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Cycl odextrin-Based Pol yners for Therapeutics Delivery
Background of the Invention Drug delivery of sone
smal | nol ecul e therapeutic agents, such as 5

canpt ot heci n, has been problematic due to their poor
phar macol ogi cal profiles. These therapeutic agents
of ten have | ow aqueous solubility, their bi oact ive

£ or s . o b

i gh s Qaodek A FtFhiirs TR ITheAGelEcs Piohver§
toxi c side-effects. Sone approaches to ci rcum/ent the
problemof their delivery have been to conjugate the
a&é#ﬁgl@ﬂﬂ@@”l}ek’deﬁ“%ter sol ubl e pol yner 10 such as
hydr oxypropyl nethacrylate (HPMA), polyethyl eneglycol,
and po

conj ug?%lués_dﬂ gt ggne:s&tl:ag]enslé Y e%@éﬁﬁg%eﬁlﬁ EE;Ch aosr
staiptbihecinghdstteeb padddmate due Itmlmir ﬁdoe pbarenaeplegicakprofiles.

hi t d f or.mu) at
AR eshhesig ks B o Onteoyt SoEP AL ReT Pri Giforms
SYALEHeGuiIEARKARE & 0P Dbnh 6 IR Ysterti® HRQhHSons of the

approach to the gmdellvery probl em has been to form
hMS@}a&ﬂsto tomo‘id@sa tsc @twmeap@mabhqaﬂe @ncmm@ent the problem of

 HEp B e E i e HepEet Ml o, EinalBisp B happiymer
f QichEs h@%xyﬁbﬁgﬁn@ﬂw&yﬁ% (HEMAD, Glly i Qe iglycBE afidl pblyas-

good wat er sol ubility, IowtOX|C|ty and | ow i mmune
r glproris ecidT dn geme cam§uclo¢ommt@rl1@ge bredr Wﬁ%ﬁsﬁﬂ tgsodubilizing

0t DG ELTRAEATR  PAE02Re LRRAARH: BIL NETLaiBBb b edRea

ecu alr Co

f mlldasd ﬁﬁfrww@ﬁtwhlﬂcbmﬁmmmswniphmsomnaﬁdmctawmlehigh@ystemlc
nol ecul es and thus alter the physical, chem cal,
aWBPtr%}Oéﬁéﬁﬂ’@é‘Ee@r operties of these guest mol ecul es.

U S. Patent 5,276,088 describes a nethod for

synth eﬁhﬁfh@lga Gzlcﬁqg Yo drP d?l%&?]bfb'b% Hﬁ B(e{ég 46 fdhh host/guest

ei ther reacting polyviny or ce se or
dexlusmhicoaplex2$ betnerr dfe therapeutiy aigentemt] cy clodextiinadn deeivatives
i zation of a cycl odextrin deriyvatiyve

b |
%@W&)fﬁ%ﬁ%@&% @& & Vyandrheir fxidizsd fw@vs vpigue physicor
|
Sere AR08 880 RS Gl AARAEA RN £,061 05 e
smppcamel #o ldh&[ mtwafcthmdmg delivge gtuditalwich dyclquiekyine have

R SRER PR daf Bupth aale oyl PR Koo OREATFin ¢yeloditrins
t Mﬁwsﬂ?‘l&hﬁgﬁgﬁnkaﬁpﬁx@yﬁﬁtﬁ tBdraSed¥ic Yol Quldshid thus alter the

cycl odextrins
physical, chemical, and/or biological properties of these guest molecules.
U.8S. Patent 5,276,088 describes a method for synthesizing cyclodextrin-
containing polymers by either reacting polyvinyl alcohol or cellulose or derivatives
thereof with cyclodextrin derivatives, or by copolymerization of a cyclodextrin

derivative with vinyl acetate or methyl methacrylate.

U.S. Patent No. 5,855,900 describes a biodegradable cyclodextrin-
containing polymer. The patent discloses a supramolecular-structured biodegradable

polymeric assembly comprising a plurality of drug-modified a, B, y-cyclodextrins
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There is an ongoi ng need for new approaches to the
delivery of small therapeutic agents that have poor
phar macol ogi cal profiles such as canptothecin, 5
paclitaxel, doxorubicin, and cycl osporine A Sunmary
of the Invention The present invention relates to
novel conpositions of polynmer conjugates, defined as
PR I Biidat poBhfREic %hﬁn%@diﬁ?tﬂrﬁuglpﬁl@ ls@@ctli] cavity of the

t herapeutic/bi oactive agents, as 10 carriers for

t ¢ielogsstrinscs del i very. In one aspect, the present

i nvention provi des water-sol uble, bioconpatible

pol yme ' C rel Si -

b1 oeombte B AR o AP nrOBHEL R0 Rty ofspall,
Mhkgbbwtic dgensuih hasd peripianhacoldyidal profiled snaly asicanmstethecin,
bi ol.ogi cal copditions to rel ease the bioactive
meActtaxgh doxerubeim, andicxslewolRsddi nent s, the pol yner
conprises cyclic noieties 15 alternating with Iinker
noi eti es that connect the cyclic structures, e.g.,
into linear or branched polyners, preferably |inear
pSammeny of thelmpehtioer nay be a pol ycation, pol yani on,
or non-ionic polynmer. The bioactive agent, which may

be & U Apeull 0Pty 8. SO ERIET v O iy,
280fncd 3Ypol§ilic Rfar AN aNNY 8B Io BlrabBRiAIDMGRgents, s

In certain 20 enbodinents, the rate of drug release Is
oeasaerd dor therepertics dglivaspnin ¢ne aspecs, the presgmiimyeptips provides

C [ [ [ r at f . LS
BT B AR S B B SR koA
phiessmipatibly/pslyinencpalentig agached ko teuttvemeietiésadhrough

pol yneric = conpounds for use in dru%_delivery f these

t #tchments that arresleayed yaderibiclegicalsenditions toz@leaﬁeoﬁ%rf Qrggctive
CRBRFLY ‘i@ Lk B‘&c%l érﬁbo%ﬁleﬁt?,'th@ﬁol &%gc&ﬁgﬁééﬁ Yl th6idties

are capa Feor re easing a thefapeutrc agent"in a

t altepetting , wipr liet bralidties tlein domeot thelclelit stakcrures, e.g., into linear or

ccordingly, one aspect of the present invention is a,
Qa?wéfl Pglyﬁql%a@%ra@gvnl&qag PolymEsse T B@alyrier mayite Relycagion,
¢ . . . f et .
BIRRSH 5o A pofs harRlicR0B Ul P08 SIS e
bageht aeagnestic agenty ok yic adjdears gireforabbf makes up at least 5%, 10%,

cygl odextyd, n- t ai ni ng_ nononer.s, .copol ynerization

DX ReATo 27 P o5 BT o S YR T of Ll RO el T ERt e
AL, tADtRe 6PARBBRAS i¥égellde PriffiilF BPSrAthB rate of
cycl odextrin noieties. Furthernore, 'the present

i iydeolysionIratesain othent emipidiments.ahie taselefkdmig melcasatisileriendent
pohanrs forned.bg g;afting cycl odextrin
primarily on enzymatic ¢leavage.

The present invention provides cyclodextrin-containing polymeric
compounds for use in drug delivery of these therapeutic agents. The invention also
provides compounds for use in controlled drug delivery which are capable of

releasing a therapeutic agent in a targeted, predictable, and controlled rate.

Accordingly, one aspect of the present invention is a polymer conjugate
comprising cyclodextrin moieties, a therapeutic agent, and an optional ligand

targeting agent. The polymer may be linear or branched, and may be formed via



5 noieties to an already formed pol yner. The

cycl odextrin noieties contenplated by the present

i nvention include, but are not |limted to, a, p, and y
cycl odextrins and oxidized fornms thereof. Depending

on the drug/polyner ratio desired, the therapeutic

agent may be attached to a nononer via an optional

| bk &IndBfidafbn bPcydMlexBRI- Y04 hihg inhHdnth € RopslymEBYatl@ between
subsequently grdfted onto the polyner via an 10 .
opnei arrmadre |cwcihg¢xtriu~icnetair@@ mphemers 2gé ehagr MPEaNNGneesewhich

attached to a noner vi.a gptional | |n dor
LA SB P A ERER bt HytPRhert e okt By idoRtzo
Oécatdraslar tRcloddxErib eontiiBing\odyradts Gpririedrtyl grhftinl @y clod¢xtrin
may be attached to the polyner as an inclusion

5 comistiextogn alsady fussd pohymsradihe sy@odexyrin moirlics gprgemplated by

obF SR ROGOT AR Bl 2 pbOFm{ 0L Rty Gefodentring and
[ oxi&2dd Formhs tieiedfl TRipahdiBg oh ShardrhEpolWiedt @atto d&irkl, the

represents a |linear or branched polynmer chain; CD .
r biprapewdin agent mox: be attaebrdioa meapmaRVia ag pptiersd kinkerprior to the

' . ' t .
R inbizestin'feg, bl e bl MR SRERH to GBlpoRALE via an
10 osmianal lihker.nDikeomwdethicltargéting kgl ngeCher dtaoke] to a monomer via an
represents a therapeutic agent or a _prodrug t

f .
sopeional lifkse REEME polygrerizalion Bem oF %&@,Sﬂb%ﬂ%gférgﬁgd onto
Itﬁlg ggé}r?g% r‘{H Wio%l lirﬁ(eﬁcblll bel AL 1o the dﬁfl;n@ln:gs afr inclusion

or each occurrence, represent’integers
i comiplex or bostrguest irteractidiB®. (preferably 1 to 8, 1 to 5,

or even | to 3); b represents an integer in the range

of 11t out. 30,000 ref er abl 25,000, .10 <20, 000,
2. oohe ABkhs B oo m ey eopyemiongpa poRgien
15 <Cotmpouhd reftbsefiédby ForhulARd

| m
Ly
e
1 L D
P —ute), |
l|-3
(t),
w @
wherein
20 P represents a linear or branched polymer chain;

CD represents a cyclic moiety such as a cyclodextrin moiety;
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n and w, independently for each occurrence, represents

an integer in the range of 0 to about 30, 000

(preferably <25, 000, <20,000, <15,000, <10, 000,

<5, 000, <1,000, <500, <100, <50, <25, <10, or even

<5), 15 wherein either the polynmer chain conprises

cycl odextrin noieties or nis at |east 1. Another

embodi peny, afd It hﬁdé}i’eﬁ&ﬁfﬂ foN¥RRldcBirdrite AnEP BP BbKRAL or represent
represented by Fornmula Il: il L7 P L6 PL8 10 9
~iﬂh&ﬂ@ﬂnmn1q 20 0 (II) wherein 4 P represents a

gggar ep?rg%{;l@% goli gac r?CCI!lh‘gJEl ?Qﬁ:@%egl%gé Xhér%ﬁeuﬁ@ca@ent or a

qgregmg&mre@mer eof ; L6, L7, L8 L9, and LI o,
i ndependently for each occurrence, may be absent  or
r epr esBnindgpenderty 19F kAShH CIOUITERRSe d@ﬁ'@é‘?ﬁ‘"t VP faReting: |1]1gand or

c@g%&gqﬁg fepresents a cyclic noiety such as a

rin"noiety or a derivative thereof; D,
i ndepeqdanthd v Gﬁde@aﬁdmdycfur feacic eccurﬁ:meseptesem integers in the
t her apeuti c agent r odr ug for mt Ser eof; 10 m

i REepehbintd Spr?féliabb’a]cf‘? %ééﬂr‘sr gheen Tggddesent s an
i nt egey rép?esEH&‘ ah 3t 19 tHe rah 1 {ooib%hﬁﬁ@bbd(p}efepdb%; <35,000,

to 5, or “even és o rep sents an integer in the
reﬁg@ﬂ(bklﬁ 06, &MOOO,B@ 0Qn <(1p0(l§)f e1588) 7165300625, <10, or even
<2§,_ g&g <15, 000, <10, 000, <5,000, <1,000, <500, <100,

5, <10, or even <5); and 15 p, n, and q,

' ndepeﬂ%ﬂwv%lrfd%erﬁéﬁﬂl‘y FC B heERrre ARD TE58&IntsA N integer in the
integer i1nt
range of 0 to about 30,000 (preferably <25,000, <20,000, <15,000, <10,000, <5,000,
<1,000, <500, <100, <50, <25, <10, or even <5),
wherein either the polymer chain comprises cyclodextrin moieties or n is at

least 1.

Another embodiment of the present invention is a compound represented by

Formula II:

M

—
-

— — o

wherein
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range of 0 to 10 (preferably 0 to 8 O to 5 0 to 3,

or even O to about 2), wherein CD and D are preferably
each present at at least 1 location (preferably at

| east 5, 10, 25, 50 or even >100l ocations) in the
conpound. 20 Anot her enbodi nent of the present

invention is a conmpound represented by Fornula Il

Iy LSplep rQ@n(s’a'rﬁoﬁcﬁnér hitlothfpolyrfery h 9 5 wherein o
represents a clic noiety such as a cyclodextrjn

moi et yT, mdegerd%néy ifor each ep@ufence.represents @ tasgringzligand or a
i nde ntly for each occurrence, may be absent or 5
p@ng I'ﬁoﬁyinker group; D and D, independently for

each OL& Ul;! EfI8, afdED{ ehidBberidbstlys foreach octufreace miay be absent or
therapeutrc agent or prodrugs thereof; T and T
|ﬁ@§§@ﬁ@éﬁﬁpygﬁﬁp,each occurrence, represent t he sane

or dif

% £ o8 Jlepal B0\l AIRIEE SRR R ARSHGRl st s
feﬁllcﬁﬁﬁfﬂn Iﬁﬁletyﬁreg@amvraﬁvé thereb&nge of 1 and 10

(preferabl 08,.11tqQq 5 or even 1 to 3) and z,
i ndepeRd é‘i&ql’?néeﬁﬂy 9t Kahc PERUFTEAES reP‘@fﬁnessérﬂlergﬂeuuc agent or a
|&Iogg%rfo tﬁé}gofrange of 0 and 10 (preferably 0 to 8,

or even 0 to about 2); and h
r epr esenimslependentle f@reatin otdverenes gepresents arigtegor ingbe range of 1

5 Gtlretenbuhis £dgh 5. 2306 14807 <25, 210 or ven

<5), w@%ép%ganﬁtan ifRetr iRk %g@ bf prv;ﬁxﬁmd 000 @;ﬁr@fe?dﬂly <25,000,
at | east 10 , Oor even at | éast , or >1

oGﬁQJG@Qﬁnﬁés)OOoKl@ 00eprB8eht <l &Qﬂn?ﬁoégéﬂo@r%% 6'25t R&P, or even
Zga@not her aspect of the present invention is a
ﬂﬂ for preparing the
p, n, and q, independently for each occurrence, represent an integer in the

range of 0 to 10 (preferably 0 to 8,0 to 5,0 to 3, oreven 0 to about 2),
wherein CD and D are preferably each present at at least 1 location

(preferably at least 5, 10, 25, 50 or even >100 locations) in the compound.

Another embodiment of the present invention is a compound represented by

Formula I1I:
— _—
(|T)y
Ls
l z
{ T4] CD [ Tv ]
D | T
(°)s . TG (M),
B (o) .
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t herapeutic cycl odextrin-containing polyneric

conj ugat es descri bed herein. Another aspect of the
present invention is a pharnaceutical conposition
conprising a conmpound or polyner as di scussed above.

Anot her aspect of the present invention is a

phar maceuti cal dosage form 25 conprising a polyneric

conj ugahéems descri bed herein. Another aspect of the
present _invention is_a nethod for treating a subject |
conpr i SPrigrecasntn el mpiely sHeh apa syrlodextjn gneighy; py derivative
aRIRE of any of the polyneric conjugates described
hererri. 6 Another aspect of the present invention is a

nmet hodLQfLs¢ dRdand i1ngimlepaidantise deutachabedartshere asay be absent or
conpri sing. . manufacturing, licensing, or distributing
k‘ieP%eseIE&théfPhgrﬁt}Pbr relating to any of the polymeric

conj UgBt 4 Iﬁi’?ﬁﬁfe%&ﬁg {lﬁefcﬁ"egch buBRhL2 kdhrERROME RBRE By different
t hese therapeuti po11 mer conjugates inprove drug 5
sthefaptuticyagendérqrodrogsitheteofyy of the therapeutic agent

when ed,.in viivo. .Furthernpre, by selecting froma,.

Var et 208 11 HieRengrly T eplossurotts ToB g cune of different
PageahE lipaidWdsecdr&r 18e84e ol | ed rel ease of the

t herapéuti c and/ or bioactive agents, or inprove the in

vi vo shimnsty, indeneodentlydon pasht degumaéricecrepyeserit anHiateger in the range

T BB BB E AT L, oo

bi odegg alpp) ifdepedd&itiyefor PRECIdcRirkRR, Riprdsb& Jnl igiteeeSin the range

Figure 1 shows strategies for varyi ng} pol ynmer
c@?ﬂ Yhad @ {preterablnd te R to 5.dHar3aer eyendt oaboutrdginde 2

denonsg r. h t. [ fan€

dr ug rltélrgggsseén{rsa e%\g%? 15?&%-%%%0%31 éﬁﬁ g@ro;}’lr?e@’%f%% <25,000,
R0, X151009e /i 8,000 e<5000 6t1,000at<5001 KED0, RGP0, <25, <10, or even
canpt ot heci n has on enhancing canptothecin stability,

e?@; , Inhibiting | actone ring-opening. Figure 4 shows
| act , , . . ¢
o oS A BT SO ol HRE U at s

azl), 561 onrgl Ofalcywresriceitaf @repriebents arPitdgepgreatsr than 0.
illustrates CPT rel ease from HG6 and HGGE6 at 37 C
after 24 h in buffer solutions with pHs ranging from

1.1 toadcnds asﬁéaléﬁfﬁlegpraeﬁpinwmdﬂ%maﬁéa/ﬁ& prephring the
degradati on of CD BI sCys- SS- Peg3400
therapeutic cyclodextrin-containing polymeric conjugates described herein.

Another aspect of the present invention is a pharmaceutical composition

comprising a compound or polymer as discussed above.

Another aspect of the present invention is a pharmaceutical dosage form

comprising a polymeric conjugate as described herein.

Another aspect of the present invention is a method for treating a subject
comprising administering a therapeutically effective amount of any of the polymeric

conjugates described herein.
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Pol ymer Figure 8 Shows the tunmor growth curve as a
function of time for the D56W 25 CPT, iri notecan,
LGGGLO at its highest non-toxic dose tested (18 ngy

CPT/ kg), and the other three conjugates with high MV
pol ymer (HGGE36, HGG, HGGGL0) at  their MIDs in
xenograft mce. Figure 9 presents the nedian tunor

gr owt hAguh¥Espe@iof tKeEresentinvetivh is g ofcondnapigal t

m ce. 30 Figurel O presents the medi um tupor growth .
cehaymacevgeal busing s comprisimemmiaiarng Heensing ondiggibuting kits

| qr.af FGe. ' . r
gk AR el SR el RGBS
plotted for D5SW CPT, irinotecan and the three
conj ught @stamcemtaidimens,thege thdtdpqueit polymeatconjugates Mifdeve drug

BT AV OB 2L 5 1 Bl
gy sél&ﬁlﬁg 'ﬁQJ:M &4 hridt %Flinl%tg%dp‘?,%%§%e@'ébﬂjﬂgﬁgs ﬁ@u’é?ent methods

I iventi o OverView The prese I'nvention relates
t for novellled elpami af ithartheapeutioemdns ridacti ¥®agents, or improve the in

cy.clo tri,n-containin ol ri.c_conmpopnds..desi .
FYiFo Sat dndltr R SFhBRL e e SRR B Sl T cortain
eSBsHiRBAM Sthe POE &R Y15 LSAEXArE bitrefsHAbRI dHbisHepRIdMbR! S

i nprove drug stability and/or solubility, and/or

reduce toxicity, and/or inprove efficacy of the small
nBrietDescriptiomgfdhe Figugeen used in vivo. In certain

enbodi nents, the polyners can be used for delivery of

t her apﬁi%{nlec% sHY ar@%ﬁ%@es‘: ?@V%ﬁ@f%ﬁgﬁ@xﬁnjﬁtes to tune their

doxor ubi"cin, an éricin. rnor e,
seHaexterisged.rom a variety of |inker groups, and/or

Lg{gﬁ&%ﬁ%ﬁ%ﬁg@%% 3 f?qt gffpdr " rtr lF:lg ggtg}cqrr&g]p%?gease rate
THhe di | lates to nethods of treating
R

sub erapeuti c conpositions described
her ei nFiglitee3 ipmesentsi the efiect that tethératgesampiothetinduis droenhancing

conducting a,pharmaceuytical, busi ness 20 conpri sing
R Se O SR LB ey A Re HPE BRTTRG i 5

cont ai Pig PEhod 19&4)15@11'15@015&%% REAIYIRIPES 7 AATROPOA Buffer.
descri bed herein. Mre generally, the present

i nvent Fignrepboendi &b shaw grolynenidatien chiteeldipadjnging polymerization

time.

Figures 6 illustrates CPT release from HG6 and HGGG®6 at 37 °C after 24 h
in buffer solutions with pHs ranging from 1.1 to 13.1.

Figure 7 Displays HPLC analysis of degradation of CD-BisCys-SS5-Peg3400
Polymer

Figure 8 Shows the tumor growth curve as a function of time for the D5W,
CPT, irinotecan, LGGG10 at its highest non-toxic dose tested (18 mg CPT/kg), and
the other three conjugates with high MW polymer (HGGG6, HG6, HGGG10) at
their MTDs in xenograft mice.

Figure 9 presents the median tumor growth curves for HGGG6, HG6 and
HGGG10 in xenograft mice.

Figurel0 presents the medium turnor growth curves for LGGG10 and
HGGG10 each dosed at 9 mg CPT/kg in xenograft mice.

7
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pol ynmer conj ugates conprising a water-sol ubl e,

bi oconpati bl e pol yner covalently attached to

bi oactive noieties through attachnents that are

cl eaved under bi ol ogical 25 conditions to rel ease the

bi oactive noieties. In certain such enbodi nents, the

pol ymer conprises cyclic noieties alternating with

I i nkerFigateell @sesteﬁt@ttm@moaodyh@elgwgwmswsmtasrﬁuncuon of
., into linear or branched_ p mers,, preferably

mné @lotssmfwﬁﬁw CPifl &inojescan enw@gxeé $ORjgatBRcIHining high MW

S r uch as cycl odextrins,

FURL M DS GhacB ", 55 Y008

12- cr oRigurt, IEtShOWS thy dorrelatibh gepEPT i chewerdfhtion. @g/mg tissue) to

conprising from5 to 10 am no acid residues),

chuynor sig ingpekingkspogral mige.g  cryptand [2.2. 2],

cryptand-2, 1, 1, and conplexes t hereof), calixarenes,

or cavitands, 8 or any conbination thereof.

PDefailed Blegcriptien of/theilaveitionct ure is (or is nodified to

be) water-soluble. In certain enbodi nents, e.g.,

erée a. linear polymer is desired, the cyclic

S is selected such that under polynerization

conditions, exactly two noieties of each cyclic

st r uct Thepradht ifAtiby f1Med 10 rlokel dohipeeiiof®beihe@peutiich

that the % resul ting pol ymer conprises %or consi sts

eeystaderEin-eongAiying mO&m@wmmgn@&qswe@ or dgyg dglivery of

i S
BERbpE ARthe; ITERTRRBN R R AR RS plymers
nigpedvedru Rebilite afidoy sdlitslitya aed/cromtedecioricity, and)({ﬂlnlnptdve
and/ or anenabl e to preparati on using_ published

petieasynidhe spall molegule @ﬁ%aicmsuseé Bhyigralnecerigin
SRR, WS S RSER il P iy RSt
nmynﬂlethaclp,ahxmiadmmub ipia| yaidmphotaicimoRurtheninorep by yetecting from
oY hne o P o P P TR b TG fom
ﬁo‘l?ﬁ?}stc‘éﬁ by attt Ruafll oAb ShtRMied dEIFRed| T‘E@ hﬁent?&n d1§Adates to

ohe” o noi ety and the cyclic noiety
cmn’qhodseﬁtr@mmg sabjetta mithdhs theepestic ¢dmapositicns described herein.

urrence of . t hat |ncIu es a.char Lte.
Tﬁ ¢ o M By gelates Ty eCiodsdy’ BEOng A bABTTBer] iness
hfufa@8Rhe, 1REnsiRY) oRdistitiiig (HtY ebntaiRird or relating to the
rad| osensitizer, or a conpound t hat I acks significant

amlymmtmycorapmndsdcw@ddhﬂcm but that potentiates the
activity of another therapeutic agent), preferably

makes N@)éeaé\er!e%ﬁﬁrt t}\éo{% S%Qto/ﬁlvéll‘ﬁ p%gw/ ‘fieg\?&% g’o%l@lg Ol;logo\ﬁ%]dtlbie

35% by conj ug at
epmmbﬂajm@gatead:mmlsmgatwmr ﬂﬂuﬁla&n@wn)ﬁmbletpmlyrﬁer covalently

patient results in rel ease of the bioactive agent aqver
aatﬁiéh‘?dot@ tipactiye mogiies shrapel aftachments that are cleaved under biological

conditions to release the bioactive moieties. In certain such embodiments, the
polymer comprises cyclic moieties alternating with linker moieties that connect the
cyclic structures, e.g., into linear or branched polymers, preferably linear polymers.
The cyclic moieties may be any suitable cyclic structures, such as cyclodextrins,
crown ethers (e.g., 18-crown-6, 15-crown-3, 12-crown-4, ete.), cyclic oligopeptides
(e.g., comprising from 5 to 10 amino acid residues), cryptands or cryptates (e.g.,

cryptand [2.2.2], cryptand-2,1,1, and complexes thereof), calixarenes, or cavitands,

8
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preferably at |east 12 or 18 hours. For exanple, the
agent may be rel eased over a period of tinme ranging
from6 hours to a nmonth, 6 hours to two weeks, 6 hours
to 3 days, etc. In certain enbodinents, the rate of
drug rel ease is dependent primarily 25 upon the rate
of hydrolysis (as opposed to enzymatic cl eavage),

CorGiny cbh®inad@be tikeofl Plefgtdy Gha bgdie siyiciuetsis (g maified to be)
factor of 5, preferably less than a factor _of 2, .in

t weter-glublenlocesrinephodiments emz\ylmg a lingargyofaper is desired, the
ddﬁﬁ@'g L{J\SI% is .I:éqgct :Eu%h at Ahag o polyt &%u&% ncﬁ’t?o s exactl two
pen prinmari on e rate enzy ITH Ii %

Rabietiey dfeacky aycugastmsmeef art heacive whtthe liwlem &noieuersmucb ehat the
useful to inprove, 30 solubility and/or stabilit

HEYHERG DAYIREFUBRIHER £OTFGBHISLS epeRinly o @y aletgating deries o
| (EE AR Ind iR HoibiMChRAES A Ralbl} BleAdfyBL 8RRy,
ng p te

asna protein§, reduce or elim
[ Snmblmghfunctldma,hzcxi oyotictmdibiesdgelnde manyrihataralvomnsagially
i opr,ove cir

d I k t
avilable mgw%%ma@& tﬁ%%ﬁﬁ%@'t\%ﬁlggw ‘F]??dtﬂli%toc‘(%iér r‘PFg%‘P
' éi‘nlﬁﬁfn’ﬁ@ﬁt? Q:ohjl%éﬂgﬁ ére Ul ASwitbi®laJoncéHifaBBH BF &t least 0.1 g/mL,

toxicity ficacy, normalize drug netabolism
alrcf@mljsattipmﬂs?&g/mﬂtffer ent species, ethnicities,
and/or 5 races, and/or provide for targeted delivery

01, PRk Sonb AR Bob RGP AR &

I aplefialor POlyanioic foMHéraak &t lkastRad Bl that bédafea positive or
|%§{1t| on. ? yla%nefl nlfbﬁr ons (a) Ceneral Terns 10pAn

r@apmﬁamarge EesPedivelye medrigin el epbedinents, ot lsagonpelithg linker
t)hﬁl‘cd tinl-: E%Jl? ey n{ ﬁésaﬂl%ﬂta' é@{i E?e o tﬁe{t %v&%ccurrence

|ncrease he 'é f |veness o erapeu

agfe]ﬁtmolayemlhdﬁs)a Adidedafie.s i ncl ude radi osensitizers,
transfection-enhancing agents (such as chloroquine

and angl ogs thereof) enot act c agents and
cherpal e bitetie @gentp@blpﬂ CA28Nt @ dfagnostic agent, or

agen?ix%ﬁt ﬂ&{ ‘l%‘r %ﬁ\ﬁ dseﬂ@tﬁ&ek loltr ﬁ'@g{m@ﬁfaﬁfi@g é@ﬁﬁ@%ﬁ activity

itors resi stance and
eafdiﬂmnstemﬂaiene mitchat "pbmntmtemlieagtmt)sof‘ gnodier theeapehtic agant),

@3’31%@ ustgeast 3 LA Do I, ZRoB At R fewon 3% by

g it df\thd Yorfpligate. B Plefdridimbddith&rts ST mifiktrAbrATERE polymer to
t ha faC|I|tates or pronotes (e.g., potentiates or

supstienimgsults)in aglease of Hredvoactive agent gvgm peywdtdfdekeast6 hours,
SRRy FBRhREP 1 bRwar e 2R e fooiieledoch ovef
qieﬁo)l of Ahea8fih s frof PO h&@s & a month, 6 hours to two weeks, 6 hours to 3
days, etc. In certain embodiments, the rate of drug release is dependent primarily
upon the rate of hydrolysis (as opposed to enzymatic cleavage), e.g., the rate of
release changes by less than a factor of 5, preferably less than a factor of 2, in the
presence of hydrolytic enzymes. In other embodiments, the rate of drug release may

be dependent primarily on the rate of enzymatic cleavage.

Polymeric conjugates of the present invention may be useful to improve
solubility and/or stability of a bioactive/therapeutic agent, reduce drug-drug

interactions, reduce interactions with blood elements including plasma proteins,
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wi | d-type protein or derivative thereof having at

| east one bioactivity of the wild- type protein. An
agoni st can also be a snmall nol ecul e that up-regul ates
the expression of a gene or which increases at |east
one bioactivity of a protein. An agonist can al so be

a protein or small nol ecul e which increases the

| REGEAG liffingtE Iﬂnﬁﬁoéh‘?nlidi@e k&b tHef agb M fesrR Seti¥oliBm, modulate
anot her nol ecule, e.Q ar get peptlde or nucl el c
admg-releas&dm@wm 1mpr0\@s:1mbaon dmsi impreverdugthalfdlife de.gy in the

to an agent down- r,e uIate

D S5 SR eSSy 8 R, pesafts o BB IEPREE efticacy,
HbraffRd dtupdhetabdH3ickSsk SUIBES 56 @iffefint ERtits e&hhieitys, and/or
destabilizes or decreases) interaction ano

pr@pgsp@pﬂ/pmgv@p fort taegetedglediveny dnto(spegjfic C%HSé}rglsases Poorly
] |&

U e T R L e S SR

Olﬁolﬁrnsﬁmeolﬁfaounﬂgofﬂieénﬁemoﬁr whi ch reduces the anount

of the wild-type protein present. An antagoni st can

al sQ be .a protein or small nol ecul e which decreases or

i Hnbstmiionse j nteraction of a pol ypepti de of interest

wi t h anot her nol ecul e, e.g., a target peptide or

ggl el GefrhOTerpf¥e terms "bi oconpatible polymer” and
ocorrpatlblllty when used in 5 relation to

pol y msAQ abevzmt t as the deymi iseded Faeineisargeimpound that has little or no

bj d
AR velieco G VRt ittty B Rk VRhets o Endtieutig meent.
OFxerAplaB Bdjuvatfs ifdoderididskdsitiZens, Bahyfe@ioncliimdesagaats (Such

rate that produces nononeric or oligomeric subunits

0#s Ahlerequipg pmbmkw thereefy,ghemetastie ageris ashehemeattrggtants,
ih efpttldFé Hlaﬁ% & cefl gﬁﬁ«% J}leé}ld?or% l}'rg) : n&bfe?lg;erTSablhzmg agents,

entl on, egra 'on genera
dﬁmrbaﬁeﬁdﬂzﬁultiﬁntghesmehmﬂ/drrefmm BIggseem e.g., into
its nmonomeric subunits, which may be known to be
effectively non-toxic. Internediate oligoneric

pr oducfBe teFBsagenisty asused BETeR: HdRTant R 1ol toag agpny that mimics
d c

R TR B %‘%@%ﬁ’”“%x.ﬁﬁgﬁ the IHEVRL of @protein of
blmm'm,mrmalagemahatifmhtatdshmprcgmtes e, podrdiatdses sapplements) an
t han npnoneric ner., 1

R aape POl Retds o DErss R ATBIEP e i amo sy mpfecyle
biead! etg§t@t@ﬁp hSrrRStey HBEleic aBid8 e hefecihiBs é‘tb\}oﬁbhse%onﬁﬂé%ﬁ bea
aS|rrp antatlon or |nject|on|ntoapat|ent rmy
dmléﬂmerwdteaf orderivativothereof baving atdeasy oambﬂoy@esty qftth¢ wild-

not ne ess tha an ubj ect,, _C Ssition hav

phiPe PtER ottt o Met ok SERL R b P iedilefs e
ir&sion oF %@ﬁ@ bt WARKTRM LR b5 oﬂ@%oa&ﬁ%y o 6%rot3f0An

5/0 90% 85% 80% 75% or 20 even | ess of

bigesistpan s be porafeinos small gnolequinewhigh dupreases thernterggtion of a
oﬁ&l%epﬁg of hl%tést with another molecule, e.g., a target peptide or nucleic acid.

“Antagonist” as used herein is meant to refer to an agent that down-regulates
(e.g., suppresses or inhibits) the bioactivity of a protein of interest, or an agent that
inhibits/suppresses or reduces (e.g., destabilizes or decreases) interaction among
polypeptides or other molecules (e.g., steroids, hormones, nucleic acids, etc.). An

antagonist can also be a compound that down-regulates the expression of a gene of
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and exci pients descri bed herein, and still be

bi oconpati ble. To determ ne whether a pol yner or other
material is bioconpatible, it may be necessary to

conduct a toxicity analysis. Such assays are well

known in the art. One exanple of such an assay may be
performed with [ive carcinoma cells, such as 25 GI3TKB

t 40BEst 62 Wwhith redudel el Vbl 'e FRAIOSH e ﬁcﬂéln ?M@hte AiBantagonist
degraded in 1 M NaOH at 37 C until

desgradahehe oprotein obyynall melecTigavhich d@qreﬁrses er mh@ﬁs the interaction of
neutral i d wi.th ut 200 L of

CORULRmEE ooty Rl Snty € e el B R By pycteic acd.

placed in 96-well tissue culture plates and seeded

Wi t h hiBeRrmg Bsibédpaidlcporpier aad I'biotsmpatiRlitya when used in
104/ well density. The degraded sanple 30 pr oduct s, are
i elationtie polimers TR ertarerprEzed Forexprples Biogerpativla pelymers

ﬁ%fﬁ'd%io@ﬁne@&a@& thmen?s%l\}% ?&%@g; e ho/ r(@ ?2 ﬁﬁmi or

Concen tion degra Sanp
t ]mﬁﬁaiﬁ watl degrade G ke, pdlymactﬂalgtadesb at p@hty mlmtmmhldes monomeric or
i nvention

formul ati opns .of t res
eVHEOMATIE SUBYIfReqr ot Waeﬁ@ H"t% aﬂﬁsxxcégpgent%gw laéhe Rost. In certain
ﬁﬂﬁé&.ﬁ@ﬁt@ \b% the eﬁﬂﬁﬁ&;tﬁmsbioae cgfeﬁaaﬁy ifolRat

t ey do not cause S1 gni |cant irritation or )
i defgradatian pbthegiolstoher is ab organisen e ,|1mp| itsrhendnagvicssubesits, $hich

Th oy d
ey hEkownte ARt hopePur e st Bragucts
SﬂéQﬁluﬁg f&ﬁpﬁﬁh%gﬁﬂmﬁﬁﬁnﬁbﬁﬁeﬁle%fﬁx@ﬁﬁ toﬁfcﬁidg[&?ﬁ@ﬁéhf&@

degrade during uSe. Bi odegradabl e polyners typic
didweer, for bindepradatiinoniey) invabis| oxidadioy we pthet biog 1calrreactlons

|
ool wOecEROAEE e Hlorhett? Rurlls S W Bt o i v
VCYseliaiIFPin, ceptBith dnibodimets, kOxi€SIbERbNa eiasbegthﬂaiﬂé Polymer
such use 1 nvolves in vitro use. In general,

e far dm vivatuse. syoh ablr@lﬁlﬁatmweglea@%mm 2 patign:gnapeke

t&‘e‘?erﬁﬁ%cfa‘}?etr ofe! offno?e t%k%?lg { 1£8$t¥1%§éssquﬁaQ ah} Subject

corponen bun

b¢orepsitiondiave b podBsef 1@0% ia»ebe db@in)édbtocbﬁipﬁtxﬁlﬁfﬂ-lém, a subject
non- pol ynmeri c subunits,

JFORRASEIRN MY GERprise 98%&&‘5% a’%ﬁ 96% %M» 3%&5&1'489%& 5% or

i
AL S B He I g 05 Rl pYRl et
cdridenxei pan)ts descnbé@qnahymﬂrstﬁ&elﬁmmmpahbles uch
bi odegr adati on, nononers and oI igoners typically

result nd even re typicall suc radat.j on.
boour sTRFAENEHE AgEtsr 2 P BEiRAoT LRHDErAL SREgPaHp Gt may
Ofe ﬁé@%ﬁigﬁ 1® cBhdt Q%MWF}F ana!lﬁslsc SGEH &shys A6 Weh Enol ke tlﬁfart
bi odegradati on may invol ve cleavage of a bond (whether
cOvaexample of sichanwissay)may be performed with live carcinoma cells, such as
GT3TKB tumor cells, in the following manner: the sample is degraded in 1 M
NaOH at 37 °C until complete degradation is observed. The solution is then
neutralized with 1 M HCI. About 200 plL. of various concentrations of the degraded
sample products are placed in 96-well tissue culture plates and seeded with human
gastric carcinoma cells (GT3TKB) at 104/well density. The degraded sample
products are incubated with the GT3TKB cells for 48 hours. The results of the assay

may be plotted as % relative growth vs. concentration of degraded sample in the
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20 internal to sidechain or that connects a side chain
to the pol yner backbone. For exanple, a therapeutic
agent or other chemi cal noiety attached as a side

chain to the polyner backbone nmay be rel eased by

bi odegradation. In certain enbodi nents, one or the

ot her or both general types of biodegradation nay
oﬁ%\iﬁ-cq}ﬂﬁﬂe Re]L! ﬁ?a&ﬁmé’n pRBEBhnd RPmARtiBAEEr the F)ﬁdséht ibvetion
term "bi odegradation"” ‘énconpasses both general types

ofnay blsodegnaluated by welhlnavayinadee tests, sugh @s sbctaneous

bi o dabl e d ds "
viprargear i B bt P FPRA e bl ReR of mpeion
t Bﬁn'ﬂbﬂﬂﬁﬁﬁ%n hﬁﬁ@@ﬁ&&hﬁoﬁ@ﬁnﬂﬂﬁaﬁﬁ&ﬁadﬁt ion, t he

nol ecul ar wei ght, crystallinity, biostability, and
degree_of cross-linking of such poly t he physi cal
char acBe tesm; " biodegragable'sis apferegegmzedy ‘“5{ Hgﬁp(ﬂ)ﬁmers

tloqﬁgﬂd ?ﬂf‘m{fﬁﬂﬁ gl? h?ﬁl@gér Q%Cﬁﬁecﬁge%ﬂ' Bkl zﬁ& 1@8nded to

e greater ecul ar wer ght,
hd@ade ddmgdsg rBiodedradabyspatymbmnitypicalyndiffor frofmeont 2

he b bi | t he bi dat , of .
o aegeoPel T e e omen e OE Heiated GBI ceriain
%Bgﬁﬂ{eﬁga@cﬁ usé ﬁw’ol\{g@ ﬂg@ﬁotuge %GM?ES ﬂarz‘iﬁf thetapy 20 in other

processes also termed "bioerod . In certain
e odrtaii emmhodimentsy sich ustnvolvesl agvmuabb dngehgrak degfaéailms

oGS B8 S e SRS B P g o
b6t R ESRpEHenE SithubMs, dr Hﬁ%e@ﬁﬁ? e rgatb%r ObiosheaticATph&leb R of the

I n such C|rcunstances egradatlon rate may
dpplamer ino swallanhgn-pelymetie nulwllts i Insartainembedimestis éwe different

t . of th h
" kg P GotserdiioR mav(EpBRNX BB artb o Ftahlpk, Sue tpe of
Dsmaﬁegiaaatm By R6lve hia®sde TOFROS(WheHS coalénide aﬂfemse) in
only the 10 cleavage of intranol ecul ar bonds e.

omedmlmﬁ bagkbase. Iyaweh bipdreradaian, Eloagmersan dﬁhgmstsu tﬁwcally
I gyﬁtﬁld@feg Sl%l ‘?{Q’QPC%Hg Sucﬁ Bﬁ)lae g&io%s&%hﬁtﬂg)%@?aggﬁa?f a bond

‘guest "co Ive CO

Wc@nhaeﬁmﬁgebmﬂ xﬁ@ﬂems“lsmrﬁte @f s po lyme@ eIhtcanﬁlasm,rdmodlempEsaf
pol ymeric, formul atjons of the present inventio

bPdegredaioninaninyolye slsavegs afipdhiond{whethgrgoyglent Com ptheravise)
d fitehedo %Ri%%fheﬁ%f 3t ¢ rBﬁ&§ b 5fleRhathTo %Etc’m*xﬁ‘éﬂ ¥a2kbotC Por
as I'n vivo erapy, such degradation occurs in a
pexaimpie Jsthatabyuticesent dranhalchemidal meleyseauashecbawaa sidachain to the
th th th, fift
£ pog %@cibpm g8y &sy@easgsi b piadeg s&n?éafa% 5%5@% 8@3?@*1}@8“ one
2oPIRE SR 88 bl geRlab i plof bibddbratialibh R Wl g dsdof a

havi ng a tenperatur bet n 25 and 37 C. In other
polymer.

As used herein, the term "biodegradation” encompasses both general types of
biodegradation. The degradation rate of a biodegradable polymer often depends in
part on a variety of factors, including the chemical identity of the linkage
responsible for any degradation, the molecular weight, crystallinity, biostability, and
degree of cross-linking of such polymer, the physical characteristics {e.g., shape and
size) of an implant, and the mode and location of administration. For example, the

greater the molecular weight, the higher the degree of crystallinity, and/or the
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enbodi nents, the polyner degrades in a period of

bet ween about one hour and 20 several weeks, depending
on the desired application. As used herein the term
"bi oerodabl e” refers to polynmers which deliver
sust ai ned effective anounts of therapeutic agent to
target tissue over desired extended periods of tine.

TBikster theltRbstaBIity2 SR YisieRehdaflion BfarlyBi8ddgiablebolfifter is usually
brol ogi cal environment of host tissue and the |ike, in
oslewss gdetterm bieddagrasiebled is intepdediipcioyeympterials aApdprocassgs also
oei daéi..l\)/ig SF@ ives under, and in proportion to, the

hosT* PR tory response. This results in rel ease

of the therapeutic agent via the breaking of the

coval ent cdriaitkedbsiimeats wiersn therbicdopraiableqrubaniemalsu itas a

oWISraRSURIEATEROT P TBBATIA HSBELT A 1 e RiodgEBRHRR ERe of uch
t Pglgﬁ@’m Z%e Qﬁ&%{:’t@g%djﬁ)ﬁa Fe‘ﬁfagé Fheds stfl:g mHi&sials. In such
bt odegr ac‘?l1 y , ﬁ c

bl'e pol'ymers “po actic acl polygl ycol i
acirclimsiarcbes, [t hibdegradatigh yate may depentl cropati onfiethe (cRbxGikg] identity
have been. investigated extensively for . nanopart.cle,

f 8 Yat%?hﬂaqﬁ%'&g%%‘fj Phep ’ebu,sélsye&t%% epigiof MG

| RbaAtAd Merdif) DdgrsaReR ¥t %%ﬁ%@%oﬂéﬂwiﬁ%mg‘ HRIRY SbtSonly the
The products of such hydrolysis are bi ol ogi cal I%/

c olepeage iof inteablensdathohds algl dyrmoiidation snd/er gychIyatst w also the
acid and glycolic ,acid whi ch,.are event.ual l enoved

F Psfefa op it sy ol Befds, st iRbSiaRr SRy st CEpISKes by
biafsaiindabinplexfofdMidnSwith orbigh iRJusidn Rosyery sl ow

rate, and hence do not affect ~ normal cell function.
Several inplant studies with these polyners have ,

pr ovenlnsesrigin ¢mbegimgnigepralyaesic fpmulations ehike presegf ipyention

¢ . : " . .
Pt Sl SR} SCERARR e R0 ARITRUER o
apmbbdiaiennsuchak in 0ivg-thérgy) sedt dgtRlatidh esirpol apeiod usually
are also used as graft materials for artificial

olegmthan aboi diviegiearss pe vear. sEsRREHE thiehHRees onsmonths fifeen
?%‘52?95 %g’h?%/eﬁgdé'é,% evel'Gne 3 Gpodlid 10 %éﬂ}(%él?%laall sr?lutlon

pol ynmers have been ti
vaithauyd betpeen 6ahd 8rimvimgd tpmpsreturs af eetiveen 2lamh3 T¥e . In other

Most i.nportantly, these polyners ar 15 FDA-a oved
{ SROOIFERTS, 0 P deepaghiing beriod 9¢ BeesR aBRait OB hgicnd
phak ' ga&; Ak onVivo, it is

esseﬂ%?@%ﬁgﬁg@r{dﬁl poqhggeeégggﬁglrlr%agllo\r}és be nont oxi c and

that they degrade into non-toxic degradation products
as t heApabgdieercingheteon étiderodabls” nefess t6 palyeers whighydeliver

zglgbagﬁ%ie?feghgg %ﬁ@rﬂ%?t&e&%l&:gn@a(g%ht t%q\é\reg\é{e triSsué( ia%rddesired

extended periods of time. Thus, a polymer according to the invention in the

biological environment of host tissue and the like, in one aspect, is subjected to
hydrolytic enzymes and oxidative species under, and in proportion to, the host's
inflammatory response. This results in release of the therapeutic agent via the
breaking of the covalent linked bonds. Thus, in certain embodiments, the materials
of the invention utilize the mammal's own wound-healing repair process in being

degraded thereby, as hereinbefore described.
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20 upon erosion in vivo that adversely interact with
the surrounding tissue. DO F. Wllians, J. Mater.
Sci. 1233 (1982). To mninmize the toxicity of the
intact polynmer «carrier and its degradation products,
pol ymers have been desi gned based on naturally
occurring netabolites. Probably the nost extensively

st udi ethex3 Rl S pol§x‘r’1‘é{é p%ghwﬁra%ldabsl gtﬁoﬁ@w@%ar s

derived fromTactic of gly aci d pol yam des
2Bolylectiorglycélioamid nopudymer (M»GAQ, h&mﬂ:@pn ofveitigaeadonkadristyely for
far

cEP ST Bdora adet THE REb RERLAIt PEarac - Jlgngstion in

aihe be&p Ginkd irAple hoa K prodichs offath hiMrol e
e HRERAIUNEA sifile hIrBIRTPIIR prodich ot hiMrolysis a

4bxg]z>glc@§5 comgatgble pad mepa(l;ohzabgemogggs (eLg-Jactimacid aggl glycolic

o lEo ot Bl e BB e B0 e
4bidd&prdeflion prsluctd. afe fo?ﬂied alNover§ sbbOrdd8 @nd héned do not affect
bi ohydr ol yzabl e bond (e.g., ester, am de, carbonate,

cearpigheglblinction.  $gvgen) lmF]éﬂfe?t%dlf%Wﬁh Esseipeliaters have proven safe

J t I
R R G ) O LA bl e
ciofpdaritingenerial isyigiical oginea) andeid 1h|c0m$adepm'djat@hcatimls for long-

aC|d| and aS|c enV|ronnents of the digestive
(t@na e ;l;g polyners arealso used as gra;]t mge;gi s bor artﬂtimg] organs,

€ 'E’:#Hﬁg hHé[-H Qﬁ‘vtt . Natur

rr%ht\aalrg %ts bggne ot er b’r"’éﬁgf‘%g%%?n%r oce sese,S 1%?1(? ns. Nature

pMeﬁeEm% e9&x Thuspthywipoloners Ahveckreditinewested m warious
Lebrate, , such used her.ei

i o R A B vse. Mosh RBportiniy, (gt olymers are

gmm prédRd fod bRl useDI ety” refer to any straight
chain or branched, symetric or 10 asymetric

conmpound whi ch upon reaction with a cycl odextrin
mononeWhen pelymysss argrusesd foedelivary appharmaeolpgicalty eqtiye agents in

| ‘Iﬁl‘Bl?()’zlt #Eve\ﬁfeglﬁapﬂ%npthg lﬁrg}ers gltpge u?ss%:pno% c;xtlca éu’pd thgtutrl]lay degrade
Ciafd @drittoR: d¥grddansh ptodacts hyifiRtpolyiadr ig r:@;ueds by Iu{eoawsr fluids.
whi ch reaction and thus |inkage of the cyclodextrin

Mﬁ@hﬂ@@@&l@@%ﬂbwmw@we@gr gield phgamesp apd monomers
ep%lﬁ'?o 1(‘M‘inC\HV ?ﬁﬁre}ﬁﬁr ?é}%ct %ﬁth%e gﬁlfrctlﬁf tissue,
a eac

nlna Intern conononer ecursor
| Willianhe, J. Wtelasa 1238 (1982). t Bomidimigthe mxuﬁt}ﬂ of, the 1ntact polymer

! f@ﬂ?%za?llsﬁfé @E@%%@%@Pﬁ@%w@%qrh Eﬁa‘l@'d?egn Fiﬁmgmt‘élfl@ﬁ?de%n

ARty b ORI SRS Sl o

caxch aolynerbard ithepdlgesters derived from lactic or glycolic acid and polyamides
derived from amino acids.

A number of bioerodable or biodegradable polymers are known and used for
controlled release of pharmaceuticals. Such polymers are described in, for example,
U.S. Pat. No. 4,291,013; U.S. Pat. No. 4,347,234, U.S. Pat. No. 4,525,495;
U.S. Pat. No. 4,570,629; U.S. Pat. No. 4,572,832; U.S. Pat. No. 4,587,268;
U.S. Pat. No. 4,638,045; U.S. Pat. No. 4,675,381; U.S. Pat. No. 4,745,160; and
U.S. Pat. No. 5,219,980.
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a conmonomer A precursor contains one or nore pendant
groups with at | east one 20 functional group through

whi ch reaction and thus |inkage of therapeutic agent

or targeting Iigand can be achi eved, or branched

pol yneri zati on can be achi eved. Exanples of

functional groups, which may be the sane or different,

term na| bigh drblsztzﬁﬂaebnd g:f S&EN, eﬁ@iﬂ@%ﬂ&fnafé BArB&HAES or imide)
pendant group i ncl ude, % are not limted, to am no,
ac:¢fqrs t@ fibdnd tlagis qigacmdu(@g an eriteslis claayad th &pingle hydroxyl and a

CRBBL o B RSB SRty bl et Bt aonae
athe(acbrtbns mbasiw@@obﬁﬁﬂtem&xe cﬁ?éshlv@ tr@ét (8.gl, toditich Ciitdstines,
Cl1-C10 (preferably C1-C6) alk or arylal kyI_

o piChorAdic pniseRBgTH o g tener, é’FZYﬁ‘%ﬁ“é chayage metabplis, gpd other
N

bloQ %/éﬂ Ip%cteggegneﬁlg r%fg%glt}{}e?err td b%%lorlg@g{#lscggdmo%m a vertebrate,
cymﬁhcai%ammmso nonomer precursor, two cyclodextrin
nononer s nay be |Iinked together by joining the

primary, ny |de of, one cycl odextri nonger, th
the pr r”ﬁé&?ﬁi ramnd §/FE“TSE %@@%geréw%ﬁ‘éﬁsogygo%ﬁgﬁ lr”E’IY‘?‘F
MBARIEE  and PYink & éiRE " tber ﬁ)%l?f%ﬁﬁfgﬁt B Qf(yllan&legesﬂﬂmemc or

one cyclodextrln nononer h the secondary hydroxy
S asi@nroctrla wotmpennd whichdprn réaptiomwith mmyplodcxtby rQyiofrien grecursor

the £ OXY e .0 cycl odex |n nononer
Wb EsBE Eale YRR blesh i o PRE mEIktish kter i Cenaih
C¥mboditiehts, H cHMOIREr A ?Eééﬁfs@f R4 dbmp%uﬁ@ U&ht&i%idgoeﬂ?rea@f two
such Ilnkages may exi st in the final copol Bot h

t Aunctigashgroms through whichgeactigndnd thas di e Nqbﬁdeectrel

SRR, Pl s e i e s

quﬁalﬁref@t MerdfAEINYr e fial) WP Sdch ddimoBiRP ACpré@ursbr.indiide, but are
cont ai ni ng deprotonated groups, such as, for exanp

setlgnised, ﬁm@tymﬁ:aa@d lnbdaznkcs byrprﬂaﬁMﬁyyldiaélﬁe ﬂ-—rél or ~C=C-
B ET a9 afiPGRPREE JA ciRire rERESERR, b Hpotional groups

S HﬂettH@ be@n@ﬁiﬂ%ﬁ@ l&hteﬁ P (@Mt 9PN doffunfiRr. Riker@irferMydiments,
limted to succinimde (e.g., dithiobis(succinimd

p# émﬁ@ﬁ@)A PSPUrsaheoniaigs oes o mpmwytendaigequps avithiog Syast one

a
ot R B B BE MRl Hop b Sy ik f hrmpputic agent o
| awgating digandyarbiee ddhiesad, or bl:ﬁlchécap@?ﬁﬁnmu@foaﬁﬂ)e @chiéed.
used herein, the term"linear cycl odextri n cont ai ni.n

pEK3RRIes of Bingtianal growppaykipkmay bk smscpr(daffergnt, grmynal or
Cfidrpgle st édc cgﬁ%ﬁ&ﬁﬂneﬁ &%ﬁ:sogﬁ&k%ﬂ ér‘éﬁg n{c'ﬂf‘d' Eﬁt ﬁ@hmlmlted

are I nserte Used’ her el
t toeamino, acid, imidazole, hydroxyl, thiol, acyl halide, ethylene, and ethyne groups

and derivatives thereof. In certain embodiments, the pendant group is a
(un)substituted branched, cyclic or straight chain C1-C10 (preferably C1-C6) alkyl,
or arylalkyl optionally containing one or more heteroatoms, e.g., N, O, S, within the

chain or ring.

