THERAPEUTI C POLYMERS AND METHODS OF USE RELATED

APPL| CATI ONS [0001] This application relies for
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avenues for research, prinarily because

incgppopgteddessin hy refadnedie abi lity of researchers to _
re;gily control their chem cal and physical properties

via nol ecul ar synpmﬁb%pmiﬁm],m br oad

categories of polyner systens, _ wn as
"nic?ospheres" because of their size and shape, have
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the thst I?Mbgrte(ﬂm%rﬁiey for research, primarily because of their ease of processing and
the ability of researchers to readily control their chemical and physical properties via
molecular synthesis. Basically, two broad categories of polymer systems, both known as
“microspheres” because of their size and shape, have been studied: reservoir devices and
matrix devices. The former involves the encapsulation of a pharmaceutical product within
a polymer shell, whereas the latter describes a system in which a drug is physically
entrapped within a polymer network.

[0004]  The release of medications from either category of polymer device traditionally
has been diffusion-controlled. Currently, however, modern research is aimed at
investigating biodegradable polymer systems. These drug deliverers degrade into
biologically acceptable compounds, often through the process of hydrolysis, and leave
their incorporated medications behind. This erosion process occurs either in bulk (wherein

the matrix degrades uniformly) or at the polymer’s surface (whereby release rates are



the matrix degrades uniformy) or at the polyner's

surface (whereby release rates arerelated to the
weoabosnmeedse surface area). The degradati on pr ocee$/US2006/021395

itself involves the breakdotn of these polynmers into

| actic and glycolic acids. These acids are eventually

reduced by the Kreb's cycle to carbon di oxi de and
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bi odegradabl e pol yner, a therapeutic polyrner iIs

Coiiferenree] PoSiic presamnminsl Washiagtoa@g2064)pynt heti ¢ pol yners
that conbine therapeutic or palliative bioactivity
wi th desirabl e nechani cal and physical properties, and
[008elgr almemosidmgssleting apfiieatapsyithe dreecis phgsicdlypoatriged byt dissolving
ot her words, the conpositions have the activity of a

or aeltipg whila nedvaen: Henqikey sbprakciphasydtottieen reported frawbichaldrug is
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non-steroidal anti- inflammatory drugs (NSAIDs) were
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biodegradable polymer, a therapeutic polymer is formed. Such compositions represent
synthetic polymers that combine therapeutic or palliative bioactivity with desirable
mechanical and physical properties, and degrade into useful therapeutic active compounds.
In other words, the compositions have the activity of a drug, but have the physical
properties of a material. Recently, new therapeutic polyesters, polyamides, and poly(ester
anhydrides) were reported, wherein non-steroidal anti- inflammatory drugs (NSAIDs)
were incorporated into a polymer backbone (R.C. Schmeltzer et al. Biomacromolecules.

(2005) 6(1):359-367). In such compositions, drug release is directly dependent on the

hydrolytic or enzymatic cleavage of polymer-drug binding groups. One of the advantages



(2005) tf(l):359-367). In such conpositions, drug
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of the advantagesof a "backbone as a drag" polyner is

that a high anount of drag or therapeutic conpound can

be incorporated into the structure. [0008] Thus, there

need i rt for nore and better conpositions
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webl i ke surfaces. Depending on the chem ca
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active agents
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delivery conpositions that |ncorporate a therapeutic
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of the therapeutic agent in a consistent and reliable
cropaliniang leSeNMARY pQmieHRetivRKENTI ON [ 0011] The present
invention is based on the prem se that poly(ester
anide% (PEA), poly(ester urethane) (PEUR), and
[0048] y( dbepp n@@(b@slste pEbp agdpxmesy and Retisr prmpasitians andmethods of
use for biodegradable polymer compositions for delivering therapeutic molecules, such as
drugs and other bioactive agents. Particularly, the need exists for new and better delivery
compositions that incorporate a therapeutic agent into the backbone of a polymer for time

release of the therapeutic agent in a consistent and reliable manner.

SUMMARY OF THE INVENTION

[0011] The present invention is based on the premise that poly(ester amide) (PEA),
poly(ester urethane) (PEUR), and poly(ester urea) (PEU) polymers, can be formulated as
polymer delivery compositions that incorporate a therapeutic diol or di-acid into the
backbone of the polymer for time release of the therapeutic agent in a consistent and

reliable manner by biodegradation of the polymer.



pol ynmer delivery conpositions that incorporate a
therapeutic diol or di-acid into the backbone of the
weoabosnmosbor time rel ease of the therapeutic agemusziea2139s
consi stent and reliabl e manfer by bi odegradati on of
~“the pol yner.[0012] In one enbodi nent, the invention
provides a bi odegradabl e therapeutic pol ymer
conposition in which at |east one therapeutic diol or
[001P]- adh@np smbadivrepb iz inventionprotidestraty Rrpnadable therapantic polymer
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al kyl ene, (C2-C20) al kenyl ene or saturated or
unsat urat ed resijguesgof Hhey apeuti ¢ dy-aci ds; the
R3Si n i ndi vi duak chrgnQuel ¢ -at R4-1g1E ntly selected
fromthe group gonsistingsof hydrogemgs/Cl-C ) al kyl,
(C2-C6) al kenyl, (C2-C6) al kynyl, (C6-CG'0% aryl
(C1-C6) alkyl, and -(CEb) 2S(CH3) ; and R4 is
i ndependent |y sel ect ed f%on1th )group consi sting of (C
| C20) al kyl ene. (Co- 20) TR ene. (G -c8) al kyl oxy
(C2-C20) al kylene, bicyclic-fragnments of 1, 4:3, 6-
whebianhyagahfeomn bbb 5ab abéutuSOLR ais nflﬁpﬁmdeﬁtlﬁ/ Isd:l}:cted from residues of
saturated or unsaturated therap @FIC di resi dues,
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alkdBR, (CPC R BEOSy1 AL o Par¥ (- AlkyR aﬁ@ﬂgﬁﬁz){S(@mg); and R is
independently selected from the group consisting of (C,-Cyo) alkylene, (C2-Cap)

alkenylene, (C,-Cs) alkyloxy (C,-Cyo) alkylene, bicyclic-fragments of 1,4:3,6-
dianhydrohexitols of structural formula (II), saturated or unsaturated therapeutic diol

residues, and combinations thereof;

Formula (II),

except that at least one of R! and R? is a therapeutic amount of the residue of a therapeutic

di-acid and diol, respectively,



about 0.9 to 0.1; wherein Rl is independently sel ected
fromresidues of a,w bis(4- carboxyphenoxy™Q@Q Cs)
walkbwne2958, 3' - (al kanedi oyl di oxy) di ci nnam ¢ aci #C0MUS2006/021395
4,4 - (al kanedi oyl di oxy)di cnnam c acid, (C2 - C2 )
- - -al kyl ene, (C2-C20) al kenylene or a saturated or
unsaturated residues of therapeutic di-acids; each R2
i s independently hydrogen, (Cl- Cl12) al kyl or (Ce-Cl )
003y | apet lpagfomne é’éﬁ PRIYHEOhAying mehergesl ﬁomﬂé& desgribgd by structural
non rs are independently selected fromthe group
fomé‘&}ﬁgﬂ}sati ng of hydrogen, (Cl-C6) al kyl, (C2-C6)
al kenyl , (C2-C6) al kynyl, (C6-C10) aryl (Cl-C6) alkyl,
and -(CH2)2S(CH3); and R4 is independently sel ected
from.the group consisting O (C2-C2 ) al kyl ene,
(C2- CR@) algkeny eme, (C2-¢d_8H al{kyd oxy  C2HC20)
al kykeger! g-Ry-@-is-o-rAgEN-§ 10— C—R'-C-N-C—(CH,),—N
|, 4: 3} 6-di anfygeohexi tol s oR¥gructural [f arguyla @|1),
resi does of saturated or unsat ted therdpeutic dPal s
and conbi nati ons thereof, except that at [east one of
Rl and R4 in at |east orforoflad(@@) m nononmers is the
resi due of a therapeutic di-acid or dial,
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or vnSdtufabad Bbilidds ofaRdtapdufitld2 &, Ghkh RBR dhcllogsnd&ﬂ? aleoked (C;-

fromthe group consisting of (C2-C20) al ky| ene,
Clzl @gy@dﬁg-ﬂlk)eqw]l Q& FEPTRNECTHI BT P% )ﬂ}e Rrfgn individual m monomers are

. bicwclic- 4:2 6. d] it
e e
alkeHi8, (0HG) elttyhyle(Gpe) argl @ ol alkghdn®R6 i s i ndependent |y
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alk 1eéé,§€§ic9@%ﬂ&}ﬁ?feﬁaf{&-t9j cPbx PROLER) alkOlel¥ I Reyfclit Hragments of

esi’ dues "of saturated or unsa?ur ated therapedtic
1,48, @isnhydrdhadtots afatrivetns] fdrewbfl), rxidegs ofisharatedher Wsaturated
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one of the m monomers is the residue of a therapeutic di-acid or diol, respectively,

[0014]  or at least one PEUR having a chemical formula described by general structural

formula (IV),
Q @ H O QH
C—0—R?-0—C-N—C—C-0-R*-0-C-C-N
H R R*H
n
Formula (IV)

wherein n ranges from about 5 to about 150; wherein R’s in independently selected from
the group consisting of hydrogen, (C;-Cs) alkyl, (C,-Cs) alkenyl, (C;-Cs) alkynyl, (Cs-Cio)
aryl (C;-Cg) alkyl, and —(CH),S(CH3) and; R* is selected from the group consisting of



[0015] or at |east one PEUR pol ynmer having a chem cal
structure descri bed by general structural formula (V)
woéanwuB2s()V) wherein n ranges from about 5 to BODWIS2006/021395
150, mranges about 0.1 to @bout 0.9: p ranges from
about 0.9 to about 0.1; R2 is independently sel ected
from hydrogen, (C6-C10) aryl (Cl-C6) alkyl, or a
(CoAT ) e b)) (Q-Cbhp alkleherR36? dlk yAdky, BAd uﬂcﬁ&ﬂiﬁﬁgﬂmﬁpm 4:3,6-
are independently selected fromthe group consisting

diadyydiphgridele Af structurasfpriaplpyll), of Gagwents af Raéwyted O(r@gsa@@)ated
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alkaaiqunb k @n alk y{oRy; mﬁﬁ)llcaﬂré@imtsaffa 4B, 6adikiydrohexitols of general
icyclicfragnments of I anhydr ohexi t ol s of
forfg&ﬂ@&ﬁs PSR Afiegted qr)unaaﬁunategghweémeg s, #f. Ser@hyingfions
thefdBS %ké%@&x%@tﬂeh#%ﬁ@@%ﬁnﬁ hOksst oﬁagf nllﬁlltllmg ﬁkferuﬂtue
sel'ected from (C2-C20) al kyl ene C2-C2 enyl ene
themapewicldidloxy, b| cyclic-fragments of
|, 4: 3, 6-di anhydrohexitols of general fornmula (I1), a
residue of a saturated or unsaturated therapeutic
ol s COEp
0B SRRSO EIIR bt HFHEEL cht AR Sl ffeneral
strdtrilgbapan vy diol, [0016] or at |east one PEU pol yner
havi ng a chem cal formula described by gener al
structural formula (VI):Fornula.(VlI), wherein nis
@oout 10 t aboud 150; eath Dt hi n ami ndj vi dual
1 0—Ri-O-iniflegendedtRyo ek ErQRFhPdE-deh, (OHGl =
al kyl, (C2-@6R%al kenyl, (€HO&)Lal kynyl, (FOg-&ke) HI,
aryl (QC 6) al kyl, , and -(CH 2)28(CH3); R4 ¢bs n
i ndependently sel ected from (C2 C20) al kyl ene,
(C2-C20) al kenyl ene, (C2-C8) a | oxy (C2-C20)
al kyl ene, a residue of aF @%‘M?Q{%d or unsaturated
therapeutic diol; or a bi cycl ic-fragnent of a
[ t |
el e RORNADE b £ Shangi ol LMo b1 ranges
from@bstlt Q)aeo aifoult hel R wlnﬁ@enéemllyeseleeisddmm lofdragen, (Cs-Cio) aryl

(C1t 5 or a protectlﬂg group; the R’s in an individual m monomer are

1ndependent1y selected from the group consisting of hydrogen, (C;-Cs) alkyl, (C2-Cs)
alkenyl, (C2-Cg) alkynyl, (Cs-Ci0) aryl(C1-Cs) alkyl, and <(CH,)>S(CHs); R* is selected
from the group consisting of (C,-Cy) alkylene, (C,-Cyo) alkenylene or alkyloxy, bicyclic-
fragments of 1,4:3,6-dianhydrohexitols of structural formula (II) or fragments of saturated
or unsaturated therapeutic diols; and R®is independently selected from (C,-Co) alkylene,
(C3-Cyo) alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-dianhydrohexitols of
general formula (IT), a residue of a saturated or unsaturated therapeutic diols, and
combinations thereof, except that the R* or R® within at least one of the m unit is the

residue of a therapeutic diol,

[0016] or at least one PEU polymer having a chemical formula described by general
structural formula (VI):



[0017] or at |east one PEU having a chem cal fornula

descri bed by structural formula (M) Formula (VII),
woherea3zpsm i s about 0.1 to about 1.0; p is aboBCTASN06/021395

about 0.1; n is about 10 to7about 150; each R2 is

i ndependent |y hydrogen, (Cl-C12) al kyl or (C6-C10)

aryl; the R3Swithin an individual m nononer are

i ndependent|y sel ected from hydrogen, y(C -C 6) al kyl,

(C2-C6) al kenyl, [Q@2-() Oal kynyl O (K6 |- C10) aryl

(C1-C6) al kyl, anyc-= Nﬂsi—z)(zﬂ’( p‘— R4 is

i ndependently sel ctiedr? r om (C2- C2R3HAlky! ene,

(C2-C20) al kenyl ene, (C2-C8) al kyl oxy (C2 C20)

al kyl ene, a residue of a saturated or unsaturated

t herapeutic diol; or a Boowahi(¢l) agnent of a

I, 436dianhydrohexito| of structural forrrula(ll)

and conbi nati ons t her eof except that the R4 in
thr@agltls abrut 49 to Aol 5% qegh Rss Vit nraéémawéu@lfn yhit are mdependenﬂy
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(Clmm}am,e,mndc (GHg),S@H-0ki Rae irdlependantiy bqleméd f.wm (C3-Cyo) alkylene,
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di spersi on, onposi tion blode ades by enzynmatic
strugioral dorntuda (Ié) ea@ eomlbleaumle tlzgueaft ¢xsepli tbat tb«r Rdivithii & lengbone of

anot. her enbodl ment, the invention

theBlugﬁFtfetgeﬁesgug-oﬁé@eé@ﬁﬁfl? Lconpound wherein t he

compound is a di (am no acid)-estradiol -3,17-

b-di ester, or salt thereof. A BRI EF DESCRI PTI ON COF THE
[00FTIGURES! [¢ds2@ie BE§having & clhdnoivalifgroaula HesixiReq B strpgtiral formula

DVMBO-J 6) spectrum of 17b-estradi ol based nonomer
(VIDconpound 5 of Exanple 1). [0021] Fig. 2 is a trace of

differential scanning calorinmetry (DSC) of the

t her apeut(ic PEA polyner formed, in Exanple 1, ow ng a

first heatithg chre, w thOsHarp |@el thng endot herm

[ 0022] Fi C—SNTQ—QT@NRFT@-& $i=N lgﬂpcxcmzlr J 6)
spectrumjof am Rhvention R3|-| H C-O-R? H P
0 n
Formula (VII),

wherein m is about 0.1 to about 1.0; p is about 0.9 to about 0.1; n is about 10 to about 150;
each R? is independently hydrogen, (C1-Cy2) alkyl or (Cg-Cio) aryl; the Rs within an
individual m monomer are independently selected from hydrogen, (C;-Cs) alkyl, (C2-Co)
alkenyl, (C2-Cs) alkynyl, (Cs -C1o) aryl (C;-Cs) alkyl, and -(CH;)2S(CHs); each R*is
independently selected from (Cp-Cyo) alkylene, (C2-Cao) alkenylene, (Co-Cs) alkyloxy (Cs-
Cyo) alkylene, a residue of a saturated or unsaturated therapeutic diol; or a bicyclic-
fragment of a 1,4:3,6-dianhydrohexitol of structural formula (II), and combinations

thereof, except that the R*in at least one of the m units is the residue of a therapeutic diol.

