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MATERI ALS, COMPQCSI TI ONS AND USES RELATED THERETO
w@aakgsmend of the Invention 5 Polymers havi ngpOEUE2008/031991

sugar noi eties known as "gl ycopol yners" (Bioconj.

Chem, 3:256 (1992)) have attracted nuch interest in

recent years, largely as scaffolds for the

mul ti val enCYdILDHBEYTRIN{BASEIMATERIALSK) GOMROSITIONS

car bohydrate nol ec yconol s have been
used as potent inhi%&?ﬁqﬁgﬁigﬁnﬁug%ll
attachnment and | eukocyte-endothelial cell adhesion
(FEBS, 272:209 (1990); 10 Can. J. Mcrobiol., 37:233

( 199 Backgjounthef tihbventsor . , 119: 3161 (1997)).

G ycopol yners have al so been explored as vehicles for
t &r get ed Bolymgerahayiggpendand slgiamoiytiE(SJmom mtgmcogyymerS"
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material s r atlvel unexpl ored and.is .
i m @ °t‘ lgs- 3‘%? yé?%i%f‘%%“ai’s BRSPS Pgtent ‘BF‘%E%&H{}Y‘?‘ host
i n M@r ffabithent Qhﬂ@&ko@ﬁyéndottkﬁ& c@ﬁ%eé@@@?@Bs E@I209(1990)

pol ynmers used as bi ocon‘gatl lant materi

t19|e| Faprd ofésreliels 37: 2 (kP bl aﬁfm )ﬂ‘leﬁles%rlfl 3@&951 (1997))

conpegichpd éh@ve%fso%&\a& foPFAQE LaRGEs fonEtfaFgQ{eH%lrdgrh%EgQ{%
intro u0| | oconpati bl e conponents into the

syst échvawc(J diepatelsigy, 2 (80P 41994)), B gelarti§cidlesvbstiakps dor cklb pdhesion
exa | ot e . - : _ _
rave Cop" LB D By PhbLagRy P bossediich gehieene
uni t implarit heatdpialskhaobees lne‘lzﬁta/eB'Smmi;ildwed awhialiried tp alfeweghmples
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Accordi ngly, bioconpatible polyneric naterials that

are easi Ilyorm)bsfpﬂfsaded amdodmbﬁlbubsnafpwnt materisls, ukeidgbperitasy
and ot her Flg cal uses. 25q§ of tlt;%fl nverlltdl on
Thi s PRTHEALH; tBRSYPIER FUROSIORaFee |g£ﬂat rts include
CI 0S $ltdoBdikpObidcoRfPailBIE EorRRAEALE Bito the Bulld 31/5%1 Rsdnsthdissteface.
as cgcl odextrin) with a linking nolecu bear i

| easBtudigs deseiibrd: fop a¥amnle dub Sotipid dnterfage Seip | 14%BH 51%92) have
99' eStRwn t%mdlﬁﬁérwtﬁa p&m gq?a&@s% Mielif e BBk dr@&x‘fe{ééé With

host. For polyners in which cyclodextrin is
i ncl gavatentihbeind neu(c@ﬂrpcblmaychmnd@dgo@mr@g zlgaegductlon of platelet

PCT/ 9&%9191? Oasprgt%m adsorption.

Accordingly, biocompatible polymeric materials that are easily prepared

would be useful for drug delivery and other biomedical uses.

25 Summary of the Invention

This invention provides a material formed by crosslinking a polymer bearing
inclusion hosts (such as cyclodextrin) with a linking molecule bearing at least two
functional groups that, as inclusion guests, form inclusion complexes with the

inclusion host. For polymers in which cyclodextrin is the inclusion host, exemplary



i ncl usi on guests include naphthol, adamantane,

chol esterol, and derivatives thereof. |In certain
wentwadsrsent s, the pol ymer bears inclusion guespeT/UsZIE3/031991

I i nki ng nol ecul es bearing inclusion hosts such as

cyclodextrin are used to crosslink the polyner.
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pr ot &i ¢estainredtbodinenBthélpolyrdertbe i alclB A @hésesa hisd linBingahiolecules

Description of the Drawi ngs Figure 1 schemati cal

depi EF&ing inclusioa hostk sgh AOEXFIRdEXtHR fYejureddp cromdling theqrohmer.

| NVeMals acbBMhE tothd ddoVS BEsaHliRion RaBd sk toelitd?herapeutic
invention including therapeutic noieties. 10 Figure 3

dépi egeatsapich @biprateingelugleicaciss, anthpigrmacpyticalss a f uncti on

of polynerization times. Figure 4 presents results of
transfection experinents. Figure 5 shows cel

m gr Brie®Dedchipbivg 6f e Mrhwings as descri bed herein. Figure
6 shows a_dynam c fr.equency sweep. of PEG3400

o y ey WHEHS. et EE5 s ARToR KRR PR pesen
100 i@émdion. N PBS, tenperature was 37 C and strain was
0.5% Figure 7 presents a dynam c frequency sweep of

CD- PEG3400Q. pol yjyer  w thout crqss |.inker., ) .
Concent r a?'ig@fﬁ 2ilErygne PR of e Tpsation BrpdPa theraBeuliggnojgies.
C and strain was 0.5% 20 Figure 8 provides a dynam c
fle equencyFigwe Splepikts GloldHaBWightp of DEE:LOE a fpétivh of

with 36.5 ng/ m. of di-Adamant ane-PEG cross |inker.
TenpBPYPGHENGREME; € and strain was 0.5% Figure 9 is

a dynam c frequency sweep of CD-PEG3400 pol ynmer (100

my/ M) Wriglre 3Qpréseityresilts@f tralisfebddanenpeament?EG cr oss
i nker. Tenperature was 20 C and 25 strain was 0.5%

-2 WD 2004/ 032862 PCI/ US2003/ 031991 Fiqure .10, shows a
dynam o 1 | EYRaRg LB Tb G AL 8 B P SR HBRH T

2.4 nmg/m. Tenperature was 37 C and strain was 0.5%

Fi gur e 11Fighlestowt edynaesiftdigenof sweepoil CDPEGs@pslymst wihout
?5 rTaE:rrolss)Slirﬂ{?fng(?le o%rclxlan rgt(?on \Daesrl%b IHig/ml in PBS, temperature was 37 °C and

strain was 0.5%.

Figure 7 presents a dynamic frequency sweep of CD-PEGs400 polymer
without cross linker. Concentration was 100 mg/ml in PBS, temperature was 20 °C

and strain was 0.5%.

20 Figure 8 provides a dynamic frequency sweep of CD-PEGs;400 polymer (100
mg/ml) with 36.5 mg/ml of di-Adamantane-PEG cross linker. Temperature was 37

°C and strain was 0.5%.

Figure 9 is a dynamic frequency sweep of CD-PEGs4g0 polymer (100 mg/ml)
with 36.5 mg/ml of di-Adamantane-PEG cross linker. Temperature was 20 °C and

25  strain was 0.5%.



5 Figure 12 portrays results of treating wounds with

subj ect conpositions. (12A): ICR nouse treated with
womramiox2sée (Left Wound) and Matrix B (R ght Weem)s2003/031991

Ani mal shown at sacrifice 4 days post surgery. The

purple ink is markings froma surgical pen and not

the dye (dark e/ bl ck in color) used in th .

matri ces. lg‘gﬂ 1?|s YPM?WQL‘G&W %”YF&P agwgre “\Rg%ﬁ‘?a matrix at 2.4

si temgh@lv\mﬁfperatul?@wﬁmcmmgraﬁy@amm.s from 10 oozing
and spreading of the matrices to the surrounding

unwounded_ti s t hat c rred after .applying the.
wound  dr cBgPq T TUFSHES repiofB e 45rE paibe QU e fFCbed
A (Lgétinwund) and Matrix B (R ght Wund). Aninma

shown at sacrifice 4 days post surgery The left and
r L ght mo ow.t hat X A and

Feapect | vieye ey el abereriae St cauensisions.
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treati ng wounds wth subject conpositions. (13A): ICR

mous & qupda patmalshavn sacrificed dayvepest swsesy) ThsprRnkiismarkings

(R gfbm avgmg{w penf it WBY thS ARWHarR bIuSBELk &%rﬂus@@mhméﬁms

surgery. ral wound contracti on can be seen In

bot hLIitéd dyeapraing ghthe agsuah oundssitenaiweverntha memadfinglgys comes from
ma I J ;

(S vab B pRa b AL 08l LG5 B3 50 1SR e

unwouoetdeed éftes apging (h]:%)md dreRingo(12B):t ICRameuke wiesthd with Matrix

Nhtrl r Ri. ght und)..

A e (LEh gy end B0 pRfen Gl Babt gl SRt days
| ef t pespeurpérgnThevefi ARkSrigh wouidiahoviat MstriA Amndd Nk iBx B,
respectively did not spread to surrounding tissues

afte FCSP‘??f‘é?!?t”ldé‘h“Ot EPrEask te surreugding Hesye g cliSipr essi on
levels within treated sponges. QRT- 25 PCR was

per f or medrigivei1Bdhovistedlts SMRAGE: wanab &sth kiither Eafpbsitions.
treat ment gr The data is expressed as the average
R

of 6(SPdn sedfrated with Mty A (Hefy Woundrand pagii B (Right

T usdudl® s frhaReL RN Iaﬁ}fﬁle§d¥g‘/ thBEtr%ultg’éS/aNEﬁf?ﬁl vgfuﬁéljptﬁnraction
-3 WO 2004/ 032862 PCT/ US2003/ 031991 "Fi'gure 16 shows

vi r akanF¥RGEerBn DA loft art night wewndedAspel geeuntQPAR rawsiaipg from
wer et&%éé%%ﬁﬁ%ct%ﬁs o&gsgens ﬁg(pév%is t}re e 1@1n8 %%bprgseﬁfmﬁ r‘ﬁ%nt

gr oup. ar et ed spéc
mu rrasuri%lﬁ&-‘mﬁumemmdat«mmdlﬂh) rIG?R masuss Ereammmth Matrh A (Lt

i Pepng SRR ieh Bt R Fual S aC s g pos

Wi t hiite&POTEE]ch hfdtiFhR Mous QRGOS that Matrix A and Matrix B, respectively,

did not spread to surrounding tissues after injection.

Figure 14 depicts PDGF-B expression levels within treated sponges. QRT-
25  PCR was performed on individual sponge samples from each treatment group. The

data is expressed as the average of 6 sponges assayed * standard deviation.

Figure 15 illustrates GAPDH RNA levels within treatment groups.



Fi gure 19 provi des norphol ogi cal anal ysis of PVA

sponges. Detailed Description of the Invention I
woxenwsmez 10 Cycl odextrins have a ring struct UPETNR2005031991

has a basket-1ike shape. This shape allows

cycl odextrins to include many kinds of nolecules into

their intgrnal Vit e ze
Oyol odext FENG 'S SB et PORETR B RN Rr BB s QPR s
Kl ad &',ereaiéﬁfaﬁleéﬁitan spOBR saraples Baneeh trehtmaht grolpy HARIgrhdrk N
Chemi str er - Ver| ag, rlin, 1978. )
oyl r%ph‘g reaiﬁ%otlw%raa IPE% Firlé pRnsipnsii apdb el enss react with
mﬁthﬁ@pDQKIQYngi 15 organi ¢ nol ecul es including, for
exanpl e, drugs, pesticides her bi ci des, and agents of
See, _Tenjgrla et al Pharm ci., 87: 425-429
W?998 Zigsi! ?@ngys GABHHrI?R’A coRENt WHBISRBREES. 3 43- 53
(1998) and Albers et al., Crit. Rev. Ther. Drug
Carrier KByok.18 dépicts 3itdl-hddonh INANthin dpbh@areatment groups.
cycl odextrin-based polyners (CDPs) have previously
been sho hav i cit invitro (in
many di 1 R BB PoaBiloR Ry s S o, et
al . 1999 Bi oconj ugate Chentlo 1068-1074; and Hwang et
al . 2001 Bloconjugate Chen112(2) 280-290). The
& ed Pesd i g o | east in part, to
bi ocg gﬂ@ Hl e naterlals based on pol yners that bear or
|nclu cyclodextrln noi eties, by crosslinking the
near stg xthE a\)e ar}hl' quc‘m}e %%Ih%%s P&%Fétrlﬂ(ets%e Ofhis shape
nore no et I'es that form inclusion conpl exes
cycl elttoyst qylctmdemrsnssﬂoomudermﬁiygldncs of molgwteis tintorikdit infernal cavity.
those_ of. skill. i 0 e.that this
conc St e mle Pal (o iR A Bk Atpgemio
or i Kd}iduﬁ]Bllitgpd:st]ClD&E;I aat Bendet st am; tTjadflodelsaam CheyRdrorspringtiayerlag,
inc n'un? jon Wi h Li nki ecul es_that bear
in CI - 18n %GE:&Y‘ aXiyins areja 02 g9/ -complexes with an array of
RET/ H%&Q@%(Q&ll%g :l-ncllf Medr &AM Sk, Odtu S0 B&IU@ WES hWbtchieﬁ hd Qgents

i ncl usi on host s, ernatlvel mers that
bear of Vi#ft Sesh Emgtfe%@b Ji ﬁh@’@nﬁfﬂmﬁt |46§r4@\5? 1998) Arghwget al., Pharm.

mol egp), ef, At 3b$?%f, QUo981GhH Uberk RELLISEON RBOSHR, LDAk Carrier

forminclusion co exes %ose i'ncl usi on guest

Exanﬁk@sLZQﬂlBﬁbﬂﬁgﬁon hosts other t han cyclodextrlns

and rel ated cycl oanyl oses include 5

perhydrotkmph@Mybéneh(MhﬂbmﬂﬁwwnﬁCDh@Hmsimﬁvmmﬂpbemesownto
th e), /thio a

Pher bR F AR MR SR Sl i iyo (Gonzatez e

nDIeaMHQ%)B&mdﬁﬁﬁﬂebhdnnm1@%$10ﬁ@hﬁﬂ&hﬁh§et4h?@@LB&ﬂomugﬁ

> 10%11542’12(%1980 29]();0 "[%e present invention relates, at least in part, to

biocompatible materials based on polymers that bear or include cyclodextrin

moieties, by crosslinking the linear strands with linking molecules bearing two or
25  more moieties that form inclusion complexes with cyclodextrin, as shown in Figure
1. Additionally, those of skill in the art will recognize that this concept can naturally
be extended to polymers bearing or including inclusion hosts other than

cyclodextrin, in conjunction with linking molecules that bear inclusion guests that



cycl ophanes (such as those described in U S. Patent

No. 4,116,955), and those described in U S. Patent
woloa4/08288241, 081, 4, 367,072, and 4, 898, 654, al | pOf/USEIE1B1991

are 10 hereby incorporated by reference in their

entireties. In certain enmbodinents of the present

i nventian,, such a cribed .be e 19

o Ry Pet S it HE G BECRETS ph AR gagiithers that
guesbéar iAdMkidnhgigests Gih ABRjuhdtios WikH hnknh@&ioﬂecblj&s it ﬂiied&gor include
|nclu3|onﬁéo npl exes bejmeen hosts and gy s.on g |
sane "5BIPRBPstE thal fRrm HiE usion SenReRss HELRSC &1 Sw&g‘?fés gamples
adj ageRhciRRInY I&ks %h@} Mfan dRIddRRERS lafd FeluiRd &dycdiih $18sek NBclude
crosslinking is performed w || |nfluence t he bal ance

bét weerhydrefeigleenylgpe t (héch dermsndnclisionn cemmgkesx egth melyethylene),
exam#egﬁthl&ﬁ&{]%vmcﬂgfo}ﬂe1ncﬁ1 lgpl @dﬁgﬁmgp Vith I'}Bt%h ag1dL u&n'dopelated

avor t rmati on o ecu ar co exes,
whi | moﬁﬂeulfemmdfrsgrlltelden db&pl’eéeoaﬁ\loeM 316,%¥4gh. 106, 542 and 4,170,601),
CCmcenc t | °"t§uc¥¥' h];saev erscrtlbre o[.rJgatP t%tqt Ngf 4,116,955), and those
|nter%ﬁfecu ar conp exXeS el Udi ing, 1'n song’ cdase
cat edesagbedand.$. (:Ftaamaﬁes t4)&@163 020 4s¥67) lOQI une 4,898.654; atltoﬁlwhlch are
?ﬁCh enbodi nent s E gF ﬁ .ee of . internol ecul ar
ilfit e PEIERY 1BFPPITRIES @é\’é? SLeHoR I HHFIHSTSSS. nel ting poi nt,
and strength of the materi For 0ses . 0
o esent - s FIRACTBRITERS phdiegrerH DY pRAcE Aot betow

host $, Esdtfle 85 apoBInRe 8¥drk béth Wltﬁ‘,to'n%sts Byd ﬁh@M'SlBg guests, and thus
i ncl usion hosts within the polymer chain,

r enogiosginknwith dEdhbn &m@gflnewqm@wxyﬁhwwmwts and guests on
requ kﬁe%ﬁrﬁgifﬁ%%hgﬂ%n%r lEé@\]véé%Bst?Qﬁl' éﬁestmicgﬁ p%fymer chains.

such ners are the l1near cycl odextrin-base
pol yfﬁen@twreflmdmewhtct) thd opeslinkiog ysrperformad twill beﬂ;rence the balance

cycl %qw)é(tanr hes n?\;voe tt %}{uﬁusﬁon @(9:!131@?65 % A IC)HI ﬁ?%g‘jl{f&l?mng the

|nC|US|On S ar aC ed, e.g usli o
are c@'p]plemieni at loglad |dilt$>h iwilt favpothy If(ﬁmaﬁdilabﬁ‘mtramolecular complexes

Polye I m ne- CD ner s s descr.i bed e

exanﬁvi g pegformpsthe )(;ngls UBB |ag/ coqgsxiltgp‘trlgpssw{]ﬁ%flor the formatlon
I nchp ﬁl@armbl@&ll&&ﬂoﬁl@leﬁ@ss‘irﬁ;lan\g,afn%oinB QeRs,RAlHARE nd fddikane-type
“bear' or “incorporate', or both bear and i ncor por at e,

Phcl sisrestes bsgestaingchyembedjineds. piied d@svspéthOlﬁéWrdnteracnon

| ncl ysi o0 hest dl%smgl@iﬁé p&ht, Enhﬁstreng%h ¥Ene %@1%2862
PCT/ US2003/ 03 pol yrmer chai n.” Any pol yner that

i ncl udes EHCLHSIEN P ARL Sre&RD aRificR IR 98]?#16115 N ﬂcerﬂporate inclusion
present application. In certain enbodi hents, a polyner

t hat hpsts @uqhoasacwelgdwrm mojeties, b d)swsg inglugioh |hnstawv1t¢un tge polymer
|ncn)(r:]| géa?@n o Om§9 Lxé/ %lmwn%oﬁt@ rﬁI et a{: g)g&%% g}agﬁd I’B%UII'C se\éermg the
2he polb/maierchanmr Exxrelged anf |s}dcl15 nnal;mérs bret theoligdao wyclodextrin-based
al on%olymers re%e¥rrer§ to above. Polymers that ‘bear’ cyclodextrin moieties have a
polymer chain to which inclusion hosts are attached, e.g., inclusion hosts are
appended to a distinct polymer chain. Polyethylenimine-CD polymers as described
herein are examples of this type of polymer. Polymers that ‘include’ inclusion hosts

30 are those polymers that ‘bear’ or ‘incorporate’, or both bear and incorporate,

inclusion hosts, or otherwise have covalently bound inclusion hosts as part of the



The physical properties of the resultant material can

be varied by selecting npieties that forminclusion
wa@eovploa2ees of varying strength; the stronger tPer/US2003/031991

conpl ex, the nore durable and rigid the resulting

material. Simlarly, using Iinking nol ecul es bearing

nore_than two such I eties rease the

and TO0 PR P S5 ol W Bl WPFERE HEst By ™ FEPD in he
degr pesait applﬂﬁﬁdm MK cétEhin aﬁboﬂlﬁlént$ RACEORASdr I’ﬂ@t uicbﬁporates inclusion
proportion kin C es to olyner SS. i )
Physi 8%?“b?gﬁ@?t B N %T&gﬂg‘ Q@mwa| ECEFpin PEBO (@@m“S‘“d““O“
vari @gst9ye.al tifdorp@atédgntb! &X bk i dry uf pbihSed, | dMKiBghlarly spaced
nol ecul es t hensel ves, or by altering the flexibrlity

of | Fhﬁk@hguwr@wn&th@melywu odextrin polymer itself. 15
Furthernore, the in vivo properties of the matri x may

be vari edThsPhisicAlgpronssiirgofithe reptapiamptesial icampe ypred by selecting
| abi Lrﬁ)léﬁQQQHatpmrﬁ' m;:lggbﬁ:aclo ?)1%995' Bf %ﬁmg':g’tfengfﬁ Thi %tronger the
the polynmer strands, the crosslinking nolecules, or

bot hcomﬂyx dbamoiesturdbimai ridichthe aesalting anitdria!. @mdvéarlx, using linking
ggng’n% %?lleg %earﬁ\%glgértﬁe tﬁ I’tvr\{g' gﬁn}q% Je??st %{agalﬁcgreé%qué gt?ength and -
eé0vi rigidite of ,thetlhasnmlb@ndsemnglth@d@ch&ajﬂcyosklhgiﬂg howaDincreasing

cl ea e, resul ti ual radatiqQn and | oss

St rolE R abtifs oGRS pEBRET P S0 giheiiics of the
can hteaghicayedo by Mﬁéd/lb@gal{ehﬁg ft}feeﬂéisﬁlﬂﬁt)y &f the Ugdkif2OR@%cules
in a_polynmer strand, nmbi ni_ ng | abi

and
r esi SeEREVEy B8y #ifkng &enﬂﬂx@ew 123 lmlﬁrwww ﬁl@e cyclodextrin polymer
prop@tdif ons, or by selecting different |abile bonds
with differing strengths. For exanple a peptide bond
h§ gener a#l!l%emi’(fr@ he$ %tv@'Hroﬂe?ﬂe@lo?QP{@gﬁtrﬁhﬂgy B v&Rd€By using
bond, 25 wh i's inturn less labile than a
t hi obendsyi fin ﬂt@nnlatmcdnp@m absle ainder mhlfsecrl@maé cenditionagFor e>_<ample the
Lo BOSHL! SRl Mol MR RuIBHELXPRNRL mBD b I8 bbidShat are
i ncl bilorundenphyiogzicab rcoinytlorSJ ml)dhea:adm:rthﬂ @emtide bonds. After

enca ul atian, t orn1n i ncl usi on, conpl exes, as.

o ABRFerRigh ot PREREal EnisAeH s OBl SUnBHAF Bl ot t
Q@| yBRA®, re30ltit® e Widisall MgFaasdinnghdt 166 (Sff@tﬁlaﬁﬁmiﬂté‘grlty A wide
utility of the material, such as signaling peptides

ot hePPEBIBOf BEOPPIHES $antbgarhigyed by varyingthe fresycnayyof such bonds in a
adj upaPies stARY, BRombRind@ai R0MH O32%862 ST ALQ%Qg@cggsl%%rymg

I ncor por at ed info the crosslinked materia %
conj o@aeitings. s Pynedlessng iffsens| labilegeands withodiffleeng stréngghs. For
of i [

- erQ)IE g{pfFéB p%ﬂegll é)tgr% : H%H&éﬁ}hﬁo&ngé{%ﬁtt@ cle&agpgntarex arﬁaeilter bond,
B i mblchdeid tlhreﬂe:ss &pilgithen mgncmstealﬁctnér the cr ossl i nki ng

Compounds and materials such as therapeutic agents, viruses, adjuvants, and
the like, can be formulated with the polymer by forming inclusion complexes, or by
simple admixture or encapsulation, without forming inclusion complexes, as is well
known in the art for ordinary biocompatible polymers.

30 Compounds increasing the therapeutic utility of the material, such as

signaling peptides, other moieties facilitating cel]}nigration, or adjuvants, may be

-6-



process. Therapeutic conpounds may al so be included in

this fashion, preferably 5 where the attachnent
wheimmsrset he drug and the inclusion guest/hostPCEHUS2003/031991

| abi | e under physiol ogical conditions, such as an

ester bond. See U.S. Patent Application Publication

No 20030 8 81 d 2 0 72. H. f it
cof]v HPEREE tg?’{ %Q?Fsltrgﬁei@ éﬁ% bé/fglaug gﬁlgmciu(s)lgg complex guest

specid the aﬁtityaaf me)earanh @ludafpdhe ddjugpe @NGe thagekial a3Blepicted in
collected h . adj uvant' as the termis used
her ef 18ur§ % The &%wtﬁaﬁﬁ%mbﬁatd‘ﬁ*a% ¢tpres Jusing or #ffpr the crosslinking

t her ﬁﬁ)@é&%'ﬂme}/@t:&’c% Bpbinds RN alsdb mun@édqélaﬁefam& preferably
ef fectiveness of ﬁerapeutlc agent

adlj uvaereshg qﬁt@pl@@p@t b%eeggl@(fypg ngd gslnclusnon guest/host is labile under

tran r

and DAl bRy RENRRE SnagRtdr b 3e08 5, PR GBHLAG:

chenBelblicertat Mes 20036€0881 Ylasl 20834003272npdul at e cel |

adhesi on and/or cell nmobility, cell perneabilizing

agents, inhibitors of nultidrug resistance and/ or

efflng%gnpém etc. The terns "bi oconpatible polyner”

and "bi oconpatibility" when used in relation to

pol ynmers pdr@omfchich&C Q@inZ@¢hs employeX AR $ecification, examples, and

bi oconpati bl e polyners i ncl ude polyners that are

hei t prendedeiinp e sollester defto t he host (e.g., an ani mal

or 20 human), nor degrade (if the polyner degrades) at

a rate thah 4aREHE QS thRAANELeE h&in, BlaicBRPRINGEhad HRURIIE & no

or other byproducts at toxic concentrations in the

host theragewicrvalie gn ite pBPUHBRAteased the eHectiyeneseefta therapeutic agent.

i nve

dogr Rear e ARVRR AR Ao ARRLR, G aneing agents Guch as

i ts pitpomeint sndsanblogs thsreoiwwﬁh@hotacrmwgms am@wmqaarabents peptides
fegt Xd: C. ter te

T3 ool U8oate P BTy b STREY Bl P RER g st

di ff Eﬂlﬂﬂﬁ)rstdfmtﬁﬁdrﬁg]nemahncp ewmdfﬂmpumﬂs,oawver or

biodegradation nay i nvol ve oxi dati on or other

bi ochenm ¢ Leactions tgp ner at,e uy s ot her ,.
t han monone&r' %“Ssulﬁ’u%m%a‘ i yﬁ‘ 38? ‘%"mpa &aﬁswe% in
i nI C edtdtidh o ﬁcﬂiagdg m;emtteecogmmdc Bergymplfe Hodohpdeige pelahtre
(0] me enae or
Prrpl)/é{‘ﬁ[ugf Pglﬁms'is ﬂi‘*’ﬁf@é‘f"?*ﬁhx‘ﬁﬁf%""é fO%dg § Oéﬂihowﬁ R animal g5
200400341 Oor BEgtadSRARI 0B Qdoraddtae b Rt Rk RbduBés REHRNRFic or

nore toxicity analyses. It is not necessary that an¥
subj ekgomesigspygits protihan Aumsodyicisgf foxip conceniggivms i theghost. In certain

deenedbRineRIBahE Ble?ent HEQEiBn, b‘i‘od%f;ij%a%h Paﬂg(i’nﬁloideg’”
may conprise 99% 98% 9/% 96% 95% % 80%
75% degradation of the polymer in an organism, e.g., into 1ts monomeric subunits, which

may be known to be effectively non-toxic. Intermediate oligomeric products

25  resulting from such degradation may have different toxicological properties,
however, or biodegradation may involve oxidation or other biochemical reactions
that generate molecules other than monomeric subunits of the polymer.
Consequently, in certain embodiments, toxicology of a biodegradable polymer

intended for in vivo use, such as implantation or injection into a patient, may be



even | ess of bioconpatible polynmers, e.g., including
pol yners and other materials 5 and excipients

waoewansisezl herein, and still be bioconpati bl e. PADUS2003/031991
determ ne whether a polymer or other material is
bi oconpatible, it may be necessary to conduct a
toxigity .analysis. Such assays, are well known t he .
art. det GY?B P B ML OK CNARE Sy 1t et B@’eﬁéﬁ'yftbﬂ‘ ARYsubject
Wi t N cbrpRitionhevdOpRite et 1Ioe% t8 u@ﬂbeaﬁd bfafsn, {J@bIeUH@ﬁce a subject
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ot o PGSRl O Roly el el InOGHRE Bolyf el ald ofrinddrias
dégr aetbexcipieatfrlescripedbireinsand séll bd bieentpanbles- wel | ti ssue
culture plates and seeded with human gastric

car ci NoMergglil it IRIHEBY pAlmdUHoWRE hadBRS &Xcommﬁble it Limay
degraded sanpl e products afe i ncubated with t KB
cel | be figgessay thoendyct aTpricityeanalysis Sueh askays a@s’eq}l knsnwn matine art.
be p % ' ¢ concent r.at i f
degy STb SRR AEe e a5yl o2 WeorkRy wRRRGEPHERpRPE such s
addi GTORKBpahymnetls, iathd f§loming radrinem sheabmplads drgedehin | M

B 072 i Pp st BetfoRs el Seipat wth o

conf h&atiptwithEV HOI. ABbutQBY SE oSVAdLS ¢dndHirati@4 ) the@bgraded
irritation or inflanmation at the subcut aneous

i npl &AvRAe ProAuds are glaceign Ppravetl Epsye cHiusRIRgehenshieeded wgth human

ar - RREANNI R, AN PKIIRPIORYLY NSy, TIEQURARLLLARE

and ations, such as’'those descr rern

are prededislad incobateibyittathe GIUTKBgelisfor 48311(01@% @" hadalisef the assay
| yner al,l iffer fromno L ode dp

ggl y%}/ %e P ef'cﬁas A;%lehglvig éfor%t*} Vs, conc qral?gn ?a samrjl)le in the

use. titsne-celitraivall. drbddiion pdsl&mers smhrmﬂandnn \zsf)ihv @fesenm invention

Vi vO use uch as ,in vi VO n ot her

Vo R o BE A e St Y o5t Bl siivednequs

use. ithflad@NAE # ratsdS SinBiad tha@ heRld hdtRUIsBRIsRIfitat levels of irritation
bi odegradability involves the degradati on of a

bi od&ginHaappEonyB therabcutaneqysimplantaiisétent subunits, or

di gestion, e.g., by a biochem cal process, of the

ROl ymer i theterns Mddeadaild?is R0teYEBRIZeE, HH W[Ud%sspol}'ﬁﬂers

certain enbodi nents, two different types of

bi odEYRRASKICNHINGHRYMHEIeEs. AHIhyASs Hiose @Fé?rﬂhefi .h@ram thatrare intended to

exampl &#adeQfind YREBBlLIANE b8 ﬂ@rts't A9 qiR fbxﬂ‘ﬁ%%%d dabl

cl eavaggae eg? %éonsg \AZ#P er gC ﬂﬂca ? errWI se egra able

t he polyyemsin thaghmr@@onamzismwa@uhmom/oemgsmbodunents

back ?uclljl use nvol%cl:'lscl vpvo% S %da?tm s thm?lnoms it ?her certai

ol i gormers % PI Beal't, ©dnd " evak ibr & yplcﬁq)h

gfich e:hb@;tinagmadadh ua;n monrusr i vﬁly) Btdagagel,afegadiidndiributable to

Conngl%hegrggdability involves the degradation of a biodegradable polymer into its
component subunits, or digestion, e.g., by a biochemical process, of the polymer into
smaller, non-polymeric subunits. In certain embodiments, two different types of
biodegradation may generally be identified. For example, one type of biodegradation

30  may involve cleavage of bonds (whether covalent or otherwise) in the polymer



one or nore of subunits of a polynmer. In contrast,

anot her type of biodegradation nmay involve cl eavage
w@booa/obasezl (whet her coval ent or ot herw se) i ntBCTEB2009031991

sidechain 5 or that connects a side chain to the

pol ymer backbone. For exanple, a therapeutic agent or

ot her ttached as ide chain to the

pol y FTBEHR: BERyHE bl g Blcr BPEarndiofMghBes iUt st ind

I n cevdnahdte eyphrally, ¥edM ode@fadatidh ot:d?i.les Wt d@kagerof B®bRY connecting

gener al types of hi odegradati on occur durjng use .
of a OPoPyRYE © f subupjtsead awgy@ph In Qqqga -&@ppther type of biodegradation
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bPod egﬂla@abnf@tswcﬂl%ﬁéamm the polg@preigeicbongy Fopeampl a gherapeutic
var i
Ve PR S ERGS el HERA o A998 R e bRl thikithe
nol emb/af: ralgapgity, bi@rleggﬂailomlmcean dmlpstinednitd, boe/gr thenather or both
degr he phy3| cal
char gg eéarl Ityé){%l égf;b%’?degragatlog maﬁ 0 cur gursnlgZ 63 0 oz% potl | npl ant ,
and the node and | ocation of adm ni stration. For
exanpl e, Ahesegmeta'tnethettfhel "mﬁ)dmcbtiw’ancmagﬁm poth Igeneral types of
?Rgh%%)dgé%q%edaglo T%e g%fr%cpa{ qra &Lg:ag’ﬁ;ﬁ}g¥$r%%%9 po Hﬁ;‘?%ﬁ%&%@n‘%@ in
bi odegt aldabzlr&t}mﬂt‘ydmﬁ lh(Sudllngllﬁé themsdaditeditity dhihe llhl&ngYesponmble
"bioggrgra able" is inten erials an

ed t
pr oc&¥SBY %ﬂf@a“%#ﬁéﬁolewg# 88’@@%?%@ inity, ?%wétéw'a” ﬁ“d degree of
enbodis®rtiengMTRLE folIh&, thé Pledsi_daR 6 isReY (XIHE khapk 8R4 HAS of an

a 20 therapeutic agent or other material associ ated
wi t himplant; 3nd thy medsqing desetiaypliadmimisgptian, Eer expmplenige gieafgr the

ke cwésltam.gmdm@x ef tfid | GARE o ggﬁamglgé Wil lor TR gr%éﬁgjytﬁe

I'n such circ nrstan graddation rat
depehd)st@hlltyotheéomdygramwc hémy(baidegr@t@hwploiymea'rsdlsmﬂyslmt The

char act & f.t ut.,a
|dent§3n{n B % bl% is llil 3({%8%&;‘%)8?1‘ naar a{alsaan?ﬁreorceesses aqso termed
Degr aMaérdehlebf the subj ect conpositions includes not
only the 25 cleavage of intrannlecular bonds, e.g., by
OX|dat|on and/.or roI t ?sothe di sr i on
of inter mgllcéagﬂ ar % s%rgl eblo e§rag%ble ?Ol%rﬂerc#sethasa

host tigtupsiticegem IoemeSr 1’ﬁ@terla¢ @slm&ztted wulelt Ctambeegrafd@ﬁcsmmemﬁ such
vvlthforellﬁnlnlusmn host i ments,

ol y AR T SARTERF ST < ooleast St abch TYGHAT Bhve

bi odeéuatteantdst tk Biodedfdatifrateliady defend©h @Bt @YY Beichentibf 1dent1ty
desired application. In certain_ 30 enbodi nents, such

as i AndRRYEcRlisbaragiyristies efisheRabimendit Fp bl idsntity ofmaterial(s)
peri %ox‘ﬁ%f‘éﬁ!dlt%rem D RO OR2BBEct REbLLRZHO ﬁ{c%ésgl%l' only the

| ess than about five years, one year, six nont
£2br ecleavaat h@ntr@m@equmtbhndsfq g. Ilyeqxldatlon and/or hydroly51s but also the

disruption of intermolecular bonds, such as dissociation of host/guest complexes by

competitive complex formation with foreign inclusion hosts.

In certain embodiments, polymeric formulations of the present invention
biodegrade within a period that is acceptable in the desired application. In certain

30 embodiments, such as in vivo therapy, such degradation occurs in a period usually
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days, five days, three days, or even one day on

exposure to a physiological solution wth a pH
wheimmsrs6t and 8 having a tenperature of betweror/2S2005031991

37 C. In other enbodinments, the polynmer degrades in a

period of between about one hour and 5 several weeks,

depend e desired ap
or oyt 01y St %R FEDeRRRLuPE. Mes farns sposmpeinen
car baag} ®, dagd, thirdd dagy, or éveh @hsddy@naxpssog tb b ﬂhysicﬂ;oglcal solution
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condighb&iientEMESoRINRY HERhdes FNFbcib@ BFbdrR&eh WH&ut ohéBour and
acidic and basic environnments of the di gestive tract

(&. gseverl wasksiflependingsnithredesiredppakicatiyn. aci di ¢

envi ronnent of a tunor, enzyrmtl c cl eavage,

net abol i smblcﬂl?&io%{b% bonl I(@% OGke? AHmidl, O4BSRRS carBidthtes, or imide)
preferably er to physio oglcal conditions in a

vert eﬂé?ratOea bong thehisgleayedriagman esteTligcleauetio forans hyseapband a
prov r

D oV s PG PR PR U o P e
etc. tl@aaldm aeé basfic enlvianndntsantdhe digespredracti@gs Stoimachh, untestines,

q& ct 8tc§ acn vl(rgr}n?ent 8Pa%%n%9 I ?r gltea{v%éé En% oltls , and other

communi ed nursing vacir8"care
f aci bioidgﬁﬁl proéessrels Qad pfmirztbl)‘sm&ﬁ Itcﬁ;bltyyiotobicﬁllcoﬁdltlons in a vertebrate,
freest ndln ulatory centers, honme health agencies,
and a§a”‘ truction(s)" as used herein neans

docunents describing relevant materials or
nmet hodol O”QIileel;Snm'&iéilﬂicﬁﬂe pepvidersd rdéerk to inMieRiQalsrat @pgnddatometiiat
i ncl ude angql O combi nation of the follo

ng:
back§f°¥ (F 4IRS FRY P 2 PFTSYn- 6 ?m'BB‘?fﬁo?fév%’éa%%ﬁ of pasajtheare

ayal #)ﬁ)bldleist' YhciuQé @6aHS, In0spitaRUCORMARRY danf RfifdRkAtQUImnRinfies,
brief or detailed protocols for using the kit,

t r ouBfilledyHseng faglitigsesubpaifss fagilidesne!ags mylpgnseilty einics.
any ?\%&ggfnd{ng a%ﬁgmpﬂct%ﬁﬂé{lemﬁe hehiPAdeHGEd. 8{2151{19@% be

supp or as a separate nmenb
conponent, either as a paper formor an electronlc
f orm whi ¢ ﬁlnﬁfﬁlgﬂtlblés)s @p paeri aerengzBs desppgnte deserbing releyant

MEMD Ly efhik | 'onge@E) prgéé\ée} Qﬂgﬁﬂﬁfto ?E‘i{ afh b GERRL mASRRIubE any

or as recor tatioR. Instructions can

0 nprirseingive ofthe rEQJIOMiirpg badkgoundinf@matiend listo§ compramits bl their
i ncl ud u a g

col | ecella%lﬁbo?{%m% ngpsl{rcllase ln%ormz%g)ﬁle%% bngfg of Sd ta{l‘e f protocols for
t he ksihg th'é'digettd'mbre shocktmgoofémnemteShmnatpporutaed any other related

f I f
b Bkt 0 Bt 3o or STl § B the R0 fesoparas ptsmber

CONPRARFYnSntI@Mhe LA aPAP&IFER banRASHAGERH BRhNRLY be supplied on
25  computer readable memory device or downloaded from an internet website, or as
recorded presentation. Instructions can comprise one or multiple documents, and are

meant to include future updates.