Upon copolymerization of a comonomer A precursor with a cyclodextrin
monomer precursor, two cyclodextrin monomers may be linked together by joining

the primary hydroxyl side of one cyclodextrin monomer with the primary hydroxyl
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term”grafted cyclodextrin-containing polymer" refers

to a polyner conprising (a, (3, or y) cyclodextrin

nol ecul es, or derivatives thereof which are pendant

off of 20 the polynmer chain. The term"graft polynmer"
as used herein refers to a polymer nolecul e which has
additional noieties attached as pendent groups al ong a

PSidY BB hnoth&CdbRAEx trik MorioBfeR) b)qbﬁfusg ﬂelsyé@lam@q{ymyl side of
denotes a polynerization in Wiich side chain is

grasé exdodsptrin moperngmeith tieseeondani lmlr@i)d eide w&another cyclodextrin

consi sts of one.or. sever QNELS

o papie. o€ by FOFind ths B EL nsPNE R BRF ol gronomer

f @rithdhe SecanMre hy&ok bshiié dfyanofiRk tid1eddx@iiminonv@ee rAccordmgly,
absorption, wettabi mechanj cal = properties

agewbivations qf@ﬁ@lw@kage%tr@y exigbii the Bnghsopolymer.cBath the
Q&Bﬁh%nﬁél{) $ ﬂ'ﬁ{gﬂ&?? aﬁ’cf the Smoh&h{ﬂ' % fof pﬁe'eﬁ’ o co foggﬁer may be

func e and anoun

maaeray catiorio €e. gt, &y mmtgrnaig prognadigpdupsaschiss forleeample,
nmeans the weig percent of the anpunt qf, the

EHSFRRE @%‘P{l’é@ AU, O ADTC Pt cptaiping dﬁBlfOWéFed groups,

A§||161'15a%df0t1] %?&‘h e ﬁllﬂ{eagﬁ&‘ggaéobd} eo&%lfohyl'a | nigk Eh&ﬁ@e of

yner to a bac one Wt uralit
ot:ombmanu’rA pﬁthetcspolwhmr maly beadjus@dahycddppﬂngl pHi Q@némons

t t t f, th
b EERBIE of Sifpble o Boukr &rprororsih Jibinbuiebond T o
h %Yc%uﬁmﬁ’de”(%@ JdithioblGsRbiniBi opfynaté) [ISPC hfigxddcifimidy]

d

nol ecul es, or derivatives tl%/(éreof i hserfed into or
gsuatferasel (DS&I)ogluhmaﬁsaand aSiﬁmteSér m "cycl odextrin

moi ety" refers to (a, or y) cyclodextrin nol ecul es

or deri her e h roxidized:.

or eaibEp L 0'%9*@ Rsiprn ot Tl gl B BEtinear
0 ptanoled orl grafkeay. As et ihenal, thd R PRHédr ¢yelgeatsn-camdingig
targeting |ligands may be further l'inked to these

nopleE raﬁratcaalp@ipmeo n@npnsmg](«erﬁ, orrvﬂecwlqdb%&tg@ melgcdes, or

| L bj | yzabl
o BRI ol W o isPuc! Wl o B ey s ossl st the
atdi‘ﬁgtgraﬁ’téﬂsﬂyclbﬁﬂiﬁhﬁ&oﬁﬁiﬁ/ﬁﬁ@Folyhﬁ?’ @Yt Qﬂ@ﬁfélﬂfﬁler comprising

derivative and the therapeutic agent and/or targeting
| (gdhdr oy cmhﬁlex@lmpoleglﬂas, of derentivepthersal Which are pendant off of

Sl B o B3 Rl bt s R bR BRGs B o Pl er

M RS uBRSWEBIR Baﬁ&dcﬁl@étf&!? hdfies afdcdhad Aeperident é}SuIS‘sYaQJ)ﬂgCa polymer

core, either dlrectly (i.e., via a carbohydrate

| bmk@g@g Bhe termy sm@p0éYm¢mﬂa@pn lanotss améym@rmﬁlpE%whmh a
ﬁ,}&zg.lﬂ?s g%@g% gﬁtgg PO )rrg%r ctflglt 8151%% S chg%/go?l iststoT ond Br

several other monomers. The properties of the graft copolymer obtained such as, for
example, solubility, melting point, water absorption, wettability, mechanical
properties, adsorption behavior, etc., deviate more or less sharply from those of the
initial polymer as a function of the type and amount of the grafted monomers. The
term "grafting ratio", as used herein, means the weight percent of the amount of the
monomers grafted based on the weight of the polymer. As used herein, a branched
cyclodextrin-containing polymer refers to a polymer backbone with a plurality of
branch points, wherein each branch point is a starting point of yet another strand of

the polymer backbone, and each section of polymer backbone may have a plurality
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An “effective anpbunt' of a subject compound, with

respect to the subject nethod of treatnent, refers to

an amount of the therapeutic in a preparation which,

when applied as part of a desired dosage regi nmen

provi des a benefit according to clinically acceptable
standards for the treatnent or prophylaxis of a

p U

OL{o BpED SEloERpERIecyllF of MrPalipAaR iberied ntg pr grafted
pbmmnuedhmmlthcare services to a person, comunity,

etc. Exanples of "healthcare providers"” include

doct or hos t conti,.nu care retirene )
conmunihy B3 SR iR M TS e (0 06 1) Slexiria molecules

C8f &erfv%ﬁ’véé théf%é @1&%&? be %Eir%Rﬁﬁieﬁ' JrBfed?dch&‘ fdrths, 2°

freestandi ng a atory centers heal t h agenci es,
afigclobittein moidties tmayotongprise pptiamal liskers hOpaomal taapsutic agents

d ts .d t | . .
RGN Do e e lnkef fo Bnudiehie wiaan optinag)
' Hﬁkéid The Mvika B@Eéﬁ[&n@fop&ﬁﬁaﬂﬂlh%‘Mlﬁﬂrelﬁﬁ%&%&ﬁ@% g,

i nformati on, i st” of corrponents and
aesacnsaamdes ycaxbanxateﬁmndmart(omateg}msnay bﬁ @h@ﬁtglugﬁ complex)between

t f 17
I iy e HeriftivBiapt A6 e ticafet it iGetfid nggng or the
aayuaiah Bhkdre€bPéRH. CYEIoUBRAL MoittREinaicfutthsingiate e or more
sgﬁglled wth the kit or as a separate nenber

ohjirate maietipsy pra&r%blqo sipae ﬁa;bﬂlmirata maigties spdrasealactose,
;
S TP AR SHSRY £ VR Bonb AR o o

Othréawghba liglee® getag, present ati on. I nstructions can
conprise one or nultipl e docunents, and are neant to

include future updates. "Kit" as used herein ns. a
col | ectlheiFrer EdtsoT waass thodoseqthislies t PROgHEEsi e Pfﬂ@s

tHﬁXhﬁﬁmaﬁq gﬁget}greﬁewe components constitute a

function unit for a given purpose. |ndividual
menber conponents nay be physically packaged 10 .
t oget hén ‘effectbpanausl’yof aﬁubjemltmeend avikh tespestrpy the iswgject

DRt saters AT 6 o PEFRReH i P preparation which,

| QAkN bR aﬁ%ﬁﬁ%‘fa d@ﬂfﬁﬂ%?eﬁegﬂbﬁt;ﬁaﬁdeé 4Benefit according to
instruction can be su as a separate member

c olipori braccepinblp étandardafq@élyeveaﬁmm wprephylaxécefraprrdcular
rTgrm whi ch may be supplied on conputer readable
“devi ce or downl oaded from an internet websi te,
or as 15 recorded presentation. The term "LD50" means
t he do38e efrma'hdilt@aicmbviders! aifblto indivil04lobr drgatizations that

provide healthcare services to a person, community, etc. Examples of "healthcare
providers" include doctors, hospitals, continuing care retirement communities,
skilled nursing facilities, subacute care facilities, clinics, multispecialty clinics,

freestanding ambulatory centers, home health agencies, and HMO's.

“Instruction(s)” as used herein means documents describing relevant
materials or methodologies pertaining to a kit. These materials may include any
combination of the following: background information, list of components and their

availability information (purchase information, etc.), brief or detailed protocols for
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subjects. A "patient"” or "subject" to be treated by
the subject nethod can nean either a human or

non- human subject. 20 The "pol yneri zati ons" of the
present invention include radical, anionic, and
cationic nechani sns, as wel|l as reactions of

bi functi onal nol ecul es (anal ogous to the formation of

NY$iAE theSeid trouble bbb, FeTbRAtdsCRcIafed) sOppoi) abd adesthsr related
two or nmore different reactive noieties that react

wHequneats lastrustioppean beupplisdatitly thedriborpsarsapapieanempem
SR8 O B B BLREUE o BPUARGTRE] ot o

dedrhpitenicadabimemdsy da&ncd‘orcdmmﬂmddd fiear amigtdrng vaabsit® oe as
reactjve noieties_that react only wth reactive
nicerded Presentation. clngtructions FELFRIBPIISE 8¢ or mu tlple documents, and are

pg{egﬁﬂﬂ-}hﬁﬁﬁ@ﬁl{&g B aswe” as netal -catal yzed

ynmeri zations su olefin netathesis, and other
pol ymeri zation reactions known to those of skill in
t he ar t')Kit’18s U3ed hemimmiepnopénlleaton of aideashbvapmupdnetits

PP bR TobeEia 5o o Sppions it o
Fi%ﬁ‘ plirpoSeTPRAIvidudD frerdber EdmpdrenBARAbSHIBSRANP phKagéd

ini cal manifestation of the unwant'ed condition _
( toggther omjeparatady. oF oraxampley A kit rroBPrigingtan inftructen frygmsing the kit

o Pl 2 b PRE S e SR o B S KBS e raenbler

Cofiipriedfs, InER, BRSinstfuctibn bén Belsipplisd @m@épafatt@member
mani festati on of the unwanted condi t| on,

t pRIBPOREAE citBerinapaperforma or en elsctronig foran Whlcb mobet sypplied on

bR Etheadi: bRRRFoedle ' ARl 0 afpl M tRbri oras

ﬁrcetdedtpre%gntaﬁ@n.art-recognl zed, and when used in
relation to a 10 condition such as a | ocal

recurrepce .., pai n) sease uch as ca !
syndr oﬁg I Os‘gFE $48¢ %95 “%;Pg ﬁ\a@sd?tgaade%gg@frtGSt
nﬁgﬂg% condition, is well understood in the art, and

[ ncIJ es administration of a conposition which reduces
the frequency of, or delays the onset of, synptons of

a medi éatpat;cma pt 'sobjeict?’ ta bedwhied by thesubj doy cthodzcan mean either
%%ect does .not receive the conposition. Thus,

1

?13’{’785'(1?% uman SuBiecly i ncl udes, for exanpl e,

reduci ng the nunber of detectable cancerous grow hs

in a pohetpdlimerigitionst dfaht pres@f Shventign thchideRhditalCirdinic, and
treatment relative to an untreat ed control
peiomia meghanisry/ ¥y welkpssgaetipns wé bipprdionalyaelegyles (analogous to

dﬁlte%fn%moﬁ 0??1?&)% AT r@arctm% Pi%lécﬂle@ e%he&t\?ﬁcﬂ BQ&H!; ﬂ% 8f'more

Ver sus an un eafe
different reactive moieties that react with each other (but, preferably, are disfavored

from reacting intramolecularly by steric, conformational, or other constraints), or
reacting two or more different compounds, each compound bearing two or more
reactive moieties that react only with reactive moieties of different compounds (i.e.,
intermolecularly)), as well as metal-catalyzed polymerizations such as olefin

metathesis, and other polymerization reactions known to those of skill in the art.
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popul ation, e.g., by a statistically and/or clinically
significant anmount. Prevention of 20 an infection

i ncl udes, for exanple, reducing the nunber of

di agnoses of the infection in a treated popul ati on
versus an untreated control popul ation, and/or

del ayi ng the onset of synptons of the infection in a

t r eat edhp @Rk 'ProphylacaE SHheipeutidMifeafh@ icaftdcdknized and
popul ation. Prevention of pain includes, for exa

. Pre mple, .
r enelisien gdmindstration i dipsior ong or gorephithe svlipgt compagitings. If it

Dai . O . . .
e R T A S
paedsaior other Abwiied stArrcfitie hdshenitral)iken the ereamedit isc
agent" include any synthetic or _ naturally occurrin

bPEPblacts. g ddwpipets ShmbnstAgrinit devsioriag thegmventeqgradiion,
V"Wh%&as iR ARG Bke e?glahﬁ%ﬁ%ﬂioﬁrcg b ﬁm dftfon, the
nonhunman ani mal’), I nduces a desire phar macol ogi c,

i ooatnegeRitherapoutic ofi. e p ityis imémigd to ditiiaish, dmyellovate) oratathloze the
system c 30 actiqn, The termtherefore enconpasses
tﬁ’é}é‘é“&:%‘ﬁﬁ%ﬁ??ﬁ@ﬂg}m&%ﬁfd&ﬂf s thgeeB-onal Iy  regar ded

as drugs, vaccines, and biopharnmaceuticals including
ol eculrgs 1 SHChraRndRe Nk QitGEEniRE Piddfifen Uded IPREdion to a
nucl ei ¢ aci ds, gene construct's and the |like. Mre
peendiigen, an¢hyas a4 localtrequmenc ér gppain), 8 disgesstsuch actandersa

co unds or, compositi .for use in all .of the najo

¢ RERBHEG BoBoick UL S hert e opabY fber midieel gnfinn RhAl
adhdbrabb®in B hit; arldThElalivRifldaRi S0 Cdniideitioasvialtireduces
antiviral agents; anal gesics and anal gesic

5
c hedtegaerony, ondrizysthe ensehef, sympomgmtatnesdjcad gepdigon in a
ﬁgﬁﬂﬁé(ﬁ Qélgt?\Pet fo%sub egf:\%icﬁ %e&?&%%&ve iy Séxiig&tiﬁ&f 'Thus,
ypnroti €s, sedatiVves, antlpsychotic agents,
N ptevehtedt dfcange tiidudesafol gkapsle Seduding themainbey bf ddectable
ant agoni sts, neuron bl ocki ng _ag[ent s, .anticholinergic
aFRNCELNS IZTOYaRD Hed PePudiontof Patiehts TRGSIVHIE HprePhylactic treatment

i . ; o .
AR 2 o R R corith bARIEERL ShelEr gty Bl il i o
adeteaublbchiideesus ghdwths in astisd populafmndessus an untreated control

ant ilﬁonvul sants, aptihjstam nes, a@ﬂt‘i nauseants, )
aﬁ?ﬁ.) A, 5§F’ib@§’ statgﬂfqlgfrad}d{qric wically, pigh | ant wunt. Prelvenuon of
a I ¥@as ng

oo AR e, e ihe Bi-aR R bPRREh e b
andectivniinatseatedipopllatiommersisyqrantteai vestroldiopnlation,sind/or
vasodi | ators; central neryous. syst.em stjnul ants; cough

- ABne ssorBpLeite mplkens GLbemTedionit & regled goBdkRin versos an
hQARQRARBonBBNFor WnD PEeveRtibAHE Bdih nchitiés MBPExample, reducing the
resorption inhi'bitors; inmmunosuppressives; nuscle =

r Ecquenay of, or plomhthealy delayingspais sapaations sxperienced by subjects in a

tra ilizers: praotein tides nd fragnents
¢ HERED pop ol veasos atieiirsr ] Cepttal Prpilgton ner cal 1y
synt hesi zed or reconbi nantly produced);

As used herein, the terms "therapeutic agent" include any synthetic or

naturally occurring biologically active compound or composition of matter which,
when administered to an organism (human or nonhuman animal), induces a desired
pharmacologic, immunogenic, and/or physiologic effect by local and/or systemic
action. The term therefore encompasses those compounds or chemicals traditionally

regarded as drugs, vaccines, and biopharmaceuticals including molecules such as
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and nucleic acid nol ecules (polyneric forns of two or
nmore nucl eotides, either ribonucleotides (RNA) or
deoxyri bonucl eoti des (DNA) i ncludi ng both doubl e- and

20 singl e-stranded nol ecul es, gene constructs,

expression vectors, antisense nolecules and the

like), small nolecules (e.g., doxorubicin) and ot her
bpfakeits, paptides AedrindBes, FBEIER MBIIS Catne TofdtRltsand tholike. More
exanpl e, proteins and enzynes. The agent may be a
bP#tisgrenl the teae: thesapsytin agens claciudeseampainds pieanipfisiipns for

Vﬁ{eﬁh%ﬂ}ﬁ%}g ﬁg@!r \t,\i%ﬁdegfs?é%@ inbfﬁdin%%ﬁr%?giipgrt%gn 16, 4G flrAfits; anti-

W er areas
t infecaivesifiich aagatibiolds akativingllageits; adaldesiué and analgekicon,

medi canents; vitam ns;, mneral supplenents; .

SEATEPIAAQNS, AOERKI¢s Antiflamragiprypagentspatlyeilepies, local and general

di . o p _ oo o s:
R RANRELS s ey, kb A ite adthACAARORDGC apcif”
oéntideprebeatis, amiolyfics) antapgopsists wieuadn bledang agrndd, agfichalihgrgic and
active or nore active after tggﬁvhaye been gﬁl ced i.n

aC T QRPYG RRER Sy ARIETICRIME 3P PR BRGNS, FHaEeNGERES,
hgtiRihyiHscs, %ﬁﬁfﬂeﬁ%&%@%ﬁﬁ‘, RéthidRkd iahy 'hufrﬁ &' SntlaPthritics,

wat er insol ubl e ""conpounds havi ng poor solu |f|ty In
vantiasthiatia agénds, abtieayvirlsants, guttithistaphiogs, eatingubtants, antineoplastics,

i e fomestoutes A3y pulyprepirkior Gratyaine
t Ediuinhhashidl ®1dckerB! BeA-BlocRerdPiced-agthidts SHESHRTafyMhiics),

otherwise a |yophilized or spray-dried solid" form my
bentidypertensives, dRuaigh sasodilatorspreenirabhevoetisystem stimulants; cough

. e . ;
L1 BRBHAHL R DRttt femop i RIS TRt onan
(@iehles and BonéreforptionimhiliRed; imfuagfippossiaed; nitistidIrelakshts;

anti fungal agents, antinegplastic_agents, anal gesic

R CRRIMYlans: spdriives jrangeitipers: piateins; pantidss, and fragments thereof
C S . .

IR0 RSP Sy EC ULy DAL oY ey

aatdi e friesdd nodeculed ipolomytic fmsaftve ontisksmndedides) teither
neur on bl ocki ng agents anticholinergic

gl [ , C !
RO SPRAGHRAL) & daguitbgmileeidns $OVA)neluging both dotble- and
nisfelst:-ded388 B es, %?rhea{bh‘sﬁﬁjcrﬁ %ﬁg&hﬁor?@&torﬁ, antisense molecules

antt arrhythm cs, anti hypertensive agents, hornones,
aardl thelike)i emals mofectles 4¢. e doxteralicind tnd othef biblogsmllgmdtive

ot her suitable drugs nmay be found in Rem ngton's
PRATRmOLGH{SS sehs; B cBamPlegerI<tEh AT GRZY g Ot Nyt may be a
RuiBlos i1 P actisR agehisk@ Sehica, irﬁmdﬂfvéﬁ{@%taggl&gﬁ%% bifd in

f=y

index" refers to the therapeutic Index o
cagricnléare, s18h as WithgOuEs%6 well as other areas. The term therapeutic agent

also includes without limitation, medicaments; vitamins; mineral supplements;
substances used for the treatment, prevention, diagnosis, cure or mitigation of
disease or illness; or substances which affect the structure or function of the body; or
pro-drugs, which become biologically active or more active after they have been

placed in a predetermined physiological environment.

As used herein the term “low aqueous solubility” refers to water insoluble
compounds having poor solubility in water, that is <5 mg/ml at physiological pH

(6.5-7.4). Preferably, their water solubility is <1 mg/ml, more preferably <0.1
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A "therapeutically effective amount” of a conpound,

Wth respect to a nethod of treatnent, refers to an
anount of the conpound(s) in a preparation which,

when admi ni stered as part of a desired dosage regi nen

(to a mammal, preferably a human) alleviates a

synptom aneliorates a condition, or slows the onset
Oimglint.eash &Qireie dhdt ithe 8ruaCis Ml th wate€ hé Ai digdeksion; otherwise a
accept abl e standards for the djsorder or condition to
bdyaphilized @r spray-deied selibform may prodesirableg.  at a

reason ; C ny

nmedi caﬂ?‘fﬁjgget%?r)g%é&lé h}&%&ﬁ%ﬁ%@ﬁ n?@l@k‘ey&@#sﬁgé@flge dai l y

d Qﬁﬁgﬁbs@ﬁ:re&si}?@ apaitshch\ak bj?clb#ﬁﬁfﬁ@ tnﬁltﬁiilig cyaﬂhisgodnen(_fcyclosporin
treatment, refers to an anount, o e conmpound(s), in a

p e pENBIRQS IV REERLS, aptty lwaé‘ﬂfij%}ﬁl‘iﬂai BB aﬁ%ney%faﬁ‘?l‘b?ge&ts’

des) S . - i ¢
R T R e o

c bppladtice sedatives) amtipsytchetic agenes, nedroktptie agants; antildeprassants,
according ta clinically acceptable standards for the

GRS B GrOeGHRET e, BUGEn B BEVOR DIHBIR SRS
PYhidéhvfinergicdand &Biiﬁoﬁxﬁﬂ&ﬁ'}?gﬁt‘é‘, arBBN8Edrdi¢ Afdkmb&lakific agents,
applicable to any nedical treatnent. 30 (b) Chem cal

Tentirakrgin and apttethythroiosiantibypeptensivs agemés, bbmsaes, aofl

| kyl | kenyl and al k defined b . A strajght ..
o PEe & GRSt aPrat s St B SRR Pl E b Ry n
I Rhfindton's PRarv&REutaT Sdihceb,NBtH &fition, Al ALEIEPENI RERg Co.
refers to a straight chain, branched-chain, or cyclic

alPhpedelptda,Radr ocar bon group and incl udes saturated and
5 unsaturated aliphatic groups, such as an al kyl

Pt or s 15 1At (fer iR R R lo s AR BB ofd Kk dofined

cas bbq/EMapn radi cal having the number of carbon
atons specified, or up to 30 carbon atons if no
specification is made. For exanple, alkyl of 1 to 8
car bon Aaftherepeusicell s effectiva dmoan® of @ compluad; with teypect to a

o bftiod dhiRBithens YeleH o BMey pEFE EompBiRIH ip a3ébaration which,
| SOE B8maistblee 96 pa@ Of & dbsired dokade réfimby (100 HAmE®I BReferably a

atons includes decyl, undecyl, dodecyl, tridecyl, )

t Bpumapkalleviatesanympiery ameliorataee gonditione of slgws yhe onset of disease
0 I o Rl ' I .
¢S o IF i) SRSeut RS e ARORRY e coptiion
Sto e ghdtedhatha cosmdicanepsd, €faatn rhionkble dendfti/r3R ratio

;;g\ﬁ{céﬁ]grtg%gy gt@agsehgr%g%te& backbone (e.g., Cl1-C30 for
A “therapeutically effective daily dosage” of a compound, with respect to a
method of treatment, refers to an amount of the compound(s) in a preparation which,
when administered as part of a desired daily dosage regimen (to a mammal,
preferably a human) alleviates a symptom, ameliorates a condition, or slows the
onset of disease conditions according to clinically acceptable standards for the
disorder or condition to be treated or the cosmetic purpose, e.g., at a reasonable

benefit/risk ratio applicable to any medical treatment.

(b) Chemical Terms
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for branched chains), and nore preferably 20 or fewer.
Li kewi se, preferred cycloal kyls have from 3-10 carbon
atons in their ring structure, and nore preferably
have 5, 6 or 7 carbons in the ring structure.

Moreover, the term™"alkyl" (or "lower alkyl") as used
throughout the 20 specification, exanples, and clains

| S int edRfhhhec e asiﬁp:bséts fhe dlasseasttalikyf sﬂxéenyqa hid/hlkynyl

and "substituted al k the latter of which refers

t deﬁquybelcrmu Atstraighty 1i>h@glc chaipds limited tosunhagyiched pagben chain

ok Seeeudl B e PR oPivet B3R i

abf@bﬂﬂﬁéhalrﬂ oh)tgﬂ%iphat@c hyeR6daeuH groay el Msludes saturated and
car boxyl, an al koxycarbonyl, a fornyl, or an acyl),

gnsaicaied ehphafic gravnshsuch as an plkyb group, analkenyd SERPatnd an
o%u(gn#;% Ig)rmat e), an al koxyl, a phosphoryl, a

a phosphonate, a phosphi nate, an am' no, an
am do, Aahyl referstioraefullp satyeatsal, brandhied Loyuntarasahef kydoy ichaiamadical

kyl | f , | f , | f |,
= BFY 8 i toes OF A b goms aptrabieh gty 19 70 cathoR ameg oo
Okp aggcggggwbmsdeﬂ rForll§ i Paﬂﬁ%ﬁ% t ﬁgrﬁgdrat%%atéas w,ﬂnls t@admals

unde ose s
meuht asemethylb sthyt, prapyl, dmt)ﬂ menlw dl@w h mbpﬂyl ahd lontyh and those

the be substifuted,
| Ao wRp e Bl ket o e BRGEH.  Attot i 0 pagpon
i aﬁimsciﬁclugéstt%ylt Hﬁ&ééyﬁﬂ@dééﬁ lffiiééc'y lﬂétﬁﬂeéﬁrﬁt&fecﬁ”hé}&decyl

azi do, imno, am do pos InCUIn

p hﬁﬁp&ﬁwhp@taéml mwsqlﬂwh atce)'»yl bqnetcom;ll dcomd} tritiosyd and

Bi | f Bi
= HlsPos. e R ghbpciniétls, ATRbtenEHay o1 frg R kpyBAfiy bas
(BoGk Pé%d&!@a%ahaﬂﬁﬁs indtsdRbNSRS (e.6 2B ﬁ&@ﬁmgmmxams C3-C30

esters), -CN and the |ike. Exenpla
s fosdranchee ahiansayw mapwe peferablybdtomiamsiy, L@ywsalprﬁ‘g‘ﬂr@d
e
19{3}(&1&' h&{ﬂifrpl?th?xs g(géarg{)# %@gﬂs\%‘, Fﬂs% rqj(l:lg Jnnglﬁgu?é,lﬁga ¥1]105K'e preferably
shb@et5t&ﬁrexicaalbdmllﬁthe—rﬁi?g?struc@h_ and the like. Unless
t he nunber of carbons is ot hervvi se specified, "lower
al kyl", as used herein,. s an_al kyl group, as
det 1 neMOERNFS, e (amy, YEhg(or mebaléﬁ gas %ﬁ?délaﬁ%sab@n the
r r

oAb Amplce A8 s pfintid ) OB LA ublilslicd
i sligytsOpyd "substhmteylla,lkylS'oﬂlﬂtlyttqr of e«hiditmsfdrs toeai]dyl moieties having
tert-butyl. Like | ower al ken
Tt raplacia i ieen o A @B TCArooR Ao roEHen
aBRKbeAL.| Sibh Sb& et Carfhkiile, FbOsRP A, B HafRh, @h}l&l-bféyl a
In preferred enbodi nents, a substituent designated
hear pwléslcmaayucaxbpxal m\a&pxmad;qnyl a formyl, or an acyl), a

thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a

phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido, an
amidine, a cyano, a nitro, a sulthydryl, an alkylthio, a sulfate, a sulfonate, a
sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or
heteroaromatic moiety. It will be understood by those skilled in the art that the
moieties substituted on the hydrocarbon chain can themselves be substituted, if
appropriate. For instance, the substituents of a substituted alkyl may include

substituted and unsubstituted forms of amino, azido, imino, amido, phosphoryl
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The term "al kylthio" refers to an al kyl group, as
defi ned above, having a sulfur 15 radical attached
thereto. In preferred enbodi nents, the "al kylthi o"
noiety is represented by one of -(S)-alkyl,

-(S)-al kenyl, -(S)-alkynyl, and -(S)-(CH2)m R,
wherein in and R are defined bel ow Representative

atlh&’lluﬂﬁhlg?)hgﬁﬂkbﬂ&e |aﬁ§ :pﬁéls%hnﬁ%) Ml fohyIqQinchiding &lifage, salfishamido,

ers to any branched or unbr anched

uﬁlﬂﬁﬁlmsda@@ S‘dﬁ?ﬂ@tﬁd %ﬂéﬁllﬁl muwaaﬁ wall ap glhiersgalkpihing saehonyls

O in RIS EREGL LMl SlicliRyd 0:429) CBERORNLA e ke

S Eﬁémblagdsub@ﬂﬁtdﬂ%lk)ﬂg ark descrifed deldow b([lﬁcloabbyld san be fulther
radi cal . Al keny to 26 carbon ato

esehiuted with @Mﬁe felécﬁwls auﬁ@‘ﬁiseﬁl}ﬁbfhhleéta@ﬁ??alkﬂﬁrféfﬁﬂ“}’l‘

d CRP ri decenyl, tetradecenyl,
pgﬂﬁgég%gﬁﬁﬂg hexa ecen%QMéHE%tadecenyl oct adecenyl ,
nonadecenyl, eicosenyl, 25 henelcosoenyl docosenyl ,

t ri cosé&mdss trechunelter at wbm}d is otherwise ispecifmdi, Yowei slbpeyasoused

wh t t d d(,s |
& RS PiSaT y H, i ¥ CBBRLAR Ve b B B o i carbons,
0 fndr@ﬁrefé?ﬁbl?% §hK R0 BarBAOMbrs B it6 BAKbEndGARNEE such as

kynyl refers to hydrocarbyl radicals of the scope of

am@érmu ethyd m-phrepyd, ng)ple}d,rn-hmwb 1sqbubfll,@ebxbntyé, and tertrbutyl.

Th al ko fa) d
nEfsriies cpael akghh B8 pSmecikm b Yo e tie O
havitdighed tRX st atici] ipectbrrad AIRGINBOuFshRE Riveer alkyls. In preferred
Representative al koxyl = 23 groups include nethoxy,
epwbs&lmqyts@p@&lgsnmeét estapatedynersal ag #lky) is dowaralkdt her
Is two hydrocarbons covalently |inked by an oxygen

B
agacﬁﬁ aim:hedi dreasei p&téfdmedmnﬁ)odfmerﬂsé ah&%aﬂkylﬂlﬁb"ahmayylb
-0- al kyn an

SR EHEY e bl br-H ALk hetS AT A OIS AP BRI,
AlfefHE RGN Zﬁﬁa@@éﬁﬁ&f ﬁé'lkoo R%gltelgenté{ r\%‘%@@}lﬂﬁd‘ %%Gpé‘ﬁx‘élude

substit ut ed am nes, e. can
ra‘mthg&ﬂam ethylt;ud;hm:lﬂ'@dlker al forrrul ae: R5 N or ~-NRs

r epres é\ﬂ]feng?f?g‘ I ,rs] 6@3 any tﬁgﬂcatga@ unbrap &eldrh%gﬁtelrggeed ca.r%n chain

radical having the number of carbon atoms specified, or up to 26 carbon atoms if no

limitation on the number of carbon atoms is specified; and having 1 or more double
bonds in the radical. Alkenyl of 6 to 26 carbon atoms is exemplified by hexenyl,
heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodenyl, tridecenyl, tetradecenyl,
pentadecenyl, hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, eicosenyl,
heneicosoenyl, docosenyl, tricosenyl and tetracosenyl, in their various isomeric
forms, where the unsaturated bond(s) can be located anywhere in the radical and can
have either the (Z) or the (E) configuration about the double bond(s).

Alkynyl refers to hydrocarbyl radicals of the scope of alkenyl, but having 1

or more triple bonds in the radical.

The terms "alkoxyl" or "alkoxy" as used herein refers to an alkyl group, as

defined below, having an oxygen radical attached thereto. Representative alkoxyl

23

N Tt i I A P Y N I ST TN Bt




10

15

20

25

al kenyl, -(CH2)m R, or R3 and R5 taken together with
the N atomto which they are attached conplete a

het erocycl e having from4 to 8 atons in the ring
structure; R represents an al kenyl, aryl,

cycl oal kyl, a cycl oal kenyl, a heterocyclyl or a

pol ycyclyl; and mis zero or an integer in the range

Ofyr gts shc&dellﬂetﬁmf @ﬂfoﬁf pkép&@b&@la BRb B)Sancpt!hle Yik@NAnOkthes' is
or R5 can be a carbon . and the nitrogen

D b brpcatbomiovalsniy Lked Bykn oate, AReatBingl e Bbsiigent of

RSB g7 50 0 TSRO o B G oo

akdpeehghted b9Tone 6EHalkyR -O- allw%d Ulelkyﬁilmd-@dllﬂ)rﬂmln &'here m
as used herein neans an am ne group, as defined

aBe/ B apmdaspribed balet i t ut ed or unsubstituted al kyl
attached thereto, i.e., at 20 least one of R3 and R5

IS an %Ek’émﬁ“‘ﬁéﬂr ”Iaﬂdeﬁrﬂrﬁ)‘”@reeéfp%bgﬁ%@an@t@ A B&h
group or an a amne I's basic ning it asa

> uﬂs@@htuﬂéld&m,d rsnbsmmae@ dmires nsg.0f moldte et Lamio nepménted by the
rol?ﬁ[lgslah Kas relative to water above 7.00. The

t Y e ﬁ@ is art-recogni zed and incl udes such

noi eti es as can be 25 represented by the general

formul a: R7 or XA R8 24 wherein.X is a bond or
ﬁté’ﬁ gen or a sulfur, and R7 represents a
3 n k , an al kenyl, -(CH2)mR or a

phar éutl calRy acceptable salt, R8 represents a
hydrogen, an alkyl, an alkenyl or -(CH2)m R, where in
and Rl are as defined above. Were X is an oxygen and

RWhélfe“RE34 RS aed Ryastoigdependendlyt ispreserd adiypeqgensinvalkylafn
gﬁé@;ﬂ (ﬁﬂ'ﬁ%ﬁ{f or R3UAd RYMR tog&ﬂﬁ A éjﬂ e aflfl ’tcffﬂlch they

IS re erred n as a car
g areUttaclisdcCopfyléte a thb&rdcycwﬂﬁmmgfmm 4ao0 Bychnag@rthe tihg structure

rmul a repre ent carboxylic acid
%Jgewes frﬂ;ﬂr wéw?k%tw WWE%W%%
ral F?%Ey
Eovg?élflo alg?és}%r(gp ace rglyl/mséﬁ &elntf?e f O|P9 éffﬁg@
r embed;la'rmis anlytohe of R3lvo RH dan@emwprbow&b ee., KB, RS adahe nitrogen

¢ thgrifen it SotFortan Gaido 18 Sveyy Baps Boitred ebpdinphisg kA nd RS
aﬂﬁld%?)tlbﬁalfjmﬁ)(&% indep ﬁlcfeﬁﬂﬂg\]l\fﬁesfaﬁb@[ BREOER, &n alkyl an glkenyl

hi ocar boxyl i'’c aci d" grou ere Xis a sulfur an
Rer T(SHEWflblg e"ﬁhUSt the tenm Fﬂlk)alamm@ﬁ aeysadiherean means an amine group,
..t he ot he

obni i aBe. pEB R sl R R AR O Bl o e

I RRLQER Wf${3aandl‘l€5 18 allg gk, W eétaixembodint@tidan amino group
or an alkylamine is basic, meaning it has a pKa > 7.00. The protonated forms of

these functional groups have pKas relative to water above 7.00.

The term "carbonyl" is art-recognized and includes such moieties as can be

represented by the general formula:

0 0

LLQ“)J\X/RT or fSJ\XJ'L

Re
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15 and R7 is hydrogen, the above fornula represents an
"al dehyde" group. The term "derivatized" refers to
chem cal ly nodi fying nol ecul es. The chenica

nodi fications may be artificial such as formation of
drugs, natural such as formation of netabolites. The
skilled artisan would readily recogni ze the variety of

WhSreiPkas HIbBAd BRMpRRek®dh bipsén &u@mmﬁ afkRIabprogsts a
reductions, 20 el ectrophilic/nucleophi

shb@tplgtrﬁtan@ii@l a8 allsqnlad, .-&m)lnegﬂ@rﬁ@%pmwétmﬂma@mt@ﬂmsalt
t ' F
RS anie i £ ST o A5 BB & R Blp 1 RS e 1 e

t as ¥éfadcd abovedr Wihefdl X & drdékyigeh anid RO oe ®8dk ﬁ@ttﬂy;irogen the formula
attaching them to the polymeric natrix. Likew

t FRPTessBisianceygfeniheiaK iban eKEsAne amd K7 i léad aIWe, the moiety

T six@?eéllreHQO B%I%ﬂ{eérjsgaica%&’%l 0, l’yiliwﬂet erocyc fﬁﬂgf 03%5 2 %g%en’ the
t fordruld piddente H‘O&Erb@kylfclaﬁgi"stWhart Xriean onpgen, puckRe usalhydyogen

7-menbered rjngs se ripng. structures incl
fgamfllaa?prﬁsép@aoaf?me Mﬂetgsvfa Gihete the AXyged tqsa of tictbove

0
fﬁéﬁgﬁﬁs‘?épla U5/ E N For S B4BBrcl i /Rioch Bon@X BFRIGS Where

ene rene, uran yran, isobenzo
c BT i raesp Eyur amﬂlﬁ enB§ 1qamtmydmgh1i1 ithe fqmgmialiepx;esmh gl 4thod eeter”

p lgog‘i’lo lr}’gher 3 ;? ‘itsrr"}‘: Sg‘lzfoﬁ’éaﬁdpi‘?f X . f‘,ﬁﬁ égt%}ugﬁl Hsgrésents a

| @i REMoRylid AG@* Eroup) WARZOKEs a@.h'l'ﬁhrrﬁld I@BJis'h?Hfoébﬁ‘ &he formula
i soqui noline, quinoline, phthal azine, naphfhyridine,

2 quwents ﬁd‘ﬂunbnnqlqi’ geoupl iQrethe othen band; avheps ¥ri$ d bowd, and R7 is

h )
oot e, R BnuRIFRE A dofie eBlianlr 88 X jy s bond
pa@cnav hi aydragen tHelibB#@formliareprederitdn "A¥shyab gong.,

oxol ane, thiol ane, oxazol e, pi peri di ne, piperazine,
nDrphollne | act.ones, |actanms such as azeti di nones and

pyr r ol i8¢ temeslerigatized hsters te chamypally madidying malsqules. Fibe
SRS RE e O SIS 1 ol TR o
aforfnatloﬁ shmetabolitesl Dheskilled kyiban weuldlrkadily raéd@[zylthe varlety of
roxyl, am po, nitro,

al kynyl cl oal kyl h
WVW’G'F%‘?P%S P?ﬁth?ymmHﬁ%lgéuc IhpRtidations. rEdigABnat e,
D ORER SRR Encl EAR Whotr EAOROK By, Ktpy Biide 36Ttions and the
alidehjareexampie nycladdxﬁﬁmufdbz@pmbqnt amvefiforamayrht ichernically
het roomat, ¢, noi et CN, or the ik use
Bl e B S AT QR R R YAy AgeiRg them

' ﬂﬁh@ $BlyRheric rﬂ@cﬁﬂ‘ $DlNig, ePHehitidSEtnds Rhy BE Ql?éi‘ﬂu@ally modified
conpounds. In a broad aspect, the perm ssi bl e

sbpptepedegpodruesi(ade giciredampottedn) | i c, branched and
unbranched, carbocyclic and

The terms "heterocyclyl” or "heterocyclic group” refer to 3- to 10-membered
ring structures, more preferably 3- to 7-membered rings, whose ring structures
include one to four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl
groups include, for example, thiophene, thianthrene, furan, pyran, isobenzofuran,
chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole,
isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole,

indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine,
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heterocyclic, aromatic and nonaromati c substituents of
organi ¢ conpounds. 15 Illustrative substituents

i nclude, for exanple, those described herein above.

The perm ssible substituents can be one or nore and

the same or different for appropriate organic

conpounds. For purposes of this invention, the

hghRbRAL R FuiRbEdlind Scinktline OgtedinB e akty Sle Ny SR phenanthridine,
substituents and/ or any perm ssible substituents of
opefidihe pyomidinacphedathiolibecbhenazineg phgnastazing: phengthiarine,

val ences, of the heter.gatons,, 20 IS, Lpventi 1S N .

' BB e B BLAR Sty il pEB, biberlfe Bberacine,
P &idiplidting] Rctofiel) fctdmesiuch a9hzctidiRneCaripyphlidiones] baltams,
term "hydrocarbyl” refers to a nongval ent hydrocarbon

r ditengs. and dhgolike; cEhedieteraeiship ring £am be swbstifyigat ome gp moge
“RoSARADHA LR AL ANCRORGRo AT ALfoR, MRS sl
AR T N o S
A tecglwph%rta#ongowﬁp@% ﬁarg%ﬁp .bq%yirﬁ&yfg\él@é}loyh
t eumhgg ?e&@f,_allﬁm'%dg glrugcg)@mé%gogﬁ Céléél{}pﬁfe\éféri &hiz&%léfélﬂ[ &

or cohbi nat’i ons t erm™ hydrocar byl ene”
r efcamagictop hateddavarhatit mbietr, eCEB N, oathiedilde.

Represent ati ve exanpl es i nclude al kyl ene, phenyl ene,

or cycl,ohexyl ene. .Pref e, abl 30 the hydrocarhbyl.en

chat v 3 e bR, s Ers s R g

C PEMSiBsi Bl 1Bstituchies di%rgkﬁﬁdcéiﬁﬁcﬁinﬂs. e brogd B¥pedi, t}[e%')'ermissible
means - NO2; the term "hal ogen" designates -F, -d,

- pabsgituents; inglyde acyelie ardifyahigderpnchegwnd ynbrgpghed hearbegyglic and

- BXHSESie. ofFERR s dpun B RGR orbflefle i soppeERRE
" SlBsrativabudetitehtd indlidel friesahpR, thobdidstabdd dréMiabove. The

that such substitution is in accordance with pernmitted |
v RF@eubls substisuents gsstherone o8 morsdiig stRe o5 dibErent fRrpppropriate

22%%{]&?&1{@%&#t’lﬁgip&xﬁi&é&?&ﬁtﬁﬁ‘fﬁx‘%&tih{ﬂ tfte AbtBdafoms such as

oes not spontianeously undergo

t naropbo ngthaoe hgdrogerasubbytuerite and/angenmenhjssibje subzsdtuents of

el impation, etc. Anal ogqus sybstifutions can_he nade
tsrgépwmpoaﬂ% @ﬂsw heggrp yydc %smslgydhwaa%r&é of asrheteroatom&
e ami: P ' P ' .
i L L e

t bulsatdeatsydforganin amhpopnis.s, car bonyl - substi t ut ed
al kenyl's or al kynyls. As used herein, the definition

of eac tl”hg %@rﬂleﬁl%rh%%Mb%l'QEferg %oky rlnbncl)vr;llen? hy(ﬁ'togarbor\lwa%?cal

comprised of carbon chains or rings of up to 26 carbon atoms to which hydrogen

atoms are attached. The term includes alkyl, cycloalkyl, alkenyl, alkynyl and aryl
groups, groups which have a mixture of saturated and unsaturated bonds,
carbocyclic rings and includes combinations of such groups. It may refer to straight

chain, branched-chain, eyclic structures or combinations thereof.

The term "hydrocarbylene" refers to a divalent hydrocarbyl radical.
Representative examples include alkylene, phenylene, or cyclohexylene. Preferably,

the hydrocarbylene chain is fully saturated and/or has a chain of 1-10 carbon atoms,
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it occurs nore than once in any structure, is intended

to be independent of its 15 definition el sewhere in

the sane structure. The ternms triflyl, tosyl, nesyl,

and nonaflyl are art-recognized and refer to
trifluoronethanesul fonyl, p-toluenesulfonyl,

nmet hanesul fonyl , and nonaf | uor obut anesul f onyl groups,

r espectAsuiky herthe theQkA® "difrbf hith®s -NOB)\théteem "halbgs "adesignates
and nonafl ate are art-recognlzed and refer to

t rFf-CloBs retlh iedeumn f sy dryPomeanseBH; phettenny divesenyi omgans -OH;
e h | f ter, and
n%hgﬁedg%b%?@ﬁglsﬁ%g%gﬁ{ziéster functional groups and

nol ecul es that contain said groups, respectively. The
abbr evilawil bissurderstddd, th&H'subddsitutingl es Esubstirateldywith"ehdivdes the
phenyl., and t hgnesul f qnyl,, respectively. A nore

c e;%ﬁsahgm}se f#;sg& %'?35&1%0_ W@W%_&%ﬁ _é“thzz?rfam@i vAlegee of the
by HaREd StofEd AL SutifinhdbAd it 8%islibstititidd Yesifstin a stable
appears 1n the first 1ssue of each volunme of the

Jeompaitindy &.gOrvgech dosShetrimintaneondly gndeargs transforygitionlsiigh as by
presented in al. t abl %Hsg’%'t.tl ed Standard List of
ALEF R RAPeT g cliggion, 19hs contained in said

list, and all abbreviations utilized by organic

chem stghaffgos slibaBuYioikidn bel Made® afifchyPdr alkygiye Boups to
i ncor porated by reference, 27 Certain conmpounds of the

pibeasisige, fohexamnle mmiagalksuyls amnopleynyle araidoglkends.r i ¢

or, ,eoneLl . sent |

o B S RO AN bR G MY Wil ilkmyl, carbony-
t wassititsdatkesyls oRllkymitel (S) - enanti oners,

di astereoners, (d)- isoners, (1)-isoners, the racemc

m xtures thereof, .and ot her m xtures thereof s 5

falli ng’\ﬁ_MSF‘EL?Fet‘hgl Slﬁ@loafoftea%l FRPRSONONE- N@féfﬁt“?sé‘nﬁic-» when
asy, I . :

o PhERs hdre ABme & AR, A€iCRABER be fdPpendent of it
adefimitibn abewheme inthesamk atrectfire. are i nt ended to be

included in this invention. If, for instance, a

P ovent 115h SrERaaay v, Mesfl SRDRoRTe e atf oD g pefer o
S il iR 6inSthafdsulPinyl Op-Binénesalfaal,  rRdthimes il fhys, g al

auxiliary, where the resul ting diastereoneric mxture

i gonaflyesetatangsulfinyl groupsixespeettvelyy r Baspteonetiflate, tasylate,

RV PR PR BRSSPl Gionec

S ggthr, pSoRIBhER0lfonME ealr, ariltin6sulfonskicslRalangr oup, such as
carboxyl, diastereoneric salts may be forned w th an

apprapiorehutanspilfonate spten finctienal greppsang sndecufes|thaycentajsysaid
"SRRIk QRcflel}.Ne

The abbreviations Me, Et, Ph, Ms represent methyl, ethyl, phenyl, and
methanesulfonyl, respectively. A more comprehensive list of the abbreviations
utilized by organic chemists of ordinary skill in the art appears in the first issue of
each volume of the Journal of Organic Chemistry; this list is typically presented in a
table entitled Standard List of Abbreviations. The abbreviations contained in said
list, and all abbreviations utilized by organic chemists of ordinary skill in the art are

hereby incorporated by reference.
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15 di astereoners thus forned by fractiona

crystallization or chromatographic neans well known

in the art, and subsequent recovery of the pure

enanti oners. Contenpl ated equival ents of the

conpounds descri bed above include conpounds which

ot herwi se correspond thereto, and which have the sane
gener alCerBRgoufSs SMBE BREent WRMALA AP RxRE m@a'rﬁcular geometric
sinmple variations of subStituents are made 20 which

der s\tcteow@mrlg émynSafFl@mreaeh@nwnHO@a@ytemplateﬁeal1:Wh@gmounds

er al e cQ [
o R Pt e ForR SRR IR ] S e PAFRA R R
r @sil)ﬁielrQ ml)swmw&h@meﬁwmmwﬂereo@mrdﬂm ihikakr@whereof, as
nDdlflcatlons t her eof, [ readlly avai |l abl e
slf Hng withiethe seapef thee@g@ﬁm aﬁfgi ayymregteF carbon atoms may
S r ct I
S SURGPA S § QR Tt  IBGT LB APAER st 840 o
t hmm:eéswhaehm ammntehdéd mr}:e ineltidedeintthio ieéntien.e. For
pur poses of t his i nvention, the chem cal elenents are

i dent i d.in accordance vvlth t he. Peri odi bl e of
el it faedkod DaretGr oA Amh i CAPCd o oF erlgre%m

Phhfisn ISQ'l%E i*i‘ecﬁ‘i’t may B8Frefdred | b? §éﬁ§m€ﬁ’i\éeszmthé§1§ Qriby

pur poses of I‘nvent 1 on, term “hydr ocar bon is
C dnnmmhmlewlthca chiral a.mtdmy lepee thegssulting dasterenmena duxture is

a5 it B S 0, Ao
a%&ﬁdﬁvél@dwﬁh’&'th@ mom’calé%ﬁﬁlrﬁ%a'dﬁ%ﬁ&mﬁﬁgmuﬁ &uch as amino,

car bocycl Ic and heterocyclic, aronmatic and nonaromatic
oy ampaidisdipdipnakgranp.chch anearbaxykdiastareqmeric wits may be formed

OB A e o AR B o IR el Sh L0 e
pUesefondy ik féted s/ fudeidndl @rystaliza80njod aﬁ:bﬁﬁato @aptlic ARans
cyclodextrln- cont ai ni ng pol ymer canjugates, wherein

onelldmommin thevst 4pd sebsefusm EcoVery o4 gheriuse epgngiomers.

coval ent | y attached. In certain errbodl ments, the

t herap il ;

et oo aARER aliSaiPh S BPlre cofpoiilg descrbed sbove include
enllylpeunda which etherwiife em'rersipomi tharem; laydrehichHeave essame general

t hera eutlcf nction. The rs |nclud [.i near
bpmﬁéea ﬂaifEfr 8/ KL QRe AR {nﬁr@ wl@}wgﬁg aqbatlwpwé% wade

gRAfidedh ﬂ\ﬂ»ttahv&){él%/ Qftelthd E‘fﬁca L 85Mpound. In general, the
cycl odextrin-contai ning polyrers that may be “nodi f 1 ed

somesmds loé the preseat imventéort aygh¢ piepared 8y thamethoddlustrated in

509, 3 bl h d U
ysa b saBich PR 5, Tiraaglsn AreAPrOREIQY; Py Redifeations
6%6460??’3&3@ RAYL N adl4BIEZthrting materials, reagents and conventional

synthesis procedures. In these reactions, it is also possible to make use of variants

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

For purposes of this invention, the chemical elements are identified in
accordance with the Periodic Table of the Elements, CAS version, Handbook of
Chemistry and Physics, 67th Ed., 1986-87, inside cover, Also for purposes of this
invention, the term "hydrocarbon" is contemplated to include all permissible
compounds having at least one hydrogen and one carbon atom, In a broad aspect,

the permissible hydrocarbons include acyclic and cyclic, branched and unbranched,
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15 These polyners are useful ass carriers for snal
nol ecul e therapeutic delivery, and nay inprove drug
stability and solubility when used in vivo.
Accordi ngly, one enbodi ment of present invention is a
pol yneric conpound represented by Formula I: [(CD)]m
nl EPL2+D) a] b L3 20 w (1) 29 wherein P
I RYbBSRIMNC 2nd hEﬂef&?Eh@ lard M ARGENE oRRLUEEE ofdadidYonfgdunds which
represents a cyclic noiety such as a cyclodextrin
mefeby substifuted aramavhitinged.i ndependent |y for each
occurrence, may be absent or represent a linker
group; D, independently for each occurrence,
represents a therapeutic agent or a prodrug thereof;
T, independently for each occurrence, represents a
t 3Flg dlxengplaroApplications 6f Method and Conggasitiansa, m and
v, i ndependent|y for each occurrence, represent

tegers in the, range of 1 to 10 (preferably 1 to 8,
1 2o -é%?ﬂ%WEﬁRT@WBg ¥ n and w, independently for
each occurrence, represent an integer in the range of
0 to alpbiyre3eniQRfentiRh PAEHERRIDSlyTee? cBRfdgates QuélDal cyclodextrin-
<15, 000, <10, 000, <5, 000, 57<1, 00 <500 <100, <50,
<pentaiaing pcdymewmw@)es whetein anejor axasp therapeuiiefbiogetive agents

L35 GRR4RL hednb® 13RRMin ARmgRn R AlihBBis2Re M spmal

<bblecukf a makfomoleci@v, e antibddy, WiRpedd) a@rétbiel alPenzyme a nucleic
conpri ses cyclodextrln noi eties or_n |s at | east

2@cifnorcipalymar hablasitheapeutic furctienaThe palypiery @cludy IIBFaI or

g%gégge t%}rc c{bﬁx% n'(i)dcrgQ%BHln{E ge.]rfd lgocﬂr%lel ﬁ{]ﬂ' Wit Gyclodextrin.

Exemplary cyclodextrm containing polymers that may be modlﬁed as described

herein are taught in U.S. Patent No. 6,509,323, published U.S. application No.
20020151523, and U.S. patent application serial No.s 60/417373, and 10/372723.
These polymers are useful as carriers for small molecule therapeutic delivery, and

may improve drug stability and solubility when used in vivo.

Accordingly, one embodiment of present invention is a polymeric compound

represented by Formula [:

ool

W (D

e I o .2 T



10

15

20

25

grafted on to pendant groups off of the polyneric
chain. Thus in certain enbodinents, the polynmer chain
of formula I further conprises n' units of U 25
wherein n' represents an integer in the range of 1 to
about 30,000 (preferably <25,000, <20,000, <15, 000,
<10, 000, <5, 000, <1,000, <500, <100, <50, <25, <10,

or even <5); and U is represented by the genera
formula: 30y T1 L5 i4LCDi7 (Df (T)y glL6z ¢
wher ei WhemBiR epresents a cyclic moiety, such as a

cycl odextrin noi et or_derijvaki .t hereof; L4, L5,

L6, an ?(rﬁﬁfes?qﬁsd%glé%ﬁ &h [’R}gk}egrpaoi%%% Ccl)l glélﬂ rrence, may be
absent QD reptphits a@FEliembichkaich @k adpélofand nmdiety;

i ndependently for each occurrence, represent the sane

or di f ferlerand kanindgpendentdy fyeaeh escupenes: mpysrabgent or represent
theLe s T and T', independently for each

oéclrrenc ., represent the same or different targeting

| i gand Dyrinepeadersiyr for leacle obcurfenaedrepresentsl apthochpantic/agent or a
for each ocgurrence, represent an integer in the range
oProfrugthesedt and g and z, independently for each

occurr i in n _
oF et TR BN RS Sl B NS v i o

r ppeessentheteofiker groups. In certain enbodi nents, the

pol ynmer may he sel.ected fram polysacchari des n .
ot her ﬁo_ﬁ’-’ pa,ngtwéi Wdﬁ‘?‘%@f‘mba qrbgaglmpcgpm,’ reé)ﬁégenta m(%egers in the
C ek Bal itoNe (hBREAAY 1 1 Bai tozﬁ ogg%rﬁl b ® |east one

term nal hydroxyl group, suc _ .
pol yvi mangyw.rinddpendamtly for each occurrence, represent an integer in the range

of 0 to about 30,000 (preferably <25,000, <20,000, <15,000, <10,000, <5,000,
<1,000, <500, <100, <50, <25, <10, or even <5); and

b represents an integer in the range of 1 to about 30,000 (preferably <25,000,
<20,000, <15,000, <10,000, <5,000, <1,000, <500, <100, <50, <25, <10, or even
<5),

wherein either P comprises cyclodextrin moieties or n is at least 1.

In certain embodiments, P contains a plurality of cyclodextrin
moieties within the polymer chain as opposed to the cyclodextrin moieties being
grafted on to pendant groups off of the polymeric chain. Thus in certain
embodiments, the polymer chain of formula I further comprises n’ units of U,
wherein n’ represents an integer in the range of 1 to about 30,000 (preferably
<25,000, <20,000, <15,000, <10,000, <5,000, <1,000, <500, <100, <50, <25, <10,

or even <5); and U is represented by the general formula:
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pol y(oxyet hyl ene) gl ycol (PEG, polysuccinic anhydride,
pol ysebaci ¢ acid, PEG phosphate, polyglutamate,

pol yet hyl eni mi ne, mal ei ¢ anhydri de di vi nyl et her
(DIVMA), cellulose, pullulans, inulin, polyvinyl

al cohol (PVA), N-(2 31 hydroxypropyl)nethacryl am de
(HPMA) , dextran and hydroxyethyl starch (HES), and
have opti on pendant groups, fqQr grafting therapgutic
agents, targeting |igands dh@/or cycl odextrin
noieties. Imn certain enbodi nentd, |the pol yner may be
bi odegr adablle such as pol y(lagtic|acid), poly(glycolic
acid), poly(alkyl 2 5 cyarlpaci¥l ajgs), polyanhydqides,
and pol yorthoesters, or bioer¢dible such as

pol yl acti de col i de popotrymers, ang derivati ves
t her eof , I, pol yam noaci ds,

[ ]
L
pol yi m noca s,| pply al pha-am nq a id7,
pol yal kyl -c - frylate, pol yphosphaz 0
& %gartate nd pol ygl ut n%y
copol ynmers @and m xturses th reE. 10 Another €nbodi nent

acyl oxymet h

of the inveption is a polyperic ¢onpound represented
by Formula [I: 1iJ L7 P g(lL r 71-1 110 19| (CD)
n 1D)mg o 15 wherein{P' réptesents a nononed unit
of a polyner; T, independehtly for each occurrence,
represents a targeting ligand or a precursor thereof;
L6, L,, L8, L9, and Lio, independently for each

occurr evhesginnmay be absent or 20 represent a linker

N—r

group: C% represents a cyclic moiety, such as a cyclodextrin moiety, or derivative

thereof;

L4, Ls, Ls, and L5, independently for each occurrence, may be absent or
represent a linker group;

D and I»’, independently for each occurrence, represent the same or different
therapeutic agent or prodrug forms thereof;

T and T, independently for each occurrence, represent the same or different
targeting ligand or precursor thereof;

f and y, independently for each occurrence, represent an integer in the range
of 1 and 10; and

g and z, independently for each occurrence, represent an integer in the range
of 0 and 10.

In preferred embodiments, L4 and Ly represent linker groups.