[0018]  In another embodiment, the invention provides methods for administering a
therapeutic diol or di-acid to a subject by administering to the subject an invention

therapeutic polymer composition containing one or more polymers of formula(s) (I) or



17b- estradi ol - based PEA copol ynmer (schenme 5) fornmed in
Exanpl e 1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
wpQOBAR298Me i nvention is based on the di scover pCThar006/021395
bi odegr adabl e pol y(ester ang8de) (PEA), and pol y(ester
uret hane) (PEUR) polyners can be used to create a
t herapeutic pol ynmer conposition for in vivo delivery
of at least one therapeutic diol or di-acid contained
(I VIR ¥ the Firerdeay kanaddispgsiby,icl earkprsitéon bihdegrades by enzymatic
therapeutic PEA, PEUR and PEU pol ymer conpositions
actigq &Ry gieithergpapgic ¥ipl endigerad prerdi®g on at the surface
so as to release therapeutic diols or di-acids from

e I r .backhbone in control | ed manner over. .I.i ne.
ookdle PR ERosRe 0 Granhofie FRPh SunrEat LR it Shpatic SSinpound
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properties of the PEA and PEUR polyners used, the
i nvention t %FE&@&PES%&}FQN&S’%{S@ Fﬁgﬁ@ ovi de for
hi gh | oadi ng of the therapeutic diol or di-acid, as
wel | as optional bjoactive agents.[0024] As used _
[002@r ei Fig. his'shhwingre H NMRI(H0 MHzdDMED-ds) spectnum ahl7fHesstadiol
or di-acid nol ecul e, whether synthetically produced,

based menemen(crypered? pf Bypmprle d). . endogenousl y) t hat
affects a biol ogical process in a mammlian

0050} L o B AT B RSB Sl et
0025 ' . ! ' f . .
PR e G A Bk SRy i
mxﬁﬁﬁﬁﬁpeutic di -acid, as described herein, that

exclu

des the two carboxyl groups of the di-acid. As
used herein, the term"residue of a therapeutic diol"

[002ZRNSFR. DR dho®ingd 'FANMR [ S0eMHzE DM SY-doapetfsh bf Bethvention
herei n, that excludes the two hydroxyl groups of the

17 esttadiolbased MH A sgighag séHeated) dortned idExampte Ior di ol
containing the "residue" thereof is used in synthesis

of the polyRFAIERTPPESCRIPTIONOF'GSE INVENTIOR
therapeutic di-acid or diol is reconstituted in vivo

(or under simlar conditions of pH, aqueous nedia, and
00, G RO Bl B et e
(PEA), and poly(ester urethane) (PEUR) polymers can be used to create a therapeutic
polymer composition for in vivo delivery of at least one therapeutic diol or di-acid
contained within a biodegradable polymer backbone. The therapeutic PEA, PEUR and
PEU polymer compositions biodegrade in vivo by enzymatic action at the surface so as to
release therapeutic diols or di-acids from the polymer backbone in a controlled manner
over time. The invention compositions are stable, and can be lyophilized for
transportation and storage and can be redispersed for administration. Due to structural
properties of the PEA and PEUR polymers used, the invention therapeutic polymer

compositions provide for high loading of the therapeutic diol or di-acid, as well as optional

bioactive agents.



bi odegradation in a controlled manner that depends
upon the properties of the particular PEA, PEUR or PEU
weoabosnmrossel ected to fabricate the conpositi onpCwhised6/021395
properties are well known i the art and as descri bed
herein, for exanple in the Exanples. [0026] As used
herein the term "bi oactive agent” neans a bioactive
agent as disclosed herein that is not incorporated
[002‘at o Anesed ek @ ‘PBhreatssiie diobaedicacidiynesns gy disl enditdoid
agents may optionally be dispersed in the invention
molgtlf.a TSYHBEYGREY PESGES oF peiElly ascwisiag ey eidegenaysly) that

A e SR R R AR T
_ . . . Gl di d. nixed,
o it DEgUARL AR b IRBHESC, 1,
("dispersed”) in a polynmer, for exanple attached to a

[0033{NCT A ORI HFeRY Q?é frth PResRRL BER 'Ehel?%:)le{éﬁ@ gﬁ%ﬂlﬁ glﬁlkﬁﬂs%rbo%on of

to the surface of a polymer part
such RERE-RRAE @adidl R debtRibed G kiR tha® bxFuddEthOfwRa iR xy] groups of
pol ymer. To distingui sh backbone-i ncor porated
the hauidpaytubal ltiréihstha famtiresddiieds afth@apduio giolt Ridbndd porfioh of a
i ncorporated into the polynmer backbone, (as a residue
thertppartealigl, asdestrilshiddpesis,dbatteleludgetuie iveo bydrbsylamolps of the diol.
di -acids are referred to herein as "bioactive
Thexgyparespaidingtherapenfictsi-agidror diol semipiningthe Gregidiee” thereof is used in
conjugates or otherw se dispersed in the polyner

synghgpip OF thei Rolymer copwositipgs. neherfesidegsolidhe ﬂwraﬁe@t&%@iraﬁéd or diol is
recoa ﬁg&%byzazxgg@g% | b%{dﬁgi ¥ lcgl\évc}ig{n?%oqug)]}{j ggﬁqoitug rg{gfim and the like) to
the BRaBEn T RET ok i ectE mach S pseopiom 6% ARERC o iEhner by

o SESe90 TLcLIABUNR GG SUELRYRIL G DEAEL

PEA NBR1R\G: DiET PR iNer @R 16 FRAICHIFRRC ESTRRSIdI, QAR ﬂi&%é%ﬁ@s are

hydr ol yzabl e eSter and enzynatically cl eavabl e am de

welll ki@ @5the RatanB O MéREb&] Raeid) RdaRirhhlt ¥n tharBkadlpees.
typically chain term nated predom nantly with am no
groups. Thus, in the case of a naturally occurring
[0026ler apeusddchetiéin theoternal f'bingdtive apbet” breemkalbinvnactpreaganttas disclosed
delivered is the naturally occurring nol ecul e. o
hergiptthas nshdtyincarpersted amtp tiee padymerhackkaneh Ongcsmyira sedh ipactive
ot herwi se capped, by conjugation to any other ..
agentsirgaxeirttoaphy E@ dispersedoimiht Inypriiongherapgusic polymer compositions. As

used herein, the term “dispersed” is used to refer to bioactive agents (not incorporated into
the polymer backbone) and means that the bioactive agent is dispersed, mixed, dissolved,
homogenized, and/or covalently bound ("dispersed") in a polymer, for example attached to
a functional group in the polymer of the composition or to the surface of a polymer
particle, but not incorporated into the backbone of a PEA or PEUR polymer. To
distinguish backbone-incorporated therapeutic diols and di-acids from those that are not
incorporated into the polymer backbone, (as a residue thereof), such dispersed therapeutic

diols and di-acids are referred to herein as “bioactive agent(s)” and may be contained



i nclude wthout restriction organic acids, bioinactive

bi ol ogi es, and bi oactive agents as descri bed herein.
wonownea2sobodi nent, the entire therapeutic pol PaEBUS2006/021395

conmposition is biodegradabli®. [0028] More

particularly, the invention therapeutic pol yner

conposi tion conprises a biodegradabl e, bioconpatible

polymer with a residue of at |east one therapeutic
Wltlap@ply(mer@p@]@g@;w plchprorsstdispersed in the@obaestisomposition frethe same
one enbodi ment, the invention therapeutic

marg%?r ??r%therc@lﬁffé’é’ietag?iﬁs @sAptribedbelew] east one PEA havi ng
a cheni cal I forlrrul a described by stHJgtmu;al uI ofrsrrtjloa
) rein nr es .
oogfg; TREHn 9%%‘%@%2%@&@ oG te et Aomm VaeRagedin the
1nv§‘ft12ﬁ t%erfllialrt]lg gggﬂjreg)é 9?@& Cr%hﬁ%a?ng @{Q g)g)l}gﬁérqs ngpable of being broken
dovéh ﬁﬁ@inﬁ@éﬁ Qﬁﬁ@ﬁ%@@%bfi&c@. inthShorl ﬁﬁﬁtloxﬁ ﬁ'g of thg%g The

yl ene ene or residues aturate

polﬁheﬂd S BeUh Anfidn HRLARABL hbISRE cAfpSiBtions M LRRIAYArolyzable ester

I ndi vidual n units arei ndépendently sel ected fromthe
and@heviRati@ifly ickdal stde aiideylthikagsnhat ptavidéhioadtydabil{t{z2andte
al kenyl, (C2-C6) al kynyl, (C6-Ci0) aryl (G -C6) alkyl,
typizallly ¢iGih RyPBaCdYredamdaitly wih imtepgodentThys seltiectase of a
fromthe group consisting O (C2-C20) al kyl ene,
natyraity op@yring therapketediol @xliasid, tie lbyq:a(l;;igw(l @md@g‘oc}ehvered is the
al kyl ene,  Di C(:)¥C|IC fragments of 1,4:3,

natypli RyrERSRolesHle &pt@palb@ﬁhﬂsaamfr@rtﬁ@mal mlae acetylated or
saturated, or unsaturated t eutic dial. resid
Oth%msecf@aﬁ?%‘ax ?%%gatﬂﬁe F%myo Q—?J At ~CpIigIpipg, Q%wa@fﬁaﬁmlgfule to

nt of

1nctu§§ Wd@gutorpstgc?%?rgﬁglﬁ tafslgs &1013%(1%5e§ olféélgsi %H&’ Blloactwe agents as
deskﬁl?&ﬁ?e&éﬁ{.e Eﬁ/c‘)né im@Ht ﬁte h&l%stfl 13 tlglf_)A% r)égl‘ﬁg sition is
aving a chem ca 5esc % P

ormufl a ructur

biofQYr ke, (111): Formula (111)

[0028] More particularly, the invention therapeutic polymer composition comprises a
biodegradable, biocompatible polymer with a residue of at least one therapeutic diol or di-
acid incorporated into the backbone of the polymer. In one embodiment, the invention
therapeutic polymer composition comprises at least one PEA having a chemical formula

described by structural formula (I),

@ 9 HO o H
C-R'-C-N—C—C-0-R*-0-C—C-N
H R? R3H

Formula (I)

wherein n ranges from about 5 to about 150; R!is independently selected from residues of
3,3’-(alkanedioyldioxy)dicinnamic acid or 4,4’-(alkanedioyldioxy)dicinnamic acid or of
o, 0-bis(4-carboxyphenoxy)-(C;-Cs) alkane, (C; — Cy) alkylene, (C2-Cyo) alkenylene or

residues of saturated or unsaturated therapeutic di-acids; the R’s in individual n units are



wherein n ranges from about 5 to about 150, m ranges

about 0.1 to 0.9; p ranges fromabout 0.9 to 0.1,
woherea3zpsRl i s | ndependent |y sel ected from r esPduaS205/021395

a, W bi s(4- carboxyphenoxyHQ1Cs) al kane,

3, 3" - (al kanedi oyl di oxy) di ci nnam c acid or 4,4'-

(al kanedi oyl di oxy)di cinnam c acid, (C2 - C0)
indapdaibeiieseldotsd ﬁaﬁ)thee\gr&@p yér@n;ﬁng bf ﬁyc&agéﬂ mledﬁ)caumh(cﬁzcs)

unsat urated resi dues_of therapeutic di-acid

alk?‘%}’la (Cadpe ARAYL (Conlyun érgéﬂll ((J@alkya apyl T HpS(GH:);08d B0y

ity e 0 Rl e FRSL O IO
alkemyianes (CAGs)alkyiyrdr (@ eth,) ﬂ(lﬁﬂelfé Bicyelid<ftbgmért@oB):3,6-

. al k |, -C6), al kynyl, (C6-Ci0) aryl (G -C6) aIkyL,
dl@ﬁfﬁ%@éﬁ?&%@@%@ éﬁ@jﬁkz@sﬁaﬁa%ts REteyatedhetapapfic diol
residuOdNahd BodbReRotsAnSkSE | Ng OF (C2- C20) al kyl ene,

(C2-C20) al kenyl ene, (C2-C8) al kyl oxy (C2-C20)
al kyl ene, bicyclic-fragnents of 1, 4:3, 6-
di anl i ydrohexi tol s of stNﬁftural formula (I1),

resi dues of saturated or ynsaturated therapeutic diols
and conbi nati ons thereoff:ijzzf \that at | east one of
Rl and R4 in at | east wopoe of |[the @hunits is the

resi due of a therapeuti c\?' C(tg' or diol,
respectively; [0030] or at |easty one PEUR having a
chem cal fornula described by general structura
formula (I1V), HOOH-GCOR6-OCOCNGC CGORY4