“Kit” as used herein means a collection of at least two components

constituting the kit. Together, the components constitute a functional unit for a
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or separately. For exanple, a kit conprising an
instruction for using the kit may or rmay not

w@byiosmbt y i ncl ude the instruction wth otherPCT/US2003/031991
i ndi vi dual nenber conponents. Instead, the instruction
can be supplied as a separate menber 5 conponent,

either in a el an el ectronic or whi ch

be. S IR Pullofn T RHBL by SHBBICa R g g dhcfeed Beether
downbpagedtelyr F8r @@mpR} £kifedmpMRhgiah %str@é’tloﬂ%r usig @ed@Cmay or
presentation. As used herein, the term'

consfay apt Physically dreise the lﬂSérWﬁﬁ'%wwrl%gn%wawa member
| nt epdppdnagts RNGRad, aie%zuonf@h bRIPpIIAS a saﬁﬂat@ﬁaa%er RNA

speci es which can be 10 cleaved ih vivo to form

s RNagmpdrri; cithehistarpapdr $ormesran glealrende formg b neaybesupplion on
vect RN S
Capag{rgpL(t rga:a\z}llglgél%{npgﬂdewge ’S]Itsc} anscap?&sitﬁ)érﬁ misn?e{x} e¥ %Bﬁtre gr as
ds RNAsowled pi@senpition.RNAs i n cel | s, and/ or transcri pt S

whi ch can produce siRNAs in vivo. An “effective

amobunt' o c . )

subj ect Ii seﬁ't“fxlhg}egu 'ﬂ}ecc? ! eg%ik?fgl %o\%&dé ésfg Q%g:h% %e?m 1H§udtmg small
of t ngerfeniag RIAKR (sRNAs)ahgipepRNAL) o othdr RNA spdvdas which can be

BB P e 8P dorhs K T SRRl Rt ABE Rl S oRsion

for w&sort r(g8 MeEBrredOfo MRPJWbﬂiiﬂe&l(ﬂ)f vatdpr dapsuid af glvmg rise to
di sorder. “Patients' or ts' to be treate

the S@bCERE Whishyfgen Q?Ré‘]%ﬁi’fn%ﬂl@m RBi§s i €8 llsy apfoy transcnpts which

namgélﬁproad@gglmulgggnt;,ugans The term "prophylactic or
therapeutic" treatment is art-recognized and includes

adm ni st rghkQRchR afdnth 884 sufecRdpBlindRAR r@bect B8he subject
subj ect conpositions. If it "is adnmnistered prior to

¢b i nimethod phHeraeitaefersio af amepmt ohthe Aicgewioc ia pepatation which,

(e gy r

(e oat SREEPS R AU TGS AL ROL LR 90
[ t pnku’u&dllystcctehtablhetsndaag;afomt trerementopproghytidxés afwarticelkdr
conditi whereas if it is admnistered after
mani figgr:égfti on of the unwanted condition, the

treatnment is therapeutic, (i.e., it is intended to
di m ni sh, ‘Pati@its’ or atilgectto bd adatediby ehet sobjectendtisidi anganimals,

want ed conditipn or side effects thereof). -11 WO

%04)”69%2@’%)2“’?*&’?‘/*‘%3235@7’% Y8¥E  The term "preventing"

Is art-recogni zed, and when used in relation to a

condi t i onThesteeh"psphglattoaitherapeutia” enatmeltds grt-recp@iized and

di Se?nscFudgsu gdj?nir?lgtraﬁi%g goetli\é hgst of one or more of the subject compositions. If it
is administered prior to clinical manifestation of the unwanted condition (e.g.,
disease or other unwanted state of the host animal) then the treatment is

25  prophylactic, i.e., it protects the host against developing the unwanted condition,
whereas if it is administered after manifestation of the unwanted condition, the

treatment is therapeutic, (i.e., it is intended to diminish, ameliorate, or stabilize the

existing unwanted condition or side effects thereof).
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syndrone conpl ex such as heart failure or any other

nmedi cal condition, is well understood in the art, and
WO p@k08ss2 adm ni strati on of a conposition whi cPCT/E@820086831991
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o opul B FuP BBl LRSS Ao aAE S pRAMIRH: weatment
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RG] Gfdbid neaRiemuR® PRbeR Bon o Seie PRl Sgpo
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subjects i.n a treated popul ation versus an untreated
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" t heqapedttddpoplaitn vels1e Ld»'l‘ﬁ\@reﬁ@d’ coyBf f¥philafio and/or delaymg the
naturally occurrlnq@blo ogically active conpound o
c onperset ofsimpomswf the infagtioa in a trwdvméwamnﬁerﬁus @rewwaqe@

0

30 AR BTl DT B8 gl G i roquency
ef f eof, obgdtelr@cad:ly delaying, p&y s¢ngations emctlcmnd byTfubjecwrima treated
thereforﬁ.en onpasses te 19se ¢ qynds or chem cal s
t r ad PYRUGHSI VYU g RIFeRe &L %ﬁﬁ $M%Pacci nes, and
blopharnaceutlcals |nclud|ng mol ecul es such as
pr ot ei ns, Asedd leesn, tﬂwemn'escapﬂmkclagém" iacludksanygemketic or
constructs and.t rticul arl th .
Cer nP Y o linedoupaitfy of R FofBuRaahithaLo pr mier which,
QONPOsE adiifisfersd to bS@ ghdisna({Humah of ﬁtﬁlhﬁfﬁhmﬁmmh@ﬁﬁkﬁﬁé&td desired
ar eas |nclyd|n but not Ey}pmted to, gd uvan ant i

i nf e BERrPacoIRgic fmmunogaricsand/or physiglogice ?Rhyrl%ﬂa %vgéﬁ%ﬂtemw

anal g&mhC ThéRen ARALEE ShéompeREthHRbAPSundRBAHRMIGR traditionally
anti-inflammatory agents, anti-epileptics, |ocal and

generegprdeipfedsygreaceises, AyHrehpERcewisala tricludéng molecules such as
anti M&ﬁoéé %d@sgﬁ(mn%nesn%fe@é a%ms' n@gﬁﬁﬁécts e?hg the like. More

ant| epressants, anxiofytics, antagonists, neuron
Bb oc kamgllage ﬁtestq:rrramtemphutiq agent gmcluaenctorrxphmws noeuimpesitiens for
agents,.

f’] scarinic nd nmuscar,i ni c . agent.

anc i oo AP b e B et DS BHisE PSRy BY 9 ol anc
infectives such as antibiotics and antiviral agents; analgesics and analgesic
combinations, anorexics, anti-inflammatory agents, anti-epileptics, local and general
anesthetics, hypnotics, sedatives, antipsychotic agents, neuroleptic agents,

30  antidepressants, anxiolytics, antagonists, neuron blocking agents, anticholinergic and

cholinomimetic agents, antimuscarinic and muscarinic agents, antiadrenergics,
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antiarrhythm cs, anti hypertensive agents, hornones,

and nutrients, antiarthritics, antiasthmatic agents,
w@niokosaseal sant s, anti hi stam nes, anti nauseantBCT/US2003/031991
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act i vibsahdes hisddfeythd fyLmbR Sreveli@s 8dgiodiscubd @UEtiRAtITh RE

physi ol ogi cal environnment. The term "therapeutic

i nd efl‘seqs%f’re‘lll%esﬁ?c?rtsﬁl@taﬁff‘é P A Tee thendratugsior ungfigmyof the body; or

def i Bﬁ%ru%?whi@ﬁ@éc%%%iol&ﬂ%!ll' abtBE BF RobeQiclvelRE ey have been

suitable Tor acylating a nlgrogen atomto forman 25

ani delaerd ig aprsdatameinedphygiplogisal gnyranment or m a ket one, a

sul fur atomto forma thioester, or an oxygen atomto

form an epfaEm*iRiBpeufic Bidex @B 4 ME MRPBuRIEAXBY dh Rfined

-C(=0O) - noiety. Preferred acyl groups include benzoyl,

acet 94 LDso&fRsobut yl acetyl, pival oyl, and

trifluoroacetyl. Mre preferred acyl groups include

acetyl and bgn |l . The nost.preferred.acyl grqQup is

rcetyl . PG g eaEad Rt EM ARG a0k W orkn

25  amide or carbamate, a carbon atom to form a ketone, a sulfur atom to form a
thioester, or an oxygen atom to form an ester group, e.g., a hydrocarbon attached to a
-C(=0)- moiety. Preferred acyl groups include benzoyl, acetyl, tert-butyl acetyl,
pivaloyl, and trifluoroacetyl. More preferred acyl groups include acetyl and benzoyl.

The most preferred acyl group is acetyl.
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The term "acylanmi no' is art-recognized and preferably

refers to a noiety that can be represented by the
w@eoanaisei ornula: RO R > O wherein RO and R PCT/Usz05031991

i ndependent |y represent hydrogen or a hydrocarbon 5

substituent, such as al kyl, heteroal kyl, aryl,

Al 1 phat i o TerfE BEPHEmo S PR OR S APRE 0y B 1 moicy tha

art - egctgeprated b the @bdtaltferma h - unsubstituted and

substituted am nes as well as ammoniumsalts, e.g., as

can be represented by the gener formula: ROi 1o N

/| or NiR1lo R o 10 RO wherein , Rlo, and R 10

each i ndependently represent_hydrogen or a hydrocarbon

substituent, or RO and RI O takem\together wth the N

atomto which they are attachedg;;nnnwgte a

het er ocycl e having from4 to 8 ons in the ring

structure. In preferred enbodPnents, none of R9, Rio

and R 10 is acyl, e.g., RO, R o, and R 10 are sel ected

15 f ivperelyRir.ag &M, eathkideperddghtBregbdert hyd@ig¥i or a hydrocarbon
het er oar car bocyclic a|lﬁ2atlc, and heterocyclic

|, : ]
afi prabstientiwyeh asalipnl, hgtergplkahinfyd hetgroaryd carbpeclis Alinkatigand
an agiBe @iiPkibhati@s defined above, having at |east one
substitut'ed or unsubstituted al kyl attached thereto.
Am no groups that are positively charged (e.g., R 10
i s presenthe tgms ‘paingraddaming’ e art-gaeagmded gnd geg%@pbqthl n
arm NGy SbQiAS HaEsh bR RERR WAL Ok BB Hum S, B Bt Be
is preferably basic, e.g., its conjugate acid has a
pKa adpossent® byTheganerehformalad no' and “anide' are
art-recogni zed as an am no-substituted carbonyl, such
as a noi ety that can be reprgsented byR&he gener a
formula: - 14 WO 2004/0328@25bCT/U8200 031991 0 RO N

N

Rl
- or ——N— °
\R1o \R
10 9

wherein Rg, Rjo, and R’ each independently represent hydrogen or a hydrocarbon
substituent, or Rg and R taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure. In preferred
embodiments, none of Ry, Rjo, and R’} is acyl, e.g., Ro, Rjo, and R’y are selected
15  from hydrogen, alkyl, heteroalkyl, aryl, heteroaryl, carbocyclic aliphatic, and
heterocyclic aliphatic. The term ‘alkylamine’ as used herein means an amine group, |
as defined above, having at least one substituted or unsubstituted alkyl attached
thereto. Amino groups that are positively charged (e.g., R’yq is present) are referred
to as ‘ammonium’ groups. In amino groups other than ammonium groups, the amine

20  is preferably basic, e.g., its conjugate acid has a pK, above 7.

The terms ‘amido’ and ‘amide’ are art-recognized as an amino-substituted

carbonyl, such as a moiety that can be represented by the general formula:
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Rio wherein RO and Rio are as defined above. In
certain enbodi nents, the amde wll include imdes.
WO 20083861 ef ers to a saturated or unsaturated PCT/US2003/031991
hydr ocar bon chain having 1 to 18 5 carbon atons,
preferably 1 to 12, nore preferably 1 to 6, nore
preferably still 1 to 4 carbon atonms Al kyl chains
may be straight (e.g., n-but or dnched (e.g.,
sec- butyl, isobutyl, or t-but ﬁ#eferred branched
al kyl s have one or two branchey, pneferably one
branch. Preferred alkyls are saturateg, Unsaturated
al kyl s have one or nore doubl e bonds and/ or one or
nore triple bonds. Preferred unsaturated al kyls 10 )
have W& MR a1 eki# defipRskbeve n %ﬁﬁtémtembsﬂl@eb%ﬁa? arfige avill
pref efaklkYmeee double bond. Al kyl chains may be
unsubstituted or substituted with from1l to 4

substituents. Preferred alkyls are unsubstituted.
Pr ef er r ed AlbYstefariie edaass o Lasapireshipydrocgbon chgin having 1 to 18

tsis u,s}%sa i qxefé’am ¢ eo .@%@/&&%Bﬁﬂ Jo%yﬁ,me réf@x%lrk) un 1to4
hal o, hal oal , hydroxy, ary (e.g., phenyl, tolyl,
al koxgqbweattyms Adkﬁyhmnwn@rwmgbﬁeﬂyw bUt)'é)lcmptaedgzﬂ)(c; g 1fec-

het e% &Y?Jo mdouw:ft Ble e?xrex lbr (r];g—lﬂ:ﬁ kﬁ/fsq;%ve (?nlek?pvyo branches

%r to nsa urate ati c
an aI cpgxﬁsusbly ond leagh Prefadedleds ik eatsmiastwﬁsumrawd amqlstlhee one or

al kyl s des |be but tha a | east
Goub B SToBletAre BRRYS oL st F ey higreqopsatisied ks
Q0 hehiwesoie of b dbable Bondske ohEFipR: bahdS Wé prafechbal dﬁ)érd}éuble bond.
preferabl refer to | ower al keny ower 20 al y

S.

gr oupsky! FealnsaRay; brainsHbsties of W@Sttt%tFﬁW&P lﬁrym litg 4@&%

in aPl‘éfé‘FedVéﬁll@yE dd\@ishiRfifked. ﬁleféﬁ@y Eub@tntqteala ?/ﬁ)ﬂe'm&rée di-, or
term al yl refers to saturated 3/3 excl usi ve of
g

al keﬁyqubstltuﬁm Péﬁfwﬁyﬂlkyl suvﬁéuqn@rln@u dlalco Rylbalkyddrydroxy, aryl

“al k [

Repr ggs(%h? aty E@)&ﬁh@n{iﬁ k‘éﬁox Qa”?%&fé’gr@ lﬁ){logl% glbjhox
pﬁopyﬂﬁmvyﬂwsmﬁhbubmwy and 25 the |ike. et her'
is two hydrocarbons covalently |inked by an oxygen.

Accor di ng Ye te{ll'& 8 al§ ta'n& Y I%}Inélogefa' tgxg%gﬁa%;%%ghgtr&%ﬁ'oups

renders t bon a
2004b%@691n9@i@tﬂjﬁ§2®©®ﬁmw§tﬁuumn theallgfs dekdeibxy hhoverbut that
anot her ety such as -0Osaryl, -0-heteroaryl, .

O havsB A g on ool B gl bond respag PR Mgt otherwise

- 0- cardagy] the teirhd kel 4hd aldynyl Prdferbiely @THGH itveRhik@fyRardlower
The term "al kylthiqg" refers to an -S-al kyl . group,

%pr alkunyl grqups r@pq@?yqlhl\ghen the term alkyl is presént in'a list with the terms

alkenyl and alkynyl, the term alkyl refers to saturated alkyls exclusive of alkenyls

and alkynyls.

The terms ‘alkoxyl’ and ‘alkoxy’ as used herein refer to an -O-alkyl group.
Representative alkoxyl groups include methoxy, ethoxy, propyloxy, tert-butoxy, and
25  the like. An ‘ether’ is two hydrocarbons covalently linked by an oxygen.

Accordingly, the substituent of a hydrocarbon that renders that hydrocarbon an ether
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groups include nmethylthio, ethylthio, and the Iike.
"Thioether' refers to a sulfur atom 5 bound to two
whyenosmsbon substituents, e.g., an ether wheretTUs1v63/031991
oxygen is replaced by sulfur. Thus, a thioether
substituent on a carbon atomrefers to a hydrocarbon-

substituted,sul fur atom substituent, such. as

or D5 91 B R, O R By Sk Rt ) geprostio. -
r ef e(ﬁarhl@ylaroaétkmhramw uP-carbstic hligheg, ot 1dvh@erocy@liy hliphatic.
group. 10 A«yl rlng refers to an aromatic

P%ﬁ g 2 ; 2|r P@ﬁ%r In '8i E&}éﬁ% éﬂ%_ﬁ%yg}g&e ﬁg;?re%eﬂtgﬁvea@kylthio

pheng}oupmplbwmlcuhyleil@ ethiyRINe e kieQike XMAMBEMEC rdferd @Sa sulfur atom
contain fromabout 5 to about 10 carbon atons,

p? ef BPUNS|tg OFQ Bysirasatbgn subsiienis, §-2a @B ker Whegeintheoxygen is replaced
pr ef %{{' ahtuy. THu9M tRiotRerSubRAtRA b @FFon lafont fRferd ﬂor&glydrocarbon-

Bi cyc aromatic rings contain from8 to 12 carbon

at orrﬁUbSbW@ﬂéF"élHI afonysubptitgent, suehrsalkadtbiawr pylthis, athe ri ng.

The term "aryl' also includes bicyclic ring systens

wher ei N ofh YR erdlifylt Reused | h&‘gﬁ He&rsaf[) Qﬁ@lﬁ(&lﬁg’ro@ bstitft@Bwith an
other ring is cycloalkyl, cycloal kenyl, or

het epybgioPgl .  Aromatic rings may be unsubstituted or
substituted with from1 to about 5 substituents on

the ring. AP F'ﬁfmeg‘; teds & a@]%ﬁa@lc rh}'d'}gca%&srtn' ts%@é?ﬁ SAromatic rings are
i ncl ude: cyano, |lower a , het éroal kyl,

hal oa10n9¢ych<p¢>refn§ﬁ|d bigyplesrringysystems, alwy ag phdsiylnaaphthyl, etc. Monocyclic
t her r

al ey froria€ nd ool PR BEs SRR NGRAT R iR ¥BIn 5 0 7
al i phaborcatomsnghd mebterafertldy frosicht ta6ahbdn atom s tit tmngtBaeychc

A oMU CaptsBRY I 1o i preattop Aol S g B ot foms in

Q5 akiR ringSEk teBPiafyl, alQrinddided gRYCIRirMY G} sténs Whtgeis ¥idly eﬁesofthe
Monocyclic carbocyclic aliphatic rings contain fro
aboufngs i grogHene: gl’éhec‘ﬁ]i‘%élﬁg sryrgalkyr of loplsenyh OZQCthP@fﬁ‘YA

to 7 Ae3hARNIMRE Q«ra? be MHbsARBdd &@@Jsﬁfu@elalmthfﬁ&m 50 Rus
carbon atons in he r|n Bi CyC ic carbocyc iC

al i phehstigentp ﬁrgtsheeﬂ@atIﬁﬁfﬁrrffdra@WthrmgmbSéla\ebtéwcatded‘@lo cyano,

pref grab %Mgl, g{tlélgﬂ%(l} l?alolalk%l gﬂérrrgP BB%Qg%rh dofii r{ahg&gthereof

Car bocycl | atic ri stitute
80bsMareipreternei substituents 1Includﬁ Mwsmdjb)tl,l dyarenhao,aind hilealkylng.
Preferred carbocyclic aliphatic ring substituents

i ncl ude hg{za a H%% fl%gtt Ftk - %

2004/ 032868 9 BAB; B4 oe (ﬁé?%!’{ %!)1/ i ”“% 5‘%@? hydrocarbon

phenaoxg. (Ewbcayngliccaﬁpttaitindhgm nchearoamttic @dnbo&yqdnceﬁplrantiedngs are

subst | tuenﬁ E ? $ F Z é re rreq.

car bGEYEPIL™ & i‘rﬁ P CPIFY ﬁb@“ ghL PGHde Cg pfsE Yonoeyelic

cycl ofibagstlic zﬂbpﬁiitQJ"rmgebbhltam fiyialabhe @ty hbouarmlca@wl a&most plleferably

Nbre preferred carbocycl
from 4 to 7 carbon atoms, and most preferably from 5 to 6 carbon atoms in the ring.
Bicyclic carbocyclic aliphatic rings contain from 8 to 12 carbon atoms, preferably
from 9 to 1 0 carbon atoms in the ring. Carbocyclic aliphatic rings may be
unsubstituted or substituted with from 1 to 4 substituents on the ring. Preferred

carbocyclic aliphatic ring substituents include halo, cyano, alkyl, heteroalkyl,
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al i phatic rings include cycl ohexyl, cycloheptyl, and

cyclooctyl. 5 The term carbonyl' is art-recogni zed
wa@npab4iosasbides such noieties as can be represePCEUSHYP3/031991

the general fornula: OO XRlL 1 or Ri 1 X wherein X

is a bond or represents an oxygen or a sulfur, and R11

represe y ca su i tue
oo TRGUs Shapy HeBaS i 2ty SBirfon Reor Hor Bl fibsyents
hydr agéaide Gtlohydl haﬂ@zﬂlﬁ;b QﬂeféMé@Edaﬂi)Uﬂﬁt aliphag¢ Bngs ih@udityclopentyl,
oxygen and R 1 or | not drogen t he fornula
repr é&céfﬂxﬂéylawcbgefe@ws oy cxclwya%r@rvre Sifrg carRgayelic
i s aglighafié R la&&aéeoyclbmyﬂwc%yptylsarrdecfyelbas&pl to herein
as a carboxyl group, and partlcufarly when R11 is a

dr ogen, the fornul a represents a rboxylic acid
V\%ere x i &h %‘ﬁ%)&?@’@ﬁyl U1y r@@&nlzquanﬁwﬁwgewc h frpgjeties as can be
for mudpgest @RS BSBOLSherl fhALABt e . 1 n 15 general, where
t he oxygen atom of the above fornula IS replaced by
sul fur, the formula represents a "thiocarbonyl'
group. Wiere X is a Syl fur and R11 or '
hydrogen, the formula nts & "thio
Xis a sulfur and R11 i/s hydrogen, the
represents a " thiocarboxylic acid.' Wene X is a

Ry, Were

sul fur and R11 , is hydrogen, the fornula represents
a thj ryat t r
ponc MR pa P AR ISt Rt Ao PolSat

to ahmrdganclwdb:@arbon kebs@tient.eor afpbatrmabfaltwaékyrae@embk salt, Ryy-

one h ogen
15" PaRtese s F Bfatn ot Risosatiol s 3o Btk B o PRESLsR 1 o
f or mR:, lillslrrﬁphyﬂ&fgréh Sthﬁf(brmﬁlﬁ d@h:yﬁﬁs andester’. leri;g@/ K'is @ &¥Pen, and
"G a Y S a chnal n avi n nme er atons.
For &xidhpt %eﬁneﬁ%ﬂwﬁ\‘/%mm & ISP g*feeﬁw AL A AR Y &S pHPe fnd
at 0Mpartibeta Jwénaz,mratr@ufégag twmﬁ@a @ﬁ%%@taeelar%xync acid’.
unsat ur at e th one or two double bonds (cis or

tr ané’%he@rxm qxwgfm, gnddbmds h}ﬁrceﬁertme@rmmre@re@wt%a deranate’. In

T eV T T et T

al ky fformmia rbgresgnts abithicicerbored! gooups Whstei X istaessd!fwii anH Rope Rar- is not
t wo substltuents Preferred substituents |nclude
| owePydIpgep) the fostpula rersesspis & thipesterd Wbse Xring spifugand Rin is

hal ogldt¥den thkl?drﬁ’ngﬁir}eprés%fltg Bsthtogarfxln&ﬂﬁ Qoid € WHRFEOX is BT and
or iodo substituents. Preferred
Ry is hydrogen, the formula represents a ‘thioformate.” On the other hand, where X

20 isabond, Ry; is not hydrogen, and the carbonyl is bound to a hydrocarbon, the above
formula represents a ‘ketone’ group. Where X is a bond, R;; is hydrogen, and the
carbonyl is bound to a hydrocarbon, the above formula represents an ‘aldehyde’ or

‘formyl’ group.

‘Ci alkyl’ is an alkyl chain having i member atoms. For example, C4 alkyls
25  contain four carbon member atoms. C4 alkyls containing may be saturated or
unsaturated with one or two double bonds (cis or trans) or one triple bond. Preferred

C4 alkyls are saturated. Preferred unsaturated C4 alkyl have one double bond. C4
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hal o are fluoro, chloro and brono; nore preferred are
chloro and fluoro. 5 "Haloalkyl' refers to a straight,

whe@aobxsd? or cyclic hydrocarbon substituted mMT/OSIN®031991

or nore halo substituents. Preferred hal oal kyl are C
1-C 12; nore preferred are Cl-C6; nore preferred

still, ar ubst it uent

f1 uof l(l)(alarpﬂfcl:)le&ﬁlfublstétut%ﬁlﬁ u%dnttltecri) FVét 8pe % %%s’a}u&(}t’s Pr%ferred
trif butgtinems mylude loWet gkylabiy Heter@lkg], egdnof kel @ dnd haloalkyl.

unsat ur at ed chain of carbon atons and at | east 10 one

het er oat on er n n et er oat ons re t

ot o ool RoHalRST Rl bR olEh 080 XTo R fafflenS Phtered
(car hag a&rﬂi:ohetlelbmaah@ BRnol, Mot Referlial die chl@b aﬁ@ﬂa&by 1

to 12, nore preferably 1 to 6, nore preferably still 1

PPt or r od TBIAShatroRa R BT pged CHE g g it ilvea

br anelisne o Bére hald Ist_\(bsﬁﬂﬁntb rregtedied Halcafker aredlk(atzemeﬁl pfafbrred
are saturat ed. Un Eﬁgied 15 he%g;oalkyl have one or

mor e *@Subt e THIRBS earﬁ ar d -G Prsrgd fiple sykstigpig are fluoro and
Pref gliorol Bk HOs pletral ﬁﬁhom@tlemanb&%hemwe one or two
doubl e bonds or one triple bond, nore preferably one

doubl e bond. Heteroal kyl chains may be upsubstituted
or subst i HstesRpIo ip kSRR 9 yaeamttchain ol paoninmagd at least

Yo! egte RIS Sehetdd hd fi Pifbterd G iré ﬁgaclaﬁtt BEeRhiY chaﬁE e
unsubstituted. Preferred heteroal k substi tuen

i ncl gerdaipfpw, 1 tarlg |me(7§>egatom§)(¢ér,b911 an tqr@qtcyqls) in the cham
alko
S8 2, FRIEECRADIBOSHYk poR PRI o

hete ocy
su bstclnztlmstnw bwistrhightive bfapthedvirefgrredityanchedieatérgallayl dave one or two

BS‘E gx%alchl%é rPtrc:fera§]y oréér/ tg/r%ncthl’ ferreé n&xlﬁalllgﬁtapeos)é%ratpc{ PR rated

¢hl oheprloeiR@ditye 6mloyhqudouh’letbhﬁns)aphvenme)or moehzipleoyids. Prefer-

?Iekg ’ C%Fagﬁ% ﬁsgg&g&%ﬁ@ﬁ%ﬁf{l%yﬁ g@)%g{%oarl% ét?lx Ye bond, more

carb ?f@ﬁ%ﬁlﬂ’%yﬂe ddable B{)ljﬂp HéterddRE CHRING maf bk MhshiBdtiRuted or substituted
acylthio %|thl0 e.g., phenylthio,

chi oéBHery] torbeut 4 substifyentsainlprst dpcswisa Presiy b HEefpIrecegeroalkyl
benz Xlletdﬂh%stltﬁ!eg qué(@ﬁ&b%&m E‘L}{Jsﬁlhélﬁs) mcRf o, a(ﬁ (&e.; ' phenyl,

am no, nono- di -Cl-C3 al
et hwlﬂhdkwﬂymmnmbalkoxmamwym%w lalnph@yl)cmmyclyl heteroaryl.

alkykanido c a .
2004 8%%@516%)? E%Slél#g(g\%gh thﬁecé'i é)P)%n I 18 tltuengs are etteroalkyl.
a mJlalkb)d)adegnhndﬂmxy,mﬂfolay,rpr@io@mbumy,fpe%xﬁ) zh@lb@jﬂ(e g., phenoxy,
phosphor o silicon, nitr sul fur
i A AR AR Y VR S
G Oua@l&@meﬂb@) NgyloRy @.d. fmb SR RXD BRI RIXRcHBYy) CHamioRloxy,
different heteroatons.
carboxy, mercapto, alkylthio, acylthio, arylthio (e.g., phenylthio, chlorophenylthio,
alkylphenylthio, alkoxyphenylthio, benzylthio, alkoxycarbonylphenylthio), amino
(e.g., amino, mono- and di-C1-C3 alkylamino, methylphenylamino,

methylbenzylamino, C1-C3 alkylamido, carbamamido, ureido, guanidino).
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5 "Heteroaryl ring' refers to an aromatic ring system
containing carbon and from 1l to about 4 heteroatons

WO 0ol082862 ng. Het eroaromati c rings are nonocycPCT/USL003/031991
fused bicyclic ring systens. Monocyclic heteroaromatic
rings contain fromabout 5 to about 10 rrenber at ons
(carbon a het eroa abl fro 7, .and
oot or ot AT gliras p g Bl frdrobrinh A0y ool oA
het ephespReras, SiliEdnN@igrogeaniudfur) of 5xyEeBatdf, prefeiBlyrmiiidaen, sulfur,
atons, preferably 9 or 10 nenber atops in the ring
The PEPHiEEN ﬁ@we%apwntaw%mwﬁ danges h%?reifemmtaw%m different
Syst gp®rowdgiei n only one of the rings is aromatic,
e.g., the other ring is cycloal kyl, cycloalkenyl or .

het erocyc| Het er oaromati c rings na
ufsubst i t "é‘HO‘%S}‘l raghe eirsttﬂtaéé“\maf‘ﬁ“lﬂg e CPBta%E‘b‘tﬁﬁarb&?“ and

substiiohiientaboRd HeRfoaloniGn tHRTRE Slidt&darbRhE Rk Qféﬂﬁdn%cychc or
ring substituents include hal o, 15 cyano, lower al Kyl

het efésad Rigycliching sxsteripl Mopgryplia heteipeqientip rings enipin from about 5
r.rb . .
co 'tJ‘é’Jo'uﬂfb mEiek t‘%ﬁ.f“zﬁ éééfb%%& ﬁ&%@&ﬁ%)?%ﬁ%[ﬂy@ﬁ 5 %%, and

i ncl ude thienyl, , oxazoly
pur i mast prefrablyifobyl § topyinitiebyring. E'mdclfcmearqpromahib riegs contain from 8

B o 1R AR FORbl A EahF b b g

a NorhebdrCuIRL hlSo ﬁé\ltxdﬂs&:ﬁ@dnmngtmgaﬁuwmrad oﬁllyr(bge oftle rings is

contalnln carpon and froml to a t teroa s in
t he F’foh’ﬂj‘“ E?{h%msmyclﬁélk&%va@aﬁen@ eefe iﬁ in
the HeRgoardithtRREEHAPbYuNSEsERIAQR sibititifee “Iitlh Febnal toaéBB@tdi
to a heteroatom al so has a hydroxyl, am no, or thiol

gr oupubstitugrh e the ing Prefpreddieteqasomatic g issHiupRLS richge halo,
gse QCM&/L:IJ dtlcyl, %@tei%raﬁ(yf Hﬁ@gk}q plp,ﬁyl dpgﬁﬁioyg'o? XI‘F}J éo?nbﬁdaﬂgn

syste Monocycl i ¢ héterocycl phatic ring
cont diereof. r%mm@dutermrmmtlabmm mg_lgdentiawbxelr thiagolzl omolyl pyrrolyl

b d.he f
En(::) 2 tr pgrq%y?n {ﬁ%’?@‘?ﬁ? %%21 {urgrg/? I\??T% gre¥erred %creperoaropﬁtlc rm%s Anclude

Bi cycﬂnen;rl ffﬁh@nmnypymdyl.al i phatic rings contain from$8
to .12 nmenber atons, preferably 9 or 10 nenber atons

inthe ri erocy Ilc,allhatlcrl
unsubst i t &?ete&o %llcsag i }Ctrﬁl o5 nB{l ﬁro]matlc saf&?te%%%nsgtu%ted ring
g0bstortaiaing sarbon dnlddron hg. abButelf letar@tbniteih @feaiigcivheein no two

aliphatic rin ubst i t ents include 30 hal o, cyano,

[ ovieSSIORMS AP INF g NG Ry npRERN In ttfitecirgened to
or aReAARNNAL lﬁﬁ‘ a hﬁ deSx W\@rAR) 8¢ A2 8R4p attached to it. Heterocyclic
PCT/ US2003/ 031991 ereof . More greferre

subseliphagntises axmernsyelis) & aamiysadar Sedsed bicyelistrinesaspems |
9 ' OURFonok ))Qﬁ!; HQlSchcR& alﬁ%ﬁn%@x&s {1' LR %ﬁx%out%ﬂb QQ&R h&Hember

ur an, | sobenz ur an ronene, xant ene
Qﬁen@watslﬂcanbonmyld heskreatoingy, piegfendbdy, frwﬁacza,l agg most preferably from 5

I sot rt‘é g%}%ln%er aitosn%xigﬁ%l r‘rah’g. ﬁ%{l&lgih&%rocyclic aliphatic rings contain from 8 to

12 member atoms, preferably 9 or 10 member atoms in the ring. Heterocyclic
aliphatic rings may be unsubstituted or substituted with from 1 to about 4
substituents on the ring. Preferred heterocyclic aliphatic ring substituents include

30 halo, cyano, lower alkyl, heteroalkyl, haloalkyl, phenyl, phenoxy or any combination
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pyrazi ne, pyrimdine, pyridazine, indolizine,
i soi ndol e, indole, indazole, purine, 5 quinolizine,
w0 2@g8186t i ne, hydant oi n, oxazoline, im dazol i PeT/USO®N31991
triazolinone, quinoline, phthal azine, naphthyridine,
qui noxal i ne, quinazoline qui nol i ne, pteridine,
carbazo carb

| e, henant i ne, r'd
phen ?dYI?rﬁ arelgy gﬁg‘tff)}\,lgnts mﬁmlgﬁ ala aid lﬁlio ky'l I?rﬁ:terocyclyl groups

phen Q{cmdazﬂoﬂ@eamfplbr &Z@Henepﬂﬂﬁlﬂﬂ}@ré | fifan, BY¥dnl beeﬁikcﬁﬁran chromene,
oxol ane, thiolane, oxazole, per|d|ne pi per azi ne,

mor pk#tthens, ph@&%@ﬁb@qulmmwle RETZele 15p3gol [e¥rgsleryridine,
and BW&EI% 'pghﬁﬁn?esp %Hilﬁ@mollﬁ% trs%ﬂﬁ%l’e ﬁ@ae rh‘cﬁtz!}l% lﬁﬁrme
Preferred heterocyérlc al'ip hati ¢ rings include

pb peqarpyﬂlzmqmpgmmlrng,wydaqt@@,rcamp@frmpdg‘zg}inetrlone triazolinone,

tet r r t e

al so E1 Ipr%?éﬁtﬁm ines H&hthwrcﬂﬁ qg%lb?rhgqulﬁl’n%%gl%,sq%rn@ﬁe, pteridine,
) LOVVe:lrbwoleybarbO‘lmf: mi‘rsndnthrrdmeedckyrhe qiherianthccﬂmp,rphsm'imf 1

to 5 ref

or of BPEBRTE 8pehorhide P it O S et AR SriyT Bitane,

may beazsRi pipeidik, pllperuilﬁ@mbﬁ'lﬂfoﬁﬁh ldBroaéseramdxslsﬁnhars azetidinones
al kyls are saturated. Lower

&Hs uBRd Pyl idronss wiipat syliney aw %ﬁ lih Ereé«rrreg@s@focy% aliphatic
substihtdigatide pifdrelye moBsholisy br@&dhtyar%mraﬁqyp rﬂenlaﬂy@rpﬂnwand

i ncl udé cyano, halo, trifluoronethyl, am no,
hydr aipgtidyl THeteragystss eantahse bspplyPxsisi on, pr eferred al kyl

groups are |lower alkyls. In 20 preferred enbodi nent s,

a substi t peiermdesi@RAt Reidebel n as al kyl is a | ower
al kyl . Li kew se, Iomer alkenyl and | ower aIkynyI

have sim|ar chain | engths, Lomer het er oal k refers
to a het er@RekIkyicr Snto @b alsyl haig campised of I to %rpéqf pb{p|l yo 4

}sto cﬁbmﬂgﬁﬁer%cﬂ@moﬁ%?&er%l?ﬁ SF 8BAr¥onlmEAbe? alRIEPESwer alkyls
atons. Lower het er oal y contain one or two

non- &gy Ae eaieratsd pewrsaitiorpd nivatseed lewenskylppre satpieted. [Xaver alkyls
' °We¥na2 St ﬁﬁs%% EM{&d Sr%GB%'tJEeaO\Dﬁa Aelf a%ﬂ 48 JTBSnts afar%ﬁa‘rred
yl may Dbe

Lower heteroa saturated or unsa ura
Pr ef elrtrsetdethtsmromealbyl c'ua:lltkiy Icy@p,ehmmﬂt@tcmhthy{l,mmo and

het er oal k qunsu tut bstituted wt

o Bl PS8 PP il SRR Sl Rt Ber iy I
Q0 | prBdrred Qhr@bdlﬁﬂekty la shb]sttrkdédﬁde@r‘gﬂd’ﬂ@i heféh 85 alkyl is a lower alkyl.
trifl orone@%% )g Q roxyl . ;ﬁo WD 2004/.032862

PCT/ LESHES/ (3 aikeny! \and Hawer gyl havejsunilar ghain lepgihsy |
chain having i nenber atons. For exanple, M

het er oal k{lloweERyradlky 0BRrsQb ahé@roaRit AAdin@6MPBfised of 1 to 4,
het eroat om nenber atons. M4 het er oal kél s containing 1

het e P& hitbBEmBe diAMtagorerelerbly 44 msmbernioms Larved

heteroalkyl contain one or two non-adjacent heteroatom member atoms. Preferred
25  lower heteroalkyl contain one heteroatom member atom. Lower heteroalkyl may be
saturated or unsaturated. Preferred lower heteroalkyl are saturated. Lower
heteroalkyl may be unsubstituted or substituted with one or about two substituents.
Preferred substituents on lower heteroalkyl include cyano, halo, trifluoromethyl, and

hydroxyl.
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wi th one double bond (cis or trans) or one triple

bond. Preferred M4 heteroal kyl 5 containing 2
whedoe0dmsOmM menber atons are saturated. PreferpP@nius2003/031991

unsaturated M4 heteroal kyl have one double bond. M4

het er oal kyl may be unsubstituted or substituted with

one or t Stit ent . Pr f substituents

"ncl ude | QRSP 52 Péjeras oy Shp Bafif i memses pigms gy gramle,

and Ived iggdréalkyls cdn&QCMﬁfbatvﬁ) ndn&dd Farcem hétefoB®mOhahiter afdHS M4

10 l\/bnber atom_ refers to a pol yval ent atomq&ﬁ .g., C

0, Nhetgroalksylscpiining deteearigmimgpby piog! Bgxsbestivraie or unsaturated

CoNnstyith Wh€ doubIdP8Ynll (Qf ortthfs)OR BhdriBle Hohd PreEitdd 10X ‘ﬁE’tBpolkyl
in cresol, six carbon atons are nenber atons of the

r § ng cerriaining@ heteyagtom mermbar afoms arrsatusaieds Brefested pnesfuratpd:M4
met h t I Ng.
ho. USEgTHRY kLG AcTHE pORk MRERFSEL B bR st Mufd
Ph aswtst@tedivgtl dng oateepbsitleetsskrktetred gbetitgerttoinaude lower alkyl,

cationic salt fornmed idic (e.g., hydroxamc
or cgr e(rJQy roalkélcfyéyo hafgu?)ng%spa Hl anionic salt forned
at any basic (e.g., amno or guanidino) group. Such
sal t s ar e‘lswydnateheians forthd dfreuppfNCOSee e. g., World
Pat ent Publication 87/05297, Johnston et al.

ybl i shedqp b 9 [
PYPL! Shec e TR iy ARy RILRRLTESY NSt S o
of 20ham o WSystsm ithalt constititeea part ofthd: chag oremggrur z:wmilchat

the skilled arti san na sal t Ver ano

for PresTReRhd A8R R eRbE abims it e hsand ety aladEand the
pri cearattlatbi@f thelagethyl Bbls@rndtt BRtnoOmera bt atpdsi ofthgatngon of
such salts is vvithin the purview of the skilled
artisan's ice. Preferred catlﬁs i ncl ude the

al kal i Fss? &G, thg Lermo B e NG8t assi um), and

al kal i ne earth metals (such as magnesi um and cal ci um

and or ganiphagmictdtchIBNReepbibeRal@Sefefs (9B LMOnRTHR mrhhga at any
tetrabutyl anmoni um "etc. Preferred anions include

hal i a‘éélcé%grewdwa@m &repi@eyylic a¢iflx ganan esan anignisosaliifermed at any
phosg %ﬁ@ A égﬁadla, & o SR | YitsGRON AMRIALEH tedrt. See e.g.,

such It1on at may provide an

opt i &¥&irld Ragamt Iéutblmtmnéwﬁ%ﬁi i(ﬂnesten vtced, pubhiched September 11, 1987,
te)ﬁgnEnLS:O orategimege?r! lf etre:rll\glée EP& ts alrF]Xer l@?ﬁleetgaésq(nown go one of
Rocl vdesmrsikilhinahd a[rallt is wcbguzed fiht M@sﬁﬂ&ﬂdrﬁﬁ)ﬂ&ﬁl& prefer one salt

PCT/ US2003/ 031991 ° i X- menbere

mono &Y P R EPT e Fﬁ@ ihity, a?faiﬁﬁxff Gmulation Gese. %‘e and the like.