In certain embodiments, the polymer may be selected from polysaccharides,
and other non-protein biocompatible polymers, and combinations thereof, that
contain at least one terminal hydroxyl group, such as polyvinylpyrrollidone,
poly(oxyethylene)glycol (PEG), polysuccinic anhydride, polysebacic acid, PEG-
phosphate, polyglutamate, polyethylenimine, maleic anhydride divinylether
(DIVMA), cellulose, pullulans, inulin, polyvinyl alcohol (PVA), N-(2-
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CD, independently for each occurrence, represents a

cycl odextrin noiety or a derivative thereof, D,

i ndependently for each occurrence, represents a

therapeutic agent or a prodrug formthereof; 5 m

i ndependently for each occurrence, represents an

integer in the range of 1 to 10 (preferably 1 to 8, 1

t Qy8roxQproByBiethati§latiide e8&iah 288 hiydoR9&hyll startMEIES
ray 9? ?yﬁo abggt 30, 8%0ﬁ?greferably 225 % y BIES)
293 bae: optipsalBDdant Browrs dor graftmgoherancutio @gemscs@fsemlg)bgands

A ST RR s BiBUE N s tin Siaiedy e pfefimay be
| biRigeradable tsﬁkﬂl as'poMgEactit aéid}, @oﬂ;@gl@f@cﬁlﬁf z&icBPi)MY@im)@ 28, 0

to5 0to 3, or even O to about 2), wherein

and
arcﬁarmaévyéat%ﬁm Bplanbpdridess et polyorthoestarss or lrwweél&!q fdﬁh as
(glf)f;{lfc'hﬁg ycﬁhfl%&ﬂ%tl rﬁers d d%gv tWeP ephsO on-# rﬁ}zl

|ons I'n oun her e
t Ipelyannmmhdsnpolgmanwrﬁmwwd potyp alphaaiminb tu;dsi:polya]l@l-cyano-

M@ﬁf@}t?ﬁ peBpﬁg heds gp %IJY&%@?#B%@W& %ﬁgmé%e ﬁn%golaglutamate
E)Ségﬁ,(ﬂgﬁg{asgaiga n'i'iRh&ésWhez%f derivative 20 thereof; L4,

L7, 1T ndependently for each occurrence, may
be absent or represent a linker group; 33 D and D,
i ndependently for each occurrence, represent the sane
or different therapeutic agent or prodrugs thereof; T

? Eg 'SI' a@oﬁ?egﬁpg eﬁ]¥ of {2k irAaHo? 'i:scaulgorl)?rrﬁgﬁc corggoun% elgresented

by Formula II:

7]
L7
P
Ls P Ls
| |
||-1o ||-9
), [ 0],

o o (D

wherein

P represents a monomer unit of a polymer;

T, independently for each occurrence, represents a targeting ligand or a
precursor thereof’

Ls, Ls, Ls, Lo, and Ly, independently for each occurrence, may be absent or

represent a linker group;
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targeting ligand or precursor thereof; 5 f and vy,

i ndependently for each occurrence, represent an

integer in the range of 1 and 10 (preferably 1 to 8,
l1tob5, or even Ito 3); g and z, independently for

each occurrence, represent an integer in the range of

O and 10 (preferably O to 8 Oto 5 Oto 3, or even O

to abo@D,%a%;%ﬁderﬁlyrﬁpé@ﬁ%&&rﬁﬁe,l 1epiR6ftts 4 BydloRxtri@Biety or a
of 1 and 30,000 (preferably <25,000, 10 <Z0, 000,

<Hsrippive thareoHoo, <5, 000, <1, 000, <500, <100, <50,

;gghr :é?féigﬁ%%ngg@ryefogzea M}’%é& gg;fépge,asgrité?ang}eragsté ic agent or a

| @asirug Bdm thereofir 100 occurrences) of g represents an
integer greater than 0. 15 In preferred enbodi nents,
5 L4 and m7ndepspdanlyiior paahenccyrBIssstepreneitepR Hiteger in the range of 1
e ' ungdes | yi ners are |inear
POy & g o P ™ S & * the pol yrrer
backbomerepresdntsiasintapet drithe rardge ofditetabest. 30[N0 (prfaablyes25,000,

7P ST AOR LR, 52 68he 25008, Sst A liPngs e ol or even

ong).cingl odextrin derivative nodified to bear one
reactive site at 20 each of exactly two positions, and
10 react i mgnt hed qy didegendenily faeedchaiccwnzendes tepsesentnke integer in the

havi n act.| reacti j etjes capabl e of

¢ St B18 b tretsibip BHA Sulf P Sh@ % PRSYA ABPER) under

pol y Menjizadih OODC ARIITH | 4B Sprefepdbl P’ QRR! Sre§edCiti &N1eA%t 1 hRcation
reactive sites with the reactive noieties to form

c tprgfesahly boleass Sod.aenr evee Niomk 8 lepations)én the compound.

cycl odextrin derivative, whereby a |Iinear polyner
conprising alternating units of 25 cyclodextrin

15 deri vatAnetifer ambodinithe b the Snwh Aok Bafconfdut Reiréséated byRyrmula

polymer_may be a water-soluble, |inear cyclodextrin
pol ymgr having a |inEa _gf mer backbone, ich
pol ymgr conprises a pl lrf

[

unsubdtituted cycl odextr ieties and linker

moi etijes in the |inepr pg r backbone, whlerein each
of thg cyclodextrin ~noileti €sz other than &
cyclodextrin noiety at tlhe term nus of a pof ymer

I
# tly of substituted or
l'y

chain, i¢ 30 tached to two of i d lihker| noieties,
each™i L y covatently | [T —
cycl odex ri$ leties ln yet anotthef epbodi nent, the
pol ymar s&%) ter-soluljle, line r&p?c odegixtrin
pol ymgr to jng a IHra ity of Leycl 8dextfrin

I

nmoi etiles 34 coval entl|ly IffnkKed together by & plurality
of |inker noieties, neirn each cyclodext|rin noiety,
ot her |[than a cycl ode t?D3f iety at the tgﬂnﬂnus of a

PRy mET g

wherein

CD represents a cyclic moiety, such as a cyclodextrin moiety, or derivative
20  thereof;

L4, Ls, Ls, and L5, independently for each occurrence, may be absent or

represent a linker group;
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chain, is attached to two linker noieties to forma
i near cyclodextrin polyner. The |inker group(s) may
be an al kyl ene chain, a polyethylene glycol (PEG 5
chai n, polysuccinic anhydride, poly-L-glutamc acid,
pol y(ethyl enei m ne), an oligosaccharide, an am no
acid chain, or any other suitable |inkage. In certain

enbodi MeARED’ lilgepehddtllly fOF €4¢R deb@redrice a@prebent shicadane: or different
under physi ol ogi cal conditions, such as an al kyl ene
c afrgpeutie agent @R ArodEugsitedtsefbl e under physi ol ogi cal

condi t i0fj 1> T, xﬁeger?c?ena f&nea%ﬁ {[ﬁrén@e gri%regé?)bs e sant d1fferent

contains a P e Sse ence
atargatngdam)lpr pfechi;&oh&idl‘e@f,ySI s (e.g., the linkage

cont ai ns roup, such as an ester or
t hi oest' éf Y: qydéwgy ?(g QE‘E’&WHB% rg?rgqegbp% Ljiegsr in the range
?%h& %0 (px%PeE&bl?? 15 8PF 5, Rﬁ"ev&l Ygph),c acid, or

l'actic acid charn, or can be blologlcally active,
s uc h ag ad 2 hn@pendmﬂp dorysaely biclarenbg trepreseah ag lln;%ﬁe dn the range

et ed WllpreToahn @ 0% snnis L Fiedenp bt Rl "5 o

15 bi OlhO&FPe%l:Aty aﬁqmégh' b ﬁlea;@ﬁéé) bf R Rr 96lDbG pr%fe@ably <25,000,
known in the art sel ection of the I'i nkage

re20i0AD] GERERD, tH,RA0; |<r51il0Q sl Hper s <d100I &0, nﬁ%eﬁlél or even
su as whether it is durable when inplanted, whet her
it~ dradually defornms or shrinks after inpl antation,

or whetfiRfeih bt Badddalbobourfpoe cahe prefochblysatdesos DEY obyven at least
the body. The |inker group may be attached to_the

nmBPe?(. o 18 oegnyrencas) abe eeppessats gn intagritgrenientharnl.gr oup,

i ncl udi ng carbon-carbon bonds, esters, ethers, am des,
am nes, carbonates, carbanates, sulfonanides, etc. In
cert ai nn prdfesddenbalimens, 1.4 aikEl7 gpedsphtdinkef giolps.
present I nvention represent a hydrocarbylene gr oup

T s B e G L5 S 20 e
gchHtQﬁmge @1@%@08@ th cﬁﬁﬁ& @a@k&fﬂ%ﬁfl&lud%ﬁﬁﬂ@xﬁﬁ%@ﬁes For

i ndepen eac occurrence cted from
s gbanpleuthe @obnnanmmyﬂzeta Waneesblablyj lincar ¢yl adexirin polymer produced

C)Bgflsprc%lpﬁl%g@t Gpgter %%Y/%&%') kX dé ” @omrf\f%to@eame r&@tlve site at
%@) (g‘ﬁxactly ﬁc%&lnc(n‘éhﬁ{d%ibtﬁg't& &!Cc(l&dexﬁfn deivative with a linker

R1) -NRI -, and
- baoRp )exactla’rtWORQaCUan aupqma @npabje offormaingla enyalgnt eandewith the

30 r ent er.t
Pk RS Seta il ol S nPegeb @i ot e ppetive
o l5it€KORith ﬂﬁffea/cﬂivb #eSletddith foraCidlalehibéiRls beiveen the linker and the
enbodi nents, |inker groups with one or nore
cyclodextrin derivative, whereby a linear polymer comprising alternating units of
cyclodextrin derivatives and linkers is produced. Alternatively the polymer may be a
water-soluble, linear cyclodextrin polymer having a linear polymer backbone, which
polymer comprises a plurality of substituted or unsubstituted cyclodextrin moieties
and linker moieties in the linear polymer backbone, wherein each of the cyclodextrin
moieties, other than a cyclodextrin moiety at the terminus of a polymer chain, is
attached to two of said linker moieties, each linker moiety covalently linking two
cyclodextrin moieties. In yet another embodiment, the polymer is a water-soluble,

linear cyclodextrin polymer comprising a plurality of cyclodextrin moieties
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term nal carboxyl groups may be conjugated to the
polynmer. In certain enbodi nents, one or nore of these
term nal carboxyl groups may be capped by 5

covalently attaching themto a therapeutic agent, a
targeting noiety, or a cyclodextrin noiety via an
(thio)ester or amde bond. In still other enbodi nents,

| Icakﬁéntgr IRHKRE tieiiler 9@ ﬁl’ﬁraﬁ@f"c&‘ HnREMthBRYied) ¥HefiY kach

th Or am no groups nay |ncorporated into the
p@wn@xtﬂm momtb,fcéh&rré d%mrsmomeatéhe tepninus pf a polymer

cootrei gt e ooy RS R Pied 8 RrBy s SRRl mpfymes

targeting noiety, or a cyclodextrin noiety via an

(t hi o) aheinker @bins(€) mep b an alkelens ahdif @palycthylene glycol (PEG)
t hi ocar honate, or thiocarbamate bond. In certain

efbBuEi PRIFRUSCinicAsbydride, Paly e%@&tftammﬂcub poly(gthyseeiminsine

A5 ISP i

c emibotingemss, tHeJidker g dtiself ealblmlstﬂﬂa uﬁdertphgsxphnlgy:abcmdamns

descri bed ahove have | pol i |t| out
ot asPH GRS A HISBR b SIeRYAhIa GRS B FoRtigons
t n

[un ot g

| substrateafon a peftatiseyeot sy, h)tdnelysmg@gi; thHedinkagaenntaionmbpdrolyzable

g\%lqucu?:‘f gﬂié%%ggtfgttegﬁf noggtrg{)er ,hgtl%ﬂgggel{){l%\ﬁej%dlgglcaﬂy inactive,

aRhdir W 4 PEG! Ry ARSI deid, bp?mrabaé Rei@ Ghaid] ofRiah be bidiSgically

agent IS a recep or a on| S In certain eI’TbOdI ments,
t letivegsinh asansligecerpalypeptide tgbwhen claared fpmethe moieties, binds

TR RS RSB o B s ot

| DidedibAly JoRpatiblRlaid/br Oiverddibld a6 kidval iaRReibdt Candalgeedlection of
or may contain_nore than one kind of therapeut| C

adferlinkage may jaflugnee therulidmaie ppepestigscof dhe mateaial, sedmsayhether it

it IR 1B SRR, AHERANE oA ARG SRR e
giraplaatition, drovlictier ﬁxcgrazdtﬁtly‘degradmmim absokbedkearthe bayy The

sel ecting different |linkers for different dr
im%%rs%so'eﬁ may be giterhed torthe %@e%ﬁ%frﬂaﬂatsaaah b %ﬁ?reﬁv@ctwnal

n?e s'%at Hdn Bc b B, estdr€ RO tarﬁftneé Q?rbog%tes

t1on provides an | nproveé de ivery o
cearﬂaamateb,ymilfophnides‘, etaral | nol ecul e therapeutics by
coval ently conjugating themto cyclodextrin

S PSR TR T T AL R S—

t BeyHRRAMYRIAL inFoudGRItrsin ofie 6P hdréBlethyldn® groups is optionally
replaced by a group Y (provided that none of the Y groups are adjacent to each
other), wherein each Y, independently for each occurrence, is selected from,
substituted or unsubstituted aryl, heteroaryl, cycloalkyl, heterocycloalkyl, or -O-,
C(=X) (wherein X is NR;, O or 8), -OC(0)-, -C(=0)0, -NR;-, -NR,CO-,
-C(O)NR;-, -8(O)s- (wherein n is 0, 1, or 2), -OC(O)-NR,, -NR-C(O)-NR-,
-NR-C(NR)-NR -, and -B(OR,)-; and R,, independently for each occurrence,

represents H or a lower atkyl.
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one enbodi nent of the invention, the therapeutic agent
is a hydrophobic conpound with a log P >0.4, >0.6,
>0.8, >1, >2, >3, >4, or even >5. In other

enbodi nents, a hydrophobic therapeutic agent, such as
canpt ot hecin, nmay be conjugated to another 5 conpound,
such as an amno acid, prior to covalently attaching
the connheahia earbouﬁnerﬁéﬂ EhPRMREFBFoup B ERinGSa @drivatikdiitor non-
acid derivatized canptotheC|n nol ecul es are

i |detizatized agniny agdh Eneerigin ambodisientselinkss ajauga néth ase Or Hore

3500 PSSO TP AN TS
Orengbodimditls, @30 of tnord Of thesd, 19RGinaNdarbdxyl gx@upamay be capped by

enbodl ments, the cyclodextrin noieties nake
| €83 ea%eﬁach%the%t@ﬁ themapeniic agsng targglng 61%% oraO%

%maeﬁ%ﬁm?&@t { Iﬁﬁlg%@r ofexide B! ﬁiﬂ &aepahmﬁms

odi nent's, er apeut

agﬁrkb5groups withogebr mgrd iegamdlshythk:qluqu,t Orlaﬂaﬁd) gampsx tnay be
1% 5% % or, 159% 20% Oo 00/% 15 even 35% of
tHBCQ!'Q‘&rIaE? dtorthe, DS Bty ARe or more of these

I I
bR AGE i bR FW#%?"?%%“&%@?%“ Wa
1,th@8peuticagentt a Bﬁ)g):tmg()n@iaﬂyt anscyahedektrmaibigtyf vie an fthin)ester,
500Q,to0 out 200, 000 , dal on and,. even nore )
> g daitpndte, Gbime et o Lot oA Gl Wussrtain
PregfiRidanénts, thse (@id)Bster? Elhi’&%e(thﬁ onh &Qﬁu@eﬁbﬁéaﬁg Bonds

daltons. In certain other odi nent s, varies
benaekmbiahydrolyzade, 1amc¢an$(le gﬁbﬁm@hrdmbfzed/wdﬂr bicdogjsalen
S e of a subject polyner, a w de range of nol ecul ar

%%gf@ggﬁay be present. For exanple, nolecules within
the sanple may have nol ecul ar weights that differ by a
fact or IafcedainzmbbQimefds, telpolhilrs 29 destpibed alwgvethants
differ fromthe average nol ecul ar . wej ght. by a factor
ofPofydispersities legs thaygaboyibd, or gvemspntharaboisiZar y
cyclodextrin 25 noieties include cycllc structures
const s Rgriffi ol fhdnts, Mo et fic Bett i$ ASARATEule, a peptide,
noi eti es, such as cyc o extri oxI di ze
C yacprotbéx for & polyfer yhedt halaebhbra’pnutimﬂmttwn dptcegaialeimbodiments, the
conpri.ses a.linker et t .for oval ent
AR S B Bt 5ok i RO DesinGY (REed A A ot iBneal
bagkhabRriaRhefh %y%ehbf d?%ﬁﬁlwraf ﬂ]@f‘&}péutico 18Qe AR HoRimeNE the
chain, such as al kyl” chai ns, udi ng di carboxylic
acigantde airecapiov egor(istu din cersai® emgbdmmntsc theaigent is a receptor

vat ives, and t

0 talRbisy o iR Corhotiiling i i Sagen o st Sate i bior.

c ffﬁh‘l‘h@rm@t@ a polymer of the present invention may contain one kind of therapeutic

agent, 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 grafted on to the polymer via
optional linkers. By selecting different linkers for different drugs, the release of

each drug may be attenuated to achieve maximal dosage and efficacy.

One embodiment of the present invention provides an improved delivery of
certain hydrophobic small molecule therapeutics by covalently conjugating them to

cyclodextrin containing polymers. Such conjugation improves the aqueous
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Cycl odextrins are cyclic pol ysacchari des contai ni ng
naturally occurring D- (+)-glucopyranose units in an
a-(1,4) linkage. The npbst comon cycl odextrins are
al pha ((a)-cycl odextrins, beta (p)-cyclodextrins and
gamma (y)-cycl odextrins which contain, respectively
si X, seven, or eight glucopyranose units.

StyoMBiliy ahd YendetBe Bica¥alabflitP 8t the Shhpetitic ¥eéR8 X Eédringly, in
forms a’torus or donut-like shape having an inner
apwiezmtodinhgnd o6 fledhventionythe $herapeutic aganh therr lyydugphobioompound
groups, sit uat.ed.an ide_of ., the c extrin.torus

it Rieh PR 0 Ry AR G 3ot oF P e Pt e mpRpents, o
TH3@rophebicBerfpoutic Mgt darch lak BarAftotdecBX AP b8 cofjugated to another
cyclodextrin is often represented schematically as

f slompaynd, such #$ @ gniRo@CKOPIK torevdpnthCigehingdh@conjugate on to

STPRBRT B RAE of S bl dhrvePit el ol (R e

whiladratdieinSzaandar,y hydroxyl groups are |ocated has a
w der dianmeter than the side on which the primary

hydroxy], groups are |ocated. The
y yThegpo ytger conjeugates ) ﬁie present invention preferably have molecular
weights in the range of 10,000 to 500,000; 30,000 to 200,000; or even 70,000 to

150,000 amu.

In certain embodiments, the cyclodextrin moieties make up at least about
2%, 5% or 10% by weight, up to 20%, 30%, 50% or even 80% of the cyclodextrin-
modified polymer by weight. In certain embodiments, the therapeutic agents, or
targeting ligands make up at least about 1%, 5%, 10% or 15%, 20%, 25%, 30% or
even 35% of the cyclodextrin-modified polymer by weight. Number-average
molecular weight (M,) may also vary widely, but generally fall in the range of about
1,000 to about 500,000 daltons, preferably from about 5000 to about 200,000
daltons and, even more preferably, from about 10,000 to about 100,000. Most
preferably, M, varies between about 12,000 and 65,000 daltons. In certain other
embodiments, M, varies between about 3000 and 150,000 daltons. Within a given
sample of a subject polymer, a wide range of molecular weights may be present. For
example, molecules within the sample may have molecular weights that differ by a
factor of 2, 5, 10, 20, 50, 100, or more, or that differ from the average molecular
weight by a factor of 2, §, 10, 20, 50, 100, or more. Exemplary cyclodextrin
moieties include cyclic structures consisting essentially of from 7 to 9 saccharide
moieties, such as cyclodextrin and oxidized cyclodextrin. A cyclodextrin moiety
optionally comprises a linker moiety that forms a covalent linkage between the
cyclic structure and the polymer backbone, preferably having from 1 to 20 atoms in
the chain, such as alkyl chains, including dicarboxylic acid derivatives (such as
glutaric acid derivatives, succinic acid derivatives, and the like), and heteroalkyl

chains, such as oligoethylene glycol chains.
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15 present invention contenpl ates coval ent |inkages to

cycl odextrin noieties on the primry and/or secondary

hydr oxyl groups. The hydrophobi ¢ nature of the

cycl odextrin inner cavity allows for host-guest

i ncl usi on conpl exes of a variety of conpounds, e.g.,

adamant ane. (Conprehensive Supranol ecul ar Chem stry,

Vol une C lodbxtrinsAr -
(1996) :ploxlins R Tc PolSheckn Al cqnBANGE R relly 58urring D

22(5-)—3 om@q@g@)ts irHyseri(h4pelinkage. The p’;qs‘e@pmmon cyclodextrms are

SR e B AR e SRR s i

di atads eebpettiveBusix, stverd v ei@h’ﬂ gluYopyr&iose ufits. \SteuctizhityNthe
Lett. 1998, 8,1327-1330. In certain enbodi nents, the
p (¥ ie patireof g Gyslodesrindmimnsa wsus qrdenpt-likgshape having an inner

| it

o PR RS hydBo e BBy e BELOHERY AP LFdu AL dd dhe sde of
t hthe pydlydertrirt forestid thd primbryenidsoxyh gtoups sitedteborethe wittter Thus,
bi o] ogi.cal .conditions to release the bl:éctlve
rotSENE kY Hhas@IneXampls: 40y plRdetirip ieofiggrptzssntedy o
pq&hﬁﬂkﬂﬁﬁfgghgohg,release of the bioactive agent over
a period o east 2, 3, 5 6, 8, 10, 15, 20, 24,
36, 48 or even 72 hours. In certain enbodi nents, the
present invention contenplates attenuating the 10
rate of release of_tpg 4 herapeutic agent by
i ntroducing vari nking groups between the
o argeting ligand and the
1 WQ1 certal n, enbodi nents, the polyneric
tics of the preseﬁ%1 ion are

compdsytijons for controlled egy of therapeutic

agent . e skilled in the art | d al so recogRi 8. hvdroxvl
t hat O| abel i ng the therapeutichagent and/ or Sy hydrory
tar |ng ligand 15 with radio

fes of NMR active nucl el ,

n i, or by forking
@ g., tetimetiu
gadoN ni um or dysprosium the po\ymers-of—the p

i nY n can achieve a dual di agnostic/ther apepdna hydroxyl
ut9 i I n other enbodinments, {t he-pol ynmeric conpounds
st aby/l | [ [ a her apeuti c agent

which exrsts in equilibriumbe '--ﬁ an active and
[ [ form For instafCe, onjugatlng t he

t her apeut{c\agent to the pol9fers of the present

i nvention M i bri um between two
taut oneri & t he bioactive

t aut oner.
may : LT um bet ween | actoni ¢ and
acid fornms of a therapeutic agent. One nethod to
determ ne nol ecul ar weight is by gel perneation

The side on which the secondary hydroxyl groups are located has a wider
diameter than the side on which the primary hydroxyl groups are located. The
present invention contemplates covalent linkages to cyclodextrin moieties on the
primary and/or secondary hydroxyl groups. The hydrophobic nature of the
cyclodextrin inner cavity allows for host-guest inclusion complexes of a variety of
compounds, e.g., adamantane. (Comprehensive Supramolecular Chemistry, Volume
3,JL. Atwood et al., eds., Pergamon Press (1996); T. Cserhati, Analytical
Biochemistry, 225:328-332(1995); Husain et al., Applied Spectroscopy, 46:652-658
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25 chromat ography ("GPC'), e.g., mxed bed col ums,
CH2Cl12 solvent, |light scattering detector, and
off-line dn/dc. Qther nmethods are known in the art. In
ot her enbodi ments, the polyner conjugate of the
invention may be a flexible or flowable material.
When the polynmer used is itself flowable, the polyner

cqQIPoD) FRON6EN 1d9)e AldniRrhl Aftho VR mﬂaﬁ?ln\glwﬂ&s afteligtlosed in
not include a bioconpatible 39 solven

f 1 Sk bl aand Mok, NouBfaorg: dded. o€ henes Lettial 9%Bam8ukid - 15830,

bi oconpati bl e solvents may still be present. Wile it
IS pos bI e

bi olpoglslltr:lae 9&}§¥bodﬂ'ﬁel§§ggﬁl Igﬂ’e&q]@ﬁ'lv%g@ ssoﬁée%ﬁateg hﬁear;['th?ter-

qushibilé y:yélf)dactﬁ@-lcuﬁtﬂimﬁg’l;&ilyﬂn& Ahdreli A iplurdlity @ bivactive moieties
eff|C|entI produce an anor phous, nonolithic

i 5% PoYARTY Atapbed o theeplymprethsqugh affpchmentsihal a5 iclegyqdunder
I""%bl\églc Witldhs 'i(pxeeléa%gﬂ ml(?acﬂ(re {r‘o@é@fépl @h&&ﬂﬁﬁﬂlﬁlb@sﬁmn of the

I'S an van I nvention that, in
prefianerad aqmlenh ranms in radease bf/'éntbmatmeegimd otay afmnmi af at least

flo le c Lti.on reover he use of solvents is
pr%gzgailgy?mé@dz%éé’g%s‘é‘,e"e’b% OWSpol ymer
conposi tion containing solvent is placed totally or

parti al hycée-tamlﬁbécﬁmteﬂﬁ @egyeseﬁthﬁvesﬂbﬁ eaﬁteﬁg&%s&%ﬁﬁatmg the
or diffuses away fromthe po l'ymer and

p rretceiseldasamf thed nhmapa:t@oagbyt hhistroduning pariosis higking geunsa

il ti .
? s Bor B LHeCaRR ndent Y BRGFRE Rewtd e Boty i LR in
”&&rthﬁ\/e@ntﬂidhﬁé{iy tBepEIY BIeH O UikapeatiéSsttthe piebent IPMANEH are
when a solvent is used to facilitate mrqxslr&g or to

n?qmmv@swow@r contrglicd\gdebivenytof thsrapemtic pat n@:&lﬂll%@ttbe art
o S8 aleB R Pt b HRY G el Ped R b anflof rbhel tgand

anmithntaglionSoley, @n by foiniag camnplek epdfINSIRoadtite ﬂﬁtlebe gysedhnetium,
in any material to be placed even partially within a
| i SpARlNiBEe o1 dysprasium.dBe pelymers of she presert fiveation gan achieve a dual

S%g%ﬁ%éfﬁferaikﬁﬁ"éj&l r| tation or ne_cr03| s at the site

nistr Exanpl es of suitable
bi oconpati bl e sol vents, when used, include N-nethyl-
2- pyr r dhiothen embadimyants khegmemernid dampiundp stapijize the bioactive form

%é%%;ﬂ" 8??@0%%%tdﬁggﬂé>f F}%Eﬁ%}ﬁl@? H&ﬁ]%h%veeral‘ %gta(?twe 'and inactive
di foRh hybsibiaRed, @813 ugétﬁfg&ﬁ@ﬁﬂf@feﬁ'ﬁ@é’%en@ﬁﬁh@ bashR of the present

oleic acid, or odecyl azacyl cohept anone. " Preferred
s dnventios maycshifttheteqribimplyatvedri tdmteutomepy ferotsi af oheeagent to

s otﬁe é’tofyi%ltz " ;%ﬁ%ﬁ“gg I%ogﬂ?rﬁg?qp%ﬂpgﬂbtﬁs %’Fﬂ?ﬁ c?;alptouncis may

attenuate the equilibrium between lactonic and acid forms of a therapeutic agent.

One method to determine molecular weight is by gel permeation
chromatography ("GPC"), e.g., mixed bed columns, CH,Cl, solvent, light scattering
detector, and off-line dn/dc. Other methods are known in the art.

In other embodiments, the polymer conjugate of the invention may be a
flexible or flowable material. When the polymer used is itself flowable, the polymer

composition of the invention, even when viscous, need not include a biocompatible
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In certain enbodi nents, the subject polynmer conjugates
are soluble in one or nore commobn organi c solvents
for ease of fabrication and processing. Conmmon

organi ¢ solvents include such solvents as chl orof orm
di chl oronet hane, di chl or oet hane, 2-butanone, butyl
acetate, ethyl butyrate, acetone, ethyl acetate, 40

di yupiy lAsetavavle ’althblg@it%(:'ew kdsiiulaf@Bunts of biocompatible solvents
di met hyl f or mam de di met hyl sul f oxi de. One aspect

of mghehlpbeprssenti nvent i on contenpl ates attaching a
hydr ophobi ¢ therapeuti c agent such as

(S) - 20- ﬁf%ﬁg ga‘ﬁgélﬂetﬂ? @%?%%ﬁda a]l.r)]()\q/grr%gr &/ t(ﬁ%} %ﬂ)qéélgélﬂf active

5 contal ni ng p ymsrs

( YgerOman et mgm@mn(@aﬁm qanntitqldfal gu'ldenit skdtas @ldn-ftd‘nﬁmto more
Cargt itheca accumnata in the |late 1950's, was found
itigigptlpprodyes an amemhods tnilQnO!l?ﬂ'é)QlSFth‘ﬁ“BPt"F Adineyiaspersion of the

ggt? Pﬁgy : I%Fa&:?xt%séggﬂ?[na&g flexHIE bP Eo{vgﬁle %ou@ggﬁgn o id Q?advantage

ppl'ication I n human cancer treat nent
h ovfethe rmvdnslonlth:lxi ired meferred eatbodimdntf ag solvent is needed to form a
es eci its.undesirabl i nteracti ons w

At | pasHiarh ROV PR {hegfse i SOlFRA L Pig el pueed because,
f QS a8 Qtoéorﬁ%}éﬁfﬂhscon%ﬁlﬂ sblvEMt is a{diac%ﬂ Qﬁéﬂl? @r artlally within

circumsent this l'em man | ogs
dethe [bodpdtheosol vept dmlnatestanrrhffgseakn\#ayt fjromnﬂleamp]mals a.nd must be

sol ubility. ., Topatec and .iringtecan are anal

Crorbrnid Had SRR IEET byl bl 0 ERE oy RESR POReR A e body'
C &)o@ inceSANTRA - tinld) WhEh AREMness UBH ot Bthet LRSS or the illness)
various types of |inear, branched, 15 or grafted

cyoabbwalnendmﬁctannmahgafmtgdm s wherein
(S)-20-canptothecin is covalently bound to the

Dol Y o b CUbgh T STRGRISALE o AR Sl o fo,mpingin the

coval en &d YTR A or o ydrolyza

frﬁmza;nh@sbierche polyier @ajupatmbeshe dfiventiah bﬂnﬂicﬁnld /be non-toxic,
exenpl ary synthetic schene for coval ently bondi ng

dettheraisezuipcanppatigle, and shqubd be asesd by igkaivelyi sqadlgpis, Solvents

E%H%r% ‘;061@%1{6‘85@#%6) Rﬁl—| rg% fhaterial 83 b%lma S Maﬁ%/ Qithin a

living body. Such a solvent also must not cause substantial tissue irritation or

necrosis at the site of administration.

Examples of suitable biocompatible solvents, when used, include N-methyl-
2-pyrrolidone, 2-pyrrolidone, ethanol, propylene glycol, acetone, methyl acetate,
ethyl acetate, methyl ethyl ketone, dimethylformamide, dimethylsulfoxide,
tetrahydrofuran, caprolactam, oleic acid, or 1-dodecylazacylcoheptanone. Preferred
solvents include N-methylpyrrolidone, 2-pyrrolidone, dimethylsulfoxide, and

acetone because of their solvating ability and their biocompatibility.

In certain embodiments, the subject polymer conjugates are soluble in one or
more common organic solvents for ease of fabrication and processing. Common
organic solvents include such solvents as chloroform, dichloromethane,

dichloroethane, 2-butanone, butyl acetate, ethyl butyrate, acetone, ethyl acetate,

40
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Cl CD 25 Wthout intending to limt the scope of the

i nvention, a general strategy for synthesizing

I i near, branched or grafted cycl odextrin-contai ni ng
polymers (CD 41 Polyner) for |oading a therapeutic
agent such as canptothecin, and an optional targeting

ligand is shown in Schene Il. Schene |l Exenplary
C Ydilnetig¥dctiaid® N0 me Nomeftyipyiriolidane, br adithetaylf@hadbide, and
cyclodextrin polymers oSo RI NH2 I~ 1~~~I11/

Tt@ﬁ’&ﬁ’é@ﬂ-‘if@ léilgent (D) I RNH2 with optional Iinker (L
0So 1J QD 1I1// 1 Rosy] DNH, F CD Pol yner --> CD

Pol Qséest ' g%lgfar
('CI)') y rrerO%é ti onaﬁ@génﬁ !ﬁsﬂﬁéoﬁﬁﬁﬁg&h ustﬂ ophobic
f uhtﬂapeuucvageﬁmmh am@-ri!ﬂmaglmmlhdmén td lindar ogbranched eyoledexdrin-
r ecur,Sor s, cI Xtri nnle ies eutlc ent
B PIRG PRl qu liyigy o b e drug ol &R (D), an
SCired®A iddided FBm Mﬁnt‘h@&t adcAmBRie e |la{t@1§’50 5, WwadT¥und to

given reaction there may be nore than one comononer A
pree(bthﬂsaamcampc a@mmhﬂ mhlhttmgttpq ad®ntdf¢ormpemerased glaring the S-

tar in Ls .of the same. type or .
aintp S dihe B en s dptieadgh b ERFR A B0l brwetres
0 flnﬁ%@d&&ﬁ@@%ﬂffacﬁoﬁf SpeEialy its ufdeslrasle xiterabtidMivat human
therapeuti c agent or tar eting ligand may be

c oprire albumin,jingelitydfithe @amtlvstlmnq fermrandqroofraqueous
S es%laurb?ltit?. i &Her to circumvent this problem, many CPT analogs have been

developed to improve lactone stability and aqueous solubility. Topotecan and
irinotecan are analogs of CPT that have already been approved by FDA for human
cancer treatment. The present invention discloses various types of linear, branched,
or grafted cyclodextrin-containing polymers wherein (S)-20-camptothecin is
covalently bound to the polymer. In certain embodiments, the drug is covalently
linked via a biohydrolyzable bond selected from an ester, amide, carbamates, or

carbonate.

An exemplary synthetic scheme for covalently bonding a derivatized CD to

20(S)-camptothecin is shown in Scheme I.

Scheme [

Without intending to limit the scope of the invention, a general strategy for

synthesizing linear, branched or grafted cyclodextrin-containing polymers (CD
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Schene Ila: General schenme for graft polyners. The
conononer A 15 precursor, cyclodextrin noiety,

t herapeutic agent and targeting Iigand are as defined
above. Furthernore, one skilled in the art may choose
froma variety of reactive groups, e.g., hydroxyls,
carboxyls, halides, am nes, and activated ethenes,
etiyass) fordbadih® mﬂidrfpeaﬁ@ gt siichofsd@mpesthécty,@nd an optional
pol yneri zation. For further_ exanples of reactive
griaigganggand;is shoysein $chemgdhnced Organic Chenistry:
Reacti ons, 20 Mechani sns, and Structure, 5th Edition,
20Q9eme 4 Reactive Conmononer A Reactive G oup
precursor G oup Pendant G oup(s) Reactive G oup

Reﬁjﬁt’j‘:rvbggi@%\mﬁﬁ'&ls Cyclodextrin Group Linker Miety +
St phiterReact i ve Optional Therapeutic G oup Linker

A entogo Reactive Optional Targeting G oup

Li [rfikee Pol ynmeri zati on Conbnomer A precursor
T3 E(ﬁ‘: gnal hl Targeting Ligand
Li H Goup(_"é'.'j ' onal Linker n

Oy extrin

( 1/°>n

CD Polymer —_— CD Polymer

0
Multifunctional I ( ™ )
polymerizable m

monomers

L0,

Tosyl

Optional targeting
ligand (T), with
optional linker (L)

To illustrate further, without intending to be limiting, comonomer A
precursors, cyclodextrin moieties, therapeutic agents, and/or targeting ligands may
be assembled as shown in Schemes Ila-IIb. Note that in schemes Ila-b, in any given
reaction there may be more than one comonomer A precursor, cyclodextrin moiety,
therapeutic agent or targeting ligand that is of the same type or different.
Furthermore, prior to polymerization, one or more comonomer A precursor,
cyclodextrin moiety, therapeutic agent or targeting ligand may be covalently linked

with each other in one or more separate step.

Scheme Ila: General scheme for graft polymers. The comonomer A
precursor, cyclodextrin moiety, therapeutic agent and targeting ligand are as defined
above. Furthermore, one skilled in the art may choose from a variety of reactive
groups, e.g., hydroxyls, carboxyls, halides, amines, and activated ethenes, ethynes,
or aromatic groups in order achieve polymerization. For further examples of
reactive groups are disclosed in Advanced Organic Chemistry: Reactions,

Mechanisms, and Structure, S5th Edition, 2000.
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Moi ety Schenme I1b: General schene of preparing |inear
cycl odextrin-containing 5 polyners. One skilled in the
art woul d recogni ze that by choosing a conmononer A
precursor that has nultiple reactive groups pol yner
branchi ng can be achieved. 43 rReactive Conononer i

G oup precursor rReactive Reactive Cyclodextrin

Group Mdiety Group + OPTIONALLY Reactive Opti onal
Therapeutic G oup Linker Agent AND/ OR Reactive

Opt i onal Tar get | Rghetivéy OUP dohbts®dr ALT|gaN Reactive
Pol yrmeri zati on R ®Reup(pt i pnabree@peecl odextr GruCopnononmer A
Li nker Mbiety precursor R n [ Wierein RTS a

t herapeutic agent and/or target+yg |igand whi ch nay
be absent or present. Exam)[gg“g"*fs‘iar di fferent ways of
synt hesi zing i near cycl odext 2

+ CPT 5 polyners are

shown in Schemes I11-VIII. Schenme 111 44 COON COON
H2N'~ S. S I n\NH2 H Reaclive
Group .
+
Reactive Optional Cyclodextrin
Group Linker Moiety
+ OPTIONALLY
Reactive Optional Therapeuti
peutic
Group Linker Agent
AND/OR
Reactive ional Tal:geting
Growp || Thnker | | Ligand
i Polymerization
Comonomer A
precursor
Targeting Optional Pendant Optional Targeting
Ligand Linker Group(s) Linker Ligand
Optional
Linker
e T n
Cyclodextrin
Moiety

Scheme IIb: General scheme of preparing linear cyclodextrin-containing
polymers. One skilled in the art would recognize that by choosing a comonomer A

precursor that has multiple reactive groups polymer branching can be achieved.
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OOCOOML S ~~pN N\5" 0=S5=0 Hn OOCOON O
(W-CPTH S..a\\Nn F H\S~ wherein RO W
represents an optional l|inking group; and R represents
WCPT or 0. Schene IV 5 00z OOz OBz OBz HO OH

H2NYi0.i~0 NH2 ONH- HHH 0 OO0 1O OHOH O ( /~H

WCPT H111 HHNH OO WCPT WCPT wherein 0 =1 0
, Y Wrepresentsamoptipnal Hrkirg—getpy NNH O HH
0 Scheme V 10 4dReactive Comonomer A
Group precursor
Reactive Cyclodextrin Reactive
Group Moiety Group
+ OPTIONALLY
Reactive Optional Therapeutic
GTOl.lp Linker Agent
AND/OR
Reactive Optional Ta:l-'geting
Group Linker Ligand
Polymerization
R R
Optional Cyclodextrin Comonomer A
Ln?ker Moiety precursor
B R

Wherein R is a therapeutic agent
and/or targeting ligand which may
be absent or present.

Examples for different ways of synthesizing linear cyclodextrin-CPT

polymers are shown in Schemes 1II-VIIL

Scheme III
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wherein R ©
W represents an optional linking group; and
R represents W-CPT or O.
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wherein
W represents an optional linking group, e.g., glycyl residue

Scheme VI
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HOB,Jf,, \ LOHN S S HZN NH2 Il 0 O Lys-Ay-CPT N N_
vaas,Y SIS 00 HV \0 0 OCPT Exanpl es for
grafting cyclodextrins on to side-chains of
CPT-containing 5 polyners subunits are shown in
Schenes | X-XI'I. Each subunit may repeat any nunber of
times, and one subunit nmay occur with substantially
the sane frequency, nore often, or less often than ¢
anot her subunit, such that both subunits nqy beN\\//ﬂ\\
present in apprOX|nater t he sane anount, apT
differing anounts, which nmay differ sllghtly or be

hi ghly disparate, e.g., one subunit is prese nearly
to the 10 exclusion of the other. In certafn

i nstances, the polymers are random copol ynmefs, in

whi ch the erent subunits and/or ot hg oneric

ted randomy throughouE t he pol yner

units are di 1 m,'
chai.

s, Aheke t f orwl a Km Yo, Z p s, OH
wherein X, Y and Z% are™pol yner subuni these EDC
subunits may be randomy i nterspersed hroughoutqthe NHS
15 pol yner backbone. In part, the term "randont
intended to refer to the situation in which the 0

particul ar distribution or incorporation of nonogeric
units in a polymer that has nore than one &
nmononeric units is not directed or controlledjdirectly
by the synthetic protocol, but instead resultg from
features inherent to the polynmer 48 syste such as
the reactivity, anmounts of subunits and ot her

characteristics of the synthetic reactlo other
met hods of manuf actureSS| ng, or tEeatngnt.

Schene | X E(/n\/ﬂ\ll M

CPT

Scheme VII

Scheme VIII
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M1 ->>==~pP-0CHCH= 0~--P-O-CH CHzZ
+P-OCHCH M I | m1 ~NHOCCPT C 5 Schene X mo c
OOOOO AIBN OHN - OHN or ATRP CPT CPT 00 O
10 \ Schenme XI 499 ENr HOo N~lo 00 00'~00O00O
X0hR 0 "O0" HNO Ni IR-0o NXV pjlli PTN N
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<

HO on + W
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e e

HN/\O
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Examples for grafting cyclodextrins on to side-chains of CPT-containing
polymers subunits are shown in Schemes IX-XII. Each subunit may repeat any
number of times, and one subunit may occur with substantially the same frequency,
more often, or less often than another subunit, such that both subunits may be
present in approximately the same amount, or in differing amounts, which may
differ slightly or be highly disparate, e.g., one subunit is present nearly to the

exclusion of the other.

In certain instances, the polymers are random copolymers, in which the
different subunits and/or other monomeric units are distributed randomly throughout
the polymer chain. Thus, where the formula X;,-Y,-Z,, appears, wherein X, Y and 7
are polymer subunits, these subunits may be randomly interspersed throughout the
polymer backbone. In part, the term "random" is intended to refer to the situation in
which the particular distribution or incorporation of monomeric units in a polymer
that has more than one type of monomeric units is not directed or controlled directly

by the synthetic protocol, but instead results from features inherent to the polymer
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0O00o H2NNONHE=p NNHRNPHM NnO HNOO HOO
0 0111.- O N The present invention further

contenpl at es CD- pol ynmers synt hesi zed using 10

CD- bi scyst ei ne nmononer and a di - NHS ester such as
PEG Di SPA or PEG BTC as shown in Schenmes Xl I1-XIV. 50
Schene XIIl 0 NNHOO::C~DVWSO N ~-NDEp OOmO

H@y&ex@ thst M&lﬁa@;vlt§4ﬁﬁoﬁlts EE5bMSs arld 6thé? dNapibteBistidsibf the

synt%etlc reaction or other methods of manufacture, processing, or treatment.

Scheme IX

}—\ CHy CHy
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o o0 — = —(—P o-cC H—CHZ—O-)—-QJ-P +P——O—CH—CHZ—0—)—

P
& u

NaOH |
LT N, T +T—o—CH—CH2—o P—0—CH~- CHz—o—)—EP—o—w-CH;——O-)-

;NH QCPT

Cl

Scheme X

(o
\ \
Scheme XI
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HgN

.
Y

HO 0

The present invéntion further contemplates CD-polymers synthesized using
10 CD-biscysteine monomer and a di-NHS ester such as PEG-DiSPA or PEG-BTC as
shown in Schemes XIII-XIV.

50




/1J 11" CPT-Ay 0 0 Gy-CPT DlyradaMC Gut bond NI
i8(! 51 In certain enbodi nents, the present invention
di scl oses several strategies to increase drug |oading
as shown in Figure 1. (b) Targeting Ligand 5 As

nmenti oned above, one aspect of the present invention
contenplates attaching a therapeutic agent to the
PAEMBME MIQNj ugat es descri bed herein. In certain

enbodi ments, _the pol ymer conjugate further conprises a

targeting ‘W d. Thus in cert® n enbodi nents,
r t ;!..!Ea or ¥ sgues

rg ting |igand, _Dvsg_
a precursér theré&of coU | e pol bgﬁggangat
As u herein the t "ta get| ant¥” i 8F6r S0

any? mat'@rial or subetan@e ich nay M08 targetlng il
of receptors, cells, and/or tissues in vivo or

vitro with t ositions of the present |nvent|on.
They tiar ge |ng and nay:be nth se - SyntEHse
or -{ natydr al*ky- occusti n tances i ch
may serjve as targetlng Ilga ds 15 |ncIud for -‘f°
exanpte, @rotelns jung anti bodi es, antib Ky

f r agmeny, s @l Shi erthrnDne anal ogues, gl ycoprOteeicrs
and | ectins, pept| es, polypeptides, am no aci
sugars, sacchar|o cludlng nonosacchari des and

pol ysacc I'l_ofol ecul
vitamn analpys, ~ho nesy /n
| oactive agent and genetic matgrial,

cof actors,

i ncl udi ng #Wucteosi des, nuckgeodtol des, nucl eotide acid 20

constructsﬁhn *pol ynucl eoto As used herein, the
Tigand refers to any

term "precurs
materi al or sob e converted to a
may involve, for

targeting |liga

exanpl e, anchori a precursor a targeting |ligand.
Exenpl ary targeting precursor noieties include
mal ei m de groups, disulfide groups, such as
ortho-pyridyl disulfide, vinylsulfone groups, azide
OIRHASe X329 and a-iodo acetyl groups. The attachment of
the targeting |igand or precursor thereof to the

pol ymer may be aeg?ﬁgllshed in arlous mays [ Iudlng
byg.¢nag -9 ﬁ oo cheM
formati on" of osqmg@est co Iexes In certain

embodi nents, an optional |9nker group may be presenft
bet ween the targeting Ilgand

s &\”/\/L{/\/*/\J\/\(b e ,Im,b
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or precursor thereof and the polynmer, wherein the

linker group is attached to the 30 polyner via

chel ati on, coval ent attachment or form host guest

conpl exes. For exanple, the one term nal end of a

i nker group may be attached to the targeting 52

ligand while the other may be attached to an
adamantiarertsih@uthodiherd, HIgY prestab inveiibrodibabics semrallsitategies to
whi ch forms a host uest conplex with a cyclodextrin
noReegse drqmls:@dmseawgw@ém Figureilyand may be attached to

a grafted cyclodextrin noiety, to a cyclodextrin

noi ety within the polyneric chain, or to the polyneric
chain itself. 5 The nunber of targeting |igands per

paby merTargetvai bignmd) vary according to various factors
including but not limted to the identity of the

t herapeutic agent, nature of the disease, type of

pol ynerA§Ha%hﬁbne§tabH€é WhEas rﬁéf:t chQﬁéF:*&k&xt idvakB6n S5 ReRBlates

are the sane as |inker groups I ned el sewhere in

t hitteckipp bitheatpentic agnt (@ ihePlolymacenjugetas dGsripabshdreions,
Fornulations and Dosages In part, a bioconpatible

polyne sitiqgn of the present Ny i ncl

b o dngstRg e Fi T S e e P b oph b Bacting
SUfands Tﬁﬁbemfbartmmemﬁohﬁnérﬁ@ Wre¢eplor BN BRA/bLtiss0e -t geting ligand,
shown in one of the foregoing formnulas, optionally

i rfE | aUReGYESOR ﬂvr@ﬁfnéﬁowl@bt@ YIBELCORRBaEptATHEH hgrein the term
bi. 1y

t hgé}g& r%q?%%hg el% %rig nfgeéen gtfe 191&%%u&$ﬁ@%%clpﬁla¥ ?g&r’%\gotl‘: ri‘argf:tmg

nafreqeplorg e8ils; and/oftissudoinngdlo bf ingges v»etlhethawmposixiora ofthe
patient's body tenperature hy nore than a clinically

ad%%‘;ﬁf“a’él"@‘t% e, targﬁfé“%kﬁﬁné@@akléﬁﬁi(@meflpoﬁ?lﬁwhe“cs or
r Etg%ﬂg)a gccugﬁllf% ateridf' @%ﬁ@%ﬁh ngf seFFeddsCt?f;Emg ligands

tive Substance, are
pfi;mihd:d: dor exatriple, pm‘temﬁﬁnq:lhdmgnnﬁﬁ:cm@escalitibpdg(ﬁtagmnts hormones,
bst ances .t hat | ocal | or s ste cal in.th
opg anglogues, roteigs pe]g ptides, ammo acids,

C QUPAS] dabQAriABY indhsditg! &oﬁ?éﬁcél{arfd :?arﬁf ﬁtﬁ{rsac&l%ﬁ%@y ReSohydrates,

di sGussed abové. Various forns of the nedi canents or
bispiatlghelatilgs, agamins, steroilsi ablsndmyaldw harswaesyiepfaktons, dioactive

capahle o bl 10, ol eaara Ly oL e ol et TR LG
hyednaRRePAnd Py Reltbades. Wﬁs@é'heﬁﬁi BB " pre@hdér" to a targeting

mol ecul es, or nol ecul ar conpl exes capable of hydrogen_
bdtg@mh teferstie gnyrmpteniel orrsubsthecef whinh ofay betvenysrtedde atargeting

cludl u
ol Sdh SoharlchToal ATl OF pRifll FRedMeoRbRa 0
aﬂhr@&ﬂm@ﬁ@hﬂd Ex@nplaﬁytargetmg precursor moieties include maleimide groups,
disulfide groups, such as ortho-pyridyl disulfide, vinylsulfone groups, azide groups,

and a-iodo acetyl groups. The attachment of the targeting ligand or precursor thereof
to the polymer may be accomplished in various ways including but not limited to
chelation, covalent attachment, or formation of host-guest complexes. In certain
embodiments, an optional linker group may be present between the targeting ligand
or precursor thereof and the polymer, wherein the linker group is attached to the
polymer via chelation, covalent attachment or form host guest complexes. For

example, the one terminal end of a linker group may be attached to the targeting
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cl eavage of an ester or amde. A therapeutic agent in

a subject conposition may 30 vary widely with the

pur pose for the conposition. 53 Plasticizers and
stabilizing agents known in the art nmay be

incorporated in polyners of the present invention. In
certain enbodi nents, additives such as plasticizers
angaal ilkitkd HBcPAEY bs afdched &) ACddathahfine ERRIp! or other such

bi oconpatibility. I'n certain enbodinents, the
aduidraphebicaneietyumlich fotmza hegt guess gemplex witlpa cyslodextrin moiety.

d h
T e T e
i revelvdeaiinmefyurithia thesuljrBeric ein, OF taTthepohaharicahiin itself,

subst ances, such as fillers, thlckenlng agents or, the
| i ke nuppbes of tarecting digendsies po ym@rctlaménwéﬁw defopding do various

Sﬂ%ﬁgﬁqhﬂy Fn&%t it dZﬁbgﬁe nl*aﬁ'eﬁ 1 ]yf 2 h%ﬁét{uc’%kﬁt‘ flature of the

Cc hliseasd, eypatf p@iymxfr chhia. rﬁmﬂuyms df@bsmbdeﬂllnher greopd drs thelsAme as
exa il suc QVI ne serum al bum n

gg}&}ﬂ ko Pﬁ) ned s sgmhe1§| 1B WB‘A?B may be associ at ed

W|th the polymer matrix. In certaln enbodi nents, the

amount of filler may range fromabout 0.1 to about 50%
or nore by vve| ght of the poI ymer nmatrix, or about

2.(8) 5,Phn Campasi laiians ol Adsagesof such

fillers may affect the b| odegradatlon of the poI ymeric

encaps (Pab Bt SunStoreioTOPhBE s BRERRR, R g Frofft govention

ofinslkddd a blﬁcérhﬁatﬂﬂé and tistionaHy @ﬂfdb@h}dﬂﬂéb@@m@ Ugieh 95 one having
starches, saccharides, celluloses and

pdhs secsting meaemerin anity shaymrimane of theafvmresing fs%eulaﬁa«;/puonally
b | |

 SpRglghy s lBnER A B oy B SR potmer menioned
erdbane of krbaai in thet &t.t He (eiabuehbodinehts, 26 sorhpexifions are non-

pol ynmerijc matrlcesthat egenrally erical in
rfa% ReeniS, 5 iR 881 SUEBRT SEVaURH AL & RAFERY Eetsatqmn?éaﬂre by more
h%r% oAl J@c&f}t&lﬁém 1: ine cellul ose co-processed

Wi t s r% carboxynet cellul ose may confer

pl asti ci ty to the subj_e_ct conpositions as well as
| npl antThet rsebﬂgcth camgositionsy mayy .cohtairp ar t"idmgl",ar“therapeutlc agent,”

o TRy of “Riohclive SRPStel Z8hieR e, Bkl Bhisbaipatly, or
Z%Iﬂﬁﬂwéﬂiém ARaRade sBRtABLStha mcam( bt gﬁté?ﬁl@ﬂﬁf fnl 88 human or

of fines, and extrudates that are ast’ic, but not
r iagiraal badyd For axpmplees aubleetn@pmmnsmcmxm@sswedw apgofdhe other

[ nbodl ments, a bal ance between
rrgélhl i"?/d %gcusﬁésat%o 'ty is deS| rable. The percent of
spheroni zati on enhancer in a fornulation typically

range fvaioutGoims 80%e medicaments or biologically active materials may be

used which are capable of being released from the polymer matrix into adjacent
tissues or fluids. They may be hydrophobic molecules, neutral molecules, polar
molecules, or molecular complexes capable of hydrogen bonding. They may be in
the form of ethers, esters, amides and the like, including prodrugs which are
biologically activated when injected into the human or animal body, e.g., by
cleavage of an ester or amide. A therapeutic agent in a subject composition may

vary widely with the purpose for the composition.
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(Ww. 54 In certain enbodi nents, a subject

conposition includes an excipient. A particular

exci pient may be sel ected based on its nelting point,
solubility in a selected solvent (e.g., a solvent

that dissolves the polynmer and/or the therapeutic

agent), and the resulting characteristics of the

M Cr opaMisielz8s%- and feasilidhe ! g&tmcﬁﬂrm&hesm andyeWé incorporated in
percent, about 5% 10% 20% 25% 30% 40%. 50%
omomI@ﬁﬂé rofpidie ceraseny elntﬁntlphe buispeain eabqsbaenisoadditives SUCh as

Bu aci.d nd base

S llj:{lﬁsggltzerg &[},8 &gqbal flizing agents ar %&al%?te{l Eel 1?19?’ ﬁ?&cﬁﬂlgaﬁbﬁ ?F In certain
| R@ftedheerts)e dhd f ugdditivedi staamceluﬁg age:rﬁaarrtgl eaadd as 1,2-
fromthe ol ymer matrix al so be included. 10
DidspamEeylahesphaidycholing RRFAD an 4cor-phasRiRGYPhdias BCh
liquid, pronote the disruption of the subject

conposi [ d r [

o) anc cORogibE o AL A EhRef HbycRRheCbdrilin 8 br dpre, aduvan
t qubnaitesrach orfiliees)t thivkemiag tagents e fthe likef Ianyther adbodjments,

materials used in the subject fornulation, In general,

t maatetialy, High sarne 85 adiveans Bl dei asspciasd Mitbdheplymsr gatrix. Such
|
PR A bRV B o Bk B i

sodi um and crospovi done which, in certain
enmbodi Mentesampley filers) su;:hrqsdma’imobehnn calltwm'np(BSW}Mimouse serum

natn (80 dfes, e asteith itk | e PGyt Magle R certain
S lé&ﬁfoﬁuﬁéfﬁ:ﬂ hd Sho@Rdf ARt ﬂfa?)rag%e\/fr@ﬂn SHholEo. ng %90&050% or more

facilitate disintegration o | ant s.
rrdmfewewlﬁ ofa yhad poleet nmtla:dvahtadvget 3.t 8, d @nt%@l ort 4@ percent.

papocr i O AR gy et BRRaGHER e Rligferi materia

Skl ﬂ@ku&ﬁir@a&aem rhl@%f%h?‘éhéd%ulateﬂ aubstaek a0ther fillers known
application, a pore-fornm ng agent be added to

gé‘héh%ieeOfaél@ ltingihg| arpy suely a5 rrag ym{q& gugagp starches, saccharides,
bi t |
RN R Sl SOLMBR LA b 5650 i

dicsggih\eib@dintbntd 6f5the greséntdhsepeivsi ng out of the forned
pol ynmer system wher eupon pores and mni croporous

channels e g rated | the system Th m)un
por e- fB miggween(f%ﬁa pyizatifn ﬁé‘iet Lg peaduction of

Ofsuﬁ]\:‘&tbo?ﬁﬁ@nd‘ LM BYtA05 3 gendihlly §5’nerical in shape. Substances such as

zein, microcrystalline cellulose or microcrystalline cellulose co-processed with

sodium carboxymethy] cellulose may confer plasticity to the subject compositions as
well as implant strength and integrity. In particular embodiments, during
spheronization, extrudates that are rigid, but not plastic, result in the formation of
dumbbell shaped implants and/or a high proportion of fines, and extrudates that are
plastic, but not rigid, tend to agglomerate and form excessively large implants. In
such embodiments, a balance between rigidity and plasticity is desirable. The
percent of spheronization enhancer in a formulation typically range from 10 to 90%

(WiW).
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appropriate) within the conposition should affect the

size and nunber of the pores in the polyner system
Pore-form ng agents include any pharmaceutically

acceptabl e organic or inorganic substance that is
substantially mscible in water and body fluids and

will 5 dissipate fromthe formng and fornmed matri x

i Nt 0 aomesdHaiNRAbHIn®ntd) Gl Yuljéddi ddnpekitioRtiacutleThs Gxbipient. A
substances that rapidly degrade to water-soluble o

s uppstieHereexcipisnti mat| ke pelected depidngn difemelfingnpoint esolybility in a

exa , .gugar,s such as rose ) .
SURPAE IR e o e 3 G5 e PRI i bt Therapeti
POdgeAB] énd thel eRuBing RYiskaonsmbtivs @ tHeatickopadtictes.

car boxynet hyl cel | ul ose, pol yet hyl ene glycol, and 10

PVP. The size and extent of the pore may b Ovar' d o o
over a WKABIREGY BYmERY ety POIRE: ABPECU bl et it 20% 25%,
anshoBei0E0R Or BgePbenditAdl SHnAAMNc: bBRROARSAL ed | nt o

the Tpol ynmer 'system ™ The char ge, pophiticity or

hydrophilicity of any subject polyneric matrix may be.
nodi f i eBufifgrs atcidscanidrispsésmsy bre icsrirated dm thepymbizet cempositions to

ggaﬁlgﬁltl ggeirt ]E g§§g%?%%ﬁ%%g%t§e gifg%ye J{%tﬂ%ég)spg@ggﬂts released from the
vesdisibd hhtrixGhayPAIss byinsRided! € or hydrophobic
composi ti ons. anpl es of suitable surfactants

i ncl ude_dextran, polysorbates and sodi um | aury_l )
sul f at eDisitiegrantsrase subsiaras thats &n e pragencg ¢ihlipeidy promote the

CORSEROF 288, pBFAE BHotaboRS, DRSS BB RER i i

poimpiaits,dn wHicH thefuh@ionaifhé dishitepgamtriel torabuiteradt orafeniralize the
integrity. Binders may be added as dry _ powder or as
scttrct gh any hinding anienals ysed imihe syhiedt dermaulatien, ndp general, the

o efahisRP of MiRHRkRiol bl InddiR aBRERc GR| dydfine by an
0.ibS6libemvateriabf t he matri x fornmul ation. Certain
materials, such as 25 mcrocrystalline cellul ose,

al so used as a spheronizati enhancer. al sqg hav .
2ddi t 1 Gl Hmisest; nebie opasermmrlloss spdimpand.grogpgvidone
apphick dint RrERUhBodiAetB AREDE iRSrfatbd Std M pAPMeric Afdtrices in
Three exenpl ary types of coatings are seal, gloss and

erthe range ©f abouwigs20%toi dotal mgiwixsweighic datathayscasesysakgple fillers such

! ol Siorianah ol ebloeel 0 el e B8R BB it Eluon of

Caaipldis are readily known to

Other materials may be used to advantage or to control the desired release
rate of a therapeutic agent for a particular treatment protocol. For example, if the
sustained release is too slow for a particular application, a pore-forming agent may
be added to generate additional pores in the matrix. Any biocompatible water-
soluble material may be used as the pore-forming agent. They may be capable of
dissolving, diffusing or dispersing out of the formed polymer system whereupon
pores and microporous channels are generated in the system. The amount of pore-

forming agent (and size of dispersed particles of such pore-forming agent, if
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one of ordinary skill in the art. 5 The seal coat may
prevent excess npi sture uptake by the matrices during

the application of aqueous based enteric coatings.

The gl oss coat generally inproves the handling of the
finished matrices. Water-soluble materials such as

hydr oxypr opyl cel | ul ose may be used to seal coat and

0l PpforeRd withh 8y SompdigichehbuldCaffdct aRtkif ARSmendr drtke pores
general ly sprayed onto the matrices until an increase

i intle p@yget sisteween about 0.5% and about 5% often

about 1% for a seal coat and about 3% for a gloss

£) . Cori S . ¢ _

o Ty o te fGEHIng MaBhASEd il BBt eiaB AROdrRibI oreanic or

3.i0)rgafiictshbstaicerthattis stbstansinky sosdiliie én watdr aad ebedyafiwids and will
snal | intestine.,

ggﬁi%%éq?é g{?ci&eg 9111%9%@ ff‘?’EPRﬁ% RBEHTgthadueRLs megiymyenbody fluids
Naﬁ%ateﬁmggbﬁm%egﬂ\& r p%%%ﬁde t RALRAALRE sEbstances.