O CCNHR3 R3 H Fornmul aFgllm\Ql erein n ranges from

about 5 to about 150; wheréin 3in i ndependent |y
sel ected fromthe gr oup consi sting of hydrogen,

exdeflth@Bt ledskyne ofFC2maAR" ish Kemyentid SRGH Jof dlekrysivthe of a therapeutic
di écg % L 8Ty Ii&iﬁf%) al kyl, and -(CH 2)2S(CH3) and; R4
1-9ad QpIgLFEFO¢HYEN>t he group consisting of (C2- C20)
al kyl ene, (C2-C2 ) al kenyl ene or al kyl oxy, and
bi cyclic-fragnents of 1,4:3, 6- dianhydrohexito[s of
[0020} ucpuptdpast oreBEA polymyer hagiog diwbemishl Hamyleglesesibged by structural
unsat urated therapeutic diols and conbi nati ons
forppda @BY:: and R6 is i ndependently sel ected from
(C2-C20)

o o HO o H Q o H
C-R'-C-N—C—C-0-R*-0-C—C-N1—C—R"'-C ~N- C—(CHy),—N
H R® R*H 2 H
- H C-O-R B,
Formula (III)

wherein n ranges from about 5 to about 150, m ranges about 0.1 to 0.9; p ranges from
about 0.9 to 0.1; wherein R! is independently selected from residues of o,w-bis(4-
carboxyphenoxy)-(C;-Cg) alkane, 3,3’-(alkanedioyldioxy)dicinnamic acid or 4,4’-
(alkanedioyldioxy)dicinnamic acid, (C, — Cyp) alkylene, (C,-Cyo) alkenylene or a saturated
or unsaturated residues of therapeutic di-acids; each R is independently hydrogen, (C;-
C12) alkyl or (Cs-Cyp) aryl or a protecting group; the R’s in individual m monomers are
independently selected from the group consisting of hydrogen, (C;-Cs) alkyl, (C2-Ce)
alkenyl, (C;-Ce) alkynyl, (Cs-Cy0) aryl (C;-Cs) alkyl, and -(CH,),S(CHj3); and R*is



al kyl ene, (C2-C20) al kenyl ene or al kyl oxy,

bi cyclic-fragnents of |, 4:3, 6-di anhydrohexitols of
waqgemsriatosbornula (11), residues of saturated oPCT/US2006/021395

unsat urated therapeutic didks, and conbi nations

t hereof, except that the R4 and/or R6 within at | east

one of the n units is the residue of the therapeutic

1ndebanﬁentl}%fe1:]:edqrorﬂ'th dgtaﬁﬁ c&ﬁﬁtlﬁ@bﬁ@cﬂ?% kylBReY | '(OQC?O)
a

m cal structure describe general structur

alk?fa' g o) abaiorn & W@fl@engwywm@&w%% b 5
dlaﬁlﬁrd?&f&;tol%%g s%ﬁ@t%ﬁgﬂ)gﬁ%ﬁtt tre%d%es f? %B&Vetd or u%SatHrated

nges from a
thetapelgpedidsand yomhimﬁbmihére@ﬂbme@t ﬁ@’e:ﬂ ledsCond BB @y in at least

( a profecting group; .the R3Sin an
on 9? bw%%s l%h@ﬁ?%l@waqfét HARSYER ééﬁ%lﬂy)l’ diol.gesnsalivelsm t he
group consi sting of hydrogen, (Cl-C6) al kyl, (C2-C6)
al kenyl, (C -C6) al kynyl, (C6-C10) ar I(CrC 6) al kyl,
[0038ld Ql@tl lepsb@edidyR hiding g chehiset fe»drnﬁ}aam«tribed O @eperal structural
consisting of (C2-C20) al kyl ene, (C -C20) al kenyl ene
forgplag[¥y| oxy, and bicyclic-fragments of
|, 4:3,6-di anhydrohexitols of structural formula (11);
and R6 is |nd pendently sel ected from (C2- G20)

al kyl ene, g keRyl ele @r al KyIDRY,

bi cycl i c- frag ‘t‘% f‘OIC4N306‘CtFP‘zB1F@’(ﬁ6}T ol s of
general formula (I1), a rHsR%Iue of a saR} tgd or
unsaturated therapeutic diol, and conbi nations
thereof, except that the R6 within at | east one of the
munits is the residue oFormmuldh@Wapeutic diol; [0032]

or at |east one PEU poI ymsr havi ng a chemical fornmula

wh%r\e?ﬁ';:ﬂ ra‘%ggsr g%{lﬂgaﬁ r§?\ {g U]%ES} FJ erg :rsr,l'{llia pggdéﬂg: }9 gequ(!tgd from
he F33SuM ddﬂbl@tlﬂg‘ofﬁyﬂlré’geﬂuﬂtl @6) (@5@6) ﬂﬁ&?@ r(d:@msb Xkynyl, (Cs-C1o)

sel ected fromh

ary{Cieroy plkyk end Hzii %Ky) and( 1&8@:@@9@ Ao ﬂﬂ@@[mmagoawyng of (Co-

BB I SN icrr b5 ASeBERTI L BSR4 B

diaahydrbloexytolsGE s@ﬁ)ua&lfdryiuﬁf(é]}), @sidess G:flsetufnfte(hoﬁﬁisamaﬁcﬁﬂ
the?arpeutic diols and combinations thereof; and R%is independently selected from (C;-Cso)
alkylene, (C,-Cyo) alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-dianhydrohexitols
of general formula (IT), residues of saturated or unsaturated therapeutic diols, and
combinations thereof, except that the R* and/or R® within at least one of the n units is the

residue of the therapeutic diol;

[0031] or at least one PEUR polymer having a chemical structure described by general

structural formula (V)

Q Q H O Q H Q Q H
C—0—R%-0—C-N—C—C-0-R*-0-C-C-N C—O—RG—O—C—I}I—C’)—(CHZ)I—N
R m H C_O_RZ H P

n

Formula (V)



unsaturated therapeutic diol; or a bicyclic-fragnment

of a |, 4:3,6-di anhydrohexitol of structural fornula
wORb)6/1329501 conbi nati ons thereof, except that tReTRS2006/021395

within at | east one of the1d units is the residue of a

therapeutic diol; [0033] or at |east one PEU having a

chem cal fornula described by structural fornula

whc(rMhEgraﬁgés&"rc(rthaut SWB%@JM sm h$arReboud 01 fobaMANY: plralges
is about 0.9 to_about 1; nis about 10 to about

fromeboutéh%w Fopuf % 1r Rd@g@r@émernﬂy RelestedEam hydiogenXCodfieyaryl
(Ci= Qfﬁ? %ﬁng g}g)pr n& 'ﬁg#;upa Y #45 bh ﬂ'gh G By uﬁlﬁear it e}%entdelatly

an |n munit ‘are 1n e enden

Selécf@d'frdm dfeogeﬂp CC(I@ﬂS’aﬁ@))f hydeygen, (@C@&lkﬁ' (@@4@6) alkei32; (@)Co)

alk éé%%ﬁ af}é‘é@r%&&”ﬁé rnﬂu-gé@%%&b@ %e‘ﬁég‘{a“ég&}l%}ﬁhe group

con@r@gn?gp()cgf@é@@]cg%@me (@;C% DceRYIKRW BBRox K &R EBYclic- frggments of

| ene, a resrdue of" a saturate
1,43¢6- duraa]aydyolmxgdlstdf etracpjemt foa'mdladlll,) and RY is independently selected from

f f I h h f
ol kUpa Car mPUepY Ry ol Gl AN B Rera pLoR 3.6
diagh@esHexithia lof gBeerdoiniu12{I1), @ 2&didveE aQhtub &l 6 U RRFRED
is the residue of a therapeutlc di ol . [0034]

The
thergpeufia diel, ang @@ﬂ’@ﬁﬁ@%ﬁh@,‘ﬁﬂfhe@ﬁWh%h%ﬁeWM ) 1%,9&h01t?e3f the m
cphol such as D-glucitol,
um%figr‘rglr?ﬁg%lﬁlﬁ ?ﬂgﬁpd’ﬂ{ cﬁ& Di anhydr osorbitol is the
presently preferred bi cyclic fragnent of a
4: 3, 6- h extolforus in the PEA, PEUR and
[00BR) o135 P ORIl s hr G Fgferpieal il fesfriog o3 Eeneral
eut | ymer conpositions. [0035] The
Stwﬁ? ?ng B(igbwp can be t-butyl or any other
protecting group known in the art. [0036] In one
enbodi ment, the r %du cg the thergpeutic diol or
di -acid incorporaked,i i gt thesRolyngry backbone of the
i nvention therape t|[;l Rf ynmer conpogift|on of any one
HI") - (

of Formulas (1) and VI1) is a thePapeutic anmpunt
of the therapeutic diol or di-acid so that, upon

adm ni stration, the co%lmlpl odegr ades to rel ease
a therapeutic anmount of

wherein n is about 10 to about 150; each R’s within an individual n unit are independently
selected from hydrogen, (C;-Cs) alkyl, (C,-Cs) alkenyl, (C,-Cs) alkynyl, (Cs -Cio) aryl
(C1-Ce)alkyl, and —(CH>)>S(CHs); R*is independently selected from (C,-Cyo) alkylene,
(C2-Cy) alkenylene, (C,-Cs) alkyloxy (C,-Cyo) alkylene, a residue of a saturated or
unsaturated therapeutic diol; or a bicyclic-fragment of a 1,4:3,6-dianhydrohexitol of
structural formula (II), and combinations thereof, except that the R* within at least one of

the n units is the residue of a therapeutic diol;

[0033] or at least one PEU having a chemical formula described by structural formula

(VID)



the therapeutic diol or di-acid to the subject. [0037]

The i nvention therapeutic polyner conpositions in
woehbwh3zso her apeuti ¢ di ol and/or di-acid is usedrius2dhe21395

pl ace of a diol and/or di-adid otherwi se useful in

maki ng PEA, PEUR, or PEU pol yners as descri bed herein,

can be fornulated into particles to provide avariety

of properties. The particles can have a variety of

si zes an ﬁrumuux sui t gble oneqj differi

t her apeuki J@N}ad:s odRrf-@+Ces- éc#mcru(an pationzas

descri bed|in § in copendF %1(P%P¥hs'®n

appl i catildons 60 654 715 e h,

60/ 684,670, filed May 25, 2005, and 0/ 737 401, filed
Novermber 14, 2005. [0038prAsa(¥HY herein, the terms
"am no acid" and "a-am no acid" nean a chem ca

wh R heGE R et adh et 53H§bwt&fﬁﬁa§§%%3%§bout150'
eacﬁ‘ R‘a & 1&de;ﬁ%déiﬁ%ﬁ%g%hn(c1t(gl?) 511?\}1"81 el-e 09%1‘}@3& FrBfELME: group;

nmeans the "am no USG In Sy nt es| s are

the Be$ wh@oanfm@lmq@hlemylnatl aawnudepenkiembf snaéeotegll fyagn hgdrogen, (C1-Co)

ofh 7 s 07 o I BECF Tl @l TS for

eacBR* 14 inaeppdentlycseticteddicii (ORER alkyREBICLIC4E) amcengmyle ctloglcg)
or di-acid nol ecul e, whether s nthetlcall§ﬂlro uced

alkypxy feon) al;iﬂ%wrrﬁw%e pler gpiurated @b RTBIAEY herapgptic diol; or a

iy 1 210 0lgb 6885 b B0 ), o

contahdtiomt theeeafpencept thitehe RY i atilssesed fitioe mheonmmmarals. the residue
2&%040%g sed herein, the term"residue of a
of #6tdiel di ol * means a portion of a therapeutic
diol, as described herein, which portion excludes the
two h droxyl groups of the diol. As used herein, the
[00343]r m Thekiciis-pagnaenthef sl diankydiphexitoly capba derived from sugar
tion of a_ therapeutic di-acid, as describhed here

alcqlifils FughorstPgciieh a@gmfcr%@n@ Mdaalr %‘ﬁwyg‘é‘?sl@%’é’ iyihe pessently
preffgred i ?%a%‘e’rﬁti s Sp ol Beteerh d A IIR and

PE&;Pé)ﬁﬁxgeng 61 18|fab e O%P% %10 Jjvent éor} télglea s‘t%Jc pcﬁ\éraEP com\posmons

(or under simlar conditions of pH aqueous nedia, and

[OO?Qf o ;Eg@%rotté?:tihg 21’(%122 %9 ¢ 'BfoyW‘ théeﬂ}f b DrectiObrotPRbwn in the

romt one O
art.

[0036] In one embodiment, the residue of the therapeutic diol or di-acid incorporated
into the polymer backbone of the invention therapeutic polymer composition of any one of
Formulas (I) and (IIT)-(VII) is a therapeutic amount of the therapeutic diol or di-acid so
that, upon administration, the composition biodegrades to release a therapeutic amount of

the therapeutic diol or di-acid to the subject.

[0037]  The invention therapeutic polymer compositions in which a therapeutic diol
and/or di-acid is used in the place of a diol and/or di-acid otherwise useful in making PEA,

PEUR, or PEU polymers as described herein, can be formulated into particles to provide a



pol ynmer by bi odegradation in a controlled manner that

depends upon the properties of the PEA, PEUR or PEU
weoabosnmrossel ected to fabricate the conpositi onpCwhised6/021395

properties are as known in 1#he art and as descri bed

herein. [0041] As used herein the term "bioactive

agent” neans an active agent that affects a biol ogica

process in a manmmalian individual, such as a human, in
varigtst qur@aféms« clhsmgeticlgszoan hevamvaisty ofzes atdristmiciuiss seftable to

t he and that is not incorporated into_the

megy @Ilf;ﬁwg %an%@oalsuaaémtwf@gwgﬁw a5 degcgiged in full in co-
pentini 28 arob et oo R TRSRS s P RSB Rrssa 70
file a3 20 At R 7 L Bh PG A T pol yorer

composi ti ons. [0042] As used herein, the term
[Oosﬂ' Sp&%e g of’e’?n ‘%ﬁ@%nh?“hﬁﬁa@ Ffde 3961 Gé%mif{@a&@egl%én HERdRical

act’i ve agent Into, mxe
contioRf@ l:&ﬁ&mrl%)dmﬂﬁﬂb %?dibp, 96&%9{ y1GetR! @ tal penf& RAgroup, such as
("di spersed”) in a polyner, for exanple, attachéed
the RA Redupe dafing IeuEini Astubel hidreihahe trinc bixslbyioE - Qlfmﬁd‘&m” means
conposition or to the surface of a polyner particle,
the bniincnatid (s)wsed prosyattledisiand seldce] foan phemdalading 18Eiye, EBdRe,
or PEU polymer. To distinguish dispersed therapeutic
alandhe | veling dsadéucins tisthierang, ohe sextutethergpt i ncor por at ed
into the pol ymer backbone, (as a residue thereof),
such di spersed diols and di-acids are referred to

[003 ¢ As HeedhsraR | tb@alaeglélﬁtd(cg or ath%ralawc rapidn sgns o

L L
occglrrérén(%r@ége% Oezl:otﬁsll%%t]}gfe%émem igﬁglhﬁgcégjs ﬁlaé: gl?agﬂﬁgﬁscﬁwdual,

odegra
sucHSath W65 8 il ﬁéﬁirc'oggalthgﬁv L3R LAY r@ﬁ@xﬁﬁ t§ the mammal.
pol ymer conmpositions means the pol ymer use ereinis

capable of belng broken down into innocuous products

[0040] t h&s Red®reih A6 tdrRTiragdRf o flaRBerBaYic did)? SaebiSs a portion of a
particularly true when the am no acids used in

thefapbiiticCdibl, af dekribéiEhdrbia) @hieh potiopakyhEes o mpe dydrogyisgroups of
are biological L-a-amno acids. The polyners in the
theidinde dtsiused hérema fheutrint “gesitiyeref a therapeict diewsl”inngznsid @ortion of a
hydrol yzabl e ester and enzymatically cl eavabl e am de
thetapawtingdisacidhas described herein, which portion excludes the two carboxyl groups
of the di-acid. The corresponding therapeutic diol or di-acid containing the “residue”
thereof is used in synthesis of the polymer compositions. The residue of the therapeutic
di-acid or diol is reconstituted in vivo (or under similar conditions of pH, aqueous media,
and the like) to the corresponding di-acid or diol upon release from the backbone of the
polymer by biodegradation in a controlled manner that depends upon the properties of the
PEA, PEUR or PEU polymer selected to fabricate the composition, which properties are as

known in the art and as described herein.