SubsDeterth RekioM dnld o tﬁlﬁl’ihtlontdi’ sehSHIBSE WitHRRESpurdiB® of the skilled
substituents may | ocated at the ortho, neta or

par a6y tAreRtice r?rqfﬁéedp?ﬁw jinciyda ghe araligngjale GHE Aapdin and

t her gghssium), and alkaline earth metals (such as magnesium and calcium) and organic

25  cations, such as trimethylammonium, tetrabutylammonium, etc. Preferred anions
include halides (such as chloride), sulfonates, carboxylates, phosphates, and the like.
Clearly contemplated in such salts are addition salts that may provide an optical
center where once there was none. For example, a chiral tartrate salt may be prepared

from the compounds of the invention. This definition includes such chiral salts.
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Preferred phenyl substituents include: halo, cyano,
| oner al kyl, heteroal kyl, 5 hal oal kyl, phenyl, phenoxy
w@eooany286nbi nati on thereof. Mre preferred  PCT/US2003/031991

substituents on the phenyl ring include halo and
hal oal kyl . The nDst preferred substituent I's hal o.
The terns. yc rou refer to
two or nor %fp Y %mﬁmgereﬁ/mﬁ%oa%jél aromaély &g grf 3 By pigmay not
het ebesubylitated amyrl flonaney mubkteﬁ@tsot:yd:sluyktm)entmnwbeabbatetd\wme
orwmenmma atons of one ri gamrmM)rMOw;m a

Raphegy b reo

secoRtN M T RARFESTIenoR g Phey e P CPRP BN ¢

non- gelif@fea Pherl QIBBLIBERs hEILIE Halo Ryhibg RWer AlkNIBsterdIRY I,
r| ngs that are joined through adjacent atons are

PuséetOtlkxtg@enylwteHWrwnwmhmaa?rg%rﬁreef Moreprgfegred substituents
refegs trteg)hém,r ARG fiufie ﬁamﬂ;a&fyr i aosttpbéarart&guétm%ﬁp@ halo.

amu, preferably | ess than 1500 amnu.

enconpasses nost pharmaceutical s that are not

prot ei ns ‘Bite tims ‘eplrcyab ¢gd ‘ppbycydhis eraiprictes (o pypyImgre rings
mean 2R0hs {BOLIRERs, RS RO laryl teRyclyl
‘subgt(‘ft%t?ﬂoongs c? qu{) tltuerntﬂ aﬁ' a srraflf or cays) in which
nmol etw & g@percalbeyatomas efrane ringarg rrpmabret itons ofn scond ring. Rings

@ldtr I(t)héltel%le ?ogrtleéiath %lrjnghbr%)oliltna%{atcgnt %to re ! rmed hbrldge(;l rmgs and rings that

excl a&ijMEed]hrcmblead]m&btenomdanHSfuﬁﬂ rmgse. chal n or r| ng.
Such noieties incI ude t hose defi ned herei n and others

gfk;‘ |r e §| enyﬁlmn‘s E )9 n%afu’c mo?ercal%oreﬁ ﬁat'er%ft%t anic cglg\POUnd of less

car bdny hbdus 0800 anas predardbox ks, thal 1508 yaar Thamgrtn enfc@rhmskes most
ket on or a %srtzl t hi ocar bonoy (lsuch as thioester,

t hi oBRAPATHLIcRsy hatare1ob PRGNS OF Nl %?&1’5 phosphoryl ,
phosphonate, phosphinate, am ne, am de, am dine,

15 ne, cydoernnistifipydrazinetds —SH dnb yreyrm < salfday ]’ thidafs —SO,-.
sul fate, sulfonate, sul fam)yl sul f onam do, sul fonyl,
silyl, ether c oal k 25, heter

het er oal Ky Su’bhtct%{ 081 I?élhq’)} fuet; piya %@F%g%{?{ﬁ(?ﬂwule generally refers
het ekoapaitioznlon aafadi-kylent atoat ydundto ehrﬁibﬁfytbﬂfey than hidrdgdnl e.g., a

be under st ood b t hose il he art that certain
subs PPYHASANG cha c%“ﬁ%e’&“?‘&ﬂ"e OES'F F‘ﬁmmmﬁtt shafnyqr ring. Such

al koxibietied iﬁ?r!l'uééﬁhﬂé?: defihdeerein SMGHRA] de¥ite knlB®h &k BeY¥R! ¥t .
al kenyl , al kynyl, heteroal kyl, heteroal kenyl,

and
BBt ec¥mInl hgxlpgene alkylg ﬂb‘?ﬁ’b pkrwl,blélds,dtyktalkvhhréaoxxl,fcarbonyl (such

apprg x L, lgygﬁ[x‘b D Kednd) QF yﬁfzth 1%9 HQAER62

non ] BRG R LB Frb B E TR eRnfiQh pe . ‘Qyﬁ

rrannertoelstyr tthteantetemrsthtoﬁtneatsu blkoxyt, u$ntr$otyf pbr)syamatr

conpo Wi erst 0qd_t hat sub ti,on' .

K sg%c'llnat&taéndne amic d.% amrg J@ine, qyano, mtr srbl?h g 8lkylth10,

t hat sn.ﬁfareh sulfonst, stutfhm@;n, suﬁonamldm s foagln m@l \Mlteh cpﬁbam:}tl,t ed

\égll eﬂgtgrog)fclyl, heteroalkyl, heteroalkenyl, and heteroalkynyl, heteroaralkyl, aralkyl,
aryl or heteroaryl. It will be understood by those skilled in the art that certain
substituents, such as aryl, heteroaryl, polycyclyl, alkoxy, alkylamino, alkyl,
cycloalkyl, heterocyclyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, and

heteroalkynyl, can themselves be substituted, if appropriate. This invention is not
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t he substituted atom and the substituent, and that the
substitution results in a stable 5 conpound, e.g.,
wohiogl3mers not spont aneously undergo transf or PEL/USIV03/031991
such as by rearrangenent, cyclization, elimnation,
hydrolysis, etc. As used herein, the definition of

each.expr ion,. e.q., alkyl, n,.etc. e Lt
oc oul SoEF e dieed it femiypv R aBristh® spst e abivaenis

be i nelepainde twiifbe uhderstetaftha i ubaituteins evibesetuted withe includes
same st.r Uﬁt_ure._ 10 The al%brevi atjons Me, Et, Ph, Tf,

NF | -T}ga’lmg ﬂt NRVISG Ptesg%hhiu ﬁtgftfﬂ?ll? meatcwqia’nce Bﬁgﬁwmed valence of
tri f kjeauevmidienes dhd @8 ¥hbstitleiadnk Wk e Ut RARSiUA FRMW in a stable
p-tol uenesul fonyl, and nethanesul fonyl, respectively.

AS o FeMRWBrcehettdsh doc neftsperttanepusyalereg fransfgsmation such as by
ut i | kzeghfhe! ORMdiof WEHinkisn Aadlydisnal y skill in the

art appears in'the first 1ssue of ° each volune of the
Journal of Organic Chemistry; this list is typically

pr esent edAp nsed hanging thp definitier aficach esprgpiniy &2+ pikyl, B n, etc., when
Abbr avi.ati . S . : i

1 st O B Rl SR O G RAR0 BERalinaath O
chenisfirgtiaf clsswtiemar the sdond dtruictaret he art are  her eby

i ncorporated by reference. The terns ortho, neta and
Rgra appl yud efBbljevi%fions]Mé Et q{l])(,jTﬂ' Nq’,"fjs', MQﬂg }ehf‘éts&g methyl, ethyl,
benzenes, respectively.” For exanplé, the hanes

1, 2- dhenpt, bryfluoeomrtinecsaonybmohdluogbudnesalfényl, peninemssuléomgl, and
ﬁgﬂgﬁé{ﬁ%&%}lg&gﬁés gec(rt:rigea IrAz &1' Yeladr(])gltp?ee rlles}vetqlgfc’ gtl the ﬁ)rt])geviations

tri f tikdaed g bizamie shdnfias yf ordjparty akillem e@ whfappegts, in the first issue of

met hanesu| f onyl , and ~ngnaf | ugrobut anesul f onyl groups, .

" o pEtE ORI Of Heopanial 41’8‘?’?’? Charing B3 iy i Dieliosskied in o
and ppnahtiadestaldardlistof A6p@iadad. PRbb@YigtiordsQontained in said
trifl uoronethanesul fonate ester, 25 tol uenesul fonat e

est etist, #sh RS YIPHQHS Hfilized Y organig gaemists of ordinary skill in the art are
nonatLWey ARULRRESY) fepipale ester functional groups and
nmol ecul €s that contain said groups, respectively. The

phrase "protecting group' as used herein neans )
t enpor ar yThaiprstsiorthentaie andygra pprdy ©ch2-al, frownd A disybytituted

d eac%%ﬁé@né‘s%%teét% . F&re?bﬂ?plg,rtﬁ’é‘ﬁ g?@-di:%@th?l@é%ﬁ@énd ortho-
ns anp S

transfornmati . es of such protecting groups
ROcl dueetlodhenzone afe spronlporyd. i ¢ - 23 WO 2004/ 032862
PCT/ US2003/ 031991 acids, silyl ethers of al cohols,
and acet a k
4l"ﬁ?ey : ﬁﬁﬁ#l ?’Jg?yé,qg?@% glﬁit%qgﬁyl %‘jdrtlﬂ—@éo%ﬂ ﬁgdrﬁmsdt rregler to

respective rotecti'ng group—.c
has béberanettiagesstforylipeeivenesufony, methabesplfhyG.am
\F;\.; Fteslgﬁa:q\leﬂc%o utgn%gliclfc;nyl g(r)ch %,nrleé:pec%(/@fyh?ﬁel t‘g’x’ms%ﬁﬂatg,qos.ylate, mesylate,

and nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, p-

25  toluenesulfonate ester, methanesulfonate ester, and nonafluorobutanesulfonate ester

functional groups and molecules that contain said groups, respectively.

The phrase ‘protecting group’ as used herein means temporary substituents
that protect a potentially reactive functional group from undesired chemical

transformations. Examples of such protecting groups include esters of carboxylic
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York, 1991; and Kocienski, P.J. Protecting G oups,

Georg Thiene Verlag: New 5 York, 1994). The term
wOpema®B2sg2 i s i ntended to enconpass conpounds PEBAIS2003/031991

under physiol ogical conditions, are converted into

the therapeutically active agents of the present

| ot S0 BB THG Fceee@h ot Sl Safulois ukdod

t hat re3petinglgl Tl Yz Richf yrgketingd Bip6p HeM@tGahs Bden ebvid\@asmﬂeene,
to reveal_ the deS|red nol ecul e. I n other enpgdi nent

the prédriigsi's G M Riiaieqtiae Opspraft Ogasis wuiiesisa tF% WezsteW
the Koal 169%; BR KodrkkiPRI D98R8l GrolhsS Geéty affchRVerlh eNew
chemical’ el enents are identified in accordance w

the MPerk 4914 Tabl e of the El ements, CAS version,
Handbook of Chem stry and Physics, 67th Ed., 1986-87,

i nsi de COoyRY ternf ppQirdglis lméﬁm&@@nc%pwaIe§mg&mumh§m]hdw,
the term hydrocarbon' is contenplated to incl ude all

per nPksidlggical eaidibionnh ds convared exq @s therppyitgalbt activgagenis wéthe

car bgn. RBmoh thethol FRahkAERE S drug & Ainc] I

por s L RORER, REBpch bl (A3IARATTDarus & Finclue slected

br an mﬁdleambhuxs losterm ohleatials, thagiark dJEq:elymd umdel physiological conditions
h& t e{o re¥eall % ’de%reg moﬁec%lgalg l%h%? ag n@énltsc thﬁ gogl‘glﬁ is t<:or{velaed by an
20 Cemytyemjé adtiedy ey @t aiisl. of t he corrpounds descri bed
above include conmpounds which otherw se correspond

: E:I :g?’ %%Pré)oses of Ens mvetnggn %%en%e?qﬁ:gf‘ eLllemen?s ar %entff%% in

I'n"one or nore
subshéidottiandeswid! the Rarttdic WﬂbldﬁftMlaﬁéntgaMr\&shqn, Hbaddbobk of

t he ficac e 0 n gener al

conpggﬁ‘a&? R “‘%%S‘ﬁ% ég‘g% Hﬁg%#t "5 eﬁa‘iﬁr’d"els‘b%éﬁ%ﬁp%%?s Bithis
the nREARMSthE kdriShydadc@BbohMis Z&téxﬁﬂatecﬁﬁﬂﬁ@luderaﬂ%@% iible
schenes as, for exanple, described bel ow, or

modi FOBRAUETY mQiefis BBng aidgapipne exlien-hydaeasn benst {n a broad aspect,
star e mﬁ@&lﬂé h?dro%artfoﬁ@&@l‘ﬂﬁ@acga% 4 cﬁﬁt Brg&ﬂéd and unbranched,

synt hesi s pr ocedur es In thes react ons It 1s also

posstdbecytlic andibeterpsycliof argmaticzand sonardyaaticarganicigompounds which

t hengel ve not mentioned here. 111.

'T'é?n & S%B\p Lﬁ&%r ugg%gﬂggd'l\/bt hods and Conpositions

- 24 V\D 2004/ 032862 PCT/ US2003/ 031991 Therapeutic

gonposi ti Gmseranl@tod dfiuh‘glletnts af the dompeunds descilgadtabpve include

thera eut| and a mat er of t.h

such (g apay nCsy \é’ﬁlo dgt)lg%rwwe cBrresgand tﬁ%retoi aqd ehr.chhnhave he Zhe useful

t her ppeetiecthagef) wheraiyt ohe oanyresinildedriatorsrof BEbistithedts yre made

occt (Jv Ec?l%okglloto 'clld(\)'grlseﬁ)z31 latlf%t t%%teh%gcy of the compound. In general, the
compounds of the present invention may be prepared by the methods illustrated in

25  the general reaction schemes as, for example, described below, or by modifications
thereof, using readily available starting materials, reagents and conventional
synthesis procedures. In these reactions, it is also possible to make use of variants

that are in themselves known, but are not mentioned here.

1II. Exemplary Applications of Methods and Compositions
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t herapeutic agent including those known in the art.

Exanpl es of suitable therapeutic 5 agents include, but
w@e@4sa86t i mted to, antibiotics, steroids, PCT/US2003/031991

pol ynucl eotides (e.g., genom c DNA, cDNA, nRNA and

anti sense ol i gonucl eotides), plasmds, protei ns

pol ypept i tide fr

e 3P ol it b bl B o P eion SOt & ggrepenti
macr agsnt £l Rstesd onthasnvedtivh, QAP &iclodéatiebiked aﬁfénal The
enzymes. In certain enbodi nents, the agent .nmay
asso&hezﬂpswwgm may b RPXF eté‘y%’t“é“‘fa”é ogcumnas bwogfaaélymve

aci diEpipelR ORtRIRD théle Rndt iShe K. Eaanaeﬁéﬁsuﬁme th&apeuuc
carried within |iposonmes or microspheres, and t

dél i peanip isgludee hivtiase not Speediedantiioferg hrerods, quawehe@tsdes (G

t her glt %ENQ\? @Bﬁ%‘ é?lfd aw] néJb‘f?Qﬁt{c%t15@¥ @mlds roteins,

prep y neans nown 1 n t e art. Inap Sferred

enbodolwmﬂldesapmﬂefraghentsf snlegndlpandast(é.endosubivimsndothds

Ct RERRLEAGRE B RREN Snel f Bas St po i BHRRRRRE

abov eertam:@mtmdlm@ts‘, dletagm miay emslsm‘ated \aigh madlReiyalstantesg., a
I|ver hicle for the therapeutic¢c agen The

T8 or it PO e Soent S« KA g an ey 2h Qe it

My  #pSs8fledbemidyosprRAIISant @EQBNERSsRh s ARp&s@fthidlgH the | N

the art such as, for exanple, electrostatic

i nt eftefizbn, hydrogen bondi ng, hydrophobic 20

interaction, formation of inclusion conplexes with the

i ncl usi OnAthe‘iip‘éutn@JonQa@Mﬁér%ﬁthe Metn%h Hafbe F] pdrBeby means

pol ymer, preferably by a reversible attachnent such as

an ekpen rthe ek Ipprafeered pmbedimensjarmaserisd af the Hventionpaich as a

fher k&macaséatma@e}% o midd WHRDE o cgﬁ me%efs%hc%%%y

attached, optionally through a re It nkage,

a mt@tapeuthalgeﬁtmsrdsscrlaw dbnd. Ascqndmg tmﬂab ewenionhthe hneternal acts

ggggg? % ?qlgﬁngfsv I’?lblg%r%hf% thgrﬁyl)eupg g%e‘ﬁ{ t ec hﬁll‘aaeuctii%%ﬁen? \g\e}ﬂd/or an

t he adijtlvant)mlndl d1atbg|al thoy assoebaw‘byl 1ﬁean§ letapnéed by desshfklillds the art

stu S, ht scatterjng, .electro .

o SE0at/O siRttPlh froeSl epenin R oo hottophobi

bher ﬂ@&hﬁtioﬁ fRgRdtion ofcRsiBPEEnexes dth kheGhdusidrosts, or covalent

exanple, a therapeutlc conposition of the i nvent i on

cont a'itaﬁh'ﬁ@ntéo thewelypienPrefiratinky # yersiblesadmentveh psap aster or
used c4rQorfted 1d drthih %Hﬁg@&%ﬁtg’ Mhe thcrgpeutlE E'Eenyﬂltdﬂ}f ad J?Qan%fnay be

into an animal (e.g., human) ( Boussi
Pr oc eedient)y atgrchedy eptigaal }Uh@llgh a rz:Serv@ezw@argeOt@mety that forms

T SEO0LR40 ASHIh 35 S SBepy, Todamcr

Zhenasbdeigtion Baydee@AdinédLi®AZdhhiques known in the art including, for
example, fluorescence studies, DNA mobility studies, light scattering, electron
microscopy, and will vary depending upon the therapeutic agent. As a mode of
delivery, for example, a therapeutic composition of the invention containing a
material of the invention and DNA may be used to aid in transfection, i.e., the uptake

30 of DNA into an animal (e.g., human) cell. (Boussif, O. Proceedings of the National
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In certain enbodi nents, a therapeutic conposition of

the invention is in a formsuitable for injection,
wa@nah4ios286t her enbodi ments, the conposition i s BOTASWO®031991

for 5 topical application. Oher nodes of

adm ni stration of a therapeutic conposi ti on of the

e s, B BB 1 PP coomsn
suchgasg-ghaitioonp. | imted to, oral admnistration,
parenteral, intravenous, intranasal, intraocular,

P s e R e M S
10 cesrposithilOfor fjedibe ahalwﬁnmdr embdsmmelhe thiS@khpositién is suitable for
variety of therapeutic nmethods (e DNA vacci nes,

ant i rEa| @@hcaém Qthprenodgs @?ﬂdﬁ‘)'“'ft&t‘o'@ AE2 therepgutis fempgsition of
| nhegetiftnbn MEMHL rd@;Simdlqg %ﬁ’fh@ Qlake o?%ﬁhé}a?peuﬁ@éon’?a&%ﬁ% €
cystic fibrosis, Gaucher”s disease, nuscul ar
dyst mspitegis koampsin theeicaptsas( ut got limigeiio, jpFal admisistmtion, parenteral,
| euk
cor d?”g‘]\?g%“é’g%s é@&ggsﬁh Iwﬁﬁgcu‘ﬂ}f %E{r&ﬂa,ma‘i ar ﬁ{rg)%g%eal injection.
failure, restenosis, and 15 henDphllla) and _
neur ol ogi Petendivgdpaeri tbm}/pq ef therapeytiapgent wsads regherapentiot her

0 LNl
qu g&rﬂﬁ{l tﬁ)P of Ellémn%,ﬁ{l oI ?S%dnlg r&:vaxg%g opt%tar:‘dgeglg{: In%thogse (e.g.
uI C elmNA bedmes, estjbidtas,anttirad agentspfor tis treetmbnt Offtigherited or acquired

as. a bates PR orRrecars [T el SifreB gl

ol i gamsebROINIDS)caftery e @t, @luipldm el i@ ldukerh BigmElgnctfh, and ovarian
nmol ecule. I n certain enbodi nents, the agent is an

ant | SHEREBR): padickasadarcaRdtienshes Proigysivedieait Bgjure, restenosis, and

der i Wehbphais), an@MbirofoRiRARbndiddHs | I(e Qaﬁﬁlﬁrtxla%a) In other embodiments,
anti-nmycotic, or antr-viral therapeutic. 1n certain
enboelilbmﬁts@npqsmn%@érbp upesl igthe dreetprentrof aypondss such ppincisions,
cert a receptor

ant ag%ﬁ?tlsct Fﬁbﬁg&gllﬁ%%ﬁ%%%sn%é the therapeuti c
agent is a protease inhibitor. Furthernore, a polyne

of the prEketherap&itic ageshmporangeeyone & necadinacid Esuidi 35k \@f:tor an

t her apeyt e

of t %er \ Fgle)ﬁsttr?(gt %agnagflse@ollgg@%%g{g% r)Ter Q?\r@%elhad} a?&gll o@amg

anf f eroletleclarerain dnbg¥meros, the agaa lrmrantimal@eamic}ms camptothecin

|nnunos s or. an

ot S RFEEETERGS. Refeayt Bkl allian . erquti-vira

c on’pﬂﬁ:rdpbmrt In &6ta\NRn2Qi BB ZzehGT L2 PIOBALBLO IR certain
Dependi ng upon the type of therapeutic agent used, a

t her 5‘68%?1“&“%6’?&3%{‘&'? 6FF°8¥°rtaﬂ@g‘i’rH§PeH‘tqeﬁﬁm ﬁﬁ&bo‘ﬂi@eﬁtéfébe

i N amépipe@ichgtt if DEORRRUAHGitoRBE N EndrE; anolyn@N@f the present
vacci nes, antibiotics, antiviral agents) for the

2p eagrwélpﬁondﬁa)j qeRta qne (ljmgrof gergnsutis @gent, or may contain more than one

kind of therapeutic agent. For instance, two or more different cancer drugs, or a
cancer drug and an immunosuppressant, or an antibiotic and an anti-inflammatory

agent may be included in the composition.
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di sorders such as, for exanple, cystic fibrosis,

Gaucher's di sease, nuscular 5 dystrophy, AIDS, cancers
w@ eoog/o328aul ti pl e myel oma, | eukem a, mnel anoma, BEMUS2003/031991

ovarian carcinom), cardiovascular conditions (e.g.,

progressive heart failure, restenosis, and

henophi | i nd neurol ogical conditions (e g., br

raumm) . Phecolie APt baner b PupbeRbtmhns.o thifipeut?

C onpﬁsﬁqb(bsﬂrb‘ﬁ ofﬁfhetlllf\%nﬁ@i/lﬁﬁbt beQRed Y vaBety S Lletapeutic aaathods (e.g.

“D“n?§q e pronot e wound heal i ng. Al though the

NA Vs

mat r e G G PEETSh o e S aled or acquired
such dxeRIASIdN [NSr ésamfpw e>tsusiﬁbro£@ [GaR¥RIPHiSeasd Hidscar OF

an expression vector for producing PDG--B in a target

cél | dysstophi P8 regnesrs el multmkvnwl@nmlqubﬁn@rmelanoma and ovarian
diff {

S SHERR ) LB B SR 08 PRRIN I B, reserss n
pronbmnq@ﬂwewndmQHOMghmwpmhm@wKm@e@tmmmumexc. I n ot her
enbodi nents, conpositions of the invention may be used
inthe 1 I

i nel ude aﬁgﬁéﬁ@ﬁ)ﬁ@r&g%@{ﬂbﬁ)?ﬁ%ﬁ%nco%gntl&%rm% e HEY be
angi ogpdriegpas wonhdsii.¢. i tng)ﬂmgﬂmw;)umi ht;didg Pltioduigh @reatatdmalone may

ugg f E%:t il a%a ()vt%lrld% S e%lg%[t gulg co%ogléllpns IE%;/rmgﬁg%?I}g;(an%gg%GF—B
c orrpoumd&ptebﬁbn VeRior i ptaticiug ADSH-B i adargetaeR,Glimulators of cell
conp05| ian ﬁgr the treatne ﬂ of cancer incl ude;

ani n8H ffrdione Higrentiphonc e gells op Brosiiopyeds, ang(gr other
aspacagpdiageknoindo bOERRLW i@Fddeotink hediny, th{lbltlh%' FREBbA, Rec.
busul fan, canpot hecin, capecitabine, carbopla

carnustin chlogﬂfbu0|l ci splatin, . cladribine,

cl odr onat & otheg gnbedimeRts C°'€9‘?§I‘t6’6h BB ayFion may be used in the
aypr %ﬁl‘n@ﬁl’%f catbaB @ BRpofRR hRgZicN e a@ﬁ&ﬁdtmgﬁéﬁi@agent an
daunor ubi cin, dienestrol, diethylstilbestrol,

doc efagiegenesifoiRbibliE agant. aspll pighfesttion inhéhitor, adhdjpsensitizer, and/or
estr filgrastim
fIudgggﬁpﬁggﬂngg?P3$%g?g?§%§gﬁg&é§euorouraci

fl uoxynest erone, flutam de, gentitabine, genlsteln

goser el i nfor wy@jﬁ@i%;ﬁem@aundﬁ ehat My ks farmylated inrpubliect composition
| mat 'fd}'tlk% tréaf?tﬁe%f I)tecrag&r ldc u'd@%rﬁ tethlrr{ &n%&%ﬁﬁb anastrozole,

| etrozol e, [eucovorin, eupro evam so
I2©rrus$name1,naserrlmghblgalettamai¢1 lvieqmycmnd boxrepin,dyesfaes @mppthecin,
nmege strok

met hotReaiERing: caﬁﬁo{’lgn{} aﬂnusﬁ{“{) glggrﬁgllbucfﬁ {:laéjgtm, £Blribine, clodronate,
ni | utelohicige, cpaahdeshamele, 3ProdsdiecOtdrattine, axatbaphétdattinomycin,

por { PP bl engseabalnisDgsopersesssb Baitias epbicin,

pr ocajthdipl, Reranfudlide EtbosRE,; exbmbdiatle MBrastirh, RIALABRAET N,
suramin, tanoxifen, tenozol onide, ten|p05|de

gost dudrasshsone.thrsytasii Troxymestesmeputamide.gsmeighine, genistein,
di Ch%@srekeq*ﬁ, 'hydroxyurea, idarubicin, ifosfamide, imatinib, interferon, irinotecan,

ain

ironotecan, letrozole, leucovorin, leuprolide, levamisole, lomustine,
mechlorethamine, medroxyprogesterone, megestrol, melphalan, mercaptopurine,
mesna, methotrexate, mitomycin, mitotane, mitoxantrone, nilutamide, nocodazole,

30  octreotide, oxaliplatin, paclitaxel, pamidronate, pentostatin, plicamycin, porfimer,
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t opot ecan, trastuzumab, tretinoin, vinblastine,
vincristine, vindesine, and vinorel bine. 5 These

W@ bh@aosiser apeuti ¢ agents nmay be categori zed byP¢Hes2003/031991
mechani sm of action into, for exanple, follow ng
groups: anti-netabolites/anti-cancer agents such as
pyrim di ne .anal 5-flu roura cil., oxur
capeg’fotc%rgf‘zﬁ'ée 4 g%\’ff# BBPHBa% NEFP Ogﬁ?lnavrsﬁﬁmr}é)tané%ge Burine
an al egsozolodlid] Rnipddidy @Biosit®ngiloguahiat akiotepd) Itlbinbwns dichloride,

(mer capt opuri ne, thioguanine, pentostatin. a

2- chFQPPE?B%bi{%‘&'@H‘SWW ﬂ?'awar&MSB% yipgristifigy vin ine, and
ant i pmeldidigd ati ve/ antimtotic agents including natura
products such as vinca al kal oids (vinblastine,

vincristine, and vinorel bi ne m cr ot ubul sruptors
stich as tE‘?&iﬁ&m\O EPFYtig,agent ’B%‘é"t%@éﬁ“}ze g?’ﬂ@ﬁ“ﬁcl‘%’i"sm of

Vi nbhashiifto, fep&@ﬁl.@reOfoﬂowﬁ.@%mbé QRS BB Ol BAMRL DL ES agents, such
epldlpodophyllotOX|ns ten|F05|de DNA danmagi ng

agengspyriadding alags 63-fluergeasil, Hexuridge Wp@fw@m g citabine and

bl eo

chIo?%%%ﬁgﬂﬁMég%&%ﬁggﬁgﬁﬁﬁﬁégﬁ&¥nm osp% cghﬁgg??oxan,
dact (menptepuring dumuambez,(plemtostdmd dhbraleoxye@inosibé (ladribine));
Iplrglxggﬁf <¥l¥t‘e'rr§ 1\%‘/2nﬂﬁlor e %l tg ncpud | ICr)llglt(?lra? Prorc'{]ucrtjs %uch as ¥mc%alka101ds

nitr ()Gﬁh]zliﬁ&c, victistmeyaid Wmopeﬂlﬂﬁé){ rbﬁZdtlﬂﬁlle didreptbR e8dhdR taxane

trieth haosphor am de apd et oposi de P 16)); _
it | B DR s Rt O BF F PR SHy L et ravelbine,
daunepitipbedphyl ISR (tRipekie) BNAI cﬁﬂ%glh@ hgentsQ@dtidbrin Gdim andbrine,
anthracyclines, ntoxantrone, bleonycins, plicanycin

(i t ARtATRGXSIIRGS, BARMYcH, Puswian, nGamé’FPZHﬁ‘ﬁ’é‘sca(ftP_Qpb?élﬁaqhéQjﬁfﬁ%é
\‘MSH C@lsﬁl)ﬁ%{ %?@l&ﬁbép‘l’la Ea&&lxh% Ql§ctinoﬁ aﬁrﬁgﬁ&@olclﬁ%xorublcm

deprives cells which do not have the capacity t
synthmngmlmwgnmﬂchmﬂmampawm@MHeﬁmOammnMEan@DMﬂMI

agen Séi"chﬁ)r;%htﬂl elz ! f r Vg{t(%c % 19 trosou dmc?rh%cng r‘?rocarbazme

agents suc
cycl oqntmsnphamtbbeerambpamhmgm;demedi Btbpd;sai& (VE 5)); antlblOtICS such as

O A R R B R AR, dambicn,
sol f enBiaegcliBesSmithantrony, bl@@sy&h{sea&aﬁ@aﬁ (WBirhm §eif)BelU)

and anal ogs, stregt0200|n trazenes - dacar bazi ni ne
(DTI @ﬂomé(wm epeynssr(Erasharaginasgvhinh isiemically metahelizap biasragagine

such aﬁ?dgpﬁbésc‘cel@scdvlqcl@ﬁ@l\& 9§ve(tﬁéa$ ?Qctltry%( @nﬁl)esnch‘sh@i'% biWHM
coordi nation conplexes (cispla car bopl atin),

pr oc aspeeginak antiplaielenegents antlmvltfgp@wéantlglgotlc alkylatmg agents such
am ”99$1H5§e%%d&aﬂu%f(mgaﬁé¥9tﬂ8§rnf Q%lg&ﬁﬁph@f}@c{eoagﬁ gnalogs melphalan,

(estro t anox oser Ica
as | ut:himadtb)mamﬂh)dmmmbsais‘xd matthilio¢lbroinss (hexetnmetinirh@amine and

anas‘ihrlgt%;?al) ezﬁléyl su_lt%rslgatg;%uzsgl aérlll 1(1)1 rgsé%)grzea gr/mtljgt%geo(g%%%& aﬁalogs,
streptozocin), trazenes - dacarbazinine (DTIC); antiproliferative/antimitotic
antimetabolites such as folic acid analogs (methotrexate); platinum coordination
complexes (cisplatin, carboplatin), procarbazine, hydroxyurea, mitotane,

30 aminoglutethimide; hormones, hormone analogs (estrogen, tamoxifen, goserelin,

bicalutamide, nilutamide) and aromatase inhibitors (letrozole, anastrozole);

-28 -



anti coagul ants (heparin, synthetic heparin salts and

other inhibitors of thronmbin); fibrinolytic agents
woguah3zms2ti ssue pl asm nogen activator, streptP&T/UEI®O3/031991

and urokinase), aspirin, COX-2 inhibitors,

di pyri danol e, ticlopidine, clopidogrel, abcixinmab;

anti m grat ents; ntlsecretor _ .
(br o Gulargarts Rttt Pisrheaxinsals %18;? eb@B@.ﬂPfﬁ@f thrombin);
t acr abiindisticdgkrtSQGIn as$1|s§u@ |pla'§ﬁdﬁlo§én3déﬁ{76l@r| figeptokinase and
azathloprlne nycophenol ate nofetil); anti-angi ogenic

c onpBipkHase), ARpriR. DX -2gelbisars idipyridaierle tislppidinead eridogrel,

i nhi ( r ( VEGF)
R i Sk e o

i fihi bnmow)lppr%mlgﬁ&ipmlmp@rlneetaerphmns @Koﬁléérsirohmu& (rdpgmycin),
oxid

Ctr ag aﬂl‘? m%gain?sﬁ{éﬁﬁofg%%?ﬁ ﬁ&%&{%k%ﬁﬁ dﬁ.‘&& (RL 55
di ff gﬂes‘uém)adnd(gmwth dhame imhibitorsgvasodamengdothali@Rgriowth factbofVEGF)

el HONGE: BERE et e S P er oot Ay Hosker

eni pﬁﬁﬂld@gldeﬁdﬁnbtébdtrﬁll-ﬁnse%ﬂ@@QISlledﬁies Idﬂﬁlbddili)els Girddt2télab); cell cycle
m. t oxant rone, [ opaot eca I ri not ecan corticosteroids

( @ or inhikiiqes ang éﬁmlﬂ%d?@cefﬁ VEFPB%IB trrf% inhibitors, topoisomerase
et hyhpgdpl (a&loﬂﬂ)%m t &rg tsaém‘@ ShRRiRRI0 Bfhorubicin,
ransauc

growth factor 'si naI ion 15 Ki nase

i nhi Baitqtleergycmnetlm@ﬁ%d@lr@rcuuy@f)mm iderebicicand aritoxaigpne,
casp t

o tﬁozﬁte%éh}ﬁ%%ﬁ conﬁB{]&gﬁE *c%{tggie{, ﬁéé{]a@ tha oAE%gﬁn‘glrxgﬂsone

t her apéwtnedratdlqneelﬁrbdmiowenammunmlom) giOWthefacacpemgnaldransductlon

nposi ti. f the jnvention. t her apeutica _
8 e Rt sk MEN P Pacaien S 0E Stra et yatgrs
t he alirbmatit dikrupers20 determi ned on a case by case
basis. Factors to be conS|dered |nclude but are not
[imted t orde to b ted an
Dhyei ol - Staidite SPehTRliof A e e Re AR P orn
the dempedrally éﬁwﬁwmoaﬂmaltmﬁeumf cohi’io@smdm/@ﬂ”thd mvenlusn A
conp05|t|on containing at |east, one biologica

act i YerapeHsainaTertiys Wuatgﬁ% reenenigpdby &b?%emfﬁ'y"ah@e art will be

b Neaéterdiiné&dnl :RAEEy daft- AR HabBA 1§ 9«1: &’dﬁ@lﬁer@di 1rﬁluhé "Hae4dre not
oxi di zed cycl odextrin-nodified polyner

i nvehmitehto, thedisgyler obe trasted wl the Rysigil @barwer&m afghe one
conp ﬁgﬁgguﬁ?ay5g&se known in the art. For

exanp uitable agriculturally biologically active
conpounds i nclude, but are not limted to,
f ungi ci dednothesienibediament of thegeventies i@ sompesifionichafaining @b lsast

i:gﬁpg@. tﬁ?@ﬁ@%&%ﬁ% KipoiAA0RE AR dral deiiey FUGIRIA" Y

25  cyclodextrin-modified polymer or a linear oxidized cyclodextrin-modified polymer
of the invention. The agriculturally biologically active compounds include those
known in the art. For example, suitable agriculturally biologically active compounds

include, but are not limited to, fungicides, herbicides, insecticides, and mildewcides.
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In certain enbodi nents, the underlying polyners are

i near cyclodextrin- containing polyners, e.g., the
w@obopmersebackbone i ncl udes cycl odextrin moi et | PET/UBDIN3/031991

exanpl e, the polynmer may be a water-sol uble, |inear

cycl odextrin polymer produced 5 by providing at |east

one ?yééode trin derivative nodified to bear one

r eact 1 vECBRICE GMPOSHRY of exact | y two p05| tions, and

reactlng etcxc d xtQ deri Yat v ?d tri

navi ng. exBeET g EEORae Ryt e it e ot P Faentin

f or ntéigaining wlalnem e.pothel patihér Hatlebond @alatids\ogelsdexert misieheds. For

polynerlﬁatlon condi t i ons thatlﬁ ?nnte reactjon of thg

r eac EXARPIS: dheROLymEr MY PR WatsAyRe Tingar Syqlosexirig polypmgy produced

CoVabeploviieHpds IRGNEBRIJIBEriA HEHaTiveansditiéeo :b@ar one reactive site at

cycl odextrin derivative, whereby a |inear

conpFackioh gxastly Brarasitings. A reactipe the@y@ﬂp%@wﬁrlrﬁaﬂve with a linker

deriy nlnél %CMO rRKEL Moikides Qﬁﬁ)aglé(iﬁ%mﬁ Vaanro'VQEﬁ’t bgfld with the

sui tabl e polynmers are described in § Pat ent

Appl reeetivesitss @US®EIB2810a 8dndilIng Het B@Slotemeacelpm af the esagtive

the 91? rthg%x tR@ m%l ¥ t%rfor?noé lﬂ'/Ql v bolﬂis%% een the linker and the

cycl 0 aXtrin po hav BV Rear ymer

bac k bmk&l,exmhldethm@é ywerebymnmar scsymer qohtprnahfg alyerigdting units of

substi uns stltute cycl odextrin.mieties
g e gt i Mok ¥ pRAurC ARG O Dl Bitgners are
wher gésarieaiGh oS, Pafeat &mka@axtaazmmnseaﬁdemmsetxbs ralteRafively
a cyclodextrin noiety at the term nus of a ymer

chai #e polymsf gy H%%lWP’G“?WP‘%#‘“%FXF“MC?H‘R‘@POWB]%'MV& a linear

each pb iy Rk ebacRRInE WhiGPY AR boprise DK bl ¥T sebsphadiext rin
moi etiés. In yet another enbodinment, the polynmer is a
wat ernsybstifieed cycladaxtsn rrw@i:mékmkwmm@ley frethe Heppolwnery

20 a f | i e | )
e R R e S
vvher gioietedche Rcmhmiémtpnlymer@amt is attathbe o tivoafi sad linker moieties,

I n ol et
chai foehtipdiRh Shoeity ing ST iR mBefi HBlangner
i neambocﬁmexhtoﬂilepbl&mer 1@@Wﬁeﬁoluﬂaembarrakcﬂﬁdegfrmm()&)er mhj(prlsmg
he an e chain, ol yet hyl col
¢Rai p Y%%Ffaelpﬂ%r"yﬂﬂvﬁﬁs chgaleny) keéqagﬁheaha? &Eaah&y of linker
pol y(r%‘ié'ﬂi)éé VRl 8N cycRilexth MBRBAGHBANATEcycRR@h Alicty at the
acid chain, or any other suitable |'i nkage. In certain
enbodirminys 8f a pelemérichaiaris gifashgd t ﬂ@fellﬁket@ﬁleb@s tg fegpy adinear
unde I conditions, such as an al kyl ene
cha|%wm%%§$§r%§h&ge cl eavabl e under physi ol ogi ca
condi tions, such as by an enzyne éf:g., the | i nkage

am,

cont ai ns thalerﬂqet greup®duayrbe en elixleng 3 pYuathndene ghvsel (BBG)
35 pe@fldu‘fj %%@%ucg% Q\K%(E?Gg,rpg)% u%ﬁ’tagﬁc id é)tgng t}kylleméﬁlgﬁeg? an

cont ai ns yarolyz sSuc n ‘ester

t hi oebgceac)chaerwead anmkeacigichainpsr g otheesuitablk dgkagel Imcertain

|nact| Suc q as @ - 30. o .