Penn., may be used and are [ayéere as thin nmenbranes
onto the inplants from aqueous sol uti on or suspension
or by &Suitgpleagorehfgimigg rgentodnclides fonexanple.coigarsi such as sucrose

20 st Y Bt o et R S St g Riymers
C QALK a8 hg@iy PeopyReluIGaa! @I&i@meﬂﬁrl@llﬂﬁisé,%c?ﬁétﬁylglée glycol, and
e

surfactants, separating agents that reduce t, .
t O -nEBe sige andhextenpif e porgumay e vared evgr aavide sawge by ghanging

D0 B A S e B SRR R AR 2 e o e

sywityrasr systefous rei nforcement, col orants, perfunes,

rubber nodifiers, nodifying agents, etc. In practice,

each of__these optional, additives, shoul.d be conpatible .
with t e e¥ess lipgriyriner h&ﬁlrepﬁlﬂlslty f @AY snbigetepolymeric matrix

Diﬁig’!bﬁ%ﬁigéd‘ibgaﬁ’cgagﬁ%g il w&lﬁspﬁbp%rf’éﬁ&gg{!{ate%ﬁ{ﬁgqﬁd to the

PGA'm cro rl gen mcrofi ul osi
misurfedd off the spatdrd Fot etdmple, surfactafiishnay be ustdeo anbame vedttability

each of th optional . .additives enployed in th

c it isgfitie, OF by dphoni® seresipys | Bxabhcs f suigble surfactants
deaéli&s dexfahSBélysotbed BRI SRBith 1SurPPSMITR], ROMNEBA! £BfaBnts are
described herein can be admnistefed 30 in various
phisedriclowt Gopa¢ntfatipny [gendrally lessithpe nbldutg%on t he di sor der

to be treated and 57 the age, condition and body

wei ght of .t he patien i, L] kno in.th t., .
For ex@ﬁ%‘%"’%, ar\%héedrllgsé’ﬁ e@%ﬁ‘%‘c‘s\aﬁ‘als ‘%%yewgo‘“ﬁggp"?a‘g“{ i polymeric
advinmilsfi@ised Whdkhy mdimed maixD@tegtiey. "Bikleedmas be added as dry
tabl ets, capsul es, granules, powders or s¥rups; or for

pdodider Of|as’ solution. Sugars and natural and synthetic polymers may act as

binders.

Materials added specifically as binders are generally included in the range of
about 0.5%-15% w/w of the matrix formulation. Certain materials, such as
microcrystalline cellulose, also used as a spheronization enhancer, also have

additional binding properties.

Various coatings may be applied to modify the properties of the matrices.
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adm ni stration, they may be fornulated as injections

(intravenous, intranuscular or 5 subcutaneous), drop

i nfusi on preparations or suppositories. For

application by the ophthalmc nucous nenbrane route,

they may be fornul ated as eyedrops or eye ointnents.

These formul ations can be prepared by conventiona

neans, Bhde ekdmplai§Sypesthf colttngacid WAl ighess atd entericeyatings. Other

m xed with any_convent.i ona] addltlve such as , an

exté’P?ﬁ eheoatinghihaviag vagows disspludomerT RgsRgeepertes may be used to
glaﬂltodlfg ggjref‘f ga cr: l%ﬁ/ll&b bhd é?&gcc]aq gggﬂzt reaflily known to

suspen3|on y|ng agent or a C€oatli ng

agﬁmkﬁoﬁhnhgugﬂlmhheamosage wi Il vary dependi ng on the

synptons, age and body wei ght of the patient, the

nat ure @Hgss verity of the disorder to be treated

pr event PTeent e SIShise PBAke Y the RarispTfuring the

Ofaﬂph@at%“& ax*tﬁo&eﬂz%%&lenteﬁcd&'a{d 5sdOP ARG §10R¢ cBﬁt%@n@raﬁ} improves
000 ng ot the therapeutic agent 1S recommended

f dhe aﬂnaad:lulgt dfunthe pﬁ'mmsheﬁt magricts 15 Watdrssolubje bmaterials  such  as

t [ di,vi.ded d
rreS e iod et efyE RO A0 sl P B g OPlants. " The sal
t heyap RAd tl ss Psdlal RS Ferfé@aﬂlyu gthped b Mk hatic® Ondilngn increase in
nost effective results in terns of efficacy of

t reeighiehptwesmabpuly 0 v&n agrhabast 6 Yasioften gegyddde fgsgnseeheoat and about

act, har Lnetlo and bioavailability of a

p?’ré’\ﬁs} IPESCO%@%%ECGH%y%ﬁ% ogi cal condition of the

patient 20 (including age, sex, disease type and

st age, @lﬁam adatiphy somsidt of pollimerOWhichrags mnmbleemeths ldwo pH (less
[ sage an ype of nedication), route of

2 b 590 Bh Hecrormacs bi e qeivble ingeclam PE.Etsalcr s 4.0) of the
Cagh LNt Rk, apol&ﬁlgrsbﬁﬁh%s fE‘?fDIfJﬁ@?I‘ R Jh Tlf, Inc., D;[alden Mass.,

treatnent, e etermning the opt'imumtine and
armﬁninTfATéERiCﬁVsF W&t Coup,, Phithdelphiaj Pdnnr, enpyi becused and e layered
t han, rout i ne experyggntailon consi stin of moni torin

zsastthg* ey EE‘FS SRt e Ielantiy TR AU R I Iy SUSPFRSIO. oF by a
her 3 r?ﬁ% mPR8d MaEe téhteﬁeldoxt RAGLARLAP |sﬁraPré(§ P AR Srcrease of

orefer to those therapeutit polyner
c aaboug Hieds ,aboratt X0 ajrsferabdmplmlt tID smabowtridle andjn‘@a gentain coating

fornms are n e of ound

J cimants sah 2 opletint sTarTE0h, SBRLRE  ReRe it reduce the

t i 1agiuRss of tHRuAphnke It c%Bﬁ’n%a RhdBbingipeRALHLiIBY GBRSIeVS

toxicity, irritation, 30 allergic response, or other

pr obl em or conpllcatlon commensurate with a

reasonaﬂleepﬁé%fqmmsgwnﬁ deayoaddiorlly estaiseone or more optional
%ﬂftf@g eslr.'l[;lfl Cﬁl hgro?lg Cr%ﬁf@ljaérﬁe 51511‘?5113 erm%, I}ﬁﬁl%r modifiers,

nmeans a pharnaceutically acce erra

canpdifiihg @gerts, wtehi o q;racsiue,heza:a of khegeliohtional additives should be

compatible with the resulting polymer and its intended use. Examples of suitable

fibrous reinforcement include PGA microfibrils, collagen microfibrils, cellulosic
microfibrils, and olefinic microfibrils. The amount of each of these optional
additives employed in the composition is an amount necessary to achieve the desired

effect.

The therapeutic polymer conjugates as described herein can be administered

in various pharmaceutical formulations, depending on the disorder to be treated and
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solid filler, diluent, excipient, solvent or

encapsul ating material, involved in carrying or
transporting the subject chem cal from one organ, or
portion of the body, to 5 another organ, or portion of
the body. Each carrier nust be "acceptable" in the
sense of being conpatible with the other ingredients

ofthé g, E@ﬁdﬁib@hﬁ@ﬁb@ndelgmtofth@pwehpwzéwelt keowpid e ket For
Sone exanp es of materials which can serve as

p rexemploe mﬁahe y?mp@apis anl te hgaadrru@stgreidrmlud ghey(myy be
o ot 48 s, SBERIRT el BB e TR o gl

c eldnithigggion Mkyirh s Bfodnlavdlds Igjectichd Citraser®sliilamuscular or
car boxymet hyl ceIIquse et hyl cellul ose and cel | ul ose

acsgbggt@neopg)) dispripBision p[rmgg@@gﬁ PhsunPayitarigst Foy goplication by the

H{aﬂm dr@lcotu@ lx&nﬁrgﬂe RUE er??%a;/ besflr.lﬁﬁu lafed af Qg&ﬂ%ps or eye

er an ofy Wwaxe uch a
0| dmtmtst dlrlﬁeseﬂ)rmulaxlonsea‘nfueqymepared by campgatiEnad nieanSJ lahd, ef

‘19}59‘? i ?87:“;}’@ %{]%?ecflg%)?g%&f%%@ V&‘gﬁ%‘l}’%%&rﬁlegs uarqigltfavse, such as
S %tl%xtcfbllent Hﬂéroé ﬁﬁp{{i cﬁqe ingSldaut. § ri'cgnilg E%ﬁﬁlgenﬁ %%gubilizing

esters, suc ate —and e aur at'e;
agent, @id@pehméﬂ endl, mgema]gefmeg agenion aa;samweryai thhough the

h OXI and al uri num drOX| de; |nL
)f/g))s fl?léeél et B fﬂ#&to{n&ﬂé‘} bgg? t()ggse patient,

R' tHEBhtu: aiﬂ' sk%@érﬁ? of ﬁk%s&&é})tb be akaedel pre(fé’rﬁé:d ﬁﬁ@ﬁﬂt@éﬁ
buf fer sol utions; d (21) other non-toxic corrpatlble

S LAdetinistationeand tbty’éum of thtrdrugpinegentiabla d‘admdusmeuoaﬁ firom 001 to

(oD B0t BERTRERS o e PB B et g iich€ and
aqdistrhbesAlntifisRired M SiRAE BRI dRIdedRYses. C onJ ugat es.

These salts can be prepared in situ during the final
isolation and purification of the therapeutic polyne
conj ugathespreeipe e o€ pdrniniwrajion apd/or gownt of Q}emneeac polymer

poéo}é btel flatvhifi aﬁ%l& %ﬁgﬁgg?iﬁéﬁi}e"\%&ﬁtsq{l St t c%{:lggﬂrgatment

r anic a atin he sa
f an ta@dvenﬁmpma&em dependusal the ad:tmiyu ﬂl&rtdaeolhmirosbmﬂm de,

hydrochl ar.i de, sulfate, bisul phosphate, nitrate,
ad%?%ﬁagab%ﬂ rapagticular moun%aﬁmlgs@af qndifionyof the patient

c f{tﬂfcmcﬁng %n Wﬁﬁeas]fe%eain% st&lgo%éﬁg ?:hystlaﬁ ﬂ)lﬂ{lﬁ@n

rate, feaf e rate tartrate,
n a'pmohyﬂvatess tonegivbmtlesage bnd tyipe |of medtoauoﬂl)am:und)mﬁﬁdanmstratwn,

o, B aBoveguidelingodi e isofns i asi orcipe tuning the

SetfetaﬁnentJe g PAaEMinRigithe @[ﬁlrﬁuﬂi@me 2/ hnRiuRebe é‘cﬁﬁ’lﬁ%tratlon
the therapéutic pol ymer conj ugates useful in the

meviioll wilb fequirh @o puas dhran rpnumnnponmnatﬁuom porsisting 0€ menitoring

ML sl ad b 0GR o HRF o iingt NUS:

The phrase “pharmaceutically acceptable” is employed herein to refer to
those therapeutic polymer conjugates, materials, compositions, and/or dosage forms
which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of human beings and animals without excessive toxicity, irritation,
allergic response, or other problem or complication, commensurate with a

reasonable benefit/risk ratio.
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are capabl e of form ng pharnmaceutically acceptable
salts with pharmaceutically acceptable bases. The
term "pharnmaceutically acceptable salts" in these
instances 5 refers to the relatively non-toxic,

I norgani c and organi c base addition salts of the
pol ymer (s). These salts can |ikew se be prepared in

situ durhe’mnﬁsree‘ hmﬁcem&@l@h&:&?mw&r@w inb bt He@éin @eans a

the poly a(.l , separately reacting the purified
pdﬂganmqegylc Iymcp@mablf: é@t@@ﬂ dsﬂmppmm phV%hl@lm sughpea liquid or

arﬁmfunaporﬁng metshbjacﬂdheﬁﬁkaﬂ iGN cﬁgdui Yr gm@ntoabﬁeebody, to
organic prinmary, secondar%)r or terti ary .
ReBORSE ATEID %Wl%?f the pody. kEach farries rn@lﬁt E%ﬂ cheptﬁlalp Hithe

{ Nenkd dHCD coR B0 RPHR S e iBhe b e FTRAIERY t4Rd not

epr esentative
0 rigj_mioas toathe patierys 8bme ekamplek of fnateuatswdncloém as

ition salts incl de et hyl mne di et%amlne,
FRSHTSAHY RSCeREE s AR IR b\ FHEAISH SHen g8 actose, glucose and
IOI s%fo%é 'p(@)agtﬁﬁﬂest Rchla c'ohk&a&:ﬁ %ﬁd PB‘%O ﬁ%x@m)@?cei%%&earﬁf its

tting agents, i ers
I Ldzrrwa‘mﬁsssuchlas laochsmsmbouynie‘dlyl yellubosef ah',el @Hdlose and cellulose

t te, | i, ts, ..
" atgte Cyneriragdobnal: O et A Bl exsisionsy sven
anﬁ cB6sd bifttep Hn@ﬂ%b&or? "v@&@i 9} didsesuchnd padiivt 811l dﬁt@h&ed oil,
can also be present in the conpositions. 20 | es

of safftnwermile sﬁtsamabilyolambtcam ail ansk soyheanamt; élﬁ)rgiyqspéﬁe such as

(e?fa%svs%‘afﬁe ) 38l Sh 8B Es FrRL P RERoR o polyetbytene
Leon (rm{ &dodrs uth heethislbatensdibthitl@uRnd (13)Qghd; KB) buBtbring

oi1-sol ubl e ant i oxi dants, such _as ascorb | palmtate

buaBgNts: Bigh Ay awgngsann bmdr@X(dBmsl alt@utlyméty@ltpmde (15) alglmc acid;

hy, t

al(gégﬁ%go er OP&F d) lts‘ll?]tgmcisg‘@? e,gﬁégqg%ergsg{ogﬁ}o 5(19) cthyl

¢ hed¢atiol ; {g0)gRepltate Buffdr SﬁBJthh§ rahé (2Giother abhy b6 ecinpatitie

tetraacetlc aci d_ (EDTA sorbitol, tartaric aci d,
robpARAes emplaygd i T et eRdo TRl | ons ueef ul i n

the nmet hods of the present invention include those

sui t ablgydRfm ofi a&ﬂﬁl@%ll 5&39@5@1:6 sﬁkmgégé #0%he relartlvely non-

opht hal m c, ucca i ngual recta
vetgxlnainpryarccmdlorgmnid aaid pdditon sal@lof ﬂmhrﬂlemaptmwtpodmneﬂhe

formulatio onveniently be presented in. unit

odelesis: P est PP e Pyt Sl golatipind
Knifichiior Hethe Eﬁeriﬁfeuﬁ@ﬁélﬂ‘ﬁféy confﬂ@atéanfJB‘} séhraAQ} rd4Bting a

i ngredi ent which can ined with a carrier

mepugitied Ipolyangurim ife free ham fnrgn mﬂmglgt@blﬁ@rgnm ¢1 inorgayic acid, and
isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate,
palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate,
fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactobionate,
and laurylsulphonate salts and the like. (See, for example, Berge et al. (1977)

“Pharmaceutical Salts”, /. Pharm. Sci. 66:1-19)
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dependi ng upon the host being treated, the particul ar
node of adm nistration. The anount of active

i ngredi ent which can be conbined with a carrier

material to produce a single dosage formwl|

general ly be that amount of the conpound which 5

produces a therapeutic effect. Generally, out of one
hundr edinRfer &8k, the MePaplRs Pblymét bbnjh@iReeusb il 1A M hkthdds of
per cent to about ninety-nine percent of active

i rihe presemtinvengipe fay Aohiairf ereraranere rciliqfunctienal groppsianslthus,

Sy R Rt PR o Sl

f afcoeptatile BaRs OThe R0 phiiniRsutidally de@ ptdd: SiltePinaheselfstances
bringing into association a therapeutic_ polyner
c dRfenywtibe slatielhnarhioxica inarganieeng orgype bassadrijionsalis ofthe

{ GRS, TRk RVEHENENS, b MeREREiRi difhe the final igltion
b rdnﬂgjuni@cﬁtit_tmc;]fa%w p@iygie'r(e)g oftby bepasadely tréating d‘le)pmlﬁgd polymer(s)
canj.ugat e ) i.quid carriers, or fipely divide

sdPi“_é EEAFOPED Y %%Fﬁg Dages SF%,"L? Byéf%’ggs‘é‘nr nate or

s : r :
iRt 6t LpRaL ol RegMpBl bR calibd At ParBon, & with o
c gulashaceupedllysaccepitile bgangprnary oseemmglasy ¢rusitiagy amine.
flavored hasis,..usually sucrose, a acacia or .. .

¢ SRR EsEeRy b GEa Latich fisads ingjhds S B P, potgesium,
SUaR§RT! MAgrdeSiudl) and@ AHSHHEM QhltdSH BE giﬁeuxﬁeﬁ& tffive Bfgife

an oil-in-water or water-in-oil liquid enulsion,
asanzinesysefiil forthe §yrmapion of bass agdisioh salésin¢lude eiylaminger t

ba uch a elatin and 2 Lyceri,n r .sucraose.and

T 3ok, Ry et Rftefilatint Sielnp Bpute BlrgRRaR Ha me
cqmquggy,ﬁgexgmpre,egeltg@reﬂhmggpﬁ?punt pf a therapeutl C

pol ymer conjugate(s) as an active ingredient. A

conpound nay al so be admi nistered as a bol us,

el ect ualVyttisng agents.cmulsifignsiand lvhgicants, svwgh és pgdium lauryl sulfate and

c Y o | dirng. o v i .
CMBEES B TR O AL 05, B854
prseyeateathgy 8 aviging and Perfiindig agehtsepesaal ftiveg @hdibntivxidants can also
hydr oxypr opyl met hyl cel |l ul ose), l|ubricant, inert

di qesient ﬁrté%é‘?mﬁ‘?ﬁlwl,s- di si ntegrant (for exanpl e,

sodi um starch glycol ate or cross-linked sodium

car boxy‘gg%},gﬂ ' e )| I $y

agent. Mol e{:alS t g%gitl%%ﬁﬁrr%lﬁ%‘é‘g%&@%&ioﬁg}aﬁ%ﬁgéliﬁ%a(lﬂ Wiler

s tsotubld antivelantsesuwh s nsaortsc e€ids ¢yatepmitjeirathlpale; sakiurobisulfate,

LR BB S S Tl ks e
dra3 48R%byl GARRIALE DutPhtel hydddyari§ANBIEA) Uﬁﬁna@@h&&eg Yiene

be scored or prepared with coatings and shells,  su
a4dBHT), lecithin, propyl gallate, alpha-tocopherol, and the like; and (3) metal

chelating agents, such as citric acid, ethylenediamine tetraacetic acid (EDTA),

sorbitol, tartaric acid, phosphoric acid, and the like.

Formulations useful in the methods of the present invention include those
suitable for oral, nasal, topical (including ophthalmic, otic, buccal and sublingual),
rectal, vaginal, aerosol and/or parenteral administration. The formulations may
conveniently be presented in unit dosage form and may be prepared by any methods

well known in the art of pharmacy. The amount of active ingredient which can be
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enteric coatings and other coatings well known in the
phar maceutical -fornmulating art. They may al so be
formul ated so as to provide slow or controlled rel ease
of the 5 active ingredient therein using, for exanple,
hydr oxypr opyl met hyl cellulose in varying proportions
to provide the desired rel ease profile, other polyner

Mo iR with b RASRIBRteMAN {0 Prodilcer05RNE 8sage ThiaY wilhyarbe
sterilized by, for exanple, filtration through a

badependiag ppemsihaihagf teing teqatedo therpartioubas mprsieof iadgpinistration. The
STl dudnk ?fggivg\%ﬁ#%%eﬁt%ﬁihﬁc%ﬂ;& @¥insd §ith 2 Sattf 'n?ateirial to
conposlt U1 ons EheCan be dl LoVl I W Sfefite Wat er
Orprédue acsimité dddags f@hd Witl goneedlydeltRatr@rbudtof derecipddldywhich
bef ore use. These conpagsitigns may al so  optionally

c AHPRICRS B Hhearreyfip sffavge ficaeraly, %9¥9%e @mdaecgﬁﬁws% thipgmount

t | i i edi N .

oo B B85 pdrtEnll bR AR SieTkieht offtibe iffredicnt,
gautieaibhy fremiabalit  peraient topbbotTdl pey centnmastierbfeyadlly from about 10
manner . Ex&r{ﬁl gs of enbeddi ng conpositions which can

b st t9 ARIUi 3 PSBFSHeri ¢ substances and waxes. The 15
active ingredient can also be in mcro-encapsul ated

form iNeMBRS OPFrefdrthg thedeToRMBatidns dFRbMpSditibiiEinclude the step of
above-descri bed exmﬁ)ll ents. Liquid dosage forns for
orbaingingninial asseciationra thexapetis pyhymersoaingatetd) Iwith the carrier and,

accept abl e _enmul si ons, m croenul siqns, sol utions.,, ..

= ETBRERG R SL Pl estanERikat. IR Eend, HedfPeyaiops or
agirepied PYnGIAI and fieinatély bingias a6 abeimtona Yhe§ieudt n
inert diluents 20 commonly used In the art, such as

f ol ERerrRenmgatcavil ligwid samisrs, ebfinely dividedsoligicarriars gr both, and
a £ as et hyl al cohol,

iggé&{r’z%%'&g% Ok%p,gﬂggt?]%yfosdgg{jbonate, et hyl acetate,

benzyl al cohol, benzyl benzoate, propylene glycol,

1, 3- butEdrewdatiogt sudtable fot bl §dminfstration tagrbe in diet forrs @€ dapsules,

groundnut., corn, germ olive, castor and . sesa
o19PEels, pYlse IS, & Tlaﬁwafw a v eswpswg Aygresreand
9la¢6Qh or & &&h;,%%&& @84, @k 8s QFomﬁ&b bt éﬁlespgrgg?n inan

m xtures thereof. Besidés 1nert diluents, t
Cc Gpesistar ons-aguevua lligoid, ncasmbeoibiti-watenoswatacim-oih diquid emulsion,

wettin ents, enulsifying, and suspendin ents,.
S8 R PfRE OF v a5 PastiGF Gig R 1BE Pt S o gelatin and
PrapRENasH :8rad88Ad feacta SREDSAsSuthhAsiRIdhd tHRNiKeOedchRontaining

active therapeutic pol ymer conjugates may 30 contain
S wape&mrngmag@m@t af a thepapeutiapplymer eonjogaré(at aschn active

i sostearyl, al cohol 62 | yoxyet hyl. ene,sorbi.t ol and

s SPERIERY o Pamgoutid topx sy e Afmniicred pp bR, Sleqhiney atmpste
nmet ahydr oxi de, bentonite, agar-agar and tragacanth,

and m xA tibkd nidyeieanide by compression or molding, optionally with one or

more accessory ingredients. Compressed tablets may be prepared using binder (for
example, gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent,
preservative, disintegrant (for example, sodium starch glycolate or cross-linked
sodium carboxymethyl cellulose), surface-active or dispersing agent. Molded tablets

may be made by molding in a suitable machine a mixture of the powdered peptide or

peptidomimetic moistened with an inert liquid diluent.
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Formul ati ons for rectal or vaginal adm nistration may

be presented as a suppository, which may be prepared

by m xi ng one or nore therapeutic polyner 5 conjugates
with one or nore suitable nonirritating excipients or
carriers conprising for exanple, cocoa butter

pol yet hyl ene gl ycol, a suppository wax or a

sal i cyl Biiffets, aaacdmm sl acssag@fdr&s aduch 99 Brap kD EApRtME, q:ulls and
but Iqu|d at t enperature and therefore, w
megranyles, iy QPélon ﬁn ot sopeadi anarenazed wigh serdinge a@hﬁwllﬁmch as

acate\r/{gﬂ cagﬁﬂganngt :c%%f11§q@§ge%v@dg%igﬁa5®§ée%}1cgl -formulating

t A OTisey HAELAES be GtrilatelPs) 830 ptOad®SsIew 0B Poityolled release of the
fornul ati ons containing such carrjers as_are known in

t rastize ingreglignd thgspinasingatos exppplsgey droypEemydmethykcellulose in
t

8 AR OISR, BB
o [ WmESandﬁa&hﬁsﬁosphérea Mhey hodyl beisterilizeé bs, foﬁ e;kamtple,rﬁitration
Pn-atig{%glega ﬁgq;ggtelngggéﬁggsﬁ%eﬁgérﬁ}céihé’ggf % gtgg 1zing agents in the form
Pher st A€ W1 Cdnhpos ?1%69? R Gn$8 rd'i%s?l%d ﬁpgﬁ%%t&néfrbsgme other

preservatives, ers, or propellants which may
r exgerile égectabie rrmdnumnnmsdmmb&fe:e wse €Hhese amrdpcgsaﬂhmsnw also

cont ai i n_ additi, ntollgad XCi |enIs

o Snlny ¢ i potifies feentslSd it ofchulpoSiioh shR A release
Sttﬁé Glhive 1héx%ﬂﬁﬁﬁ‘£)tdhly,%%¥éfé@ﬁt%1@e[ﬂ a/@értayrﬁﬁemon of the
pol yet hyl ene gl ycol s, i cones, bentonites, silicic
2 (geaicoigtestingl dragh dptzqmad:lyomu actiglayed TRANRET Essmph:e oéembedding
Powder s. . and can n add tion to
¢ RO HoRPRE WA e el e Boy e 2ty &% Rres. Tne
| a:ti08 thgrddidift ca® hlsb Bk 6n ﬁl@drgaen@dﬁéiﬂ'aféﬂfibﬂﬂ df epgirEriate, with one or
calciumsilicates and pol yam de powder, or m xtures of
t Haew of thsabwvewlescribgd gyeipiestin addi tional |y contain
customary propellants, such as
chl or of - t:] ﬁlﬁaw &
hydr oca]lF gf;c}ng% %Q% PCEE){ %%ggl glﬁ ?jt¥%iroglﬁgﬁg§éj € ﬁééutu%jﬁd
t heetepsble emupidngmbicremmlsigas, s0ktions Budpensibhse Bﬁﬁpé arel olixirs. In
adnj n| st ered by ,aergsol. This is acconplished

pradgiion g theacsiye inaredisnt he Jauid doseescierns w&a&ﬁ% ingrt diluents
O cotithdil B,Q&f 1'11%@&11 GRBH & %ﬂ% abipfe, SR Qﬁ" B%er &lvents splubilizing
Us carbon” prope t

nonaqueous . fluoré suspersi on
C (agenitslaed amthfieﬁs;rsuch aetthyl atenhel, asogrcmyéﬁ]enhcddetﬁﬁl carbonate,

WHRLEY| Sty ey IR A R . FOTD e RO DLy leme
O giymrdﬂsx(m ﬁd?'naﬂéie BOForBEID g untifut EHR, J2¥m! SEvE! bakkdriad
an aqueous sol ution
sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid

esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring,

coloring, perfuming and preservative agents.

Suspensions, in addition to the active therapeutic polymer conjugates may

contain suspending agents as, for example, ethoxylated isostearyl alcohols,
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or suspension of the agent together with conventiona
phar maceutically acceptable 5 carriers and
stabilizers. The carriers and stabilizers vary with
the requirenents of the particular conpound, but
typically include nonionic surfactants (Tweens,

Pl uroni cs, or polyethylene glycol), innocuous proteins

i ﬁ@yos@emmeale RoBitH] artioRlitaf tstefS irférderySlaRing calthldse, aluminum
| ecithin, "am no aci ds such as egC|ne buffers, salts,

s ugemlsycmmd@sdmtonabmghbmr and tregasianthg anbmintyses thegeof.
prepared fromisotonic solutions. 10 Transder nal

tch
(F:)gnfr gslf(ﬂ%l\ﬁ?aétopg {/og?g&&i oqqgglﬁéﬁcgigxgg{spgﬁ%o#xgwg presented as a

C Gppigsitoey, Whidtombin be brepyred By chixilgsager murathetaeutid polymer
made, by di ssol ving or dls ersi,ng the agent in the

prAOPEIEAFE AV A RS AB S B ETIER XEIETE QU FABETS SUAPrising
t O L A %fOE&?bILt{eF’I o)?}etﬁa)h@% él?&:rl‘ d, %ﬁnﬁg%ﬁ)@ %x%k hQalicylate,

The rat'e of suc e contr el t her
p ramzllvmwlglsaohda'eroonntnmbiatmg, bt hiuidrae bady @mpdiatyemad.ng
th tldm in a polyner matrix or gel. .
o hietRrey vl i bin e ressan Op YRRl Fa YN re[f&%‘d‘i'F getive agent.
solutions and the like, are also contenplated as

bei ng vWdriulatioAs whichRge Slitabl¥ for LAbiRN alihistration also include
Phar maceuti cal conpositions of this invention suitable

f mesiﬁalﬁéﬁmpms crgamp.rdels, pasieso foavtryspry forulationsweataining

i SR ‘%§f“%§?%ﬂ%@§§%§‘3??§aﬁ%5°%&a Sptabl e cterile

i sotonic agueous nonaqueous sol uti ons,

di sper she¥age f(ﬁ'ttﬂrféﬂ&b @djsiced or graRdds el Sdmiistedtion dfa therapeutic
powders which may be reconstituted into sterile

i rﬂ%}&ﬂ@moej%tem) |1léfﬁ%ded?°"tﬁe§spéPT§V% REUNGEYS, PAstesy creargs, lotions,
Is Mhﬁ&xsnﬁﬁcﬂég%ﬂ' ﬁha?ﬁx Of(ﬁed'ﬁgbé corﬁH&Ie{ﬁf be mixed under
the or

Ct éri ost af sol ute I'ch ren Iatlo
[ smrﬂa canditidns witlea pharadcaftichliy a¢deptabl$e:dmeem'r@ et amyr

R R e T

enployed in the pharnmaceutical conpositions of the

i nventipp dlﬁ&ﬁéﬂ@se pHdse Eneam@‘hﬂ@?él's m %Mﬁins i §d&ﬁﬁ'or§‘§) 11gand(s),
gl ycerol, propyl ene gl ycol yet hyl ene gl ycol, and
t Ireecweme)suclmscangmltaadlvegmbde cfﬂrtasmlshwmf parwfége,tsmcle

oils c n or. e s
o et defifiof aaffpfves ndyemb B RlyATersiicines BRRndes siticic
Medc, il st mﬁ@bxﬂ&admhﬁture@ﬂ‘wltebﬁ use of coating

materials, such as lecithin, by the maintenance of the

reqU|red article size in the case of djspersions,
and by Ravelegsandoprays cpmeenipinsin afdiion te ariprsapautie Relymey

al C%ﬁju%gﬁfﬁ' &cﬁﬁédﬂé’ &lth3is %‘:‘E&e Aa1cPsifiek" ¥f21t hiGSrum hydroxide,

calcium silicates and polyamide powder, or mixtures of these substances. Sprays
can additionally contain customary propellants, such as chlorofluorohydrocarbons

and volatile unsubstituted hydrocarbons, such as butane and propane.

The therapeutic polymer conjugate(s) can be alternatively administered by
aerosol. This is accomplished by preparing an aqueous aerosol, liposomal
preparation or solid particles containing the compound. A nonaqueous (e.g.,

fluorocarbon propellant) suspension could be used. Sonic nebulizers are preferred
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5 wetting agents, emnul sifying agents and di spersing
agents. Prevention of the action of m croorgani sns

may be ensured by the inclusion of various

anti bacterial and antifungal agents, for exanple,

par aben, chl orobut anol, phenol sorbic acid, and the

like. It may al so be desirable to include isotonic
agepise tifdiCHinkhiZ8pbsng SRAbeiNto ShadWiteh can@silbi deglelation
into the conpositions. 1n addition, prolonged
alfdheeqnappust. t he 10 inj ect abl e pharmaceutical form

may be brought about by the inclusion of agents which
del ay j ' :
gol at 1 rORSRly UR oSl e BB ITH DL PR ARl il sofuton
oforausprensjon iof themagetbgahdravitiocaiventionahphamacsyticalbnacztptable
the dru Jronhsubc anequs or %@Hranuscula I njection
Trﬁa?%%“ Habilieasnbhs carperspid siabilizsts Vary With thffieguirements of

SURPEASLARr &Im}t%lma,t Rltld i ﬁlgxinaﬁeé RBQHRic %ﬁrﬁ@&%% beens,

havi hg poor water Ssolu ty. The rate of absorption
ofPltufeeicdy argpod yeshylerbeglpends innponoustpgoteais dike fseminsalbitin, eerbitan

which, int . d d tal, si d

creh Pl o a1 S o5 gl TS or it sugprapr sugar
a AKhBR! A eRbdo¥s geherblliavd frepsted Foth fs0iofd SIARARENP! | shed

by di ssol ving or suspending the drug in an oil

vehicle. 20 Injectable depot forns are nade by formn

m cr oenkapyiareal patohprlayedhe addedadpaiagecofporyidime controlle

copj:.ugat ' i dapl [ ch as

oS Ry erioll BRI SR BB 1 1R Bl MuRigotes fgpms can
drbggndde Hyadisebring aindispdrsing éedgentdh thdygrop@anédiaml Absorption
pol ymer enpl oyed, the rate of drug rel ease can be .

c GRhangers<@n asediepised to igereateribe flgx gf twrligand paroputhy sieips The

| e W SudtOf g.{nt ﬁ%ﬁﬁg{lﬁ bPlithe? ?%&‘é\cﬁ@%ﬁ ik d6o li%%membrane

Depot I nj ectabl’e fornul ations afe prepare
e ror degppising thé pemtidognimetit irpopadymsr matrixnerggebenul si ons
whi ch are conpatible with body tissue. Wen the

t her apeuyt.i ol ynmer, conjugate(s) .of the present .

i nvent ie@?btﬁalﬁflc e lgfior Fgﬁogélﬂ%ﬁawgs{h seluins apg the like, are
huRNSnRRhIABY BPbsng Wik thaScdPR oM hvRRfiorse O as a

phar maceut’i cal conposition cofitaining, for exanple,

0.1 to 99.5% (nore 65 preferably, 0.5 to 90% of
act i ve Bhagnacgheenl compesihensrfithis invgntion suitable for parenteral

PR RS o Shiptise BGE RPHPR! o SBhli Hopa o RuBBaLFH O
t @pinbitlatiyn wWith ore@e nitdré ﬁharﬁﬁ@b’utfwﬂy BécepableSsterlle WotonY aqueous

forns suitable for each adm nistration route. 5 For
e Ph RpRASUepyscSplutioas, Hsrersiense susgensipns g paulsians, etgierile powders

T QlTtn By bRk&ShsRted into sterile injectable solutions or dispersions just prior
to use, which may contain antioxidants, buffers, bacteriostats, solutes which render
the formulation isotonic with the blood of the intended recipient or suspending or

thickening agents.

Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the invention include water,
ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, and the

like), and suitable mixtures thereof, vegetable oils, such as olive oil, and injectable
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i nhal ati on, eye lotion, ointnment, suppository,

i nfusion; topically by lotion or ointnent; and

rectally by suppositories. Oral administration is
preferred. The phrases "parenteral adm nistration" and
"adm ni stered parenterally" as used herein nmeans

nodes of adm nistration other than enteral and topica

1Gr Bdt&rs ! sich @i ethyBslaatk Y PRpet N ic@Mbe Aiathtaingd, fekeskample,
w thout limtation, intravenous, intranuscular, .

i ryrthenseef eopting matesialsesuch as lgsithing by he mpintenance of the required

intragrbital.. intr rdiac, _intrader

| eI et B s el e Rl B B mpfpgtants
subcuticular, intraarticular, subcapsular,

subar actteeé Gompositicsphdiedlscduhtdin bdjasims nadh ds presetviatives,
and i.nfusion. The phrases "system c adm njistration,"

" QEHiRg 3geatse Emulpify g agants pnd dipgersing ag@e, Brevention of the action
a : H H " " : H 1 n la E n .

use Eﬁoé%#%alﬁ%?ﬁ%e&gﬁ%m [ sfgslgc?f Sgﬁ{ %f aBtagfwé%{gggtS??lcand

p canyiferzakcageptsgfitr exardplegpavabent tidorobataao], pherwl barbictdeahy and the

CHRGS LS BB SRR ek i S
ehaRRlel S REBkO1f6 the dJﬁﬁqo@fti%ﬁﬁsﬁlea%ditfdﬁE Rm@ah &bsorption of the

subcut aneous adm nistration. 20 These erapeutic
pdhigaieblepbaimapatiidad formamayp be hrivighi ahost bylthedndlusiemsf agedts

ot GRPRED SR s B Rt FpndSteardlfy o8, ¢ o

exanpl e, a spray, rectally, intravaginally,

par ent dhabink caded] ihdedsrtte piadig/tha BfeétQifia@hg, Vit is dSsiRYle to slow
powders, ointnments or drops, Including buccally  and
S

bt abgrntionyof thrsdrme deamysubsytapeous os inteamuscypr injection. This may

o b bR By B R 1igh U SRR chisy el Fmorphous
f anakerid hdimg pobewateh sslubition t Tikadatecorabssrbtio0oSthe trnighthen

present invention, are fornulated into .
pHisPeRds apeR éta Fats of dissalvtion whigh<indgerms maygepspd upon crystal size
c Wora t ! : ' ' he
R SRR, (o DN 1R 3Bl oE bkt IR,
i radtrive stetedrdrag fnrtni is abcongdizhed by dissedving or bispendiug tiei dng in an
may, be.varied so as to obtain an anobunt of the active

i ﬁ%‘r@g‘?‘%‘?‘]t which is effective to achieve the desired
therapeutic response for a particular patient,
CONMPOSithje@fableaRPoiMfRs e BEHE l:lg' fokhAgiidrocbdpdRld imABLADS
toxic to 5 the patient. (c) Physical Structures O
THeergpaitie prlyBmrsoniugate(sy in biodegradable polymers such as polylactide-

polyglycolide. Depending on the ratio of drug to polymer, and the nature of the

particular polymer employed, the rate of drug release can be controlled. Examples
of other biodegradable polymers include poly(orthoesters) and poly(anhydrides).
Depot injectable formulations are also prepared by entrapping the drug in liposomes

or microemulsions which are compatible with body tissue.

When the therapeutic polymer conjugate(s) of the present invention are
administered as pharmaceuticals, to humans and animals, they can be given per se or

as a pharmaceutical composition containing, for example, 0.1 to 99.5% (more

65
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The subject polynmers nay be fornmed in a variety of
shapes. For exanple, in certain enbodi nents, subject

pol ymer matrices nmay be presented in the form of

m croparticles or nanoparticles. Mcrospheres

typically conprise a biodegradable 10 polynmer matrix

i ncorporating a drug. Mcrospheres can be formed by a

Wi }ﬂ@fei/a%'ly @tsyto 90%} ﬁcaeﬁvahhgﬁedm@md@blhmﬁﬁwﬁﬁ apkhdnlackitically
the art | es of m crosphere formng techniques
|ﬁwpﬂﬂdﬂebmﬂeare not linited to, (a) phase separation

by emul sification and subsequent organic sol vent

evapor X I

fdaies afﬁe M&Qt%n%f%gen%?%@{: gVl . o?élﬁﬁ pdE {é?ﬁ%h?o‘;&%a y, Or

vvabaaﬂpl Thd}eére of esutkS £ivas by fdrins sihﬁalﬂ@ &Q%Mﬁidrﬁimsm’aﬁsﬁroute
elggr ation; nmel t. di spersian; i nt erfaC| al

SKAmMBle; theéjirq giimigistegedyi tybiets .02 a%nseh oy, bysigjegtjon,
d
cgat?%é@pgﬁé&?lﬁgi &an an’cflug%rmgg) %1?1%%@ ?Wlouhogs

asoimatdnt;and peagdbr hy appasitbries.h @raitatianmsttatm ippreferred.

m crospheres are di scl osed in, for exarrpl e, U S. Pat.

No. 52,441; ”»
a6, O Pijgse spasaaT drpisaTiys S Gaums Efed papsgeraly” as
NQ.lse:d1 hélr%ﬁl- rReahs Iﬁ&ﬁs Hf simin@dtration %?hgr Efﬁﬁ 'enfeﬁﬁ aﬁ@ tdpi&l

di scl osures of which are incorporated by reference

headatinistrationp neysdly dyrinieciauy hed amlttdes,tvﬂélqm Baétation, intravenous,

i nvention, several. nmethods ndi
b N T R R e e i B R
Suhirgd¥r@al, iREpedOntdClratifacHbl sdcataiebus, wbctifulh intraarticular,
spray dry| ng, freeze drying, air drying, 25 vacuum

drspberpsulpr, spbaradwmoisk intepspinplgandrintrasterpal injection and infusion.

co- preC|p|tat|on and critical fluid extraction. In

the ca s Gl ' ' N
v acuom Ehehuait &siintt Qi (AR -ChdDiferBl 5y iRy,
f [“pedpleetilradatinionatidnfend Gaginésndred f)éﬁ]ﬂierdllyz iap gsgddeyeih mean the
bi oactive, nmaterj al buf f etc are first dissolv

oradauisEsHiRnrTiahergnaricgo %evafﬁdaomvgﬁ@ diug of peheg maerig) ot Sffer than

e IS (ERERARERS spien S ¢okGs el ffstem and,

c dbes, i subfecptoanetpbdlem aml othérdikequoqeesesnfos exareplaj subdutameous
%anl C condltl ons and processed as descri bed bel ow.
FABIRISTAUAN i hg can be used to | oad the stabilizing

poI yol with the bioactive material. The conponents

are mi Xﬁﬁsé’ﬂﬂﬁipe@t‘i’@?&?ﬁteﬁ&ﬁﬁ’& dake QN mANBk Srhinckedseéd fChumans and
0

preci sion nozzles produce extrenely uniform

d rodipsr @nimals fox thﬁ’f?PBh@’ @xnamble r@atr: é bidmindgiratipn, igelyiling orally,

RGEUNER BB, Pl B by, Bl ™

t Heramdethaldy sddtopiall\Sds by GlowdBss, ointments or drops, including buccally
and sublingually.

Regardless of the route of administration selected, the therapeutic polymer
conjugate(s), which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those

of skill in the art.
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The shape of mcroparticles and nanoparticles may be
determ ned by scanning el ectron m croscopy.

Spherically shaped nanoparticles are used in certain

enbodi nments, for circulation through the bl oodstream

If desired, the particles may be fabricated using

known t echni ques into other shapes that are nore

usef ul Aahalaios:(ljgz 18RAE bf the 23R ingrRHieatt in kit Fiidhdeaticdlo
intracel lular delivery of a therapeutic agent, it also
poessingisisions phthisiarentionasayoe taried saBj tcabteinmpasounbefsthe active

H : ol ' :
Bt Bl RRR T B R R Bl uiapeplfE st

f reetieng patiént, Sifosiibng ASDEVEOST sdnfinRaessen, WitHout béisg Yoxic to
dcra*gend,on the size of any particle. 15 In certain

e

BARRt s, solid articles useful in defining shape
and providing rigidity and structural strength to the

PQLY T by [TBY Sh 685 TR THE SHERG: ColoBXARP! &) @
pol ymer ey weave for

i mpl antation. A polymer may also be fabricated as a _
st ent cFheasibectpelpnersadapbetbrined ime vatiety of pkapesr Earsexample, in

bS50 BT OGBSO HPIrd A TSR BATNGE P, PO BraEERER g i, orm of
P G RartiBs &eni@%ﬂﬁ%&*s.eqvlgfio heleditFpifdlly2cdifiese a biodegradable

suitable for renmoving fl ui froma post-operative )
sipodymerrgatriy ineorporatingal dmgn tMiczasaherapean beslormed bya tide variety

cl . ion draina st u as,Jackson- Pra .
cr SRS K 4 D38 OF pRIFR T iy ERRBII DT HFRHsH@e Forming
maediaiquea inddidep biitt dre Solimitékto) o) YiRée S¥Paratién byB@lstfidation and
for the 25 processability of making nol ded or pressed
arsubgaquentrasganierpeluent fvppriatigrorindyding cemplexfanypigas gnethods such
tr it t \ L\ Y i : .
su 2) [ cllhen ?rye%%ﬁg’t aa?\er%r th%Héﬁ{%sr%\%sr adu\rgéew%?ﬂr%tter%ﬁmlsnons), ()
deoacqpadiontpshasé sepatation] g ahet digpsteiohj @) dhteffakinl deokition; (e) in
techni(gues,, such, as conpression nol di ng, extrusion, )
orStnpRlymerzatiogs |Dnspray Aryingoard SEFH bFIEEINg o BRI §aspension
: =T .
oL STh) b ofF shily (RhAAY, (TREROARIERL s whdiee properties and
c ahbmcteristid¢sh ob aniyrospherers areudidelogal gn,athraéxatdgde,atdll.i dfat.  No.

Th [ a _ bi qQdegr I ymer j.n vjyo S
Tl 16,9052 SEEOS 005 8 VBB, 2 Y g B 050
CTpfsd abbe 780l X2; BIOSPADING. ! ¥,4382931 & URKIT BR. 9,330,768, the entire
crosslinking. 1n general, the 5 greater the nolecul ar

weligphesures o whichhare indeepaiatgd be reféreoee/lsdrainl i nity, and
the greater the biostability, the slower

bi Odegrﬁdg}elpgr% I\fmuclrtl)sp?lgfcs of the present invention, several methods can be

employed depending upon the desired application of the delivery vehicles. Suitable
methods include, but are not limited to, spray drying, freeze drying, air drying,
vacuum drying, fluidized-bed drying, milling, co-precipitation and critical fluid
extraction. In the case of spray drying, freeze drying, air drying, vacuum drying,
fluidized-bed drying and critical fluid extraction; the components (stabilizing polyol,
bioactive material, buffers, etc.) are first dissolved or suspended in aqueous
conditions. In the case of milling, the components are mixed in the dried form and
milled by any method known in the art. In the case of co-precipitation, the

components are mixed in organic conditions and processed as described below.
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If a subject conmposition is fornmulated with a

t herapeutic agent or other material, release of such

an agent or other nmaterial for a sustained or extended
period as conpared to the release froman isotonic

saline solution generally results. 10 Such rel ease

profile may result in prolonged delivery (over, say 1

gr R%Q;Q{Jbe hedrts. losd thal stiiahg pelvyl it uhe Blohﬁtlve material.

about 800 hours) of effective anobunts (e.g., about,

0. B0 gompgnegtshaigr mixsdawsier aﬂu@wqag;m randogrigd, gsing precision

<SR 0t DY By PRARPIE S8, oS s s

r &Ir?m@fmwﬂi@'mﬂu&e Mt ped I}ﬂfﬂhﬁlt@if to, Bachin®NIR@0jAR and Lab-plant
i nvention, the desired softness and flexjbility of the

r P drifES wwriageording tp the pandacivigr LIRSEREIOSS- bi oact i ve
material rel ease Sone of suc_h factors include the

sel ecti-py sﬂ ! ok YmRo eﬁa?l?clé’sarah&’ uﬁan%PQ‘tiEleE Smaffhl?e determined by
enanti oneric or diastereoneric purfty of

rrmnamnng elesﬁndnumld:rsscomegyhemaﬂy shape;lutannparaclbs aredused in certain

the and the Length, of the poly

b ifor R RGO HopERBRp] Ldeuresp he particles may
h%@faﬁﬁ@été‘d@ﬁﬁg%h@n"t@élﬂiﬂﬂﬂcs 1htBk&Eﬁ'ssha§é§dl/hQ! afeNfore useful for a
i ncl usi on nmononeric elenments in the pol yner,
i reposifieapplicationt rol , for exanple, the rate of
bi odegradation of the matrix. To illustrate further,

a W de gange.of degr i on,Late t e

2 0 DR RRIRILISBRR (Rl BR Bl o possvt
Sithg sdraLlBs oPthel fiidjde0lcynPositivd, lsech @S nti¢roparticles or nanoparticles,
mai ntai ning sufficlient biodegradability for the us

i InEn HBderEe cndenytasiss i %@?Wﬁh‘ﬁlmf%we&s thg| el rral]heog'equency of
t hsghﬁz’iﬁgn@éﬁ’ogfsﬁrg&sé D«ﬁé Hééfflg Qeize nfd%'i&%% onabs )gﬁmcle.f

nbination o
hydrophoblc backbone and a hydrophilic linkage

producea desthinremjerdénerts,defjd adaldésose ik tadefening shapagad peoviding
encaq V\hereas vva er enetration is resisted 9
arég@%?raﬁ é@é@ﬁ%@%l%%ﬁﬁ&% may Perriet ﬁ%fxmple

Sfhet ﬁ1a§e5eefoﬁh9@ on ahlﬁeghe&e@tﬁ@r ﬁl@ﬁ\% Rf uﬁﬁbéntatlon A polymer
therapeutlc agent or other material |oaded In

pahgyralso berfabriceted aph stmEOtpaseasﬁmnt adapged fop hddmg)dmﬁesareas within

d ation of u n a 0.

St ot pinige o i b <Ry 41 o9 iaenyio another
FOpuridier, F&Qﬁﬁﬁmé}f mby'Be PabPicREE RS a AR BF h @ibe Sultgbik $oiPemdBing fluid
pr ot ocol ™ is used herein to refer to such pr ot ocol .

| rfr@eratmsnopmmmm@s and fresome¢ embedimentssadeptablier for pemwith closed

:% t%;ﬁ g- e&sﬁé%s.‘s?g Pgﬁtgﬁ.%é&s an ttg%%‘l}(g g? are familiar in

the art.

The mechanical properties of the polymer may be important for the
processability of making molded or pressed articles for implantation. For example,
the glass transition temperature may vary widely but must be sufficiently lower than
the temperature of decomposition to accommodate conventional fabrication

techniques, such, as compression molding, extrusion, or injection molding.

(d) Biodegradability And Release Characteristics
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certain instances, it nmay be necessary to process

pol yneric systens in the sane fashion to allow direct
and relatively accurate conparisons of different
systens to be 10 made. For exanple, the present

I nvention teaches several different neans of

formul ating the polymeric, matrices of the present

| nvent i YncershiC OmGEUTRRALsS M3Spol R¥rs! 4adi IaiR Jhigk ;ﬁé@énpﬁ‘ﬁentlon

pol ynmeric systemrel eases incorporated material at a
ratpen torgmat aygtht b&lyo flulidss sandergab gradudlo degradationy e Thendide of a

q{sl ‘ﬁ%%‘fas& E’,Oﬂ?’lg\gggfh%glqy gg}?nﬁ%yp%{%vgg?ngao}hﬁ Jhings, its molecular
d'&élgﬁte@ tzﬂ’lfim%b%stéi)lhlﬁ afd tHO degré® of 2fbsslitlng. 23R, general, the

00 or 0O tines. Even gher rate di fferences are
ccmc%wmhatn@@iectﬂgr weighty rﬂ@%blughen the alegiee of sricstallinisy gad the greater

fgbﬁuﬁgﬁég%ﬁ Re Slg‘é’ﬂ 10&%4@58% _nﬁ ZI e\g@gn rate for

pol ymer systens of the present invention may present
as nmondf msubjectplvasiosition?is feemahsd oithanyharageatic algent or other

i ncorporated into the polyner trix, ich is often
priB¥Fade relsass of BicBsih és@f Hemalehiah frep |SE§,¢EPHF§51 or extended

(r: tcﬁe'l’%liv%ﬁ:cgﬁﬁﬁl%ﬁ% re%s rom ﬁLlsoioﬂ &HRe olﬁﬁbxgg%esa}lly results.

may rel ease out to about
ndfhiehakleasey profike napaeatleth pmlegedidelivery dbvay sat il velapout 2,000

0, 2 30 9
it 6F PEBAGHELY aat 2 i QULhouss ohrbierBeaans (oe. about
00,0001 RAGIIRGE 3 ool F b GTRYT o 0 BaBHAGhADEethatria

t he mat erial rel eased per day per

n@pssﬁcmcdyfltbrthmmlymm For exanple, in certain
enbodi nents, the release rate may vary from about 1 ng

or |l ess, of. .an cor eri al er.d er

o o AHied R SSRGSl B SEnf B a5 ofPiymers of
Althersiblett lveéntidi) ethe ede@ﬂé@ sbfhéss ' fexiBiligy lof Othe Sresulting solid
0.5, 5,7 10, 25, 70 50, 75, 100, 125, 150, 175, 200,

2gpatrizomite gmbextaniool bigwtive maigl neleessy /Srane phsushi fagtors include
oRE e BERIEIRAY o (P00, Gl o gsereomeri

eVt o e mohomert sathuhits NBdrAGEASity ﬁ'ﬁﬁs&lﬁurﬁﬂs Sound in the polymer,
|ncogtgorat ed and characterized by such rel ease rate

praafl 8| engﬁwf the polyanerh eE%p’@ﬁF@PQP’ dbfe presentsinyentjog contemplates
1&PbYE %%ﬁﬂ%‘fﬁng lﬂ}kﬁ%&t hcﬁﬂ/o?stﬁg Gheludibf Jfaétﬁez‘ofnonomenc
re easeo any mate I m any polymer nmatriXx

t fedements anthe ipolyamdr] imrorderyto teenpmleﬁc&rﬁxeﬂplns tiichrate of b:odegradatmn
haolffthéﬁlgglxof such material in the matrix.

To illustrate further, a wide range of degradation rates may be obtained by
adjusting the hydrophobicities of the backbones or side chains of the polymers while
still maintaining sufficient biodegradability for the use intended for any such
polymer. Such a result may be achieved by varying the various functional groups of
the polymer. For example, the combination of a hydrophobic backbone and a
hydrophilic linkage produces heterogeneous degradation because cleavage is

encouraged whereas water penetration is resisted.
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In addition to the enbodi nent involving protocols for
invitro determnation 10 of release rates, in vivo
protocol s, whereby in certain instances rel ease rates
for polyneric systens nmay be determined in vivo, are
al so contenpl ated by the present invention. O her
assays useful for determning the rel ease of any

lr(mt eri abnd R%doh @end?ﬂly/ B®Jepte@fin the fipldehaninag s tused & @etermine
nown Int

e art S'ml' nBI ants and Deli Velrai; Systens, 15
| rihe trgle@ﬁerﬁptee@f amo apgutie gaenradebelemaisrinl aed ya thepolymer
fa [
Sul{é%t?icé{]&ﬁ’; r ag n?%glm) r&%ﬂ?és %lteéragéuﬁ rr%‘t I 5%581 HIQUB{]III a0.lM
ertBRlisoltibs (pHIT. 41} i 37 eCj Sn umsi kanWnl mpﬂhamhat anpurposes of the
injection, or otherw se placed totdz;\ or artla I)J/
wi BB nRentissehe tewe BB prateod oyt hfﬁamtt%e fey fgjsueh protocol.
conmpositions. It is particularly inportant that such
an ar tifgl &daGs Wstankss, The kdBlsc lrhR8 WF difftleh@bbBther 3Ystems of the
when inplanted or injected i nto vascul ated tissue:
Bi p:c@gt anabtien dedyi bercpmppedey suanetng theol &s stl¢i‘e aembtocol In

be prepared in vari et
i, B Ghso i Aty KPS R EGS GBS g the same
c qayrﬁ&s PR @ikdch Hd RilatRely tclatd QnpHRisShs & different systems to be
techni ques, or these products may be prepared by

dimadst viling ¢xample, athpr prpsanhtinvension eterches cﬂewr\a)ed‘llfﬁ@rent means of

TR B i, S5 B A BBy S barons

S W4e MdRfatd ma{ &t ofy polgierié Systéin péledsRs incorpigted ehaterial at a rate
remain_in at least partial contact with a biol ogjcal

f 1figra absuc A caslem @oaboqt rH0BP A meyeglémess &éﬁ%tth@hgnother polymeric
m%g, menbr anes, cerebrospinal fluid, and the like to
alTOW for sustained rel ease of any encapsul at ed

t herapeutic agent. 71 Methods of Manufacturing

Gener al Aywmanﬂyumek&npérisbhmayrremha rate ddidrerae ofabolns, 5, 7, 10,

p[?esleg ﬂQd gsgg ‘H?gr 5%@?@1\@??/ en rrlgga%e gﬁ%r : ngs alie contemplated
ba k‘ggﬁ&éﬁtqn"% Ehﬁa?el@a@@ raS@aﬂFb@idbﬁ?r i zed, or pol yner

es can er| vatl ze S therapeutic
agents, targeting |igands, and/or cyclodextrin
noi et | elg ceﬂamst;mbedlmetsemcmfmmlated hie apeastagnmanner, the release

A B RS S 55e Ser RaeSh e PP RS o bt
(and, opt| onally, ML-T), wherein CD represents a

8 ycl i c Relest bl afiy Glataiil tcomrNe® idts ke Fody@eUmetrix0which is often
erivative
provided as a microsphere, may be characterized in certain instances by an initial

increased release rate, which may release from about 5 to about 50% or more of any
incorporated material, or alternatively about 10, 15, 20, 25, 30 or 40%, followed by

a release rate of lesser magnitude.

The release rate of any incorporated material may also be characterized by
the amount of such material released per day per mg of polymer matrix. For
example, in certain embodiments, the release rate may vary from about 1 ng or less
of any incorporated material per day per mg of polymeric system to about 500 or

more ng/day/mg. Alternatively, the release rate may be about 0.05, 0.5, 5, 10, 25,
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10 thereof; L, independently for each occurrence, nay

be absent or represents a linker group; D

i ndependently for each occurrence, represents the sane

or different therapeutic agent or prodrugs thereof,

15 T, independently for each occurrence, represents

the sane or different targeting |ligand or precursor

t heg esf 10@NIsSM SEATSSEI, 25@ IVONYSE 408 U3 bt 5@ AsIRFmg. In still
one or nore reactive noieties capable of undergoing a
pobihak einpediments; dke ralease vipterofoty Bicorpsrated nraserial may be 10,000

ot e et ik po odfedl Hihes “PRBHalsgincorporated and

nogteREiteized biyadeeh pélagse ratepréRebdlaimayeiiohde Mharhyseutit d@ents, fillers,
reacti on m xture may further conprise nononers that
doansrtheresypstamsesT  or D npieties, e.g., to space the
derivatized nononmer units throughout the polymer. In

an alte ' [ ' t C

ynt heal b nahe: BREE (R Ble 1 RIoeR oF e BRI AP polymer
bymaeacdtf thg peespit] ipvartioR nidyhlee prebemest asiihea halfdifa of such material in
plurality of reactive groups, such as carboxylic

ac#‘ﬂé’?aué ‘cohol s, thiols, amnes, epoxides, etc.) with
grafting agents X-L-CD and Y-L-D (and, optionally,

Z-L-T) , In Y¥0EH 0 thPehBBARRAN Invofvify potdcolfof ity vit®Udiermination
as a cyclodextrin nolecule, or derivative 30 thereof;

10 7201 rel¢asel aplendiantivg rreocelaciwhersbyirin satain insipness rglsesmrates for

15

20

25

or_represents a |inke royp; B, independently. for

o B P 8 st Emay S HetenlieHfin ao, ol SR Girgitipifis B che present
t higk-amil | OthegfdRhysOliseAll Go dderntihivgaBhéd relénsd of any material from the
i ndependent]ly for each occurrence, represents the sane

or PRy mewsyad e presang sxstang ate kpama 1B thewtbcur sor t her eof ;

X, independently for each occurrence, represents a

re §t [ V?mE[a%%pandsB‘émeﬂﬁSysFe boxylic acids, alcohols,

t hi ol s, Tam nes, epoxrdes, etc., capable of formng a

coval ent bond with a reactive group of the polyner;

and In its simplest form, a biodegradable delivery system for a therapeutic agent

consists of a dispersion of such a therapeutic agent in a polymer matrix. In other
embodiments, an article is used for implantation, injection, or otherwise placed
totally or partially within the body, the article comprising the subject compositions.
It is particularly important that such an article result in minimal tissue irritation

when implanted or injected into vasculated tissue.