[0041]  As used herein the term “bioactive agent” means an active agent that affects a

biological process in a mammalian individual, such as a human, in a therapeutic or



provi de bi odegradability, and are typically chain
term nated, predom nantly with am no groups.
wapbieanzsby, the amino term ni of the pol ymersPcamshme021395
acetyl ated or otherw se capged by conjugation to any
ot her aci d-contai ni ng, bioconpatible nolecule, to
i ncl ude without restriction organic acids, bioinactive
bi ol ogi es, and bi oactive agents as descri bed herein.
palliative meanastwhmadministared terthe mempasl yndthatis mpbmcolrporatechmeb the
any particles nmade thereof, is substanti.al

polynerkagkbensn IBio3chya agentsinay mckideswihayt &l@ntaa@m sapdkmelgeule
drufs ptsvﬂ“eqe%‘waré“@r“r;%n@%, DR HR titarm 510 Gheleiogls. kape or more

sucf SRR Gt R TN SR Rl PR el fim: EhpShiions
alternatives wherein the Rs are CH2-CH(CH 3)2, the
[OO@ﬂl YIEE ugeﬂq'%?élﬂ Shé {éﬁnb‘u&g&%&@% u‘fé‘%c?m Bfr BFbilactive agents means

| eucl ne varying t s Wi thin nononers as

thaﬂﬁé 6ldabieeh :fg%ﬁtei‘s Moaded 126, 1Rixed Qs Rled A1oAiD Fg@ﬁ&zé& ia8l8/08 88Walently
al so be used, e.g., glycine (when the Sar e ,

bou@ﬂ%fdlﬁt%rs(eﬂﬁ'}ﬁﬁ atpo@ynns Sk ex4chfdy, attaahddne a(flmﬂftﬁi@nhl@o@ﬁahe
CH(CH3) 2), isol eucine (when the R3Sare CH(CH3)-CH 2-CH

the@peutphpiythal Efihaeonipdsaiontdraéo ReSarfeceGH iz poBahis)partile, but not
nmet hi oni ne (when the R3Sare -(CHa)2SCH 3), and

incenpntsitedeiniodths badkborobf 2 PRAyBEURnot Y palymearndpidistinguish
enbodi nent, all of the various a-am nqg acids contaj ned

dlswerﬁsqdﬁheramtgmélﬂ%ls aiabei-acidsimm fpse Hat pieviesnrpated into the polymer
bac%ger apeut I&%ég ol ygeog)eguccgp qgsZ):gltrslﬁg Biqlq%nd[ (g-ldlglgj? Cr%'%{edéo herein as
iR A AR B R0 o ety TR
cod&%?és ot %ﬁ}e%PE Ia%pgefégi tﬁhthg fve ﬁ@ra élgé Iﬁﬁeﬁ%r i %&%Eﬂlon the

em ca I‘UC ure

san*f‘é 4t éfrb?(gacﬁ% Hégn?s dighidded hEIléle NCGCO 2C.

For nmu

[0043]  The term, “biodegradable” as used herein to describe the invention therapeutic
polymer compositions means the polymer used therein is capable of being broken down
into innocuous products in the normal functioning of the body. This is particularly true
when the amino acids used in fabrication of the therapeutic polymer compositions are
biological L-ai-amino acids. The polymers in the invention therapeutic polymer
compositions include hydrolyzable ester and enzymatically cleavable amide linkages that
provide biodegradability, and are typically chain terminated, predominantly with amino
groups. Optionally, the amino termini of the polymers can be acetylated or otherwise
capped by conjugation to any other acid-containing, biocompatible molecule, to include
without restriction organic acids, bioinactive ‘biolo gics, and bioactive agents as described
herein. In one embodiment, the entire polymer composition, and any particles made

thereof, is substantially biodegradable.



When the R3Sare -(CHa)3-, n a-imno acid anal ogous to
pyrrolidine-2-carboxylic acid (proline) is used.
wOQMsER2930 certai n enbodi nents, the polynmer i nPCIAIS2006/021395
i nvention therapeutic polynér conposition plays an
active role in the treatnment processes at the site of
Iocal admnistration, e.g., by injection, by holding
polynmer in an a gloneratlon or polymer depot at
IOO‘G‘He slmtO@e@ftemﬁS%f‘eﬁt pstoge 0&%@@-@1@@%&1 uﬁ‘i‘éilél bm@nenpf the
he subj ect endogeno

to. allowt u r
111V?f51°@é>§§/%qf tsiadig g&a BORRRAC o} FERIe s are CEh,

the Bt B asit 26 I‘cﬁ’é‘t}ﬁ&sgﬁ@?@ﬁ%’gﬁlﬁﬁﬁ ﬁrbaqeno#laes wherein
the I{eé ﬁ%?ﬁg-lzt @r( éﬁ{ tl%g 'iagérgl%tr Egrﬁgu?i? ﬁl%tqi&ogi'cgll —%@g{oo %d I -leucine.

i -ac I oac
B @&2{}%% héll 3 90&8
y h peu%{l s anéﬁ |§é-1 ac |S %Hgtit%eﬁg’fdlﬁlggg Imvlél 0 acids
candBRMPeSusdd, . gar gly@lﬁé EfhdMhé Rés ﬂem a%lhlﬁﬂé YwiinQHE BP Peth I(BH3)
pol ynmer t'o 1ncrease half-life and persistence of th

valinb ewageiit iRCs aiedl H@H Y)) picdleucine(wticaats Riseara @H@CH@)L(Eiz—CHg
the site of local adm nistration. [0047] In addition,
phenfialanirey(wihes thti Rslaos@H,HaEe), or trethioning (vose thaRisrge -(CH,),S-
structural formulas &@) and (pi)-(VIl), upon enzymatic
CHele gndieranbinations thareafe le yetanothar altamatiye soibadinzams adftdfdhe various
br eakdown products that can be netabaqlized using
o-agHRR, m%cqntw%m ﬂfl%P"t’lbi’é’%* useb i makipg thedByssiph gwﬁ%ﬁetlgw

aci ds and. su of the,invention .therapeutic
DOl AP IATS Bl iR AL 2R e GO L Bt hat

t he subject can netabolize/clear the polyner

0035”0 AR SRS HOIBI PP BRE PEMRIBRA of

tICp yner conp OSI Irons a
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PEUR and PEU pol yner nol ecul es may al'so have the

bi oactive agent attached thegego, optionally via a

l'i nker or incorporated _intp g grgsslinker between

nol ecul es. For exanpl e, jji& ogg, enbodi nent, the pol ymer

is contained in a polyner%|©ac%|ve agent conjugate

havi ng structural forrmula \id1:

Formula (XTII)
When the R%s are -(CH,)s-, an o-imino acid analogous to pyrrolidine-2-carboxylic acid

(proline) is used.

[0046] In certain embodiments, the polymer in the invention therapeutic polymer
composition plays an active role in the treatment processes at the site of local
administration, e.g., by injection, by holding the polymer in an agglomeration or polymer
depot at the site of injection for a period of time sufficient to allow the subject’s
endogenous processes to slowly release particles or polymer molecules from the
agglomeration. Meanwhile, the subject’s endogenous processes biodegrade the polymer
backbone so as to release the incorporated therapeutic diol and/or di-acid therapeutic

agents, as well as any bioactive agents dispersed in the polymer. The fragile therapeutic



Formula (VII1) wherein n, m p, RlL, R3, and R4 are as

above, R5 is selected fromthe group consisting of-
wO20064A82950and - NR8-, wherein R8 is H or (Q CrabPkylus2@etd21395

R7 is the bioactive agent. 180049] In yet another

enbodi nent, two nol ecul es of the polynmer of structural

forrrul a (1 X) can be crosslinked to provide an

-R7-R5- conjugate. |In another enbodi nent, as shown
diojs r@né dreeidsand ontionah hieactivxpeeny wapratertedhyothe mare slagvé}ﬁt

val ntI l.inked to twoparts, of a sin i
bloﬁllﬁﬁf@g%ﬁ RO asm%&orlaer@a%eéaa?fflbfﬁ #ad aer(slmepye oithe aﬁﬁappﬁtéc diol o di-

R5- R7- R5- nd. R5 | ependent |y sel ected
aciq S D70 VG AB L BhiLF ST Pefogpl emristaionong | ngg.
wherein R8 is H or (Cl-C8) aIkyI and R7 is the

[00& oac%ﬁ’\grﬁﬁnﬁggﬁ% I‘pxgyn?e(%%laff' %d?lgﬁ}ré {\! é}lé hogé—l%a'vﬁrfg structural formulas

6] a”‘ﬂ?f@_]) 4 A antugb'l‘f Enyalatib ﬁE%th@ﬂo@%robgfﬁ@é\éenﬁaﬂ dntk& Iéunds and cl):gher

e inserted t ween bi oact1 ve agent

breakdomtpgredutl ®eidaa befmaitolietdighg pARREYirallhd th thod Qﬂé&i UL}
X is selected fromthe group consisting of (G -C 18)

metabdlydigg ity auids bhd sigack. dUylkestahe n8nt{dd) thenipéutial goyymesre,
substituted cycl oal kyl ene, 5-6 nmenbered heterocyclic
congpyesitions somafaistidiey havashosmshaidbosmbj et tacmeidbélizerl¢an éhe polymer
group O N, and S, substituted heterocyclic, (C2-C18)
degzadatipy brodgpiss h@&@tp@évrmrﬁ awe/the inyeniiey therapatit palyned
al kypnyl, Cg and Ci substituted ar )
conp{&sg}oéalagg, thegqf%@t $ é IYé%Oé‘FIBQFWat%Y F@/%ﬁ rSIS}lP_] ect both at the site

Ssubstitufed al.k ,.aryl al k sti.t yt ed
of i3jAchian A SFtentcal g ein Faf b gused BY pricoB e
arylalkynyl substituted aryl al kynyl and wherein the

[00%‘]b J{ﬁéég?}& ][Z’E{Iﬁ and 8%% s%epﬂ?églgﬁleg%%y%ls%age hgbfloa%flve
agenﬁ&cg)ch&} Eﬁ:ﬁ% K)}Stfna'l \%\ Eﬂirgr cor'}%olfé‘tle& into g:fo%l?r)k@poetween

Rt Gt e

bioactive agent conjugate having structural formula VIII:

o 0] 0 o] 0 O

I n HH n n H H 1 n H
c—R1—6—N—g—C—o—R4—o—-c—cl;—N C—R'-C—N—CH—(CHy);~NH
R5
R7
Formula (VIII)

wherein n, m, p, R!, R, and R* are as above, R is selected from the group consisting of —
O":

-S-, and -NR®-, wherein R® is H or (C;-Cg)alkyl; and R’ is the bioactive agent.

[0049] In yet another embodiment, two molecules of the polymer of structural formula
(IX) can be crosslinked to provide an R*>-R’-R’- conjugate. In another embodiment, as

shown in structural formula (IX) below, the bioactive agent is covalently linked to two



and R10 are independently Hor (G -C6) alkyl; and Y
is selected fromthe group consisting of-O, -S-,

WO 306/132956( OK- S(O 2)-, -NR8-, -C(O -, -0C(O) -, PeOUSD6/021395
-OC(ONH, - NRBC(O)-, -C(ONR 8-, -NRBC(O NR 8-, and
-NR8C(=S)N R8-.Fornula (X) [0051] In another
enbodi nent, two parts of a single nacronol ecul e are
covalently linked to the bioactive agent throug 2

partgef gpinglegolymer meleeje of satchurpkiopmyle (Hbrthigugh (bq }1 IR
wher ei X 1S selec edfro the group consi stin
congyeteangRy)is H}dﬁW’é‘ﬁ r%‘mlé%ﬁ HPRY PUIISHINg @8- %e) S-, and -

NREZGHRBLE B3P RS0 SRR SRR B 0 e

selected fromthe group O N and S, substituted

eferocyclicgrs (C2-G 8) al lﬂ?n ubstituted al kenyl,
Ik , . Stibstituted,al kyn ClO aryH H
g"ﬁ_ﬁ?&"ﬁ" ~Ondt epoﬁré" é,bl— st erodft)s—NH
Wary?, sub&ituted alkyl ary a?ryl aICkynyI n
substituted arylal kynyl, aryl enyl, s d P
aryl al kenyl , @Mnyl subs |tut ed @ yl al kynyl ,
rein the sgbstituents re selpécted fromthe group
S| St of IH,

(IC%ﬁCG) ql kci_? o Q—R“ﬁ,

O (G -C6) alkyld, -3 (C| (536) al kyl 19 O O/m)n
=0 (G -C 6) alkyl], (CO-(C-C6) alkyl],