Sdimar S, the'Tinker group itself can be stable under physiological conditions,
such as an alkylene chain, or it can be cleavable under physiological conditions, such
as by an enzyme (e.g., the linkage contains a peptide sequence that is a substrate for

30  apeptidase), or by hydrolysis (e.g., the linkage contains a hydrolyzable group, such

as an ester or thioester). The linker groups can be biologically inactive, such as a

-30 -



WD 2004/ 032862 PCT/ US2003/ 031991 PEG, polyglycolic

acid, or polylactic acid chain, or can be biologically
waceamwaezs6such as an oligo- or pol ypeptide thapPCTARBN3/031991

cl eaved fromthe noieties, binds a receptor

deactivates an enzyne, etc Various oligoneric |inker

grou th t are bi.olo |ca ati bl e .and/.or .

o1 oo ot mketfiple Ribah PrHRRe i RAR G Feo ORE Bl agiveo et
t he hd dakaige- &r paBipeptidt tHag Meen tlbgved ffbomthd Rojetiexp bintld & cdptor,
the material, such as whether it durabl e  whep |

i npl FCEHIES A SRAEIS FiE- &?r&waaiwﬂea'éﬁlakwmaw g‘ﬂwrﬁﬂ@logwa“y

af t eporhpERbRAL@L BBero@ble AWNE@HRR NN tht a@rAd uﬂlsknéctdﬁ%agquage
and i s absorbed by the body. The |inker group

be

ab t aglapihfluenceithe wionate pepenigs efithe mypriasueh @mﬂ@r Y is durable
func u
est eEv'lSqé’rP*?Aphe'Ee‘a Qhetheg‘%ﬁ gﬂ?dgrgn@ynagg&ﬁg g; %}glﬁg%ggr RRRERation, or
car bahetherst graduafl:od@mddemd is dBowbtd by tha bedye Mk zhingzer group may be
?g??ngtlﬁ é {]d},]té the hq%t?e:ég) grgyfs)eﬁtitétgg l())ﬁpn%lr% :ngnctS ?narc’%/r%fl% dnch{dm%carbon-
and paboneionyld, esters gltheen hm(dE’E@nne&mﬂbonml anteahmites sgnlfbeamides,
ﬁﬁepared by techni ques well known in the art, such as

%action exenplified by the follow ng equation:
SPA- PEG3400- SPA H 0O 15 PEG CDP wherein the trapezoid
representia e&erﬁpiﬁ)ﬂy&dfbmﬂifrieﬂts,l’tﬁé elcivdeasn ﬁ(ﬁﬁlﬁél"s lhed fomnforming the

greater detail belo nre sen n

f r onmptefigl aspcopglyaEsy BY‘ij\Oqef“élﬁwaQ‘P P@yefzy o Colaéﬁg?ré,ugh

may  BelydBdichd &%re;ﬁr&l by t&¥inigRsakeBnowh A8 AR HictPLs the reaction
therapeutlc noi eti e e.g., 20 through a l'i’'nker that

is cPéﬁv@ﬁP%bbﬁééﬂbﬂﬁ%§ﬂéﬂ6@|cal conditions. In such

pol ynmers, cyclodextrin noieties may represent at | east

2% of the %ght of thespg@p@LyBL, preferab

| eastiny%~Q nmeven as_nuch as 20%M_4Q% 5Q29N
60% 80@6 or even 90/6of the wei ght of the copolyne /\JA\W/

In certain enbodi nents, the cyclodextrin polyners used
fior formng the 25 material have a structure of tH&cor
formula: - 31 WD 2004/032862 PCT/US2003/031991 R R2N
R

wherein the trapezoid represents a cyclodextrin moiety, as described in greater detail
below, and n represents an integer from 1 to 20, preferably from 2 to 12. The
polymers may be modified, e.g., by covalent attachment of therapeutic moieties, e.g.,

20  through a linker that is cleavable under physiological conditions.

In such polymers, cyclodextrin moieties may represent at least 2% of the
weight of the copolymer, preferably at least 5% or 10%, or even as much as 20%,
40%, 50%, 60%, 80%, or even 90% of the weight of the copolymer.

In certain embodiments, the cyclodextrin polymers used for forming the

25 material have a structure of the formula:
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m wherein R represents, independently for each

occurrence, H, lower alkyl, a R N R cyclodextrin
woietng286nr in , and m independently for eachPCT/US2003/031991

occurrence, represents an integer from 2-10,000, 5

preferably from10 to 5,000, or from 100 to 1, 000.

Sui tabl e polynmers of this type are discussed at

greater length in U S. Patent]|Applicagijon No.

10/ 372,723 and PCT Applicati 72637. In

certain enbodi ments, R repssents™a cydl 8dextrin

nmoi ety for at |east about 1% nore prefierably at

| east about 3% and up to about 5% 10% 20% 35% or

even 10 5M1n@ﬂtre5£&nﬁ hHSREdenaY D Bachbaturiened, B, River alkyl, a

primary amnes (i.e bearing two occurrences of R

t hat represent FD but or the gyclodextrin noieties.

In certain enbodi nents he cyeglpdextrin noieties make

up at | east about 29 3% ot 4% Ry weight, up to 5%

7% oycl@eéetin htetpfort He cycl odext mh namdi fied pol yner

by weight. 15 In certain enbodi nents, at |east about

2% 3% or 4% ight, up to 5% 7% even. 109

Che ot myt Brindenatactl enat Beond drareditts MLip et T 7.4 00
W5t hpeferSigrodapies 500070 8- 1o@mpmmnm1&bmfpolymers of this type are
pol y(ethyl enimn bear nucl eo

B B o B b g Ta 185, and P

cycl agexdtibhw®behiRs7can al so be used to prepare 20
cycl odextrin- nDdlfled polymers within the scope of the

present invention. enpl ary cyclodextrin nojieties

i ncl ude clpcertain §'[“P%{nﬁl?té§ ©BIgEENE iglodexdringnpiety) fpiat epst about
fromé, hn%regprét@ﬁﬁﬁf%{ 68 abBi 8361 & upIYBBUBRSYCHB %%@5%, or even
and oxrdi zed cyclodextrin. A cyclodextrin noiety

dpt i 0%l ofitherjtrpgangtomnsghatiweklsrbeppimaryaminest(i.¢.orearing 82 WO
2004/ | i ge
pot wea PRg: LT PERBE R YRR o e GRKALERN el T e,
preferably having from1l to 20 atons in the chain,

such as alnkegttaiz hmbedimentsdharyrlndexttircmeibiassyhake up atleast about 2%,

deri \ﬁ@t | N bg%}g%ﬁ% gg{c%‘y —ﬁ);, of 8%?- lg%do ljlevc§7£1ioéfe%(§1‘in-modiﬁed

succinr C acl I'Ves,
polymer by weight.
15 In certain embodiments, at least about 2%, 3%, or 4% by weight, up to 5%,

7%, or even 10% of the ethylenimine subunits in the polymer are modified with a

cyclodextrin moiety.

Copolymers of poly(ethylenimine) that bear nucleophilic amino substituents
susceptible to derivatization with cyclodextrin moieties can also be used to prepare

20  cyclodextrin-modified polymers within the scope of the present invention.

Exemplary cyclodextrin moieties include cyclic structures consisting
essentially of from 6 to 9 saccharide moieties, such as cyclodextrin and oxidized

cyclodextrin. A cyclodextrin moiety optionally comprises a linker moiety that forms
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i ke), and heteroal kyl chains, such as oligoethylene
gl ycol chains. Cyclodextrin 5 noieties may further
WO p@K0sEs6nNe or nore carbohydrate noieties, pre¢EUs0y031991
sinpl e carbohydrate noieties such as gal actose,
attached to the cyclic core, either directly (i.e.,
via a carb dra | i nkage). or throygh a linker grou
Oyel BEER SR sty Sshe b it Eiihsgpreterably
n at u hah]hg/fr@ﬁ aus 20 gmPBin the-Ehagd, SeohRY BRPIAHEInS) nidn&hﬂgm@aboxyhc

kage. The npbst commpn cycl odextrins, are
i phamﬁ‘ éarjvaew(%m %‘Pfﬁgc agy f’%{‘VG'C‘SefLSHS%“d‘I% afé%i?rmgvean@d the

ganmiikd), ahd h%bé?daﬂ&ﬁéﬁafnls NGcHKY cﬁn@o&ﬁ’}%r@'g@col%ﬁ&ﬁ?Qj))ci\ég&bfmn

Si X, seven, or eig W?Iucopyranose un
S r ustoiftiss m?y fueth@ Tegpedejope Ohlap@rcerbehyd@tweqeb@femefqrably simple

for méar@o 8&1:%9@%%5 ghl%&os%hﬁ& Jafi‘é! {h@ggﬁﬁ bﬁyg{her dlrectly

apol ar o ropho avity, e secon
groufis. ,Mldmt@djycbate tinleags) cdehroﬁgltdﬂmkelcgrommdext rin torus
and the primary hydroxyl groups situated on the other.

Thus, 15 d l&gxtglgggre %ycﬁlc gggﬁc[:ﬁa?i %Hllr {yyO%%USr ring D-

cyclodextr nis oftenre nte tlca
f ol | 6wsglucogBanyse AiBG41 AB@-862) lmgeUSQ@@Gdt 031801 cyddQeri@s are

%O W@%oﬂtr%%q%g% (g/ 2 ndar@_’g Wélylct?dgﬁgﬂs which
contain, respectively, six, seven, or eight glucopyranose units. Structurally, the cyclic
nature of a cyclodextrin forms a torus or donut-like shape having an inner apolar or
hydrophobic cavity, the secondary hydroxyl groups situated on one side of the
cyclodextrin torus and the primary hydroxyl groups situated on the other. Thus,

15  using ($)-cyclodextrin as an example, a cyclodextrin is often represented

schematically as follows.
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O CHOOH OHO OH OH O The side on which the

secondary hydroxyl groups are |ocated has a w der
woleesas2 5 than the side on which the pri marBCT/US2003/031991

hydr oxyl groups are |ocated. The hydrophobi c nature of

the cyclodextrin inner cavity allows for the inclusion

of a variety of conpounds. (Conprehensive

Supr anol ecul ar Chem stry, Volune 3, J.L. Atwood et

al ., eds., PerganonHPress 996); T. Cserhati,

Anal yti cal Bi ochem 28- 332(1995); Husain et

al ., Appli \652-658 (1992); FR 2 665
169). 10 A nodi fyi ng pol yners are
discl osed4n Suh, J. and Noh, YO 78iQdrg. Med. Chem

Lett. 8, 1327-1330. Cycl ode ({ns have been used

as a delfvefy vehicle of various t gutic
conmpoundsHdy form ng inclusion conpl wi th various

drugs th8t can fit into the hydrophbbic cavity of th
cycl ogexPrin or by form ng non- covdl® assoct+atd on 1
conpl with other biologically acgi\ve nol ecul’es

i gonucl eoti des and derivdtiyes thereof. For . hvdrosyl
U S. Patents 4,727, 064¢F, 668, 015, primary Aycroxy
nd 5,691, 316. Vari ous
-Eontaining pol yners an
2862 PCT/ US2003/0 preparation are

he art. Conprehensi Supr anol ecul ar

Nume 3, J.L. At wood et al ., eds.,

. Cyclo trin polyners have

kPHg or Lr - 1i nki ng

cycl odextrins or Wi XTuR&e gliodextrins and ot her
carbohydrates witf"poly I ng agents, e.qg.

epi chl orhydrin, 5 diisocynanates, diepoxides

(I nsol ubl e cycl odextrin polymer beads, Chem Abstr.

No. 222444m 102: 94; Zsadon and Fenyvesi, 1st. Int.

Sy np Thesid©yit btk iterseqvadary hydszejl gloups arelbeatedhas Revider|diameter

Publ i.shi ng.Co., .Bgston,. . 327-336: Fenyvesi,..e | . )
970 A UEs i WO RrirnED maE Y 2Rt TS ThE v Ggptiobic
and WaaekedThiaf cyetbdékrin, indd @&vitylal 16w Stor ee@nclibsion of 2 YadelPdf

These pol ynerizing agents are c?pa | e, of reacting with
t he ﬁPmMs.éﬁ@nprehenswe Supramolecular Chemistry, Volume 3, J7L. Atwood et

al., eds., Pergamon Press (1996); T. Cserhati, Analytical Biochemistry, 225:328-
332(1995); Husain et al., Applied Spectroscopy, 46:652-658 (1992); FR 2 665 169).

secondary hydroxyl

cycl odext ri thods of their
-34 WD 2004/
al so known i
Chemi stry,

Per ganon Press

been produce®

10 Additional methods for modifying polymers are disclosed in Suh, J. and Noh, Y.,
Bioorg. Med. Chem. Lett. 1998, 8, 1327-1330.

Cyclodextrins have been used as a delivery vehicle of various therapeutic
compounds by forming inclusion complexes with various drugs that can fit into the
hydrophobic cavity of the cyclodextrin or by forming non-covalent association

15  complexes with other biologically active molecules such as oligonucleotides and
derivatives thereof. For example, see U.S. Patents 4,727,064, 5,608,015, 5,276,088,

and 5,691,316. Various cyclodextrin-containing polymers and methods of their
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10 secondary hydroxy groups on carbons 6, 2, and 3.
Cycl odextrin-nodified polyner carriers can be coupl ed

WO eoodiogaserogni ti on nol ecul es for targeting thePdpUS2008/§31991

of drugs to their site of action. See also U. S.
Pat ent Nos. 6, 180, 739, 5 981, 740, 5,929, 131, 5,910,
551, and E 792,821 (di.s ost| ng_pol yner zabl el ula
cycl 86&XE PHETe Bl KR ip dyart: omhighensive Supramp '
del | Wolumel G5 U /g AGYEIdatl el leds. I’Pe@ln%ﬁ?l’eﬁé(l%@) cybl&rék@mlpegmers
gerl zabl e cycl o?extrl n derlvatl cg%j)F 5, 856, 416 and
5 59 g§en ?@F‘%F‘Bé‘ W gFRRETIakIan Y CRIFYIRT & TRNErCSI9Ear
cycl epgadekiris AR &Bér%&%ohy’@ra@&wﬂ]p% nfefiBg %e?n'tsng | "BIRRAS drin,

for preparing polynerizable cy cIo extrin rivatives)

afd dBSOSYBNFEH d(ea@@éqsu(bﬁpﬂgbla@@éodpmm e9lymedleseds, Chem. Abstr No.

poly Theosr I e

Do PPy, IO o8 258 88, SRR Mk Gy Ak s

c onple@x@stittl tPuklyshing e tBroistan,qup. mei%e]’eliymsﬁ etsil. oD 7B 051N,

t he Le b pval l, hai f oo )

R e AL R S G Lt

to 5@19}m33pﬂfeﬁe pcpymér&ﬁ@bigynti art Oapable romeaaﬁfgtwnh'lfh@pnmary and
ieties c be sel ect ed an uI es form

TR SePBHE DT f Ferots A0 RN R e g polymer

cycl eatfi¥ds chilbe ®uPled tdBIRYIgnitioN B lecRSABR Ik @ABg the delivery of

pol ycycl es, chol esterol, naphthol 25 derivatives, etc.

See, gt tosheinfiieeot ading) $ecjalso )2 | Ratrases: Ad SAP: T9&1.740,

I ncl @Q)qpl e

and B, ST PR e el g Oy mBHEBRRSLoack e
Spri dge\rdil\o@) I66Q§8 786 fdijenssingQing deQlyay oslexeyclodexten polaiérs),
tQ f I r

19 g&{k‘édssﬂll% ﬁ%ﬁlmge:ﬁﬁ%b? %irogé&iﬁn H%r{\'atl\%n) ? 85(@(160 a fj% Sggn}éf
and (BscihistigdesomSseand Eelmnans Itlat bdar ajclqdex]trm Hhamm) £5608,015

429 998 30 Zu
Techﬁ‘ﬁ?‘:los‘@“gzli %adr("i“é’é%'j iy “Ai"’g%?yﬁoéf’“ﬁll de“VéPY‘iS) and
Rev. 5,5T6@66 (dBXcHBinGakdsifer cySy@dxtrin pohimedsh1- 337 (1995) .
The noieties in a crosslinking -35 W) 2004/032862
PCT/ USZOO;[’; 0319 ]] nol eCLll| e may be the sane or
di f f er ent | AU PP RRtU SRt AR MRESHBI O OB Aigyes it

pged f&mrm&mmewﬁhexes wltmcﬁslda@hﬁn Hﬁ&@meainclumb@h@s@\t@é B8ikties
I i nkage between the noieties be any suitable

| i nkagjBs caglently baked By archaj @fr?éona«ﬁaatr@“ows %m}p&tmwémpaced
9l ycabm(H3)s0Ghahirt, Refe¥bBl iy e AR Mebhe nHietRs ¢ | be selected

ol i gosacchari de, an am no"acid charn, or any ot
sui t &bmeany mﬂk@&gbs thhierm ingkisige ceraplexes evithtan bﬂwéuswndlest such as

phys l.¢o : h

oL Sha g« EoBALLLAIE B SR L LG £

eon d de¢rivatiees, @oSae,der dxymale, Sl & clodextyins drdehtiv cagn
Complexes; Akademiai Klado, Budapest, 1982; and Bender et al., Cyclodextrin

Chemistry, Springer-Verlag, Berlin, 1978. Cyclodextrins are able to form inclusion
complexes with an array of organic molecules including, for example, drugs,
pesticides, and herbicides. See, Tenjarla et al., J. Pharm. Sci., 87: 425-429 (1998);

30  Zughul et al., Pharm. Dev. Technol., 3: 43-53 (1998); and Albers et al., Crit. Rev.
Ther. Drug Carrier Syst., 12: 311-337 (1995). The moieties in a crosslinking
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contains a peptide sequence that is a substrate for a

pepti dase), or by hydrolysis (e.g., the linkage
wa@oeoadass2 a hydrol yzabl e group, such as an estBCT/V62003/031991

thi oester). The linkage 10 can be biologically

i nactive, such as a PEG, pol ygl ycolic acid, or

pol yl acti c acid can be. biolo Iy

D0 chmEeiif iy bt ehe e B e SN TRE RaHBRine SRyt oy be

f r omudell gintMiafdoud in Hiingle marerigicept or, deactivates an

enzyme, etc. Various oligoneric |inkages that are

bi ol ogi cal.| and/ or bioerodible are
P he abrecofflimThketeBe SR Bf mOEBSY P At guisy Mhage, such
i nf | HERGANNE chidih, |ar&u)%tf\9feﬂ@?5'édl @%@fchﬁlh%ojﬁetﬁﬁkﬂmﬂb an

such as whether it is durable when inplanted, whether

i § gPhensarchaidgemaniao act chaily PRy oier witabledinkage alive dinkage can
or V"B@EtQﬁé uﬁJer &F}@Qﬁ’c@léaycoq&%l%dﬁﬁh apgh 418y 18R TRLRES iR¥n be

t he . I nkage may be attached to the noieties

by anlya\glaietuaﬂﬁr@hmﬂ@lgleﬂl céngitions, swedl as by po efyymie te §-uide Hgkage
carb

car b RO Ren o BhAL s EhilEn IS o537l e
ex enfhiediniagerrhtdinsre hydrolytableq@rapssvich ks angesten betbivester). The linkage

it o Pl At aten 2 B e ot beliad

hy dr eflayy @6 cdu@d®iol fiyasly atthg) sualk ascaarmigb-l P PBlypdphiti€that, when
|nplantat|on the |inkages are adual Iy cl eaved, .

r el 88756 fiomehe mpiclies. in @%rea%orp%eftrvaieﬁ §1 EREYMEF § fifles

str ueﬁgah%neflmkgge@mamr@ts]b@gml comgumeaaam%rblo%mm& irk Rown in
the cyclodextrin is al so bi odegradable, the 2

mat effiedlt, idithe sgtegtienaefithe linksgamagpfaace dip @mnyiter REPReestids pf the
the g I e

A3on MaRHEEER ot KnBAG {F AP S RARAE it ity deorms
may, or shuihkswdedinmantdson, @rn*diethdreldgnaduaﬂlh degradee pidails absorbed by the
?m/:h?dyg'ﬁlg nﬁl{kgg 51?1%%&3 a%g n_g Q thg%tgﬁ 1esaby Yy Flé&ab?e bond or functional
bi ol g@usg, ahdlydm@@trbona;aﬁ@e Bbisds, @w@etage,mmddiwniaéss Carbedafs,
inclus on coqE%exes with cyclodextrin, or 30 may be

ner eff ﬂ?@ﬁb? BaPiFLEGh the naterial . Exenplary

agents include nucleic -36 WO 2004/ 032862

Ec:lT/ US200@8/da3 %)%ilplarflelinﬂédul’nvﬂtftuéﬁlﬁfsl1@lﬂhg/@16l%li116| e@mprises moieties
pol ypl exes, . pharmaceutical s ma

ant i EBH‘F% IOl%fca )‘19““6’? Aees fopst béﬂlfﬂf"cge g@éﬁ §10g

certg dﬂol?igé‘aﬁdiéif%ﬁiﬁolog'lc& b@idﬂ%ﬁs QERPRSII4RRdn ctaamag&sare
an R construct, ggﬁﬁ or usli NA i nterference
1

( RNABRdyably stepeash reﬂmae& vgfdrugs 9&?@§eallgéﬁ&radm5thrfemcwre of
constye H‘l?attcﬁla? q’g@é Eil?mgxogﬂmo%%ttﬁ@w%qe@%ls alfbﬂtblcﬁi@&ada le, the

SpECIfIC expressi a target gene,
abe gutetlalb,wlé grashualthedisiviegrgtedowly reléneing thej beaogically actlve drugs

complexed within it. In such embodiments, additional pharmaceutical agents may,

| es,
y active and

but need not be, included in the material to obtain a therapeutic effect.

Materials of the invention may further comprise one or more biologically
active agents. Such agents may also form inclusion complexes with cyclodextrin, or

30 may be merely dispersed through the material. Exemplary agents include nucleic
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conpositions. RNAI provides a useful nethod of
i nhibiting gene expression in vitro or in vivo. RNA

W@ omeE0B286t S can conpri se either | ong stretchespof/udmRbMA31991
identical or substantially identical to the target
nucl ei c acid sequence or short stretches of 10 dsRNA
identi to su |dent|ca
of -t AT Kid PHETENG Binfe Sttt at afted e hefgputes
RNAI axibogics, e bisy tiontitapedticrugedteot i de sequence t hat
hybri di zes under physiologic conditions of the cell to
the nucl eptide se

MRNA tran Ccle EBP e?@?de i{nﬁi}ss gaesH§e?t SOiBBoan)HI Em{)ris S Em R&Al construct,

the ekarfgetsind RN\ge negrferdite (HDAD) arsﬁercaiaﬁteﬁdmoﬂeadrget gene.
only be suff|C|entIy sim ural RNA

I t
D0 R Spiey S SpioRRgndSh A, (BRb PR BRLfiGHy block

has thgeadvast ad@reef geReifg bl amaiqeti@i QM By SRAEEIME Csubject
vari ations that mght be exgec due to genetic

mut aePrappsitions. aRNApmoylﬁesrqow fhodobRibitioe &pnp expression in vitro
di Ve%gﬁhn\‘&% Kﬁgl E‘dﬁ@ﬁ ts tpﬁgeaéifﬁgr lonéjgtl' gfﬂ%igiecli_%MA identical

m smat ches between t he targe sequence” an
consbr sndistaﬂiﬁnlbeqwiqddmtbe tamgemmuéerp Iraani Stqu!emces or short stretches of

? See]?ﬁiNé ddeg{ica to subgtant'\e}ﬂg 1&{1 1%? to on ny 'fl Ir]eélon 09 theatg ggt q%?e’ic acid

Si RNAeqdetzk ex are nost critical and may essentially
abol i sh cl eavage of the target RNA. In contrast,
nucl eot i d@ﬁti(&hlly,t the BNAdndomsfrudtheconiaNA sticlediidet Regtierics that

conpl enent ar the tar nificantl

cont LY%[?%Z@S pies 5@@@%& f‘i%aion Nﬁetﬂf aagath hife Sgfere of at
Sequengea poriitdrle MRNABYanb@ip? Ririthe a6l tde BBEHaNGL., the “target”
conpari son and alignnment algorithnms known in the art

(3 ee sene)-bEhpdoublecrtprded Rk nesgeriilhe bt e fiigiently similaotp patpral RNA
St ockl,PR Hak %Sablli'tﬁ L med BRRNAKS EPMERCHR ifehsh fifﬁecfiﬁ 'a(ﬂ)antage of

and cal cul ating the percent difference between .
nucl eong @blegeqqlemte;esqbﬁyice fvgmati@x:aﬂ'pt enight I'be expected due to genetic

SEISEI'E)I- 1t§)rg,; i %ly o Ihtlsli]nn})r evolukion% ([Jm F%en%g 'r gll'lf% umber of tolerated

(e. gnucléiﬁidé)nhmeia@hdsy bﬂﬁvetW sleonsga ﬁqmbd: canﬂlom‘p uRNAg construct

Greater than 90% sequence entit .e .
%W%‘@&‘E& AT nerEAhanclin Sehas S ‘i%é’é%a Of hn ij‘iw‘i’ﬁsiﬂ f%r%/ lﬁNi(?g?F&Pa‘rs
the or Bih 300adddard. MARBRRNEGH t1dERHOBHARLINYA dRPlek bRM&M critical

the target gene is preferred. Alternatively, the
dupl 83d maypsentisfly ebplisieslsavagagf he taest iREY hmetri%ﬁapieyﬂdes at

as agpuslRRLr iR SREUCHRAI hAls bénIBRERAS t9khe target RNA do not
hybridizing wth a portion of the target gene

t r ansignifipantly ecotributa 00 speviifidatElof tiDtarger RICPESIqQNH S@judnce Jidentity
?%/: F(B}gge g)gtii%z% b)7 Qquein% *%&iiﬂérﬁ%‘ii ian?dwal{g%"ien;}tzzﬂébﬁitm%uﬁﬁso;vvn in the
art (see Gribskov and Devereux, Sequence Analysis Primer, Stockton Press, 1991,
and references cited therein) and calculating the percent difference between the
nucleotide sequences by, for example, the Smith-Waterman algorithm as
implemented in the BESTFIT software program using default parameters (e.g.,
30  University of Wisconsin Genetic Computing Group). Greater than 90% sequence

identity, or even 100% sequence identity, between the inhibitory RNA and the
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5 washi ng). The doubl e-stranded structure may be
formed by a single self-conplenentary RNA strand or
wo ww40823pt enent ary RNA strands. RNA dupl ex forPpel/Usmwo3/031991
may be initiated either inside or outside the cell
The RNA may be introduced in an anmount which allows

dellver ast one copy \per ce

(o o Pty OF i gpred TR Piesc i) Bl 1Pl ey e rNA
cel | }na@fbe defiiddensdtivanged avaicRbbid! sedii&Mceyﬂ‘lw i6l cﬁ]ﬁbl@ of hybrldlzmg
effectlve inhibjtion, while | ower ses

usef WithFagrorioneRfiths tardeh gene teanscaips(c-g. MHWBYW% 403mM PIPES pH
sequenc - sREEDTAS Jonoc BAt7o MeChRAHi-AfonS BAUSNGERours; followed by
corresponding to the duplex region of the RNA are
t ar gétaghtingor genetic inhibition. The subject RNA
constructs can be "small interfering RNAS" or

"si RNAs. " Thedpulrigesyandad siresigre mey bisfoamed biraotimele ed-@mplementary
nucl [ e

el S5V SERR  ERg R R MR RGOl oy be
r ecr Unitiatedeitheeiasde mmumiMbscqiln (Thg RNYe may be mtnogioest @sart anount
the targe b | to the gue
As a r%ecﬂu?l?ws {l\the é)? atelgasp copY. Py ec [? glgléher df(;»s?sﬁ 2., Qt eastS 10,
nacl eakex0i or 1000 capiestper men)OmDH@)ble dtandedp@ttetigluhay yield more
enbodj_nent, the 21-23 nucleotides si RNA 20 nol ecul es
conp.eff%%wa"shlb'wd W&ﬁ?l‘ov\(ﬁf Goi5s Max aE@eréEFerfz'efﬂbEm’F‘ﬂ?ﬁ pRlications.

the $infWon GORGhdNUEESeciERNn ARat ARORERIceRqiRYicdar &ﬁx%%&'ﬁg to the -
ngr doubl e-stranded RNAs, for exanple, in the
presé

ex seiop Rhthe RNMare éirgsad for genefisankibiionti nent t he
[Xosophlla in vitro systemis used. In thi . )
ermbodi menthe YERMARNA! eapICcHe@n kF {'yinall 1§E9ff€ﬂ§1gem&%ﬁ @ICsiIRNAs.

geri vhgef ﬁ&ﬁ@@a@iﬁ? pJPé LA B Y nhOESRBY iR" ,uﬂgler@ven more

conbi nati on. The conbi nation IS mal ntai ne
cond pteifmtéy i2rh- 2&m1@h0tl¢f:@ idsiength.i sTher §BNds edle tuodeerw to recruit

nDI mﬁl Re 90 pe}gx%y nc? %UIBC theboxllﬂ%) %e% tg e taergtetI nqgjg byoqalrmg to the

EC U es can
t ec h Bpeqlfessechmmm Ao atd’ml&ehd)t‘argsﬂﬁhRNAl 13 dégh&iedl by themQéleases in the
exanpl e

S RNRETepfest 10 SOl SHERAIA: ol B g el STRNA

ag nﬂfbidé@l@ﬁtcblﬁmg M@ £0! uyAroLNr Q6®L 0%k a:&lwn AHRdRRNMS @ siRNA
to 30 purify the siRNA. In addition, chronatogra aph

(e.g consfpcty cgy bt genssped by gpregessingoer @g@gmiz)uble stranded %(NAS for
PCT/ Hé%ﬂ@é%/ Pl 9l%gen<:9 bf tﬂ@@ﬁz?ﬁﬁ% ARBY )ip oK éﬁ?tﬁ)rdm]eng rtﬁéjlgls)%phlla in

centrlfugatlon affinity purification with anti
can b@vugﬁﬁnmuBQMrmﬂvsQmRngmﬁPthMbﬁp@nmoﬁimemsdumeexUmx

conshL el s #5aN d?gsofsﬁiqar i e?nq)r)% thg)éb}p efgau%mg 3y gctmrllbematlon The

25  combination is maintained under conditions in which the dsRNA is processed to
RNA molecules of about 21 to about 23 nucleotides. The siRNA molecules can be
purified using a number of techniques known to those of skill in the art. For
example, gel electrophoresis can be used to purify siRNAs. Alternatively, non-
denaturing methods, such as non-denaturing column chromatography, can be used to

30 purify the siRNA. In addition, chromatography (e.g., size exclusion
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met hods or by reconbi nant nucleic acid techni ques.
Endogenous RNA polynerase 5 of the treated cell may

wore@HABE6L r anscri ption in vivo, or cloned RNA PCT/US2003/031991
pol ymerase can be used for transcription in vitro. The
RNAIi constructs may include nodifications to either

t he phosphat e pone or. the n cI eosi
to ré 88‘&”&?8@&%‘5?9 ﬂf‘"’\?‘emtcﬁn%‘é‘fﬂaﬂ?“aﬁ‘ XP%@“@QO“ with antibody
i Mpr eaevdisediogukiabiikivay, i nprove formul ation
characteristics, and/or change other pharnmacokinetic
propert i eprodidion OFANAE codstieetd B&HS PO QEHrRE todf b} @hemical synthetic
| i nkages of natural RNA may be nodified to include at
| eastcHods o byaiscoinbinay ancleis acid tachpiaugse Fadengneih RNA polymerase
'\@d' bF &@We%@ célpm%e@iﬁt(e e sdfi SidREY vgg c;r%loanJ ﬁﬂIAt ;%lymerase can
all ow specific genetic inhibition while avol di ng
genebakbsaddspiomseiption doRNA The RREVicgesfrupfages inclrgy nt@élﬁcatlons to
m)dl f ) \ S

ﬁ“i? e oph%%p?\%%étshga? b%&%)gl\(épér Ot élj Elé giﬁgyé ﬁoggﬁ% g.%ge%'tlblllty
by par télllartnotladsenriganive bppndilakisitys improye fooiufiied cli%actenstlcs

ri bonugl eqti de can.be int.roduced by in vitr zynat.i G.

or  oPdien cheues ot pharmacRkipels PESRSTSE Er E3AMIRIE: R PGPliggiester
ROIA Iﬁﬁk@’éybﬁﬁauﬁéﬂnmbﬁ rAgletet eelified tormelideydt N@hst GANAIF an nitrogen or
const ruct s (se (g Hei denrei ch et al (1997 M

Nucl & Eur)&e'iewgtoree% Beapipps in KA stycrepmagpe f&rlore% gy specific
Mol g uthﬁao@&AhllQa@&ldi‘ﬁg aaéenelﬁlll%gﬁgnsé\lﬂﬁbs@m AgiidWise, bases

Res 23:2661-2668; Hirschbein et al. (1997) Antisense
Nucl &lay bamadifod lyg bipek, thg -agiyity @f gcleposnme@my'na@q; The RNAI construct

|05y DREKBRNS, o 20 AL EOOBAE Yok SR it

phos phalictebtideatcas becinirndrced by in vitro enzymatlc or organic synthesis.

hy} ph h d :
oi aSRBs R han EaR AR RARE ERChEIesRER i s MBlsE & mpaityine
sugaRNrudiohite@tsi (8585 ¢.¢ € Hgidenr@ich IS (199) @ticleic Acids Res, 25:776-

SO0 SRR T e i 0 5 i

over Ranas:26410766800Qk¢chleit & aRQ00H7) AnRstalEdIGE A cidDrug Dev 7:55-
| ength, though may be from2 to 4 nucleotides in

28ngoh). Masele i rlb*ﬁ'éeﬁwhg/backme ot a@\RéMdéﬁg%ruatr@nPﬂsnodlﬁed with
nucl eptdASSthidites €Nt G dad] WREbaes, ON€ chi
stra g havi ng gg gygrﬂ%g an the ot @{ro strand bei %émenc
bl unmtfe'hxlhed)honatQDMPMxmtng aeptigy eniblaivgacidshé-frepygylipygimidine
tsta::c: %alpﬁn%ﬁé%é/rf (Q)IE §t he éc? 1cea|;]1 résné &t b fSIle Itdlr::bg)ﬁuc??om es, a-
t he sorffighratihie 3' over hangs can be st abl I [ zed agai nst
degradation. In one enbodinent, the RNAis -39 WO

2604/ OSZSMOMM%AWEQMM ttlediRNAafolbguldsmas 48 ovgrhang

puri I?om a%%ljtelottola out’6 nuculeotlda es mqengt O?ﬁor&gh r%ray € ? rom 032 to 2 nucleotides

in length. More preferably, the 3’ overhangs are 1-3 nucleotides in length. In certain
embodiments, one strand having a 3' overhang and the other strand being blunt-
ended or also having an overhang. The length of the overhangs may be the same or
30 different for each strand. In order to further enhance the stability of the siRNA, the

3' overhangs can be stabilized against degradation. In one embodiment, the RNA is
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nucl eotides. Alternatively, substitution of pyrimdine
nucl eoti des by nodified analogues, e.g., substitution
wobkomnsmssne nucl eoti de 3' overhangs by PCT/US2003/031991
-deoxythyinidine is tolerated and does not affect
the efficiency of RNAL1. The absence of a 2 hydroxyl 5

signlfl t nces the ase resi st anece of

over RabER, o BEBRRES Pulneen M am WHl Hagogene or  Bfanosine
benehidtéatided. n A/ltéﬂmtlva' ThesuBMNAuticho B8 tpyHimidigea Audddiidedd By | Aodified
the formof a | ong double-stranded RNA. In certain
emboBIARENES S8y HEPSEINAPN elgtidineyupieptide 3t oyeghaags bys?-degyythyinidine
100, js40feratedtid @Bes%paffe;@ﬁtﬁg§fﬁcieﬁc>ﬁ&1ﬁl*@hn T‘ﬁ@pﬁ’s@h&%@ﬁ? hydroxyl
the RNAI construct is 800 bases in | ength. The 3
déubslénl§tc¢rmlbrd@xbalwwhean@lwegée§ts@dcq af theceverhangrip ytlssue culture
. 9. mebRnPinddhis S SbiLRGHENCES 11 Lhe cell