Biodegradable delivery systems, and articles thereof, may be prepared in a
variety of ways known in the art. The subject polymer may be melt-processed using
conventional extrusion or injection molding techniques, or these products may be
prepared by dissolving in an appropriate solvent, followed by formation of the

device, and subsequent removal of the solvent by evaporation or extraction.

Once a system or implant article is in place, it should remain in at least
partial contact with a biological fluid, such as blood, internal organ secretions,
mucus membranes, cerebrospinal fluid, and the like to allow for sustained release of

any encapsulated therapeutic agent.

71




10

15

20

25

30

10 Y and Z, independently for each occurrence,
represent inclusion hosts or reactive groups, such as
carboxylic acids, alcohols, thiols, am nes, epoxides,
etc., capable of form ng a covalent bond with a
reactive group of the polynmer or inclusion conplexes
mﬁth CD noieties grafted to the pol yner, under

copsli ti aRendh oy MemRKRRatAe grafting agents to form
coval ent bonds and/ or |nc|u5|on conpl exes, as
appropriate, wth the K”Ef or noieties aéafted to
t he pol ﬁmrallzﬁmonmm @f the presens ipjsnijo ear pr@aa;rgd in one of two

I t e

gr % %’ nr%méogngéﬁ Ibgan lé%pnlgﬁ’c Q n'i : VgétYn h%e{n%?, r e C odextrm
W trididtize ndansS be fpoﬁﬁnemz‘eﬂp)oanpdﬂ?ﬁwr Ilﬁﬁkﬁ&m@@ yanabe sieriaaiiztd with
chl orides, acid anhydr] des, oxi des, ket enes,
sutheERePiCHgests, teaetingdigads é@fﬁera%&dmr@ THRICHSS- (e. g. |
carboxylic acids treated with an 20 activating agent
such as r [ naagﬁ :
reagent TE%B 19?33%?{81}88 rﬁ & ar box V ﬁﬁo acl 4?1%51 tg? rtnheasym'hESlS
nmook tomparscle pifithé énvention dabzereaxhunlgl momma'sld\)I,L GD achd-L-D (and,
electro hili i es known to those of skill in the
ar?PHQQQ ]gﬂgqgﬁﬂgﬂinents, a catalyst may be needed
to cause the reaction to take place (e.g., a Lews
acid, acp fePfé‘ébﬂtb Qeya&tmblegagﬁdhy@ta, cy@[bdéﬂﬂnﬁ%&@&ﬁe or derivative
etc.) as will be understood by those of skill 25 in
t hthergofs, I n certain enbodi nents, the different

oot 1 B, BB RePE SR e My PRSMIE Ty s e

| ng@upne- pot reaction), or are reacted sequentlally
with the polyner ({optlonally with a purification

and/ or Dwndséepsndgntlye foreeachy eecaureness ) reprpoentn ghgame or different

as tion is a nethod for
mﬁ%@%‘%"r%&té heggll%%%g%}{e%g’r branched
cycl odeXt nhdepeﬁxletnaynfdageaahl yeorrrendep represdtite dhdwame or different

formul ae | -1 73 Whj he_ di scussi on bel ow focuses
ontBfERing lig %‘EPI'S?Pré‘fr ?rﬁ Fm‘éycl odext rin nol ecul es,

one sKi th u g b6 taat i

t he rretMDS%er é,lcsrf“?blg(tS Ol%gnél'% apte os&gr ogeuc%bﬁgwe moieties

br capahlecoipoidgrgeing b polimmrization mcaqnp mothr oret @ more other M in the
conononer .A precursor, Accor e errb%ﬁi
o TORGMER j6 1 BActicB Tyixue Htob s odiatis 157 &aiet Rl ycipsation of the

CYfioRSR%th ke pPREYMEr . According to the invention, a
linear cyclodextrin copolyner of the invention nmay be

pr epar eth kxy:rtwqocﬁnghvdrmmtmg tlac oyadtiodetikfune monofiether comprise
g: %ﬁg&%g{sh g Sr}olt tbléle:t:xre raB I%Bf%%i‘e’éi rei. é"f "?o lsgezlic\f/: trﬂg derivatized
monomer units throughout the polymer.

In an alternative embodiment, the invention contemplates synthesizing a
compound of the present invention by reacting a polymer P (the polymer bearing a
plurality of reactive groups, such as carboxylic acids, alcohols, thiols, amines,
epoxides, etc.) with grafting agents X-L-CD and Y-L-D (and, optionally, Z-L-T),
wherein

CD represents a cyclic moiety, such as a cyclodextrin molecule, or derivative

thereof;,
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conononer A precursor capable of displacing the

| eaving groups. The |l eaving 10 group, which may be the
same or different, may be any | eaving group known in
the art which nmay be displaced upon copol yneri zati on
with a cononomer A precursor. In a preferred

enbodi nent, a linear cyclodextrin copolyner may be

prepar ed, mﬂe pédIhiN b Ghch JeiEr@EXinkY e MDBGHT®Ir represents a linker
pr ecur sor to forma diiodi nated cycl odextrin nononer

prgwypsor and copol yrrerl zing the diiodinated

ot cour sbr TRRPHEY for etk BpRhes EPruff IR e 6 different

haﬂief@e&ud@gkﬁﬁbnﬁﬂdﬂjgsthe@éoff ormula Il or 111, or a
conbi nati on thereof, each as descri bed above. Wil e

5 exanpl ed> pmf@éﬁ@&m&rov@cau QROYEIENGey Jiepeses the same or different
cy t skilled in the art would
LSRG s of B e 202

€ present i nventi on
cont enpKahﬁEpamtd:nﬂyl donpahseunryidep teprésents reaetiveegroup, such as

wher gi n other ng groups 20 such, as al kyl d |
sufdrboratlic Adgs %Pé% ol  rARIBSY RO} Ei’oe't‘jrso‘iﬁ!?g‘?l |$fr ff’rmmg a
grﬁx%ién?gomﬁﬂ'a'lﬁ&ve@rdﬁ‘ﬁtdfg& ﬂyﬂé@@ﬁ&' ng a | inear

odextrin copol ynmer “of "th ntion by iodinating
10 a cycl olead iZn mdnpenrkmtlprfec grED ncamedesa‘cpﬁe@tahduson dosts or

f8¥eﬁpaq?\gedé{9§g§,rs?ﬁs I oygxt rin %Jotg{)qur%épg’ ecurae%: gﬁomdes tc.,
| V@apabl\écoﬂ_ H&Tﬂhgozg'cﬁﬁél&ﬂ Bk %Whrﬂeﬁctf%)’gfb%pp&eﬂﬂ:r gﬁllymer or

by any neans known in the art. (Tabushi et al
mrmiusme:onﬁﬂ@m 5dthoCDragidlies Fafiedto themhftmer,lundmpondltlons that

80- 9 8
( 306&% ﬂtged gﬁ&?g] 3%46(2 42{;{)@%5%%%)% %dﬁor inclusion complexes, as
15 bi plyeeytiatd, with e palyned ok nfoidtRRs |gﬂﬁ1eklrio “Hb?oﬂ’irﬁ@nenc e of

anhydrous pyridine to forma henyl 4' - di sul f onyl

c hl or i dEC’rc@‘@BWéIB e@he pelyowe mqlud@s waﬁsrﬁhwl&, BB AMYESS as Teactive
gi%ggg (t 1?? :n!iﬁy ﬂ?,ﬁ%éjfaeaﬁt?voeoeé( ?Q#Ctﬁat react Wlth them, such as

pr Botyanates, |1§0th@delﬁfe@Ch0&i clﬂﬂlhd/est Md ideided) %pO)Bﬂes ketenes,
copqQl.yneri zing the diiodinat ed cl odextrin nmonomer

pr 8dfenybehlogides, activaied sasbexyle s rgedaarboaghfa acidy frepted with an
20 10 &Mﬁﬁ a%enk %\[E(ﬁqs @ﬁbﬁ?&#ﬁ&d%%‘d@({@é, 0'? rr%tﬁgr éa%ent that reacts
romula Ta, , Of a conbi hation

repeat |
t heithafcartmbxglic asd tefem mdle@bﬂweeptWObﬁchbp}mhc atlackl) for other

appr opr I he odi ne, or ro
Bk lis hatel o vt SRl GeATh 4 Syt embodiments, a
aCEéf&lgétriﬂa)I B AdaBed V&L @B redchibn tPERe PlaRYRSe 04 Ledekid, a

appropri at’e 1 eavi ng
transition metal catalyst, an amine base, etc.) as will be understood by those of skill

25  inthe art.

In certain embodiments, the different grafting agents are reacted with the
polymer simultaneously or substantially simultaneously (e.g., in a one-pot reaction),
or are reacted sequentially with the polymer (optionally with a purification and/or

wash step between reactions).

30 Another aspect of the present invention is a method for manufacturing the

linear or branched cyclodextrin-containing polymers represented by formulae I-II1.
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group may be displaced with a group that permts
reaction with a conononer A 15 precursor, as described
above. For exanple, a diiodinated cycl odextrin nononer
precursor of formula IVa, Vb, IVc. or a mxture

t hereof may be amnated to forma diam nated

cycl odextrin nononer precursor of fornula Va, Vb, Vc

OF Whil¥ thé HisBussioR@IeRRY fochses Nﬁaheﬁﬂ%pé@ti&bof INar MiédodeNetn

VC NH2 The di am nated cycl odextrin nononer precursor

matpolesules epwrskiddledin gheyart wealdseddilywecdagnizerieat shq methods described

VUFGLR ddglegtor PHLGRE Bl Botumds bk SREE arbfipfet
exasmbomaé MbieedBof 3 5 cycl odextrin may be reacted

wi th sodi um azi de and then reduced to form a di am no-

(3-cycl odextrin). The ca/‘cl odextrin nmpnomer precursor

i s am nAceydmelbang smhedinsas et the iiyentioriss MAPAGPERreparing a
cy e : : .
copa SoIbA A DTRm B, ekbRGbe fFie BERIGE alincar cyclodextrn
desapolyiaer afitiymyentonpmadbic preparet b eapolgmetizide ataytlodextrin
copol yner having,.a.repeat i unit of fornmula I1-1]] or

o BOnEBELPRAIT eI lTy et Wit an Sppropriaie foaKig BpRwih o
HOVG¥ Sfomdr 1 prthiRer éd]bﬂﬁl%'o?ﬁﬁsglratzﬁlggfée &avﬂg %F%l{i)r@t 8¢ leaving

cycl odextri n” nononer “precurs not ectly

10 at grwuheehich mayee thy sdmoelendifferentymiayt be. angl leainggtovp kgown in the

th A f ' | jt t her . | hili
f ufe sty B Hispiafed vohnrepatl iemgrich Wik &Beinantme A prggursor
| O PfefdfddImBBRARKER 4 BAdr ¢y Q6ddxth S5pdRRerGhayebe prepared by

cycl odextrin nononer precursor with am™no group )
coivdiilating g cyslofextein monomee pregursorf torfomn aiipdinated cyclodextrin

HS r..a.di- I hiliec.nmplecule [E:
enangiebleclssl BafaptyreRriRe e gl iy mgnomer

I nplepaReerith ¥ chbMbneBeNA pastaitiof & foem o [eRaeSRNddRxRin Gpolymer
or NR1; R and R2, independently for each occurrence,

r eppdagn repepting wniseffermeladber 131 ey combinptem theraofiteagh as

ar : Staint: 1At |k Lut -

o W R SRS b AL S

hynhoieties, onk kkilled 20therartakdidd rendile a¢dogniat ehat cte pregeht miyntion

am ne to forma di am nat ed gycl,odext,ri n rmnomﬁr )
contemplates and encompasses cyclodéxtrin moieties wherein other leaving groups
such as alkyl and aryl sulfonate may be present instead of iodo groups. Ina
preferred embodiment, a method of preparing a linear cyclodextrin copolymer of the
invention by iodinating a cyclodextrin monomer precursor as described above to
form a diiodinated cyclodextrin monomer precursor of formula IVa, IVb, IVc or a

mixture thereof:
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precursor of formula Vvd, Ve, Vf or a m xture thereof:
76 Vd Ve Vf CNHZ RN CNHy S S S 7:7 1 s s C NH2 H2N
S C HZN A linear oxidized cycl odextrin-containing
copol ynmer of the invention nmay also be prepared by
oxi di zing a reduced |inear cyclodextrin-containing
copol ynmer of the invention as described below. This
net hod nmay be perforned as |ong as the 5 conmononer A
does not contaijp_an oxidation sensitive noiety or
group such as, pl e, a thi\ol. According to the
i nvention, a I | cyclodextrin cof t he
invention nmay be—extdized so as to—+rRt+efluce at | east
one oxi di zed cycl odéxtrin nonomer |nto t he aopol yner
such that the oxidized cyclodextrin nonomér is an
integral part of the 10 pol ynmer backbone. A |inear

cycl odextrin copol yrmer ' ontai ns at | east one
oxi di zed cycl odextrin m)efi ned as a |inear
oxi di zed cycl odextrin copolyner/or a |linear oxidized
cycl odextrin-containing polymer.| The cyclodextrin
nmononer may be oxi di zed on theT t he secondary or

primary hydroxyl side of the cyclodextrin noi et
nor et hihe dnedinetedicyodatiesyrol magke prepared iyraey mmplmwnm the

| nkn T R i Ehe fPotie7 1 af R0y Pyl et 5. am.

”DOH&ﬁf 3 09&5@024%@4 @msap)t *r%& ekﬁﬁp;e Bﬂ@&bﬁd@ﬂtﬁh%w béﬂegaed with

the secondary hydroxyl” side, both may be present
Fobiphériylsi4 gisubfonyhjoilesn the premm omnhgfdmﬂsl pyridine to form a

de ol y r.wth eco
)f dtSisILiongelarise cap eyc St B iy thep be reacted
Of wftﬁ rp%'sﬁuﬁ{l i8didE to f)l%duce diiodo-B-cyclodextrin. The cyclodextrin monomer

precursor is iodinated at only two positions. By copolymerizing the diiodinated

cyclodextrin monomer precursor with a comonomer A precursor, as described
above, a linear cyclodextrin polymer having a repeating unit of Formula Ia, Ib, or a
combination thereof, also as described above, may be prepared. If appropriate, the

iodine or iodo groups may be replaced with other known leaving groups.

Also according to the invention, the iodo groups or other appropriate leaving
group may be displaced with a group that permits reaction with a comonomer A
precursor, as described above. For example, a diiodinated cyclodextrin monomer
precursor of formula IVa, IVb, IVc or a mixture thereof may be aminated to form a
diaminated cyclodextrin monomer precursor of formula Va, Vb, V¢ or a mixture
thereof:

75



10

15

20

77 CAVla ACVIb 0OIn formulae Vla and VIb, Cis
a substituted or unsubstituted oxidized cyclodextrin
nmononmer and A is a conmononmer bound, i.e., covalently
bound, to the 5 oxidized cyclodextrin C. Also in
formul ae Vla and VI b, oxidation of the secondary

hydr oxyl groups |leads to ring opening of the

cycl odemH,i n noi ety amh,t he formation of al dehyde
groups.JA | i near OX|dWZed cycl odextrin copol ymer may

be prepgred by oxidatijon of a |Iing n
copol yney as di scussed above. Oxid ear 10
cycl odext\ri n copoly of the invention may be

art. (Hs ., Starch 44: 188 T992) ) .
Pref erably, oxi dant such as, for ¢ spdi um
periodate is %ed. It would be unde ﬁ% ood by e of
ordinary skill in the art that under standard

oxidation <conditio

$ that the degree of oxidation may
vary or be varied per copolyner. Thus 15 in one

enbodi nent of the ipvert+or tnear oxi di zed

copol ymer of the inyention gontai n one oxidized
enmbodi nent

pnoners of the

. Arjot her net hod of

preparing a |inear oxidizat cydl odextrin copol ymer of

the invention involves the oxiNtiati on of a diiodinated

or diam nated cycl odextrin 78 nononer precursor, as
descri bed above to form an oxidized diiodinated or

di ami nat B¢ @%v%%&xcllqwmﬁmmimwg% imayrRe prepared by any
CORRKTEINARL O off (FBEstTX Bl FEfahlltdnAh 38385271530 (1977);
di am nated cyc r|n nononer precursor with a
coNmgatbet 2, J p(Dgc U‘,hemr 1631662 progbpr Fed eediisle] awdiddo-fn
OX|d|zed di i odi nat ed cycl odextrin 5 nonomer precursor

5 of CXRdeitn WRY he regeted Wlth sodiung pzige And:thgn eeduked todprm a diamino-

i B-'cyclodextrm). The cyclodextrin monomer precursor is aminated at only two

positions. The diaminated cyclodextrin monomer precursor may then be
copolymerized with a comonomer A precursor, as described above, to produce a
linear cyclodextrin copolymer having a repeating unit of formula II-III or a
combination thereof, also as described above. However, the amino functionality of a
diaminated cyclodextrin monomer precursor need not be directly attached to the
cyclodextrin moiety. Alternatively, the amino functionality or another nucleophilic
functionality may be introduced by displacement of the iodo or other appropriate
leaving groups of a cyclodextrin monomer precursor with amino group containing
moieties such as, for example, HSCH,CH>NH; (or a di-nucleophilic molecule more
generally represented by HW-(CRR;),-WH wherein W, independently for each
occurrence, represents O, S, or NR;; R; and R;, independently for each occurrence,
represent H, (un)substituted alkyl, (un)substituted aryl, (un)substituted heteroalkyl,
(un)substituted heteroary!) with an appropriate base such as a metal hydride, alkali
or alkaline carbonate, or tertiary amine to form a diaminated cyclodextrin monomer

precursor of formula Vd, Ve, Vf or a mixture thereof:
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pr epar by am nat | om of an wexi-gi-zed—di i ogf nat ed
cycl odgxtrin nononer precurrrml e Vlla,
VIIDb, I, or a m _xture theneof, ag descrihed above.
In still
di am nat ed—cyclode)trin nonoper 5 g

fornmul a |
IXai i S

VilaOO1 I I MIlI ViIb1 / 11 OOmy be
prepared by oxidation of a diiodinated cycl odextrin
nononer precursor of fornmulae IVa, Vb, IVc, or a
m xture thereof, as described above. In another
preferred enbodi nent, an oxidi zed di am nat ed

cycl odextrin nononer precursor of 10 fornula VIIIa,
VIIIb, VIllcvwr a mxture thereok: 79 00 | Vi¥da |l

NH2  NHg, NH2 VIRG VII1b NH2 H2N NH2 0 Qwapy be

dgreferred efrbodi ment, an oixi di zed

anot her

VI WLYs ecur sor
' Xc or afm xture thgreof O
¢ NH2 H2N S

NH; HaN

A linear oxidized cyclodextrin-containing copolymer of the invention may
also be prepared by oxidizing a reduced linear cyclodextrin-containing copolymer of
the invention as described below. This method may be performed as long as the
comonomer A does not contain an oxidation sensitive moiety or group such as, for

example, a thiol.

According to the invention, a linear cyclodextrin copolymer of the invention
may be oxidized so as to introduce at least one oxidized cyclodextrin monomer into
the copolymer such that the oxidized cyclodextrin monomer is an integral part of the
polymer backbone. A linear cyclodextrin copolymer which contains at least one
oxidized cyclodextrin monomer is defined as a linear oxidized cyclodextrin
copolymer or a linear oxidized cyclodextrin-containing polymer. The cyclodextrin
monomer may be oxidized on either the secondary or primary hydroxyl side of the
cyclodextrin moiety. If more than one oxidized cyclodextrin monomer is present in
a linear oxidized cyclodextrin copolymer of the invention, the same or different
cyclodextrin monomers oxidized on either the primary hydroxyl side, the secondary
hydroxyl side, or both may be present. For illustration purposes, a linear oxidized
cyclodextrin copolymer with oxidized secondary hydroxyl groups has, for example,

at least one unit of formula VIa or Vib:
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IXo NH2 S S OO NH H2N nmay be prepared by

di spl acenent of the iodo or other appropriate |eaving
groups of an oxidized cycl odextrin nononer precursor
di substituted with an i odo or other 80 appropriate

| eaving group with the am no or other nucleophilic
group containing noiety such as, e.g. HSCH2CH2NH2 (or
a di- ucleqphlllg nol ecul e nome generally represented
by (CR RR) " - wherein W iindependently for each
occunre rep nts 0, S, [or NRL; R and R2,

i ndependegntly for each occurrgnce, represent H 5

(un) gubsty tuted al Kyl, (un)sulstituted aryl,
(un)gubstituted heferoalkyl. I(un)substituted

het efoaryl) with an appropri atle bas®glasuch as a net al
hydrifde, al kali or alkaline gqarbonate, or tertiary
am ne. Alternatively, an oxidijzed diiodinated or

di amtnat ed cycl odextrin nonomner precursor, as

descri bed above, may be prepared by oxidizing a

cycl odextrin 10 nononer precursor to forman oxidized
cycl gdextrin nmonomer precursorTjand then diiodinating
and/ ¢r diam nating the oxidized cycl odextrin nonormer,

as déscriBed above. As di sctisged above, the
cycl pdextrhkn noicety y be nodiffi eth W th ot her
| eaviing groyps other/ than iodo |gro R and ot her anino

group cont al nctionalitigs. The oxi di zed

di i ogli nated or d&ﬂnnated cycl gqdextrin nononmer 15
precyirsor mayot hem be copol yner|i zed with a conononer A
precursor, as described above; to forma |inear
oxi di zed cycl odextrin copolynmer of the invention. A

| i near oxidized cycl odextrin copolyner may al so be

f ur t her Inioamalag ¥ Tn and XTb.4¢ isrswbstitutedror uasibstitteg 9xidizerd
! QelsigeRaROt B her A% 1 S F R BoRE T\ BEAIARS DU, to the

i'nventlion cPodex

copxilize® cycloddximear A xfoethdlas VEy alhcwaxtobcldanc@ bD{h)érﬁechndary
rra be attached to or grafted onto a_substrate.

rpaxl@ronpp lends dmying 95‘*3111?%?@11%)’?1@@%@%? 2@66%9114 ﬁnssf@rmatlon
inthe art. In another preferred
%ﬁﬂgﬂgéaﬁﬁ%he invention, a linear cyclodextrin
copolyner or |inear OX|d|zed cycl odextrin copol yner
may be Arlosst ti)xi&izdd tycladeptrinyeapolsncerfroaynhe prepared by oxidation of 2

regpectiely,a crosslinked cyglpdextgin, copo) yoer or
cyclodextrin copolymer of the invention may be accomplished by oxidation
techniques known in the art. (Hisamatsu et al., Starch 44:188-191 (1992)).

Preferably, an oxidant such as, for example, sodium periodate is used. It would be

understood by one of ordinary skill in the art that under standard oxidation
conditions that the degree of oxidation may vary or be varied per copolymer. Thus
in one embodiment of the invention, a linear oxidized copolymer of the invention
may contain one oxidized cyclodextrin monomer. In another embodiment,

substantially all cyclodextrin monomers of the copolymer would be oxidized.

Another method of preparing a linear oxidized cyclodextrin copolymer of the

invention involves the oxidation of a diiodinated or diaminated cyclodextrin
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25 cycl odextrin copol ynmer. The pol ymer may be any

pol ynmer capable of crosslinking with a |linear or

| i near oxidized cycl odextrin copolynmer of the

invention (e.g., polyethylene glycol (PEG polyner,

pol yet hyl ene polynmer). The polyner may al so be the

sane or different linear cyclodextrin copolyner or

| i pRRomRK prcER6r, a8 HEScHBEKABOVE, toThh ¥ABXidizER WSiodingted or
exanple, a linear cyclodextrin copolymer may be 30 o
cr dsanipgrd ayaledextrin pongmen preeirsaidind gopalymerization ofithesexidized
t 0.q::kk; . ' . C L0 I

andiibdiffed or SAAREL HeNERis RS Bl S o Fgfonomer A
cr peshisok el d prafeaed @pbodiaesnt,Manroxtdigeal difsdlinaddd dyekdextrin

i nvention may be prepared er reacting a linear

cy Blogamet Pﬁeﬁ“fé%@p forraula\y Has VAT, diliser a mixtursathgieatence
of a crosslinking agent. A crosslinked |inear

oxi di zedpcycl ogextrin copolynmer of the invention may
be preﬁj reacting a |inear oxidized cyclodextrin
copol h a polynmer in the presence of an
apprqpriate crosslfnking agent. The crosslinking
agent\ may be any ¢rosslinking agent known in the art.
Exanpl\es of crogslinking agents include di hydrazi des
and di j n a preferred enbodi nent, the
crosslinking agent is a | ablllaa group suchgt hat @ |
crossl iinked copol yner may be uncrosslinkfgd if
desired. 10 A li
I i near oxidized cyclodextrin copoly
i nvention may be characterized by any ans known i/n  Vllc
the art. Such characterization nethod
i ncl ot limted to, ge
C), matrix assisted | aser desorption
of flight SS spectronetry

( MALD\- TOF Mass /spec), 'H and 13C NMR, I'i ght 15
scatteri th\tration. The invention al so provides
a cyfl odgxtnin conposition containing at | east one

l'i ndar cycl ofiextrin copol ymer and at | east one |inear
oxi di zed cycl'odextrin copol yner of the invention as

desay bbeetpaleds. oxidtiondif adiiigdingtet l@?ﬂo@éxtﬁ@ hi_bg_@ﬁle'(r'j pRcursor of
i near oxidi ze

i pear c¥clodextrin copol yner and ;

cygﬂﬂa&%‘f&t Vil Vo h¥¢ yoremixhire gererd, asidsseihediabave. dn another

an « g4 [« |

app e RO M D Mk B R S i R ¥rsor of
i nfoemilacvilIkg MIHb,VHId drexr mpeutt itheraggfent and  a | i near

cycl odextrin copolymer or a linear oxidized

cycl odextrin copolynmer, including crosslinked

copolynmers, of the invention. A linear cyclodextrin
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copol yner, a linear oxidized cyclodextrin copol ynmer
and their crosslinked 25 derivatives are as descri bed
above. The therapeutic agent nmay be any synthetic or
natural ly occurring biologically active therapeutic
agent including those known in the art. Exanples of
sui tabl e therapeutic agents include, but are not
limted to, @CantibPotics, steroids, polynucleotides
(e.g., genom cDNA, nRNA, doubl e- stranded RNA,
and antis olig | eoti des), plasm ds, peptides,
peptide 30, fragnents, /small nol ecules (e.qg.,

doxor ubi ci §) and ot hgr biologically active

macr onol ecu s, for exanple, proteins and
enzynes. 82|(g) Busifness Meth¥tta Ot her aspects o thg,
i nvention pfovides f certain nethods of ¢oi ng

busi ness. Inparticuldr, practicing the
i nvention may enabl e novel therapeutic\conposition
and i nproved fornul ations thereof. This
step, 5 when conbined with one or nore additiona
steps, prpvides for vel approaches to
phar maceut\i cal , or pyeferably a |'i fe-science business.
For exanpl g, such therapeuti¥ B%epared NH2t he net hod

of the inv i be tested for efficacy as

' var y of disease nodels, the

tic conpositions then tested for
toxicity and other safety-profiling before .

f onay baplepated paciinitiog wpa oxdlizadulivdinatad oycledextenimapomer

t | tei L a1 r the. 0 .

. BSBE o L PHA YUY o BB g sbove. 1
mest#lednottiee PrefférfetienabdddmentOsin btidved disetinged BycledeRprin MBNomer
be licensed to a_third Party for caonsideration.

AdeFHsar Pt Jormla Baa, d Xbnl Xaagamirdwredberedfe present
invention provides a method for conducting a
phar maceuti cal gbusi pess, conprising: 15 a.

manuf act uri ng lation or kit including a,,

phar maceut i ytion of any of the conp&u?jl of

claims 1-4; and b. marketing to healthcare providefs
the benefits Yof using/the fornmulation or kit in

treat ment of e or &¥asorder. In @ther %
enbodi ments, {he predent invention disc
for 20 con %ting a Sphar maceut i cal byusi ness,

e

T . . . . IXc
conprising] a. providing a distributi for
selling a pharnaceuticalj conposition t he

conpounds of>gl.ai msy ; and

NH, HoN

may be prepared by displacement of the iodo or other appropriate leaving groups of

an oxidized cyclodextrin monomer precursor disubstituted with an iodo or other
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b. providing instruction material to patients or

physi cians for using the preparation in the treatnent
of a disease or disorder. 25 In certain enbodi nents,
the present invention provides a nethod for

conducting a pharmaceutical business, conprising: a.
deternining an appropriate formul ation and dosage of a

happrapaatt Iwaainggémvaﬂtmmﬁfno%mﬁ? nhdlEofHANP S Soxﬁfimmg

c alms 1-4 conducting therapeutic profrling o

f omietEsIdaS, b de AISCHATLN  Soep d( aycleophalic mplerelaayore g@nerally

toxi cit a di i_but.i o
ettt By AR RAAEL PSR R BiaEh E HiH Rureence,
i d@d‘ﬁrtﬁ‘eh@d) 19) 08 NERy; Rpétncﬁﬂz, Bﬁﬂeﬁﬂ?/ dscaph a&itﬁ?rence represent H,
therapeutl rofile, An additional step

1 Gaisubsitvicd ) %mésab%tgmgﬂagssrqa&yl

ﬁ“’ﬁg k{éﬁw‘%@%‘émﬁ%@% RSP AR R W Rl yarldh, alkal

provalﬁehnaacamlﬁidamdof&rtiarpmﬁimti ng a pharmaceuti cal
busi ness, conprising: a. determ ning an appropriate

RSN R P M o I —
b. pldcGROS S g,eschgediaEJVer ﬁila? Bt bi’epafetl%yrdxgch&i%g faQkyclodEAtRRT

devel opnment and sal e formul ation
10 Ex eropbinker precimgor tofbrovan emdw:d cyelo@gdtindwupmienprecursor and then

o HigEpsrte o minaie i oigfled 55 TRa i phInghRE as dgscribed

US gbovieH Ak diSsddd@bedt, thikcfddekidn bletiny b odifiedGritbther

leaving groups other than iodo groups and other amino group containing

functionalities. The oxidized diiodinated or diaminated cyclodextrin monomer
15 precursor may then be copolymerized with a comonomer A precursor, as described

above, to form a linear oxidized cyclodextrin copolymer of the invention.

A linear oxidized cyclodextrin copolymer may also be further modified by
attachment of at least one ligand to the copolymer. The ligand is as described above.

According to the invention, a linear cyclodextrin copolymer or linear

20  oxidized cyclodextrin copolymer may be attached to or grafted onto a substrate. The
substrate may be any substrate as recognized by those of ordinary skill in the art. In
another preferred embodiment of the invention, a linear cyclodextrin copolymer or
linear oxidized cyclodextrin copolymer may be crosslinked to a polymer to form,
respectively, a crosslinked cyclodextrin copolymer or a crosslinked oxidized

25 cyclodextrin copolymer. The polymer may be any polymer capable of crosslinking
with a linear or linear oxidized cyclodextrin copolymer of the invention (e.g.,
polyethylene glycol (PEG) polymer, polyethylene polymer). The polymer may also
be the same or different linear cyclodextrin copolymer or linear oxidized
cyclodextrin copolymer. Thus; for example, a linear cyclodextrin copolymer may be

30  crosslinked to any polymer including, but not limited to, itself, another linear

cyclodextrin copolymer, and a linear oxidized cyclodextrin copolymer. A

81




10

15

20

25

30

OHHOHOO HOO O OHOHO >1,0 OOH HO (3-CD (3-CD
20 Al'l the anhydrous solvents, HPLC grade sol vents and
ot her comon organic solvents were purchased from
commerci al suppliers and used wi thout further
purification. Biphenyl-4,4"-disulfonyl chloride

(Al drich Chem cal Conpany, Inc. of 84 MIwaukee, W)

Wago§stinkyBLimdat bﬁﬁgdefx'i;&{fwﬂ%llﬁﬁ&fdf ;] 15’16&&%%@%% p?&‘éﬁéredfby
i odide was powdered with & nortar and pestle and

d r ieaclingrn limeap oxsiodextriopelynres|with spolymer inghg prsisence of a

0 Qi csuccinim G Di SP,
oo SRRl RE R bk SRer o Rlded YR EHHn sopolygmer of the
MALS4R b m@&nbe Prepared by reieingh Yiedr dxidized cyclodextrin copolymer
di benzotri zol ecar bonate (PEG D BTC, MAN3400) were

puvith apelymer snihearesgnce ¢ priate cragsfinkingjagenth Jihgne

|
Se Pl AP SRR LR By AR o
p u:fromlakﬂlgfagem uﬁclmierdllﬁggbmdlemgﬁﬂ esubfideknfred peeiferred embodiment,

CGermany) .. Human p| asna, was pur sed fr Si g and
r b6 GESPlinkiRgagHn F &t} 15 aplpbilggrepp s %t E\cﬁra%*@ nf fRay be

by, fihifddd enoval of blood cells of fresh bl ood
saunl'%%% 'col| gg%se 8from BALB/ C fenale mice (Charles

Ri ver). 6A16o di i odo- 6A60- di deoxy-/3-cycl odextrin
(CDDI, Sdinearcyz)odestsin copolyimes audal linesr oxitiizeg ayolodextrin

b o 955 B kB8 BBl gy n e o
( 1&:&4Léhﬁf§hewa§t1@hhaﬂh6@§omcmmls RELdE; bitHS BotdBhitdl okl

wat er through a Barnstead E-pure puri fication system,
NI\WB’S@tmnr chramaiggraphy €GBEH aupttn assisted lassr daspligpioni4ation-time

o T ER A P L DR TR s 5 JRARE M e

rm@atteﬁ[geg{drtm‘bﬁr equi pped with LCQion trap (Therno
Finnigan) and fitted with an electrospray ioni zati on
source gr a MALDI - TOF nass spectroneter (\Voyager ,

PRO, Apphs dyeiossa larﬁﬁl)des ApEcledextmiecqrapaptinn @aﬁm@s at least

L Ly
copolymer of the invention as described above. Accordlngly, either or both of the
linear cyclodextrin copolymer and linear oxidized cyclodextrin copolymer may be
crosslinked to another polymer and/or bound to a ligand as described above.
Therapeutic compositions according to the invention contain a therapeutic agent and
a linear cyclodextrin copolymer or a linear oxidized cyclodextrin copolymer,
including crosslinked copolymers, of the invention. A linear cyclodextrin
copolymer, a linear oxidized cyclodextrin copolymer and their crosslinked
derivatives are as described above. The therapeutic agent may be any synthetic or
naturally occurring biologically active therapeutic agent including those known in
the art. Examples of suitable therapeutic agents include, but are not limited to,
antibiotics, steroids, polynucleotides (e.g., genomic DNA, cDNA, mRNA, double-
stranded RNA, and antisense oligonucleotides), plasmids, peptides, peptide
fragments, small molecules (e.g., doxorubicin) and other biologically active

macromolecules such as, for example, proteins and enzymes.
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(ERC- 7512, Erma, Inc.), a Precision Detectors DLS

detector (PD 2020), and double gel perneation col ums
(PL-aquagel -OH40 8 , m 300 nmx 7.5 nm Pol yner
Laboratory) calibrated using pol yethyl ene glycol

standard and el uded using PBS (lx) at a concentration

of 20-50 ng/nL and at a 0.7 nL/mn flow rate at

n’p%ent BiSinbemaenadure. CD derivatives were anal yzed

Wi t reverse phase columm on a HPLC system

equi pped with an UV detector (System Cold 168

Det ect oPthaasraetsof topinvertion pravidemios geren meathads|of gping

sc n 4

P b et LR ohTREREe bR Ehfon il B8 novel
angleyzedtio compiitions yal enprowed formulatiohs tHeﬁsoé r Thlspétﬂmaal step,
colilﬁ (HIRPB 443 8, 4.6 x_ 150 nm 30 RIC%St{od

Sc "ERR peMpine wﬁhﬁp@@r\mqrﬁ additipng steps dwvidesdoppe Y5l approaches to
(F

ot gt o PRmERARICH o eRrlly a RISk APk uRApee Fr gidliplh such
4. fherapedtiapepari b itke mEthod tofitlednventidn emdyssi tested for efficacy as

\gg %Im%ré ﬁ%ﬁa%aﬁ%@ fgg‘%é%f@g&?; thegpec%;x}it E}@\{\g{eﬁms compgsmons

(B' gﬁgg&’s{tedgi;ofl g)x‘ijélﬁr%fdclﬂﬂér sgfe@' ﬁ%ﬁﬁﬁg‘ Eg%r%?ggﬁgg% O;ﬁanag}mg and

10 (1 gaquuesdh oreketivigghe cesulusg §c¢mula110ln fon the Are0gentf disease.

15

20

25

Dol S5 SBRS Ty TRARPLL SEAARE Brqonguct s

(6518 be 1iednseld 3o Hthana it édnﬁldeﬁtﬁﬁn 250 nL of
anhygsrlg@ pyridi ne (Al drqjlaﬁg Chem cal Conpany, Inc.).

The resulting solution was stirred at 50 C under
ni trog eAcogrdingln nggmtagn g@bg@m@nﬁ; 9he @resent invention provides a

el R of ?02**939%'?%“41@%5“%%"’ R SRR ST ng

at 50 C for an additi onal the sol vent was renoved
in vacao andlahhﬁcnmgdalefomal%mhj elctlad iheduding a pharmaceutical
rever sed- h Iunn chro q |ng a gradient
el ERIFBH! irjm‘éfo‘i t'%r Fractions were

anal yzeg, by n{ékl&*ﬁ ehd OhJMRES: ¢ NiRMalAGARPBY th
(HPLC) and the app ?opr iate Tr ch?%Urllgerwer e %ﬁgne using  the
Af feemutaionwir ki it te thaatthersfof & dseaseatr dikorder| e on a

rotary ' SRer grrtllg)odlmel?ts the present invention discloses a method for

conducting a pharmaceutical business, comprising:

a. providing a distribution network for selling a pharmaceutical
composition of any of the compounds of claims 1-4; and

b. providing instruction material to patients or physicians for using the
preparation in the treatment of a disease or disorder.

In certain embodiments, the present invention provides a method for

conducting a pharmaceutical business, comprising:

a. determining an appropriate formulation and dosage of a

pharmaceutical composition of any of the compounds of ¢laims 1-4;
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20 resulting aqueous suspension was |yophilized to

dryness. This afforded 3.39 g (38% of 1 as a

colorl ess solid. Exanple 2:

6A6D- Di i odo- 6A6D- Di deoxy- (3-cycl odextrin, 2 (Tabushi

et al. J. Am Chem 106, 4580-4584 (1984)) Schenme XVI

7::7 Kl OOQo ~1 1 252 86 A 40 nlL centrifuge tube

equi ppe@. W t Qoﬂdd@ﬁﬁ@ﬂk’rﬁ)eﬁﬁé Eflﬁﬂln ?f M@eﬂfﬁn’s‘ﬂ%ﬁﬁéd in step (a),
and a septum was charge % g (7.2 mmol) of

3. @zrqﬁﬁqmaadmmyy mfanungls andowder ed pot assi um i odi de

(Al drich) an rous 5
NN i it by PERIRE 8 CBRHOR BrtPor  forngeling f  prggeration or
SUpppasitions \estifidd ihrsegh (B) as BFifg anndeeptablt deggiulio profile.
h. After cooling to roomtenperature, the solids were
5 separ at éd asglitianpl step pighe smbodiment eqrapties Rrvidiag a sales group for
T washed with a
secgﬂgﬁﬁgﬂge%@p&%&%ﬂ ?@iﬁ% @1 “the supernatants
wer e conbl ned and concentr at ed |n vacuo. The residue
was t hein stilksthbvembodimédts nthe pfesdf) imandon aruides almethod for
an ice bath pefore 0.75 oL (7.3 mol) of
e EOER DBRTpIRGEal RS P WBS B Aded wi th rapi ¢
stirring. The precipitated product was filtered on a
medi um gl ass détetrhindipd H@S%ﬁro‘ﬁhhﬁ afo?ﬂﬁla'tloﬁoraﬁlﬂondd%ﬁge of a
acetone before it was dried under vacuum over
10 f ophanmaneutrpnl @lmorsﬁmexi agy 9bthg compoyndsiofzlaams 4- wand e
solid. 15 I e 3.
5A6D- Bi 8 ( 2- BREHNE 10 EHcRery- 415 Tesa ok fbes e elgerpept and sale
n,oBthe(fa'@huaiun | Shinokawa, K; Fugita, K
Tetrahedron Lett. 1977, 1527-1530) Scheme XVII HS/\/
z |1 HN/~, s/S/,,/NH2 3 20 A 25 nL Schl enk
flask equipped with a magnetic stirbar and a septum
Fxgﬁ}hﬂg AMth 0.91 m (7.37 mol) of a 0.81 M
ut i SOdI um 2-am noethylthiolate in ethanol.
(F| eser, L.F.; Fieser, M Reagents for Organic
15  Materials. B-Cyclodextrin, “ﬂ-CD”, (Cerestar USA, Inc. of Hammond, IN) was

dried ir vacuo (<0.1 mTorr) at 120 °C for 12 h before use.

o o}
o) HO

I
o]
o
o I
I
X
O
x
C
o
o]
I

p-CD B-CD

20 All the anhydrous solvents, HPLC grade solvents and other common organic
solvents were purchased from commercial suppliers and used without further

purification. Biphenyl-4,4'-disulfonyl chloride (Aldrich Chemical Company, Inc. of
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Synthesis; Wley: New York, 1967; Vol. 3, pp.265-266).
The solution was evaporated to dryness and the solid
was redi ssolved in 5nm of anhydrous DMF 25 (Al drich).
6A, 6D- Di i odo- 6A, 6D- di deoxy-1i-cyclodextrin (2) (100ng,
7.38 x 10'5 nol) was added and the resulting

suspension was stirred at 60 C under nitrogen for 2 h.

Af VBRvaR&, WD vl ré@palliedPRbRlch RofoliimcMad! POfsia iodide was
concentrated in vacuo and the resi due was redissol ved

i nparedesed with eemortasiagdl pestlegindidrind n an evenct 200 Hfe.  Polyethylene

Lut I d,t
" oAty et ol SRE B i PR B 00 gt ol
el dibendicéiltciniide QPEGADM BATOIW 3400, @1 pslpéthglene glycol
gradient. Appropriate fractions 87 were conbined and

| y@bmonz@émﬁ@oaaty BES-DIBT'G, MY dhe@avere pyrchaspdyfram Nektar

L
m‘lIDlW 3@00)2wasracﬁlﬁﬂed1fromf81glﬁ|QS{S Bduisavie)). WP wm:ipiﬂdlased from

48 freshly i ned c st eam ne.
Th%0§61n&?q Télﬁekh@én (Igsfﬁ[l?lga G[?HB%‘?Y% 24 ymap §l %ﬁmazww puighased from

c oﬁlgfﬂ&gmﬁ PedoRStuleRRE P %fér aﬂﬂ)u@@ bdihy wag Y!p‘é\fkd%g Rntrifuge

the solution was applied to a Toyopea
i mmahﬁ‘l’cgmcbmlls wh freﬁH\Ibléod samplesendlected medetB/@/efsmale mice

L g2 opni b' b 0
o CePERt RIVAR P 067 SRR Ve EGHBIA (o i Seheme 2) was
( 3%&&16%?2@& Sedofdiflg ¥ e Sioud %ﬁﬁe%ﬁ%&ﬂh‘é By Qﬁ%ﬁlgjet & (Bioconjugate

%yield) of a white solid e sol
ch@hamt By, 22@a%0y Deiogized watard 1 MQ-cm) was obtalned by passing in-

n-.Pr O+ AcCEt - H20- 3/3/1, detecti, b
P 25 2005 P h S a0l Brpst By GeioB spse NYIR spect

t °wé’te ré@%&&éc%@?? Bhikef gd\hﬁ%@b M OF RVaRBh K00 M2 sRBtrometer.

D) tinme-of flight (TOF) mass spectrum was
r eM@ﬁsm)dctm (bt35) ,’anaimle waprﬁ@madslsmgtmﬁuer auglpétiaspralyymass
Per Septive Bi os (]: n z .cal for
ESppoonetEr e sl LChon reb (Rhsrg o Finmpduaad Hsg Hich an
[ M*Iéﬁtfbsprll? (;oﬂ% 0@1@6&‘&@ lor EMAMjI-TCﬁQQJ)ISS%pE&PBm&& & ogager DE-
(S-CH2) and .8 (CH2-NH2), 32.9 (C6 adjacent to

60P&0(€Bpla@1 B\l@memsa BEWs of @e@olmerzsampkwqreanalmd onaGPC

onyBet etbiopd i S Sego PR By a engtmen Bl g

3- (ERSCC-U@IE; Hrink)linc4, 4 BdcBicaQYé&dct&e DI defddibd (PM2020), and double
gel permeation columns (PL-aquagel-OH-40 8 zm 300 mm x 7.5 mm, Polymer
Laboratory) calibrated using polyethylene glycol standard and eluded using PBS
(1x) at a concentration of 20-50 mg/mL and at a 0.7 mL/min flow rate at ambient
temperature. CD derivatives were analyzed with a C-18 reverse phase column on a
HPLC system equipped with an UV detector (System Gold 168 Detector, Beckman
Coulter) and an evaporative light scattering (ELS) detector (Sedex 75, Sedere,
France). CPT, CPT derivatives, and polymer-CPT conjugates were analyzed on
HPLC systems with a C-18 reverse phase column (HIRPB-4438, 4.6 x 150 mm,
Richard Scientific) equipped with a fluorescence detector (FD-500, GTI/Spectro
Vision, Groton Technology, Inc.) using a gradient of potassium phosphate buffer
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HS OH HO ST-7sCH NH2 NH2 4 25 167 nL of 0.1 M sodi um
carbonate buffer were degassed for 45 mnutes in a
500 nmL 2-neck round bottom fl ask equi pped with a
magnetic stir bar, a condenser and septum To this
solution were added 1.96 g (16.2 mol) of L-cysteine
and 10.0 88 g (73.8 mmol ) of diiodo,
de pxY 40 Ghg hQdshitilel TExéitatidtandeM bdibiera Sl SileRSd fAhe Madrescence
heated at a reflux tenperature for 4.5 h until the
soldetertonwererssbat Hi0gun and & brmersgpectivallie sol uti on was
then cooled to roomtenperature and acidified to pH 3
using IN HC . The product was precipitated by sl ow
addition of acetone (3 tines weight ratio 5 of the
solution). This afforded 9.0 g crude nateri al
containin? CD- bi scyst ei ne i90.09@, nreacted .

:i bed

cy &xample Fi BirhepylnhAodisyliangl-AeD A rapped BrGistodersim, 1 (Tabushi et al.
resukt.i i.d > WA to ani oni ¢ exchange

co?u‘lrlr’h' Qﬁ?’%%coquggﬁgﬁ?a(g@?@gOM Tosoh Bi osci ence)

using a gradient elution of 0-0.4M amoni um

bi SehdmonEVe. Al fractions were analyzed by HPLC. The
desired fractions were conbined and the 10 sol vent was
reduced to 100 ni under yacuum_ The final product was

either precipitated b;yf.sf NG ACk

dtone or
met hanol ' wei ght rati o=9f ot he sol u§| gg;{ ?
was obt ama 90% yield. 'H NMR (D20) 5. 084(
7H, CD-2- CH), 3.79-3.94 (m 30H, CD 3, 406+ _Opdo-s-0
Cys-CH), 3.49-3.62 (m 14H CD-5, 6-CH), ©.92-3.30
4H, Cys-CH2). 13C NMR (D20) 5 172.3, 101.9, 83.9,

81.6, 15 81.5, 73.3, 72.2, 72.0, 60.7, 54.0, 34.0,

10 30. 6. ESI S00SnLmbwjd bota?flhdM equipbas 4vithM rmagrssl stirbRrirai Schlenk

15

20

25

O AB50kST 20 APRITVIRATAHeEITIgh T BAGIE I8 dwpaY of doic ey dsxtrin

f r ?JEHTzéi)I rfntg?@ﬂlycﬁgussﬁﬁﬁiﬁ?e H1driéIPChenifchl Ehpatiyoiney). Qe
resulting solution was stirred at 50 "C under nitrogen while 2.204 g (6.28 mmol) of
biphenyl-4,4'-disulfonyl chloride was added in four equal portions at 15 min
intervals. After stirring at 50 "C for an additional 3 h, the solvent was removed in
vacuo and the residue was subjected to reversed-phase column chromatography
using a gradient elution of 0-40% acetonitrile in water. Fractions were analyzed by
high performance liquid chromatography (HPLC) and the appropriate fractions were
combined. After removing the bulk of the acetonitrile on a rotary evaporator, the
resulting aqueous suspension was lyophilized to dryness. This afforded 3.39 g

(38%) of 1 as a colorless solid.

Example 2: 6*,6°-Diiodo-6*,6°-Dideoxy-B-cyclodextrin, 2 (Tabushi et al. J. Am.
Chem. 106, 4580-4584 (1984))
Scheme XVI

> _w

_—
I |
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00 AS50n of 0.1 Msodium carbonate sol uti on was
degassed for 2 h in a 100 nL 3-neck round bottom
flask equi pped with a magnetic stir bar, a condenser
and septa. Mercaptoacetic acid (0.46 nL, 6.64 nmol)
was syringed into the flask and 25 pH of the solution
was adjusted to 9.3 with I N sodi um hydroxide. To this
resulting solution was added 3.00 g (2.21 mmol) of

di -i odo-o-cycl odextrin 2 and heated at 80 C for _an
hour TAc sl pensifugectithe pquippad Wishsa magnetisssigbarpa Schlenk adapter

%Fcyag Mm% ch?xjg?d F)%e g[fb:% %n%l Afi %rSf%pl ?En.rﬁ(n?ofdry

errper atu ess’ SO 'on was

COpb\edbrédemgymmm@a @tldrieh)and 1aqn1dbfme@dmspH 3.5
usi n he crude 89 product was crashed out

S s bw? -éaaﬁtmfﬁmaﬂmae gouiia (ébirwbhegh%ﬁgﬁpg BUSPERSION Wﬁ-ﬁ@md at
SOkt QRder ng e'hqﬁlu# hi AGre? E‘l}dlﬂl W8 oot ?éxﬁﬁe;r?tﬁléet, gle solids were

ani oni ¢ exc € Co tograp
gr saparantd bl filttadon afid ﬂw&uﬂerﬁhtaﬂrm qmﬂed:ted:a’rb@scﬁtdqarecipitate was
sol u

ti This afforded ( .49 of 5 as
c oMt St facand pHIORSE eﬂb (ﬁlﬁ%d[ Supepglants Were
t hiSnGiRaP M EhniBRr AN JoPES ’Y\l‘lé Rsidhb Gras tlﬁﬁ@ﬁ%bﬁze@ in 14 mL of
CD-Bis(E@utam c acid-y-Benzyl ester) 6 Schenme XX NHS

10\ waeHagDEM1EO0HN iG Gatobefort O75 (7.3 ajmolDobtetrachl grogthylene

ot (BeFBLRe 2Re ST anEl e DR apr BB HER U flierad on o
0 Hediugh £1Qss42 aﬁﬂ@hﬁheﬁfwﬂl‘ 43H41988rkibn o@ﬁbe@&ﬂz &fdr@ 119was dried
(0.106 mmol ) of dio-iodo (i cyclodextrin 2 5 nm

d e¥adss @@lcmovqrAPs@sijneriar"ﬂuﬁaﬁf@rds@D@&gdﬁZ%TnéZ asa whlte solid.
solution m xture was heated at 100 C for 2 h. 15 The

sol ution was then cooled to roomtenperature and

acidified to pH 4 before dialyzing in MACO 500

15 neRkadpR3:f 61,62Bih(2-dhmorihelthiodb67deoRy-BdR clbdeRiBinG3
0,
A (Tabushi, I: Shimokawa, K; Fugita, K. Tetrahedron Lett. 1977, 1527-1530)
Scheme XVII

A Sl
NP e

3

20 A 25 mL Schlenk flask equipped with a magnetic stirbar and a
septum was charged with 0.91 mL (7.37 mmol) of a 0.81 M solution of sodium
2-aminoethylthiolate in ethanol. (Fieser, L.F.; Fieser, M. Reagents for Organic
Synthesis; Wiley: New York, 1967; Vol. 3, pp.265-266). The solution was
evaporated to dryness and the solid was redissolved in SmL of anhydrous DMF

25 (Aldrich). 6*6°-Diiodo-6*,6"-dideoxy-B-cyclodextrin (2) (100mg, 7.38 x 10™ mol)
was added and the resulting suspension was stirred at 60 “C under nitrogen for 2 h.
After cooling to room temperature, the solution was concentrated in vacuo and the
residue was redissolved in water. After acidifying with 0.1 N HCI, the solution was
applied to a Toyopearl SP-650M ion-exchange column (NH,4 form) and the product

30 was eluted with a 0 to 0.4 M ammonium bicarbonate gradient. Appropriate fractions
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Exanple 7 CD-Bi sLys(Z) 7 Scheme XXI HN _CBZ CBZ, NH
HN-CBZ OHHZNONH HOO I 1 HHO O 207 90 A50
nmL round bottom fl ask equi pped with a magnetic stirbar
and a condenser and a septumwas charged with 0.124 g
(0.443 mmol) of HLysine(Z)-OH and 0.15 g (0. 111
mmol ) of di-iodo-(3-cyclodextrin 2 in 5nL of degassed

0. hiMe eoasbiiben ﬁﬁl’lg@;ﬁlﬁﬁ%d&@'dﬁfﬂc@ﬂ- THib affsled B0MR (t;'rs'a%?1 Bf8asa

was heated at 100 C for 4 The 5 solution was then

fi Mg @ewdeld the pH of the filtrate is adjusted to 8.5
before dialyzing in MACO 500 nenbranes for 24 h. The
yield of 7 was 0.124 g (68.9%. Exanple 8: Synthesis
of (i-cyclodextrin-Tosylate, 8 (Melton, L.D., and

S| adteerative Kyvithesifef dievehndhepRepgarch, 18, p. 29
(1971)) Schenme XXI1 Tosyl-d 10 Tosyl 8 A 500 nL

round- bottom f] ask equi gped with a magnetic stirbar, a
vacuum Taddptutionphd-692dd a7 mmob of 2 i YL pfidseassed water was

ol il ) .
o 4 0t SR G Tokd g, TR b
0 &ibef wrder dfluk.f2O2 §. (AGter Sootingl tp rodm tespdratatd i adidifydgz with 1
ad The resulting solutian was I ., to warmt
FodrHics ﬁlﬁfemtmneﬁvwgwﬁpém a Torppeny SRt 1Rsexe w_aﬁ?é&?m
as (NH?C]‘hfoﬂﬁ) arROhE bHcﬁci Ray/@fiid@ with 10 ELG.0 NI laRndrfith BitGrbonate
was then recrystallized twce from40 nL
gradient. Appropriate fractions were combined and lyophilized to dryness. This
procedure gave 1.87 g (39% yield) of a white solid. The solid was characterized by
TLC (silica gel, n~-PrOH-AcOEt-H,O-NH3saq 5/3/3/1, detection by ninhydrin) and
exhibited a major spot corresponding to 3. Matrix-assisted laser
desorption/ionization (MALDI) time-of flight (TOF) mass spectrum was recorded
on 2 meter ELITE instrument supplied by PerSeptive Biosystems, Inc. MALDI-TOF
m/z caled for 3: 1252, found: 1253.5 [M+H]', 1275.5 [M+Na]", 1291.4 [M+K]".
»C NMR (Bruker 500 MHz, D;0) & ppm: 32.1 (S-CH;) and 38.8 (CH,-NHz), 32.9
(C6 adjacent to S), 60.2 (C6 adjacent to OH), 70.8, 71.4, 72.5 (C2, C3, C5), 81.8

(C4), 101.7 (C1).

Example 4: 6* 6°-Bis-(2-amino-2-carboxylethylthio)-6*6P-dideoxy-B-
cyclodextrin, 4 (CD-BisCys)
Scheme XVIII

5 Z o o E Z o
a HOJJY\S S/\‘)J\OH
NH,

NH,

4

167 mL of 0.1 M sodium carbonate buffer were degassed for 45 minutes in a
500 mL 2-neck round bottom flask equipped with a magnetic stir bar, a condenser

and septum. To this solution were added 1.96 g (16.2 mmol) of L-cysteine and 10.0
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of hot water to yield 7.54 (88% of a white
crystalline solid 8. 20 Exanple 9: Synthesis of

| odo- (3-cycl odextrin, 9 Scheme XXIIl KI Tosyl I 9 A
round bottomflask with a magnetic stirbar and a

Schl enk adapter is 25 charged with 8, 15 equivalents
of pot assi um i odi de, and DMF. The resulting m xture

%Wﬁié Bindlh oﬁ&luﬁof ox3-ley@bdeirit®! The Ire@ﬁlnlhg 364peAsioh vas

owed to cool roomtenperature The m xture is
t hberatéd dttagefiux tempem’twéon 48 hpmeit thsi solution duried plear (colorless).

t ted .t di ]
wnt B SLGY RES gk Bk i b aratet S GRIER Yo bl 3 wine 1N
r epigllt ThE prﬁJduétrWas?reélf)i@aed/bg abwhm@tofgc&oﬁ@(s t&fles weight ratio
m nutes. The soli Is collected on a nedium gl ass

5 f r pi the selution)atTs afiferded 2 Stgrrudeamatesinbeastpining COpREYsteine

o R Wl Ra St CRL B SRTLAR i rPA GRT Tl s sola
Of weeggaes vahkhid éxchagedolureg chr@ﬁatd‘gi‘z@ﬁb'(&uﬁdﬁQBB@MdTosoh

cysteam ne. The solution is stirred under reflux for 2

h. Bigseignce) gsing 9| gseiens ehusiom of O éMeanumeniypybigarbemats. e&ll
I n
SrE RO P e S G The R0 SBEHR ere FRHBARA Bhd the
10 pr sduerit was relusedth I(W mb vhderaromuh Thb ifiaalr produdt evas either
gr adi ent Appr priate fractions ar i hed an )
| nyﬁﬁlontPtfé 2y peda 98 Prelere ?rﬁnwdé‘%g met r%lgwa wlé{ﬂi ratio of the
s Hﬂllﬁﬂﬁi
l\/bgﬁl&@‘g'm ‘P&a%%@%% n]@s%@:/gé%] Scheire @3\? )5{3%@&"(1%67 CD 2
I CH), 379-BI04Nm, 3CHPCD-N4/CI) JBACH,, Cys-CH), 3.49-3.62 (m, 14H CD-5,
6-CH), 2.92-3.30(m, 4H, Cys-CH,). >C NMR (D;0) § 172.3, 101.9, 83.9, 81.6,
15 81.5,73.3,72.2,72.0,60.7, 54.0, 34.0, 30.6. ESI/MS (m/z): 1342 [M]", 1364 [M +
Na]". Purity of 4 was confirmed by HPLC.