-S(2) [ N(ROR10) ], -NH[(C—O)(d C 6) alkyl],

- NH( CG=0) N( R9R10), wher ei n and R10 are independently

Hor (C-0C6) alkyl, and- }IN‘ al@%{;(’ wherein R11 and

R12 are independently sel ected om (C2- C20) al kyl ene

and (C2- C20) aI kenyl ene. [0052] In yet another

00§ty e ffER / o6 Hhin B %@raﬁéﬁ%@ Bl e -
cangore dﬁgﬁﬁmﬁ gﬁvette %; r‘%@ :iog)ac’%‘veegzli'I eIt ESRpf'ﬁ {]ﬂg lg‘gﬁie s%ructursttl formula
(III@ %?e%elm%ﬁ s%%?% lﬁ%[ﬁ/ {1:'16 Iglr giawhé & (¢! f(fal eﬂ el substlTuted

tructura ot e a rad

alkﬂen@recgtgﬁ@cidaﬂe@e&: ﬁ))b%ﬁﬂu%‘edcc@rﬁféﬁ&xrfélnb% GMkemVérwycm

OUt nine to tenr
system containing 1-3 heteroatoms selected from the group O, N, and S, substituted

N BB R g

heterocyclic, (C,-Cy3) alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, Cs and Cio
aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkylaryl, substituted alkylaryl,
arylalkynyl, substituted arylalkynyl, arylalkenyl, substituted arylalkenyl, arylalkynyl,
substituted arylalkynyl and wherein the substituents are selected from the group H, F, Cl,
Br, I, (C;-Cy) alkyl, -CN, -NO,, —OH, -O(C;-Cy) alkyl, -S(C:-Cs) alkyl, -S[(=O0)(C;-Cs)
alkyl], -S[(O2)(C1-Ce) alkyl], -C[(=0)(C1-Ce) alkyl], CF3,-O[(CO)-( Ci-Co) alkyl], -
S(02)[NRR!%)], -NH[(C=0)(C1-Cs) alkyl], -NH(C=0)NR’R'?), -NR’R'%); where R’
and R'° are independently H or (C;-Cg) alkyl; and Y is selected from the group consisting
of —O-, -S-, -8-8-, -S(0)-,-8(0,)-, -NR?®-, -C(=0)-, -OC(=0)-, -C(=0)0-, -OC(=0)
NR]C(=0)-, -C(=0)NR?-, -NR¥*C(=0)NR®-, and -NR®C(=S)N R®-.



atons in which at |east one ring is aromatic. In
certain enbodi nents, one or nore of the ring atons can
woeosubssot uted with one or nore of nitro, cyaROT/US2006/021395
trifluoronmethyl, or triflu®onethoxy. Exanples of aryl
i nclude, but are not limted to, phenyl, naphthyl, and
ni trophenyl. [0054] The term "al kenyl ene" is used with
reference to structural formul ge herein to nmean a
tNa|Qﬁt br anched or gunbranch ¢>hydbocarbon chai n
¢nRaiguiing -4 d-ersio-gnal udat gt ed ch@ndei, 0. & hs, -
hain or i@ a side chail. 0%5] The nnlecular wei g
ahd pol ydi'spersities héfeifi are deterning by ge
permeati on chromat ography (GPC) using poRystyrene
standards. More particularly, nunmber andXwei ght
average nol ecul ar weights (M and Mw) aré det er m ned,
for exanple, using a Mddel 510 gel perneation
chromat ogr aphy (Water Associates, Inc., ®MIford, M)
equi pped with a high-pressure [iquid chromat ographic
punp, a Waters 486 UV detect ¥l nd a Waters 2410
differential refractive |HUEX tector.
Tetrahydrof uran (THF) or N, Ndi net hyl acet anm de ( DMAC)
Is used as the eluent (1.0 ni/m n). Polystyrene or
l00§H| (mnﬁ@ﬁer ﬁ@bwameyﬁ M%yar&%{ﬁcﬁ%%mw e 36 Gpvalently

kg st Poss By Sua ot F ol Kk Ree Kapmpe X0

contai ning a- an1no acids in the backbone are well
néwn in thegart. For exarrm3e for t he enbodi ment of
tiHe pol ynmer of structural al (1) _ph

er gi nHR4 il
ey Poret¥agrird an atam” he GoR pg;) 91 —(CH,),—NH

n

tChesi@ the & anmi no aci vvlth#&) rdant Q3 be n
convert ed thro estg(l fica to a P
bi s-a, w-di amignet for anpl e," by coﬁden5| n&the

i no aC|d ontalnlng pgndant /3 wWith a diol gbiO>-R 4-

esullt, -ester | noneks w th reactlve
o G RO RN ST R B SC e NG 'S
enteredlntoapblycdhp ationOreaction @Qith a© O/mJ)n
di -acid such as sebacic acid, or bis-activated esters,
or bis-acyl chlorides, t¥oremadthe final pol yner
havi ng both ester and am de bonds (PEA).

Whéflefn(,e 5{‘1@%&1%9%& fro];noﬁle Weﬁsistﬁr%’ ofqell 18 ra?kﬂéne, substituted alkylene,

(Cs-Cy) cycloalkylene, substituted cycloalkylene, 5-6 membered heterocyclic system

containing 1-3 heteroatoms selected from the group O, N, and S, substituted heterocyclic,
(C2-Cyg) alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, (C¢-Cio) aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkylaryl, substituted alkylaryl,
arylalkynyl, substituted arylalkynyl, arylalkenyl, substituted arylalkenyl, arylalkynyl,
substituted arylalkynyl, wherein the substituents are selected from the group consisting of
H, F, Cl, Br, L, (C,-Cq) alkyl, -CN,

-NO,,, —OH, -O(C;-Cs) alkyl, -S(C;-Cg) alkyl, -S[(=0)(C;-Cs) alkyl], -S[(O2)(C1-Cs)
alkyl],

-C[(=0)(C1-Cy) alkyl], CF3,-O[(CO)-(C1-Cs) alkyl], -S(O2)[NR’R')], -NH[(C=0)(C:-Ce)
alkyl], -NH(C=O)N(R’R'?%), wherein R’ and R'° are independently H or (C;-Cs) alkyl, and



structure (1), instead of the di-acid, an activated
di -acid derivative, e.g., bis-4-nitrophenyl diester,
woamehie29ssed as an activated di-acid. Additi onBCTS2@6/021395
bi s-di - carbonate, such as B¥s(4-nitrophenyl)
di carbonate, can be used as the activated species to
obtain polyners containing a residue of a di-acid. In
NRH&'Yawherein IPELRI RN aredideperichilysdleddad fomI(Ch-£,9hlgildednd
havi ng both ester and urethane bonds. [0057] More
(Caff ok alkeyiany . synt hesis of the unsaturated
pol y(ester-am de)s (UPEAs) useful as bi odegradabl e
[0052]] yniryet afothdrentbodinednirthé pdlgmeripatifle)lekeergicombositteh contains
above will be described, Werein and/or (b) R4 is -CH
foupmGlécTies Gfthe polymicroasert thatenty tren) ofithe fivup switcutes dnibR’ and are
is not present, R4 in )& is - - or - C6H12-. hi
crogstigked ippspdg apingls ot ﬁ%emugaémd (b) is present, Rl
in (l) is - CAH8- or - C8Hl16- . [0058] The UPEAs can

repar ed, by, sol condensat of —either
l00§~ﬁ TR eia L R i Bler e ngwtw'fai? PR I denote a
r of u

phegg]t rgalc org 06@‘8?%%6(13’1%3’3 18 8%[?%%0%8 E‘f‘ddc% Iha'(1§¥ gou% nYne to ten ring
atofdt it s whith ?ﬂ:%stsb g{ﬁg d§ %t%ﬁ‘{aﬁc g'l %Frﬁ’t{ Qhﬁocﬁrﬂ (1}1% o‘fi’?ﬂoqg of the

er of satur n| t rop eny

r1ng3£toh'1@ a4 HE iRAnAl CRTIPOXY bl RoRU iR, cgfﬁ*)o tho“tntfﬁbﬂ%h%hyl or

fonic acid salt of bis(a-amno acid) diester of

mﬂaeﬁﬁﬁétn@&ye@)&kr@leswqrﬂ incudd, bﬁm@ﬁmiml@ﬁ@rp&m naphthyl, and
unsaturated di carboxylic aci d. [ 0059] Salts of

nitrpliedlyliene sul fonic acid are known for use in
synt hesi zi ng pol yners contai ning am no aci d residues.
The aryl sulfonic acid salts are used instead of the
[00f4lee Bhsterbéekasdendids nyodlwidutefaenas te alrpciursf fopmylae herein to
(a-amno acid) diesters are easily purified, through

megrbe diygleat branehierdon ugbranched darocabon fh#B contaipie afdeast one
S PR AR AN G B 56 hee. pucl eophi | 6. ar no
group i's readlly reveal ed through t he addltlon of an

[00§$gan' ?egB{ 7 W3 I ss’aﬁltdﬁxlogﬁfj %ersi 1 S%Fli?gtg Izig ﬁ%kgrel

perg{eatz&{ H‘%r x pﬁ) grag)ﬁgl 2@1’@ ﬁgn)lg p(gl%tyﬁ)ﬁ@ gﬂh@ardé Nflore partlcularly,

number and weight average molecular weights (M, and My,) are determined, for example,
using a Model 510 gel permeation chromatography (Water Associates, Inc., Milford, MA)
equipped with a high-pressure liquid chromatographic pump, a Waters 486 UV detector
and a Waters 2410 differential refractive index detector. Tetrahydrofuran (THF) or N,N-
dimethylacetamide (DMAC) is used as the eluent (1.0 mL/min). Polystyrene or
poly(methyl methacrylate) standards having narrow molecular weight distribution were

used for calibration.

[0056] Methods for making polymers containing o—amino acids in the backbone are
well known in the art. For example, for the embodiment of the polymer of structural

formula (I) wherein R* is incorporated into an a—amino acid, for polymer synthesis the o~



of unsaturated dicarboxylic acid can be synthesized

from 4-nitrophenyl and unsaturated dicarboxylic acid
wohbwridzbs) e.g., by dissolving triethylam ne ardT/US2006/021395

4-nitrophenol in acetone arkd addi ng unsaturated

di carboxylic acid chloride dropwi se with stirring at

-78C and pouring into water to precipitate product.

Sui g@bl,e acid chjorides included fumaric, naleic, o
amigg agidgrith pendpnt B n be comyreied dunngh estarificatiprrinto a bis-o,o-diamine,

for Eepfﬂ.t ol ¥,Ltggc%% e i %,ﬁﬁ?@%a%c fcontan -{1%?3%1%@” o ﬂ%ﬁ@ %,)%'mci HO-R*-
oty S P R o b8 BT ST e oo BR0IN BBl 5 et Then

' bonat e - - f I . .
the gﬁ%ﬁ%&,@%ﬁ& 15@1&? o @ é)fo%%gﬁ(ﬁe%tsatf‘ogﬁr%?%@mlg‘?% {h)\-ﬂc%a%gh as

[ O pol ynmers structura

seb4dld aci® & b%aa&}vgfe@ea@fsoof%i%}&%i_cg%rgﬂééﬁo l()‘?)(ﬂalr) th\é‘@i%:éf%/di‘ymer

each R5 i s independently aryl optiona

havipisdth téttethdwiniibe PORISGPEARS Rltéinkfieuly, By PHAmMPI 6k polymers of
trifluoronethyl, or trifluoronethoxy; and IS

structude (g ridsedd of théRi-adil @p aativayddediencid de2ivatizd) . gal tieyliesithenyl
or (C2 - C20) al kyloxy (C2 -C20) al kenyl ene, fragnents
diessér, Lambe3used di am hetohatedabiiatidl Addftiqpeligredhis-florarbbatd, Isigh as
. or a residue of a saturated or unsaturated therapeutic
bis@iwirophenyD sliqartguiatea pinebe used aphigardvaisdbipeeissisouiais pohamers
can be used to prepare bis(a-amno acid) diesters of,
confaiing gaetifve ofiagti-asih dadhescase et BEUR pobwasigtadinab polymer is

t.he eutjc,di-acidnmononers,, for introduction into the
bt AR DS ErE G RSB UGS compasi L1 one. +ncl ude
natural ly occurring therapeutic diols, such as

[OOé’Z]'efb[ﬁﬁ)IS‘% 8§{igllllarl o sglgtfhggi?%f A0 %&%8%8?%%&}5@%{2@}?%5 (UPEAs)

preven restenost s an

usef(@8 giod%flaebr%gﬁ?@?gﬁ c\%g{l‘ée%ﬁﬂgli fgﬁgﬁllfal i(? s @rtloféfibove will be

response e y met abo es o
deséripddt €stradi ol and ral oxi fene. Science (1996) 273,

1222-1225; Parangi, S., et al., Inhibition of

angi ogenesi s and breast cancer in mce by the

m crot ubul e inhjbitors R- h igl H
ubul e i nhibito si?Fgéi_oxyegtraqbﬁkfc\w/
H
6]
Wherein and/or (b) R* is <CH,-CH=CH-CH,- . In cases where (a) is present and (b) is not
present, R* in (I) is —C4Hg- or —C¢H2-. In cases where (a) is not present and (b) is present,

R! in (I) is —C4Hg- or —CgH¢-.

[0058] The UPEAs can be prepared by solution polycondensation of either (1) di-4-
toluene sulfonic acid salt of bis(a-amino acid) di-ester of unsaturated diol and di-4-
nitrophenyl ester of saturated dicarboxylic acid or (2) di-4-toluene sulfonic acid salt of bis
(oi-amino acid) diester of saturated diol and di-4-nitrophenyl ester of unsaturated
dicarboxylic acid or (3) di-4-toluene sulfonic acid salt of bis(ci-amino acid) diester of

unsaturated diol and di-4-nitrophenyl ester of unsaturated dicarboxylic acid.



and taxol, Cancer Res. (1997) 57, 81-86; and Fotsis,

T., et al., The endogenous oestrogen netabolite
wa-2nmstidzsyoest r adi ol i nhi bits angi ogenesi s andPCT/US2006/021395

suppresses tunmor grow h. NeBure (1994) 368, 237-239).