However, use l'ong Ie stranded RNAs in vivo is
not al Way$he ﬁ]%l%?&dngﬁllc’t c a‘?s%%ﬁ It% t’GFﬁ‘P Qf" ng E%uble-stranded RNA.
del eterious effects |c e cause t he
s equneetainraeiodmeba st thdm cpwpgtns et leash 2SLﬁ@h100 200, 300 or 400
enbogi men t.he us del i ver
ageng%’se%\lhltnc ertermé rc?geoe nts t efC}QILI{XiQ’ con trl,llc? /40 ?3@6 ﬁases ‘“3&";%9" The
aoe ddlﬁ)ld?ft&iﬁ&ﬁfdrmAs Abt:igEsmat mtt&leyulaﬁl)he gRNAbrodl@l SIRINAC§equences

is in the of a hair ctur d as.

o 1 B Freraay” Paeveh i of forndasblicarona S0 R 58 do not abways
exog el ypr@smm@ap tReausd Of BREteriYos tffRas Gihidhi My bé eMsENDy the
pol ymerase 111 pronoters in vivo. Exanples of making

and  ersiveigedndependanty ¢sRNARKGABOSS r IaesHeh smbediepiyy the use of local
MRl RR g@kh@ AYr gééng%ﬁsﬂ Radcd Bl effQs K ﬂm?%e?on r PKR are
Paddi son "et” al Genes Dev, 2002, : 948- rey

&§ aprefermdt ure, 2002, 418: 38-9: wahnus et aI., RNA

2002, 8:842-50; Yu et al., Prop Natl Acad Sci U S A
2002, 99: /Stwvfatﬁ'@yy thPRe¥e cerbiryt isndle foen pH iRt grusiue (named
englne r.ed a

cont i nﬁ%‘rs g Jr%l Qa'r Rﬁg‘ssm on%ao?'mgeswges?x?%aousey gr can be
I't i ormadbn tnanschbmg dirotn RNAt poyniiNAs Iﬁamorb(ﬂerprzmdmae(ﬂlxhyples of

proces 25 h t he cel

Dot TRRiE o wess cha o BAsi B SO g8k oy pelingpels are
bor Béscrisbidrigclor eR@ipld, PadixGh iepill, @en&f D&/, o@NIGONE5S; (McCaffrey
yield both sense and antisense RNA tr: transcrlﬁbs of the

sane 44l aNalyEn d002n4 13- Bok Mpdanug ciabt RNANQKEr 4By Yuighal., Proc

cert fhf) AGHLQYI RIS 208, J9RJ0@F52 L OBRAGHSI), Ofhich HalrHASNAS are
for ultrmate delivery, a reconbinant 30 Vector havi ng

the frginegiedrig cellsi o irearc#ndmalde ensuse ¢opnuous asbsighlé sppreasion of a
Vi r a O | .

o LAEPLLECT (R LU LRAR, O b ARG By plesin
25  hairpin RNA in the cell

PCT application WO 01/77350 describes an exemplary vector for bi-
directional transcription of a transgene to yield both sense and antisense RNA
transcripts of the same transgene in a eukaryotic cell. Accordingly, in certain
embodiments, a subject composition includes, for ultimate delivery, a recombinant

30  vector having the following unique characteristics: it comprises a viral replicon

having two overlapping transcription units arranged in an opposing orientation and
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WO 2004/ 032862 PCT/ US2003/ 031991 flanking a transgene
for an RNAI construct of interest, wherein the two
wW@u@rlozaspt ng transcription units yield both seeiFESENS031991
antisense RNA transcripts fromthe sane transgene
fragnment in a host cell. V. Business Methods 5 Clher

aspects .of the inventi rovides.for certain neth

of " GUPRGRE b g e o in AP TP GIEE Pt nfirest S RiY Res Sverapping
met hedsscaptidnhghits I¥edd bbtsefigdYant atidefsd RMA tranktrptapemt the same
conmpositions and inproved fornulations thereof. This

t echifPesgenedffagpent ipASASt €8lhbi ned with one or nore

addi ti onal steps, provides for novel approaches to
condgptlng a phgg?aéeutlcal or preferably a

life-scie . For exanple, a 10 therapeutic
conposition prepared by the nethod of the invention

may be t eSthedasheuts ofelfief 1'hceﬂl0yn mvtdh:eifoamuahﬂ m&hodd ofidoing

vari et sease nodel.s, tenti.al therapeu

corm ol g B Gve b MEBRTATIYF AFUGE e erible novel

saf etnerdpe@id dompesitais an ®infpRsved fainuR@ions tR&edadhiRGechiidal step,
subsequent|ly marketing the resulting formulation for
t he W@aﬁ%m'eedo*r'th Qi‘i"@éﬁ’é’t:? addjtippa! sigps, Prvisles fopaoyel gppraaches to

to d%Hﬂu%gﬂa%am&ﬁﬂ:alswef&‘%lwll@é -5QSe BUsirdeSs. FBr example, a

conduct such steps nay licensed to a third party
flor dherapediErcampotition pieramddiyrikp pethedrofdles nedngion may be tested for

embo gfﬂxg{}é a}% ’the‘;ﬁgut[%% %ae%rneg/r])l ?gfze{sg 9’108519 Yﬁe%%%enﬂal tHgL&Bgc

for rmace

a. nmaopasatons thnlgtestetﬂ ﬁ]rmmcatlylaom other slafety prnﬁllmg:beﬁge ﬁ)rmulatmg,
phar na eutlc 0

P PR, Gl p EOURAT bty g RO R ot ST B s fefhent of
providitedss. Ahenfirelf iht siglth toidkvelgp Edlﬂnarkafsﬁﬂﬂ fainhtﬂﬂldﬁﬁ or to

kit in the treatnment of a di sease or di sorder.

déheFO@HH&H%%?&S@&YPHécw@steﬁtthlrdrﬂflétmf?r&ﬁn%#%%wases a

nmet hod for conducting a pharnaceutical business,

conpri si n@ecordingly, QY telfafGengbodinfehtsi A6 bieGdht MOEMDA |pr<fv(ilfes a
sellinapa phar maceuti cal 25 conposition of any of the
conmp&Efed dersopfustings R EIGA! busingsspConirisitedi ng

instruction material to patients or physicians for

usi ng thea preapakdicivafgi O bitildtiorabmgit ifudm dhsﬁﬁﬁﬁaceutlcal
or disorder. -41 WO 2004/ 032862 PCT/US2003/ 031991

cer t &PRPSHIB AT ARYAT $he comwositions diselopadvhsrsi; @kfl pr ovi des a
gt hod f op, marketing to healthcare providers the benefits of using the

formulation or kit in the treatment of a disease or disorder.
In other embodiments, the present invention discloses a method for

conducting a pharmaceutical business, comprising:

a. providing a distribution network for selling a pharmaceutical
25  composition of any of the compositions disclosed herein; and .
b. providing instruction material to patients or physicians for using the

preparation in the treatment of a disease or disorder.
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conducting a pharmaceutical business, conprising: a.

determ ning an appropriate formul ati on and dosage of a
w@bmnnoseseut i cal conposition of any of the conpPST/USIN®031991

di scl osed herein; 5 b. conducting therapeutic

profiling of formulations identified in step (a), for

efficacy and. t.oxicity in animals: apnd c.  nroviding.a

di st 1 but PasHee el B ERgu in frov Bk L nepP?

pr epasmiuctings phdemdcedticaltbusiness @mptibihg:as havi ng an

acceptabl e therapeutic profile. An additional step of

t he enbodi ment, conpri ses providi ng sal.es group,for

10 mar ket ?'ng tq%gemgﬁé"ﬁar%i ahprerg'e eea’%f'ﬂ@%ﬁoél p?n vi%oé?%a’. of a

I N stphirmacdubiei cenpstion®iitg, of theecopipesitolk disolssdatedin;

provi des met hod f.or conducting a_pharnmaceutical .
bdsi ness, e'comftof] °Hps thgrapgrgwfqﬁ?ﬁg ﬁ&g)émm%?ﬂsd‘éﬁnf‘ﬁ?‘bm step (a),
f or mghrakfi ey #adole16a6@nigfalsdandohar maceut i cal
conposition of any of the conpositions disclosed )
herein; afd 157eVidipg cendiptgutiong ngtwor rfar (aling, a ¢ preparation or
ri ghtygph@fiods WhlifEd HS¥s(ORIRAMinA i thcaptBle tRirafelfic profile.
formul ation. Exenplificat’ion e i nvention now bel ng
gener al | yAdedditionabsiep ofithggmbodimeengreaneprisesetpyiging @ sales group for
\:ig?’eﬂéah&%ﬁ% By pFegﬁrg{icﬁﬂ%%]eél%FirQ BrolyelsOW Ng exanpl es,

ichare Tnclhuded nerely for" purposes of
illustration of certain aspects and enbodi nents of the
present i hnstilothgnembadirernds, éherpotsentimventchecbrodddsiamgthadrfer
I nvent i on. I . Syt hesi f. .Pol yet hyl eni mi ne
( PEI )CE"E@SH‘%EX %%aﬁe%%b&té‘ggsé’s%"‘%&S‘{‘%uh et al. 1992, J.
Am Chem Soc. 114 7916-7917) -42 WD 2004/ 032862
PCT/ US2008/ 031d8@tmindiiiNHan Happhpriate | formiHathiA2 ##d FdosageH of a

I ~:pl;!arm’ac|\f|:-uﬁcall\lbm1l}lﬁds}}lf0ﬁ%l anyl\cl) thNeFéo]mb!)si ions disclosed herein; and

15 b. licensing, to a third party, the rights for further development and sale

of the formulation.

Exemplification
The invention now being generally described, it will be more readily
20  understood by reference to the following examples, which are included merely for
purposes of illustration of certain aspects and embodiments of the present invention,

and are not intended to limit the invention.

Example 1

Synthesis of Polyethylenimine (PEI)-Cyclodextrin Conjugates
25 (Suhet al. 1992, J. Am. Chem. Soc. 114 7916-7917)
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rosyl J cNH NHZ (NHZ N./-N ~N~N-_N./"N-~N.  HN NH

NHZ NH H N NH Branched PEI (60 ng, Aldrich Mwv 25, 000)
wor®4adsssnl ved in DMSO (4 nL) 5 and degassed mer/e82005031991

m.) solvent m xture. Cyclodextrin nonotosylate (928

ng, Cyclodextrin Technol ogi es Devel opnent, Inc.) was

added w9 the solution under argon. cl oudy

soluti%n turned clear after the nixt was stirred at
70 C'fr about 1 hour. The solution turdied slightly
yel |l ow,af ter 48 hoyys at thi nper at ukr:e under

argon.{ The sol uti QA zvvasHt ra rred to & Spectral Por
MACO 25~QBQNLO pembrgreNand di aTXZIed aga{unst wat er fugr
6 days. \Wter wgs theh renp ¥ | yophi | i zatyi on. H
white powder was*obt aitned (134 nm) aftef“fhé\/gdr‘q\f\ivan/‘rﬂ’\’”‘
was |yophilized. Cyclodextrin/PEl ratio S 3
cal cul at é}j based on the proton integrati®gn SNHOf " HYRIVR. ™
15 Exanpl'g; 2 Synthesis of hydrol ysabl N [g
Pol yet hyl‘eni mi ne (PEl)-Cycl odextrin Conjdgates Ahn
al . 2002 Journal of Controlled Rel ease 80, 273-282 -
43 WD 2004/ 032862 PCT/ US2003/031991 o p I<1 It 11 N
+ N Il OCCHZ-CHz C O PE&40b-OCCHZ-CHz GO N 2n
p PEGp NH2 PEI PEG PEI PEG / PEG PEG PEI PEG / PEG -
PEI PEI PEG V71 Tosyl PEG

Branched PEI (60 mg, Aldrich Mw 25,000) was dissolved in DMSO (4 mL)

5 and degassed water (6 mL) solvent mixture. Cyclodextrin monotosylate (928 mg,
Cyclodextrin Technologies Development, Inc.) was added to the solution under
argon. The cloudy solution turned clear after the mixture was stirred at 70 °C for
about 1 hour. The solution turned slightly yellow after 48 hours at this temperature
under argon. The solution was transferred to a Spectra/Por MWCO 25,000

10  membrane and dialyzed against water for 6 days. Water was then removed by
lyophilization. A white powder was obtained (134 mg) after the solution was

lyophilized. Cyclodextrin/PEI ratio was calculated based on the proton integration

of "H NMR.

15 Example 2

Synthesis of hydrolysable Polyethylenimine (PEI)-Cyclodextrin Conjugates
Ahn et al. 2002 Journal of Controlled Release 80, 273-282
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PEG PEG PElI PElI PElI PEI Hydrol ysabl e PEI-PEG

1-1ydrol ysabl e CD PEl - PEG The hydrol ysabl e PEI-PEG is
wayntesszed as described in Ahn et al. 2002 BCTDUS200H031991

of Controlled Rel ease 80, 273-282 reference. The

resul ting hydrolysable PEI polyner is dissolved in

DVSO (4 nlL) and degassed water (6 _ml) sol vent mi xtuRe.

(9]

Cycl ode ot osylLate ( cl od@xtrin Tekhnol ofi e
Devel ”ﬂ\%ﬁn I ng,,) ‘i s| adfiéd” e the” EEratr o ufaer™
argon.zfﬁe reaction mxture is then preci pitated int
cold gt h et her and ?he product ¥ldri ed under
vacuum over ht. Cyclodextrin/PEI 10 ratio is

cal cul ated based on the proton integration of 'H NWR

Exan thesis of [inear Cyclo n- ed
pol yet hy | pGE o,kﬁy (CD- PE%%@Y%—

wer e prepa ol yneri zati on of a

di functj /Cl odext NONOET: /A) Wi t
di f unct let hyl ene ghyeol 1EEEbnononer
to give 3 The synthesi s Qﬁedure
i nvol vegr

alized po
ABAB pro

(6A, 6D di'deoxy- 6A, 6D-df ( 2-
am noet hanet hi 9).- (3- cycl odextrin (denated
dicyste2ﬁ$%%g?§#F§§%yclodextrin) accoﬁb@ﬂ
literature procedures (Gonzalez et al. 1999

Bi oconjugate Chem 10:1068-1074; and Hwang et al.

2001 Bi oconjugate Chem 12(2):280-290). The

pol ymeri zgfd oSt &Ble PEAPEN0s2QMMEORE88%escribed in Ahn et al. 2002
PCT/USZOOB/Ogﬁég &as carrFe us?ng coﬁ%%}g?g1ﬁyneta 0
abai leunhat ofi Contratied Boladse 882736183 atfmghasnEhaylesudiorg. hyditysatde PEI

R SV GEL ST S Bt s
HO CCrEGQriGhlomt&YtateNCyelodx@in Techi®logies@eDebpiveizt, l2Nis added

??\/Ar;vt Eoe I Ssol%gaau%légrbggggd%g rlg%\é/ilgéln?iligjren%l t%gxl{l lp?ercip\f\tlgtleg q}lt% cold

diethyl ether and the product is dried under vacuum overnight. Cyclodextrin/PEI

sablet C(l))-PEI-PEG

10 ratio is calculated based on the proton integration of 'H NMR.

Example 3
Synthesis of linear Cyclodextrin-based polyethylene glycol polymers (CD-PEG)

CD-PEG polymers were prepared by the polymerization of a difunctionalized
B-cyclodextrin monomer (A) with a difunctionalized polyethylene glycol

15  comonomer (B) to give an ABAB product. The synthesis procedure involves first the
preparation of the difunctionalized B-cyclodextrin (6A,6D-dideoxy-6A,6D-di(2-
aminoethanethio)-p-cyclodextrin (denoted dicysteamine-B-cyclodextrin) according

to literature procedures (Gonzalez et al. 1999 Bioconjugate Chem. 10:1068-1074;

and Hwang et al. 2001 Bioconjugate Chem. 12(2):280-290). The polymerization step
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purchased from Fl uka, M I waukee, W. In a typical

experinment, PEGS00-(COOH)2 10 (0.096 g, 0.16 mmol) was
walzmwsos2sext in 1 nL of a 25 mM MES buffer (2-(NCTIOS30b33031991

i no) et hanesul fonic acid) at pH 6.5.

Di cyst eam ne- (err) cycl odextrin (0.2 g, 0.16 mol)

ghzzgxﬁa\s/%%réi?g lismg( goramermaﬁy avalMgﬁe Bll%unc%ona 1%_& po]?r)ethv\Pne glycol.

i met Myitea metops aplinvestigatedy| car bodi i mi de hydrochl ori de
(EDC) (0.612 g, 3.2 nmmol, Aldrich, MIwaukee, W) and
N- Hydr oxysul f osucci ni mi de (Sul fo-NHS) 15 (0.026 g,
0.12 nmol, Pierce, Rockford, IL) were added. The

resul ti ngmshbd i (mWhsid-pdIlivisheleBesit i 1 over ni ght at
roomtenperature. The polynmer solution was then

trans d to a Spectral/ Por 7 ‘ 000 nenbr ane
( Spect ton, TP @AcueN y7i

agai ngt water
for /§olplftCr oMvpas tHen ez exsdii-etgo PEO— -
dryne s ghls affordeg 272 ng of

ite solicdl (Yield:
939% . aracterization: Light Scattering and
Mol ecuﬁzaer Wei ght Determi nation The specific refractive
i ndex i ncrenent, do/dc, was neasured in Phosphate
Buffered Saline Ix (PBS) (Cellgro, Mediatech, Inc,
Her ng hesMA) usi ng a Bausch & Lonb ABBE- 3L refractlve
i ndex. %Grrer sampl es were then anal yzed on a Hit

D600 iaciqHf) %V’ét%‘é’ﬁf‘%‘&u‘“ﬁ'ﬁ%&awft‘ght%\@é% 350 208 3000 B600) were
det e?ﬁl%ﬁase@frgﬁleﬁlhl% WEPRABE WL I ag{mz@z}%% fliaﬁsdof(coomz

|ight scattering detector and aquagel - OH
(Pol Y36 g Llldommad) wes, dmﬂﬁ@r S’( I mh) ofc@)|2émMuMﬂ3§gbuffer (2-(N-

EE?%%E% Glift l'jgtt)?r{eglﬂﬁgﬁ%l &?) 4a ‘EGeSe {Algl%ﬁsheia ine- @ gclodextrm 0.2 g,
o eOUBa“mMEmWVCW 2 aricbf a-2451M‘®IEZEI)Mfe@&%B&B) was added. Then, 1-

PCT/ 003/ 031991 dIS ersjty i ndex

ot ol PR isr Pt BY=s bieeliids ¢ 0612 & 32
fol | euhdlg Al@he Milwdikee, IwnSthad lmﬁlymtaysu&s@t&lﬁﬁﬂla@ (smd)-NHS)
Mol ecul ar Wi ht Det er mi nati on of CD- PEG

P51 y A9 2tck ek MO BisTcepBPidivrd: by afere b 0B I BE Fplgiion was

21, SGfovleddfd _stirDo RN Qorﬁ%%ﬁ SR dnd- p%?me@%ﬁ%@@%s then
0.1361 28, 450 1.77 °CD PEG50 0.1359 21,150 1.0

Met hednsfirred s aritpectiaRas i MWE @y D,0p0 mpinbraae ESpectrum, Houston, TX)
pol y%ﬁcmﬁla@ge% %a%xgt \lvater for 24 h. The solution was then freeze-dried to dryness.

This afforded 272 mg of white solid (Yield: 93%).

20  Characterization: Light Scattering and Molecular Weight Determination

The specific refractive index increment, dn/dc, was measured in Phosphate Buffered
Saline 1x (PBS) (Cellgro, Mediatech, Inc, Herndon, VA) using a Bausch & Lomb
ABBE-3L refractive index. Polymer samples were then analyzed on a Hitachi D6000
HPLC system equipped with a ERC-7512 RI detector, a Precision Detectors
25  PD2020/DLS static light scattering detector and an PL aquagel-OH 30 (Polymer
Laboratories, Amherst, MA) column using Phosphate Buffered Saline 1x as eluant at

a 0.7 mL/min flow rate. The dn/dc, the weight average molecular weight Mw, and
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0 11 11 S 7s+ N 0-C CH2- CH2- 0- PEG3405--O- CHz-CHI GO N

O NH2 1-12N O 11 S S-CHz- CHZ HN- G- CHZ- CHZ
WOERMEEERS0D O CH2-CHZ CG-NH-CHZ-CHz S 10 x  SynediEES®D3/031991

Di succi ni m dyl propionate pol yethyl ene gl ycol

(PEG3400- (SPA)2) (1.0854 gq, 0.32 15 mmol, Shearwater
%Om]yJAWS@WHE@CZ&M? ?%H;eg fglp La% po yn{ep a?e rryﬁor(t)efd in the

di cyssiRamgeble.3- cyclodextrln (0.4 g, 0.32 mmuol)
dissolved 1n 2 nL of DVSO A viscous solution was

i mredi ately forned. The reaction mxture -46 WO
2004/ 032862 PCT/ US2003/ 031991 was then allowed to

1T SN (3 SO SIREA BT WY B8 Ron or

tﬁenpﬁamﬁ@d out with a pipet. The residual ether was
evaporated and the pol yner was redi ssolved in water.
The resulting solution was then transferred to a

10, 000 N ectral Por nbr ane di al . .
agai nst ?mﬂ} 24 h d’?..\, Snl ufl W(i)ﬂ ﬁ’.zﬂ?y%lspel‘s‘ty

-PEG

wat-e

freeze-c

white s
Scatteri
pol ymer

present ¢
0. 1316 3

10 deter

“Cii drym

€ss

€SSy 1347 S

af f o5dgg 1.

329 g, of

rTua (1mreru.

NP dRl ¢

JI7( . ulTdl

ul ap. 1Y% ght

ctert Ld.ll UIT)]

Deti@r4gp nat |

t glll

on This

Y

WasS char acte
d GDCRH;th(

A1”4

rized using
do/igkl was

the sane t¢

cal2gusat ed

schni que
to be77

nd the wei gl
m GBPEGsbhe

N

t average n

ol ecul ar wei

184008% Da

wi t R1d5Bol v

ght Mwv was
i spel8bty

i ndex MM Wh of 2.18. Method I11:
d

Usi ng
-benzotri azol e carbonate pol yethylene glycol OO Il

S S+ | Qeﬁo@ﬂpﬁgﬁégguginq}ngymo&lonﬂ: D&th)_g]'élglvaol

O
0

N—O—C— CHy-CH,;— 0—PEGj3495~ O— CH,-CH,—C—0—N

0

0]

S— CHz-CHZ_HN— CcC— CHz-CHZ_ O_PEG3400_ o— CHz-CHZ— C—NH— CHz-CHZ_

}

10

Synthesis:

Disuccinimidyl propionate polyethylene glycol (PEGs400-(SPA);) (1.0854 g, 0.32
15  mmol, Shearwater Polymers, Inc, Huntsville, AL) in solution in 5 mL of DMSO was
added to a solution of dicysteamine-B-cyclodextrin (0.4 g, 0.32 mmol) dissolved in 2

mL of DMSO. A viscous solution was immediately formed. The reaction mixture
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0011 S SCH2-CH2 HN-~- O PEG3400 O -NHCH2-CH2 S 15

Synthesis: Di-benzotriazol e carbonate pol yet hyl ene
w@bkyos0B8286PEG3400- (BTC)2) (1 g, 0.32 mmol, Sheremwasmn3/031991

Pol ymers, Inc, Huntsville, AL) in solution in 5 nmL of

DMSO was added to a solution of

g: ?S/gxit \e/ghgn a?lo%%& & gt%rooq'eﬁx{)&%t e At ;O\?Imst((::o agra%ugﬁ H}ﬁgg 'ﬁl) , SDiethylether

I mMediaatéded td pretipilate friaq;oryaachmd)uhempoﬁrw @t Wath at i, TZHB residual

allowed to stir overnjght roomte rature und
o GOAPEGE YOO e BB V% PN w0 BaBBaDe resulting
PCT/ &5ia06h3 A3 1A&L trahsFerRidefol Ri 108609 NIWE P Wp¥aRIPoANHeh B8R and
poured out with a pipette. The residual ether was

evapdiehizediagiigt A" §96RY FeFheseiition giag dsp Jisezerdiiedde dpyness. This
The %%ME&!@@ 8f WihiteQD 1dtdwep. transferred to a

10,0 MACO Sp%ct ral/ePorKY\@é?rbr an/l(;eb and di al yzed agai nst
vvater for 24 h. The solution was then freeze-dried to

dr ynessrackbi&riont [RR0RGteking afld MolecPaVelzhit SQhiEhakivh el d:
959 . Exanple 4 Ml ecul ar wei ght control of CD PEG

o, DURE pakaDs S O e ntntie Y ame b g et ) e The

h. Dids/Mde @iaf t41tulbytéd 131be Pi 10 Nahe tﬁ@bvy@htravle@g@m@lem@ weight Mw was
1.565 0.46 mmpl , Shearwater

&PEGCMOO 10 (bS}FL)@,
81 yHeFeningdfe be W%hamydlmgmvmgﬁx Myefdn of 748+ he
m xture was added dry DMSO (8 nL). After 10 min
stirring, DDEA (176 L, 1.01 mol) was added under
argon. A portion of polynerization solution (1 rrL)
was renoved at sléaﬁ tlrr 15 mn, 30m 6l

triaz leth ene lcol

1 h, 2 h and
ni

transferred to a 10, 000 MACO Spectral/ Por nenbrane a
15 di al yzed agai nst water for 24 h. The sol utions
then fryeeze-dried t ess. MAs of the resulting
sol i ds & determ 5 descri®Ped above. As Gshown

Fi gure he poI yne increasikd to around 40 kDa
oversid 5 h $ine*courge. T, & Por yme? O earOné—O0—N N
contrplled Retween 50 N 0 kDa. Exanple 5 20 N
Synt hesi s of hydr ol ysabl e |inear cycl odextrin-based
pol yeNHy| e} gl ycol “pol yners (CD-PEG Method I: Using
NHS- HBA- CM- PEG 3400- CM HBA- NHS
s S—CHZ-Cl—lz—HN—J—-—O—PEG34OO—O—C—NH—CH2-CH2—S>~

X

15 Synthesis:
Di-benzotriazole carbonate polyethylene glycol (PEG3400-(BTC),) (1 g, 0.32 mmol,
Shearwater Polymers, Inc, Huntsville, AL) in solution in 5 mL of DMSO was added
to a solution of dicysteamine-B-cyclodextrin (0.4 g, 0.32 mmol) dissolved in 2 mL of
DMSQO. A viscous solution was immediately formed. The reaction mixture was then

20  allowed to stir overnight at room temperature under argon. Diethyl ether was added
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-48 WD 2004/ 032862 PCT/ US2003/031991 0 0 0 0 11 11

11 11 s + NO C CHZI H- O C CHZO PEG3400 O-Cli Z
w@2@0408286HHZ C-ON -- CCH3 CH3 O O NHZ2 H2N OPOI/0sth03/031991

[ 111 FS -CH2-CHZ HN-CG- CHZ i

li-O-CGC-1Z0PEG3400 O CFlz GO CHCHZ GNHCH2-CHZ S

CH3 CH3 X . NHS- HBA- CM PEG3400- 0

mol © %ﬁ%%&?%?‘% POBBFARE Faen HOH‘&?SMHRJ‘P%%%P pf”é Ti?_%s‘udha' other was
sol utvapBrated alqdﬁhdrigolgﬁerwﬁ(}eumoa&dad WaﬂeraTlSd)i'elslﬁlhﬁ)gl scﬂfltlon was
5 di cysteam ne- ( 3- c¥cl od xtrln gO 074 g,, 0. 06

di ssHiepdinsipred a 490 CopRpe tf*’é%ﬂft‘?‘%brﬁ'?e)(?‘lﬁir %‘allyéed against

t hen watel 30 Kt PheSdoltioR WL Bied iceRLdric@ QYRR AMRL dffofded 1.3 g of
under argon. The resulting polyner is precipitated

wh t hwhitesalid| (¥iele#5%).i | trat ed and dried under vacuum
10 Method I1: Using PEG succini mdyl succinate
(PEGE&sbR 4O O1 I I o I I I S 7S+ N0O-C CH2-CH2

C- O PEG3400 O CGCHZ-CH2 GCONO NH2 2N O ~7 11 OO

[ EEG3406- 0- C- CH2- CHZ
CI- N&%uwegﬁgom%l%%@b@%%dgsucci ni m dyl

succi nat eD|®M$tgeet1¢wiB@wé0@ktymcﬂ H@F(E@?Z@OQ-‘(QS)@{) Wasdrigl wder
I nc. ’vac%ﬁn%a? 100 °C for 16 h. Disuccinimidyl propionate polyethylene glycol (PEG3400-
10 (SPA),) (1.565 g, 0.46 mmol, Shearwater Polymers, Inc, Huntsville, AL) was then
added. To the mixture was added dry DMSO (8 mL). After 10 min stirring, DIEA
(176 uL, 1.01 mmol) was added under argon. A portion of polymerization solution
(1 mL) was removed at selected times (15 min, 30 min, 60 min, 1 h, 2 h and 5 h).
These samples were then transferred to a 10,000 MWCO Spectra/Por membrane and
15 dialyzed against water for 24 h. The solutions were then freeze-dried to dryness.

MWs of the resulting solids were determined as described above.

As shown in Figure 3, the polymer Mw increased to around 80 kDa over aS h
time course. The polymer Mw can be controlled between 50 to 80 kDa.Example
5

20  Synmthesis of hydrolysable linear cyclodextrin-based polyethylene glycol polymers
(CD-PEG)

Method I: Using NHS-HBA-CM-PEG3400-CM-HBA-NHS
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Kwan-yang Dong, Anyang City, S. Korea) (0.3 nmmol) in

solution in 5 nL of DMSO -49 WO 2004/ 032862
wEOMOSRED3/ 031991 s added to a sol ution of PCT/US2003/031991

di cyst eam ne-[ 3-cycl odextrin (0.3 mmol) dissolved in 2

nm. of DMSO. The reaction mxture is then allowed to

stir overnjght at room tenperature under argon. The
resul ﬂol ymer, i s precipitated with di elbhyl et he5

filtrapeedand udrvdlum 5 EX

Synt esi s of hydr W_ys(gbﬁ gnegrz YD ex’trl n%aséa_o_N —
pol y OV 0O0OY\WNOO ”ESS+\O~\O’\NC'®OO

NH2 Nq H SS*\HO-\O'" ~~S O O 10 Synthesis:

Et hyl ene gI ycol bi s[succini m dyl succi nate] (EGS) (0.2

mol , Pierce, Rockford, IL) in solutionin 2 nL of

DI\/ISOis d to a spl utiongof

di cyst &3@-)0%91@91?2@1[6—@ cul-B-18c mlcpl ﬁ-ijH -GN Oy CHS
over ni ght at 100°C undér] vacuum and*di ssol .

nL of 15 DMBO. The reactibn mxturelsthen 3Iovvedto X

stir overnight at roomtenperature under argon. The
resulting mxture is precipitated with Acetone,

filt nNafRABANEMIEG - CVAIBIA-NBSUAD o @ RKR ], 'Shearwater Polymers,
Inc, Huntsville, AL) in solution in 1.5 mL of DMSO is added to a solution of

5  dicysteamine-B-cyclodextrin (0.074 g, 0.06 mmol) dissolved in 2 mL of DMSO. The
reaction mixture is then allowed to stir overnight at room temperature under argon.

The resulting polymer is precipitated with diethylether, filtrated and dried under

vacuum.
10 Method II: Using PEG succinimidyl succinate (PEG-(SS),
Q
I| II
—0— C_CHz CH2 C-0— PEG3400 0-C— CHz CH2 C—O—N -
3 ’
NH2 H,N
Il I
S S—CH,-CH,—~HN~C~CH,-CH,;— C~O~PEGj 07— O~ C- CH,-CH,— C—NH—CH,-CH,—$
X

Synthesis:

15  Disuccinimidyl succinate polyethylene glycol (PEG3400-(SS)2) (SunBio, Inc., 980-5
Kwan-yang Dong, Anyang City, S. Korea) (0.3 mmol) in solution in 5 mL of DMSO

-49 -



Synt hesi s of di adamant ane crosslinker:

Bi s- (2(1-adamantyl ) et hyl ) phosphate 20 (Zhang et al.
wa294/032862 Am  Chem Soc. 119(7):1676-1681) - 50P&DUS2003/031991
2004/ 032862 PCT/ US2003/031991 O Pyridine O + P1 Il OH

asi1 d OPI-l OCH3 OH Synthesis: 5 Anydrous

pyridin 4 %)E_m Hégﬂvvstmm-%@gcg%@’gt&\é\g évr\rl?rgoligigéogv%d IirSZ mL

an |ésa

Mol of ADMBOC MFheMrdatveak Bxturél ks WRs ARIRE todERPYetBght THAE room
m xture was kept cold for a further 15 mn, During

t hi s tg5Eeragye Andssr agqnpiThg tresubing ohisienys pieeiptated vith dlethylether
d|chkqhggngggnajgugpﬁgggn 1- Adamant ane et hanol (4.758

g, 26.4 mol, Aldrich, Mlwaukee, W) was added, and

the sealed 10 m xture was stirred overni ght at room
ténperature. It was then poured into 10% NaHCO3 (50

rnL) and the pyridine was evaporated under vacuum The

sl i gitxhmplede! | ow solid was dissolved in 1 L of water

and extract ed wth ether (three 150 nL portions). The

aqueq, dlfle with to pH 1, and
C hen SURPPIE B OaBf Prpaern st bt etk ol

CHCl 3: n-BuCH (7:3). The conbi ned organic |ayer 15
(ether and CHCI 3: n- BuOH) was washed with water and a

slightl el low precipitate was forned in the m xed
sol ve p3i nt _the sol vents wer e evapor at ed

under uum A htly yell ow solidf vvas for msd nd
was recrysg al ki ze
dri edyundér vacuum ield 60 Char acterl Z |on

The produgt was characterized by I H NI\/R and 13
"H NVRL({@DCl 3): 6 1.45-1.75 (m 28H, -

adamantyl), 1.95 ( 6H, CH, adamantyl) 4 07 Siz

- CH2-) and 8.60 (b, 1H, POOH) C NVR 3
500MHz) : %ﬁwg\N %\%‘\ 4.0

64.21, 64.26. The® producto vvas aI so characterl zéd by X
Nass Spectroscopy: Electrospray lonization: 421
[MH-. 25 Exanple 8 Synthesis of hydrol ysabl e

adangp:ang: cr ossli nker:

Ethylene glycol bis[succinimidylsuccinate] (EGS) (0.2 mmol, Pierce, Rockford, IL)
in solution in 2 mL of DMSO is added to a solution of dicysteamine-B-cyclodextrin
(0.2 mmol) dried overnight at 100 °C under vacuum and dissolved in 1.5 mL of
15 DMSO. The reaction mixture is then allowed to stir overnight at room temperature
under argon. The resulting mixture is precipitated with Acetone, filtrated and dried

under vacuum.

Example 7
Synthesis of diadamantane crosslinker: Bis-(2(1-adamantyl)ethyl)phosphate

20 (Zhang et al. 1997, J. Am. Chem. Soc. 119(7):1676-1681)
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-51 WD 2004/ 032862 PCT/ US2003/ 031991 0 ou O NH2 + N ~
oOo0_"-\OOwW 0000 O d O~-O"/N H~~ OvVv O
wewhesss: 1- Adamant anenet hyl am ne (0. 152 g, BCBERS2003/031991
mrol, Aldrich, MIwaukee, W) was 5 added to Ethyl ene

gl ycol bls[su00|n|n1dylsu00|nate] (EGS) (0.2 g, 0.43

mmol, Pjerce, Rockford, IL) in solu

anhydr g i chl or onet ha| e. Midne 1 ¢

stirred 5 h_at Too/mpi\enpm ¢

aci didied Wty onl N'HE and extra i

di chl or onet hane. The orgaﬁl c phase was dried Wt h

MySO4 and then concentrated to dryness under vacuum

This afforded 0.22 g of 10 solid (yield 90%.
Characterization: The product was characterized by

MBSS oSpect r oscopy: El ectrospray |onization: 557

[ M+ ; [ MEFNa] +, 1135 [ 2M¢Na] +. 15 Exanple 9

Sy nt Regdreusafyridina dHheht aweicpd‘ﬂ'ywmky(t eMb vgk yedkd in an ice bath and
crossl gat ed:

Vet holg {hil(glﬁgloroaﬁogpl?al{e g?hmrleAldn Ve SM %eﬁé&[)qvas added

aC| Nene yco
NH2  drobleise:- PheGmGiturd \@s%ﬁi\kzold}foﬁ ﬁh’ﬂﬁf ofreihaDering this period a

precipitate of N-methylpyridinium dichlorophosphate formed. 1-Adamantane
ethanol (4.758 g, 26.4 mmol, Aldrich, Milwaukee, WI) was added, and the sealed
10 mixture was stirred overnight at room temperature. It was then poured into 10%
NaHCO; (50 mL) and the pyridine was evaporated under vacuum. The slightly
yellow solid was dissolved in 1 L of water and extracted with ether (three 150 mL
portions). The aqueous phase was acidified with 2 N HCl to pH 1, and then extracted
with three 150 mL portions of CHCl;:n-BuOH (7:3). The combined organic layer
15 (ether and CHCl;:n-BuOH) was washed with water and a slightly yellow precipitate
was formed in the mixed solvents, at which point the solvents were evaporated under
vacuum. A slightly yellow solid was formed and was recrystallized from

acetone/hexane. The solid was dried under vacuum, yield 60 %.

Characterization:

20  The product was characterized by '"H NMR and "*C NMR. 'H NMR (CDCly): 6
1.45-1.75 (m, 28H, -CH,-, adamantyl), 1.95 (m, 6H, C-H, adamantyl), 4.07 (q, 4H, -
CHy-) and 8.60 (br, 1H, POOH). *C NMR (CDCls;, 500MHz): & 28.59, 31.77,
37.02, 42.52, 43.96, 44.02, 64.21, 64.26. The product was also characterized by
Mass Spectroscopy: Electrospray lonization: 421 [M-HJ.