Example 5: 6*,6°-Bis-(carboxylmethylthio)-6*6"-dideoxy-B-cyclodextrin, 5
(CDDM)
20  Scheme XIX

A 50 mL of 0.1 M sodium carbonate solution was degassed for 2 hin a 100
mL 3-neck round bottom flask equipped with a magnetic stir bar, a condenser and
septa. Mercaptoacetic acid (0.46 mL, 6.64 mmol) was syringed into the flask and
25  pH of the solution was adjusted to 9.3 with 1N sodium hydroxide. To this resulting
solution was added 3.00 g (2.21 mmol) of di-iodo-B-cyclodextrin 2 and heated at 80
°C for an hour. The solution temperature was increased 10 °C every hour until it
reached 100°C. After 3 h. at the reflux temperature, the clear colorless solution was

cooled to room temperature and acidified to pH 3.5 using 1 N HC1. The crude
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O OOHOOTFhNHN, O O 11 20 t-Boc-glycine (0.9 g,
4.7 mmol ) was dissolved in 350 nL of anhydrous

net hyl ene chloride at roomtenperature, and to this
solution were added DIPC (0.75 nmL, 4.7 mol ), DVAP
(382 ng, 3.13 mml) and canptothecin (0.55g, 1.57
nnnl) at 0 C. The reaction mxture was allowed to warm

Ipfcﬁﬂm WaGRashRE WuEby ﬂ5w3a@ldldoﬁfdf ab@bnel@ thnesT\b@ight ratio of the
ution was washed with 0.1 N HCl, dried and

ev spistien)e d herpmiting swlidvas spbissied ieanignigiexehange gplnma

L
oSty B SERIBH ARG LD AN DA b
NVEGIDNGIO- This afférded 9.8 (68.4%Y o085 4sa cdﬂoﬂes(s&))lld SESI/MS) (m/8): 1281

. 2.1(m, 1.6 0.9 (1),
5E:anhi4t]otfh!9§x %@@%ﬁéﬁlﬂ%%ﬁ@ﬁ@i@ﬂ%ﬂ}g@l’%@: 595 g, 1.06

nmol ) was dissolved in a mxture of nethyl ene

ch ?]zgi_ stirred at room
LEe}%'p (ri%t u(r:§ I?qseG@{%%nggﬁfl& és ér}?;?mved and the

reSt:h‘hmeKB{s recrystallized from nethylene chloride

and ether to give 0.45 g of 11. 'H NVR ( DMSO- d6)

87.7-8.5 (nj . . 4 (s), 44(n) 2.2

(m, 1.6 (d), 0 (t),, 13C NMR Od6) 8168.

166.6, 156.5, 152.2 471,,9 1

130 7. 12’81@\)155 6, 128 §&—j§ 0,
95. {6, 66.6,°50.5.°47.9,°
(nif 2) 10 expected 405; Found 6 (MH—E Exanpl e 12

Synthesis of Aydydy-CPT 12 Schene XXVI H O |
Bm OyGNA 11 / TFAy H ODI\/MM/\CO—|NH"~1I6(/IIOO
I00OH\ /H- "ten/ O

'1./

A 50 mL round bottom flask equipped with a magnetic stirbar and a
condenser and a septum was charged with 0.101 g (0.425 mmol) of H-Glu(Obzl)-
OH and 0.15 g (0.106 mmol) of dio-todo P cyclodextrin 2 in 5 mL of degassed 0.1
M sodium carbonate solution. The solution mixture was heated at 100 °C for 2 h.
15 The solution was then cooled to room temperature and acidified to pH 4 before

dialyzing in MWCO 500 membranes for 24 h. The yield of 6 was 0.142 g (83.6 %).

Example 7 CD-BisLys(Z) 7
Scheme XXI
_CBZ

CBZ\

= 7T ?gi

20




HOOo vl~~BNAlla~H~{ NHO01 i O 15 12
t-Boc-AQydydy (1.359 g, 4.7 mol) was dissolved in
350 nmL of anhydrous nethyl ene chloride at room
tenperature and to this solution were added DIPC
(0.75 nmL, 4.7 nmmol ), DVAP (382 ng, 3.13 nmol) and
canptothecin (0.55g, 20 1.57 mmol) at 0 C. The

reaction m xtUs@mia%uad bese flask &hﬁﬁ]ﬁpeﬁﬁavlﬂp@ﬁiagnetlc stlrbar and a
tenperature and left for 16 h. The so

wi eendgngerqndigiseptyn wes chargedwafod. 4248 (0 &ﬁ%iéuncrl)saiﬁéevsme(z) -OH
ngﬁ@ g{lgﬁ (I% (!I%qu%o offll {oﬁaﬁg%§c?ode¥2‘ﬁ{nq]1nvﬁﬁL of degassed 0.1M
c aspdiomhathonateGobgioar Thé séluboe nﬁt}dﬂ wi4d heatedHt 100 °C for 4 h. The

NMR(DVEO- d6) 8 . 8.40 (s), 8.25 (d). 7.91 (d), 7.78
5 0 polooRyes fhen Gepeg angihé pH o€ dregitrateyis adjused a5 betorg

( dhlah;;zi@n%%v&ééf,sgg ni&sd‘rglaes g) %4§} @a ngxtegdt?%f(ms 0.124 g (68.9%).

20-ester of t-Boc-Aydydy (1.5 g, 06 nmmol ) was
di fisamplel8; Syathnsixoﬁli!-eydbdenm‘m-ﬂ‘pbjdmte, S:EMeltdrrd é..101@ndrE)essor,

nd stlr t tenperature for 1
h I’?@%{}%"? 3?&5’\%@ ngﬁééﬁﬁﬂ and the residue
wagcm@nédx;gpl ved in nethylene chloride. The solution
was poured into ether to give instant precipitate 93

ello The precipitate vvasflltered and 0 v th

f:gl d e¥®he ) .31 g dpsyHeR, ' H NMWVR (5
108.79 (s), 5-3 61 (n) —2£.10 (s), 5. 55 (s), 3.90-4T3H

(m, 3.86 (s), 3.54 (s), 2.11-2.23 (m, 0.95 (t).
ESI/M5 (mf z) expected 519; Found 520 (M+H). 5 8
Stability_of TPetldeeter . and 12
31 ssol vaS(mpaing, ?fé}m fla eﬂ“hBPegt““?fb%W%‘Eﬁ’ﬁé a&raevacuum
to |

adPhERAGS 8 ﬁ&! w%# Iaﬁr%w;&h %g(ggg&%fdfg@ L&yc nﬁﬂ'eyﬁin% 530 g,

was further d ['ute
Hy dr5d Inpebh and 260 mﬂsoﬁiralpyménheu’s’ihn golhﬁtn(:\mq umcplpdaﬁb W before

15 3 eﬁ; é@t#@%ﬁ\é ! Se S‘%/ ?&‘fﬁ &i’?le resu tmléosE)F %1%?1r\]acf:aes allowed

acgf Rint fd ﬂo@ﬁﬂ@ﬁ?@ﬁhﬂ%ﬁ&ﬁ ha’tﬁe Pridifs whikntovéd as feh as
peaks of 11 (or_12) and the reledsed CPT (lactone

f opegsible frevdcrie.e Fheresulting nesidieawis| thenyregfystaliezed swise foomd0 mL
| | engt h d dant. Th
 narBSERS, SRURYSA0 2 BERLIE LB JRREI 50 om

by adjusting the peptide |length. See Figure 2.

20 Example 9: Synthesis of Iodo-B-cyclodextrin, 9
Scheme XXIII

N

Tosyl

9

A round bottom flask with a magnetic stirbar and a Schlenk adapter is
25  charged with 8, 15 equivalents of potassium iodide, and DMF. The resulting
mixture is heated at 80 °C for 3 h, after which the reaction is allowed to cool to
room temperature. The mixture is then filtered to remove the precipitate and the

filtrate evaporated to dryness and redissolved in water at 0 °C. Tetrachloroethylene

91




15 Lactone Stability of CPT, 11 and 12 in Phosphate
Buffered Saline (PBS) CPT, 11 or 12 was dissolved in
DMSO at 1 ng/nL and then diluted to 1 pg/nL with PBS
(I'x, pH 7.4). 30,uL of solution were injected into the
HPLC at roomtenperature at selected tine intervals.

The peak area fromthe CPT |lactone formof CPT, 11 or
12)s A8 ahdiHRIER B sh%@y dteed AbSroblylafg T8 50 ASnutes, The solid
opening for 11, 12 and CPT were studied in PBS buffe

( pMigcallecteBomtn medinmdzlase fuik trturased with abtteneand stered over PzOs
ri ng-opening and no carboxylate forns of 11 and 12

wer e detected throughout the study (7 hours). On the

ot her hand, nore than 60% of the CPT I actone form was
”E&ﬁﬁﬁﬂm Sonthédis o Eeci&édé‘xtrﬁl ype same

period of tine. (See Fig. 3) 5 Exanpl e 13: Synthesis

5 of ScheniBKXE®Z) - CPT 13 Scheme XXVI1 94 0 HOOl N O N~
CBZ-N-- _ "NCBZ/ NOHH ()—|OOO O CBZ-N H CBz

H 13 \ N-Bi-sCBZ- Lyg{sma’ ng, 0. 75 mmo V=

di sso6 m. of 5 anhydroP met hyi de

at roomtenperature. To this solution were addes. BNPCNH,
(0.12 nL, 0.75 mmol), DVAP (0.61 ng, 0.5 nmol) arnd
canptothecin (0.087 g, 0.25 nunol) at 0 C. Th#®

reaction mxture was allowed to warmto room

t errper at ure died dobftionfod? in 6 06 mIThidegatsad iv\(atﬂr\ia@dndémdof

or sy Sofindd eyeffatite. i oBHRBTF Sre e feas J B o Atter

10 r eeboled &) ﬂobﬁﬁ@mﬁ)éﬁ?ﬁrgﬁﬁi‘é’di@ﬂﬁeﬂ it VN HCl, the solution is applied to a
canpt ot heci n-20-ester of N, N-Bi sCBZ-Lys

Pu ﬂ"pwnpatlusd’néiﬁM ig-ouehange Godime (SHy' m}edncbﬂae Pragughig eluted
Hpbv%h }H%‘éﬁ r%lz %rg?lggél g%ﬁpr}ogr%alfg ?r%gnongla}'et c':o%lnbmg'd and

very s ow an
lyophilized to dryness to yield 10.

15  Example 11: Synthesis of Gly-CPT 11 (Greenwald et al., Bioorg. Med. Chem.,
1998, 6, 551-562)
Scheme XXV

20

t-Boc-glycine (0.9 g, 4.7 mmol) was dissolved in 350 mL of anhydrous

methylene chloride at room temperature, and to this solution were added DIPC

(0.75 mL, 4.7 mmol), DMAP (382 mg, 3.13 mmol) and camptothecin (0.55g,

1.57 mmol) at 0 °C. The reaction mixture was allowed to warm to room temperature
25  and left for 16 h. The solution was washed with 0.1 N HCI, dried and evaporated

under reduced pressure to yield a white solid, which was recrystallized from
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5

usi ng HPLC equi pped with a UV detector. Hydrolysis
rate of the ester bond of CPT-peptide |inker can be

tuned not only by adjusting the I ength of peptide, as

15 shown in Exanple 12, but al so by using different
amno acid |inked directly with CPT' s 20-OH. The

transformati on of |actone formto carboxyl ate form of

CPhefislollid oMy Gampbihecih @Btdthr b -BBS ghpthdee H NMRwaMSO ds)

f ound t hat the transformati on of lactone formt

car 5% (.’ -3 (04 o), Sohisb @)1 2. vy, hoén. l:debnO %(ﬁ)an

t h@tam {otlglé'c?n-Zézs ;—te gfot-ﬁg%-g&g]%la&@lslég g’d .E@ﬁ"tﬁx@r fnm{e]lg ﬁfg%olved ina

rug actl ve can
eshﬁiturdMﬂrhethjﬂl@ne Ehtoide GRTmdl ahd FFAQ7P08L) bhstirfedes room
Fi 4) Exanple 14 Synthesis Lys-@y-CPT 14 11 is
di evatureifar bRy %qlwarwas IEMOYE dbe Leygiumﬂgs tecrystalljyed from

 SERREhe cEr A Ui Retk b5 24T, IR iR g 785

t Wiig v {shy m(sgrs a(tq 4 hem),dr2 af), \qual) MG, P SHIMRIDMS0-dy)
I

renoved under vacuumto

N- Bl @109 S, @@5&"@ 2 147 Oh146. %,dﬁﬂ@urhéll 951%@4@9&, 128.8, 128.6,

i 107hs, SHE SXBUUR 668 DR TP lbodS h sk VAR B

10 Thexﬁeeeeudmg Féundemegdpiyed in CHCL3. Ether is added to

15

20

25

the solution to crash out the product 14. The
precipitate is washed several times 5 with ether and
then dri ed under vacuum is purified using a silica

%‘?ﬁﬁ t Id 14 in pure TFA

sa tgl?%)’?gr;ﬁ &M@S(%]Ke%rg gf Suc-d y-CPT 15 A
sobchermenXEWVIsucci ni ¢ anhydride is mixed with 11 (1 eq)

in dry CHC13 in the presence of a catalytic anount of

d DIEA (1 eq). The m FeMe¢Stirred at r/ vt
S toupinel d 15. 15IS”pUI/ d bw__ \__/

Ormp.ﬂt ) f
T 16 ls "co v%gﬁ'%t‘o Pts N “’eafér/m/jr\
usi ng traditfonal NHS nmet hod. The NHS ester of 15

is then reacted with glutamc acid (1.0 eq) in DI\/BOH]2
the presence of triethylamne. The solution is added

to ether to precipitate 16 16 is purified by 15

G Ui s EEEEE R TR0 e RO AR &Sl 59 gt

ar snhydrrd mﬁhﬁéﬂﬁl&l@ﬁdb&t’t r@drﬂ @éinﬁ&itﬁfeﬁmd to this solution were added
DIPC (0.75 mL, 4.7 mmol), DMAP (382 mg, 3.13 mmol) and camptothecin (0.55g,
1.57 mmol) at 0 °C. The reaction mixture was allowed to warm to room temperature
and left for 16 h. The solution was washed with 0.1 N HCI, dried and evaporated

under reduced pressure to yield a white solid, which was recrystallized from
methanol to give camptothecin-20-ester of 1-Boc-GlyGlyGly: 'H NMR(DMSO-dg) &
8.40 (s), 8.25 (d), 7.91 (d), 7.78 (m), 7.65 (1), 7.26 (s), 7.05 (br, s), 5.65 (d), 5.40 (d),
5.25(s), 5.10 (br, s), 3.75-4.42 (m), 2.15-2.35 (m), 1.45 (s), 0.95 (t) Camptothecin-
20-ester of #-Boc-GlyGlyGly (1.5 g, 1.06 mmol) was dissolved in a mixture of
methylene chloride (10 mL) and TFA (10 mL) and stirred at room temperature for

1 h. Solvent was removed under vacuum and the residue was re-dissolved in

methylene chloride. The solution was poured into ether to give instant precipitate
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triethylamne (1 eq) is added to the m xture. The

solution is stirred at rt for 16 h and 20 then washed
with acidic water. The organic layer is dried and then
solvent is renoved under vacuum The resulting

conpound is purified using a silica gel colum

chromat ography. The purified conpound is then

di slovgd The pritifEtedlas MedreEndWvished vidf cold-dhaind glve 1 31 gof
CH2C12. The mixture is stirred at rt for 1 h and t

poi!@eéﬂ NMR (IaM$E)-ds) Brie 7P (sa.cT. pi-B ol d 77 .16 (slafsﬁéﬁs),vﬁ 9@r4 37 (m),

Egﬁéf ASOF R Lt GYRENETDL ESTATR AR Sorsti T iR 520

3. NCONCDCNOOO HOO OO OCPT-CD NH

O CI CD 18 CPT (197 ng, 0.566 nmol) was vacuuned

for 30 mnutes. Dry chloroform5 (100 nL) was added
S under argon. Phosgene (1.34 nL, 20% in tol uene

sokuli ﬁ)ofv@ﬁ‘ I@ﬂﬂﬁge Ergomf Ice bath was renoved and

t he sol dt1on was" war ne 0 room tenperature. Two
hours | 41 and 32 Mdlsmdnﬁmm&mw 7M)ghrooacwumerdﬁir¢ to
DMSO (50 nL) was added to the residue, foll owed
2oereﬁ@re@|§0wn(aé9w PWeg/miln Thivschetinmonds @rqﬂ%wdm 8.5%

oFEROY I Ay ol RTF 08 Vo Sttt i LG, e o with o
10 WaRPV@@JGfS@ phhdel c@mhﬂa:ﬁames\é@ﬁde Rbdtdr hSing adyoy v/d)%?
yel | ow powder (18) was obtained (62%yi eI d

gﬁa«pemgﬂq Rowssiem Phesppatsibugior (18 4 10 Thsearokoploll (8 and the

( dev% oped \gat\éhon%t_"é){lg/\{%g%_{ﬁgﬁ :Sﬁ‘il? Sta@ I%Bfﬁfe eStgr gcﬂfl

ngéqdeoumsoluﬁﬁreﬁ pepiideslengillidepéiant. MEtus e didg |rd:1EaBeQ£te @Xdrolysis

ter can he substanti al | i ncreased
ra\Qe% can be tunedeby adjusting the peplide length. See Figure 2.

15  Lactone Stability of CPT, 11 and 12 in Phosphate Buffered Saline (PBS)
CPT, 11 or 12 was dissolved in DMSO at 1 mg/mL and then diluted to 1
g/mL with PBS (1x, pH 7.4). 30 4L of solution were injected into the HPLC at
room temperature at selected time intervals. The peak area from the CPT lactone

form of CPT, 11 or 12) were integrated.

20 The rate of lactone ring opening for 11, 12 and CPT were studied in PBS
buffer (pH 7.4). Both 11 and 12 were very stable against ring-opening and no
carboxylate forms of 11 and 12 were detected throughout the study (7 hours). On
the other hand, more than 60% of the CPT lactone form was transformed to its

carboxylate form in the same period of time. (See Fig. 3)

25

Example 13: Synthesis of Lys(BisCBZ)-CPT 13
Scheme XXVII
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15 when it is covalently attached to cyclodextrin
nol ecul e (free CPT solubility in water < 0.004

ng/ m.). Exanple 19. Synthesis of CDDC-Di anhydri de
Copol ynmer 19,21 and its CPT conjugate 20, 22 Schene
XXIX 97 OOH o x~"ti or ~~(] \S~~-NN~N:OCH ~OH
O 019 OOGYCPT TFAAYCPT r)Y H N'iN-- IN 11 7n O
od Y GIyCPT 0020 OO ONfNOyIHO

H, N-NINO YOH 21 0 H (j\ICPTG
TEA 20f'8}B§L - CPT__ QA Ethyl ened
tetraacetlc hydride (g5.6 ng, %f ) and )
5 (3, 125.3_ny, .1 mmol ) were dissolved in 2 nmL of —
dry DVSO. The mphuti on was Q 0
0
CBZ -~ ’\J—CBZ
H b

13

N, N-BisCBZ-Lysine (311 mg, 0.75 mmol) was dissolved in 56 mL of
anhydrous methylene chloride at room temperature. To this solution were added
DIPC (0.12 mL, 0.75 mmol), DMAP (0.61 mg, 0.5 mmol) and camptothecin (0.087
g, 0.25 mmol) at 0 °C. The reaction mixture was allowed to warm to room
temperature and left for 16 h. The solution was washed with 0.1 N HCl, dried and
evaporated under reduced pressure to yield a light yellow solid, which was
recrystallized from methanol to give camptothecin-20-ester of N,N-BisCBZ-Lys 13.
Purification of 13 was satisfactory based on TLC and HPLC analysis.

Hydrolysis of 13 in aqueous solution is very slow and cannot be detected
using HPLC equipped with a UV detector. Hydrolysis rate of the ester bond of
CPT-peptide linker can be tuned not only by adjusting the length of peptide, as
shown in Example 12, but also by using different amino acid linked directly with
CPT’s 20-OH.

The transformation of lactone form to carboxylate form of CPT and 13 were
also tested in PBS buffer. It was found that the transformation of lactone form to
carboxylate form of compound 13 was much slower than that of free CPT,
indicating that lactone form (drug active form) can be stabilized by forming an ester
with the —~OH of CPT at its 20 position. (See Fig. 4)

Example 14 Synthesis Lys-Gly-CPT 14
11 is dissolved in chloroform. N, N-DiBoc-Lys-NHS (1.0 eq) is added
followed by triethylamine (1.0 eq). The mixture is stirred at rt for 16 hours and

extracted twice with water and then dried with MgSO4. Solvent is removed under
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heated at 50 C for 72 h. Water was added to the

m xture, followed by addition of 1 N NaOH to pH

around 12. The polyner was dialyzed in 10,000 MACO
menbrane for 24 h. Precipitation was observed in the

di al ysis nenbrane. The solid was renoved and the

remai ni ng solution was dialyzed again in 10,000 MACO

10 higtrsaicann t6 9lelX, N-DiBdoHT #seGROTRE! Tbhis COmPBUndRadded a
obtai ned after |yophilization. 11 is added to the _
poyiare pfiempanyadane §1HCloindi T A ped Bireadlant gifop i hepde(splvent is
eq I : . 4t A ONEhS..
ctheplilo ke Gl «Ainl VIR b SRR GHC T plRr i added 0
pr da plitheo ictashashihd pradubt LHZTHAprexibRats is@hshed Béveral Mines

free drug i observed in the washin ol.uti on.

5 c:o%@bﬁ%rﬁrzeg thengfsieduAger FEVP- &ty pﬂggsﬁﬁwg fsigka gglpolumn
va —b W EN=Tag cetic dianhydride
(e O PR e T B o 0. 024 ol )
were dissolved in 1-nethyl-2pyridinone (2 nL). 98 The
mi ExampledS Spathesieof Suc-G-CPTAS 4 days and t hen

di al in 10, Q00 MACO \ for. . A Whi .
poncler - Sreopucgt el B R P Vb ShTY P B CHED in the
| s pRdafe dfa chRABRUNGTERE of BMADMRIDIOA Y1 k@D The nlikire is stirred at
presence of E NHS (1 eq), and DIEA (1.0

. (2 _eq), N an
10 gyt for#bhews e vieh! 15 181 puriGiscitorergalfization. { hen 5
precipitated in ether. The precipitate is washed with

Ly el Ld NA&. drug is observed in
tCE%g &égﬁ%%‘ggzﬂgﬁﬁgﬁ%%@héuﬁp%{ynépi§6i S obtained after
dryi ng 1fidemveitghtoMadNHMestexading adifioy ME@NHS fiethod. The

s Copal r 23 and its CPT conjugate. 24 Schene
SORH ST RS 5 Bepirca gt giutamic S5ig (D e0) 3 DMECHinhe presence
C%}'Qieﬁly%ﬁﬁhe. T solufichid allded to ether to precipitate 16. 16 is purified by

15  crystallization.

Example 17 Synthesis of Glu-Bis(GlyCPT) 17
11 and Boc-Glu(NHS)-NHS (0.4 eq) are mixed in CHCI; under argon before
triethylamine (1 eq) is added to the mixture. The solution is stirred at rt for 16 h and
20  then washed with acidic water. The organic layer is dried and then solvent is
removed under vacuum. The resulting compound is purified using a silica gel
column chromatography. The purified compound is then dissolved in an equal
volume mixture of TFA and CH,Cl,. The mixture is stirred at rt for 1 h and then

poured into ether. The precipitate 17 is washed with ether and dried under vacuum.

25

Example 18 Synthesis of Cyclodextrin-Camptothecin 18

Scheme XXVIII
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TPA-GyCPT N S~ 24 HO 10 A Y-CPT CCD 1 (141.3 ny,
0.1 nmol ) and cystine (24 ng, 0.1 nmmol) were dissol ved
in dry DMSO (0.3 nL) and pyridine (0.1 nL). The

m xture was stirred under argon 15 for overnight at
72 C. Water (10 nL) was added. Precipitate was
filtered and the filtrate was dialyzed in 10,000 MACO
Spectral Por 7) f [

the sol uti ok
then precipreatqd with 20 ether, PR o( ¥
washed with 12 extensively un 'I\ nee free drug P O
observed in the washing solution. €onpound 24 is

obt ai ned after drying under high vacuum 99 Exanpl ﬂ

21 Synthesis of CD-Bi sd u-Di am ne Copol yner 25 and

CPT conjugate 26 5 Scheme XXXI BZ O- ~NN OH ,N O. A8

0O NHz 0Q[/~/ _NN7 N 11 HOHH OH 111 N ~ -O*"~0O~ -NX H,

OOH/Inn OGCPT AGOCPT H\~~/7 H/-~ NTPAGOT OO
H H O HOBY @P7 arg, 0.566 mmol) was vacuumed for 30 minutes, Dry chloroform

(100 mL) was added under argon, Phosgene (1.34 mL, 20% in toluene solution) was
added at 0 °C. Ice bath was removed and the solution was warmed up to room
temperature. Two hours later solvent was removed under high vacuum. Dry DMSO
(50 mL) was added to the residue, followed by 200 mg CD-NH; (Cyclodextrin
Technology, Inc.) and triethylamine (4 mL, excess). 16 hours later, the solution was
poured into 200 mL ether. Precipitate was washed with ether extensively and then
dried. 167 mg yellow powder (18) was obtained (62% yield). TLC analysis (silica
gel) of 18: Ry= 0 (developed with CHCl3/MeOH v/v =5/1). TLC analysis of CPT:
R¢= 0.65 (developed with CHCl3/MeOH v/v =5/1). Solubility: >10 mg/mL in
water. This indicates that solubility of CPT in water can be substantially increased
when it is covalently attached to cyclodextrin molecule (free CPT solubility in water
< 0.004 mg/mL).

Example 19. Synthesis of CDDC-Dianhydride Copolymer 19, 21 and its CPT
conjugate 20, 22
Scheme XXIX
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25 26 CD-Bis(dutamc acid-y-Benzyl ester) 6 and

et hyl enegl ycol bi sethylam ne 10 are dissolved in dry
DMSO. EDC (3 eq) and Sulfo-NHS (2 eq) are added to the
m xture. The solution is stirred under argon for 2
days at rt. The solution is then transferred to a

10, 000 MACO di al ysi s nenbrane and di al yzed for 48
hours. After Iyoph|I|2r°at|on a white powder is  OsOH

obt ai ne sol i d g-s"¢tlen d| ss n DVBO and
metthano] SRLNMI xture—am R N NGL (=N /ﬂ/
presence of 10% Pd/ C cat al yst 15 for 24 hou e %n
solution is poured into ether to crash out the o
product. 25 is obtained after drying under vacuunh9 11
is mxed with 25in DMSO sol uti on. 2 eq), NHS (1
eq), andskkEA re added to the solution. The

sol ut+enr—+s—= H.ﬁﬂdﬁ\b& recipitated
wi th ether. ’ﬁgprempltatel \A%'sla,eﬂ W&Hzaz
u

extensively until no 20 free dr i s obkerved in the

washi ng sol uti on. Conpound 26 is obtai ned after drying
under hi gh vacuum Exaeaple 22 Synt hesis of 0
CDDM: Ly T) Pol ynérvz#A-{25 Sche 100 ocp:u)/“\ o

0 i\
Ly;Qé/; A S S ~(Ms s*v W 00 V\\kr

HN' " O 27YOCPTCDDM 5, and Lys-dy-CPT, 14, are
di ssolved in dry DVBO. EDC (3 eq) 21

CPT-GIy\
TFA-GlyCPT H ojﬁ )
e

% \/\S s/\/ Y\ /\/N -

+1§
22 ~Gly-CPT
e}

A: Fthylenediamine tetraacetic dianhydride (25.6 mg, 0.1 mmol) and CDDC
(3, 125.3 mg, 0.1 mmol) were dissolved in 2 mL of dry DMSO. The solution was
heated at 50 °C for 72 h. Water was added to the mixture, followed by addition of 1
N NaOH to pH around 12. The polymer was dialyzed in 10,000 MWCO membrane
for 24 h. Precipitation was observed in the dialysis membrane. The solid was
removed and the remaining solution was dialyzed again in 10,000 MWCO
membrane for 24 h. A white powder 19 (75 mg) was obtained after lyophilization.

11 is added to the polymer (19)/DMSO solution in the presence of EDC (2
eq), NHS (1 eq), and DIEA (1.0 eq). The solution is stirred for 16 h and then poured
into ether. The precipitate is washed with CH,Cl, extensively until no free drug is
observed in the washing solution. Compound 20 is obtained afier drying under high

vacuum.

B: Diethylenetriamine pentaacetic dianhydride (8.5 mg, 0.024 mmol) and
CDDC, 3 (30 mg, 0.024 mmol) were dissolved in 1-methyl-2pyridinone (2 mL).
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5 and Sulfo-NHS (2 eq) are added to the m xture. The
solution was stirred under argon for 2 days at rt.

The solution is then poured into ether. The

precipitate 27 is dried under vacuum Exanple 23

Synt hesi s of CDDC- Cys(Boc) Copol ynmer 28,

CDDC- CysCopol yner 29 and its CPT Conjugate 30 10
Scirageixeid Whs SiitcB0R 64 CrY Says hnPthdiiEedin 107080 MW CO
S/I~/NFis OMNH SH Il S\'S 28 Boc-~ NH 0" Gy-CPT G - CPT
HCmepgbyaneyfor-Rdays: A gwhjte powdeni (3 thg) washigai@edefi¢rNbplaiization.
dy-CPT 101 CDDC (3) and N, N-Di Boc-Cystine are

05501 v35 e RSy EE bt b S L acenc o

St eq); BAL1ARY), andMIBA {100 eq). A SoRtiof bs stk 601 61k bAdthies
then transferred to a 10, 000 MACO di al ysis nenbrane

anBregipipipd dy cther. Uee precipyate ¥ washed yapHiHiGlaextensively until no

Whited "%%fﬁ: | Bk i i .
To tﬁeﬁ%\nli?ts gsepo ertI%Z‘%Sﬁli&g@d"ggﬁa m ur%zgf§ S S’%eg%ﬂer drying
D\Vi@les hight vaonumThe solution is stirred at rt for 1 h

and then dialyzed against water for 24 h using 10, 000

me e.. 29 | tained as a ite id.,
SRS & o QR Glstirpsbinet s st peiueatare
(2s@aftbme X (I 10 eq), and DIEA (1.0 eq) are added to
the solution. The solution is stirred for 16 h under

argon, and thery preci pickat ed w t{r—ette € coo
DYEM wasf) 'gxh\[.e"t'zheo firee drug

IS

H
[ sprved—nd he washi ngcaol on. CompQenu S\I\§ ot
Ob?’éf'igidryh-rg—mdeﬁ)-r’ i gh vacuum * /\[ *
o 0

23 COOH
TY—CPT

o)
[s]
TFA-GlyCPT
s N
~ o %\
H S B
24
T o]

GIY-CPT

CCD 1 (141.3 mg, 0.1 mmol) and cystine (24 mg, 0.1 mmol) were dissolved
in dry DMSO (0.3 mL) and pyridine (0.1 mL). The mixture was stirred under argon
for overnight at 72 °C. Water (10 mL) was added. Precipitate was filtered and the
filtrate was dialyzed in 10,000 MWCO membrane (Spectra/Por 7) for 48 h. A white
powder 23 (8 mg) was obtained,

11 is mixed with 23 in DMSO. EDC (2 eq), NHS (1 eq), and DIEA (1.0 eq)
are added to the solution. The solution is stirred for 16 h and then precipitated with
ether. The precipitate is washed with CH,Cl, extensively until no free drug is
observed in the washing solution. Compound 24 is obtained after drying under high

vacuum.
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15 Exanpl e 24 Synthesis of biodegradable
CD- Pol yphosphoester Polyner 31 and its CPT conjugates

32 Scheme XXXIV O H3 Al (iso-BU3 r_ Il H4C I 0
HB OOP-OCHOP-O-HO 05~HH2C OQH OH3
,/ OCH 1 III-OCGCOFF-PI-OCGGCOF(-PI-OCGCOC
NOHH ,NI HH tl | HH hh-~~ | HH /a ~NH OUT

Cl TFA-AyCPT 32 20 Synthesis of the bi odegradabl e
pol yphosphoester can be found in WVang J et al, JACS,
208xampia2 bigghesisal CREHsGbI-Dpmisp Ropslymer 28 apd jte§PT conjugate
vlegE 10 (0.5 eq of repeat unit) in DVMSO EDC (2 eq),

(1 eq), and DIEA (1.0 eq) are added to the
solution. The solution is stirred for 16 hrs and then
preC| p| tated with ether. The obtained

sghoester 31 is dissolved in DMSO To the

soluuonlsaded 11(05eq e F€peat uypit), EDC (2
eq)q oeq) and DLEA e solution is
st P e%/s 'Lh\oet\hw\,,ifhe——ﬁz—-»
prect pi tate i S vvashed W th ether exteﬁsiovel y until"n
free drug is observed in the washing sol ution.
Conpound 32 is_obtained after drying under high
vacuj(n 10 _Exalipl e 25 Synthesis of Cp®E@pol ymey»ePT

confugate 33 h_pal yet hyl erreasack i cal
pol yi¥ferti zat i'onl SCh&ne hm \(70(\” Y o Oy
25 26

CD-Bis(Glutamic acid-y-Benzyl ester) 6 and ethyleneglycolbisethylamine
are dissolved in dry DMSO. EDC (3 eq) and Sulfo-NHS (2 eq) are added to the
mixture. The solution is stirred under argon for 2 days at rt. The solution is then
transferred to a 10,000 MWCO dialysis membrane and dialyzed for 48 hours. After
lyophilization a white powder is obtained. The solid is then dissolved in DMSQ and
methanol solvent mixture and treated with H; in the presence of 10% Pd/C catalyst
for 24 hours. The solution is poured into ether to crash out the product. 25 is

obtained after drying under vacuum.

11 is mixed with 25 in DMSO solution. EDC (2 eq), NHS (1 eq), and DIEA
(1.0 eq) are added to the solution. The solution is stirred for 16 hrs and then
precipitated with ether. The precipitate is washed with CH,Cl; extensively until no
free drug is observed in the washing solution. Compound 26 is obtained after drying

under high vacuum.

Example 22 Synthesis of CDDM-Lys(GlyCPT) Polymer 27

Scheme XXXI1
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0O0O00O0 ABNOOHNOO HN or ATRP CPT CPT 0\
\ 33 15 Acrylate nononmers of CPT, triethyl eneglycol
nononet hyl et her, and CD- nobnocystam ne can be

synt hesi zed from N Acryl oxysucci ni m de (Pol ysci ences,
Inc.). These nononers are mxed in 1:1:1 ratio in dry
DVMBO. AIBN is added to the m xture under argon. The
solution is stirred at rt for 24-48 hrs @til the
solution beconmes viscous. Polymer-CPT cignjugate 33 is
precipitated with ether and dried 20 undér vacuum
Exanpl e 26 Synt hesi s of o
CD- graft - pol y(e gne- al t-mal ei ¢ annydri de) -

dydydt S OO 163 n,m\W\HOOOO
0001 ffg p 5OMe o] o OHC“NHM]E)J}INO I —x=
1/ /1) N°OFf/ 11 OAT°11 "ON NO

et

OCFT

CDDM, §, and Lys-Gly-CPT, 14, are dissolved in dry DMSO. EDC (3 eq)
and Sulfo-NHS (2 eq) are added to the mixture. The solution was stirred under
argon for 2 days at rt. The solution is then poured into ether. The precipitate 27 is

dried under vacuum.

Example 23 Synthesis of CDDC-Cys(Boc) Copolymer 28, CDDC-CysCopolymer

29 and its CPT Conjugate 30
Scheme XXXI11
HN-BOC
Ho{\,&s»\iOH a2 o
H’N\/\SQS/\/NH’ ° Boc" > ,(/H\/\SQS/\/H\H)\/S\S/YL)\
28 ° B ..

P,Gw-cw
HN o]

Hel Hoj\/\'(G'y-CPT
X N :
—— — = » o~ - _
Gly-CPT

101




10

15

20

0 OO0 0 34 Poly(ethylene-alt-maleic anhydride)
(Aldrich) is dissolved in DMSO. 10 (0.4 5 eq of
repeat unit) and 12 (0.4 eq of repeat) are added. The
solution is heated at 70 'C for 16 hrs and then
precipitated wth ether. The obtained CD-graft

pol y(et hyl ene-alt-nal ei c anhydri de)-Glyd yd yCPT 34 is

dri ed ODUE (3h la.ﬂc!lN NaBBICyhfind¥re fMs6lved iy tIeSIos Emc (3 eq)
Poly | ut amat e- CD- CPT Conj ugate 35 Schene XXXVI |

Swyife-NHS (3 e wqr;(@ddeé t@ fhe mixtyge. The ﬁﬁ}luhomwa@ Stlrmé @der

e
of megfieaie dndididlyzad Moﬁ@CA(ﬁ&r l@,@)amhbslhﬁi)r( @watig powdet, CDDC-

e are. added to_the solution._ The sol ution
5 s CapdEiorbpolyier 38, inobied hiarhs e popaeEtB 15adiel & mixture of

et BRI anATIMS oL iR, HRESEIuALYI i gg&& g{‘}t Sfor h and thgn dialyzed

pol ygl ut amaf e- T conj ugat e ta| ne

Ex apgihst vaBer f&y2¢ hesing 19;060 Mﬁmmmhzata P9isadbtained as a white
EI' Cys- Peg3400 Copol yners 36 and their CPT

Cofiftfgates 37. A Synthesis and Characterization of

CD- Bi s$sGReEPAOMS SRR Woth2938 DMSO solution. EDC (2 eq), NHS (1
eq), and DIEA (1.0 eq) are added to the solution. The solution is stirred for 16 h
under argon and then precipitated with ether. The precipitate is washed with ether
until no free drug is observed in the washing solution. Compound 30 is obtained

after drying under high vacuum.

Example 24 Synthesis of biodegradable CD-Polyphosphoester Polymer 31 and its
CPT conjugates 32
Scheme XXXIV

% Q CH,
Al{iso-Bu), i i [

Cl
——-———) e (Y e O — e — ) ——
D\P/o Toﬁﬁzo TO ﬁ 320
N
) H H C

W ﬁ THS ﬂ THS ﬁ T
P_O_ e [ e B L g fy o, p— e § et Ml M
T C—C—0 P—0—C—C—0 Fl' 0—g—¢ 0_)_0

e S
32

Synthesis of the biodegradable polyphosphoester can be found in Wang J et
al, JACS, 2001, 123, 9480-9481.
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10 Schenme XXXVIlla on Wx" no on on O xo ax HO O no
X0 s o~ s"41'" PEGD SPA (MN =7400 kDe) 0. ~ s ox as D
1 ~ov~ ,fy x DVsQ Dl EA TEAor DVAP XOSL o'er ~~ p I C
HO 4 36a-f Ply(CDDCys-PA-PEG Abbr: PA =
pr opanoi cam de bond bet aeen PEG and CD Schene
XXXVIIlb off ax o O ox on 'y/'ox tp ox H xol~ O

on HO Pn@rph&spﬁoem lmlm »btﬂxm (0 Se&ohfepeat unit) 1rQDM'SO< EDC (2
DVbO/ DLEA O o YYY 0 HH ox X0 0 X
eq), NHS (1 eq) and DIEA (1 0 eq) are added to the solution. The solutlon is stirred
for 16 hrs and then precipitated with ether. The obtained CD-polyphosphoester 31 is
dissolved in DMSO. To the solution is added 11 (0.5 eq of repeat unit), EDC (2 eq),
NHS (1 eq), and DIEA (1.0 eq). The solution is stirred for 16 h and then
precipitated with ether. The precipitate is washed with ether extensively until no free
drug is observed in the washing solution. Compound 32 is obtained after drying

under high vacuum.
Example 25 Synthesis of CD Copolymer—CPT conjugate 33 with polyethylene

backbone via radical polymerization
Scheme XXXV
AIBN

( </ R
mm’ \.

o

\ \

33

Acrylate monomers of CPT, triethyleneglycol monomethylether, and CD-
monocystamine can be synthesized from N-Acryloxysuccinimide (Polysciences,
Inc.). These monomers are mixed in 1:1:1 ratio in dry DMSO. AIBN is added to
the mixture under argon. The solution is stirred at rt for 24-48 hrs until the solution
becomes viscous. Polymer-CPT conjugate 33 is precipitated with ether and dried

under vacuum,
Example 26 Synthesis of CD-graft-poly(ethylene-alt-maleic anhydride)-

GlyGlyGlyCPT 34
Scheme XXXVI
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X0 lax rm on xo 0 0 OH 4 36g-i 369 R= PEGD SBA (MN =
3400 kDa) Pol y(CDDCys-BA-PEG J~ J 36h R PEG D BTC
(MW = 3400 kDa) Pol y(CDDL}wWCB- PEG aOY36i x= J
PEG Di NPC (MW - 3400 kDa) Pol y(CDDCys-CB-PEG 15
Abbr. BA= but anoi cani i de bond, CB = carbamate bond 105
Synt hesi s of Pol y(CDDCys- PA-PEG, 36a 4 (after
precipitation wit ceton 0, 047 mol ) and
PEG{D.-SPA 340 60 . i
under vagcuum fori8 h An DI\/S (1. m_)
addedo be m xtrure undel£> g °Af ter olp}q mnut €s o
of stirring, anhydmous diisopr opyI et hyl am n Dl EA, %H
19,ulL, 2.3 eq.) ma(g added under argon. The rg@\i on -
m xture was stirr under argon for 120 h. The “pol yner
contai ni ng sol utipn di al yzed using a 10, 000 MACR
menbr ane ( Spect rsg/ Po ) against water for 48 h and
| yophi lized toyiel 6 ng 36a (90% Table 1). Mv
57.4 kDa, M = _41.Z{1D kDa, MM M1 = 1.38. 'H NMR (D2
.27 (m Cys-CH), 2.72- 3.76 (
CDS456CH,° , PEGCH2), 2.44 (m Cys-CH2). °
Synt hesi s of ot her pol y( CDDCys- PA- PEG (36b-f),
Pol y( CDDCys- BA- PEG  (36g) Pol y(CDDCys- CB- PEG) #86h-1i)
wer e achi eved under polynerization condition simlar

to that of 36a. Details for the o'I grr,eri_zati on
condi thod¥&thylepashanaleis anbydride) éaﬁ ) i sssolysd éx DMSO. 10 (0.4

5 V"?é@@f rep@é% |u¥ﬂm{9[ ¥ %f‘@drfééﬂnﬁé 8@% }_"gh%t ?ﬂﬁigﬂ Agr @%lt@d at 70

(mC ﬁ.}r§6(ﬂr& aanthE’ﬁ pﬁ:cﬁﬁta(ed]mt}mh& A e, dbtdrid CD-grhiz,

o C{e%%yl@ﬁ_ éz-gb(af"lgl%gdgﬁ'é) @Vﬁ@y@fﬁ' E’gdrg%@riﬁers high

CDV&,uﬁnﬁ 6-CH, CD CH2, PEG

10 Example 27 Synthesis of Polyglutamate-CD-CPT Conjugate 35
Scheme XXXVII

d
HaN. N / YW’ )
N H
. a /PN by -
/P - - 0
HN, o

35
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CH2), 2.38 (m -OCH2CH2CH2C(O)-NH), 2.34 (m
Cys-CH2), 1.90 (m - 20 OCH2CH2CH2C(O)-NH). Addition
of a non-nucl eophilic organic base (such as DI EA) was
essential for this polynerization as no viscosity
changes of the polynerization solutions were observed
after 48 hours if no base was added. Wen 2.3 eq. of

DI EA vieflgpla@efieh (frdan Shignat ARERR 1s¥nikbd i@ 10 (Io 5 eq ofrepeat unit)
pol yrmeri zati on soI ution increased dramatically

4- énfh bLi(Q5 eq of repgattunith in DMSO.0ERCIBeaathS (h éCI)anﬁiKhBIEA (1.0

gr remder t f
ot s 844at h LR ARTR IR jo PUFaTRES ph i Bhpprecipitated
di Wvithresieg € A fieh drylifiwiieh Hiphrvagairh QR ydl itagfate CDOE@RE $onjugate 35
such as TEA or DVAP, were used (36b-c, Table 1).
5 polsyd#netht i on using 4 recovered by the two different
preci pitation nethods 30 (acetone and net hanol)
produced polynmers with different MAM. 4 that was
p uExhmple 285 ynttesivahd Shatacreriestiqu éfCDBisOps-Pepd 400 Copolymers
gnt s.n ree cyst e) gave hi gher MN pol yner
ﬁla’é‘a §@ir§8?@&a% ‘he I'ess pure 4 that was
obia |
(J“f“%%%‘i%&F?%??%ﬁ*%?ﬁffﬁﬁfﬁﬁt‘éé%ﬁ%@ﬁ kst
10 pr oduced pol ynmer vyields greater than 90% 4 was

polél/%sri g’g&h ot her activated nononmers such as
¥ 45 Di BTC, and PEG Di NPC. Reaction of 4

wi t h PEG Di gave pol ymer 36g with simlar |inkages

as 36a- fij nd, b ne nore - group t 2

36a-f, at{%t he =fXnker) R WrOver 10 kDa, Wm

reﬁg’t\/ “of 4 with PEG Di BIGAnd.BRG DN ¥ at ed

pol'ymer 26h ah é’@f rW orng MYZW ~~

car bamat eh?\y_nbﬁéty and M ' s"SVEF "5T"KDa (Tabl e 1)Nial0zs
Tabl e 1. ‘Polyrr*érlzatlon of 4 with difunctionali ﬁe
CDP PEG Bast Pol ynerization M M MM Yield Conp
time (h) (kDa) (kDa) M' (% 36a’ PEG Di SPA Duaﬁﬁf;m
57.4 41.7 1.38 90 36ba PEG D SPA DVAP 120 54. 2 :88m% de bond between PEG ad CD
1.42 91 36c¢c PEG D SPA TEA 120 57.4 42.6 1.35 91 36db
PE D| S 120 93.6 58.0 1.48 96 36e' PEG D SPA
M@ﬁes 0 1.67 o4

36g-i
&’Drﬁ(‘o’\-—);'“\/\in»?? Re ]/\/*F '\,)/ \/\)
®  PEG-DISBA (MW =3400kDs) Poly(CDDCys-BA-PEG)
Q:E'OYG%C"\")TD\""JOL" N:%} a  R- nfo‘/*(‘“’\’)m/u\/\ g
PEG-DIBTC (MW = 3400 kDa) Poly(CDDCys-CB-PEG)
o
@/ v \/+ '\4~°\/\0Jk ﬁ R= c;fo\/%\"’\")fov ’

PEG-DINPC (MW = 3400 kI}a)

Poly(CDDCys-CB-PEG)

Abbr: BA = butanoicamide bond; CB = carbamate bond
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36lb PEG D SPA DIEA 2 35.3 25.6 1.38 95 36g PEG D SBA
DI EA 120 114.7 77.9 1.47 96 36h PEG Di BTC DI EA 120
67.6 39.4 1.47 95 36i PEG Di NPC DI EA 120 86.5 57.2
1.51 96 a 4 was washed with acetone before

pol yneri zation. 15 b 4 was washed w th nethanol before
pol yneri zati on. Polyners 36a-i are highly soluble in
aqueous sol ution. They can be easily dissolved in

wat er or phosphate buffered saline (PBS) solution at

conceRynthesisrnf Boly(GDDICyaRA-PHG)Goal. S| (et ipreeimfation with

| NEBRPL LB AEMSCAR PSSR 00 1o e

dugert Aritd@ndlracitiveh FOS8 hipurs. Thﬁh‘fir@@d PMSG (126 el was added to
sol uble in DWF, DMSO and nethanol, slightly soluble in

CHBETNmiNEIrCHERder hargonns ol Afiwre 16 TIHEUT&ﬁd odt HHjirring, heanhydrous

orbgPop e lemite FOIE SO 4612 5 bad Nt RN Rt el e reaction

anglixRiESvids Sifrel hthdeBigoR 104120 ROt He PEINRer déﬁt@ﬂuﬂ@ﬂﬂﬁtmn was

vacuum for 4-8 hours. To the m xture was added dr

Dlmf%eﬂ llsmﬁ_? 18,008 MW GP goembrane EPpectraiion ) @gainst water for 48 h
St itz C;f]&lﬁ 45t One(gb(‘“’@l%b% fﬁed @§54 LN = 41.7

Apor |ono yneritza Bt o

r Ekfﬂhv% MEGE Egsg}pgl%m@i%)gstiose@ﬂecDaa-)ma m:(ﬁdctysm 2.72-
, and
pr3e'66 (@Pst@@é@l‘r poryieeB- @Ht@%ﬁéﬂnwn&@)@&ﬂﬂr bed

v ons BTSB! Bl pb BT A 6B it Epp s BarEQ)

PEBEEEr i Pl (CDDCIFEB-BEGPY 36045 i weref achieved under polymerization
PoI ?E iy PA- PEG) CPT n(Bu afes LGGGlOp

H@g%/l 1%}& ts s ﬁ§3§@()@%1k$ for phepoéygnenzp%co@mo% gionomer
sg‘Bct[l\Bn, pgly%er m&leéu%-l;velght, polydispersity and yields are listed in Table 1.
36g: 'H NMR (D;0) 3 5.10 (m, CD-2-H), 4.25-4.37 (m, Cys-CH), 2.72-3.86 (m,
CD-3,4,5,6-CH, CD-CH,, PEG-CH,), 2.21 (m, Cys-CH,). 36h-i: '"H NMR (D;0) &
5.05 (m, CD-2-H), 4.56 (m, Cys-CH), 2.70-3.93 (m, CD-3,4,5,6-CH, CD-CH;, PEG-
CH;), 2.38 (m, -OCH,CH,CH,C(O)-NH-), 2.34 (m, Cys-CHz), 1.90 (m, -
OCH,CH,CH;C(O)-NH-).

Addition of a non-nucleophilic organic base (such as DIEA) was essential for
this polymerization as no viscosity changes of the polymerization solutions were
observed after 48 hours if no base was added. When 2.3 eq. of DIEA were added,
the viscosity of the polymerization solution increased dramatically after 4-6 hours of
reaction. DIEA deprotonates the amino groups of 4 to render them more
nucleophilic for coupling with PEG-DiSPA. There were essentially no differences in
the polymerizations if other bases, such as TEA or DMAP, were used (36b-¢, Table
1). Polymerization using 4 recovered by the two different precipitation methods
(acetone and methanol) produced polymers with different MWs. 4 that was purified
by the methanol-precipitation method (contains no free cystine) gave higher MW
polymer (36d-¢) as compared to the less pure 4 that was obtained from the acetone-
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\JL\x EDC/ NHS " ~~1~~~YYY//yy ~n p NH ppo-
OHTFMNN.. OOp p~TI XOOHN 11 Yl-k r-40p O
ON 36e or 36f OOHO OOOX OEDCONHS x o0 Hp ~H
pH "p BYXO/n O OH p" HOO1 TEA - NHO 12 XOHOO p O_
J \J ~~ OH ~~HH 15 108 Synt hesis of

Pol y( CDDCys- PA- PEG) - d yd yd y- CPT (HGG36) 36e (1.37
fréhﬁ%ti?m%etﬂéd (AR aPolydrizati@sod 668 IPREDiSP Al typicUFO
(136 L The m xture was stirred for 10 mnutes. 12
(szgdwgdpglmyrmfiﬁgreaze@ba@w% DIEA (0.092 m, 0.712
mol, 2.36 eq), EDC (172 ngy, 0.903 mol, 3 eq) and
NHS (76 ng, 0.662 5 mmol, 2.2 eq) were added to the
poI yWas@Olymﬁerﬁd i cﬁhérrab’&ﬁhtédammanexfkﬁud:meEGDiSBA PEG-

Bg’&r’em ‘E ?{tﬁgﬁgm\gﬁ%q mﬁﬁﬁrégﬁé ngjgélgf-fl\-gtsﬁGg with

4
R g5 S
t Hinkagytwich 2, pivar 00 k2a, svhilEhreactisnlofi #ivath REG-IXBAIC/ zedPEG-

DB Generalsd B3 ER b 51 360 2 et WiLeonREs g Farbainate
EVREi¥yBRIINY bOS 50TISa PRIKTEY -

Table 1. Polymerization of 4 with difunctionalized PEG

PEG Polymerization M, M, M,/ Yield
CDP Base
Comonomer time (h) (kDa) (kDa) M, (%)

36a° PEG-DiSPA DIEA 120 574 41.7 1.38 90
36b° PEG-DiSPA DMAP 120 54,2 38.1 1.42 91
36¢c" PEG-DiSPA TEA 120 574 42.6 1.35 91
36d° PEG-DiSPA DIEA 120 93.6 58.0 1.48 96
36e® PEG-DiSPA DIEA 144 973 58.0 1.67 94
36f° PEG-DiSPA DIEA 2 353 256 1.38 95
36g PEG-DiSBA DIEA 120 114.7 77.9 1.47 96
36h PEG-DiBTC DIEA 120 67.6 394 1.47 95

36i PEG-DiNPC DIEA 120 86.5 57.2 1.51 96

® 4 was washed with acetone before polymerization.

® 4 was washed with methanol before polymerization.

Polymers 36a-i are highly soluble in aqueous solution. They can be easily
dissolved in water or phosphate buffered saline (PBS) solution at concentrations of
at least 200 mg/mL. Solubility of these polymers in aqueous solution at
concentrations higher than 200 mg/mL was not attempted due to the high viscosity.
These polymers were also soluble in DMF, DMSO and methanol, slightly soluble in
CH;CN and CHCls, but insoluble in THF and ethyl ether.
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drug conjugate solution was sterilized by passing it
through 0.2 Mfilters. The solution was |yophilized

to yield a yellow solid HEGGE (1.42 g, 85%yield).

Synt hesi s of Pol y(CDDCys- PA-PEG) -d yd yd y- CPT

(LGEGL0) Conjugation of 12 to 36f was perfornmed in a
manner simlar to that used to produce 15 HGGEG6

except that this conjugate was dialyzed with 10, 000

MACO nmenbrane (Spectra/Por 7) instead of with 25,000

MACO NMitemdare Waight oaitepl off CBGBelymens s %@ﬁesyomctm@tlgn with

¥ %@aéyoéaﬁ@??é%ﬁ%%@ gttt CEC-ENRA TP R Sl were

t Qriet Qstd&evddtdaatior #houds) Ybehan@itufﬁay\a&leamsr DMSO (1.1 mL)
Synthe3|s of Polé% CDDCys- PA- PEG

( Heda1ogos6e After zgmu@esmmmﬁ?)IBA (bﬁ)é&t 2t2n¢q)) womadded under
S RS parOTG o Rzt e silitian (g0 AD) S rippveang precipitated
eqlith LhE at(L1e2R thes & K918 AT 1, 75 B, B h aFPS88E 283 MWis of the
1.49 mmol, 4.5 eq), and NHS (113 ng, 0.99 mmol, 25
eq:)eqi\pimtaﬁptdmexs were deteinyimed asdésatibexhatewe. stirred for

£ RSy FAAGRD S ABEEbl BR1ostl RRH 4748 hap 8y Pprona by
a@gﬁﬂuﬁgggpﬁwﬁgﬂkﬁgﬁhéon sol ution. The polynmer was

stirre or an additional 22 hours. The workup
procedure was the sane as that for the synthesis of

Hgﬁ%}t ForPoRyEber R PECECTCnpige S BET 68 LERG1o,

., HE and HGGGLO0 were prepared at a
concentratlon of 10 ng/nL in DMSO An aliquot of
corchempdeX Ry stock solution was diluted to 100 109

,ug/mL using 1 N NaOH CPT was conpl etely hydrol yzed
in this basic sol ution uransfornEDg toits
carboxylate formwithi 3 t erature. An
aliquot of this sol Fon wag it 1007 ,ug/ mL
usi n % FH3PO4,, an | t he T(par nyIaP?, ?form was
tran 0 |tsE act one m_580 pL o 0
sol ution V& “1 mpoavet ed |ntoﬂ%§§ﬁe ZPL.C. Tﬁék‘ 'a”éb’\%f\/%p
fron1the,CPT’Iactone form was |nte
to a standdrd curve. 11 and 12 were cbﬁjugate Lo 36
or 36f (44able 2) using conventional coupllng°v- TO0s:

Due to the instability of the.ester Iinker of %3
12 in aqueous : _°

o]

N w%\
Ho @ ¢
4 o (kn %
A HO

36e or 36f
PG e v&& g

12

HN 0

"y
o
o §F "
o
N
o

108




10

15
Y

20

25

30

sol ution, the conjugati on was conducted i n anhydrous
DVBO under argon. An 10 organic base was required to
deprotonate the TFA salts of 11 and 12 to facilitate
the coupling. For polymer conjugation with 12, the
wei ght percent (% drug | oading was around 6-10%
The theoretical maxi numdrug |oading is around 13%

usi ngSyikGivbf ﬁolM&r_@Jf)c%@Q @Gmﬁﬁg@m P TUGFGETB)LE 36e (1.37

|ncreased by decfeasing the the” PEG segnent's.
Sad, W10 mmczésnf arepeat hnigowpu dissadsed in MtIéMS@ (138Snfypr dhe mixture

I 0R 16 e onag S (G2 hidefihes ) JiEA ©.002 mL,

Det. 213 sandcd) 2 BGQq)LKEE@ (112&&@1@ QOBKE@moBTBdechHHlHPw €6 mg, 0.662

sunmarized in Table 2. Table 2. Properties of

pdnvlﬁb rllf;ﬂ]) werajadded @sthe pmm sglatlglﬁgncb g;]lwqaﬁgfor ca. 15 hours. The

CHAR 5 MR IR ), R R s

9'brde tﬂé%b%&d&uﬂ%ﬁ&@ lelti)ﬁnL gﬂi@ﬁe e wadllissolved i
Ebbrllglw ati onsS H = Hi gh Il\\]/lg( pol yme 4 ﬁ 1pﬂava L(;fzove .