The safety profiles of such endogenously occurring

therapeutic di ol nol ecules are believed to be superior

to thgse of synthetic and/or nonendogenous nol ecul es
(00881, i ngalss afidniofugne sylfanic 3eid aigdwows fay yssiip pipshesjayempglymers

00%5313%%%@35 ef%%ﬁsosiﬂu%%teﬁl %@ﬁﬁéﬁoﬁwgcf’ TS pReatsgg IR e e
basf BBt 2y Sty 15% ol iR oG SR A B purified

thr%%%kqga‘zgt}ﬁli?%l eg ﬁlgrdnﬁw g{Ju?g Efé:ﬁ%zé ? aHilfomum tosylates

thréi?g%@utt@oxfkﬁpr M%E%O%Bﬁdeﬁkﬁﬁnq'@&tﬂsﬂ ethpﬁﬁ&e&ﬂhﬁﬁ; zﬂﬁi‘ﬁo group is
inplanted into a patient, for exanple,

reafligy favealoe ﬂh‘&u%h’tﬁ@ sddiffomaf arpéifg&ﬁ@bb(seaﬁﬁzh@@ k@aﬁma&%% the
17- b- estradi rel eased fromthe particles in vivo can
pollhmlepptodu¢irievenined ashigh yjdldaint restenosis in the
patient. 17-b-estradiol, however, is only one exanple
of a diol with therapeutlc ropertles that can be
[0068E or B@rmlmelis of swmbfobmng (O faa erEnplepcdi-grnitppihenyl esters
in accordance with the invention hi one

of 12@5 ted élﬁ?f pryifcacid eandresypibgsiggdofron drinifpplhanyl pid wnspljrated
ey SR B35 BAERRY S MEahE b b oo

an%?(ff‘ ?%@égm?ﬁﬁ%f&géﬁ TS drOptE 1 0] FEC ana
pom[r%%giﬁ V%{Sr {ogjréaﬁtﬁgﬁl%ahétl 'S‘ﬁ%aﬁé aélﬁ %hFEﬁes ﬁgﬂgﬁ@ﬁﬂlaﬁrﬁu

i nventl

mafiid aeHn & RRrBSE B%ﬁ?t'zl&drﬁc q'ﬂa@cl)m@ ret@ny ﬁé tend &ISQri’xﬁrZaﬁr%ﬂenyl—

in the po ymer backbone can be control ['ed by varying
buthh&1i it QB dhl s, OF ort fodyrhets beitRgnt @Bk nai(vh, hes- ﬁiihhﬁ/dg%nyl
For exanpl e, depending on the conposition of the PEA
dichshadategodDdatutptetl 0 Ofsatraved Hiols/arb ussit asabk adtiva@d niehomer.
achieved. Two different regular, linear PEAs with
Dicaslpanatesmbaoérs gf gerterad strodturt {XBE) est enaplopdd far polymers of structural
illustrated in Schenme 1 bel ow
forrmd@N¥oryd (V). s- Leu- Est r adi ol - Adi pate (40% w w
-estradi ol on polyner) Copol yner:
Leu( ED) 3Lys(CEt) Adi p4 with 38% w v estradi ol |oading

R’>-0-C-O-R%-0O-C-OR®

Formula (X1I)
wherein each R’ is independently (Cg -C1o) aryl optionally substituted with one or more
nitro, cyano, halo, trifluoromethyl, or trifluoromethoxy; and R is independently (Cy -Cao)
alkylene, (C, -Cyg) alkenylene or (C; —Cy) alkyloxy (C; -Cy) alkenylene, fragments of
1,4:3,6-dianhydrohexitols of general formula (II), or a residue of a saturated or unsaturated

therapeutic diol .

[0061]  Suitable therapeutic diol compounds that can be used to prepare bis(c-amino

acid) diesters of therapeutic diol monomers, or bis(carbonate) of therapeutic di-acid



Schene 1 [0064] Simlarly, the |oading of the
t herapeutic diol into PEUR and PEU pol yner can be
woaniead24sy varyi ng the anmount of two or nore bBCTAISH®6/021395
bl ocks of the polyner. Synt#esis of a PEUR contai ni ng
17-beta-estradiol is illustrated in Exanple 9 bel ow.
[0065] In addition, synthetic steroid based diols
based on testosterone or cholesterol, such as
monpragigr &5 intraslugtion ptaithe un\(ent1¢xnﬂilpm9p1@mamlym9r compositions include
5-androstene-3, 17 diol (5- Androstenediol),
naﬂ@bﬁ%ﬂﬁ%&fh@@p@ﬁ@ ctaols,lsncla rol7- @fQUNB?lah aryE epd andgigpnous

e S S 35S 50N

e f
taerHeBRETEE o FRRSTonEer et SR AL Py PR S g RFradio
and SRR SO9R 401395 {ﬁﬁ_%@gﬁ%@@ 6881, Bion of

i ne; aprany ar Bekaci

%bﬁt%fg BRI elsi cé%@&tlﬁm@b\y‘ (&)rmc%‘thﬂ@ﬁﬂ‘lfblto?sai pffé@ﬁ/cﬁdygstradml
cefplran1de chl or anphenicol ; chlortetracycli ne;

andGhtdld@aeer Res. ¢1 BTPSY,J1-86; and&‘laiﬁs@d Q)€ bl MR endogenous oestrogen
dlathynDsquone di bekaci n, dlhydrostreptony0|n

metdbalite mmﬂh@xym,estfhdmmg{lﬁbﬂtMglc@eyédm andsuppresses tumor growth.
fortimcin(s); gentanycin(s); glucosulfone

Natgod 6KOM) 368 23@&2139&03?1:143 pafety plrcﬁ'dpsmﬁ wich endagsvBensty eccurring
kananyci n(s); |euco C|ng)% l'i ncomycin; |ucensonycin;

thetiapensisydioli melecutescaro bylevied &0 barastpreiey/tolthers;of sytheficordar mon-
mdecarrycmfﬁs)h{a m nocycline: mupirocin; natanmycin;

endageneyie nplecy PG R Tmib ailish sy 3 SI81PEt r acycl i ne:

aronyC|n pi pacycline; podophyllinic acid

00 BSSEBPANT  RHAHEL Bot SURPRI Bp B o

polgrrgléll 8 %%sltlgted 119 lt‘ﬂlé %ﬁ;’[ %bﬁ]on lﬁ%}%a&?ﬁlg g0]¥1%ﬁ19f? active. ster01d hormone

saranyci n, S som

17- ?%@t‘f&dﬂl%&'uﬁn% ﬁﬁg rg';l??éi )@1(1) k SsteE@eraﬂand eﬁhen&l?d -C@E’lllt?d?iueed into

etracycl i ne; t helr ostr ton;

the bAEKLRRY 6F APERIRIPAGT ONK& the PE&Ab&d’l%ﬁEﬂ 19 @Ed¢CtoFabricate particles and
vancomnyci n; candi cidin(s); chlorphenesin;

the peftiths tagd infiilSted fitd & patient, flonguaatple mlmwm@pamytaherﬁs) ;
I'euconycins(s); Iincomycin; |vcensonycin; |ymecycline;
trarshmbioelywiromey amgofplasty CRTORS), lﬁiﬁeeMdiwi/m'lmsed from the particles in
m decanyci n(s); m nocycline; nupirocin; natanycin,
vive eBTydPp 0 prgEet |pm;t@mplant restenosis in the patlent 17-B- estradiol, however, is
only one example of a diol with therapeutic properties that can be incorporated in the
backbone of a PEA, PEUR or PEU polymer in accordance with the invention. In one
aspect, any bioactive steroid-diol containing primary, secondary or phenolic hydroxyls can

be used for this purpose. Many steroid esters that can be made from bioactive steroid diols

for use in the invention are disclosed in European application EP 0127 829 A2.

[0063] Due to the versatility of the PEA, PEUR and PEU polymers used in the
invention compositions, the amount of the therapeutic diol or di-acid incorporated in the
polymer backbone can be controlled by varying the proportions of the building blocks of

the polymer. For example, depending on the composition of the PEA, loading of up to



ol eandomyci n; oxytetracycline; paranonycin;
pi pacycl i ne; podophyllinic acid 2- ethyl hydrazine;
wonrboscBzesor i bost anydi n; rifam de; rifanpin; ri PamusS2IN6/021395
SV; rifapentine; rifaximn;25ristocetin; rokitamycin;
rolitetracycline; rosaramycin; roxithronycin;
sancycline; sisomcin; spectinomycin; spiranycin;
strepton; otbramnmycin;, trospectomnycin;
40% wie o447 Presirpiohcankerrsbieyed. nT we diffirent degwlas) linear PEAs with
chl orphenesin;_ dernostatin(s); filipin, fun chron1n
Vaﬂﬁ%lé’la‘g girdiosf é?&?%tradleﬁ pgoliatetddy Schagmed, EP
tuberci din; 6-azauridine; aclacinonycin(s )
anci t alfPREey BTt HESHYR e 49% Wivr atetfinl & roTBomy ci n( s)

car ubi ci n; carZ|noph|II|n A; chl orozot oci n;

chron;Ep doxi fl uridi ne; angHP9b|ne epi rubi cin;

gencit blﬁ %ﬁhnonustlne aril; atorvgsi

pr avast at i 2 c n@ éfﬁunnﬂg_ng g | taxel ;
m t obr .., G pd damol 54 noga cin;
olivo pep Cl pi rarubicin; prednjnmustine;

pur omyci n; ranlnust|ne tuberC|d|n Vi nesi ne;
zor ubi ci n; counetarol; dicoumarol; ethyl

bi scounacet at e; ethylidine di coumarol ; il oprost;
taprostene; tjoc ronurtlde

sirol i ntPRoe: Byﬁpgwﬁ?mmpgawpﬁVﬁﬂw“m'%Pﬁ@§| al coho

bronosal i geni n; ditazol; fepradinol; gentisic aC|d

gl ucanet haci gy @4 aIazine Sadenosyﬂﬁﬁﬂhionine
azi t hromyjgi ng,sal terol budesoHﬁUe albutealg

i ndi navi r, _Iéq@_ ' ) @ztpﬂlt—FNH—elo*(m-lmi—m :
daunor ubi ¢igy; gl I'cam rubociin, pentostatip;

nmet oxantrigne; Cyt ar abMag; dar abi ne phosphate 3n
floxuridine; cladriine; capeC|tab|en docet axe

et oposi de; topotecan; V|nblast|nq) genlpos pde, a d |t he

i ke. The therapeutic dio
either a saturated or Q b gﬁgﬁra

firficc i
Suitable naturally occurrlng and synthetic a gutic
di -acids that can be used to prepare an am de |inkage
in the PEA pol ymner conpositions of the invention

i ncl ude, for exanple, nsﬁ{gy ci n(s); benazepril
carbenicillin; carzinophilTin A cefixinme; cefm nox

cef pim zol e; cefodizinme; cefonicid; ceforanide;
f ot tan ftaz}di ti but ce 0S ' :
[908#) as Pt . the legstng oribe Bsnediedel Eﬁ%@ﬁ?’rﬁﬁpﬁmﬂ can
|ISI H| t hotr noxa ni f egdi pi ne; .
be ygried by e ﬂ%ﬁ%ﬂﬂf SN o ARy LS R mer. Symtsi
of %ﬂﬁpcron{ammg 17-beta-estradiol is illustrated in Example 9 below.

[0065] In addition, synthetic steroid based diols based on testosterone or cholesterol,
such as 4-androstene-3, 17 diol (4-Androstenediol), 5-androstene-3, 17 diol (5-
Androstenediol), 19-nor5-androstene-3, 17 diol (19-Norandrostenediol) are suitable for
incorporation into the backbone of PEA and PEUR polymers according to this invention.
Moreover, therapeutic diol compounds suitable for use in preparation of the invention
therapeutic polymer compositions include, for example, amikacin; amphotericin B;

apicycline; apramycin; arbekacin; azidamfenicol; bambermycin(s); butirosin; carbomycin;



tenmocillin; ticarcillin; Tonmudex(r)
(N-[[5-[[(I, 4-Di hydro-2-net hyl - 4- oxo- 6-
wqubesazzdso nyl ) nmet hyl ] PCT/US2006/021395
met hyl ami no] - 2-t hi enyl ] carl®ényl ] -L-gl utam c acid), and
the like. The safety profile of naturally occurring
therapeutic di-acids is believed to surpass that of
synthetic therapeutic di-acids. The therapeutic
cefpiramide;chiaapmplenigol rablortetrgeydlinet digdanyein; demaexstiaced
di -acid. [0067] The chem cal and therapeutic, . .
demscloguclines diafiyyniqsalianss divekiredn ditydgostierioniysi diithrogysin;
and di -acjds as tunor.inhibitors, t ot oxi
dox§fittine; SRren 3o iRhisiGe); et ifin@eiopRions selagutfane;
R A A et e
.nd j-1.e t] . 68} (&)
toc YL e S PRy B o BtacyMlne: oy OB g cF A ycin(o);
mirReldidNEupReah Maadreetit i bmeain; RRIIRIERYISAadMy&HM Xi ng
a-amno acid, e.g., 4-aryl “sulfonic acid nonohydrate
oxybeichc§eling! pareshydin; pipsaicingtdostiyllinit Acit QL deyIRydrigiat;ipignycin,
to reflux tenperature, until water evolution is
ribostanmh yeid; rifalete; déetpimgafaityein S8 at fapattsd; diaginsin] nabestia;
for exanple, 2-butene- 1, 3-diol and
rokitarh@eiorrodithtme golima; dsarhmyG059kitiBamycay, eghcycline; sisomicin;
di -4-ni trophenyl esters of dicarboxylic acid and
SpegEnaR YA’ SPURMYCInpipR N YN, fepandanie; tatracarkine; driagphenicol;
-amno acjid esters can be prepared as . described in . ..
theigsizepten; tabramyein; Bospgetonygingiuberaghnenyd)aRedP ¥ capgigidin(s);

chl%%ﬁ%@%ﬁ?h%%g@%ﬁs? P S P E AT b I P
oy IR R SR DR

: ' . - VI -AJ t .
i3 e SO n i L
oleARBIcifRbx Hotrhfc1ifE; farmtbinR3S pisacléiEreedopal Hianydcans:

as descri bed above. "The reaction is carried out, for
ethgkgdRke; Ryyort dbogtathiyiin Fifiiay; réfinpi; tifandydih 8V ri€pehitine;

sard (I'll') and (1V) of 6,503,538 and said (V) of -
rifafjrhi3 riSi®8etim raldtaniNcld; dilitetrdvytlame tawatadycina toxitoomycin;

tenperature, then increasing the tenperature to 60C .
sangyelinst $iperiiein; Spectinempeins spirantyeim; sioitom gthraayeiasigespeefomycin;

tuberactinomycin; vancomycin; candicidin(s); chlorphenesin; dermostatin(s); filipin;
fungichromin; meparticin; mystatin; oligomycin(s); erimycinA; tubercidin; 6-azauridine;
aclacinomycin(s); ancitabine; anthramycin; azacitadine; bleomycin(s) carubicin;
carzinophillin A; chlorozotocin; chromomecin(s); doxifluridine; enocitabine; epirubicin;
gemcitabine; mannomustine; menogaril; atorvasi pravastatin; clarithromycin; leuproline;
paclitaxel; mitobronitol; mitolactol; mopidamol; nogalamycin; olivomycin(s);
peplomycin; pirarubicin; prednimustine; puromycin; ranimustine; tubercidin; vinesine;
zorubicin; coumetarol; dicoumarol; ethyl biscoumacetate; ethylidine dicoumarol; iloprost;
taprostene; tioclomarol; amiprilose; romurtide; sirolimus (rapamycin); tacrolimus; salicyl

alcohol; bromosaligenin; ditazol; fepradinol; gentisic acid; glucamethacin; olsalazine; S-



solution to roomtenperature, diluting with ethanol

pouring into water, separating polyner, washing
weoeepwriatasad pol ymer with water, drying to about PBOD®S2006/021395

under reduced pressure and 27hen purifying up to

negati ve test on p-nitrophenol and p-tol uene

sul fonate. A preferred reactant (I1V) of 6,503,538 is

p-toluene sulfonic acid salt of Lysine benzyl ester,
adenofylmethiopineg azidyompyencseimeierol hydesonislepalbnteplaindjnavir;

rempved fronm(h%ﬁ%o confer biodegradabi[itg, but it .
fluvgpiaim;pingBlozemrny dopaybiris, dapnerpbigh Bliammyein ddqrubiesps peitestating

