an integer from O to 3; and

provided when cither A or J is C=0, then B is NR", O, or (-CH,-), and z must
be at least 1.
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hydrogen atom an al kyl group, or an aryl group then B
is not present; Bis NRlL 1, O or (-CH2-)z; provided
wob@a/ofseB and J forma ring, then A and J ar ePCT/US2008/067739
(
49, TEEpnOERhe clfty:hnk i UG 2 AMer B ThAL lyryla
accordm@&peﬁdﬁntdal)ts an integer fromO to 3; and provided
when either A or Jis CO then Bis NRL 1, O or
(-CH2-)Z. and z nust be at lesgt®1l. 52. A
cross-1linking agent of any ong of preceding clains

1-36, wherein the crosslinkj gent is a
phot ochem cal cross-1i nki ng| agent having a fornmul a:
L-((-C(R 1)(XP)CHRZGR$ 4) wherein L is a

l'inking group; Rl is a® drogen atBnf~ an al kyl ,
(I1) al kyl oxyal kyI ar yI aryl oxyal kyl or aryl oxyar yI
group; X i NRV P is a hydrogen atomor a
WhetperRéchl3n§ Rés ;R“ vR hret daeh pndepesdentlyat hyrlrpgeradsesman alkyl or
when X i

a hydrogen atom_. gn ak J,
aryl %ﬁowm%%%@tm@g%ﬁi yiith irmpwﬁsée%ﬁstéwoafﬁ arlyl s R R RY

w A BT 2, 0

aryl al kyl , heteroaryl or an heteroaryl al kyl group or
when R3 and R4 are tethered together via (-CH 2-)q, (-
50. CHZGI))ssGhrIKing:Hant)(ﬁ anfy -0kl 0 pyecs(inCHdl@mssl -34,-vdrérein the cross-

linking: Ly o st oo 54 nehsoh BOGRER T bendent | y

a hydrogen m an al kyl, aryl, or arylal kyl grou
RIGG TS 3 GFNGGER AronRImDan &l kyl . aryl . of an

aryl al kyl group; R is a hydrogen atom an al kyl or an
aryl whHERHPL is a linking group;

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

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

each R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or
an heteroarylalkyl group or when R® and R* are tethered together via (—CHy-),,
(—CH,-),C=0O(—CH,-), (-CH»-),S(—CH,-), (=CH;-),S=O(—CH,-), or (—CH,-
):S(0)(—CH;-)s, (-CH,-),NR(-CH;-);

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

each q is an integer from 1 to about 7;

each r is an integer from 0 to about 3;

each s is an integer from 0 to about 3;
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gis an integer from1l to about 7; r is an integer
fromQo about 3; s is an integer from Qo about 3; m
WO g00a/00386¢ eger from 2 to about 10; and t is anPCNUSLYEs/067739

f'h?ma]ﬁi?lfélggpﬁ%q A0y a3t ,h_e phot ochem cal

cross-11nking agent o é aimb52, wherein L is and R 2
0 andi edchR iR aih integercfaeh 1i todibsudl@land a hydr ogen at om
an al kyl group or an aryl group.54. A cross-I|inking
agent &K iaay indeger dfom hdo gpetdddi ng cl ai ns 1- 36,
wherein the cross linking agent is a conpound of the

f R I = ) ' ' I+ pki
S g o shBachabis A SRRy Ro QIS St B Rygpula
according tR4trast@ree@gh i ndependently an al kyl, aryl,
aryl al kyl, heteroaryl, or an heteroaryl al kyl group or
when R3 and R4 are tethereg together via (-CH 2-)q,
(-CH 2- )rCQ-CH 2-)s, .(- 2-)rS(-CH 2-)s, (-CH
2-)rS=Q(-CH 2-)s or (-G{4Z-NS(0 2(-CH 2-)s, (-
CH2-)rNR(-CH 2-)s; RI10 i|s a Hydrogen atomor an al kyl,
aryl, or an arylal kyl greyp,-'R is a hydrogen atom an
al kyl or an aryl group; q IS
about 7; r is an integer ffromO to about 3; s is an (M
integer fromO to about 3; mis an integer from2 to