Mwatgo 6Q0ramL( 3Somi HajolutdsGokid t wasy ﬁjtgned ethrqugheﬁ) 2 mn=filters. The

BB v SaresEind 85 RObEN Y Gl b (el L Jor 10 m
as| QUERRULEY] G]ﬁt@l‘ ' leblyﬁi‘é %&dt&r\#aﬁg:h vekes dfhutes] Ithe olymer-

Rel ease of CPT from el ease of CPT in

PRBugCaTegaA dOh@nvwasestpmle:f&drladp@asmg itgheugh 9.2BM (ilters. The

P rafihove il s YRl o SRR G G R g 8% vicld

i ncubgy@tlesis 3%fC. PHB(CDOMDRIFAIPEG ISR ecmnencqm;lcclo)
at_selected tine |ntervals and stored at -80 C unti
t Heomdweation jof 12 i 361 was perfaymedan adgnangersimifar ko thgt wspgl to produce

I
IR0 Ry i Yol Rd B P AR b
P& 8seduadior 7) anstéddeofGhith Izaa:)’oo MWD mensttrand. NTRg yrlcdf LGGG10

and conpared to a st andard curve. 10 Anal ysis for the
r ¥Y#83&0-of CPT from HEEE6 and HG6 in PBS cont ai ni ng

Synthesis of Poly(CDDCys-PA-PEG)-Gly-CPT (HG6) Conjugation of 11

to 36e was performed in a manner similar to that used to produce HGGG6.  The
yield of HG6 was 83%.

Synthesis of Poly(CDDCys-PA-PEG)-GlyGlyGly-CPT (HGGG10) 36e (1.5
g, 0.33 mmol of repeat unit) was dissolved in dry DMSO (150 mL). The mixture
was stirred for 10 minutes. 12 (941 mg, 1.49 mmol, 4.5 eq), DIEA (0.258 mL, 1.49
mmol, 4.5 eq), EDC (283 mg, 1.49 mmol, 4.5 e¢q), and NHS (113 mg, 0.99 mmol, 3
eq) was added to the polymer solution and stirred for ca. 24 hours. Another portion
of EDC (142 mg, 0.75 mmol, 2.3 eq) and NHS (56 mg, 0.5 mmol, 1.5 eq) were
added to the conjugation solution. The polymer was stirred for an additional 22
hours. The workup procedure was the same as that for the synthesis of HGGG6.
The yield of HGGG10 was 77%. |

Determination of wt% CPT on the Conjugates Stock solutions of
HGGG6, LGGG10, HG6 and HGGG10 were prepared at a concentration of 10
mg/mL in DMSO. An aliquot of corresponding stock solution was diluted to 100
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acetyl cholinesterase (an esterase, 100 units/nL), in
KH2PO4 buffer (pH 6. 1, 0.1 M and in the KH2ZPO4
buffer (pH 6.1, 0.1 M containing cathepsin B (a
cysteine proteinase, 200 uM preactivated on ice for
30 mnutes in this buffer containing 2 nmM DIT and 1
nv EDTA) were performed in a manner simlar to that

gﬁ%hgﬁglgﬂ%ﬁgﬁms (%I‘;I: O%&)tﬂél@féfy h}?{)_&ﬁé@m%s@ac sBlution and

sdfamsfomed\m s daﬂbuxfldtetfonglmﬂluﬁ 2riaht moncentpestiron Auf aliquot of

o dBiscolon Washinied wotd FBaletting 81ohEhPEefuitehe LFT carboxylate

I SRR sl ttnBforhBP 18 Ity TRAoR! ReMR3HYLI Bpﬂﬁseé‘(ﬂﬁi‘i@ﬁ%ﬁ injected into
amount. The solution was divided into 20 equal vol unme

( 2;5@ HPILC. {Tthe Ipedk ateaHppe nldoCPTtladtens, formewisaintagraied 3wl gmpared
Bmggl% at selected tine p0| nt. Sanples were
8raé; B5% until the analysis. Sanples were

separ at|dahd AP PeRS BFhjiYatéPkd B6R RS BeKLAbRE ) Qi%m&conventional
colums. The solid phase extraction cartri dg Si s

HiBupling mathods.dBee o the ingeldtity) of the e@iﬁl@h@@n of 11 apéd2 in aqueous

0 I e 59
by Lo AL LR A Sl fen.
eqgdniyy B&sié%s&feqlﬁréﬂ% lﬁﬁ@forﬁtd the TFA be@t@d)lf ng.andfi2es facilitate the
the acidified solution was | oaded on the cartr

[
t FOUBRE. wEer ReAFRIICam waation yithn2, ther wejghkpercent |(%fgbérug loading
CR y t X g,

a e HRE ) FRC R R Rl i oo wrbultl 194 using
pﬂtEﬂ)_lMtlEI\/th cﬁf_e340®plBla,4m1$m(Lﬁhﬁ)/v4mes'bm) be ifldreased utyedbcreasing the
o e 22 0 S S GFo e PBS ver mor
| RhL 266 pidihn®, V\(ggﬁlvEP ehito 4 h @p et %-tlbevv@g -Hru% lpading,
| actone form I nt egrate corrpare to a stand
cuespectivielyl). 1Detib ﬁasﬁneoH(I!E’Gﬁf N GEI0GHGAd abiBoHGGGL0 are
PBS cont ai nl @4‘? human plasma (PBS/reconstituted
hﬁmﬂzﬁg fFation = 96/4 (v/v)), in nouse plasma
and in reconstituted human al bum n (PBS solution) were
performed in a manner simlar to that descri bed above
for pure humanTgblegnBropsrties oPB8yinex CPhgomjugptest he
hal f-1ives (t1/2) for releasi ng CPT from HG6 and
|Im UEI < 53:‘%‘% SZ:I 1 CO'JC\/LI VCI y IIIC :IO.: f : I vCo

decr g RARbROIYIE s poet i vel y, .
presencjego* Rigsma, il 1. ¥hL1 Bt 61 CPT (%

4% hu

re
2. 2h, tively, in
HGGE 97 1.7 triglycine 6.1
LGGG10 35 1.6 triglycine 10.2
HG6 97 1.7 glycine 6.8
HGGG10 97 1.7 triglycine 9.6

*Abbreviations: H = High M,, polymer (97 kDa), L. = Low M,, polymer (35
kDa), GGG = triglycine linker, G = glycine linker, 6 = drug loading around
6 wt%, 10 = drug loading around 10 wt%.

b Polymer polydispersity as measured by light scattering techniques(26)
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100% nouse plasma ("MP"). CPT release rates for both
HG and HGGX in the 10 presence of albumn ("Ab") or
acetyl cholinesterase ("Ac Cho") were on the sane
order of magnitude as in PBS. In a buffer solution at
a pH lower than PBS (pH 6.1) wth or without the
enzyne cathepsin B (active at pH 6.1), less than 50%

ofC tiRé13kse o CH L HIEHEEG6 YDA ekeased from both HGB
and HGX% for trnes up to 144 h (Table 3). 15 Table

3. Half-life (12/2, in hour) of the release of CPT

nIodse os Bk i KA GGG EaR HRY Rete nppared BT il il s (1x,
2%31—1 774?2 £ 168 ]ﬁJBal?cﬂtﬂ)‘f' ostdmegsztr%?sf&Te@ % 21 gemﬁaippendorf

44 >144 a t1/2 1s defined as tine (hours) for th

r ehlbase] otulhadd at@7 ﬂeThmmadlbaoam}aMMeﬁaﬁenchcd at selected time
Abbrevi ations: HP nmeans human pl asma, MP neans nou
plig@reals pndptoredsatpidd TG( uptif ther anab@lSe Pedhosrdution, e ‘diluted with

R‘eﬂéviwﬁq@%%ﬁﬁ% e it ERupit Bhoi) 20 ofspcp solution

| NwdseRfpattdd §nth efle UPBO. alThePelk PR Bl he THIN 1dckthe form was

presence of acetyl cholinesterase PBS sol ution (100

urintegyatad)and dempardgl to astradptdaauevao uf f er (o 1M ' pH 6.1

phosp t he nce B . .
Pl on o ok e, felleas B ML FOES G 6%, ARPAGE JB BB containing
H@R ety tolingbteiisé o dterdse rrwmmtsrmpyﬁﬁ mHzPoL lbhff@ﬂ(pM th, 0.1 M)

pHs rangi ng from acidic to basic
3nd) naihe RHob@audienioH S5 Pdr Massentaining) sasbiooP (a cystcine
t t

TR 2080 M Brep il By e f0r 3o ol (hiQ 18 bontaining 2
Hthm DTiearndeRknMIEBTAY ot lbwfdaﬁEd |1ﬁi@t1ﬂéﬂﬁlef gifitlana@s that described

g‘%r ?tr%%saglgne(?onpar ed 10 to a standard curve.

Release of CPT in Human Plasma  An aliquot of HGGG6 and HG6 stock
solution were diluted to give final concentration of 0.5 mg/mL in PBS (1x, pH 7.4).
This solution was added to a lyophilized powder of human plasma to reconstitute
100% human plasma by the recommended amount. The solution was divided into
equal volume (250 xL} to 1.5 mL Eppendorf tubes, incubated at 37 °C, and stopped
at selected time point. Samples were stored at —80 °C until the analysis. Samples
were separated from plasma by solid phase extraction columns. The solid phase
extraction cartridge (Oasis HLB lcc cartridge from Waters) was pre-conditioned
with 1 mL of acetonitrile and then with 1 mL of 8.5% H3;PO, before loading.
Samples were acidified with equal volume of 8.5% H3PO4 prior to loading. After
the acidified solution was loaded on the cartridge, the bed was washed with 3 x 1mL
of water. Released CPT and polymer conjugate were eluted with 3 x 1 mL of a
solution mixture of acetonitrile and potassium phosphate buffer (pH 4.1) (60/40 v/v).
The eluted solution was diluted to 5 mL total volume in a 5 mL volumetric flask. 30

4L of such solution was injected into the HPLC. The peak area from the CPT

lactone form was integrated and compared to a standard curve.
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The pH of aqueous solution has a significant effect on

the CPT release rates fromboth H& and HGEE. The
amounts of CPT rel eased from HG and HGEE at 37 C

after 24 h in buffer solutions wth pHs ranging from

1.1 to 13.1 15 are illustrated in Figure 6. The

gl yci nyl - CPT ester bonds of both HG&G and HGEG6 were

very strilbfel &t @PTdi6mPHAAGE 4R FACH iR PELEonthindiy 4% human
of CPT were released in 24 h. 1Cso via MIT Assay The
hurfesma (BB S/saconditetcd dumanpiamacedlption 76 Ev/vRoin mouse plasma

(Saf 3 5rrllhod B SRR PGy St febipfpd H Smane

adgmileaioehat @Ecriféd AboVUGR purR Mg iadtptasarl Ci noma PC- 3,
and hunman col oni ¢ adeoncarci noma LS174T cell |ines

were obtai ned fromthe Anmerican T/;&ép‘e Cul ture
5 Col | ectind?B$ RbekrH 17D, theDalf-lbes| @a\dprereleasiagCRTh from HG6 and

96, | at t 0 L [ U
B G P % g 37 Beven el Ghe APy A%ees s S dha 22m,
| Nrespebtivalgll fin etie SPectdde abMMASP NRIGan Plenig dandtevab7h and 1.6h,
replaced with fresh mediumcontaining CPT, 36e, HGEX% .
orresestively.cn e rimnasnplasma g HE ¥ a%»%éh # 23hy eespratively, in
of 1 gy n‘R)[&ge ﬁ?@m (E?D-I/-IPeﬂ L@P’ﬁk‘cﬁ%&e frz%s FFH3n e P HGEG6 in the
eac concentration tfiree well's per plate were

10 t rpradence off hidumiit EA1bOS ort deetyd ohglinesdmso (A€ Ehb™)gweretdn the same
was .neasured hy the MIT ass after 72 h,. The di
mgd?ré%ﬂvwlwgw oPBR: Inch s Spluiom at APHHOBsayERS (H 6.1)
S [ : G j f 0
et GE SEnL BEIARY AL AUERNE TdR, A oB16 ) TessHTB0% of coul
mesbinjugated SCPE vias erell eased dirdrh ebotlo HGHE and HGEGH for wimes up to 144 h
S%Ja_uﬁf'ﬁ: Lzed in DVSO Absorbance was neasured at 113
56d 2R Wsi ng a SPECTRAFluor Plus plate reader (Tecan,

15 Durham NC). The percentage of cell survival was

calculated relative to untreated cells, and 1C50's
were determned fromplots of dose versus cell

survival.,.,l a of .CPT, . 3 HOG6

St ed T et R yihebi) SR RS SEGPT 0% HE and
urgo@eat ed pol yner 36e and CPT conj ugates HG6 and
HGGX in various cell lines Cell Line 36e (uM CPT

(UM HG (uM HGGGs (uM LS174T >300 0. 005 0. 050
59 0.010 HT29 300 0.020 0.050 0.030

i , 4% p ¢ pH6.1 CathB
Conjugate PBS HPY MP® Alb' Ac Chof i
HP® buffer” (pH 6.1)
HG6 9 2 17 26 2 F s s

HGGG6 32 22 e 22 73 43 >144 >144

®f1nis defined as time (hours) for the release of half of the total conjugated CPT.
Abbreviations: HP means human plasma, MP means mouse plasma.
® pH 7.4 PBS 1x buffer.
25 ¢ Reconstituted human plasma mixed with PBS (v/v = 4/96).
4 Reconstituted human plasma

® Fresh mouse plasma
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A2780 100 0.007 0.025 0.020 PC3 >300 0.075 0.25 0.15
10 Exanpl e 29: Pol y-CD Bi sCys-Peg3400- Al a- CPT 37 36e
(54 nmg, 0.012 mmol of repeat unit) was dissolved in
dry DMSO (226 mL) and stirred for 10 m nutes.

TFA- Al a- CPT which is prepared simlar to 11 (15 ny,
15 0.028 mml, 2.36 eq), D EA (4.88 nL, 0.028 mmol,

2. 361 ppbcodsftfutéd Lurra ABumth BBS B#@er 10 eq), and NHS
(13. ?Ingl 0.12 mmol, 10 eq) were added to the poly
1))

sol u ¢ présence oftageta] oldingstenaseliB$ aplutibn (ﬂtoommf@ﬂp)s
The pQ wth ether (40 nlL) and
vvasheahvéT RhoPRaP (@5 3@/@1_) and with CH3ON (2 x 10
n{m @/ﬂaﬁadsbme beflérsis the/mdsdnbe BFC4haguieeBUS sol ution

and di al ézed at room 20 tenperature for_ 48h

usﬁqﬂqlSQQf 664 i insabPiffeeent bk sol utlE6GGhs tvbn HG6  were

P8R AL 1o L LRach Bu g e ALRTap - 1)
ofbadict(gﬁl ﬂdgllﬂﬁn&@&uﬁﬁh@ el 31 ed 02412 ﬁnﬁﬂfqu@tl dfg:abinxﬂutxon was
equi pped with a fluorescence detector after rel easing

CFdIlutﬁrdomtB‘S 396 H3gOn & abourl 8@ gl 30 870f suck sobutips was injected

( éﬂ{rﬁﬂaﬁ‘éogﬁ Pﬁ%%?f%?r%%ggfﬁﬂ é%.ie S CPng‘fg;gta 38 npared

driy aLRMRd%AevdTl) and stirred for 10 m nutes.
TFA- Leu- CPT which is prepared simlar to 11 (16 rrg,

0.028 mml, 2.36 eq), DI EA (4.88 nL, 0.028 mol,

o) gRt S SoRBre MobitB ko F RS B

S(frdﬁl iboth HGBentEGEGS. Eise shountest CPT relébd frdM Hmr@d
The polyner was precipitated wth ether (40 nlL)

and

waldE &G 0nt 1 & st 260 in baffensolutions with Pﬁwang(fwm lqgo 13.1

e el P € PSRRI AL B BB GGG

USwérg ven, sﬁzﬂﬂe Mmmphlt(ﬂ dne.6.4e 166 thini 190 oAAP Ttvera released in 24

passed through a sterilized 0.2 mfilter and then

| yophilized to yield 38 (42 ng, 78% . 10 Wei ght

percent of drug |oading was cal culated to be 5.0%

usi ng HPLC equi pped wth a fluorescence detector

af t edCxeviaadiTE) ASRAy f r Bhe R8mas i cvgribaserciremee ACPE0 icell line was

0,

380b|ta§1r§éld/%rom the European Collection of Cell Cultures (Salisbury, Wiltshire, UK).
The human colorectal adenocarcinoma HT29, human prostate carcinoma PC-3, and
human colonic adeoncarcinoma LS174T cell lines were obtained from the American
Type Culture Collection (Rockville, MD). Cells were seeded in 96-well plates at
5000 cells/well and grown in medium containing 10% fetal bovine serum at 37 °C
for 24 h in a humidified 5% CO, atmosphere. The medium was replaced with fresh
medium containing CPT, 36e, HGGG6 or HG6 in concentrations ranging from 1
nM to 10 zM of CPT and 36e (CPT equivalent for HGGG6 and HG6). At each
concentration three wells per plate were treated. The effect of the compounds on
cell growth was measured by the MTT assay after 72 h. The medium was removed,
the cells were rinsed with PBS, MTT solution was added at a concentration of 0.5
mg/mL, and the plates were incubated for 4 h at 37 °C. The medium was removed

and the formazan crystals were solubilized in DMSO. Absorbance was measured at
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Exanpl e 31: Synthesis of CD Bi sCys-BisPeg-FI TC 39 15
Schenme XXXX xo0 0 0 OR ~ Jg~ No HN 5Y: ~7, +

Fl umeuei n-Peg& NHS / 0{ /\o'f. ~"N 3~9 }{ 0 0\ asso

Dien xo oox \ COOH HOOC 0 O ORHO 0 39 4 (25 ny,

0.0186 mmol ) and FI TC- Peg5000- NHS ( Shearwater, 186 ng,

20 0.0373 mmol ) were dissolved in dry DMSO (2 nl).

Didgh (@ GRS anSPEOTRAFIWGIOPIus P1RE reNiRs (Xdehdd ThehdhENC). The

m xture. The m xture was kept in dark and stirred for
2zpe;mtage oﬁ\aelésurm@l wey caleiated selatigdeamiraeted pells, and /Cso’s were

SR S A3 e R siPbRR 139301468 588 mocs
39)r HE6 antligédi@diabRod.ynmer was characteri zed by M5 and

1H NVR 25 Exanple 32: Synthesis of Bis-succinimdyl
succi nat ePeg3400 (Bis-SS-PEG (40a) and bi odegradabl e

NPT LU g TP e

0 IBGG @ th vaddis &M [ihes® /~ ~O 0 HN-5NH DCC~ N~ X v
1~O0O~Ho O O LAW 0 0 40a OO OO /"~ ’\’\//N’\IXI
(~~p " O Gy-CPT ~H-\ SSHHXvVv 'O1

CellLine  36e(uM) CPT (M) HG6 (M) HGGG6 (1M)

LS174T >300 0.005 0.050 0.010

HT29 300 0.020 0.050 0.030

A2780 100 0.007 0.025 0.020
PC3 >300 0.075 0.25 0.15

Example 29: Poly-CD-BisCys-Peg3400-Ala-CPT 37

36e (54 mg, 0.012 mmol of repeat unit) was dissolved in dry DMSO (226 mL)
and stirred for 10 minutes. TFA-Ala-CPT which is prepared similar to 11 (15 mg,
0.028 mmol, 2.36 eq), DIEA (4.88 mL, 0.028 mmol, 2.36 eq), DCC (24.52 mg, 0.12
mmol, 10 eq), and NHS (13.6 mg, 0.12 mmol, 10 eq) were added to the polymer
solution. The mixture was stirred for about 16 hours. The polymer was precipitated
with ether (40 mL) and washed with ether (2 x 30 mL) and with CH;CN (2 x 10
mL). It was then redissolved in pH 4 aqueous solution (10 mL) and dialyzed at room
temperature for 48h using 25,000 MWCO membrane. The solution was then passed
through a sterilized 0.2 pm filter and then lyophilized to yield 37(46 mg, 85%).
Weight percent of drug loading was calculated to be 5.5% using HPLC equipped
with a fluorescence detector after releasing CPT from 37 using base. Free CPT in
37 is <1%.

Example 30: Poly-CD-BisCys-Peg3400-Leu-CPT 38
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HOOO OHII 40b OO0 \\ ™ N - IX" /-~ O NSHSHYV
"0, N'O v~(IJmlll' CPT-Ay OO0 dy-CPT

Degr adabl e ester band |inkage 41 A 100 nmi round
bottom fl ask equi pped with a nagnetic stirbar and a
septum 5 was charged with 10 g (2.99 mol ) of

pol yet hyl ene glycol Mwv 3350, 2.0 g (20 nmol) of

succi Bs€ (Y .0 temaivll obfepBat aift) Ak uBEsIvEd Ty quso (226 mL)
After stirring the solution at 50 C for 16 h

scngstitredbey [0aniputes. Hf&-b@lapyTévlaﬁ% rsatréparedrﬁ@ﬂaé ostlgi] 6 me,
gg_seﬂpq%?o% g:pbﬂlé”ﬂ(hr gL, m@rmﬁﬁﬂ 2%5 C]Béﬁ (341’5'2 mg, 0.12

Waﬁrndt i0dqn\aed NWSQB.ang, 012 thaneld10 E@)avaela\iém toWhGpdl@mer
then concentrated and, precipitat out _in djethy

etqugwonﬁ{ MiXEHG weastirrpdgfosalgo%flg Spgrs dbeep ra*gﬂs precipitated
Peg:3¢ % ?Jgﬂ ity

b%%ﬁ% a@éi ({g oﬁiﬁ%@ éHleIEfF-’g P or narq\ﬁl%L?madl:%qz(gq‘ 10
Chmbrit way thp:ln yedis8olied irmhH r4caqneloxtscsbhmmnf(l(hHiL) raqd: dimpereld at room

thar'ﬁe%agﬁ e o SOuCRRY iorbbrape. Saotp i e fen pessed
g&@gﬁagmaﬁfgé | GRIERELIRE B Boplifob e a'sst(u%gggs%)

roxyl” succinim
THWeght pktrcem offdxiglpadingsvat baloulaed tebe b 0%ansing HPD&Y dquipped
and. ded 0.58
1 ithyE dperestrons fe (€ 0tE e AERAEAE P B froms 38 P5ige Beser Jor CPT in
t eygagLaoyre for 24 h, the solution was filtered and
precipitated out in 150 nmL of diethyl ether.
Di ssolution in 10 nmi dichl ororret hane and precipitation

R S): Sneety PR EBafeadliny | i

Wasthama bRy by reverse- phase coI umed Hi gh
Perf ormance Liquid Chronmatography.

CD-Bi s SS- Peg3400 Pol ynker 40b 53Ar50- rl
shapedﬁsk was chargded i TR Efb‘ih:( ig/@ f\‘}:?

Fluorescein-Pe,

H,
a /I DMSO DIEA
o COCH HOGC

39

4 (25 mg, 0.0186 mmol) and FITC-Peg5000-NHS (Shearwater, 186 mg,
0.0373 mmol) were dissolved in dry DMSO (2 mL). DIEA (0.0094 mL, 0.056
mmol, 3 eq) was added to the mixture. The mixture was kept in dark and stirred for
24 hours. Water (10 mL) was then added and the solution was dialyzed in dark
using 10,000 MWCO for about 48 hours. After lyophilization a yellow polymer 39
was obtained. Polymer was characterized by MS and 'H NMR.

Example 32: Synthesis of Bis-succinimidyl succinatePeg3400 (Bis-SS-PEG) (40a)
and biodegradable CD-BisCys-SS-Peg3400 (40b) and its CPT conjugate 41
Scheme XXXXI
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254 ng (0.0746 mol ) of 40a. The conbi ned solids were
dri ed under vacuumfor 24 hours before the addition
of 1mL of anhydrous DMSO and 2.2 equivalents (0.164
mrol ) of DI EA. The solution mxture was stirred at
roomtenperature for 3 days and then precipitated out
in diethyl ether. This yielded 100% of 40b. Mol ecul ar

10 wei ght was anal yzaed on a Hitachi HPLC syste
equgp.p\p wﬁtL,h\ anoﬁ@pwc et tgx\{% Preci shon OH
ct or S°t!et—e%;m>, anfl a Progel - TSKrG3080PWKL

1°

col umm usi ng 0 PBS as®eluant at a 0.7 nL mn 1°

flow rate. , = 93,000, M = 61, OOO and My, /M =

1 5 15 B Cys- SS‘PegB400 G yd yfd y- CPT conougate Q NH!
OWR

TFAD@SJyGI Gly- T 12 ( "0. 1 5 mml =

EDC ( 25. 5 0°133 mml eq)49a and NHS°(

0. 0977 .2 eq) were dissolved in dry DI\/BO 6

mL) Hand sti d for EO m nut es. 20 DI EA (1 L, O 105 Gly-CPT
rmf(‘l' eq)Tsa . e — ™
m Xt ur was stirr d for about 41 hours The polkymer

wasH®r a®hed out W't hodi et hyl40bt her (250 nlL) and
washed w th acetonltrlle (3x 25 nL). It was then

re-disso| ved | W/ L) and di § yzed at
room t

menbr ane. [The sol ut| on|was| t hen ?assed t'hr oug
stericLME 2 mfil tef~gReand tﬁg yophlLksz to ©
yield 41 (128 ny, 52% Wei ght per tee@fudtifadg | 0adi Ng
was cal cul ated to be 6.95%4asi ng HPLC equi pped with a

fluorescence detector after releasing CPT from 41
usi ng base. Hydrolysis of 41 mas set up in human

pl asma £ 186 %Lsfblac e ﬂ%m&ff d with ?%ﬁ%&et&%ﬂ%&%ﬁ a septum

(100 L) were p endor es and
i neastchaegdd iwith BDg 627950mmlbof [htdydthylaﬁwglycdm\éws%ﬁﬁj 28 g (20

dified 100 8.5% H3PO4 and |
e g PG AMEtFI4R A 30 Bt o ropn PYBREE; et Sigine the
Wasp ot taf §0 Y ¥y I@Q'i A SO:I’&JCBI (¢ mALEHY %ﬁaf)} éw%poﬂﬁﬁ@ P@he

buffer. Free CPT (lactone forn) was anal

Hllﬁmhﬁ way wdiselved etbowl.of ermgd seeaced wrth Ilalrnkplécltmrofonn
De esf% hﬁ’SPr%%%“d\}’éas g]é’é’ %rd%ggb Iaﬁ}i@ﬂerfﬁb The solvent was

S5QhEd é’dnc@ﬁtreﬂ&barﬁicﬁré& ﬂ?ﬁted\@ﬁt iR eyl R€hek N'THdFBJULBA 598 g of bis-
reconstituted in :§i‘?) sol ution. 100 L

al suammydy\lel?e@-”ﬁ%@ttaameld 0590 o.CTheproduesavns|analyaesbby reverse-
phase columned High Performance Liquid Chromatography.

A 100 mL round bottom flask equipped with a magnetic stirbar and a septum
was charged with 2 g (0.56 mmol) of bis-succinimidyl Peg3400 and 10 mL of
anhydrous dichloromethane. To this solution was added 0.324 g (2.82 mmol) of N-
hydroxyl succinimide. The solution mixture was then cooled in an ice bath and
added 0.58 g (2.82 mmol) of 1,3-dicyclohexylcarbodiimide. After leaving at room
temperature for 24 h, the solution was filtered and precipitated out in 150 mL of
diethyl ether. Dissolution in 10 mI. dichloromethane and precipitation in diethyl
ether was repeated two times. This afforded 1.74 g (82.9 %) of Bis-SS-PEG 40a. It
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was taken out at a specific tinme point and crashed out
in 900L cold nethanol. The solution was centrifuged
and the supernatant was anal yzed on a HPLC/ ELS
detector. The resulting spectrumis shown in Figure
7. 10 Methods for increasing drug wei ght percent

| oadi ng Method L Synthesis of CD Bi sCys Peg Copol yner

W 4 HafiPed B%P&Qrsbiﬂl‘%%&iﬁﬁf?ed fiih P ERIneaNhtigat 15
Exanpl e “33: Synthesis of CD Bi sCys-Peg (short PEG

e.hrometegPpbyPeg2000) and its CPT Conjugate 42 Schene
XXXXI'l 1O HNO HNO OO 0=~0 0 Peg 200-2000 N N N
N 20 42 Synthesis of polyner and drug conjugate 42

ar@DﬂﬁB@ﬁ@SSﬁ%@Wﬂ Palthed@0bn Exanple 28. 118 Met hod
I1. Synthesis of CD Bi sCys-Peg Copolynmer with nultiple

drug nol ecules on each loading site

Synt hasT(ombf poerh shaasttaskoatgs shraed vitgi10BIag GG TpmoD of 4 and

Com gl o S el RSB g

N 24 libueHdefperthéhildition of 1mL of anhydrous DMSO and 2.2 equivalents (0.164
mmol) of DIEA. The solution mixture was stirred at room temperature for 3 days
and then precipitated out in diethyl ether. This yielded 100% of 40b. Molecular
weight was analyzed on a Hitachi HPLC system equipped with an Anspec RI
detector, a Precision Detectors DLS detector, and a Progel-TSK G3000pwx1, column
using 0.1 M PBS as eluant at a 0.7 mL'min" flow rate. M, = 93,000, M, = 61,000
and M,/M, = 1.5.

CD-BisCys-SS-Peg3400-GlyGlyGly-CPT conjugate 41

40b (201.8 mg, 0.044 mmol of repeat unit), TFA-GlyGlyGly-CPT 12 (66 mg,
0.105 mmol, 2.36 eq), EDC (25.5 mg, 0.133 mmol, 3 eq), and NHS (11 mg, 0.0977
mmol, 2.2 eq) were dissolved in dry DMSO (6 mL) and stirred for 30 minutes.
DIEA (19 pL, 0.105 mmol, 2.36 eq), added to the polymer solution. The mixture
was stirred for about 41 hours. The polymer was crashed out with diethyl ether (250
mL) and washed with acetonitrile (3x 25 mL). It was then re-dissolved in pH 4
water (10mg/mL) and dialyzed at room temperature for 24 hours using 10,000
MWCO membrane. The solution was then passed through a sterilized 0.2 um filter
and then lyophilized to yield 41 (128 mg, 52%). Weight percent of drug loading
was calculated to be 6.95% using HPLC equipped with a fluorescence detector after
releasing CPT from 41 using base.

Hydrolysis of 41 was set up in human plasma (100% solution) at lmg/mL.

Aliquot solutions (100 pL) were placed in 1.5mL eppendorf tubes and incubated in
37 °C water bath. Then, the samples were acidified with 100 uL of 8.5% H3PO,4 and

loaded on pre-conditioned solid phase extraction cartridge. It was eluted with 60:40
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Maxi mum drug loading 13.4 % N NK NNS S\\~~"\ mn
0O O00O0OPEG Mv=23400 4 CPT per CD Maxi hum
drug loading 25 % HNHNHNHN OOOO~ OO~ QI
O/ 011 01l O NNNN N\ N\ N N 43 36 and
G u-Bis(dy-CPT) 17 are dissolved in DMSO. EDC (3 eq),
NHS(2.2 10 eq), and DIEA (2.2 eq) are added to the

K la@tonifrkle B ; B8y OFuddi S EUMEETO forrh$ wias analyzed on

prec itated with CH3CN and washed with the same

s dilRIehFluprescenasoietectar uginggcetonitdlel KERBA4 bufferg Half-bife was

T 3 1 ri,ed under high vacuum Exanple 35:

Qf%{%?regstg?’élg%'- CD- CPT conj ugate 44 (Branched

Cih&ahilatsn vf CD-BikE F@B—S- P3H0QRbBMer 40D A Synt hesis

of branched PEI-cyclodextrin polymer Scheme XXXXIV HN

NH NHN HH- INT.N-N-.N-N~.NtiN\ NHHN 1 HH (t

N fN-- SOH@ImeQ()hNolunomwas prepared in human plasma reconstituted in
PBS (pH 7.4) solution. 100 pL aliquots were incubated at 37 °C. Each sample tube
was taken out at a specific time point and crashed out in 900uL cold methanol. The
solution was centrifuged and the supernatant was analyzed on a HPLC/ELS detector.

The resulting spectrum is shown in Figure 7.
Methods for increasing drug weight percent loading

Method 1. Synthesis of CD-BisCys-Peg Copolymer with a short Peg linkage and its
GlyCPT conjugate

Example 33: Synthesis of CD-BisCys-Peg (short PEG, e.g., Peg200-Peg2000) and

its CPT Conjugate 42
Scheme XXXXII
Peg 200-2000
o- ~G°
N
7N
42

Synthesis of polymer and drug conjugate 42 are same as 36, 37, and 38 in
Example 28.
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HN Ni NH NH NH N 5 PElI (29 ng, Aldrich Mv 25, 000)

was dissolved in dry DMSO (2 nL). Cyclodextrin

nonot osyl ate (448 ny, Cycl odextrin Technol ogi es

Devel opnent, Inc.) was added to the solution under

N2. The cloudy solution turned clear after the

m xture was stirred at 70 C for about 1 hour. The

S %@iﬁaﬁrﬂ t SEAResisbf leﬁlly\gyﬁj’ké’ﬁ’t)ﬂ&yﬁw Rlith WRulRpi drudimolecules

such tenperature under he solution was

t ranericarloading sites Spect ra/ Por MACO 10, 000 nmenbr ane and

di al yzed agai nst water for 4 days. Water was then

renmoved by |yophilization. A white powder was

Omﬁdtﬂfﬁ 341 8onthédis FOCDAiEEYs-PELariDitdGIuBIs(G$CPT) Conjugate 43.

zed. Cyclodextrin/PElI ratio was cal cul ated

mémléroton integration of 1H NVR. 15 B:

Synt hesi s of bran CD- CPT conjugate Schene

XXXXV Z'QQom Q zaSNHxI_|—|HNHHNtI HN- ~"

N ~' Nf { N a m I H FL
az ; M NH € .0 44 8aa PH -CD y-CPT ‘& / n
(1.0 eq) arle dissol ved in DVBO.| EDC (I3 eq), NHS (2. 2

eq), and (1 eq) are added, sol uti on.
PEI-CDGI*&’/” CP‘P 44 i's 5 preci p| ated with ether, washed

ext ensi ve th| s sol vents ﬁ rlgd under hi gh
PEG Mw = 3400
N 2 CPT per CD
Maximum drug loading 13.4 %

H H
£
W N
o]
o}
Q
PEG Mw = 3400
4 CPT per CD
Maximum drug loading 25 %
° =L J\
olh oll ~° oll ol Ag®
N N N
NN

36 and Glu-Bis(Gly-CPT) 17 are dissolved in DMSO. EDC (3 eq), NHS (2.2
eq), and DIEA (2.2 eq) are added to the solution. CD-BisCys-Peg-GluBis(GlyCPT)
43 is precipitated with CH3CN and washed with the same solvent until no free drug

o] =x
)I\/z
Q
[s]
[w]
)L}

is detected using UV or TLC. 43 is dried under high vacuum.

Example 35: Synthesis of PEI-CD-CPT conjugate 44 (Branched CD-Polymer with
CPT conjugates)
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vacuum Exanple 36: Synthesis of Ad- PEG3400-Ad 45
Scheme XXXXVI 10 O O 11 11 frNH2+ N-O C CH2- CHz

0- PEG3400 OCH2-CHZ-CONO OO11 H _a -CH2-CHz

O PEG340 OCH2-CHZ CG-N N-C 45 240 ng of

| - am noadamant ane (1.60 nmmol, Aldrich) and 272 ng of

15 PEG34QQ( SPA) 2 (0.080 mmol, Shearwater Pol yners) was
adgeSyhtheds df Biiched PEIRSEloARARinpdIPmRr st i rbar. To

this was added 5 nL of dichl oronethane, and the

solution was stirred overnight. The next day, the
soPhemsX¥&EXIVi | tered to rempve the

n- hydr oxysucci ni m de byproduct and the di chl oronmet hane
was renmoved in vacuo. The residue was dissolved in

wat er andwugentrifuged to renove exc 121

am noadarﬁ;‘mt ane. The supernatant was n dialyzed
overnightwin Pierce's Slide- A-Lyzer w t\ MACO=3500.

The solut{on was then |yophilized to affSord 248 ny

a white fuffy solid}sf Ad- PEG3400- Ad 5 Exanpl e

37: Synthesis gf Di Gycl odext r+nA<{PEG 46 62 gy of

CD- NH2 (032 sy ~CyCrodext ri n Tgchnol gy, Inc.) &d
436 my  of F?EGMO%SPA)& (0. 126—nmol , Siear vat er X
Pol ymers) wele add&d td™a gl ass vi al e’qui‘i?pedsN
stirbar. To,this vial was added 4.36 niL of O, yand
t he sol utiong was stirred for. 72 hrs. The %ol ution

di al yzed usimwg 2000 MACO nenbrane for Ndays igé:j
water. 46 (603 ny, 86% was obtained as.é phite p
after |yophilization. Exanple 38: Synthesia of

I ncl usi on polymer 47 using Di AD-Peg 45 and\Di CD-

N N.
ith7ay

PEI (29 mg, Aldrich Mw 25,000) was dissolved in dry DMSO (2 mL).
Cyclodextrin monotosylate (448 mg, Cyclodextrin Technologies Development, Inc.)
was added to the solution under N;. 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 such temperature under N..

The solution was transferred to a Spectra/Por MWCO 10,000 membrane and
dialyzed against water for 4 days. Water was then removed by lyophilization. A
white powder was obtained (120-140 mg) afier the solution was lyophilized.
Cyclodextrin/PEI ratio was calculated based on the proton integration of 'H NMR.
B: Synthesis of branched PEI-CD-CPT conjugate
Scheme XXXXV
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PEG 46 15 46 (54.6 ng, 0.01 nmmol) and 45 (34 ng, 0.01
mol) were mxed in water (0.27 nL) and stirred for
overnight. The solution is very viscous. Polyner 47
was crashed out with ether and dried under vacuum
Exanpl e 39: Synthesis of Inclusion Polyner

CPT- Conj ugate 48 between DI CD- 20 PEG 46 and a

CPT- Di -morrpound Synt hesi s of di adanmant

crossli w Bis-(2(1l-adamantyl) et hyl) phosphate

(Zhang et al ., J. em Soc. 1997, 119, 1676-1681)
ScherreXXXXm\Q/IIII dine O + P 11 ZSPeZ1~OC]—|HN ”
A~1 "-d¢25 AnhydrE%;@s pyrldlne(logrrL A i,
Al dri chysN ’e’ Wy vvas-—eoei*ed | n an i ‘*’“\f}ﬁg
met hyl di chl oph sphate ( iC

. hr | Hu,
M | wauke add .opvm ure
kept col oﬁmafur er 15/' " Durlngthls

period a pregGipitate of N | pyridinium 3§
di chl or ophoSphat e formed. 1- Adanantane et han
g, 26.4 mmol, Aldrich, MIwauKee, W) was adde
the sealed m xture was stirred overnight at ro
tenperature. It was then poured into 10% Na T
solution (50 nmL) and the pyridine was evaporated under

Lot weRErCHrmd SR 15 000 Bk dEer B TR BTG e

D(NHS Q@ Q)eq%_ The IﬁE&Aeﬂté%l ) BRARIGedRStha shidiibh. eF'EIACﬂJG?y &PT 44 is

en extracted with three
pmrcqlplm@ecbmt@m wasBedektensi®ly withghis @olrvbnme@d d«ngialmd@r high
Iayerm£et her and CHC13: n-BuOH) was washed with water
slightly yellow precipitate was fornmed in the
m xed sol vents, at which point the 10 sol vents were
evapor at ed under vacuum A slightly yellow solid was
f dexamaple36: Syrtbesivel dPEGimed 45 om acet one/ hexane.

TI"sechgl%l )&j&%ldrl ed under vacuum yield 60 %

Q
0 ﬁ ﬁ’
0 o
Q 0
H | I_H
N—C—CH,-CH;—0~PEG;40y—0—CH,-CH;—C—N

45

240 mg of 1-aminoadamantane (1.60 mmol, Aldrich) and 272 mg of
PEGa400(SPA); (0.080 mmol, Shearwater Polymers) was added to a glass vial
equipped with a stirbar. To this was added 5 mL of dichloromethane, and the
solution was stirred overnight. The next day, the solution was filtered to remove the
n-hydroxysuccinimide byproduct and the dichloromethane was removed in vacuo.

The residue was dissolved in water and centrifuged to remove excess 1-

121




Scheme XXXXVIiIl1 15 11 11 0 o o L/J-/ v» ip OHOO N
Yr ~p ON OOBis-(2(1-adamantyl)ethyl)phosphate

and 11 are mxed in DMSO. EDC (3 eq), NHS (2.2 eq),

and DIEA (1 eq) are added to the solution. Solution is
stirred 20 under argon for 16 hours.

Bi s- (2(1-adamantyl ) et hyl ) phosphate-A@ y-CPT is
praﬁﬁmaadaﬁ{a%@anw trige §ﬁ]§k$ﬁata1%@§£ eRerEdi A9 P& N\%ln)igm 1h|P1érBé’§ Slide-

sol vent, and dried under high vacuum This conpound

and-IDize it PBEVAR)=35680 nilke dolutiomwsethes chmhmaed@ aEp1gr248 mg of

s VB RUTR R0 AES R i AT o no pr ocedure i< the.

synt hesi s of AD-Peg5o000-Fol ate. This nethod can be
adapted for the synthesis of any Guest

5 mobxample 37; Sxethesis gbRiCcladexi 4ft nol ecul es.

S U 5400 T SR N S ome

AT REG Q8P )a sk 128 mimod Cﬁhcﬁﬁaﬂer\/ﬂcﬂfmﬁsmﬁmaﬂd@d to a glass vial

FRSRAEPR! it Ao B v AecA. 36 A B and e solution
WShss ﬁgﬁza 80ReRs 2R e ts?lﬁm&? bt Hﬁﬂrzéa 'uglhg G006 gfww&eﬁ%ranc for

room 10 tenperature. e solvent” was reénoved in vacuo
10 anﬁdmum water 4 ang, 86t evas obtameadi a3g wloteytavaler afier

dissgl.ve the PEG product. The solution was centrifuged

atlye k Z300P- f or 10 ni nutes, whereupon the

adamant ane- net hyl am ne phase-separated as a denser

i quid. The aqueous portion was collected and wat er
r dixamplei38: Spnthesis of Inclusion polymer 47 using DiAD-Peg 45 and DiCD-

PEG 46
15 46 (54.6 mg, 0.01 mmol) and 45 (34 mg, 0.01 mmol) were mixed in water
{0.27 mL) and stirred for overnight. The solution is very viscous. Polymer 47 was

crashed out with ether and dried under vacuum

Example 39: Synthesis of Inclusion Polymer CPT-Conjugate 48 between DiCD-
20  PEG 46 and a CPT-Di-AD compound

Synthesis of diadamantane crosslinker: Bis-(2(1-adamantyl)ethyl)phosphate

(Zhang et al., J. Am. Chem. Soc. 1997, 119, 1676-1681)

Scheme XXXXVI
o) Pyridine 0]
+ Ll —_— I
on o |\c1 o ]|>\0
25 OCH, OH

Anhydrous pyridine (10 mL, Aldrich, Milwaukee, WI) was cooled in an ice
bath and methyl dichlorophosphate (1.488 g, 10 mmol, Aldrich, Milwaukee, WI)
30 was added dropwise. The mixture was kept cold for a further 15 min. During this .
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The remai ning viscous liquid was redissolved in 20%

pi peridine in DM for FMOC 15 deprotection and stirred
for 30 minutes at roomtenperature. The sol vent was
renmoved i n vacuo, washed several tines wth DWVF,

redi ssolved in water, and run on an ani onic exchange
columm to renove unreacted PEG The first fractions

meﬁe@iodcaqiréagﬁﬁsl oﬂﬂ%bﬂﬁg tillinfgef dichlotbphdipRae forhedf 1-2
white, fluf powder (76% yi el d) of he desired
D dinAntagh kb T, o AMEEh, Mdmasas) 0 was adled, and

2. nthesi s of N Hvdraoxysuecini m de fol at
(MRSt s SRRERUERE oo e RarkE v faemonyed
| ¥t 0% Nal E¥E oNidnR90 il )Nndthe lg*rldilﬁe WadvapbiatddinideMNvacuum.
25 0 0 NHS-fol ate is synthesized according to the
5 methfodightly yellow selid was dissadvedrn 1 Iy of watgr and extracted vafhyether

; : Fal | iy \ R
T35 Lo bbousiand y At iR Sy 2N CTRLH 1
t randtthetl @ataoted (Wittbthede) 1 5OndL pesivne df GiHlCi;:#-BuOH (7:3). The
Sli- Q%ﬂ{i G s;glglg e{ysmafiq?l}ﬁ(r é.gg pilcﬁéﬁu@)o #%qﬁ%gsﬂ}fd with water and a
]??’slqi't'gléirﬂé gmo@brergﬁﬁi’tﬁiet @M[élg&d"fn he Eﬁﬁeﬁ%’é\gﬁn’té} Bt Which point the

and ncentr at under re pressure.
10 NHslventsavere iesagmaed pndatvecumsiAglightlytyeilbwesbhid vas formed and

RgrrtSeRRHE ot et Hpaatimeciit S ioguih, vield 60
-2 C. 3. AD Peg5000-Fol ate Scheme L 10 O ~/
Yy,,ryry

Scheme XXX VIIT

15
(8]
@\/\ L' /\/@ H ﬂ

P _—

o7 o AP

OH o”| o
o
- P

Bis-(2(1-adamantyl)ethyl)phosphate and 11 are mixed in DMSO. EDC (3
eq), NHS (2.2 eq), and DIEA (1 eq) are added to the solution. Solution is stirred
20 under argon for 16 hours. Bis-(2(1-adamantyl)ethyl)phosphate-Gly-CPT is
precipitated with ether, washed extensively with this solvent, and dried under high
vacuum. This compound and Di-CD-PEG 46 are mixed in DMSO to form inclusion

polymer-CPT conjugate 48.

25  Example 40: Synthesis of AD-Peg-Folate 49
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H 1 NHIY/ NONOAOPeg Mr o""~~/ ONOON/~
ol~./v OOCH OOH 49 AD Peg5000-NH2 and NHS-Fol ate
are mxed at 1:1 eq. in DVBSO solution. 15 DI EA (2 eq)
is added. The mixture is allowed to stir at room
tenperature for overnight. The DVSO solution is then
di al yzed agai nst 3500 MACO (Spectral/ Por 7) nenbrane

for 48 T’Wfoﬂowﬁ% Iﬁ‘@mrsﬁﬁ’é flnthedl Jf ATRIPEA fo&%lﬁé.t Fhis method

| yophi l'i zation. ~Exanpl e 41: "Formul ati on

ABapdg-adepted éorath@ ssaltmsmf legyréucgproleans-lipee- L 2grnA tri-
typl cal roce Ll A CD- pol yner CPT conjugate is

di LEGOPEY PHEUPE Wbuffer. A DSWsol ution cont ai ni ng
0.1-1 eq (nols of repeat unit) of AD- Peg-Fol ate

sol uti on is added to polyner solution. Particle sizes
of _ pol are measured before and after addi ng of
ADL P %fﬁf@tf’sﬁg I?l ght scattering. This solution is

anal ysi SEPEREFMOCPHAAEARS (7Y L1 ShBhnd o Follinss,
Covadteviile L) kvt addetiao geldsn gial Bcgﬁpmad(\eltlga rnagnbtai sirbdro 10 eq.
Sclaapniast ey e ¥ mgtof hidieny Tesgled i mi of

Yl dichloromethdnk v(re‘fe fhui agd&l a.rgél"the §6‘1u1§9n SC}F &er%lgt%’?ooﬁf'

and Fol at e- NHS ( are m xe
sttempemituré The scﬂuemmsemcﬁml ip whsproeandi vsatc:tr\aﬁﬁldedam the

OrER R Yo RERE e SR EEP e b sl i chRBifuged at
r eRIK £of Rek 1O0ninRRdsy WhREre ol the béﬁrﬁalﬁ&{ﬁ-ﬁgﬁi&ﬁnﬁﬁe pRaslskpiated as

under vacuum
a denser liquid. The aqueous portion was collected and water removed in vacuo.

The remaining viscous liquid was redissolved in 20% piperidine in DMF for FMOC
deprotection and stirred for 30 minutes at room temperature. The solvent was
removed in vacuo, washed several times with DMF, redissolved in water, and run on
an anionic exchange column to remove unreacted PEG. The first fractions were
collected and lyophilized to yield 222 mg of a white, fluffy powder (76% yield) of
the desired product which was confirmed by MALDI-TOF analysis.

2. Synthesis of N-Hydroxysuccinimide-folate (NHS-folate)
Scheme XXXXIX

H,N YN Ne
LA ] °
HN\HIN/ N oH HN \r/N N, o ?
o Qrﬁ DCC/NHS HN\"INJ\/E 0,N
—_— . Y
% ¥ on o QH/N
0 o7 on

NHS-folate is synthesized according to the method of Lee and Low (Lee, R.
I, Low, P. 8. J. Biol. Chem. 1994, 269, 3198-3204). Folic acid (5 g, 11.3 mmol;
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Exanpl e 43: Crosslinking of CD CPT pol ynmer using

Ad- Peg- Ad. 51 10 A typical procedure: AD Peg-AD 45
(0.01-0.1 eq of CD polyner repeat unit) and

CD- pol ymer CPT conjugate are mixed in a m ni num anount
of DMSO. The resulting viscous solutionis
precipitated with ether and dried under vacuumto

yi @ilogha) Id dif¥olwedGh mfsomk@iﬂm@%ﬂrfﬁéth?mml&l(zsmmw adld&éadtéd with

mai ntain small particle size in ution, have

vaVdydeatysedeinimyde @rfog.Raviemmioghand digycdahgk anb@dmde (4 7g,

t | | e ,44:

o By e R s P 0
HGGenttAdGimler rddﬁﬁed mskutmﬂ:nfcﬂay g ﬁl@SlpitEIﬁd asingikiting ether

to Exarrple28 20 A In Vivo Toxicity and Blood
chidgilewrojangs arseipisate)s and wadied g-JMmRs maqnélﬁflroupsﬁ%éﬂed under
3 e and its effects on bl ood
cﬁ%&ﬁgﬁrmgﬂgh&?%ﬁ?ed in fermale Charles River nude
m ce (13-14 weeks old). Four treatnment groups of six
m ch we treated with a DSWsolution of 36e at a
ééi&’eéw@'éfgﬂ%g, 160 126 ng/kg, 80 mgy/ kg or DSW
algigmR), i -v. tail vein injection on Days 1, 5, and 9,
respectively. Dosing volune was determ ned based upon
a ratio of 200 pl for a 20 g nouse, and was scal ed
appropriately accor g to the actual BWof the m ce.

Thé'Y qf the refo‘f‘”r\% allyfor theflrst .
5 days™a d ce ‘e wueek M o] S
sarrpl es (15 - pl) were col | ect ed f e ch nmouse by °

retro- orbital E)I eedl ng under i sofl ourane oh Day 12.
Sanples fromthree mce in each group werg used for
conpl ete bl ood count (CBC) anal yses, while bl ood

sanples fromthe remaining three mce in each group

wer e prddPegHHO-NHy aid Nbi$-5¢iehe1’aﬁ myxedaan &l lyse sn DMEO solution.

0 LS RS B 55 oS LA

N3G Eni YRS mlmqsb%mt% l%@myﬂh@gamsm@mmwoo (Spectra/Por
anal ysis in the sane manner as on Day 12. There was no

si Qringmbrang fati4Bthetesn eDiReg BW0-belate 4@B€0bﬁam§r1 @fer lyophilization.
chem stry data between any of the 36e treated groups
and D5Wcontrol group throughout the study, and no

t i DEaraple el ¢ Eotmahfi @CH ShYATE PORFEIawEthdVED- I?diyﬂau@mr%n]ugate
all the treated groups. 15 36e was well tol eratedwyb -
ulier.

mi & &/nieal preeedienei MutDdpasmer CBT senitgate isgjssedyed iga D5
Cﬁ%ﬂé&@@ﬁl’tlgﬁ c&itaﬁ(ﬁ-ig Wit e-ao(hl%ﬁsa&l r%pij.%? Eﬁlt)( M./Ja))-}{e%-Folate solution

is added to polymer solution. Particle sizes of polymer are measured before and
after adding of AD-Peg-Folate using light scattering. This solution is used for either

in vitro or in vivo test for the analysis of folate targeting effects.
Example 42: Covalent linking a targeting ligand (e.g., folate) to a CD-CPT polymer

conjugate (eg PEI-CD-GlyCPT) 50
Scheme LI
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Conj ugates. The MID was determ ned using fenmal e
Charles River nude mce (15-16 weeks old) 20 for HG,
LGGGLO, HGGGL0. A 5% (w/ v) of dextrose solution (D5W
of the polyner-CPT conjugates was freshly prepared
bef ore each injection. Doses for the treatnment groups
ranged from2.25 ng CPT/ kg to 54 ng CPT/kg. Dosing was

adm ni stered intravenously (i.v.) by tail veing

i njecti on Days 1, 5, and Qp.oThe dosi vol’ -was
determ based upon a ratio‘af 200 0 fo

nouse, a 25 was al ed appropgtatel y accqfdiyg t

actual bo wei gh ot the Kice. Three {td five -
nce ew&e@ u{neave-h*"‘reatne gr oup. Theﬁé wofv;ttwhe P
m cp-War e f &l | owedds daily for {the fir st 5" ay!sa !
th a week, \thereafter,»The MPBe e |neaE§'
t he "hi ghest t {.adni ni'st er ed dose—t—hat»reul t e

decrease of.” nean group BWof 1ess than 20% qu the

hi ghest adm ni stered dose that did not resul tin death
of any animal 30 in that group. The maxi num in body
wei ght |l oss and treatnent related deaths forgall
treated groups are listed in Table 5. 127 Taljl e 5.
Treatment response for the MID study. Nude rbr-égne (n=

3-6) were treated i.v. by tail vein injectidn. Agent

nmy/ kga Max %BW 1 oss; Dayb NTRIN D5W- -2.5% Day 3

0/6 36e 240 -2.0% Day 3 0/6 36e 160 -3.5% Day 13

0/6 36e 80 -2.3% Day 3 0/6 LGGGLO 54 -20.6% Day 3

3/ BEI-C O PI644 hd3F6latayHd 80.9403 e m&l&n@MS@ and stirred
LEG3G10 9 0 0/5 LGGGLO 4.5 -0. 8% 13 0/5 H&x 54

- 291 84poway The pplymeiperathed 2yl wikh ety arsl wpshediqesnyigely with

* 2Ris’sGvePdntd nd/ e i Moleluld Yan B et@ctd SThe resulting CD-

polymer-CPT-Folate conjugate 50 is dried under vacuum.

Example 43: Crosslinking of CD-CPT polymer using Ad-Peg-Ad. 51

A typical procedure: AD-Peg-AD 45 (0.01-0.1 eq of CD-polymer repeat unit) and
CD-polymer CPT conjugate are mixed in a minimum amount of DMSQ. The
resulting viscous solution is precipitated with ether and dried under vacuum to yield
lightly crosslinked polymer 51. 51 should still maintain small particle size in
solution, have good water solubility, and have higher molecular weight than parent

CD-polymer CPT conjugate,

Example 44: In vivo tests of camptothecin polymer conjugates HGGG6, LGGG10,
HG6, and HGGG10 (Synthesized according to Example 28).