22 of U S, Patent No,.6,503,538 because hydrogenol ysi.s
el A B e DO o B S B o A e FoReFbion

yl .er . aroup._shoul d. be convert t 0.,an ~aci .

doc B0 baBSIEE et I BineiBPRY R B8 e QR0 BB dipapenti dio
can’?'g%@lrbe@@a kY64 Yithek Q%@thga%%f‘& AGRchAAteddid) of 6,503,538

e protected b rotecting group different from
benzyl that can be readily renoved in the finished

[0066]09 USilitablY daBurBll P S @Juii}and kS At @hefPeutf @-acidshiBat can be used
| ysine reactant can be protécted with t-butyl (i.e.,

to prdjard aaghriBlinkage inehd PBA Yl ynes tcempoditidnssiMiey inaatidntigclude, for
t-butyl can be converted to H while preserving

exampésy bamatinoeiddy); bereaeprintariodniditin; parpidoghillinl A) cefixithe; cefininox
acid. [0071] A working exanple of the conpound having

cefpimmzade;nefddifimenedfoni¢id) ceferapideysedeiatapycediapidime; weftipgten;
E-toluene sul fonic acid salt of bis(L-phenyl al anine)

cephalpspasieC; cilastaiisgieappteidn; edptrgxpte; gnabprHplidndpriy methotrexate;

ooy Toihat 045t kel ShabinhLSSBRRIH bRy
ol IO B DBz s ne -,
o2 b B A SR P B R ) sy e

Thdsa2d3 proatle of RRE2l1y lo@cﬁﬂﬁéfﬂéfa;i%ﬁt@c GOIRRYO B8 RRY kd@irpass that of
EP or (I'V),

elther structural "formula (I the foll ow ng

syniikid theMpcafit ARa&iBSThd UbRPerdivi Q¥ cah De ehete)satuagted at an
beari ng group, e.g., 4- amno TEMPO, can be attached
unsasiratgd desdi@ny! di i m dazol, or suitable carbodiimde, as
a condensi ng agent. Bioactive agents, as descri bed
herein, can be attached via the doubl e bond o
[006Thct Thaelidmipal apg dresgrteintic piopgrtics af the abaysadeserbdgytherapeutic diols
bondi ng to po] %gthylene egqu% dj.acryl ate. o
and di-acids as tumor inhibitors, cytotoxic antimetabolites, antibiotics, and the like, are
well known in the art and detailed descriptions thereof can be found, for example, in

thel3th Edition of The Merck Index (Whitehouse Station, N.J., USA).

[0068] The di-aryl sulfonic acid salts of diesters of a-amino acid and unsaturated diol
can be prepared by admixing o-amino acid, e.g., 4-aryl sulfonic acid monohydrate and
saturated or unsaturated diol in toluene, heating to reflux temperature, until water
evolution is minimal, then cooling. The unsaturated diols include, for example, 2-butene-

1,3-diol and 1,18-octadec-9-en-diol.



[0073] In yet another aspect, the PEA and PEUR
pol yners contenplated for use in formng the invention
woOhereapzivi ¢ pol yner conpositions include thosecsas2006/021395
forth in U S. Patent Nos. 28516, 881; 6,476, 204,
6,503,538; and in U S. Application Nos. 10/096, 435;
10/ 101, 408; 10/143,572; and 10/ 194,965; the entire
contents of each of which is incorporated herein by
[0069f e Rateiated didmjromraybestate of didarbpxyliomaid PRvRuEated BiEdstoluene
s_can contain fromone to nmultiple different

Su@m&rﬁge alfs PERISeTAHBY Hoid ©StRTSIcar e areaﬁ@d 3F dessribpd {n Uy Batent

rage nol ecul ar wei ghts ranging from 10, 000
N°p§§@£%3 g' t hese pol ynmers and copol yners typically

have intrinsic viscosities at 25 0C, determ ned by

S R

blo@egqafﬁié%&ﬁhm%@&e%%ﬁ@' IZBS aigaogea abbfe RIIPRSW ss

the i'nvention can be synthesi variety o

desBi’@Ed@lO dePBRk hating\We dtmchig féimiula ﬁ?ﬁarﬁ%@ﬁﬂ&@m similar fashion to the
tributyltin (I catal ysts are conmonly used to form

confsiuyié $V &l 8 TS PasentNY. B(583 3R B, aedeptiht R* of (III) of 6,503,538
on(egcollde) poly(lactide), and the I|ike. Fbmever
andl/dr R'ofNoef 6,1563),6 38 tsa(CzaCzw aiﬂean\ybne et yesofib@bdtaly.sThe ceantion is
be used to form pol yners suitable for use in the
carpq:ch@ut; oz exdmplacby qrdﬁétrg dryriri¢tbplasiineSg@mixture of said (IIT) and (IV) of

&i %%]afrolactones contenpl ated for use have an
6,5 prgk SPId € YL RO |=53r86nﬁw%ﬂwuwhfél§cqt@udém T0qrg tepypegature,

o e B S TR e i
sol{if’ fﬁgv%l%%%%%‘%ﬁg by puRElear Rl Sepefiing
oo S Vi B B T e
prebdded MH R8n purifying up to negative test on p-nitrophenol and p- toluene sulfonate.

A preferred reactant (IV) of 6,503,538 is p-toluene sulfonic acid salt of Lysine benzyl
ester, the benzyl ester protecting group is preferably removed from (II) to confer
biodegradability, but it should not be removed by hydrogenolysis as in Example 22 of U.S.
Patent No. 6,503,538 because hydrogenolysis would saturate the desired double bonds;
rather the benzyl ester group should be converted to an acid group by a method that would
preserve unsaturation. Alternatively, the lysine reactant (IV) of 6,503,538 can be
protected by a protecting group different from benzyl that can be readily removed in the
finished product while preserving unsaturation, e.g., the lysine reactant can be protected
with t-butyl (i.e., the reactant can be t-butyl ester of lysine) and the t-butyl can be

converted to H while preserving unsaturation by treatment of the product (IT) with acid.

[0071] A working example of the compound having structural formula (I) is provided
by substituting p-toluene sulfonic acid salt of bis(L-phenylalanine) 2-butene-1,4-diester

for (IIT) in Example 1 of 6,503,538 or by substituting di-p-nitrophenyl fumarate for (V) in



an am noxyl noiety is set forth as follows. The first
step involves the copol ynerization of |actide and
we-2empszlsact one in the presence of benzyl al coRo/US2106/921395
stannous octoate as the cat2l yst to forma pol yner of
structural formula (XVII). OH/-CH 20C -CCO
CG(CH2)s-0 -H M n mFormula (XVI1)[0080] The hydroxy
term nated pol ynmer chains can then be capped with
Exaple] ef éﬁﬁ%% @’ébl’ HbpBiung me;m@ﬂue@ﬁ aiﬂiﬁ@n% @md ﬁ@t of bls(L-
structurgl fornul a (XV]

Phe@yle]@ﬁzlek eeeéf’cdlest@@k/@ Fﬁ‘ Er(ammis i rﬂ§ |6a5 g »‘é@ﬁ |ar1§1 atse sBlgtituting
t {1 pi per 1 i -
bis Fin ot n B EE L) i B4 ae T oL PO RRC end o oup ¢ 0

covalently attach the am noxyl noiety to the copol yner

o, i SR b ia i 0 e
foll S Rigthold) ARLARd éﬁ%@ftuterdtéﬁﬁ.lﬂ&l g‘? - A fdeS rRARPEE FBRRIWTR., 4-

canbe grafted wth polyacrylic acid to provide
amifdl ATEMIPO AdanGRrBaenedivgindGaftbofPldidi@sof, of siitaBReAHRIMimide, as a
attachnent of further am noxyl groups. [0082] The
condeniyg dpeh0 Bicuedvargdnag as ddscishyoitHeesin,canbe Rifdched diaREbRouble
pol ymers that do not have a therapeutic diol or
bondifumtiodalityc dTyploopdiledtyicat be ihparted diythondingfto pbly(gioylymeglycol)
~are set forth in U S. Patent Nos. 5,516, 881,
dia@yla®s, 204; 6,503,538; and in U S. Application Nos.
10/ 096, 435; 10/101, 408; 10/ 143,572; 10/ 194 965

10/ 362, 848, 10/ 346, 848, 10/ 788, 147 and in sj gnal
pI i Baet gppt %%/asw t,3hgPE dg’ polgBRmssaptempa ai I gpe in
formmg tﬁe 1nventl?§notlilgr(21{)g&t%dpotfyenggﬂl c%m%%sﬂmns TnENAE those set forth in U.S.

Patent Nos. 5,516, 881; 6,476,204; 6,503,538; and in U.S. Application Nos. 10/096,435;
10/101,408; 10/143,572; and 10/194,965; the entire contents of each of which is

incorporated herein by reference.

[0074] The biodegradable PEA, PEUR and PEU polymers can contain from one to
multiple different o-amino acids per polymer molecule and preferably have weight
average molecular weights ranging from 10,000 to 125,000; these polymers and
copolymers typically have intrinsic viscosities at 25 °C, determined by standard

viscosimetric methods, ranging from 0.3 to 4.0, for example, ranging from 0.5 to 3.5.

[0075] PEA and PEUR polymers contemplated for use in the practice of the invention
can be synthesized by a variety of methods well known in the art. For example, tributyltin
(IV) catalysts are commonly used to form polyesters such as poly(e-caprolactone),
poly(glycolide), poly(lactide), and the like. However, it is understood that a wide variety

of catalysts can be used to form polymers suitable for use in the practice of the invention.



[0083] The invention bioactive PEA, PEUR and PEU
pol ymer conpositions useful in the invention nethods
woizowagrede by enzymatic action at the surfacePCT/US2006/021395
Therefore, the polyners, fa0 exanple particles
thereof, facilitate in vivo release of a bioactive
agent incorporated into the backbone or dispersed in
the polyner at a controlled release rate, which is
[00%¢]eci $uch pekdcapselectants) owdemplafed dbourgddvpes exshplary structural
Addi tional | PEA, PEUR and PEU pol yners break down in
formpyila 4XHY ) ﬁb@yoﬂﬁoductlon of adverse side products, the
polynmers in the conpositions are substantial ly
non-i nfl amrmat ory. [ 0084] The b| dégr adabl e PEA, PEUR
and PEU polyners can c¢ one to multiple
different a-am no acids per nol ecul e and
preferably have wei ght average nnlecular wei ght s
rangi ng from 10, 000 to FomudpGXIMhese pol yners and
copolynmers typically have |ntr|n3|c vi scosities at 25
[007G, dedleeiycotides)yorgtiaplasddoristdnst Bk ttdntplamtshacisral formula
ranging from0.3 to 4.0, for exanple, ranging fromO0.5
(XVW)ms3Iokows§:0085] The PEU pol yners di scl osed herein can
be fabricated as high nol ecul ar wei ght pol ynmers useful
for making the inventio th utic pol yner
conpositions for deI|ver 35 ns and ot her nmanmal s
of a variety of pharmac T aln nd bi ol ogically active
agents. The PEUs incorp rate ydmol ytically cleavabl e
ester groups and non- to&rﬁh ga %Sally occurring
nnnoners that contain a-amno‘acids in the polymer
ains. The ultimte_ biodegradation products of PEUs
room | Brlvdaatides) sontesmplaipdfos Usebayeppexemplagpificgys! fpenula (XVI)
iIsﬂe PEAs and PEURs, the invention PEUs are crystalline
as 18y o%En; - crystallrne and possess advant ageous
mechani cal, chem cal and bi odegradati on properties
that allow formulation df conm&t el y synthetic, and
hence easy to produce, asbaht and
sem -crystalline polyner| partiglles, for exanple
nanoparticles. For exanple, the PEU pol yners used in
the invention therapeut FerglaYX®1T) conposi tions have
hi gh nmechani cal strength, and surface erosion of the
PEU pol yners can be catal yzed by enzynes present in
physi ol ogi cal conditions, such as hydrol ases.
[0079] An exemplary synthesis of a suitable poly(lactide-co-g-caprolactone) including

an aminoxyl moiety is set forth as follows. The first step involves the copolymerization of
lactide and g-caprolactone in the presence of benzyl alcohol using stannous octoate as the

catalyst to form a polymer of structural formula (XVII).

@—CHon + R 6 —_—
j])\Me
o Q
@‘CHzo C_IC_O C—(CH2)5—O H
n m

Me

Formula (XVII)



[0086] hi unsaturated conpounds having structural

formula (VI1) for PEU, the follow ng hold: An am no
woeubmiid2asb ed am noxyl (N-oxide) radical beari ngCgms®6/021395

e.g., 4- amno TEMPO can 3@ attached using

car bonyl di i m dazol e, or suitable carbodiimde, as a

condensi ng agent. Bioactive agents, and the |like, as

descri bed herein, optionally can be attached via the

doubl e bond functionality provided that the

S e e i A S
AP ABYE D .
o G Fomd Bt A O e PR TRV Bt 2 ()

can be prepared inter-facjally by using phosgene as a
bi sel ectroptic mon@mdr | n|@ chl orof & m wafer system
as shown i@?cﬁ rerP Hg)R)y Ob&1-67C-C-RH2CCB /
HHOHOOHZ d m HOTOS- Hew € L O R
-OCCNH 2-TCSCH * (1) Schene (2) [0088] Synthesis
of copol y(ester ureas) (PEUsSHorgwht@VAilllg L- Lysi ne
esters and having structural formula (VIl) can be
[008H I | £EkhaYoi y4@n§ﬁm,b§16-%eﬂaﬁféﬁ12}4@émﬁh&1%xyicﬁl be reacted with
0S-H2N GG OR 4-O0CCGNH 2. TosCH + p
the tkbosy1td2Nd GréduipHo2palbidP: dnskkheRinikdx T nidifly tEXhk. coplblzfiEB via
/ H20 2. CICOCl / CHClI 3 Schenme (3) [0089] A 20%
the smiidet homd vdficlpressltpeinem (i €@ on behivepnl the 4-axiin) gionp and the
tol uene, for exanple (conmmercially available (Fluka

carl@herhi ecid GvbigrouBu dHtemabinetyz thelnaslely acidaapird conplytrier oarele

grafted with polyacrylic acid to provide additional carboxylic acid moieties for subsequent

attachment of further aminoxyl groups.