25 Example 8

Synthesis of hydrolysable adamantane crosslinker:
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20 -52 WO 2004/ 032862 PCT/ US2003/ 031991
1- Adamant anenet hyl am ne (0.64 nmmol, Aldrich,

worémmsisee, W) is added to PEG diacid (0.32 npol/sS2003/031991
Fl uka, M| waukee, W) dissolved in dichloronethane.
1, 3- Di cycl ohexyl carbodiimde (DCC) (3.2 nmmol, Aldrich,
M | waukee, W) is addged and the resulting solution is
stirreg~overni ght roomg t enper at ure olhe precipigate

5 (dig ohgxylisgure %S/d‘” f d the
i s Washed—wj/t RO18% TheO organilt pRase\is

A

filtrk
th MySO4 and\t hen conc®ntrated to dryne

dri ed
under vacuum The reSulti ng solid is redissol%ed in
water in order to precipitate the renaining DCC. DCC

is filtered off and the f||trate g freeze-drigd. 10
Met hod |1: Usi i mgyl Mﬁﬁ

pol yet hyl eg?a@({gﬁ*%%)\n/ ¢4 v@

N- 0- C- CH2- PEGB406--C9CHZCHZC—O NOO Oo II
Il H)V---~N C CH2- CH2- 0- PEG3406- 0-C -42-C'2-C- N

1- Adamant anenet hyl amne (0.1 g, 0.60 mmol, Al drich,
M | wahiiggis: W) was added 15 to Di succinim dyl

propi onate pol yet hyl ene gl ycol (PEG3400-(SPA)2) (1.02

g, Ol&mammlanenﬁh@m €0.1520k Y 092 SumbINAldAdN NVl dukes, WI) was
AL) dissolved in 10 of dichl oronet hane. The

r esuPqded do s oFthyleem g\x@é biglsuceiatmidylsyceipiek €ifpor @t2ug.e0-43 mmol,
over ?le%t Rocﬂt‘x@ §I9)| Meﬂut}eﬁsmel\()aﬁ’n@r@ft %y%ﬁi@ HicHRrdMEane. The

and the residue” was dissolved in water
cent rashltigg sblutipnrveasotisedefor & disat looard@mma@rﬁe #ewsyhfalmcndef led with

The rpat ant t er Q. 000 ,. .
A e S S SR
for BHSO, 'Ehé tsnl avhcantrated so thaessfundazecam.€thit afforded 0.22 g of

yness. fforded 0.88 g of solid (yield 84%.
?@3 \‘7%‘*2‘%5‘65/933/‘;862 PCT/ US2003/ 031991 Method 111
Usi ng pol yet hyl ene gl ycol (Sandier et al. 2000,

. Lan@husarterization:

The product was characterized by Mass Spectroscopy: Electrospray Ionization: 557
[M+H]", 579 [M+Na]", 1135 [2M+Na]".

15 Example 9
Synthesis of diadamantane polyethylene glycol crosslinker:

Various methods were investigated:

Method I: Using diacid-polyethylene glycol

0, O DCC
N V% H H
N+ e—PEG—C] . N PEO_ A
HO OH Dichloromethane \ﬂ/
20 (6] (o]
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16: 1634-1642) Dibutyltin dilaurate 0 0 HO PEGOH + N
~Ol .1 PEGS/IIl "iV CNEt3, DCMN OOHS5

we@obdo@sisgt ene gl ycol (Mv = 1000) (lg, | mmol, BPCTOUSZIN3/031991
M | waukee, W) was dried by heating under vacuum at
70 C overni ght 1- Adamantyl isocyanate (0.39 g, 2.2
mol , Al d a
pol yet hyl enAé("i g n%ngrne%ﬁ?/ arenrmevxp %4 m(ﬁnosls[glﬁﬂq} ‘iaﬁlwaugee WIﬁs added
anhy dy REG-dthcidi(D .02 anmedl Tanie, M2 aiille, W])\Aﬁssﬁlaécﬁinyﬁ(ﬂlfquomethane

M DR S e R P ooty Mgy o s addeo

mml andPthé festlfing MiltivAUK@Rred WornidR a8 rdofBmpetaaeh. Tﬂ_@&empltate

reaction mxture was heated under reflux for

7
Al t etdigyslooalisgyrea; REUS & isred offand thecfdtrate efrwaﬁbwvéft 18§ka &ICI.
di ss ?hé’ &%aﬂx@ plg’lsé Is'dlrlle@ q'lth%b4 aJJ‘ﬁe@%@%teﬁ % H’llyh&g uf¥RP
purifi by tion of activated carbon and

succ E@gumeﬂﬁq ﬂestﬂtatgl sohd is rediggolygrbim Watas éiy erdelrt goebcipithte the

resulting. y - r ' )%.vi el d and
oo, s BELYOEE, SRRk STRNRHES ol du recP il g

di - benzotri azol e carbonate pol yethyl ene glycol O NHZ
I 11 ~ + NCOPEG400 OCON-,N N~ H101 0 11 H
N- G O PEG3400 O E-N- 1- Adamant anenet hyl am ne (0.1 g,

Q9 60 Mol pedbit Ghing Mol MRUKRS! priilidnateSp RARIR N Q1vaH

DI benzotriazol € carbonate pol yet hyl ene gl ycol
(PEG3400-(BTC)2) (1.02 g, 0.30 mol, Shearvvater

Pol yners, Inc, Huntsville, AL di ssol ved in 10 nL of

- 54 02004/ 0328 PCT/oUSZOOSI 031991 di chl or orget hane.
The r i ng tionlwas stirred at room tenperature

over . NMiThe| sof vent- was dvaPol dted Cuidet v At iin —

and the/residue s dissolved in water and
centrifuged to renobve excess 1-adanmant anenet hyl am ne.
The supernatant was then transferred to a 1,000 MACO

Spect ral/ Por rHa and di al yzed agai nst ﬁ u
N_C—CHz CH2 O PEG3400 O—CI'IZ Cl‘lz C_N

I-Adamantanemethylamine (0.1 g, 0.60 mmol, Aldrich, Milwaukee, WI) was added

15  to Disuccinimidyl propionate polyethylene glycol (PEGs400-(SPA)2) (1.02 g, 0.30
mmol, Shearwater Polymers, Inc, Huntsville, AL) dissolved in 10 mL of
dichloromethane. The resulting solution was stirred at room temperature overnight.
The solvent was evaporated under vacuum and the residue was dissolved in water
and centrifuged to remove excess 1-adamantanemethylamine. The supernatant was

20  then transferred to a 1,000 MWCO Spectra/Por membrane and dialyzed against
water for 24h. The solution was then freeze-dried to dryness. This afforded 0.88 g of
solid (yield 84%).

-53 -



5 water for 24 h. The solution was then freeze-dried

to dryness. This afforded 0.88 g of solid (yield
w@2o/03Beanpl e 10 Synt hesi s of hydrol ysable  PCT/US2003/031991

di adanmant ane pol yet hyl ene gl ycol crosslinker: Various

met hods were investigated: 10 Method 1.: Using

0

pot vet ! g GINE0, pOputl? DEG et 2 BFGS D

M | wa6tke®t-104p) is dried by 15 heating under vacuum at

70 C overnight. 1-Adamantaneacetic acid (2.2 mol,

Al drich, MIlwaukege, W) isbhaduathuie drrf? ;ﬁ\
pol yethyl.ene. gly afl elp its—dissol on_in _ppG_
anhngSﬁggtg¥hE 5 ) . e Tetwen fB@icChcid 0" "N
(Aldrich, MIwaukee, W) is then added in a catal ytic
anount. The resulting mxture is azeotropically

refluxed for 16 h using Dean-Stark apparatus. After
COMPbgliRNed oIl e (MY £ ¢@®? (I mhdE ARHMEMi RikEL WY §s dried
under Vvacuum and the resulting polyner is

pr ec bpheating dinddr tvacianrhatr70 *Vetviawdiht.| 1-Adeimagfyl isocyanate (0.39 g, 2.2

2004 s RaHATHEBHEE M R, BRE ey R gt it
C O FEGHMDD @ GnGHHUENE: @oiethneO2H i)l Tvad chthly@sHdibutyltin
1 A R o By LRITRD AT STTuG. WHbind tiphylpaife (10.1 me,

M | waukegol, Viris viidcka@et, twr) di &l gidn nddabdd Yithe Su&cgion ifture was
pol yet hyl ene gl ycal (PEG3400-(SS)%% ( SunBio, Inc.,
980- hegtesl yagamic{lvn éPr ot b flenrryag! & thy soleent, kb Eagtionragdyct was

Ml isgivRi0lnY §idkitied WaemMThef aqueous solution was purified by addition of

activated carbon and successive filtrations, and then freeze-dried. The resulting

polymer was recovered with a 70% yield and was characterized by 'H NMR.
15

Method IV: Using di-benzotriazole carbonate polyethylene glycol

O 0

NH, | I
. ﬁ—O—C—O—%QWﬂPf—&ﬂKM¢N

N=y| N

O

0
H |l I H
N_C_O_PEG3400_O—€_N_

1-Adamantanemethylamine (0.1 g, 0.60 mmol, Aldrich, Milwaukee, WI) is added to
20  Dibenzotriazole carbonate polyethylene glycol (PEGs400-(BTC);) (1.02 g, 0.30

mmol, Shearwater Polymers, Inc, Huntsville, AL) dissolved in 10 mL of
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di chl oronet hane. The resulting solution was stirred at
roomtenperature overnight. The solvent was

weveposmbed under vacuum and the resulting pol paBRUSHAS/031991
precipitated with ether. Exanple 11 10 Synthesis of
tri adamant ane crosslinker: <~p o/r~o HN OO o0OO0 O

OO0 0 OIll NJI N+.NHz -~ ~\N Vv

1- Ad gh?ﬂﬁ?){ O%Cé%?'hb]eéﬁ“ﬁé‘g(sﬁ!”ﬂi‘é wgs sy .reygat Aot tem&erc?ﬂr% ﬂvem‘ght
M | watk e6lyen\as sRsgporabedid@dert (thﬂ'diﬂ'q nd teGbdidud \dasl dlssolved m water
am notri acet ate (TSAT) (0.2 0.41 mmo 3{1

Rock ot eentrpfpged fp JEMPYFaKorss llwammafemgm dinsyd he Supematam was

di meyhey! f 6RO @8 a( Abeb SGo M bMRUKR Gnenrane Medlalyzed against

resulting m xture was stirred at room t enperature
uBdematgF gm% hi Be splutipn win e freaze-grieditoslayngisss This pfferdedi0.88 g of

and ed by mass spectroscopy: Electrospray
I on| ggﬁ(ggae%él 4 [ MtH] +, 655.6 [ MtNa] +, 1265. 3

1287.1 [2M+Na]+. -56 WD 2004/ 032862
PCT/ 82@9@/1@31991 Exanpl e 12 Synthesis of
t etraadamant ane crosslinker: 0 0 O\\y...~ N OO0/ O
| 12 Synthesisof {qyc@oly@b@ dzac@nantane polyethylene glycol crosslinker:

Various methods were investigated:
10

Method I: Using polyethylene glycol

0 0
0
HO—PEG—OH + @/\c/ _ \AO/PEG\O/U\/@
“oH

Polyethylene glycol (Mw = 1000) (1 mmol, Aldrich, Milwaukee, WI) is dried by

N

15  heating under vacuum at 70 °C overnight. 1-Adamantaneacetic acid (2.2 mmol,
Aldrich, Milwaukee, WI) is added to the dried polyethylene glycol after its
dissolution in anhydrous toluene (15 mL). p-Toluenesulfonic acid (Aldrich,
Milwaukee, WI) is then added in a catalytic amount. The resulting mixture is
azeotropically refluxed for 16 h using Dean-Stark apparatus. After completion of the

20  reaction, the solvent is removed under vacuum and the resulting polymer is

precipitated with ether.

Method II: Using disuccinimidyl succinate polyethylene glycol
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\ W ~-O0 OON 0OO :3: ~~NHOO

1- Adamant anenet hyl am ne (0.212 g, 1.29 mmol, Aldrich,
wobimasdgsee, W) was 5 added to PCT/US2003/031991

Tet raki s- (N-succi ni mi dyl car boxypr opyl ) pent aeryt hritol

(NHS-4) (0.1 g, 0.12 mmol, Mol ecul ar Bi osci ences,

Boul der, CO) dissolved in 5 nmL of anhydrous

di et or mani deO(AI drd ch, M bvvaukee The 0

resul Q tu e L& aé}pr .
under/ % 14 Cr %gﬁl pi tat é"c?" i1t éred

and Ar act erl ze by l\/hss Spect roscopy: EI ect rosprayg

| oni zation: 1013. 7 [ MtH +, 10 1035.8 [ M+-Na] +. Exanpl e
13 Synthesi s of tetra- adamant ane poI ?et hyl ene gl ycol

crossl i nkg %d_ Lljs_ ﬂL&iléPpJ_l H
et hoxyl at £ /4 E 515’5 g;gm 2‘6"04/ 032862
31991 HO (H2C-H2C- O~ /(O CHZ CH2~- OH

PCT/ US200
H2C,, CH2 CH2 4 Dibutyltin dilaurate + \NC-O, DCM /
O~0(ONEt3 HO H2CGH2CG H2C1 4 OONa NICGO

H2 C- 2K etafdamtehdatdthy(Eiand . g, H.6b hikde), iAtdetdR, KMilwaukee, WI) was added

to disuccinimidyl succinate polyethylene glycol (PEG3400-(SS)2) ( SunBio, Inc., 980-
5 5 Kwan-yang Dong, Anyang City, S. Korea) (0.30 mmol) dissolved in 10 mL of
dichloromethane. The resulting solution was stirred at room temperature overnight.
The solvent was evaporated under vacuum and the resulting polymer was

precipitated with ether.

Example 11

10 Synthesis of triadamantane crosslinker:

IoN D

SSRGS N SREE BN

I-Adamantanemethylamine (0.212 g, 1.29 mmol, Aldrich, Milwaukee, WI) was
added to Tris-succinimidyl aminotriacetate (TSAT) (0.2 g, 0.41 mmol, Pierce,

15  Rockford, IL) dissolved in 10 mL of anhydrous dimethylformamide (Aldrich,
Milwaukee, WI). The resulting mixture was stirred at room temperature under argon
for 14 h. The precipitated was filtered and characterized by mass spectroscopy:
Electrospray Ionization: 633.4 [M+H]", 655.6 [M-+Na]", 1265.3 [2M+H]", 1287.1
[2M+Na]".
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Z~9 00 NGCOHGCHCOR2C CHR2~[O CH2-CH2} O C N ZP_
31 4 Pentaerythritol ethoxylate (15/4 EQOH) (M =
wQ@ 20p/08dsarol , Al drich, MIwaukee, W) is driepCbys2003/031991
heati ng under vacuum at 70 C overnight. 1-Adamantyl
I socyanate 5 (4.4 mmol, Aldrich, MIwaukee, W) is
added to f[ﬁ dried polyner after its dissolution in
anhy dF 888 °di“chl or omet hane (25 ni). Two catal ysts,

di b”g%ngﬁeiff?iogﬁk{q?%m%tn an% %O%Sh?}gg:, , Aldrich, MIwaukee,

W) am ne mol, Aldrich, M I waukee,
W) are then added. The reaction m xtyre is heated
under refduxX for 7 hours. After reno of the

sol vent, regetion product is.dissalved in
distilledosl0 Water. The aqueous titign is purified
by addition of actiwated carlon and successive
filtrations, and then f*”ﬁ..,geze-dri ed. Method Wsing 4
arm PEG -58 WD 2004 862pPCT/ US2003/ 031

H+- HZC- HZC - 10- CHZO-H GY+—CHZ 5G N Di butyltin
di | aur at 56 Rz \ O+ c HzCC -12=°Z9- NEt3, DCM 1-1
HL1O HZC- ~Q o f CHZ CHzO7_H 56°56 [0

N- | C+- + HCHZ CH O~ ICG-H 56 15 7, CHZ SG O ||

H11\ , HZCCHZ H N C OHZC HZC O O+tHZ CHy-O- G N 56
56 4 arm PEG = 10000) (I mmol, Shearwater Pol yners,
g

Inc, Huntsvil L) is dried by heating und vacuum

at 70 C over t—gﬁl—@antyl isoc/% 4.
0 0
NH‘(_/ \W»NH
[[ "N y x@

1-Adamantanemethylamine (0.212 g, 1.29 mmol, Aldrich, Milwaukee, WI) was
5 added to Tetrakis-(N-succinimidylcarboxypropyl)pentaerythritol (NHS-4) (0.1 g,

0.12 mmol, Molecular Biosciences, Boulder, CO) dissolved in 5 mL of anhydrous

dimethylformamide (Aldrich, Milwaukee, WI). The resulting mixture was stirred at

room temperature under argon for 14 h. The precipitated was filtered and

characterized by Mass Spectroscopy: Electrospray lonization: 1013.7 [M+H],
10 1035.8 [M+Na]".

Example 13
Synthesis of tetra-adamantane polyethylene glycol crosslinker.:

Method I: Using pentaerythritol ethoxvlate (15/4 EQ/OH)
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5 mol, Aldrich, MI|waukee, W) is added to the dried
pol ynmer after its dissolution in anhydrous

wazanrlosrseret hane (25 nli). Two catal ysts, di but pCT/U82003/031991

dilaurate (0.1 muvol, Aldrich, MIwaukee, W) and
triethylamne (0.1 mml, Adrich, MIwaukee, W) are
then added. Th reactl on m xture i s heated under

refl LHSZ‘(?‘@F‘“?C S A P~ ‘“r”en%‘vfﬁ‘?“ of the. solvent, bB&yiin dilaurate
reaction pr oduc‘t s, | "ssol ved in di stillfegd-Waér. The
aqueous, sol uti s purified by additi/on of NEt;, DCM
act | vatiagd "2 and sm(owﬁwe)—cﬁu [trations, and then

freeze-* dri ed. Exanple 14 Synt hésis of hydrolysable
t et r a- adamant ane pol yet hyl ene gl ycol crosslinker: 15
Met hod |: Using pentaerythritol ethoxylate (15/4

EQOH) -59 2004/ 032862 PCT/ US2003/ 031991 HOo
H2C H2C- / ( H2~- OH | 4 HZG, ,

oo 120 (B Gegta g ne (97 8Lt bl
\'\ 430 G O H2C-H2C- AC }O - CH2

44142Cr ( O, H2C CHZ GHc Q C HC 4 q

O CHZ CH2+ OG- C_?%CPé‘ﬁt—é)grﬂyt hri to ethoXyrate

(15/4 EQ OH) (Mh = 797) (I mol3 Aldrich, Mlvvaukee

W) is dried by heating under vacuumat 70 C
overni ght. 1-Adanmantaneacetic acid 5 (4.4 mol,
Al dr P@h@erNhﬂimbetk@elatWﬁMi léO/é)diﬂéMnt’fﬂN)élrdmbbd‘l@ﬂlyh@waukee

afte ts,di tion,in anhydrou tou
o Tortbeu RS RedlosRad LR R0 Fs RS T Appantyisocyanace
t hen(a4ldeslol, I’AIarlﬂﬁtMilW&Uk@e aWT.D)JrH addﬁietor s Udrdiddngolymer after its
m xture i s azeotropically reflu
dissolution in anhydrous dlchloromethane (25 mL). Two catalysts, dibutyltin
dilaurate (0.1 mmol, Aldrich, Milwaukee, WI) and triethylamine (0.1 mmol, Aldrich,
Milwaukee, WI) are then added. The reaction mixture is heated under reflux for 7
hours. After removal of the solvent, the reaction product is dissolved in distilled

10  water. The aqueous solution is purified by addition of activated carbon and

successive filtrations, and then freeze-dried.

Method II: Using 4 arm PEG
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for 16 h using Dean-Stark apparatus. After conpletion
of the reaction, the solvent is renoved under vacuum
w@ar@4baser esul ti ng polymer is precipitated w tPCEUBEN3/031991

10 Method I1: Using 4 arm PEG H+2C- H2C o ~O CH2- CH2t CH
/5\61120.., CH2 /56 + O p- TsOH / OH Tol uene

HC1H2C-H2C-O 6 RC A-1'_,~-CHz +, HI | O/ 11

CHz- @‘@—I%Cﬂﬂg&o o CH2 HOF @ 5642C , ~ i 2 Butylin dilaurate
0 Il HzC a2 8. G HoC HG 0 2o ©°C- CH2

56 56 -60 WO 2004 862 PCT/ US2003/ 91 4 arm PHEG@ay, pem
(M {30000 c lg/ﬁﬁol dp@fe@g—@eh ymer's, |nc,

Huntsville, Al is drled y heati’mg under vacuum at
70 C overnight. 1-Adamantaneacetic acid (4.4 rnno

Al drich, MIwaukee, W) is added to the dried polyner
after its dissolutjon in anhydrous toluene

Q
p- Tol uenes NigC IIa id (Aldyich, Mlwaukee, W) ills n
t hen added nac t’i‘z‘é‘}%mpgnt SPreYes Ut @Lgc
m xture i s areotropi cal ly ré¥luxé for 16 h usin
Dean- St ar k Fﬂw atju After, co gn of the I
reaction, hﬁe@hﬂz@rm%mved un(fer Oﬁmm
resul ting u ymer is precipktated with ether. Mthod
[11: Using 4-arm PEG succi ni m dyl succinate (PEG SS)4
OONOOfi~~HNONH 0OO0OO0OOO en0O,J N0 o0 --
I O
4 arm PEG (Mn = 10000) (Immol, Shearwater Polymers, Inc, Huntsville, AL) is
dried by heating under vacuum at 70 °C overnight. 1-Adamantyl isocyanate (4.4
5 mmol, Aldrich, Milwaukee, WI) is added to the dried polymer after its dissolution in
anhydrous dichloromethane (25 mL). Two catalysts, dibutyltin dilaurate (0.1 mmol,
Aldrich, Milwaukee, WI) and triethylamine (0.1 mmol, Aldrich, Milwaukee, WI) are
then added. The reaction mixture is heated under reflux for 7 hours. After removal of
the solvent, the reaction product is dissolved in distilled water. The aqueous solution

10 s purified by addition of activated carbon and successive filtrations, and then freeze-

dried.

Example 14

Synthesis of hydrolysable tetra-adamantane polyethylene glycol crosslinker:

15 Method I: Using pentaerythritol ethoxylate (15/4 EO/OH)
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+ NHZ O5~0 ~n0~~no~ Onn O0O OO HNOOO
OHN OO 10 V ~? 1- Adamant anenet hyl am ne (0. 069 g,

wO2eb4/08a86t , Al drich, MIwaukee, W) was added pOT/USH08631991
di succi ni m dyl succinate pol yet hyl ene gl ycol
((PEGLOk-SS)4) (SunBio, Inc., 980-5 Kwan-yang Dong,
Anyang G ty, S., Korea) (0.1 mml 15 preV| ously

di ssc‘)*Pv@T_r‘hc‘l‘B;Erj: of NI c?ﬁét‘ﬁa esul | ng p-TsOH
sol ution was stired At roomtenper atur
The sol vent was, ey, ated under vacuum d t heéou Toluene

r esul ing-pod-yore™ was “Préeicpi-taples with ether. Exanple
15 Synthesis of’;oct a- adamant ane pol yet hyl ene gl ycol
crosslinker: -61 WO 2004/032862 PCT/ US2003/031991 H
HHHOHQHT N~C~ODibutyItin dilaurate nl r +

Ov2f OH NEt 3, DCM R VORNGCO H11,\ 0

oL fin' g\;m-%% et S0,

Hunt svi | |
i Il
f HoC cH
@—cm—c—o{ﬂzo—mo—oj z 2\(o—cxaz—cx-xza—o—c——CH2
4
3

Pentaerythritol ethoxylate (15/4 EO/OH) (Mn = 797) (Immol, Aldrich, Milwaukee,
WI) is dried by heating under vacuum at 70 °C overnight. 1-Adamantaneacetic acid
5 (4.4 mmol, Aldrich, Milwaukee, WI) is added to the dried polymer after its
dissolution in anhydrous toluene. p-Toluenesulfonic acid (Aldrich, Milwaukee, W)
is then added in a catalytic amount. The resulting mixture is azeotropically refluxed
for 16 h using Dean-Stark apparatus. After completion of the reaction, the solvent is

removed under vacuum and the resulting polymer is precipitated with ether.
10

. Method II: Using 4 arm PEG

HO%HZC—HZC—O% /QO—CHI—CHA-OH
56 HaCy, CH; 56 P p-TsOH
- + C
/< \OH Toluene

HyC CH,
HO*{HZC—HZC—O)/ \(O—CHZ—CHZ—)-OH
56 56

o 0
I I
CHZ—C—O‘GHZC——Hzc—O;\ /QO—CHZ—CHZ-)—o—C-CH2
562Gy, CHy
(6] /< (o]
Il H,C CH, Il
CH;—C—0—+}H,C—H,C—0 \(O—CHZ—CHZ—)—O—C—CHz
56 56
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dri ed by heating under vacuum at 70 C overni ght.
1- Adamantyl isocyanate (4.4 5 mmol, Aldrich

worémmsisee, W) is added to the dried pol ymer BET/®82008/831991
di ssolution in anhydrous dichloronethane (25 niL). Two
catalysts dibutyltin dilaurate (0.1 nnDI Al dri ch,

uke anine (0.1
M 1 whdkad B ar Q00D mbabahermeie falierdnt A i, au) i
i's heatedy H&@iﬁ% uh& veetiubPAt 76 C0Odefight U eXdahRlaN&ketRf acid (4.4
t he sol vent e reaction product |s di ssolved in

di st mneddA ldriehe Milwetylseen b iswddesdp theidsind polymer afigr its diesglution in
by a : .SUCE i ve .

) SR Rl LA O PO SBRRSRLATUD i e e
Sy nt reséagalytfc dmodnto Ths ebllenpmixture deazeattopivel hpeflyetdHyt Bhleusing

AT BeybBano 0T 415 FEPPR T P S Vgt Fpoved under
(~' OQaculimamd O r&ultiag Gbmer@Ipteeip@ates witd @hen / -~ gyp O \

p C~JvO 11 GCOO0OOO0OO0OIl pOOOOpP O 11, pp

r p COz8 28 p 8 armPEG (WM = 10000) (I ol , '
Shearwat er Pol ymers, Inc, Huntsville, AL) is dried by
heati ng under Maheti: Gking @-atn CEEkdutEihitnidyl succinate (PEG-SS),

1- Adanantaneacetic acid (4.4 5 mol, Aldrich,

ukee, Is added ¢ he dried peghryner after it
dlsségﬁilon i n anhydroug t ene. p-To esul fonic o f{Q&
acid Al dric M | waukee; WV) IS then add |n a M'
cat al ty\\a,@unt The resulting mxture i &
azeotroplcao efl of or 16 h usi ng Dean- k 0 0
appar at us. etion of e reactlon

solvent is renD nder 0
+ NH, f

o\

8]

s s
. O ; ¥ 9

1-Adamantanemethylamine (0.069 g, 0.44 mmol, Aldrich, Milwaukee, WI) was
added to 1 g of disuccinimidyl succinate polyethylene glycol ((PEGok-SS)s4)
(SuﬁBio, Inc., 980-5 Kwan-yang Dong, Anyang City, S. Korea) (0.1 mmol)
15  previously dissolved in 10 mL of dichloromethane. The resulting solution was
stirred at room temperature overnight. The solvent was evaporated under vacuum

and the resulting polymer was precipitated with ether.

Example 15

Synthesis of octa-adamantane polyethylene glycol crosslinker:
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vacuum and the resulting polyner is precipitated wth
ether. 10 Exanple 17 Synthesis of nulti adamant ane

waeagdBisaker: Method 1: Using branched PEI N RCTUSI003/031991

NHSEDC ~NAN~n n Z~~ "OH MES buffer, pH 6.5 NH
Adamant ane- PEl NH2 PEI O 15 -63 WO 2004/ 032862
PCT/ US2003/ 0319 1 ﬂ- Ad@ntgtpea etic acid (Al drich,

M | waukee, ") PZ%—v rich, waukee,
W) di ssolv d | I\/E buf er pH 6 5. N#O  Dibutyltin dilaurate

di net r I e b rochl ori de—
(IEDC)”O %@m Vg'yo\,ﬁ; an NEt;, DCM

N- Hydr oxysucci ni mde (NHS) (Al drich, M I waukee, W)
are 5 then added to the reacti on m'xture. The reaction °

m xture is stirred { enper at for 24 h and
then transferred t Q%gDNMCO &p '\\nenbrane
and di al yzed mak@r tqr 24 A, Thg, O UL i on was
then freeze- dziéd cer d et od 4% le

pul lulan 10 ( osh 93,/ Macf ono

26: 3062- 3068) 0 CHZ
CHZCH e 2
[ w~// H NHQ O Q CH2CH 0 OCHO O OHO O“OHO

O CHZOOH/ 0O OHOH OHOH OHO0O OHro" OHO OH OH OH OH

8 arm PEG (Mn = 10000) (Immol, Shearwater Polymers, Inc, Huntsville, AL) is
dried by heating under vacuum at 70 °C overnight. 1-Adamantyl isocyanate (4.4

5 mmol, Aldrich, Milwaukee, WI) is added to the dried polymer after its dissolution in
anhydrous dichloromethane (25 mL). Two catalysts, dibutyltin dilaurate (0.1 mmol,
Aldrich, Milwaukee, WI) and triethylamine (0.1 mmol, Aldrich, Milwaukee, WI) are

then added. The reaction mixture is heated under reflux for 7 hours. After removal of

the solvent, the reaction product is dissolved in distilled water. The aqueous solution

10  is purified by addition of activated carbon and successive filtrations, and then freeze-

dried.

Example 16

Synthesis of hydrolysable octa-adamantane polyethylene glycol crosslinker:
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1- Adamantyl isocyanate (Al drich, MI|waukee, W) is
reacted with Pullulan (Sigma- Al drich, MIwaukee, W)

WO nooaobagdr ous DVSO cont ai ni ng pyridine at 80 CEDUSBOR031991
15 Ethanol is added to the reaction mxture, and the
resulting mxture is stored overnight at 4 C. The

precipitatgs ang se&ar atﬂgd HUI 1ol ed by dial ysis

agai nst wat t ryness. The degree

of substltuﬁgon?p%cj the a ama%van group, i s r:agjn ed "0
N%}ﬁﬁ?? I79“ n %l/% ,0fy hydré sabl H  Toluene

rrulu“‘fg{ n g.poss é{ t@ na o et al. 1992,

Macr onol ecul es 25 5665- 5670) -64 WO 2004/ 032862
PCT/ US2003/ 031991 O CHZO-I CH2ZOHO p OHO OH O OH p

CHZOH CI | ZOH pp 04204/@5 Oer OHOro
+/ 1/ Ccd O 0 O OHOO
OH-0 HO OOOC\OQH\ oO" 011
OH OH OH OH Pyl ul ar} Sl sdl‘l °aI\/vau(ggé ) is
di ssol ved in anhydr at 60 wga

1- Adaman [ chl ¢¥i d Al gkic M

di ssol ve M%Oﬁﬁm Izg”l‘) ?’;/k% fb/n\@
are addedY The resultlng mxture is stirred at 50 C

for 2 h and another | h at roomtenperature. The

m xture is poured into ethanol. The precipitates are

col | 8cre PRAn dMines hePOh(inmmelt Rbgaovaternitplyrren, Ingyi Huntsville, AL) is
dCI ELBX? EP' neﬁt‘mg 4 e(gerr evécu&m %tu S?lr?v%gm%ﬁdngq/ ac Ht%lqga%étlc acid (4.4
aslamanioneldgel) Wil atik ke Wy iFladdd tbyhe' drietitymdQaffex angiklution in
19

anhydrous toluene. p-Toluenesulfonic acid (Aldrich, Milwaukee, WI) is then added
in a catalytic amount. The resulting mixture is azeotropically refluxed for 16 h using
Dean-Stark apparatus. After completion of the reaction, the solvent is removed under

vacuum and the resulting polymer is precipitated with ether.

10

Example 17

Synthesis of multi adamantane crosslinker:

Method I: Using branched PEI
o wsme PO
JQN/\i‘(Nv\} ) o NHS, EDC N
2 n OH  MES buffer, pH 6.5
\H, PEI o NH  Adamantane-PEl

15
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Synt hesis of self-crosslinked polyner: The synthesis
of a polyner that contains cylodextrin and adanant ane
wo mvadmses is carried out in three steps. 15 RCT/BS®P3/031991
1. Synthesis of nononer 6A6D Bi s-(2-am no-2-
car boxyl et hyl t hi 0) - 6A6D- di deoxy- ( 3-cycl odext ri n,

(2 B ehgn i s Buh Wmet ook o8 S0 «Sbagteaarn,

an ofMifvahkdd sq;dnumlﬁarv@@nm eMugf f saffeaaszsdeﬁa@sqm fars. 1-3-
45 minutes in a 500 mL 2-neck round bottom fl ask

equi fivethylminopiondlghethylearbediimigear | hydrochlgeidss efED@nd (Aldrich,
sept

¢ Lﬁglyvétglé%eﬂ ) %g& W chno%?ccﬂﬂgﬁg (ﬁH@ﬁ (&ldﬂlétﬁ MilWARES, W1) are
db - i tdo-qdded ye |thal asactiom miCorez allee reqctlam mlze@lgsa is stirred at room

Bi oc

20019&:%1' %‘g}ﬁjg Bog'gtﬁg‘ &Et}geg f%gs(q% e%qgédogj&g\dwgge%ﬁra@or rlglembrane
Hwangnd Salyzed agnidstDawar $or 2MhEThe(s20AI0) whs ther@freeze-dried to dryness.
Cycl odextrin Copolynmers WO001734A1). The resulting
suspensi on was heated at a reflux tenperature for 4.5
h. until the solution turned clear colorless. Then, it
was cool ed to Mebod Heipey atlluiae and acidified to pH 3
using 1 N HC1. The product was crashed out by sl ow

addi tAlayoshDetaf. 199% Muosn{oBctlen®B306213968) rati o of the
solution). This afforded 9.0 g (90.0% vyield of
CDBl\SQ/s The resul té solid was subjected to

ani onl C5excha g c chr onat ogr aphy usin

gr adi ammnl Lﬁ’fﬂobl car ate N 0

sol ut |O ESI 134 }#.@/ e,
Purity of CD- Bi g0y HPL 5 2. SYep

2: Synt hesis of CD-BI SQ/S P (%YLOO Copdl yrreré’”o 0

NH

CHon NH
CHZOH

OH g
OH oy

1-Adamantyl isocyanate (Aldrich, Milwaukee, WI) is reacted with Pullulan (Sigma-
Aldrich, Milwaukee, WI) in anhydrous DMSO containing pyridine at 80 °C for 8 h.

15 Ethanol is added to the reaction mixture, and the resulting mixture is stored
overnight at 4 °C. The precipitates are separated, purified by dialysis against water
and lyophilized to dryness. The degree of substitution of the adamantane group is
determined by '"H NMR.

20 Example 18
Synthesis of hydrolysable multi adamantane crosslinker:

(Sunamoto et al. 1992, Macromolecules 25:5665-5670)
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HOOC 11 11 DIEA Y\ S ~7s--Y COOH +

N-O CCH, -CH O PEG3400 0-CHZ-CHZ GO N DMSO NHZ NHz O
w@2008084862 O(N PEGs400 X---S~ F 0 OH 0 0 0 OHPXr/US2003/031991

CD-BisCys (2 g, 1.49 mmol) and SPA- PEG3400- SPA (5. 07

g, 1.49 mol, 20 Shearwater Inc.) were dissolved in

dry lPI\/BO (40 m.). After 10 m nutes

diis opyI et hbydnam neCHz()*DI EA, 0.571 nL, 2.2 eq,

Al dri ch)? a gon. TQ@OJ eactds@in m Xt ur eq

was st u r %Gr e 6 da An i rease

Vi scos$t toy vvas oznbserve Has Hf 06 & -
pol ymeri zation time. Water 2 sadd,dto t he

pol yneri zation solution with vi gorous stirring. The

sol ution was then dialyzed 2 25, 000 MACO

Spectral Pgr 7 menbr ane foro ays at a concentra n
of ca. §6 WO 4/ 03 855(2 PCT/ US2003/ 031991,
pol ymsr/ L Z%tl 0 C*‘agHwhl t

powder (6. %}QQZO yi el d eﬁkﬁox\@
Char acteri zation: Li° ght Sca?ter and ecul

Wei ght Determ nation The speci f| c Fefract®ve i nd®x
i.ncrenment, do/dc, was neasured in Phosphate Buf f er ed

5 Sali | x. (PBS). . |l gro, I.a Lnc, Hern o
v Bl & R S RN 2 85 e WSy IR a0 .
Pol y me{dafRfiheas by @hlohad (Aaath 28dvaRed Wi) td%@&llve@ﬁﬂ%ydrous
HPLC stem equi pped with a ERC- 7512 Rl detector,

P ec PMIopndpehwkeusiRyridippatsadries. Sheteayltins njxgte is stirred 2 60 °C for
scatbey Adagan%&e EHhOok e téﬁ{beP Hr@qlq@gﬁkfums %gu&eﬁ) (?1l1t¥ 8ianol. The

Laboratories, Anmherst, MA) col um usi ng
Buf  erceigtit®ed drpeollegted and mashed with etione] apg ?henLWﬁhl dlefhyquer The

rat eﬁ?l;ﬁhﬁ cﬁi%éi ql?ld Lﬂ'{m%y l5@t°€dfh{ 9 el"hg d]egr%? o?@gbsﬁ Hﬁ'{"& of the

aver age ar “wel erm ne
be 16db,rr5ﬁ&n®goup tshiearmlped WII'BNNHGI ty |ndex My Wh of
1.71. 3. Adamant ane conjugation to CD Bi sCys- PEG3400
Copol yners

Example 19
Synthesis of self-crosslinked polymer:

The synthesis of a polymer that contains cylodextrin and adamantane functions is
carried out in three steps.
15 1. Step 1: Synthesis of monomer 6 6°-Bis-(2-amino-2-
carboxylethylthio)—6A’6D-dideoxy-B-cyclodextrin, (CD-BisCys)

NH,
HS\)\”/OH
S Z o 0 S Z @
- HO)Y\S S/\H‘\OH

1 |
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S SN, ~~~O, PEG/Q(N SY- +NH NHSEDC saoo J ~~ ~~~//] Z

DVBO OOHOOXO0OO01-1 N SPEG400 SY ONHOODO
WORDoX/08886201 15 CD- Bi sCys- PEG3400 copol yner (0. 32CToetoo®631991

repeat unit) is dissolved in dry DMSO and stirred for

10 m nutes. 1-Adamant anenet hyI am ne (0. 76 rmDI

ol ) anct REGTGE nsbm SomOt e HEYdebpss o o e in

sol ut 50MmLDheeckitouhd bettdns fladkietuippbdivaith abaynttid Gir bﬁxu # sondenser

Water |s  added to the resulti ] xtur rempve

Vo ond Soaa s Sl o Ptk oo L AFh 2 i gt -GEfE Sad 10.0 g
t he pregCmpiol)af gisiodd-pRyd&dentrinQGohledietd Y ®OJ Bictdhjigite Chem.
wat er W|th -67 WD 2004/ 032862 PCT/ US2003/ 031991

19, 00% | MACY 74w tHvanpst 2l ndioh Bigsanipgate Gleenn 132 280-290;
|'yopRohif2dut ARy RES Sind DA, l\q%9(Z@QO)QIme%Péﬁéleemrlanlipgfymers
. Exanpl e

t he adamant ane group i s determ ned
20 5VEYMIAREL1Y. dhe ReinegbFengion ﬂe{salwaﬁqd atrperefE@emperature for 4.5

Corc bRy SRR E ey e

aREGEEhial topH 3(1B8)ng3tNe pICI. Bynirhdi&t wasafrash&i duE@s clow-adffition

9 ReteEon e AT SRS etV TS PO bOE(gh vl

flas Kf. €N\BifPLRd THE feBulfingdolitl wagkubpdatd dd S56Hiy@@harge Sol0iun
of DWMSO To this was added Adanmant anenet hyl am ne
(Al dplpreﬁatogr_aglwwsm g)rqdlephglutlon of 0-0.4 M ammonium bicarbonate

solution. ESI/MS (m/z): 1342 [M]", 1364 [M + Na]". Purity of CD-BisCys was
confirmed by HPLC.

15
2. Step 2: Synthesis of CD-BisCys-PEG3400 Copolymers

Q

0 o o
HOOC I I DIEA
Y\S s/\rCOOH + N—0O=C—CH,-CH,;~0~PEG;445- O— CH,-CH,~C~0—N —

NH, NH, DMSO

0 o}

iE H H
~ N O 0. N
; S/I \ﬂ/\/ " PEGaae” W I\ s>/
e} X
0" OH oS, OH

CD-BisCys (2 g, 1.49 mmol) and SPA-PEG3400-SPA (5.07 g, 1.49 mmol,

20  Shearwater Inc.) were dissolved in dry DMSO (40 mL). After 10 minutes
diisopropylethylamine (DIEA, 0.571 mL, 2.2 eq, Aldrich) was added under argon.