A. In Vivo Toxicity and Blood Chemistry Analysis from Dosing With Parent
Polymer 36e

The toxicity of 36e and its effects on blood chemistry were evaluated in
female Charles River nude mice (13-14 weeks old).  Four treatment groups of six
mice each were treated with a DSW solution of 36e at a dose of 240 mg/kg, 160
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HG6 4.5 -4.4% Day 5 0/5 HG& 2.25 -2.9% Day 9 0/5

HGGGLO 54 --- 3/3 HGGGLO 36 -34% Day 5 3/3 HGGGLO0

18 -16% Day 3 1/3 HGGGL0 9 -3.3% Day 9 0/5 HGGEGLO

4.5 -2.5% Day 9 0/5 a My CDP /kg for the CDP pol yner

and ng CPT/ kg for the three 5 conjugates tested. b

l\/axi mum body wei ght (BW | oss observed post injection

Nlﬁ { 80 mpk@ad MBI hﬁin@ttgmde@nhﬁelﬁ iR tidmOof hhysl 5, and 9,

er of mce treated (N) The MID of LGGGL0,
an@spe@%ﬂl@ Rsingdelwnerivae determiped B@edglpoue rmﬂ&j)o Mfora0g

Db Add 0 Senled Rorraprigiy o RiEs Fedeni R pblerhte. The

| tBINs &XBGhRE weratfolld\wedVlAN fr th G988 5 HNYR £HAOMES tRIc@ a week,
simlar. Therefore, the MID of HGEE® (not tested) was

5 asthgreafier. t Blaod ms@mago 13) @eremllect@dtfronaeacﬂtm@yse by retro-

St Th tit ffi St

sl WA BE AT BENFyRs SRR 1y conpl8 e Bifemice in cach
ol gthup Avdré 3GEERSr dopleteDlodd chuTBT B 1AAlyse9 | While blood samples
carcinoma tissue was inplanted subcut aneous| y (s.c

| nff@ﬂlt uhe refnginingf thagek magde mhtg@up wetesprogessed for blood chemistry

i‘ﬁsaéiiu g 1a% esgo _d aﬁ@%g ,gfl trﬁge Thﬁeo%u Hgm%ed by cardiac

10 dl ﬁ[ﬁﬂﬁir@ Rgde CO,, Gal Ibmﬁdefrém@a@lahmh@m colsdored foh€BC and blood
formula: tunor volune = (length x width2)/2. Tunor

vothgmistananabysinia thesrmemanngies onBlegHe: assumng 1 ms
Is eem?% zegs m%g%nﬁﬁﬁaﬁf ffér%%qgtBW-ﬁogﬁtcgﬁ(g or WiSod chemistry data

I niti nmean unnr Sl zZze reac Pproxi mately

6 Obet@Bemnany(d¥alie 3§e trddied ZoupsambDs Wiedrtrod grdupdhionglout the study,
twel ve groups. Each_group consisted of sev

t Hdrnostie deperdgnt afertsgyere 2bssrieslovsT i dary for #161@Fptr¥maé%d1groups
15t Ww% %8P 1o af%ﬁ b? ?]Zt th!—E-TlihaxMuﬁrﬁldl'osé}ai g%‘il n@%agngé'M@t e

treated accor |ng e protoco

B. Determination of Maximum Tolerable Dose (MTD) for CDP-CPT
Conjugates.
The MTD was determined using female Charles River nude mice (15-16 weeks old)
20 for HG6, LGGG10, HGGG10. A 5% (w/v) of dextrose solution (D5W) of the
polymer-CPT conjugates was freshly prepared before each injection. Doses for the
treatment groups ranged from 2.25 mg CPT/kg to 54 mg CPT/kg. Dosing was
administered intravenously (i.v.)} by tail vein injection on Days 1, 5, and 9. The
dosing volume was determined based upon a ratio of 200 44 for a 20 g mouse, and
25 was scaled appropriately according to actual body weight (BW) of the mice. Three
to five mice were used in each treatment group. The BWs of the mice were followed
daily for the first 5 days and then twice a week, thereafter, The MTD was defined as
the highest administered dose that resulted in a decrease of mean group BW of less
than 20% or the highest administered dose that did not result in death of any animal
30  in that group. The maximum mean body weight loss and treatment related deaths

for all treated groups are listed in Table 5.
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conjugate treatnments were adm nistered intravenously
by tail vein injection. Tunor sizes were neasured
twice a week for the duration of the experinent. At
the end of 20 study, tunmors from each euthani zed nouse
were harvested and frozen at -80 T. Table 6. Dosing
protocol for efficacy study.a G oup Agent Dose (ngy
ROPJIﬁe §CJ91%Q{‘H1<§&| resggﬂ_ 4K e ﬂ{’[@\s%dy' Nﬁde %@e >6n—33 62\@3 7d treated
[rinotecan 100f
H@Gcby@allvmnmjd@m 3 5 HGGE6 4.5 |.v. Q4D X 3 129
mes. 6 LGGGL0 36 i.v. (4D x 3 7 LGGGLO 18 i.v. Q4D x
3 8 LGGGLO 9 i.v. Q4Dx3 9HGG9i V. Q4Dx3 10
HE% 4.5 T.v. (AD X 3 11
HGGGLO 4.5 i.4gemtyuD x 3mg5<g§e\MﬁX HEW lﬁésr @a&isecNTRfN
each group b Doses are equivalent of CPT except for
group 3 Ci.P5SW intrapefitoneal- 25i%,\Day:3 i nt ravefous

d Adm nistrati schedul wer e a d as: D x
3:threeinje£dl}‘ion vvith%?%four gy val s, %X
3 = three injegdel on W t higme- weeks sat grayqb firspdose
was initialized on day 1 for all gro e The

u
schedul ed t hi r¥bedose was 8ot gi ved. 3&’&15&}’03 t he en®bgi ng

eut hani yed WOTor weisgnt  r eahehot B8 r edet ob i ned

LGGG10 36 -9.3%; Day 13 0/3
LGGG10 18 0 0/3
LGGG10 9 0 0/5
LGGGI10 4.5 -0.8%; Day 13 0/5
HG6 54 -28.5%; Day 3 3/3
HG6 36 -23.9%; Day 3 3/3
HGo6 18 -22.1%; Day 3 3/3
HG6 9 -6.1%; Day 9 0/5
HG6 4.5 -4.4%; Day 5 0/5
HG6 2.25 -2.9%; Day 9 0/5
HGGG10 54 --- 373
HGGG10 36 -34%; Day 5 373
HGGG10 18 -16%; Day 3 1/3
HGGG10 9 -3.3%; Day 9 0/5
HGGG10 4.5 -2.5%; Day 9 0/5

* Mg CDP /kg for the CDP polymer and mg CPT/kg for the three
conjugates tested.
b Maximum body weight (BW) loss observed post injection
° Number of treatment-related deaths (NTg) to the number of mice treated
(N)
The MTD of LGGG10, HG6, and HGGG10 were determined to be 36 mg
CPT/kg, 9 mg CPT/kg, and 9 mg CPT/kg, respectively. Based on the structural
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endpoi nt size (1,500 ng). The tine-to-endpoint (TTE)
for each nouse was <calculated fromthe equation: TTE
= (log(endpoint-b))/m where b and in are the

i ntercept and the slope, respectively, of the line
obtai ned by |inear regression of a 15 | og-transforned
tunor growth data set conprised of the first

Obﬁﬁmﬂﬁés%btwai HEXGEHRHEGG Y, YOX Rpeied tHat Wl MITE for these

and the three consecutive observations that
i niwedgatips grepiratarnd sthereforeatheaMim af HﬁGﬂﬁe(néh@éT@ﬂhWaS assumed

vo| s that do not reach the endpoint were
as@%gﬁ;e@%%val ue equal to the |ast day of the
study (114 days). Animals classified as
treatnment-rel ated deaths (TR) were assigned a TTE 20
5 val ue equal to the day of death. Aninals classified as
NoA- I eath (NTR) are excluded from
TTE%{E\'E@L Fgﬁ"g“?ﬁ‘g&? growth del ay (TGD), defined as
t he iThersdinendmeffibscynstddy wab iperfotmed nsipg iferhalé mﬁ)rlei; River nude

AT g‘;&fﬁgﬁ%@g&%&@ A P T cEion carcinora
f t
S {ésﬁ@ he rre A5 H@Eﬁ%&u‘éw @t ce)dln"l’@ tﬁéqﬁ% | k" @p%ﬁPhtgst mouse

etween 1 of "a treatnment group ‘
10 mesppaoxifibtelpfl4tiitedayeritefore dpsogp IﬁmmorTvelum)e waddétermined by

expressed |n days,, and.as a, erc e of the
T@@Wseﬁle&ﬁwamgtmsm% 31? e apfi o ted Lsing the

eqfﬂﬂnufao tirRe Q‘BluBEE—f kr\ﬁﬁlﬂﬁ‘j‘/@t gﬁ:ﬁHP%oRlﬁfé {vab Tonverted to

equal to nedi an or the control, Goup 1.
Tobunmrt\yelg]ﬂtnamhmgvbmn gfll@lll teldi ing tumooayiwelgw Tregpent was
t hereafter.

t
{1 GRS Jhén P F oL Figh ety e%ﬁgprga%q?@g Chq0me (ay 1. The

drugs in mce is defined

as a %g‘nup mean
bo@zquenzghmwgfr@n %i—é%ﬁang z@%gmup mgan feme sigpy of 88.6-90.7

and n re than neto

¢ g, Shice i oollk oo iille PRGN RRABET) PheIBOCARE p Taple 6. Al
| NednjsigitaRedtdentt Wery almafstere’ dhtedvehowsly by kil g 1rqébtd>ay Tumor
114, treatnent response and deaths, are sunmmarized in

Ta#pes were Taggered twWig & varknivredye duggtionof thegasrimens.  Jdys end of
20 Il@&%%g&/ frdm ggchpeu\ﬂ%mz-g%?mﬁg WRE hdrPesta dhdfFozen af T80 °C.

Table 6. Dosing protocol for efficacy study.”

Dose (mg

Group Agent CPTig” Route® Schedule
1 D5W - iv, Q4D x 3
2 CPT 9 ip. Q4D x 2°
3 Irinotecan 100f i.p. Qwk x 3
4 HGGG6 9 1. Q4D x 3
5 HGGGo6 4.5 iv. Q4D x 3
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134.9- - -(0) 0/1/6 - - 2 51.4 16.5 47%- (0) 2/0/5
0.2128 3 68.7 33.8 97% 1152 (3) 0/0/4 0.0002 0. 0253

4 114.0 79.1 227%256 (5) 1/0/1 0.0040 0.0115 5 65.6
30.7 88% 566 (2) 0/1/4 0.0046 0.1369 6 100.0 65.1
187% 666 (3) 4/0/0 0.0272 0.0289 7 75.6 40.7 117% 221
(3) 0/0/4 0.0018 0.0601 8 63.2 28.3 81% 700 (1) 1/0/5

0. 0005 . IUGZA 0 /9. 27% 394 (.4) 07073 o)
0 0028 910 74LGGLIE 1130 é?é’é(z) 11/ 3%, 0016 0SS
11 114.Q 79.1 227% 500(5) 1/0/1 0.004Q 0.0050 78,0
43.1 123% 101b¥85G6H 0/ 6 0. dFo6 0. 0392 %5 aTTE ¥
(Days) to endpoint (1500 ng) 131 b T-C = Difference
bet ween 8TTE (&ﬁ‘?"ﬁ)f treatéd versus déntrol gr &P xa
WG = [(T-Q/C d Mce surviving e NTR = Nunber_ of
treat meft - rel atB@6death 5 f9NNTR = Nuriber of Q4D x 3
non-treatnent-rel ated death g NEU = Nunber of mce
eut hani Hed aft dlG6eachi ng dfdpoi nt  hipr.val ue védEus3
the DSWtreatnent group (Goup 1) 'P value versus the

CPT trept nentHGGGP (G oup 2) 10 One NKR death @aDday
72 was observed in the control aninmals treated with

DSW Tupprs igGidg1et her sigs control nice grew {@pigg
1500 ng endpoint size, yielding a nedian TTE of 34.9

d VS vEn A cBvarE usedVal cable nt-related deaihs were
rebported on Day 9 for T at 9 ng/ kg. Thus, CPT nust

be Renss agequivalent bECP B xkecpafortgipup Hose in this

exper i median TTE 15 for this group was 51.4

. .Ih
G LB RreitRal T8 2k lenou 07 U S oW PR D

r ¢l Adrhistiation BéHedalkes deROAHbiOliattd &8 (J4IPK 35+ GiRéd ihfeafién with

No animal in Goup 2 survived to Day 114. Goup 3
rdevi-g&d irinotecan i.p. at 100 my/kg (Qwk x 3). The

MEeARls! Gl 25 = three injection with one-week interval, first dose was initialized

on day 1 for all groups.
® The scheduled third dose was not given due to the emerging toxicity

100 mg irinotecan/kg

Each animal was euthanized when tumor weight reached the predetermined
endpoint size (1,500 mg). The time-to-endpoint (TTE) for each mouse was
calculated from the equation: TTE = (log(endpoint-b))/m, where b and m are the
intercept and the slope, respectively, of the line obtained by linear regression of a
log-transformed tumor growth data set comprised of the first observation that
exceeded the study endpoint volume and the three consecutive observations that
immediately preceded the attainment of the endpoint volume. Animals that do not
reach the endpoint were assigned a TTE value equal to the last day of the study (114
days). Animals classified as treatment-related deaths (TR) were assigned a TTE
value equal to the day of death. Animals classified as non-treatment-related death
(NTR) are excluded from TTE calculations. Tumor growth delay (TGD), defined as
the increase in the median time to endpoint (TTE) in a treatment group compared to

the control group, was one parameter investigated to evaluate treatment efficacy.
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Group 3 was 68.7 days, corresponding to a significant
33.8 day T-C and a 97% 20 TGD, relative to control
mce (P < 0.01). Three aninmals survived to Day 114
with a nedian tunor burden of 1,152 ng. No
regressions were recorded. Groups 4 and 5 received
HGEE6 i.v. 4D x 3 at 9 and 4.5 ng CPT/ kg,

r eﬁm@% szl@t'.ll)itedQ@ Qhé aﬁﬁwi@%eweﬁttﬁéinﬂaﬁh PR forabE@itmest group
on El)ége 16 in 4, and one NTR death was recorded
oran

gredian HEJQ the, conrrrei group ARGPTE T oC)@ndip exprossed in days,

114 d th | t hi

oAy arRPCENES OF Tk mediy LLE ol B SnSL efwpr PELGP = (T-OnC

79~1~Jeréi qyls%qﬁalamnadlaﬁ 7f°4ﬁETf89 a ﬁ@itﬁ%htV@*ohﬁs gﬁzm:rieleqﬁﬁ t6 median
. Tunors in five mce of Goup 4 did not reach

5 tﬁfér fB e enptrohdpoipd. These five mice had a nedian

t unor, bur.den qQf. 256 on_. 14. Th rrei n JTE for

o ooboRie" o Bhifdls Tote eieits Fally GHIDYE LI dekSehRE weekly
sitpdttdftegaMice vefe @R¥mited fPdfiely &ﬁ%wéﬁ@ sfé@,of ra@k addviéRe, drug-
to control P <0.01). Goups 6-8 were treated with

L@@@P@ sid eve @@A@csptable%xw&s foragpgpeer dryes opmiqgyis defined by the
&slé élntﬁ' cgﬂ&e tﬂ)@?%}ple@@&aﬁbﬁ)% ﬁﬁﬂn%%e'\@% and not
st yus nua n non-t unor
10 mm&e alﬁan&ﬁwr’chletaathgn(oﬁgksé&n&ieatefdmimals.eat ment -
rel ated deaths were recorded in Goup 6 when
tunor-bearing mce were given at this dose, tw on
Day 16 and one each on Days 75 and 100. These results

Indl R@gﬁtstfta@&ms +f By g}&@ggﬁaeti cm@mh% PYE v, @gaﬁlan tumor

shown i , 5 significant y

vvéxugdﬁn drnkry M#é streatmentdresponse mhhddm as¢ siiymaieed it Aable 7.
mgégl re dosed at 18 ng CPT/kg, indicating that this

s below the MID. Therefore, the MID of LGGGLO
| i €S Sonewner e between 18 10 39l 1/ Kg. The medr an
TTE for Goup 7 (18 ng CPT/kg) was 75. @Tqays Thi s
TTE (\éral ue Mediaasp gn(g§ fVoTéa}D Si g’ﬁmﬁmcant 7 d&yvsT-C Pvs
and @o¥R 7% retHati ve control , mcenN ;
10 Three m'g’@: n this group hgﬁ urden ity aﬁk]tglm)r]ggg'l1 erf-PT
of 221 ng on Day 114. One Iatng(ﬁ‘t;eath%s recorded
on 1 in 1T
for Gloup 8348s 63.-2 days:= Thi s “(O'E vaI l(lél/ﬁ:orres-ponds -

to a gignif 3 d T-C a an

rel at i“ve togﬁatreigéd co‘ﬁ%‘yl’ol 'gﬂ)( 5@’/% 1) 03478 '
remai i ng npgige inB3ighi s gupup hash @it umpyo/pur degof  0.0253
700 ng on Day 114. 15 G oups 9 and 10 were dosed with

HG6 i dv. QUD4H0 3 4010 add’%. 5 @AF6CHT/ kgl/0/l  0.0040 00115
respe L:OV‘E'OX%Q );@F% anggggne NIRISAN Yol T &Fe54e%. 1369
6 1000 651 187%  666(3)  4/0/0  0.0272 0.0289
7 756 407 117% 221 (3)  0/0/4 00018 0.0601
8 632 283  81%  700(1)  1/0/5 0.0006 0.1064
9 1140 7901 227%  3%4(4)  0/0/3  0.0002 0.0028
10 742 393  113%  6682) U3 00016 0.0673
11 1140 791 227%  500(5)  1//1  0.0040 0.0050

12 78.0 43.1 123% 1010 (2) 0/0/6  0.0006 0.0392

15 *TTE = Time (Days) to endpoint (1500 mg)
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and 84, respectively. The nmedian TTE for G oup 9 was -
the maxi mum 114 days. This TTE val ue corresponds to

a significant 79.1 day T-C and a 227% TGD, relative
to untreated control mce (P < 0.01). Four mce in

G oup 9 had a nedian 20 tunor burden of 394 ng on Day
114. The nmedian TTE for G oup 10 was 74.2 days. This
TTE-@ &l Difcaice beRaRd T TR BPays) Shttdatcdiartksus Qomirsiarodp C
and a 113% TCD. relative to control mce (P < 0.01).
Th&¥@Ra Kirg’€lo nice in Goup 10 had a nedian tunor
bur : nmg on Day 114. Goups 11 and 12 were
dosl}gfggﬁm&{"h‘ﬁ 0i.v. WD x 3 at 9 and 4.5 ng 25
CPNrk &, Nurabgred tieuiehent-rélaed destht ment - r el at ed deat h was

& e Neiheao omeramenrpisdia 78 daye, |
re cin . : ; corresponds
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r €PatalweevermusdlonDE W treatment @owp (G@ip.1) Tunors in five

mige |n G ou id not rea t he,.endpoi nt; these
£ baaie gt nE et sm (R Dor 500 g on Day
30 114. The TTE value of Goup 12 corresponds to a

significant 43.1 day T-C and a 123% TGD, relative to )
cont Vot NiR alegth en dap 7. wihebseeved ini thg controhraginaly treated with

t b roup. had a di.an t r .burden of. 1,010 n.. .
e S0 e G 1R P it BV ey 1K i erpoint size
tbz@diﬁ@ﬁnﬁdﬁi@a@ﬁ”ﬂﬂoﬁ?@dayémbﬁc?n, LGGGLO at its

hi ghest non-toxic dose tested (18 ng CPT/kg), and the

ot hebwp featment-ariptad deaths weretrepgrtad anPaio? PT miczmg/kg. Thus,

HG ' ) h .in Figurer8.  Th
¢ P S op it b MRS S aoB R Rof BT pbidfin T1E
difapihiyy gduporse $r.4ldang edriespronding ©VE 16j5ndydTIC @hd a 47% TGD,
conpared to D5 CPT and irinotecan. The nedian tunor,
glr%%f‘ﬁ’ ton{reated gpn ¢ (MasigBiigamaas animah in Gegup 2 survived to
illjagsltlaat ed in Figure 9 show that there is a distinct
dosé response for all three of these pol yners when
dose@roap 3 teecived/Mifthcaewandlp. hal 00 afg/kh@wk NTI). Théenedian TTE for

t Wt h for LOGGLO 0_each
BUP 3 Rl 7 QBTHEpriESPOrging 0.8 SR B RO QR 4 Gomnd B 97%
deemsthatetd ol gg%beég\é \I%‘t]j eiﬁ.“‘l%eé’ ﬁﬁﬂlgfs%ir&igéd Fo Pa5 114 with a

greater antitunor conpared to the [ow
c orsdiagaumer purdeninfibll §2 thge Notregresstornsniae cedrded.

acc | ati0n PR ef f .re d renal cl.earance
vearosay Gand e reged HOREE i RS todyAtve i &5 NBRYCPT/ke
| espedivel. OneftafhéMieRicdlddth RELoReRlHSH DY 183\Group 4, and
CPT, irinotecan and the three conjugates

one NTR death was recorded on Day 37 in Group 5. The median TTE for Group 4

was 114 days, the maximum possible value in this study. This TTE value

corresponds to a significant 79.1 day T-C and a 227% TGD, relative to control (P <
0.01). Tumors in five mice of Group 4 did not reach the 1,500 mg endpoint. These
five mice had a median tumor burden of 256 mg on Day 114. The median TTE for
Group 5 was 65.6 days, and corresponds to a significant 30.7 day T-C and an 88%
TGD, relative to control (P < 0.01).

Groups 6-8 were treated with LGGG10 i.v. Q4D x 3 at 36, 18, and 9 mg
CPT/kg, respectively. Although no death was observed in MTD study using this
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15 contai ning high MV polyner at their MIDs (Fig. 11).
Maxi mum MBW | osses observed in Goup 2 (CPT) and the
two conjugates with the triglycine |inker dosed at
their MIDs (G oups 4 and 11) were 13.1% 18.3% and
12.6% respectively. Maxi mum MBW | oss of H& (3.4%,
the only conjugate with a glycine linker, was simlar

t%%]h atd B InGH AMBM bk ﬁa&%%dﬁﬁmfgocpmgrmsﬁas) four treatment-
Negl i gi ble 20 (<5% maxi mum group mean

b@@lyted/élc@ths vwetss@e@r wéneGm@&r when fumaztbeaning:minetiegre given at this

w58 TP op D RLEP B Bk ek 4 DA G100 3sP Bkl ingjcate tha

QBGUﬁg cfmt/kgm pk@b&lﬂﬁ&ﬁtet R MTD bELEBG1R mrsﬂaeh:atmonble 5, no
of Tunor size of enthani zed nouse and the CP

c sigadliraphbednhweight Joss vwsriseqrdedi amgthrTé} stuéac‘!fhenl}h@ fmice were

AR ed L CPIRE Al USRI B Rl ) horor,
I WTB dfUeGG1Pdies goﬂh’bvhem Harweetli 8agt%)mg 800 /kg.oThd yedian TTE

L0 et 7ot s CRHkan o vs daveal iy TH HakgtomemRads to a
t ISRl 80 FOIRI W:Za%ﬁ D917 féfat Pélﬁﬂvé:f’olgoﬁifﬂmﬂf‘ég'(?’ef: 0.01).

iogen) at b5 for 40 sec. Honogeni zation was
r € hect mcbesmxhl:s‘lgmup bmd h nzedidh twmor ibutdanvef] 22 emgeanDay 114. One

SR E RO Aot S RO g e | BB tp oY IHHH P bike-o The median
9@’]@ fer‘ﬁmhﬁ% w§§53’§'dﬁ§‘s V@s§s $YE Wc&k@s&a sV’I!B'aCﬁgriiﬁczlmt 283

NaCH was add An al i quot of 400 CH was add
t day Hi-£ ood i &}%aTGBc relatioaniton gintreased sanigelnindesd (P < 0. 01) The

| nd f
S BretbingiR hhse TS erolh o r Bl D I Dag 14
SUpeGRApa 9t and2itDwhe dwed RHEHGHE 14 G4Dlx 3 Bt siehdadimg CPT/kg,

injected into an HPLC for analysis. The correl ation

ofeswth@bh&tm FRtandronenT Refeaths wars) regerded, i Oroug 2@ o Iays 47

| nver sb t!yb %ZMEQ’I gﬂ cfﬂ e‘f %ﬁo%s@gﬁg 9C%§E‘E &%m% i3 days.
SYishETES vallie Rolrgéfon@C10EGhigAificant 29.1 cday B—@Zand a 227% TGD,

amde l'i nker 10 Scherme LI1 nne AnB / OC N~ sz:- S

NT§ a.tl‘ﬁs tp untyspted cpptrgl mice (P < 0.01). Four mice in Group 9 had a median
tumor burden of 394 mg on Day 114. The median TTE for Group 10 was 74.2 days.
This TTE value corresponds to a significant 39.3 day T-C and a 113% TGD,
relative to control mice (P < 0,01). The remaining two mice in Group 10 had a
median tumor burden of 668 mgon Day 114.

Groups 11 and 12 were dosed with HGGG10 i1.v. Q4D x 3 at 9 and 4.5 mg
CPT/kg, respectively. One treatment-related death was recorded on Day 16 in Group
11. The median TTE for Groups 11 and 12 were 114 days and 78 days, respectively.
The TTE value for Group 11 corresponds to a significant 79.1 day T-C and a 227%
TGD, relative to control mice (P < 0.01). Tumors in five mice in Group 11 did not
reach the endpoint; these five mice had a median tumor burden of 500 mg on Day
114. The TTE value of Group 12 corresponds to a significant 43.1 day T-C and a
123% TGD, relative to control mice (P < (.01). The remaining two mice in this

group had a median tumor burden of 1,010 mg on Day 114.
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n 2. AmB .nmss s'"'N~oo C1 m 52 Poly(CDDC-PEG (788
mg) and 1,1'-carbonyl diimdazole (CDI, 1.45 g, 50 15
eq.) were stirred in anhydrous DVMSO (10 niL) in the
presence of DVAP (429 ng, 20 eq) for 16 h. Ether (200
m.) was added to the mxture to precipitate

pol y( CDDC- PEQ) - car bonyl -i m dazol e. The resulting

yel | pHe aighbdgio@sh \Waskes d\ﬂfﬁlﬂ:tloﬁtdifﬁtfm@ for tzxetbsw @A, irinotecan,

dri ed under vacuum The solid was di ssolved in

arhﬁ@ﬁdasat iNEghast Bomrtoxic fege] téﬂé‘él (Hs/mdal’%(ghrmd (thaother three

st r-]r% %%QQ “a@'arlw W ﬁ@y% FE‘HGg'%%yze 1IN wat er &?Héﬁ%s are

2506%n Mﬂi@mam rThe ethfeerhigh AWs codjiigatso bdthiniserad sit tthetn MTDs
filtered using 0.2 mfilter andlyophlllzed A el | aw

séﬁlﬁpépyeézeowmbwg%gu@ﬁ 5}’%’@& inkibiicRy ggraparpdrto LW, CPT and

ﬁ%%ﬁécq%ﬁg &gﬁ‘lpﬁmquﬁr cin Sf\o/llofélq%(;ﬁ eH|G6 ‘E‘d HGE[;GIO that

135e AluBXratéd n Flg\i&l @%htHEI’shat’thé}e Ts Hdistindddose Yesponse for All three of
5 S~

( E‘ESNH?PFYDJW . @mr%ﬁ de at/f@f 93/61 7 Wﬂ TThe medium
Nemey giovhil g{\;éego g&;(@G@@ and OG0 Edh oRed 4 3 mg CPT/kg as

ratio) e e er vacuum at room tenper at ure.
DiiBGtiated img Fighirg/1 . deDvBG)rateathata Highd MW pdigémsndmg conjugate has

POF Ay e uPe, Eoripan i Edhm oKL Fon Ul Bty due
to the enhanced accumulation (EPR effect) and reduced renal clearance.

Mean Body Weight Loss of Mice. Mean body weight (MBW) losses as a
function of time are plotted for D5W, CPT, irinotecan and the three conjugates
containing high MW polymer at their MTDs (Fig. 11). Maximum MBW losses
observed in Group 2 (CPT) and the two conjugates with the triglycine linker dosed
at their MTDs (Groups 4 and 11) were 13.1%, 18.3%, and 12.6%, respectively.
Maximum MBW loss of HG6 (3.4%), the only conjugate with a glycine linker, was
similar to the maximum MBW loss recorded for irinotecan (5.0%). Negligible
(<5%) maximum group mean body-weight losses were recorded in all the other
treatment groups and in the DSW group. Mean body weight returned to baseline

levels for all treatment groups following cessation of therapy.

D Correlation of Tumor size of enthanized mouse and the CPT concentration in

corresponding tumor,

Each tumor harvested from mice at the completion of the LS174t xenograft
mouse study was thawed and placed in a 2 ml lysis tube (Lysing Matrix D,
Qbiogen). 300 pL of lysis reagent (Cellytic -MT Mommalian Tissue
Lysis/Extraction reagent) was added to each tube. The tissue was homogenized on a
FastPrep FP12 homogenizer (Qbiogen) at 5 m/s for 40 sec. Homogenization was

repeated six times with a 10 min interval between successive homogenization. The
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and di al yzed usi ng 25000 MACO nenbrane for 48 h. The
yield of poly(CDDC- PEG is 80-95% The Mw of pol yner
was determ ned using GPC to be 70-100 kbDa.
Pol y( CDDC- PEG (1.124g, 0.25 mml) was dissolved in
water (55 nL). 10 NalO4 (0.264g, 5 eq.) was added.
The solution was stirred in dark at room tenperature
f HonddgehizBd 3010tioh Nal Lemtififzed ot QUOGfor 15 gk 4t 16ECIF0 pL of the
solution was added (5.05 eq) to the solution to give
i rsohdioatveaspyaiogel 0wttt ovhiclf 1Bal 10N NaOHwas pddedi phn ahqslot of 400
vvas filtered. Saturated Na2CO3 sol utijon S adde%\él
Q,I[ﬁ was added tgﬁl@]ﬁ@pg}qo& gteg lgygg}ggt € ogn%&’n solution to
n K
%?&22@99%* FocRE B Sh UG ) cdrifyBed Rl 5yin g 14000

a@l e b&ﬁrha(tﬂlt](lzlyo pLh rveasohixet vitte30 @dc 1N GIC] ai'idemjected into an
sol ution was dla zed at 4 C for 48 It using 250
M,Hﬁu‘?a Tg% Goﬁf@a@?ﬂ/@f PR Fogcesraling (DS USSUC) to tumor

d oF é@ﬂﬂ?& q’{' llﬁ%trzﬂ:i%ﬁ{ F&‘#re %‘\)/ gcctoﬁgﬁleniﬁ{eur{ﬁ Uas j}g%réefy correlated

200 Bumétedimy, ences Addi ti onal cycl odextrin- cont ai ni ng

C dtaumrls St Sy fiEsisoL Lot CPCeREC brAmBPrih B2 ie amitadinker

OfSoHEﬁQHI ng such polyners, are discl osed in US.
Pat ent applications 09/203, 556, 09/ 339, 818 25

09/ 453, 707 10/ 021, 294, and 10/ 021, 3 H‘PI of which
e;her |anor orate hereln by r%€ in their
e e’“*mo f eFences gpgj )\ﬁn g
pub i cations ‘cited hérei’n &A@ her by i ncor po at’e
reference. 136 Equivalents Those skilled in the art »

wi |l recognize, or be able to ascertain using no nore
than routine experinmentati on, nunerous equivalents to
the conpounds and nmethods 5 of use t her eof2descri bed

her ei n.poRUEDISOMRR! (8% thodhid @qn%s]%ﬁﬁdnmd%lmm 1.45 g, 50

the scope of this inventTon and are covered
f @iql)overe gtnr;ctchmrmhyd_l@ns DM$@®E10 mL) in the presence of DMAP (429 mg,

20 eq) for 16 h. Ether (200 mL) was added to the mixture to precipitate

poly(CDDC-PEG)-carbonyl-imidazole. The resulting yellow solid was washed with
ether 2 x 200 mL and dried under vacuum. The solid was dissolved in anhydrous
DMSO (15 mL), followed by adding AmB (332 mg, 2 eq) and DMAP (43.0 mg,
2eq). The solution was stirred in dark for 48 h and dialyzed in water using 25000
MWCO membrane for 3 days. The solution was then filtered using 0.2 pm filter
and lyophilized. A yellow solid (920 mg) 52 was obtained. The wt% of AmB is

around 13%.

Example 46: Synthesis of Poly(CDDC-PEG)-Amphotericin B 53 via imine linker
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1. A conpound represented by Formula I: {_d?n] LI n P
[ L-f-DDJ b L3 (1) w(l) wherein P represents a

I i near polyner chain; CD represents a cyclodextrin

noi ety; Li, L2 and L3, independently for each
occurrence, may be absent or represent a |inker

group; D, independently for each occurrence

repres a thergutr c agen a pro er eof ;

NalO
T, _nd dent by h_.odc rreﬁ[:“:é, psha }J\} )
3 u?%%r theresd ; a m and V %\,

targeting |igand
i ndependently for each*Btturrence, represent i ntegers
in the range of 1to 10; n and w, independently for

each occuk e, represent an@_ er i er of
om%m O%Q_(,lelbr eﬁ?s a@ﬁteg rng;%the
range to abbut and wher el it her ”P’TK\O’(’\/M
conprises cyclodextrin noi efies in the'pol ymer chdin " ;
or nis at least 1, and wherein a plurality of

t herapeutic agents or prodrugs thereof are covaiently
at t achSandPEGHESPAI(Yrienticheen dried ondgr vacuuwe Rieotsiemperature.

RSB Bty BN AR b 1R SO BFoxhe By Buing of

CONPIA @88%) fo thethikfuref PMym\eh%e Efsked out %ﬁ’ﬂhﬁeéﬁs%ﬂﬂﬁ 5 days later
|nte er |nthera@(§1e of to about 30, 000; and

dasivg 250 bbe&Chmemﬂatﬂmﬁpra‘*S b Tb@:yr&ldcsrf noly(C/DDC-
rP@G)le 8679598 Thd oi%olymer was determined using GPC to be 70-100
kDa.

Poly(CDDC-PEG) (1.124g, 0.25 mmol) was dissolved in water (55 mL).
NalO4 (0.264g, 5 eq.) was added. The solution was stirred in dark at room
temperature for 20 min and stored at 4 °C for 24h in dark. BaCl; solution was added
(5.05 eq) to the solution to give immediate precipitation of Ba(I04);. The precipitate
was filtered.  Saturated Na,COs; solution was added to adjust pH to 11.
Amphotericin B (343mg, 1.5 eq) was then added to solution and stirred at rt in dark
for 48h. The pH of solution was maintained to be 11 by adding NaOH (0.1N)
throughout the reaction. The solution was dialyzed at 4 °C for 48 h using 25000
MWCO and lyophilized to give 1.03 g polymer-AmB conjugate 53 as a yellow
powder. The wt% of AmB is determined to be 18 using UV spectrometer at 405

nm.

D. References

Additional cyclodextrin-containing polymers that can be modified according
to the teachings of the present invention, as well as methods of preparing such
polymers, are disclosed in U.S. Patent applications 09/203,556, 09/339,818,
09/453,707, 10/021,294, and 10/021,312, all of which are hereby incorporated
herein by reference in their entireties.

All of the references, patents, and publications cited herein are hereby

incorporated by reference.
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wherein CD represents a cyclodextrin noiety, or
derivative thereof; L4, L5, L6, and L7, independently
for each occurrence, nay be absent or represent a

i nker group; D and D, independently for each
occurrence, represent the sanme or different

t herapeutic lagent or prodrugs thereof; T and T,

i ndependently for each occurrence, represents the sane
or different targeting ligand or precursor thereof; f
adgiuivalémdependent |y for each occurrence, represent an

i ntegerin th ange of and 10: . .

| ndeperrdiens Fofied B8 oA will APahes, or LS 8 Beefimin using no more
| AbRORAtihE et fRinicaf@RNOhurberdns ediivalerdts %o the DagponndPmdmiethods
of claim1, wherein the compound is a linear, p [

|
cofpsekpreafednserstadt hatoiny Sushraguivalcnts frg copsidereq 43 fbe within the
-1 f i t
[ fapetrafiifentiof bW el bltne IGHAIELIGICPL EoeTLo,

occurrence, represents a targeting Iigand or a
precursor thereof; L6, L7, Le, L9, and Lto,

i ndependently for each occurrence, nmay be absent or
represent a |linker group; CD, independently for each
occurrence, represents a cyclodextrin noiety or a
derivative thereof; D, independently for each
occurrence, represents a therapeutic agent or a
prodrug form thereof;
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m i ndependently for each occurrence, represents an
integer in the range of 1 to 10; o0 represents an
i nteger up to about 30,000; and p, n, and q,
i ndependently for each occurrence, represent an
integer in the range of 0 to 10, wherein CD and D are
each present at |east once in the conpound. 140 4.
The conpound of claim1, wherein the conpound is a
CLAJhﬁyear pol ynmeric conmpound represented by Fornula |11
)y L5z 14 CDi7 1Df (v~y z g )f h g (I11)
wherelnnﬁD represents a c clodextrln noi ety, or
L darPiRey éqﬂﬁﬁﬂﬁgpy Bﬁnuﬁi and L7, independently
for each occurrefpce, be absent or represent a
l'i nker group; Dfja i ndependent|y for each
occurrence, repr 26051 e sane or different
t herapeutic agept ¢r "By odrugs thereof, wherein the

t herapeutic agent i , Sel ect ed froman anti - cancer,
anti- fungal, anti-Bhacterial, anti-mycotic, or
anti-viral thera eufi c from anor exi cs,

antiarthritifs, antiasth agent
anti convul sapts, anpi deprgzLa'F-t% —Qﬂs) I‘]I st am nes,
anti-inflanmaiory agents ant i nauseart
anti neopl astics, an{ipruritics, anti psychotl Cs,
antipyretics, antispasgodics, cardiovascul ar
preparations, ant|hypentensives, diuretics,
vasodi | ators, cenfral nervous system stinulants,
cough and coI d pr baigti ons, decongestants,
di agnostics, hornbnes, Jpone growth stimgpnts and
bone resorption |nh|b|tors i mrunosuppr essi ves, nuscle
Where“? el axants, psychostinul ants, sedatives,
@&ggé [ | ammat ory agents,
ant’ - eghagg{e?r oqﬁ{é%edg?ﬁéti cs, hypnotics, sedatives,

GEurepteemts xcyrlpelextsin moittydepr essant s, anxi ol yt i cs,
glml}z %ﬁ@p?,lﬁg fn&c?egﬁg tﬁgﬁsﬁ: n%g}r#%g?: @gﬁz}%ﬂ{ SR represent a linker

group; anti muscarinic and

D, independently for each occurrence, represents a therapeutic agent or a prodrug thereof;

T, independently for each occurrence, represents a targeting ligand or precursor thereof;

a, m and v, independently for each occurrence, represent integers in the range of 1 to 10;

n and w, independently for each occurrence, represent an integer in the range of 0 to
about 30,000; and |

b represents an integer in the range of 1 to about 30,000; and

wherein either P comprises cyclodextrin moieties in the polymer chain or n is at least 1,
and |

wherein a plurality of therapeutic agents or prodrugs thereof are covalently attached to
the polymer chain through attachments that are cleaved under biological conditions.
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muscarini ¢ agents, antiadrenergics, antiarrhythmcs,

and anti hypertensive agents; T and T, independently
for each occurrence, represent the sane or different
targeting |ligand or precursor thereof; f and vy,

i ndependently for each occurrence, represent an
integer in the range of 1 and 10; 141 h represents an
i nteger up to about 30,000; and g and z, independently

2. fTie coOmpburicaTélaig 1S Ghert RRRESAPhedhainofipeikes m uhfieofngleerein n’
of 0 and 10, wherein at |east one occurren

] | ) ce, of
representsndategardn Bis rangeof é to ehankdQP0q; adh Ugs rﬂpresmﬁéf Boths %&?ﬂﬂal
formul@f any of clains 1-4, wherein the |inker group

represents a hydrocarbyl ene group wherein one or nore

met hyl ene{groups i s optfopallyjreplaced by a pgroup Y
(provi ded{ t hat none of hCT gjoups are adj acent to
each othef), wherein each Y, Y {ndependently fpr each
occurrenck, is selected fr ubstituted or
unsubstituted aryl, hetlerofryl4z cycl oal kyl,

het erocyc] oal kyl, or -0-, =X) (wherein X is| NRL, O
or S), - QU -, -L(f0)O -NRi -, 1NRICO, .- (/O NR1-,
'S(())H__ # i's O,C.'D or 2',

-NR1- C( O [ Nii -, NR1-C(NR1) - NR1. nd |- B -: and
Rl , indepen egbn for eacnloccurrence( epresients H or
an al kyl [grau éng fronio to t c inits

backbone [structure. 6. hetco ound of any of| cl ai ns
1-4, wherfein the |inker p| represents an gm no acid
or peptilde, or derivat eD'ij reof. 7. The cdnpound of
any of clalms 1-4, whergin sal g therapeutic™agent is a
.small nolecule, a peptide, a protein or a pol ymer
whereing hat has therapeutic activity. 8. The conpound of any

' - ' . i 6 agent is
%é&g%g%iaﬁyéﬁgmﬁégo%&’%g d%i’kl\%%gg%%{‘e@?’ T%e conpound of
Laniis, dfs, anlddisnimddpefidentlydorcdach bbauirichey, ane be iabseng@itepriesent a linker

ouD: hydr ophobic and has a log P > 0.6. 10. The conpound
group: any of clains 1-4, wherein the therapeutic agent is

sl Dﬂhﬁ’d@pgnc%ﬂﬂy fdraae &ﬂﬁﬁéhcﬁ; regl%senmﬁ SSRERP YRt tHRMbeutic

of clainms 1-4, Wwherein the therapeutic agent 1Is

agent or piogregsttbipel and  has a log P > 1. 142 12. The conpound
ﬁ%@ﬁytnﬂéﬁ’ﬁ%‘%@fﬁ}%{l & ergglgerz Iréa??ﬁgﬁtrs] HSBEE o Qifeh ttargeting

_ as sb
~ ligand or precursor thereof;

fand y, independently for each occurrence, represent an integer in the range of 1 and 10;
and

g and z, independently for each occurrence, represent an integer in the range of 0 and 10.
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13. The compound of any of clains 1-4, wherein the
t herapeutic agent has solubility in water < 1 ng/ni.
14. The conpound of any of clains 1-4, wherein the
t herapeutic agent has solubility in water < 0.1
ng/ mL. 15. The conpound of any of clains 1-4, wherein
the therapeutic agent or targeting ligand is
coval ently bonded to the Iinker group or |inker noiety
3. VIR RBripb@sepliMaaihereRomé cordfound iea RYAPSOL ?ﬂeﬁé cothgtuid
15, wherein the biohydrolyzable bond is selected from
represeateddytRormuladhi de, carbonate, or a carbamate. 17. The
conmpoung—of any of cl ai 1- wherein the therapeutic
agent i$ selected from gn n{i - cancer, anti-fjungal,
anti-bag¢terial, anti-ny o[ I or anti-viral
therapefitic. 18. The conpopntj of any of cl ai ng 1-4,
wherei nfthe therapeutic |aggnt|is a receptor agonist.
19. The{compound of any |of cI hs 1-4, wherein the
therapelitic agent _is a rec agoni st. 20. The
conpoungd of any Jof clains 1-4, wherdin the conpound is
bi odegrfretatstig—ort  bi oer odabl e. 21. tgmpourd-of any
of claips 1-4, ' has a nuner
average| (M) nol ecul r meight bet ween 1, 000 t|o
500, 000} amu. 22. T e f any of clalnE 1-4,
wher ei n[ t he pol yne % a nu P ajer age (W)

nol ecul ar wei ght b t to 00, 000 anu.] 143 23,
The conpound of an (crfD cI D)4 wherei n thg pol ynmer
has a nunber averade ( l'e l?? Al wei ght bdt ween

10, 000 to 100, 000 anu. 24 A pharnaceutical — o (II)
h .rgr eparation conprising a pharmaceutical excipient and
WACTeI, conpound of any of clains 1-4, or a

P'?é)fr&@ﬁ@ld%&ﬁhlei/uﬁ‘i%%bﬁ 8r; ester, salt, or hydrate
t hereof. 25. A pharnmaceuti cal dosage f or m conpri si ng

&1 indenendenglydon dach beoprienees taprasents ariargatingfligand:otoy pregrssas thereof;

f ot 0 T
B L E 00 o PraBPondihbt{ion Bl oo, S e phSept §reffesent a
Iinkergt‘dmp, manuf acture of a nedi canent for treatl ng an
i mal . nmet hod of re aring the ound of a
@5 g’lﬁﬁl?“l’i’ée“f@ o PF%‘FWQ %ﬁeﬁ a °M€>‘ﬁ s mojety ot %%B’a“ve
thereofiM L- D and optionally ML- T wherein CD represents a

cycl odextrin nol ecul e or derivative thereof;
D; independently for each occurrence, represents a therapeutic agent or a prodrug form

thereof;

m, independently for each occurrence, represents an integer in the range of 1 to 10;
o represents an integer up to about 30,000; and

ps 0, and q, independently for each occurrence, represent an integer in the range of 0 to
10,

wherein CD and D are each present at least once in the compound.
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L, independently for each occurrence, is absent or

represents a |inker group; D, independently for each

occurrence, represents the sane or different

t herapeutic agent or prodrugs thereof; T,

i ndependently for each occurrence, represents the sane

or different targeting ligand or precursor thereof;

and M represents a nononer subunit bearing one or nore
4.  ITedebmysundRif elai 9, WRGSRAItRe &mpo0AE®sGdinegr folymeric compound

pol¥ner|zat|on reaction with one or nore other Min
represepied bsAEREA LI n t he reaction nixture, under

conditi grs that pronote pol ygerization of +he

nonomner 28. A netho ()fT )Jr paring the conpound of
any of ¢lains 1-4 conprigiyg|reacting a pol yner P,
the pol yner bearing ajplurality of reactive|groups,

with grpfting agents -LteD Qd Y-L-D and,

optionally, Z-L-T, whereiln CDrepresents a

cycl odektrin nol egure—or-derrvat)i ve thereof| L,

i ndep Y fhr jeach urrengefi 3, L. or
represe affipker group; D, inde er]detlyfor each
occurre , ép esents the same or Zla_ff ren

t her apeputi c( ént or pr$drugs t he f);y 1441 T,

i ndependent |y fof eaclf otgulrence, repréfents the same
or difflerent targetin Ii@

apd or precursor|thereof;
X, independently for ¢a ?o currence, represents a
[ group capabl f/fprming a coval esth bond
with a reactive group-of the&polyner; and Y aflDz,
i ndependently for each occurrence, represent inclusion
hosts or reactive groups capable of formng a
CD vejresehts A@gclodéxtlin Moletd oF Uatvativethereof, t he pol ymer or
'n£I sio cqnﬁlexgé] with CD noieties %rafted to the
fpo § irerand kagigdenendentlyiferrach pegurrences may e absent ¢1 rapyesent a linker
group; agents to form coval ent bonds and/or inclusion

conpl exes with the polymer or noieties grafted to the
lbann;i/)ﬁe rindependentlyrfutiehéheatcuyrericedepresanh theisage ontidfesinhtherapeutic

roxyl ,noieties ar.e replaced by a .
cgent or Ao En I, WHP K BRI el i S5 o Mg, ami-
fungal, antictiattesial, ayicmckic] of dhti-viftd thefapeltd oP fAfta aNdIexied, Antid¥@ritics,

no acid.is ap al phg-amno acid. 31. The nodified

..o a \ a. S :
a"t*asth‘ﬁ R EPHFPT AN rantidearessarss; aifstamines matidnflaamatontagents,
antinausédhts¢ ¥tln@bpl8stics, antipruritics, antipsychotics, antipyretics, antispasmodics,

wherein

cardiovascular preparations, antihypertensives, diuretics, vasodilators, central nervous system
stimulants, cough and cold preparations, decongestants, diagnostics, hormones, bone growth
stimulants and bone resorption inhibitors, immunosuppressives, muscle relaxants,
psychostimulants, sedatives, tranquilizers, anti-inflammatory agents, anti-epileptics, anesthetics,
hypnotics, sedatives, neuroleptic agents, antidepressants, anxiolytics, anticonvulsant agents,
neuron blocking agents, anticholinergic and cholinomimetic agents, antimuscarinic and
muscarinic agents, antiadrenergics, antiarrhythmics, and antihypertensive agents;

T and T’, independently for each occurréﬁée, represent the same or different targeting

ligand or precursor thereof;

fand y, independently for each occurrence, represent an integer in the range of 1 and 10;
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tryptophan, glutam c acid, aspartic acid, |ysine,

hi stidine, or arginine. 32. The nodified cycl odextrin
ring of claim?29, wherein the amno acid is included
in an oligopeptide conprising 2 to 50 am no acid

resi dues. 33. The nodified cyclodextrin ring of claim
32, wherein the oligopeptide conprises 2-30 an no
acid residues. 34. The nodified cyclodextrin ring of
o Rpreséids anvneigel up fohbowl30@0pemidi de conprises 2-15

am no acjd residues. 35. A linear, water-sql yble,
&Nl &@Pm#c@bhﬂoapfmiﬁgcw%ﬁare%mmgqr%Hggw,f 0 and 10,

G} .a@ﬁE@?h%@&ufﬂﬂde% g’géﬂrbgénﬁ% Gtb 5 greadf maherein a

pluraplty 0 I oactive I'eties are coval ently
attached to the polymer through attachnents that are
5, e SO anf) sCR @@g ' £ Galtease
me%%ﬁggct [ vém ﬁlg?gtg ?’jés(s:l:ah’ er eil1 E}Hegglriﬁc n@g?ége?f on of the
hydrocaidiylerre group vehepein onendr maze niethyldng grovps éseeptiondllytreplaced by a group

hi ti i i . 36. Th | f i )
Y (rogiefi efin B Y Eis el adipGol R SR el Fhdeilsidh Vs
indepeidehéty Itﬁtehﬂgodﬁhir&d]g,i 9 :sél_éctéﬂéfr@h,i Substititet BEumabtied afyhihsteroaryl,
(0] clalm

cycloal{%;%hggrgﬁﬁéﬁén -0s GFL) nye&@\ﬁhégigt?\i‘}?h &&lsi%@kicb% Lo,

NR.. e dru t t:hat (o} > ns@r . NR,-
MR, R IRt R (TR GEh ni20) 12k 2, SORR PR B COMNR
-NR;-G{NRi)ASR i andoB(GR,)-vind Raj independantiy fameach becusrgree; repessents H or
el ected from anorexics, antiarthritic

an alkygg{{) F%b?‘ﬂ%@?@ 015 é‘h{eg ,CS"??P?SC% At heekhope ,Smﬁ;ﬁ'{rf"d epressants;

anti hi stam nes, anti-inflanmmtory agents,

I nauseant.s i.neqp] asti cs ntipruritics . .

6. 3o rolRsrRRaer by SYGRPR IS Rt o fPkerkrtinspeients n amino acid or
peptidecarddtionteahdrast, pr epar ati ons, anti hypertensives,

diuretics, vasodilators, central nervous system

stimul ants, cough and col d preparations,

7.  URecongsAndor sny ofblaAHS st wWhsteilQideRpeutRUgentds #Whill molecule, a
stinmul ants and bone resorption inhibitors,

peptide; gRrateis el yaenhat hagthermpeuticactivisnt s,
psychosti nul ants, sedatives, tranquilizers, anti-
] flannatgr agents, anti-epileptics, anesthetics, .
8. Fipseononad of eryaliolais 1riebherinhs thesagenicagent s hydrophobic and
has a lo@ Pt glgpr essants, anxiolytics, anticonvul sant agents,
neuron bl ocki ng agents, anticholinergic and
cholinom netic agents, antinuscarinic and nuscarinic

9. PgAdhipouRdibl S FREEEE £, wggﬁin?ﬁé E&}%gi’.&éa enid g%aym%gobic and

anti hypertensrve agents. e cofrpoun
hasalogPaité& 1-4 or 35, wherein the therapeutic agent or
prodrug thereof makes up at |east 5% by wei ght of the
conpound. 40. The conpound of any of clains 1-4 or 35,
10.  Thesompauadhef anyof zlniros 19, wherin the therapeuticcagent is hydrophobic and

hasalogP > 0.8.

11.  The compound of any of claims 1-4, wherein the therapeutic agent is hydrophobic and
hasalogP>1.
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t hereof makes up at | east 20% by wei ght of the
conpound. 41. The conpound of any of clains 1-4 or 35,
wherein the therapeutic agent or prodrug thereof
makes up at | east 35% by wei ght of the conmpound. 42.
The conpound of any of clains 1-4, wherein the
conpound is water soluble. 146 43. The conpound of
claim1, wherein P conprises cyclodextrin noieties and

12.  WRcenPodid of afASE clain® 104, viHieeif WieltR&Gapeufit RgefPhRsbRISlRY in water
P is oxidized. 44. The conpound of claim43, wherein a
<5‘“&ﬁﬂﬂfﬂity of the cyclodextrin noieties of P are
oxi di zed. 45. The conpound of any of clains 1-4 or 35,
wherein at | east one occurrence of CD or a o
13.  djieicompsund;of apy phelgimsd - wyherein the thegaperticagsnhiins splybidity in water
<lm im1l-4 or 35, wherein a plurality of occurrences of
‘or cyclodextrin noieties are oxidized. 47. The
conpound of claim11, wherein P conprises cyclodextrin

S o : D i S
4. T SR B L D TS 380 i
< 0.1 mgBnL. The conpound of claim47, wherein a plurality of

the linker noieties are attached to therapeutic

agents or prodrugs thereof that are cleaved under
15. Bhotoagpoual of andeficlaims 1-44 Yherdinohe thepapentic agent or targeting ligand is

coules BRI HS R Seke o ias bbbtesanE pond.
acceptabl e ester, salt, or hydrate thereof. 50. A
16, TREGomma phrinp B Pletein e BRI Mo AP RENLE selfied fom ag eser

amide, QesaRateNst Dfarldnitdn 35. 51. Use of a conpound of any of
clains 1-4 or 35 in the manufacture of a nedi canent

for delivering a therapeutically effective anount of
17. ':!ihet4 c;bﬁ{p@ﬁﬁdlbf fyaA8Rimé P42wRatInGAE thePpRRRgbRSE &dcted from an
anti-cancer, anti-fungal, anti-bacterial, anti-mycotic, or anti-viral therapeutic.

18.  The compound of any of claims 1-4, wherein the therapeutic agent is a receptor agonist.

19.  The compound of any of claims 1-4, wherein the therapeutic agent is a receptor

antagonist.

20.  The compound of any of claims 1-4, wherein the compound is biodegradable or

bioerodable.

21.  The compound of any of claims 1-4, wherein the compound has a number average (M,)
molecular weight between 1,000 to 500,000 amu.

22.  The compound of any of claims 1-4, wherein the polymer has a number average (M,)
molecular weight between 5,000 to 200,000 amu.
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23, The compound of any of claims 1-4, wherein the polymer has a number average (Mp)

molecular weight between 10,000 to 100,000 amu.

24, A pharmaceutical preparation comprising a pharmaceutical excipient and a compound of

any of claims 1-4, or a pharmaceutically acceptable ester, salt, or hydrate thereof.

25. A pharmaceutical dosage form comprising of a therapeutically effective amount of one or

more of the compounds of any of claims 1~4.

26.  The use of one or more of the compounds of any of claims 1-4 in the manufacture of a

medicament for treating an animal.

27. A method of preparing the compound of any of claims 1-4 comprising reacting

monomers M-L-CD and M-L-D and optionally M-L-T, wherein

CD represents a cyclodextrin molecule or derivative thereof;

L, independently for each occurrence, is absent or represents a linker group;

D, independently for each occurrence, represents the same or different therapeutic agent or
prodrugs thereof;

T, independently for each occurrence, represents the same or different targeting ligand or
precursor thereof; and

M represents a monomer subunit bearing one or more reactive moieties capable of undergoing a
polymerization reaction with one or more other M in the monomers in the reaction
mixture,

under conditions that promote polymerization of the monomers.

28. A method of preparing the compound of any of claims 1-4 comprising reacting a polymer
P, the polymer bearing a plurality of reactive groups, with grafting agents X-L-CD and Y-L-D
and, optionally, Z-L-T, wherein

CD represents a cyclodextrin molecule or derivative thereof;,

L, independently for each occurrence, is absent or represents a linker group;

D, independently for each occurrence, represent's‘t;)e same or different therapeutic agent or

prodrugs thereof;
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T, independently for each occurrence, represents the same or different targeting ligand or
precursor thereof; |

X, independently for each occurrence, represents a reactive group capable of forming a covalent
bond with a reactive group of the polymer; and

Y and Z, independently for each occurrence, represent inclusion hosts or reactive groups capable
of forming a covalent bond with a reactive group of the polymer or inclusion complexes
with CD moieties grafted to the polymer,

under conditions that cause the grafting agents to form covalent bonds and/or inclusion

complexes with the polymer or moieties grafted to the polymer.

29. A modified cyclodextrin ring, wherein exactly two hydroxyl moieties are replaced by a

nitrogen or sulfur atom of an amino acid.

30.  The modified cyclodextrin ring of claim 29, wherein the amino acid is an alpha-amino

acid.

31.  The modified cyclodextrin ring of claim 30, wherein the amino acid is cysteine,

tryptophan, glutamic acid, aspartic acid, lysine, histidine, or arginine.

32.  The modified cyclodextrin ring of claim 29, wherein the amino acid is included in an

oligopeptide comprising 2 to 50 amino acid residues.

33.  The modified cyclodextrin ring of claim 32, wherein the oligopeptide comprises 2-30

amino acid residues.

34.  The modified cyclodextrin ring of claim 32, wherein the oligopeptide comprises 2-15

amino acid residues.

35. A linear, water-soluble, cyclodextrin-containing polymer, wherein the polymer chain
comprises cyclodextrin moieties, and wherein a plurality of bioactive moieties are covalently

attached to the polymer through attachments that are cleaved under biological conditions to
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release the bioactive moieties, wherein administration of the polymer to a patient results in

release of the bioactive moieties.

36.  The polymer of claim 35, wherein the polymer comprises cyclodextrin moieties

alternating with linker moieties in the polymer chain.

37.  The polymer of claim 36, wherein a plurality of the linker moieties are attached to

therapeutic agents or prodrugs thereof that are cleaved under biological conditions.

38.  The compound of any of claims 1-4 or 35, wherein the therapeutic agent is selected from
anorexics, antiarthritics, antiasthmatic agents,anticonvulsants, antidepressants; antihistamines,
anti-inflammatory agents, antinauseants, antineoplastics, antipruritics, antipsychotics,
antipyretics, antispasmodics, cardiovascular preparations, antihypertensives, diuretics,
vasodilators, central nervous system stimulants, cough and cold preparations, decongestants,
diagnostics, hormones, bone growth stimulants and bone resorption inhibitors,
immunosuppressives, muscle relaxants, psychostimulants, sedatives, tranquilizers, anti-
inflammatory agents, anti-epileptics, anesthetics, hypnotics, sedatives, neuroleptic agents,
antidepressants, anxiolytics, anticonvulsant agents, neuron blocking agents, anticholinergic and
cholinomimetic agents, antimuscarinic and muscarinic agents, antiadrenergics, antiarrhythmics,

and antihypertensive agents,

39.  The compound of any of claims 1-4 or 35, wherein the therapeutic agent or prodrug

thereof makes up at least 5% by weight of the compound.

40.  The compound of any of claims 1-4 or 35, wherein the therapeutic agent or prodrug

thereof makes up at least 20% by weight of the compound.

41.  The compound of any of claims 1-4 or 35, wherein the therapeutic agent or prodrug

thereof makes up at least 35% by weight of the cdmpound.

42.  The compound of any of claims 1-4, wherein the compound is water soluble.
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43.  The compound of claim 1, wherein P comprises cyclodextrin moieties and wherein at

least one of the cyclodextrin moieties of P is oxidized.

44,  The compound of claim 43, wherein a plurality of the cyclodextrin moieties of P are

oxidized.

45.  The compound of any of claims 1-4 or 35, wherein at least one occurrence of CD or a

cyclodextrin moiety is oxidized.

46.  The compound of claim 1-4 or 35, wherein a plurality of occurrences of CD or

cyclodextrin moieties are oxidized.

47.  The compound of claim 1, wherein P comprises cyclodextrin moieties and wherein the

cyclodextrin moieties of P alternate with linker moieties in the polymer chain.

48. The compound of claim 47, wherein a plurality of the linker moieties are attached to

therapeutic agents or prodrugs thereof that are cleaved under biological conditions.

49. A pharmaceutical preparation comprising a pharmaceutical excipient and a compound of

claim 35, or a pharmaceutically acceptable ester, salt, or hydrate thereof,

50. A pharmaceutical dosage form comprising of a therapeutically effective amount of one or

more of a compound of claim 35.

51, Use of a compound of any of claims 1-4 or 35 in the manufacture of a medicament for

delivering a therapeutically effective amount of a therapeutic agent to a patient in need thereof,
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