whereip dugndibareaeh indegengentlijadysrogancyion, apalkybgioupoan &yl group,
A.net h f _inmobili.zi ng function ner.s, on, a
or todgFF 1B ot TERCHS e WalidP SRR R LER Sy PaBggdenty o
hydrolo@h BtdM 2 dAUrbie for fah QY16 thelE & MR IpYdBAL; C
materi al s and one or nore than one crosslinking agents

having at |east two |atent reactive activatable
groupgs NR, O, or (-CHy-);

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

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

T;
each z independently is an integer from O to 3; and
provided when either A or J is C=0, then B is NR", O, or (-CH,-), and z must

be at least 1.

52. A cross-linking agent of any one of preceding claims 1-36, wherein the cross-

linking agent is a photochemical cross-linking agent having a formula:

L-((-C(R)XP)CHR*GR’C(=0)R"),,
wherein L is a linking group;

R' is a hydrogen atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or
aryloxyaryl group;
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(b) contacting an exposed surface of the nanofi ber
with a functional polyner; (c) formng a coval ent bond
whedomeses he surface of the nanofiber and the PCT/US2008/067739

f uncki; YFRY. by subjecting the nanofiber to a
sourcépgb?béﬁlg#]gy. ’56. The met hod of claim55 wherein

the functional polynmer is a polyner having one or nore
car bbxys hedrbgen atepoorys proyattiag \groupgwithothe provieg tHahPas absent
N- hydroxg{ sucgci pi m de, isocyanate, anhydride, azide,

al detieeX iepdhdryl chl ori de, al kyne or phosphi ne
functional groups that will react wwth a biologically

act iﬁeisrﬁq{ﬁ%@n atom, an alkyl, alkyloxyalkyl, aryl, aryloxyalkyl or
aryloxyaryl group;

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

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (-CH;-)g, (=
CH,-),C=0(—CH;-);, (-CH;-),S(—CH;-),, (-CH;-),S=O(—CH,-), or (—CH,-
):S(0)2(—=CHz-)s, (-CH-)NR(-CHz-)s;

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

group;

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

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

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10; and

t is an integer from 1 to about 10.
R2 R?'
X

5

53.  The photochemical cross-linking agent of claim 52, wherein L is A

and R* and R*' are each individually a hydrogen atom, an alkyl group or an aryl group.
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54. A cross-linking agent of any one of the proceeding claims 1-36, wherein the cross

linking agent is a compound of the formula:

L-((GR'C(=O)R"));

wherein L is a linking group;

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

R* and R* are each independently an alkyl, aryl, arylalkyl, heteroaryl, or an
heteroarylalkyl group or when R* and R” are tethered together via (—CHy-)q, (—CHj,-
).C=0O(-CH;-)s, (-CH;-),S(—=CH;-);, (=CH;-),S=0O(—CH;-); or (-CH;-),S(O),(—CH,-);, (-
CH,-)NR(—CH,-);

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

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

q 1s an integer from 1 to about 7;

r is an integer from 0 to about 3;

s 1s an integer from 0 to about 3;

m is an integer from 2 to about 10; and

t is an integer from 1 to about 10.

55. A method of immobilizing functional polymers on a surface of a nanofiber
comprising the steps of:

(a) forming a nanofiber from one or more polymeric materials and one or more
than one crosslinking agents having at least two latent reactive activatable groups;

(b)  contacting an exposed surface of the nanofiber with a functional polymer;

() forming a covalent bond between the surface of the nanofiber and the

functional polymer by subjecting the nanofiber to a source of energy.

56.  The method of claim 55 wherein the functional polymer is a polymer having one
or more carboxy, ester, epoxy, hydroxyl, amido, amino, thio, N-hydroxy succinimide,
isocyanate, anhydride, azide, aldehyde, cyanuryl chloride, alkyne or phosphine functional

groups that will react with a biologically active material.
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