The reaction mixture was stirred under argon for 2-6 days. An increase of viscosity

was observed as a function of polymerization time. Water (200 mL) was added to

the polymerization solution with vigorous stirring. The solution was then dialyzed

25  in 25,000 MWCO Spectra/Por 7 membrane for 2.5 days at a concentration of ca. 10
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resulting solution was stirred 1 h at room

tenperature. The resulting m xture was dialyzed
wow@dnsmghat agai nst 3500 MACO Menbr ane ( Spect r aP@DU$2003/031991

The solution was 15 then lyophilized to afford

Vi nyl sul f one- PEGsooo- AD (2). Step 2: RGDpep PEG- AD

KO BT SRS o R T AN o I, DEGBpENAES (47, 2%

128- 13hi) was obthins®! ved i n PBS (phosphat e buffer saline)
I x, pH 7.2. 20 Vinylsul fone-PEGO000-AD (2) is then

22?5%}15;%&91%: . %gt_ S%Flte%n?lg ldﬁ«# %ICCJ Qre\’vlé:%ﬁtf etérﬂ'g?]atlon .
The Byl %’&%fﬁc%@érmo@@g%ﬁncrglﬁgﬂanrg&? g/fsglrrl'é%greﬁ thghosPhate Buffered

Spectra/Por 7 ectrum
- 68 WDIRODA(FES? §6< | 2RCTVIAIBREH 30 3H&8don, VX)) Lamg adBausglz&dLomb

agai The sol ut| on, s th

£ P oo RSt R bschoniE s HReds] alhBRmn o liagy Deo0o

( 3) . HEXanpysen? kqulﬁ’pf&lpaﬁtata EROGIS 1aRerdesdctor,5a Thecision Detectors

pol y i,ng the inclusiop host was

di ssgf’%ﬁﬂ?@ﬁé i rfW{ﬂﬁ FEGTHE §°t°,5ﬁ8§ aﬂ?ﬁaww é?l%aO (Polymer

sal i neYorht¥riesPiimherdt, M-m%oﬁlﬁﬂﬁﬁingmﬁ@{ hétEB@ﬂEJe@SZlme]lg)as eluant at
rati o:_ Adamant ane/ cyl odextri n: f or 2) was then

Bded.0-THE/mins flpviralg. The de/de évamglcwwédo \PP Jotig8gng they weight
or deﬁvé}&egﬁ{olécnﬁr C\K/(Qélﬁl Wed&é' Bet Héd' @8- beAr103 '55’(5:r]§éas\91th a

in the viscosity was observ out 10 mn.
Exanpbledispersiy epdex a01/d obfl. 7l oni ¢ type mat eri al : USI ng
mul tival ent ion The pol yner bearing the inclusion host
and car boxyl groups (See Exanple 19, Step 2) was

di ssolved at 100 ng/m, in 0.1 M Cad 2 aqueous

sol uti dn Adainantean conjdgaticiieCR-Bis&ys-PEG adidpalyniersy a

m xture of the crosslinker (Exanple 7-18) (ratio:
Adamant I cycl odextrin: 1/1 or 1/2). The resulting

m xt ur vigorously Jn ordér to get t
crosslﬁznkersé%%thé\gwﬁmP%4o conpound iy sofjut ;SR
increase in o W scosity was obser weth,,Ust ng di ani no
compound 20 The pol yner bearing the inclusion host and

car boxyl groupsﬁe Exanpl e
/I \ﬂ/\/ PEGiq06” W I\ >/

15 &

CD-BisCys-PEGa400 copolymer (0.32 mmol of repeat unit) is dissolved in dry

DMSO and stirred for 10 minutes. 1-Adamantanemethylamine (0.76 mmol, Aldrich,
Milwaukee, WI), DIEA (0.76 mmol), EDC (0.96 mmol) and NHS (0.71 mmol) are

20  added to the polymer solution. The mixture is stirred for about 16 hours. Water is
added to the resulting mixture to remove excess 1-Adamantanemethylamine. After

filtration of the precipitates, the solution is dialyzed against water with
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19, Step 2) was dissolved at 100 ng/nL in water and

then added to a vial containing a mxture of the
wa@e@esBisaker (Exanple 7-18) (ratio: PCT/US2003/031991

Adamant ane/ cycl odextrin: 1/1 or 1/2) and a diam no

conmpound | i ke PEG3400- (NH2) 2 ( Shearwat er Pol yners) or

resul PR SO RGP, B Bsshiiel Buprpsss The

get Hé‘gﬁéee(:df&ﬁﬁdntumléﬁ bf hB adaifagtaté aOUMNGE de@ARBEIS) THNMR.
solution. An increase in the viscosity was observed.
Usi ng pol ycation -69 WD 2004/ 032862 PCT/ US2003/ 031991
The pol yner bearing the inclusion host and car boxyl
gr oupsampreoExanple 19, Step 2) was dissolved at 100
ng/nL in water and then added to a vial containing a

C ) (ratio:
Ada ’?g%éf%. f%@%ﬁﬁ%+ﬂb% t%ﬁ%ﬁggfﬁﬁcngad a pol ycation
like ponIyS|ne or polyethyleneinine. The resulting
m xture SRGwe-S1 xed vigorously in order to get the
crosslinker and the polycation in sofdlfion. An
i ncrease in he VISCOSIty was observe Exanple 23
Preparation qflal cont ai ni ng Vi pr ot ei n: o
The pol ymer E@ﬂk he&k cIu3|on host (Exanple 16) L Q:)
was di ssol vef Tn PB soof OB (. == gl dIS@aneF%mo N
| x, pH 7.2 cpntaining the te|n oFvirlis at the a
desired concentration to obtain a polyner solution at
a final concentration of 100 ng/nL of solution. The
crossli nker E&anple 7 18) (ratio:

Adanﬂﬁ@ang#sy'cdexﬁﬁ 1/1 or 1/2) was then added.
The resul ting mSearl « m xed vigorously in order to
get the crosslinker i ol ution. An increase in the

viscosity was observed in about 10 15 mn. Exanple 24

Prep C ining a signaling peptide
Ste s FRYED %&fﬁgkg i on host (Exanple 1-6)

|s dlssolved in PBS (phosphate-buffered saline) IXx,
p 7. 2 (cBvlbkens EthenNESs (1) d$hearwater Relymgisy @sl47 gpmol) was

20 OB&EH § %%ﬁn@ﬁot%ﬁ#ﬁasﬁ%'g%}égé wﬁé{ %t F"BQr A qﬁ&@[ved in 3 mL of

desired concentrati on ymsr sol uti on
a fi PMSQ@ohe 8ng mas iadxh:d odﬁdam@tannyiqnftylalﬂimS OAldtichord. 14Themol). The

| k
ctan B VHE bty REPsfhref 17y {0 defieratures The eyt privapes was

dialyzed overnight agamst 3500 MWCO Membrane (Spectra Por). The solution was
15  then lyophilized to afford Vinylsulfone-PEGsgp0-AD (2).

Step 2: RGDpep-PEG-AD conjugate synthesis

RGDpep-SH synthesized as described in Kok et al. (Bioconjugate Chemistry
(2002), 13(1), 128-135) is dissolved in PBS (phosphate buffer saline) 1x, pH 7.2.
20 Vinylsulfone-PEGsoo0-AD (2) is then added to the RGDpep-SH solution. The
resulting solution is stirred at room temperature for 2 hours. The polymer solution is

then transferred to a Spectra/Por 7 MWCO 3500 membrane (Spectrum, Houston,
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(Exanmpl e 20) (ratio: Adamantane/cyclodextrin: 1/2) are

then added. The resulting mxture is m xed vigorously
WO r00a08852t 0 get the crosslinker in solution. BET/US2003/031991

increase 25 in the viscosity is observed in about 10

mn. Exanple 25 Studies concerning cell nobility

o RO b el Rl K 4y T e R A R IE0 S s

adamenifidrd RGDpEp-pPhesRhabEd). was prepared as descri bed

in Exanple 21 and added to the bottom of Fl uoroBl ok
inserts (for 24 well format, Falcon Catal og #351152).

5 b. ﬁggg %alll s were rinsed with PBS and then exposed

to 5MoIT cein- AM a fluorescent marker, for 15-30

mi nufeeparation cf@mteral:l s were then trypsinized and pl ated
on top of the matrix in the insert at 10,000

cél | s/ i nsEretpalymed bearing thedoglusionchosti(Enample 116 thiamdissolved at 100

e d LY BRoBhap ST Ao R, 402 erb Bt Eomote 7-
t he 8X(ratio: Adwnanmhe/cylbdextrométl ot hRiyes thwasldedroTile resudtihg

for 3.days by .fluorescence mcroscopy. .Successf ul
O LA o R e T o R
denpigtdasd if thebyscbdig vak @8enee in souc®ihin. i n the | ower
chanber observed by fluorescence m croscopy 72 15
hours after plating as shown in Figure 5. Exanple 26
l@fm fg&hie% studies to CCD fibroblast cells with

PEr pol'ypl exes fornulated wth matrix. 20 The well

bot t I, L RlLaLss,were coated with -0.2 nL of
t he Q%GF%l&géfgl%g\.wgmnﬁ}éo%{'i ng (control) b. Matrix c.

Mat r Ugsing oniltivaleinnign 1 g of | uci f erase gene-contai ni ng

plasm d. T}%Spo?ymev%%e{rf.n)g( tfg:quéll?siiorﬁi Ho% a%g)lg giyY Brlo?ll))(s (See Example
19, Step 2) was dissolved at 100 mg/mL in 0.1 M CaCl, aqueous solution and then

15  added to a vial containing a mixture of the crosslinker (Example 7-18) (ratio:
Adamantane/cyclodextrin: 1/1 or 1/2). The resulting mixture was mixed vigorously
in order to get the crosslinker and the diamino compound in solution. An increase in

the viscosity was observed.

Using diamino compound

20 The polymer bearing the inclusion host and carboxyl groups (See Example
19, Step 2) was dissolved at 100 mg/mL in water and then added to a vial containing
a mixture of the crosslinker (Example 7-18) (ratio: Adamantane/cyclodextrin: 1/1 or
1/2) and a diamino compound like PEG3400-(NH3), (Shearwater Polymers) or C,Hj,~
(NH3); (ratio: NH,/COO™: 1/1 or 1/2). The resulting mixture was mixed vigorously

25  in order to get the crosslinker and the diamino compound in solution. An increase in

the viscosity was observed.

Using polycation
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e. Matrix containing CDPElI polyplex. f. No coating.

Free CDPElI pol yplex (positive control 1|: traditiona
wo e@a®8met i on procedure) g. No coating. Free QBPI/US2003/031991
pol ypl ex (positive control I1: traditional 30

transfection procedure). -71 WO 2004/032862

PCT/ US2003/ 031991, CCD ( r obl ast eI ATCC) , wer.e
plated in 4 ; r\RB%W"gﬂ?ed{‘ Wsiofy ho, ‘d‘“g 8’911 POMRR(See E’E‘JPPIC
hour g9 atéer) wak alsidheedta ¢0(P1ﬁk/h§b in Wi @ndBién z&ﬂﬂ@tb&dvml containing
cells rinsed wwth PBS, and |lysed. The cell |ysates

wer e adHxMe08 thercapsslinkes éEérraelé 7ﬁr8bfrer<h Aéemrﬂmeﬁﬁwgriqrgm /1 or
| uci fes%ed&ﬁyw% ﬁ)%i)xl)%m@ of pJ IR tsﬁr@%lh@ Tﬁ!‘:—l‘gsﬁ\@rh%{mxture

Thi s experi nment t'rates e cells are
td su@@mﬁulgoyounlwgm arder tb getdha dresshimker #nd thpioliation in solution.
{r ansfyaelad. Mine H0SROLYPLEYES contained in the

mat ri X ansfection erficrency is only.slightly |ower

than transfection by polyplexes free in nedia. Note:
t he gg;&P% ks conprised of CD-PEG (see Exanple 3,
met ho f

10 synthesis procedure) crossli nked

adanantyl ethyl)phosphatem see Exanple 7 for synthesis
pr ocedur ethe wéxmqr Reargthpingusiorhost Gxendrle ¢-6) yagdiswoved étiPBS

rm t thﬁ e%:l]f Qlﬂ@?i%?hele&nﬁfn?n gbl% g1dorI Viruk ?tghei_desrred

€ po yp exes afe prep are
sol utereantafiopal obteiw a palyrher so(uemn )tLa ﬁnal wncmtramﬁn of 100 mg/mL of

AR EN RN AW

i nt he) g fher adkiedl.utThe restilkiag mixsurd Sv@dmb&d vidoselly i ofdbreto get
PEG co nent of the matrix mat ri x fornul

at ed
25 dBES BN o RSy g zese e SERLY s HBFRPbM dbout 10
gxperdigent s, pol ypl exes are prepared as descri bed and
added directly to the cell nedia. 20 Exanpl e 27
Materials can be prepared, as schematically depicted
I n FiEghmplekd by the self- assenbly of cyclodextrin
(CD) - cont ai ni ng pol yners (Ao and di- or

mul ti-functio alt grnke zrnrnated Wi th

nol eé’ (HPEE @A paBrE™ fcortgwmg ’fr”ﬁ’ IRRPER conpl exes wi th

the cyclo extrln ontaln n ners. Th t

( P) Ry bg pol)lf%tir Drarmg th iR %usg%nn ogri xam%lfzzlé:’a & ssoﬁ:dc' in PBS

Vi r uggh®sphpetbyffeed eslineprx, pHITEY (comginiap eten deskgeprogimy virus, or

liver

%8 ot%ey drugs or drug delivery systems) at the desired concentration to obtain a
polymer solution at a final concentration of 100 mg/mL of solution. The crosslinker
(Example 7-18) (ratio: Adamantane/cylodextrin: 1/2) and the signaling peptide
(Example 20) (ratio: Adamantane/cyclodextrin: 1/2) are then added. The resulting

mixture is mixed vigorously in order to get the crosslinker in solution. An increase

25  inthe viscosity is observed in about 10 min.

Example 25

Studies concerning cell mobility through matrix.
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systens containing therapeutic agents. -72 WO
2004/ 032862 PCT/ US2003/ 031991 An exenplary |inker, O
wW@RiR@I?B6t | - OCH2CH2 OH , can be prepared by POTAUSHW0BHE31991
the protocols described in the Breslow and Zhang, JACS
(1996), 118, 8495-8496, and Zhang and Breslow, JACS
(1993), 115 353--9354. One .0 ' in 5.t art can
readily rr%dMagmi izsm]?frc&nggsc?fj,Oglcﬁ%%ég‘ﬁ’f’anéﬁa '%'@gln'ni gues
gener al | y kadamantyi)ethiigphosphiite) vas mreéparadeas desceibat il Example 21

P e oot LB SR oSBT S
di functi onalalkd&R4ISg #351¢¥8! odextrin- containi ng
pol ymers may contain bi odegradabl e |inkages to

facilitatle C8® el wasaingdd withhZBY #nsirthgneaxppsed sgyeMsof Calcein-
and/ or degr t i hk . Conpounds

i ncreasing t gt efea%gﬁglgdég%%ol?ll??9%@?5@ mat eri al ,

such as &i §6& ¢elgwpme handeypsioiredundglaterningdp efsthe matrix in the
facilitating cell -m.grati-on.. . e incorporated into
the materiaf™ @atclghmiogéegts%l%sﬁﬁénnﬁ'ﬁgfq“urélfcg?i conpl ex guest

to the end.i ttynlodf retlictorGiningalichg/MmC hudamRDGR @rotimjvhgite

in the material as described in Figure 2. The

&@nj ugat e ﬁ%‘%dﬁ%ﬁ‘f? LAt ore, during or after the

crossl i nké NgePhR6R%Bthrobsh femakadhalifto tiR IDNENENRALIIRAS

of repeated subunits having the formula: HHS S/~ N _

| PEG3400- - mogitgredyfor 3 days by Tiypspeenes miseossany oPugepisbrrgrigration

| S approxl r@rﬁ@dg}ﬂ K80 %rix & a@t_ethPfn@&%?s%e%n&raﬁ:glbwt}lleoﬂ?'esence

of the polyner at 100 ngy/ In PBS

( phosphat e- bfifefle incthie ater ¢hainbengbsgkedhyXluotescaresg/migeoscopy 72
sirable t ntri e t mxture and then agitate

tﬁjﬁe sol uti oﬁo'%gaé%lpfﬁlg?% ?stgg‘?'%gl% ll'rflr%r'er. A33.3L

al iquot of 20 a solution of the Iinking nolecule CHZ

CHZ Oi-OCHZ CHZ of f at 132 ng/nL in

di chl oronet hane, can be placed into a vial to let the

di chEstBRkt2Aane evaporate at roomtenperature or in

gg ° ;?arl]/z_sjggtig??stucc:liesl to n&"C’B fﬁbtrolr]b?aAftJ %lelysnv%z[th SC%—}Jk} 2gly1§:leaxrés ; or%rl]tlated
with matrix.

20 The well bottoms in 24-well plates were coated with ~0.2 mL of the
following:

No coating (control)

ISR

Matrix

o

Matrix containing 1 pg of luciferase gene-containing plasmid.
25

e

Matrix containing CDP polyplex.

e. Matrix containing CDPEI polyplex.

f. No coating. Free CDPEI polyplex (positive control I: traditional
transfection procedure)

g. No coating. Free CDP polyplex (positive control II: traditional

30 transfection procedure).
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-73 WD 2004/ 032862 PCT/ US2003/ 031991 added to the

residual linker, optionally triturating to facilitate
wa@oeldsnz The solution may then be all owed tBCT/®51003/031991

and after atime, e.g., 10 mn., the solution may

beconme viscous. To include a foreign substance, such

as a therapeutic agent or viral particles, into the

The- sol Ut R BPPBR calssRTRE) MeRae e teng U oH o Kppoo
exanpdiB/wdine4 hks b @ﬁnn?me RElIsPMediE Mas ethoWaE cERIrhEAE with
used to dissolve the cyclodextrin polynmer or in the

i ni t PBP. andilysed-ohhearll dsetey WerR pradyzednbir duciferase rspteieagtiviy using
agi de fhcﬁ@ra?e' atsglﬁ r RQ&QJ'I}F fe %Hortgcf mtﬁ[ﬁ/b@ll f ngh‘pﬁégh‘g‘gl cf%glonstrates

prior to the “crosslinking reaction.
Met hthdstha nellsRessablle tg sucmasmllx nigra@0ntk Dhepadtypnend bertepsfeaet by

acco h%l % ege Meg 1 %he ttnqggra:l’lgﬁea{bg efffcw{‘r)lﬁ)zlé P‘%sﬂghtg/ lower

agen are accor d
l\/atrthanﬂaﬁ%um[bypmmesfrmmmmded according to Exanpl e
3, nethod Il and crosslinking agent prepared

accor di nol,e. XARLE. O BRLDOACH D RLE USSR ARymad 1 for
Application o ? VIivo. %F* GWEB

hét r syathesis pohicedane) gsslinked ‘altlia diadayantang erommdkeal(lbnsﬂ(ﬁ-

bubbl es r nmoyed by _noving the ringe

e B R BTSN R GG IF 0 ‘SR FEs TGS o
Pass fdrmtRUGNprotddireS QBB e S B LnglETIVi WEEh pofyplites e adliRed in
was |arge enough to allowthe matrix to pass through

easi thg max, the ROlYplsxesAIRPERARFERY 3dding al@mé sehutipn of rcoé»ﬂner to 10
shav t

g G sofith S RHURURAE MR Eine PRI (i) A% Ghimun
69 kEhargeattio. XThegelypkpel dredcluddd ih tHed0 ffer ofutivnthatid used to
remai,ne S the I|

bonc i BE DR Bonetof P dflane o RBp S fdeseribed
per f oy Bghp 1dezqcept with 150 | of Matrix 1 and this

over - fllled an nnwpunch wound in rat 25 dorsum skin.
The feasibilit, n rix to an i ncisi

noend aesFespatitiy ot Qe ibnfip dialeteS o Redp B it S2&ibed and
appr gxdedatredily t@thedeh@sdian | ength was made on a rat
dorsum -74 WD 2004/ 032862 PCT/ US2003/ 031991

20 Example 27
Materials can be prepared, as schematically depicted in Figure 1, by the self-
assembly of cyclodextrin (CD)-containing polymers (A) and di- or multi-functional
linkers (B) terminated with molecules capable of forming inclusion complexes with
the cyclodextrin-containing polymers. The materials (P) may be formulated to
25  contain proteins, cells, viruses, polyplexes, or other therapeutic agents or delivery

systems containing therapeutic agents.
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A syringe was filled with 200 L of 60 kD matrix and

was successfully injected intra-dermally at the

matrix Two 8 mm full-thickness dermal punches were

made on a rat dorsum One 5 punch was treated with

needl e. TANETRINLNKS | ed the punch evenly; however,

nore foree-was required to dellver80 kD when

overfi an 8nmm der pun 80 kD matri x

was s yHeftr Ve _ol Wy’crfz i nj ection

the injection. 10 Exanple 29 Studies wer - p&y4edirenated by

Lo agidwi mab&t@bls@%ﬂb&gh %Isrgs%vaaﬁzifzﬂahg J@@stEﬁ%MQs

af t eB4Lr§196| andkahn@g ek, JAEér(h??ﬁhr{@ %@@3@4 ©ne of skill in

/

(Tgnpngl)ree &'%’é{i‘g@%g?}f @Odl?a[i\%%?(}ﬂlg({? ér% f@]‘?if:"tegﬁi ngﬁl wg({n%rall?( kn(hwn in the

devel opnment e u ts: . The first Se e nts

o o TP hhE e 1 s Pttt ShsuR i Tnfers SEGSuT

W t hoviitaifing pslymeRkoedy.cohtiaditRiogydabWwe mRagesto fadilitabitie release of

freqd@ﬁwa@\‘/\féﬂ‘eiﬁe%‘ts oregiadatiog ofihe magriat-han G |

resulting in a tan8 of approximately 3.2. As

Vi scous behav or nfir the sl ope of G

2 o SETHBEPERIdSH OerIQ%ﬁmhf‘ég?s amr'i&ffl%ﬁﬁ@rg%fﬁ&lpgewsbe incorporated

for purel el astic , a slope 0 i s expected

over agd weludigp fhercprigedn inthe mptgual agdesgriked in Eigurea). Theconjugate
es interact wt eac sonme

sort of weak interaction. Energy applied to the

WO 32 Site using a 20G needl e. Appl i cat i onP@f/USDHRIN31991

100 L of 80 kD natrix using a | cc syringe and a 20G
idngs

conpar 50 kD matri. 150 L of mat ri x
al t hou ubstanti al fotce was requ ed tQ conplete
matrix (100 mg/ M) (Ex le 3 bef ore and
st anddytd afroe ud utdecsmctrunsnexﬂ differept h!ddersrthztt ain belémpimae s linking
constant strains wer erforrreg 20 Fjgure 7 shows a
agpect ed, CompsunpinyiERdingstat thiefapéutie xitilityiof thefimbdrlay, such as
flui gsie thR nASRI B ¢ ﬁjfgatﬁigchqﬁclwlo@cohﬁle%@%k?ﬁe%ﬂff EfiRterest
levelma?/'i) ﬁ]cldafecfﬁé%&%t&% Brél{er‘éhﬁ%ﬁo%slfnﬁﬁlg tpﬁo%eéss that the
mat eri al Eerrexpyaple.st rolysier njpde plreprated cutiuals kaving the formyla:

by novi rodes of interaction (rotation,

ent angl t). Ajlarge part of this energy is then

di ssiy m\Q/h! tPEGLke  Neasti conpl ex viscosity

of thi3\ pol yrrer sofution s 0.27) Paeﬁ.’%eég.tpemdéﬁmnomer

-75 WD 2004/ 032862 PCT/ US2003/ 031991
is approximately 4800, can be prepared as a solution of the polymer at 100 mg/mL in

PBS (phosphate-buffered saline) 1x, pH 7.2. It may be desirable to centrifuge the
mixture and then agitate the solution to solubilize the polymer. A 33.3 pL aliquot of
20  asolution of the linking molecule
0
CHy—CH;—O0—P—0—CH,——CH;

oH at 132 mg/mL in

dichloromethane, can be placed into a vial to let the dichloromethane evaporate at

room temperature or in an oven at 37 °C. 1 mL of the polymer solution can then be
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Figure 8 shows the sane material at 20 C. An increase

in viscosity to 1.46 Pa s at 10 rad/s was observed.
wabiog/osmbre is approximately 7-fold higher thanCt/s2003/031991

viscosity at 37 C. Figure 9 shows a frequency sweep

for the CD-PEG3400 pol ynmer crosslinked 5 with 36.5

g/ [ [.OS .

|'Tnk gcrlcﬁlﬁ rtlocrhggégeggﬂtﬁgr 9/}? S!%%)l gﬁﬂglre&#ng tChl%ElllE eso utlo\r}ZI;hefaldtlon

f ol dntayatlmp;be abkowxﬁttequst 3id élﬁePatlsne eog tdwe;nsmOtwtmEmay become

tan S decr r oxi telé to a.val ue

and thEYSI ‘8" B‘f'e Ot e Suflbasdl t’é%ape?ﬂ%%g&“tr%%ﬁlt@md“’

are mmb@to@ﬂhkw pdMyraér, ﬂhaarb@@ﬁ& rhdy b@lpae%émcin he Rawii prior to
Structurally, the povenent of the ynmer within the

mat efhedinaj fgst@a ReHochi Aletramplg: thy E}lbéfﬁ'éqegwd)ﬁmr%@a i B spjuent
St or gekqithdi@sdMRthe &ycBdb:Gfn PAYMES: WEMB ifdeh WAl Kot Ihking
This behavior is also confirmed by the observation

t hat molreulerasgyibarédrdri@eitiex comeponent ot terfbrefies) selutiadrraiar to the
| ong. g an i mersed object is pulled anway
from t%]srhlnﬁgg éfgg[ Over all, viscous forces still are
dom nant (tan S>1) (see Figure 11). Figure 10 shows

the crosslinked polymer at 20 C. Viscosity increased

15 f fxemBle 280 approxi mately 50 Pa s while all the

other characteristics remained simlar. As a
égnp%ﬁ@ah‘,’—”éﬁ%ﬂfﬁe 11 shows a frequency sweep for the
col I agen m@ixi 1460 RD pglyﬁmnglepared ABSdmehd Eﬂa%ﬁblé’@trﬁét%d' Mand
its set state (1.e., at 3 exhi bif's a typical

el
behaﬂ%ﬁlmkmg agent prispaedaccerding p Beampde Ymathor4l) agd Maap@ (80kD
f of

° o Ip ng rQJar g%&é&l&lgwﬂa@%ﬂ; gfetﬂoa A cfo/ggg,;;ﬁ,g 4Bht

arr net wor
ener gsﬁp@radwa@nﬂdylgzc) Epgmgle 8rreethadd were tsed. ext ent bet ween
network nodes and is returned to a |large extent. The

I i .material was 12.8 Pa s.
g)g()gp n{)l?ﬁe(llc %&f(ﬂ%‘\(l)ky Wngtrz)} ll;‘l Vo

Itro bioconpatibility experinent
Met hods: ZB® ;Aoﬁéa kID xnatvixswor depar @dinmusa h@ syBngeland all air bubbles

EXame ot B MmO Bl s e

Exanmphdaig® for MetiO@ padskhroblgonit soiELPréskir® feq@fred. e 20@hEddle was
e|ther PpEGFP DNA or GFCB virus was m xed together

with "t’%?eﬁnﬁ‘é&hrtf)i‘no%thedwtré’h@ PassHTGHENR3EY  of DNA or virus
were both -76 WO 2004/ 032862 PCT/ US2003/ 031991

Ror mul at ediale Bpeagu@Da@lés rits Rark RAiFicQll, HAPEd, 3RES hinBivBshds vere
Tabl e 2. Final concentration . )
made on their dorsal regions. Using a | cc syringe with 20G needle, excess 60 kD
matrix was expelled until 100 pL of volume remained. Matrix was then applied to
an § mm wound punch without any over-fill. The same procedure was performed
except with 150 pl of Matrix 1 and this over-filled an 8 mm punch wound in rat

25  dorsum skin.

The feasibility of applying matrix to an incisional wound was explored. A

full-thickness incision approximately 2 inches in length was made on a rat dorsum.
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of 58 kD cycl odextrin matrix was 100 ng/nL for all
groups. Approximately 100 L of each respective

WO e@g@Bisenas pi petted into a 48-well flat bottpaT/pkzD®031991
Each group was tested in duplicate. The 48-well|l plate
contai ning the test fornulations was 5 allowed to set

o DR A b ERRHERD B P

pl acafraaierrh 1y a0the ife@ichrsas ssihg HB@GIngdAler | X  fornul ati ons
in a volunme of 200 pL of DVEM nedi a contai ning 10%
Fet alé% VI ne % FBS). The CCD-1074sk cell line

was confluent at the tjnme of cell
oA 8 (CKBIT forpeppsBies eraafiegB gty dsum. One

Ts yp@ﬁlncﬁlwa@ tr%&t@d Wit 800 00D Mtk usiA@RY 3L Biriide SEOHRRS
1-8, was exam ned daily under an inverted m croscope

for 8eqdie. vihigpiolymefiligd dhefpyinctapnly| hpsyesere matedorse yiagtequired to
200 |
or R b B DA% A oyl R 3 Ry SR

expe am ﬂlﬁmt dermallpenghl a0@ uMSBOIkIﬁnukmk &ds aiccegs_ﬁuﬂiy Wltvhreﬂi Yy intra-
_CE)_Z_ de ?\e%;los cft}hﬂpcg/lq- Ngstqnp_% force waiffzq}qrqq to sorEplﬁtgéline injection.
PEI 25, OOO (500 ng, Polysciences, Inc.) and

6- Monot osyl - 3-Cycl odextrin (3.868 g, Cyclodextrin
Techilishmgled Devel oprrent Inc.) were dissolved in 36

mL of DI\/SQUdlg%@‘ﬁ% ggﬁ%r I > & ?IréJ Inti Y\ﬁ}%ol%%lf:{l dga O?‘i:he7cq§-PEG34oo

for 6 days ur ne
The matru;t (160 nvgAs|) t(Beamgle anmbthod H@I befOreaandS‘a;ﬁectrba/hﬁ’lahg with di-

0,0 i al st vvat for 6
Ay s A SGEPR TR PN POAGORY by, TOBBHIT | DEvd Gl Ve compared
af f okdlcotlagdni i@hitix ¥ XOMm@madoralfitkk stan@ia lfdRYEbhMsEEIn preclinical
ratl o was cal cul ated based on the proton integration

d? ' podpievelspmenan 300 MHz, D20) 8 5.08 ppm (s br.

ClH of CD), 3.3-4.1 ppm(mbr CH 25 C6H of CD),

2.5-3.2 ppm (mbr. CH2 of PElI). Q Cyclodextrin

Pol ymer s (ReB¥st i dazole). -77 WD 2004/ 032862

PCT/ US200Bie0B §iFeries of experiments were performed with CD-PEGssgo polymer at

100 mg/ml without cross linker. Frequency sweeps at various constant strains were

performed.

20 Figure 7 shows a frequency sweep at 37 °C. G’’ is greater than G’, resulting
in a tand of approximately 3.2. As expected, this polymer solution exhibits mostly
viscous behavior. This is confirmed by the slope of G’ as a function of frequency.
For purely viscous fluids, a theoretical slope of 2 is expected whereas for purely
elastic fluids, a slope of 0 is expected over a certain frequency range. On a structural

25  level, the interpretation of these results is that the polymer molecules interact with
each other by some sort of weak interaction. Energy applied to the material can be
stored by the molecules elastically by moving nodes of interaction (rotation,
entanglement). A large part of this energy is then dissipated into heat. The

measured complex viscosity of this polymer solution was 0.27 Pa s at 10.0 rad/s.
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HOOHJ~OH OHH~ OHOHIHOO
OHHOHOONJ OHS-VNN~ rjJ $ A~N

W@ ay2)52862 OH HO HO O NH OH Hpl [ X S OH Hp O EXDuSIoeB/b31991
NHZ+ NHzZ* OHO OH HO S HO p FIN O HOOHH X O p OH N HO
1 3CDP was synthesized according to previously
descri bed_procedure &onzal.ez, ., H. Hnan S & .
Davi 5. 1 PEIBSSTON B st paper aadic: ARy Rftosiy o 146
| m dazehel wad/s sanpbsgatde driiovdlleds appcbimpelyyaerd Higher than the
am dafion of gEe primary amines at the end of the
pol yMBEFOSHY 81745 m dazol eacetic acid (Al drich, St.
Louis, MO) (Sehgal, D. & Vijay, |I. (1994) Ana
Bi ochem Rikfire 98Rosly freduBnoy stvigd oathe EXPREGHIR Pblyme2@0ssitaked

l(n%/ls N%ggglﬁ?q r%é/gti g%dpg;ﬁg%—éﬁﬁ?Lésaﬁénngggégggrl{n el:_r il?cfreazsgd the

4- i mylagsnl 6PME tafixdveiti 0056 itd BpreditatBly A5 At s( A9 h3 shifle time,
10 0.333 nmol ). This solution was used to dissolve

1- et kapld dporeased dppretimylelyi-tobie oppluy oht-Beed therblaee ¢fKbQecreased
0.128 - : i i g
(s L3 g Hreb s B consl R an IUSUISHER BLGE

VES CphttéraBy, tieuhdvememad theduddyaner mitbihi the ®htyridl s dongrained and

l'ymer solutjion, The resulting solutjon was stirred,.
R6e” e ok Shoe RIS ol MiupSrtls SRangiinoins
Walt ebehkDiod &l dl’]ﬂ canfﬁﬁ\ieﬂ by ghe BBﬁer\:’jBﬁﬂbt’haﬂtﬁe Mﬂ&@nh mgﬂamg h& a
solution was |y iljized to dryness, The i m dazo| e
cont &RECRRL Gay i&%srsg’as Byen We‘"*P%IQBGSg geisgys Rullet AmsiEom the
G Turfdcd 980 R GBI #RRL QilllSE BOh AR $tan BB1) AdFigure 11).
Academ ¢ Press, Rockford, IL), followed by W

measurenents to quantify the ampunt of unreacted
pol yner eRiguredp sy therprassiped pebymer ¥afj*dgXiscesity ieseased

{3% further to approximately 50 Pa s while all the other characteristics remained similar.

o<
2
ofe)
o

As a comparison, Figure 11 shows a frequency sweep for the collagen matrix
at 2.4 mg/ml. The collagen matrix in its set state (i.e., at 37 °C) exhibits a typical gel
behavior, with tan  at a low value of 0.14, a slope of G* 0f 0.07. Structurally, this is
an indication of a permanent and orderly arranged network. Applied energy can only

20  be stored to limited extent between network nodes and is returned to a large extent.

The complex viscosity of this material was 12.8 Pa s.

Example 30
In vitro biocompatibility experiment

Methods: |

25 A matrix was prepared using 58 kD cyclodextrin (CD) polymer prepared
according to Example 3, method 11, and crosslinking agent from Example 9, method
1I. Upon formulation of the matrix, either pPEGFP DNA or GFCB virus was mixed

together with the matrix. A low and a high dose of DNA or virus were both
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20 Table 2: Treatnment G oups/Well (48-well Flat Bottom

Plate) Goup # Treatnent 1 0.25 ng/nL pEGFP +
w@De4losisdnzol e i n 58kD Cycl odextrin 2 0.025 m pol/UptEs831991

+ CDP-1m dazole in 58 kD Cyclodextrin 3 0.25 ng/nL

pEGFP + CD-IPEI in 58 kD Cyclodextrin 4 0.025 m/nL

D oo usERs Bk iyt bt sgyes ¢ 1osd ingrbiea Minakeeasenution

58 kbr 3yad Gﬂﬁ)ﬁaﬁﬂrlﬂ nfatrix Wasli00 nfg/hL f&aﬁ@@rddﬁs 518p1k53{1mately 100 pL
trin Contr ol CeIIs one kD

Cycl odex )
c,yc| ng‘éﬁ‘f FeSPEChkG m&@&wwe@%wﬁ 48-peld flptibotto tel -Each group

G OURSSs thstdd f DGR, AHeR8-well pRie MRAkniSE RE tdsTBrrh Rlatidnk Was
off the plate. CCD- 1074sk cells were "rounded up"

mor pRlbvedite st pyrogmdempeseE fy PP w5 BmingtskedS x5 0* CCD-
h eal tl&%"sk IJTE alnsskw ogl {g%fkﬁq?&ﬁ’ ofl orf Itl%tc?osgml ked matrix

"stretched o nor pho typlic state o
fibr &mma@n@)s in hawgmemf 2®Q}deofd3MEmeghm:p$almagilQ%FPetal Bovine

Nt T S e TN

t he ﬁinatoécelﬁmdn @twﬂt@h@(hbﬂnm;t §reaté3rth)a.mr%°/5v16 T()@EBlue staining.
S e QSltlvefo GFP expressi on.

3D o Bah L oIk mtoieg By praaned ol Sodes o P FEsmisipscope

t han fdrlaell Liawity #4038 CHP fdokdBcdntd QLA 6200 B FURSh thediBwas added
and 4 | ooked to be conp Ietel%dead at this tine;
M

home(‘@lt replpced) ipgash eEthe weteen days 4 pretiatien thgsisitet the(egpaipaent.
rng/%eﬂggv\%sﬁc%eddt%%mhg‘y 28 kD Cyclodextrin).

There was no detectable G-P expreSS| on in groups 1-4.
15 Day 4: CCD-1074sk cells in groups 1-4 appeared to

be dgpghesRlcp-mere floating. GFP expression was not
detectable I n any of these groups. G oups 5-8 were

heal thy. Goups 5-6 were p03|t|! to GFR_expression,
\V

and exp§§ napredto be e brig r than the

day 2~ -1044sk cells in group 14 were qpad
and no GRP expression was seen 20 ol 3\5/\34,/\%/ %

heal thy. G oups 5-6 were positive or GFP expression
and once

Linear PElsgee (500 mg, Polysciences, Inc.) and 6-Monotosyl-
B-Cyclodextrin (3.868 g, Cyclodextrin Technologies Development, Inc.) were
dissolved in 36 mL of DMSO. The resulting mixture was stirred at 70°C for 6 days.

20  The solution turned slightly yellow. The solution was then transferred to a
Spectra/Por MWCO 10,000 membrane and dialyzed against water for 6 days. Water
was then removed by lyophilization to afford a slightly colored solid.
Cyclodextrin/PEI ratio was calculated based on the proton integration of '"H NMR
(Varian 300 MHz, D,0) & 5.08 ppm (s br., C;H of CD), 3.3-4.1 ppm (m br. C;H-

25  C¢H of CD), 2.5-3.2 ppm (m br. CH; of PEI).

B Cyclodextrin Polymers (CDP-Imidazole).
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again the expression | evel appeared to be brighter

than the day before. Day 6: CCD 1074sk cells in groups
wda2eb4nsa862 dead and no GFP expressi on was seenPC1Zeb1083/031991

were no | onger nonitored. G oups 5-8 were healthy.

G oups 5-6 were still expressing GFP and the
expressions | evel appeared to still be brlghbﬁr t hat
the 25 day beforem,-79 WO 2004/ 032862

PCT/ US2003/ 031991, B: CCD 1074sk celﬁgf%ﬁ“éggﬁps H
5-8 still IookgﬁéﬁgahH y r phol ogi caN y¢ Tiggﬁd
not | ook any different nxd&ym@» i
expressi ng GF °?| ap (@ t@zbeﬁ£h§¥ﬁ

[}

obsemyed §_nreh 12 CCD- 1074sk cell & gﬁbups
5-8 wept~hdal th ¥%%¢ tount seemed to be 5°slightly
nore numerous than day 8; however, GFP expression
appeared to be decreasing. Day 13: CCD-1074sk cells

in groups 5-8 appeared heal thy, but G-P expression was
starting BeDRswes sagsizalasersiiad oprevionshederstbed prppedures

conp for X lhatRd

ol | Sy aarpRe MU v s DoAY PRk, LA o7 RE240)
Ther &pldantdlecwas donﬁlgatézhtbrthe(B(ZDW\pdyrﬂlﬁfbymgﬁMﬁombf th8 primary amines

| odext 400 pol y. Exanpl 11
Pbs Sutheprd st iy R 43 g oot e G s MO
CoNpPEBengal an Qwulay] ken 99(4&%@31@:&;18»1 3t dodi! iy a typRE! dkp@iment,

15 conponents were aliquoted and kept separate untli |
us ed 200ge (333 pmob ef AP W@yerﬁ_ssol(\_gqad in 800 pL of 25 mM MES (pH 6.5)

(err Luf?‘%% Qfﬂ%ﬁ(&% Qch E@lﬁ %Icé{m%ld' %d%aﬂthg@a& §)§ m&

7.2 Wt nL of Adanmant ane oun
d9 os§B3hkerol). Thl@ S«dommm@ms@ todiseoled 1-gtbplt(B-and kept

T R A e RN A TN S

Usi ngydtoguii@irealde @‘IHSFG?)@ ngd) a3, D@hﬂo‘b&ﬁ%olv&f inl¥B0 pLXf B mM
into a Wound Site Prior to Coverin a Surgica

b e oM S e S S DHE Ehe ol Rt L el

and x\hidh e suﬁaefosi 04 § & roorh e&asﬂe&twﬁn@mav&g\g@éa%g&m water
mm der nmal punc es were nade err trix

($ i nasingalPrestre Bosmerabrane MEAE Qi 000 Tleeoselusion vag lyaph hized [to
anou Hltyngsfs ?’M@mﬂﬁ‘gokugnteﬁlv@dg ggtermmed by the TNBS assay (Hermanson, G.

T. (1996) Bioconjugate Techniques, pp. 132, Academic Press, Rockford, IL),
followed by UV measurements to quantify the amount of unreacted polymer end

groups. The imidazole conjugation was 73%.

20  Table 2: Treatment Groups/Well (48-well Flat Bottom Plate)

Group # Treatment
1 0.25 mg/mL pEGFP + CDP-Imidazole in 58kD Cyclodextrin
2 0.025 mg/mL pEGFP + CDP-Imidazole in 58 kD Cyclodextrin
3 0.25 mg/mL pEGFP + CD-1PEI in 58 kD Cyclodextrin
4 0.025 mg/mL pEGFP + CD-1PEI in 58 kD Cyclodextrin
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25 onto a snmall square piece of OpSite dressing. The
matrix was allowed to gel for about 2 mnutes. During
wohow/08286®2, the | eft wound punch on the nbuse Ra®E/US2003/031991
prepared w th Mastisol dressing adhesive. The OpSite

dressing containing the mxed Matrix A was then

flippedover—{‘stickv' side-dowr—andplaced-over—the
rlr—lbu VO \ ~J CIT A LAY ~J T A% A2 \J\JVVIII ATTO Hl T avawpw | A\ A" A ] LA 3

| ef § wounds site. | Hhen'? iPpght GrOBna 5 WD dyclodsktpi epar ed

with Mastisol adhesiv ressl ng. rix -80 WO
2004/-032862 PCT/L Ido’hwg/"g‘ihi?%@%glaé <§j§c&€l&§e_’é%aa! !

o= Y= T~

amoynt of gye was mhEeCoRER (CPIsAlo) fi nal adj ust ed

vol (e of 50 L dnd .placed directly ontg the right
wouhd si t o8 Thi's hd&BEyladenrin Yaf Aloge Canidly | 2

m nutes then covered with the OpSite dressing. This

animal was allowed to recover fromsurgery and was -

sacrigbiged 4 days later. 5 2), Delivery of Matrix A

with Pre-Mxing and Matrix B without Pre-Mxing into a

Wounghgpi jt eGFBhF@U@Ikta’#teE”d?MkD%W’ weﬁ:ps]teirﬁ‘% RUlifgoffathe plate. CCD-

Dressing: An | CR nouse was anesthetized with ketarnine

and >l9T4§& icplls. werp erogpedair” maspfiofgisatly andhBodiRe a oty -§ looked
d r ' ) .

o epar o R R EC e SfadTE B ] AR M SrBich@out Bloigfogiall

OpSi (igpidsl statsi ol dibvabiastsD hpwensa dionsefithe greupsdad &P expiession at this

A wasg. pr %Q@ﬁigﬂeﬁ r a50 L total injection vol une

contal ni ng a°small anmount of dye. The matrix was drawn

up diyect!y i ri 3 I

ol aco an SuP s tane el CUIT B8 B erD e Wihe plac

f r omahdh&strieyehédnge”’. uGitoups SPp [GBEB rEedupk )yware phsitivenfar 68 expression.

his eria i njected t ugh the Si t
3P s PRl Ebiides HeofOF Rormuplabihore R e oy i iedgver dose
15 wor e CBNBYdUpX6) B OMpHs NI 8l @dodkel to belénplettIOtddad at this time;
injection volunme. A 1l cc syringe containing a 23G
needhewqigs aiciler ellaihady supivap i 65auRer €1425gp2/mlopEGEP + CDP-
MRt I ijidBroléin §8RD c?dlédem&f.et'rh\%swiéﬁﬁd*dgéééme IGHPOexpi&sion in
syringe. Approxinmately 18 of the acconpanying
cr osstdupkef- was then drawn into the sane syringe

needl e. Another small air pocket was then drawn into
tlhe DBawyindeCDADTKICYl]s ia coovmb II-4aappeaned to-bg-d¢ad.) Colly wire floating.
dye N P e 5

pl ace zfg E%%ne‘pnaé %c(# &t?eﬁga)é[ei 'g%‘fy 0@10%‘%?02% gJSrtg r oughveier?eealthy'
dr essirogpstSe6 werst pagitive fte GIfPtdypressinng madlexpoessidn sppeared thée even

syrin W th 3G needl e containing the separated
conpgﬂgkﬁfrstka&ftﬁ?\fiﬁyﬁ'x B was placed through the

dressin i.t hout pre-m xi ng ,of the conpo ts) and
he> Had, 10 BB Rt A e RO AP e s seen
260G mredss-piver ibarhy eGtdupg 5@f wérBositive or GFP expression and once

again the expression level appeared to be brighter than the day before.

Day 6: CCD-1074sk cells in groups 1-4 were dead and no GFP expression was

seen. Cells were no longer monitored. Groups 5-8 were healthy. Groups 5-6 were

still expressing GFP and the expressions level appeared to still be brighter that the
25  day before.
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25 small air pockets in the syringe. The ani mal was

al lowed to recover after surgery and was sacrificed 4
waolayg/oBmser. 3) Injection of Matrix A and B i nPOT/BYA03/031991

Sponges Using Various Gauge Needles: An HSD rat was

anesthetized with ketam ne and xyl azi ne and PVA

spon bcut neous n 0
vont 257 85 FaSATHRR P AT EFnets-b P Bohefhe i dhfBhpiosisaty they
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4 da¥ M%ﬁ A -81 WD 2004/ 032862 PCT/ US2003/ 031991
Qe thetbaightsst observedMISIEY i nj ection vol ume of -
200 gL The matrix m xture
drav\n%)"?’mz %&i 1e‘e45§>9fﬂi'snlaegrms dulyherg hsaldyyn Qugggemed to be
s Xedlightly he Me'rdeQharAHB)empt@w%eGFﬁ%@(pk@Sl&?@Bﬁfeﬁred to be
excess alr bubbles. The mXxed nmatrix was injected
i nt odediasi@ent er of a PVA sponge on a sacrificed
animal . After a 5 few mnutes, the wound site was .
opendy dAd CORel 0 pekrigls lrgseupsdss apreaiecHiealthyvhetGEP @prgssion was
pr ep%ﬁﬂgft@éecrea?eoo gL injection. The matrix contai ned
a snal anount of dye and was drawn into a 1 cc
Syri pgs Hﬁl 299 a 22G needl e, which was renoved and
r epl aced With a shorter 23G needle for i njection. The
t en were mxed in the syringe and an attenpt to
?gno\%%é)géess air bubbles was nade. Matrix 10 was
injected Thrﬁt@rrlph@ntsefthatr'mfA mdwaxrisyﬂomgeformhlatwdédlmcing the
for oSlef pisftaliey b durRientedaie Rl ™ By LR AR
Del i ‘@gélydcﬁfnd\m&ﬁ% pAlyindit @xamdé GNneletbbd B) iWPBSGit pH of 7.2 with 4.4
ur gi SS and Delivery  of trix Binto a
V\bunﬂlg%P]t gt @A%F*%?tanedﬁwpw@ istirken( wakeé)amefﬂsp@é%i Fag two
15 5 @mﬁpd%nth/%fe'aﬁqlﬁtédf dn@ ﬁEpt@@Babﬁé @il velu Nfﬁa}m&/\g%aml 0RRg/mL

with a small anpunt of %éaced onto a smal |

squaPeB-piveledexisin-RifSue éO'éﬁ“é’s@l at apHoRéd with 3pe] me/eil of di-
shor %(danﬂ%&é.ﬁ%@fmé ¢ o(ln crgssmllﬁpt 'F\'fé)conﬁgpentsh%?e glLduBf%ﬁ Qnd

over sticky" sid wound
Uponkepdeepafadice of the anl mal 4 days after surgery, the
wound appeared to be dry and the ani mal was observed
to have tolerated Matrix A without 20 difficulties.

Mat r ffkreaﬂﬁﬁeépméme%d%tfdthew werg tegiedigi nal position at

the tine of dellver/% , on top of the wound site
ERcl diltegves peMat ixt @Qtoya W@%&fﬂw@[szumémwéquwmend Delivery

The BPMEI#?& B ztll% WEIRIS: Sntg BrdoP ol @ﬁﬁ%ﬁ@?}hi k%gi'/cwgéressing:

superftici al d Tess undant t

surgery. Mo I@ﬁ owsseaps evgsthetzedofithi kefamamrat ixplazina s Tieatonsal

at t tr]e?g|ovr\1lovb'las %haved and two 8 mm dermal punches were made. 50 pL of Matrix A
(final adjusted volume) was mixed containing a small amount of dye and then placed

25  onto a small square piece of OpSite dressing. The matrix was allowed to gel for
about 2 minutes. During this time, the left wound punch on the mouse was prepared
with Mastisol dressing adhesive. The OpSite dressing containing the mixed Matrix
A was then flipped over (“sticky” side down) and placed over the left wound site.

The right wound punch was prepared with Mastisol adhesive dressing. Matrix B
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site. See Figures 12A-12B. 25 Matrix B containing a

smal | anmount of dye was al so nade up at a fina
wadjussmd2 vol une of 50 L and pl aced directly oP€DUSI003/031991

right wound site and then covered with OpSite

dressing When the ani mal was sacrificed 4 days |ater,
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Due E:?c()ntamm% 8 srgglll ﬁ%%usnlt,l P% cﬁ/g nﬂ{e tglfc%as 8{)a§v|nﬁlg (@'S?t&,}gto abl cc

UpOﬂS)B’ﬂlgé afd £ ®fiectilevaapiacal ondhe sjfayge dixicess n&tr[xg\edis}expelled
eare to be dry t ol erat ed

t he a

Mat r 96 %ﬁﬁ%ﬁt AOGBEER VY By rﬂéeraﬂwf rJllé“Sémt%f&! /as theg

mat r m}ecsetdamdgu the ObSitedrésgind dhtoRRsSlet Wdlndbed. ¥61 th¥ B side
e., at the wound site |nclud|ngnsone surroundi ng

u%mtyﬁema Matris B avas migparqdsforetl PO L Ete] injestiogivelymes & lotstsyringe
?t heﬁoéaﬁlagga%ragedﬁé&a%@e bR J]ég;gﬁd& IARLY &2 NPWENAix B. A

he matriX was only on t e sur und an
| esssmunidpevkettweatheatdranndntoitheesygfige. sﬁnpgemtyatelwp&m@lf tes

exa 0 t.he wound
O T
_I\/at r smalBaic pcn:ketl WHS mlg:ndreﬁmahtlo tianaytinge. O?ﬁnatﬂy,el sveudl ag{duntr(aw pL)
%Q ol 9% aé:aggvéll 1ptﬂ \r/sillrrnllégé‘ % er\];é'lg’ a 8%%1'? gnerree}ld of )i'xe right

i ndi Wbdxuachdeyhrbﬁgh%é messﬁxgrw P@eaivirbi tBd dovered kotsd diR. The
separate the _indivjdual nﬁonents. A venting needl e

to efYHIERH{@ 22AE ngedle @a@m ? prperaied sgmpongats ofylatrix B was
pl aC?QCédﬂht‘%ﬂQﬂ e Qre%fmgt(mh&ﬁ BRI KO oBportngS Shd e

he separat ed
materials were injected into the wound site. The 27G needle provided venting of the

25  small air pockets in the syringe. The animal was allowed to recover after surgery

and was sacrificed 4 days later.

3) Injection of Matrix A and B into PVA Sponges Using Various Gauge Needles:
An HSD rat was anesthetized with ketamine and xylazine and PVA sponges
were subcutaneously implanted onto the ventral side of the rat. Incisions were

30  closed with wound clips and the animal was allowed to recover for 4 days. Matrix A
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conponents of Matrix B were injected directly onto the

ri ght wound site through the 25 OpSite dressing
wowakosaseany prior m xing. This nmethod requir eBlCT/N82003/031991

| east anobunt of pressure to successfully inject the

matrix into the wound site, and the venting needle
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A-13B. .3) L.njection of trix A and B i
ongaTmisele dbeicoe Sagya foptet aleagiif fofa fpinutes. and
Pr epaes chevinintal vas BFnkd RBaRtinibn dFfe afjettddrspivpel Nto a 1
cc syringe through a 22G needl e. Approxi mately 200 gL
of the matrix was injected 10 into a PVA sponge,
al | orRediirs-o sit for a few m nutes, and then the ani mal
was opened for exam nation. Upon exam nation of the
sponge Defzb@y BfMatric Appeariednd Sita Bag o Su}rngalD'mezdg and Delivery

had dis to. the. surroun

Mat r P %”Ms’”f?r‘g%lf@’)dp te lroelg %vfﬂ”gawglgﬁ 319’853 Fﬁ“”Zﬁ‘

dye, and sty @wef MBkiQ A(findl ddfus@Y VbIoMe) Wasthixad wrkea BREdABount of
The 22G needle (1 1/2 inches) was replaced with a 15

shor ¥ Piagd anéxaitrealsguarpeirge ofwéatéﬁé{eﬁsa@ge pYovergdo gel dor a short
the pgrtcfd'dftlm-°<~ b MiRGES hnll e ﬂﬂ)p@&/@ve? panagy sfb hem%nttﬁe left

sit r a few mnutes, and then the aninal was opened
for wenedhsitsatipom Sacwﬁmfﬁhﬁmh@ai 4airesrafiensurgsny, dlfe wm@d appeared

SPONY&,e cﬁ/gﬁnmg 5A1?§1a?\9£%%£e dtt(9 have %‘[Qlja d lI\Pa?ﬁ)l A%&o@tﬂ d

had m ni I Spersion to the surroundi ng areas
@oncHif§eudties. RMutrivbdppeatedXoatay iMit ariginaBpdsaiton aghk Itletd of delivery,

extrenel ui. ¢kl d were.very viscous and t

ven £ nagH o X pbuRle i fineorhs b SReumARE pibied dsue.
subcThameishat rédiinddif the WOV §RONG e8perfidied af@RbMlindant than
nmet hod of delivery was to draw the various conmponents

of theday of surgery. No gross appearance of inflammation was seen at the wound

site. See Figures 12A-12B.

25 Matrix B containing a small amount of dye was also made up at a final
adjusted volume of 50 pL and placed directly onto the right wound site and then
covered with OpSite dressing. When the animal was sacrificed 4 days later, the
wound appeared to be dry and the animal seemed to have tolerated Matrix B well.

No inflammation or any other adverse effects were grossly seen around the wound
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the matrix separately (separated by a small pocket of
air) into a syringe and then inject directly through
w@a2@emaasezrl der mal punch using a 23G needl e. | nP¢US2003/031991
nmet hod, a 25 second smal |l er gauge needl e can assist in
venting excess air fromunder the wound dressing. -84

WO 2004/ 3 [ US2003/ 031991 .Ex 30 P I
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Cycl odedditvér (0ED)at/6 Arveiri PraeMivhi land Makio BewiiurPke-Rixing into a

5 Dk S A I Bt 100

(plasm d £\ snaaix O(HREGusBY vatutae Rkds rhied with a small amount of
CD- Adamant ane Matrix 6: 50 + CD, g pCIK-PD m dazolc in

CD- Adveraad therdnjeqied direetiymdsoitie Op%itydrgwmgwnd A thsilefhwound site.
( 0. 529% PR EmARLT BEMB lﬁ% PRy ¥h{%‘a & E&'aggggé%\ae

sponges were subcut aneou i mpl ant
\}@ nt patousdide uofoundbdtissie. | Rue td @ir @mbéaguneth@aywr@y, it wasnot possible

Egt”er ‘mdke p?gcﬁs% egﬂﬁérﬁcgﬁ acgtJ tl?e]quSI%%I)lu'%ndPﬁgﬁ %aarthe] (if the ammal 4

( Coheasys (aﬁerTsatgal‘)othB groasd qrpearkd rbe 48y dod th@tmhﬂdﬂmted IMatrlx A

I( EI:PZ) WIB r{aar%t/ 0 servgq éverse effect SCIrhle k|Jnea(tjr1xastaye§ in'its orlgnla?posmon at
delivery, i.e., at the wound site including some surrounding unwounded tissue. The

15  matrix did not disperse onto other surrounding tissue after the surgery; however, the
matrix was only on the surface of the wound and less abundant than at the time of

surgery. Upon gross examination, no inflammation was seen at the wound site. See

Figures 13A-13B.

100 pL final volume of Matrix B containing a small amount of dye was

20  drawn into a syringe. The various components of the matrix (polymer, crosslinker,
and dye) were drawn individually into the syringe with air pockets to separate the
individual components. A venting needle to eliminate the air pockets in the syringe
was placed in one end of the wound through the dressing and the separated
components of Matrix B were injected directly onto the right wound site through the

25  OpSite dressing without any prior mixing. This method required the least amount of
pressure to successfully inject the matrix into the wound site, and the venting needle
worked to eliminate air pockets under the skin. Once all the components of Matrix
B were delivered into the wound site, the matrix gelled quickly by visual elimination
and touch, and no matrix leaked out of the dressing. The matrix remained localized

30  to the wound bed and did not grossly spread to surrounding tissues. When the

-83 -



sponges. Final collagen formulation was 1.8 ng/ni,

pHed with NaOH, and brought up to volune with vPBS.
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r espézhiiace hyd hadl npiaintal disp@fioe@ahe spomgingvaecas. al so
fi xed, enbedded, sectioned, and stained using Masson's

T h . .
Qr:llTC PE%”?]&/I%%%E?{VEI re aq%q_gxg%&)%\qtlgna agfég%‘ rp[%tfﬁbe a?]d drawn into a
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PDGFS¥Rngtiont Ugon fugthqrygramynasiosy of tirspogeathis sipEH appenigso
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and 50 g pCT CDl m dazole in

| evel s of 6. 8 X 105 and 9.1 x 104 MEQ of
PDG-@Bhassayed 20 sponge, respectively. Finally,
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howed noMgixet tahMatrixdy/qths gedied piegmely qRgkly adgyarevery viscous
Tabl g, Bhick A veh WEHRBH itSs 15055151@%1 ?thé/ §1'a§1c§s{k3\9§ﬁ?1¥e9@si Aldlinto

sponge treat nent roups were s atlstlca fer
( p<_ PVA sponges, the easiest method of delivery was to draw the various components of

the matrix separately (separated by a small pocket of air) into a syringe and then
inject directly through a covered dermal punch using a 23G needle. In this method, a
25  second smaller gauge needle can assist in venting excess air from under the wound

dressing.
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2 x 10PN PGCB in CD-Adamantane Matrix

50 pg pCTK-PD (plasmid DNA encoding PDGF-
B) + L-PEI in CD-Adamantane Matrix

50 pg pCTK-PD + CDpidazole in CD-Adamantane
Matrix

Methods

Six small incisions (0.5 cm) were performed and polyvinyl alcohol (PVA, M-

PACT®) sponges were subcutaneously implanted on the ventral side of male Harlan

10

Sprague-Dawley rats. Four days after implantation, test and control materials were

diluted with vPBS and liquid collagen (Cohesion Technologies ®) or 58 kD

Cyclodextrin (CD)-Adamantane matrix as described above and injected into PVA

sponges. Final collagen formulation was 1.8 mg/mL, pHed with NaOH, and brought

up to volume with vPBS. Final 58 kD Cyclodextrin (CD)-Adamantane matrix

15

formulation was 100 mg/mL. 200 pL total volume of test reagent was delivered to

each sponge. Animals were sacrificed and sponges were removed 2 days after

injections. Sponges were cut into three pieces and the majority of the sponge (~ 70-

80%) was frozen in liquid nitrogen and stored at -80 °C for QPCR and QRT-PCR

analysis. A small portion of the sponge was fixed in 4% PFA at 4 °C for 18 hours,
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qual |n; F% 1 amount of DNA input, and the
results arged )%rg}%ﬁg‘u x 108 to 2.8 x 109 MEQ of

GAPDH/ assayed sponge (Fi %Db 17). Table 5: PCR
Resul t s f @RTWGR (qupmasive Riel @) anelrxswqrhuma@aﬁgtﬂsRNA

C out R 0 B ol ) S g

25x  biphest RrREENA porfent o5ES £ 00 3MBRF PDI FsBedsayed sponge (Figure

oL AR B ST GRSl v

4. 6E4@Is of PDGF-B RNA at 3.2 x 10° MEQ of PDGF-B/assayed sponge. Sponges
treated with 50 pug of pCTK-PD + L-PEI in CD and 50 pg pCTK-PD CDimidazole in
CD had PDGF-B RNA levels of 6.8 x 10° and 9.1 x 10* MEQ of PDGF-B/assayed

20 sponge, respectively. Finally, sponges treated with either Collagen or Cyclodextrin
showed no detectable levels of PDGF-B RNA (Figure 14, Table 3). A Student’s t-
test analysis showed that all sponge treatment groups were statistically different (p <
0.05) except for the sponge comparisons between 2 x 10'"°PN of PGCB in collagen
and 2 x 10" PN of PGCB in CD (Table 4). GAPDH QRT-PCR control assays were

25  also performed to monitor RNA quality and total RNA per sample. The results
showed a consistent amount of RNA ranging from 1.9 x 10 t0 6.9 x 10’ MEQ of
GAPDH/assayed sponge for all treatment groups (Figure 15).
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CD 50 g pCTK-PD + CDi m dazole 6 1. 7E+12 4. 1E+11
1.7E+11 in CD 15 -88 WD 2004/ 032862 PCT/ US2003/ 031991

waalu@3Bs2 St ati stical Anal ysis of hunman PDGF- BPOMNES2003/031991

Content within Sponges Unpaired Conparison of
Treat ment G oups p- VaI ue Collagen vs. 58 kD CD 0. 2382

Col | PN P en 0.0207

Col | 38@?[ QR% 12)@% o= @%#ﬁ%‘ fL'B" Col | agen
vs.[50 ~Tg pCIK-PD ¥ L-F&l _Tn CD < 0.000[ _ColTagen

vs. |50 ~Lg fEPRPPD + CDI ni dedi ¢ i Meam <| Btdgdey. |stgrr.
CD Vs, 2 x 10'0 PN PGCB lin @I |agen 0.03P1 58 kD CD
VS. %Rﬁagjeglo PN PGCB i n |[CD Q. 0030 kD| CD vs. 50 ¢

C'I'K el | Dri HE- o i n fal n1 CO o n VPSS ~a) + oy
p LI ™ L R Sk gy m | 1T O U, OUUUXI JU KD OO vS, [wAv) g

PCTKSPEDICD mi dazol e in CD5< 0./O0@QL 2 X 1010 PN PCCB

in Ilag oV 010 PN _PCGCB 1| 0 X

101§ ?’I\& ENOEFBIEJ% Mivs. %0 tg%@& 23%8 P BRE+7

cD —Cﬁlaﬁﬁm 2 % 1010 PN PGCB i# Collagehvs— 50 g

pCT QR@O“"P@I’GGBZ@CD in|< 060001 ‘QEE—@ X 1Q11(E+@N PGEBE+8
< 0] 0001 X

in €O VS. %CTK-PD+LPI:I|n
101)5@>mgﬁe§€“ﬁ<1 ® tO-UBl igo g 6pCT- FFPESC m%?éz*él g i A-2E+S
CD £€® 0001 50 g pCTK-HD + | -PHl in CD Vs, 50 g

pCTK ag 001g i @léﬁ rSglks | 7 1E4
sho 5&9 |pgn| |ca+nt9’"éd\a/z°é. ils of PDGF-B DNA getected |in

CO| uy\.,ll u.llu \,y\,l ud\.,/\u.l = \,uutru: qp'e'ﬁ'g'eﬁ—-'Fh'e—S'G'H'F'e'e——‘
of t BQLCOBEIbWRaht@aidnlevEll (52 x 50 MEQrof RDIGFIB/Aasay&tdS ponge)
been conpl etely determ ned; however, hexon QPCR

r esuMERQ =\MndledulapElghivashtys zdﬁirﬁﬁ‘r&rill] ase e@mﬂ&%@sed on the dilution
contai ned in adenovirus, indicated t DNA detected

in c&ior 8f 2 BIWREERNTERr i ved from PCTK- PD pl asni d
(Figure 18). Since PDGF-B RNA was not detected in
cont rol sponges, this suggests that contam nation

Table 4: Statistical Analysis of hPDGF-B RNA between Treatment Groups.

Unpaired Comparison of Treatment Groups p-Value

2 x 10'"°PN PGCB in Collagen vs. 2 x 10'°PN PGCB in CD 0.0699
2 x 10" PN PGCB in Collagen vs. 50 pg pCTK-PD + L-PEIl in 0.0030
CD

2 x 10'°PN PGCB in Collagen vs. 50 pg pCTK-PD + CDimidazole 0.0030
in CD

2 x 10'°PN PGCB in CD vs. 50 ug pCTK-PD + L-PEl in CD 0.0020
2 x 10'°PN PGCB in CD vs. 50 pg pCTK-PD + CDimigazole in CD 0.0020
50 ug pCTK-PD + L-PEI in CD vs. 50 pg pCTK-PD + CDimidazotc 0.0014
in CD

Note: Statistical analyses could not be performed for collagen and 58 kD CD

treatment groups.

10 QPCR (quantitative PCR) analysis for human PDGF-B DNA showed that
sponges treated with 50 pg of pCTK-PD + L-PEI in CD and 50 pg pCTK-PD +
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nost |ikely occurred at or after the tine of sponge

harvest. 10 -89 WD 2004/ 032862 PCT/ US2003/ 031991
waaik®3Rs2 Sunmary PVA Sponge Mor phol ogi cal AnaP@BUS2003/031991

Group Capsul e Imune G anul ation Col | agen Vascul ature

Si ze Response Ti ssue Deposition Coll agen Thi n M ni mal

M ni 8. kD 12
M ni @"““W}'e i rr%\aq tﬂfg‘gh‘i“ %Vgragi/gdcg? %tt? e‘{] der (?m Li'g i hfVIEQ of
Mode PRGE-Bassaykd 5forigh) réddpectivellyliFigurati 6, Tdbie i)Hder(gesLtrdgfeﬁ with 2

\'\;2?? gé g&ﬂ%fﬁ%i&){]l e%lgtaq])%—b%dg}\lgqm l&%@ﬁ c%%erage human

Thi ckDGFIBDNOIegel T 6 415 & 00'Lhrghd. 1 &k 00 MMEQBS PIYOF-M/&3kd¥8d sponge,
Light to pCTK-PD + Moderate Mderate Light Mderate

L2 PEreSP%th/ 5HoYevPhisPenees tisetgh vithGoNagsn Aagyclodexntimalprahad

Li ghpoditve MIKB%A' lé\@l‘é &f 94 £ 1004anate; dened oMPoer %t/%sayed
CDI m dazole iIn Masson's Trichrome stal ned

par afifonge, S@ccthnlg Aeﬁt@ieatrﬁatrtysz etplypjs showed thetypdlreaoups were :
obseryers, ;.S r uI|tt|veI

eval at\étt?setlgal y&ﬁﬁrgﬁ (? gfbrog&%x% t%r f) nee cor%mqlsg weeE col%alg en and
Modecat@lestrin@ad betwednedre e’ m bf HB(EB G adiggoni aa8 2 mi@a)emf

syle Size. The follo riteri re used for
057 Hafpon €51 et ipnr e i ST o leond wes <
Ver y pdriirfakd t\psiRb teQ@hIGRbf PRAl1S b@apémédﬁeoﬁmﬂﬂgﬁﬁxt Wi the
performed to eval uate host ipnune responses. Al'thou

t hi s reselifapnard dromedt Y do didtshl OghrQ & Hiagnyesrigonge (lglgure
i nfl gwymation as primary endpoints, granulation tissue
format’i on, collagen 10 deposition, and

neo-vascul ari zati on were al so anal yzed when present.

Upon ThBle\$e SIGR Results for Viral PDGF-B Detection within Sponges

Group Count Mean Std. Dev. Std. Err.
(m)

Collagen 6 9.8E+8 1.5E+9 6.1E+8
58 kD CD 5 1.3E+8 2.1E+8 9.2E+7
2 x 10 PN PGCB in 6 4.5E+10 3.9E+10 1.6E+10
Collagen
2 x 10'°PN PGCB in CD 6 4.1E+10 2.3E+10 9.2E+9
50 pg pCTK-PD + L-PEI in 6 2.4E+12 1.1E+11 4.6E+10
CD
50 pg pCTK-PD + CDjmidazote 6 1.7E+12 4.1E+11 1.7E+11
in CD

15
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observabl e and el evated -90 WD 2004/ 032862
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oy

eS\Mth
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crosslink the pol

collagen and cyclodextrin control sponges. The source of the contribution for this

5  observation has not been completely determined; however, hexon QPCR results,
which will only detect hexon sequence contained in adenovirus, indicated that DNA
detected in control sponges derived from PCTK-PD plasmid (Figure 18). Since
PDGF-B RNA was not detected in control sponges, this suggests that contamination
most likely occurred at or after the time of sponge harvest.

10
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2. A polyner conposition of claim1l1, wherein the

i ncl usi on hosts are cycl odextrin noieties.
w@oedogosas6zonposi ti on of claim1,

| east one biologically active
formthereof.

3. A

further conprPeI/Ig2084/031991

conpound or a prodrug
4. A pol yner conposition of claim 3,

wher t |oIo ound is a nucleic
acld(ija €A ‘&bhﬁ%g?ﬁﬁ @?g% iy %E“ wherein the
nuc[erc acra s prOV|deo TN ajerivery [system

sel ¢ct &a08p o] Capsules | Empyng nefrangidion || iGollagsme| V@sculature
met hod for transggetin ny i|d,
corrEri sing cont agtl nglt g% !B WI t'E CI:){}JOQmQﬁ

conposi tion im4. pol onpQsi t|

cla nﬁ%ﬁkgﬂb rei %ﬁ H%@H@h Xgeﬂgfyp gﬁwgglor me”nm
smal | C Iecul hod . f or m ni stler ],

a b oF%Eﬁg§?| gﬁ éﬂg%ﬁhdnﬁbnﬁ“$5{| ﬂg"mnm bg&to
conpri si ng a:lnmuesetuerlmgddraet he paht ent| a pol ynmgr Moderate
conposi-tion of claim3—9— A polyner conposition!lof

cl atm 310'Wer ei nriitke ¢ompa@date || Midinil @ €1 N 1QEht Moderate to
pol ypeptide. |10. A polymer cqgnmposition |of claim|3,

whef eifSGBE b ol ogi calll y activie coiibund or prodrfug Heavy
forn1t LeRf |'s provided in a|delivery gystem 92 WO
2004/.032862 P“T/USZOO’/031991 11. A pollyner

conposi § @pNo1 clghym 10, g ber e Rtfae gelll Vanidesy st

is ,qfec?ed from %icropé}tlcles'a ﬁfposol § 12$ﬂ%aaw
pol yReCBciofiibsi tThaek off cl ai m 3, whehei n |t he

bi okegtecatty—active—conpountd—+s——covalernqtiy—attaghed

to § naidatgy t hafThingo ms duight roc| [udMiaimat arpl einindl h |t hieight to
i nc 0S] 3. 0 itijon of claim1
furf WZ*T?{B]E‘J é\fl?l%mée( Ilg[gg%agn agfg?]gant . 14. A Mhoderate
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i nc U@Tﬁ’gl’la+ b INkpderate | Mpdqrﬁel usi eighhostls, and | i| nRileggrate
nol ¢ es, ﬁl‘h i nki ng nol ecul e conpri gi ng at | east

two| mol'&tres|that fonminclusli on conpl éxes with|the
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each
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groppaichiome sigipeq pasatfin seqtigas yepe analyzed by two
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east t

{?@fgg&h‘ b e

noi eifqlbsvmg criteria: Minimal < Light< Moderate < Heavy < Severe for all categories

5

10

except Capsule Size. The following criteria were used for evaluation of Capsule

Size: Thin < Moderate < Thick < Very Thick.

Morphological analysis of the sponges was performed to evaluate host

immune responses. Although this study was designed with gene expression and

inflammation as primary endpoints, granulation tissue formation, collagen

deposition, and neo-vascularization were also analyzed when present. Upon harvest,

sponges treated with 2 x 10'°PN of PGCB in CD had an observable and elevated
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that forminclusion conplexes wth the inclusion

hosts, wherein the |inking nolecules crosslink the
w@edoynsas62 17. A pol yner conposition conpri si ngP@r/Us2003/031991

bi oconpati bl e pol yner including a plurality of

cycl odextrin noieties, and |inking nol ecul es, each
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of chad mrimal imhemeraspanise bi ol ogi cal |y active agent is
covalently linked to a noiety that fornms an inclusion
conplex with the inclusion hosts. 23. A nethod for
pPeparing a crosslinked pol ymer, conprising conbining

a pol YITBI A opﬁ:lh gﬁd\;égutle&]&lfey nd %Gﬁtcﬁtléﬁqstal% Ae}% idi8rporated by
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agenﬁﬂ@umgﬁmh@sfor treating the disease in
conmbi nation with a pol yner conposition of claim11. 27.
The met hod of claim 26, wherein the di sease i s cancer.
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of claim1l. 29. The nmethod of claim28, wherein the
conposition further conprises a therapeutic agent.

w@00o4bmseret hod of claim 29, wherein the agent PCEHUS2003/031991
nucl ei c acid encodi ng PDG--B. -94

Claims

1. A polymer composition comprising a linear biocompatible polymer including a plurality
of inclusion hosts, and linking molecules, each linking molecule comprising at least two moieties

that form inclusion complexes with the inclusion hosts, wherein the linking molecules crosslink

the polymer.
2. A polymer composition of claim 1, wherein the inclusion hosts are cyclodextrin moieties.
3. A polymer composition of claim 1, further comprising at least one biologically active

compound or a prodrug form thereof.

4, A polymer composition of claim 3, wherein the biologically active compound is a nucleic
acid.
5. A polymer composition of claim 4, wherein the nucleic acid is provided in a delivery

system selected from a virus, a polymer, and a liposome.

6. A method for transfecting a cell with a nucleic acid, comprising contacting the cell with a

polymer composition of claim 4.

7. A polymer composition of claim 3, wherein the compound is a polypeptide or a small

organic molecule.

8. A method for administering a biologically active compound to a patient, comprising

administering to the patient a polymer composition of claim 3.

9. A polymer composition of claim 3, wherein the compound is a protein or polypeptide.

10. A polymer composition of claim 3, wherein the biologically active compound or prodrug

form thereof is provided in a delivery system.
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11. A polymer composition of claim 10, wherein the delivery system is selected from

microparticles and liposomes.

12. A polymer composition of claim 3, wherein the biologically active compound is

covalently attached to a moiety that forms an inclusion complex with the inclusion host.

13. A polymer composition of claim 1, further comprising at least one adjuvant.

14. A polymer composition of claim 3, further comprising an adjuvant that increases the

effectiveness of the biologically active agent.

15. A polymer composition comprising a biocompatible, biodegradable polymer including a
plurality of inclusion hosts, and linking molecules, each linking molecule comprising at least two
moieties that form inclusion complexes with the inclusion hosts, wherein the linking molecules

crosslink the polymer.

16. A polymer composition comprising a biocompatible polymer including a plurality of
inclusion hosts, and linking molecules, each linking molecule comprising at least three moieties
that form inclusion complexes with the inclusion hosts, wherein the linking molecules crosslink

the polymer.

17. A polymer composition comprising a biocompatible polymer including a plurality of
cyclodextrin moieties, and linking molecules, each linking molecule comprising at least two
moieties that form inclusion complexes with the cyclodextrin moieties, wherein each
cyclodextrin moiety has no more than two bonds to the polymer backbone, and the linking

molecules crosslink the polymer.

18. A therapeutic composition comprising a) a biocompatible polymer including a plurality of
inclusion hosts, b) linking molecules, each linking molecule comprising at least two moieties that
form inclusion complexes with the inclusion hosts, and c) a therapeutic agent,

wherein the linking molecules crosslink the polymer.
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19. A method for preparing a crosslinked polymer, comprising combining a linear,
biocompatible polymer including inclusion hosts with linking molecules, each linking molecule

comprising at least two moieties that form inclusion complexes with the inclusion hosts.

20. A method of claim 19, wherein the inclusion hosts are cyclodextrins.

21. A method of claim 19, wherein the polymer and linking molecules are combined in the

presence of a biologically active agent.

22. A method of claim 21, wherein the biologically active agent is covalently linked to a

moiety that forms an inclusion complex with the inclusion hosts.

23. A method for preparing a crosslinked polymer, comprising combining a polymer
including inclusion guests with linking molecules, each linking molecule comprising at least two

inclusion hosts that form inclusion complexes with the inclusion guests.

24. A method of claim 23, wherein the inclusion hosts are cyclodextrin.

25. A method of claim 23, wherein the polymer and linking molecules are combined in the

presence of a biologically active agent.

26. A method of treating a disease, comprising administering to a patient an agent suitable for

treating the disease in combination with a polymer composition of claim 1.

27. The method of claim 26, wherein the disease is cancer.

28. A method of treating a wound, comprising applying to the wound a polymer composition

of claim 1.

29.  The method of claim 28, wherein the composition further comprises a therapeutic agent.

30. The method of claim 29, wherein the agent is a nucleic acid encoding PDGF-B.
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