[0082] The description and methods of synthesis of PEA and PEUR polymers that do
not have a therapeutic diol or di-acid incorporated into the backbone of the polymer are set
forth in U.S. Patent Nos. 5,516, 881; 6,476,204; 6,503,538; and in U.S. Application Nos.
10/096,435; 10/101,408; 10/143,572; 10/194,965; 10/362,848, 10/346,848, 10/788,747
and in provisional application 60/576,239, the entire content of each of which is

incorporated herein by reference.

[0083] The invention bioactive PEA, PEUR and PEU polymer compositions useful in
the invention methods biodegrade by enzymatic action at the surface. Therefore, the
polymers, for example particles thereof, facilitate in vivo release of a bioactive agent
incorporated into the backbone or dispersed in the polymer at a controlled release rate,
which is specific and constant over a prolonged period. Additionally, PEA, PEUR and
PEU polymers break down in vivo without production of adverse side products, the

polymers in the compositions are substantially non-inflammatory.



ei ther by di phosgene (trichl oronethyl chl oroformate) or

triphosgene (bis(trichloronethyl)carbonate). Less
woaniet13z90 bonyl di i m dazol e can be al so used asParT/US2006/021395

bi sel ectrophilic nononmer imdtead of phosgene,

di - phosgene, or tri-phosgene. General Procedure for

Synthesis of PEUs [0090] It is necessary to use cool ed

sol utions of nmononers to obtain PEUs of high nol ecul ar
[0086& ghthe tHpdegzadahlsl REAREUR gud PBHgiodymes$ can contain from one to

di - -toluenesulfonlc acid salt of bis(a-_ am no
mulél@iﬁ‘oélffarem ARYNR AP Pobmer mol grylemandgrrefgeabby have weight

o BRSSP SREETNR e Bt 5 Sl
conglyitiy %Rw&ﬁ"y BsSnline™ iRt SPort, RdCluarity faGEtu
Vlsc%oglme]cg% 91(3 ho-glé] erreu{l)%{ié Frot 3&;‘ H 6 fo? € %ﬁ{ngm S,xgltl%ﬁgmr(? §% 9 .

ac a con nsa ron an
solution is quickly added at once and stirred briskly

[0083)" aPRUBET DolPnibrs JidE0sHREREL BB faﬁﬂ&fte@%rhlg?moleculal weight
separated, dri'ed over anhydrous Na2SO4, and [tered

polyhers @béfai f&)@@ha&ﬁigtthb @ivefitich teraéRicedlfridr colipbkibnd/He delivery to
[0091] Al the exenplary PEU polyners fabricated were

hunedris ahd etheamanmhal oDarsaricty efplarmicutivanad biobsdcally active agents.
solutions are stable during storage. However, sone
ThepEYsrmcarpofase hyedealypicad]y ¢ledPhble4steh oopeandrzot-takicenatnrally
chl oroform after separation. To overcone this groble

occhBingfaerENaH theb by Patra@ofacidmit e pobier whaiss. uf howltippate
blog %cia@pg p?éd?l&t%@% ?gﬁs 2‘{1 d [ggg]?%,ogplé S}qu{a %g ﬂg@aclongg\gt Ec]o the

f obt d PEUS de
PERp e kTR e By BrorebT e e emine Sorar R e R ot
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eaure eparation o

of QeS s fyegleﬁ@kah@ ﬂer?cj%eea }Etlép?&!ldé 25@1911& iR -AyRaiR0

acids rn e general fornul ow be descri bed.

pol¥@er FHAHRY, For éx%fn 1 @'Feérelﬁ’& &Embféetm(ﬁﬁlﬂ@élyﬁfers used in the

ornula (I) or 1) e a-amno acid can be converted

inveitich tﬁeﬂapa;(t@—p@mm c@ﬁ1pd§1t16m9/hadb bighi resdhahicaisnengh, addsurface
exanpl e, by condensing the a-amno acid with a dio
erobion Bf tHHREU polymers can be catalyzed by enzymes present in physiological

conditions, such as hydrolases.

[0086] In unsaturated compounds having structural formula (VII) for PEU, the
following hold: An amino substituted aminoxyl (N-oxide) radical bearing group e.g., 4-
amino TEMPO, can be attached using carbonyldiimidazole, or suitable carbodiimide, as a
condensing agent. Bioactive agents, and the like, as described herein, optionally can be
attached via the double bond functionality provided that the therapeutic diol residue in the

polymer composition does not contain a double or triple bond.

[0087] For example, the invention high molecular weight semi-crystalline PEUs having

structural formula (VI) can be prepared inter-facially by using phosgene as a bis-



As a result, ester bonds are fornmed. Then, acid
chl oride of carbonic acid (phosgene, diphosgene,
wonrbhozgene) is entered into a pol ycondensat i 8aT/US2006/021395
reaction with a di-ptoluenesul fonic acid salt of a
bi s(a-am no acid) -al kylene diester to obtain the
final polynmer having both ester and urea bonds hi the
present invention, at |east one therapeutic diol can
elecirephidie snanemen i pehlgodradetst systenpras sbewi in the ogeliomseheme (2)
unsaturated PEUs can be prepared by interfacial
elays| uti on condensati on of di - p-tol uenesul fonate salts
of bis(a-am no acid)-al kyl ene di esters, conprising at
| east one double bond in RL. Unsaturated diols useful
for this p ggse inclgqde, for exanpl &Nag0s/H,0
Dy SRg Nl Bloandol e hpehadsh- O et UM%, (vr)
Unsat ur &t ed ;nononer ca 3be ssol ved prlor to the
reaction in al kaline wa soI &lon sodi um
hydr oxi de sol uti on. The ‘é | ution can t hen be
agitated intensely, under external cooling, wth an
organi ¢ sol ventl ayer, for example chloroform which
[0038Int 25 mshesis of gopatiieater wiee (PEYS) appiimiag Lclysierrsiargangrhaving
trinmeric phosgene. ot herm c_reacti on proceeds
Strup%lbaléwnul%\ﬁﬂf?aa tzfscag‘lﬁsﬁqtgv R @ sprpidgr S(%ﬁ tp cases)
remai ns di ssolved in the organic solvent. The organic
| ayer can be washed several tines with water, dried
with anhydr®us sodl@nﬂsulfate filtered, anU
m F@%Mzﬁt@d—cmﬁtgr%%@E%OW t'thaH@/T@lHiNoﬁ i bist—NH,.TosOH
75% 85% @8n be dried R°n vacuum for exanplecaold%out
45C. [0094] To obtain a porous, strong mateoial, L-Leu
based PEUs, such as |-L-Leu-4 and |-L-Leu-6, can be
f ﬁ% ﬁﬂu3|ng the general procedure described
bg%ﬂML_éuaﬁqp oqedIre is | ess successful in formation
of a porous, strong matergeglnwpgn applied to LPhe
based PEUs. [0095] The reaction solution or emnulsion
(about 100 nL) of PEU in chloroform as obtained just

o S AR PP ISP S
o AT T SR oo, ot o
cittRf B§ AlgABs e E’t’ﬁ%ﬁ?orﬁ&ﬁyl@ﬁ@i‘&&nﬁt%r l§photBéhe

(bis(trichloromethyl)carbonate). Less toxic carbonyldiimidazole can be also used as a bis-

electrophilic monomer instead of phosgene, di-phosgene, or tri-phosgene.

General Procedure for Synthesis of PEUs

[0090] It is necessary to use cooled solutions of monomers to obtain PEUs of high
molecular weight. For example, to a suspension of di-p-toluenesulfonic acid salt of bis(a-
amino acid)-o,,m-alkylene diester in 150 mL of water, anhydrous sodium carbonate is
added, stirred at room temperature for about 30 minutes and cooled to about 2 - 0 °C,
forming a first solution. In parallel, a second solution of phosgene in chloroform is cooled

to about 15 -10 °C. The first solution is placed into a reactor for interfacial



pol ymer solution is broken in water into small drops
and chl orof orm evaporates rather vigorously.
wanewuatdsy, as chloroformis evaporated, smal | PATAS2006/021395
conbine into a conpact tar-#4i ke mass that is
transfornmed into a sticky rubbery product. This
rubbery product is renoved fromthe beaker and put
i nto hydrophobi zed cylindrical ass-test-tube, which
polycendensptigsansthe sgepyd salntiorois |q@u>kg¢ addpd ait or®e apCstimed briskly for
about 24 hour Then the test-tube is renoved fromthe
aboyithlay Then Célgm@ant 13yeF 68 @ﬁﬁ@?egt dried oven anhyidemsNa804, and

h rrer The obtajn orous bar is placed
ﬁltqr‘?f{'ahé?‘%}“é tiO@rcaaﬂ?a SW?%rgﬁﬂ%Fu§%duced pressure
at about 80 OC for about 24 hours. In addition, any

[OOﬁ(]l();refgf;ll:'t}g %@MPE@B} nﬁﬁ%rs fa é’gtgég*l ?é Ft%&]gl% WSolutions in
I
i G RABT TR oLl 0B LA, POVRYS, BELE R, o

examPle] PR-£ bedodhd BsAubBiRBRbLIGE Ster BEMrR/IY "B SveBdome this
Formula (VI) and (VIT)*PEUs of general formula (VI),

proM’@ﬁr Polyhrets daﬁlbe%epdf\’éte& frofarehldkofona saldtro%'j&abtni.g-dxﬁcua Smooth
(CH2)6, R3 = /-C4AH9 1-L-Phe-6:.R4 (CH2)6, R3 =
hydfdﬁlﬁzbﬁi&kﬂ&“acélaﬂd dllemﬂ[gﬂéﬁloﬁﬂorm 17:) eaalﬁ)mte antinydesss dNdofutther,
R3 = Z-C4H a) Reduced viscosities were nmeasured in DM
purdtca@@@walaechEUe rtreadédorilhe. y8eld and chdgacgGtics of exemplary PEUs
Measurenents were carried out in DMF, (PVMMA). c Tg
obtaingdpy hivproselimere feamangedin 1able 3 BYFFIDSC Measur ement s
(heating ratel 0OC/mn). d) GPC Measurenents were
Gewanl Pestedure fon PDhparatioPSf pof@B8PHUsTensi | e strengt h of
illustrative synthesized PEUs was measured and results
Y url Tensile stren

loogélgssu ot Fauaidg bh’@ﬁm@m&%&%@& Eapop apigyn the genera
(4 ,

forgbe TG %essﬁ%r?da PRl G B Rt o Bl ol of

fo@ﬁ%ﬁﬁ%?ﬁ),&ﬂe LSRRAY Seill B3 bRt SRR 4 &s{%}-ﬁlﬁﬁgtalaid)—a,co-diol-

diester monomer, for example, by condensing the a—amino acid with a diol HO-R'-OH.

As aresult, ester bonds are formed. Then, acid chloride of carbonic acid (phosgene,
diphosgene, triphosgene) is entered into a polycondensation reaction with a di-p-
toluenesulfonic acid salt of a bis(o-amino acid) -alkylene diester to obtain the final
polymer having both ester and urea bonds. In the present invention, at least one

therapeutic diol can be used in the polycondensation protocol.

[0093]  The unsaturated PEUs can be prepared by interfacial solution condensation of
di-p-toluenesulfonate salts of bis(a-amino acid)-alkylene diesters, comprising at least one
double bond in R!. Unsaturated diols useful for this purpose include, for example, 2-
butene-1,4-diol and 1,18-octadec-9-en-diol. Unsaturated monomer can be dissolved prior
to the reaction in alkaline water solution, e.g. sodium hydroxide solution. The water

solution can then be agitated intensely, under external cooling, with an organic solvent



(Chatillon TDC200) integrated with a PC using Nexygen
FM software (Antek, Largo, FL) at a crosshead speed of
woQowsnBasm. Exanples illustrated herein can berexpsedoed21395
to have the foll owi ng nechai cal properties: [0098] 1.
A glass transition tenperature in the range from about
30 Cto about 90 C, for exanple, in the range from
about 35 CO to about 70 C, [0099] 2. Afilmof the
laygsofoy sample chlozefermgehich coktains an ofuimbbe amoul afimationieric,
have tensile stress at yield of about 20 Mya to about

dimeng op fmerfehosgenep A, exgBstmicasaqien preseadsoapidbo anbaields a
OB ITGR CaBRShTomiRS RPN e BRI The organic layer
cn 3 BT B0 0 1055 R SO0 bR BERL e, nd
R T o U

forE&:%@QHfab%QPQSC’M?a- Tabl e 2 bel ow summari zes the
properties of exenplary PEUs of this type. Table 3.

Mechani cal Properties of PEUs [0102] The PEA, PEUR and

[0095U pDb ybRinsa Si866d, b6tk MeefhNL.dasu Yaged PIDUS, Gatless 1-D-1eeu-4 and
vari ety of nol ecular weights and a variety of w w%

1-Leloawc € tan bt ifaricatefl using thdygonard ptdcedude descobedibelawi Gutin

t he backbone of the polyner. The appropriate nol ecul ar
proogsiughis 1éss sucesestipl in Hormagion ©f 2 porvwierinoag inpteripd whiew apptlieddo L-

agent is readily determ ned by one of skill in the
Phedased FEYS., e.g., a suitable mol ecular weight will be

on the order of about 5,000 to about 300, 000, for

T N T

d ' | e w W i o5 d }
obtgiigd fist %gfi‘lﬁsﬁ%°1?lr¥’8®?°‘é§ SR I iiofd PRk niliEstRlingjo.1.000
' b . .
AT B0 5 B S,  E
witg ﬁirﬁ&ﬁ?lﬁic%%r%a\fpe/% Rdabomt a&ﬁ)eswnv@f’l?’tE:[]—_gﬁ) BB er9fvalls. The

i oactfve agent incorporated into

polymer solution is broken in water into small drops and chloroform evaporates rather
vigorously. Gradually, as chloroform is evaporated, small drops combine into a compact
tar-like mass that is transformed into a sticky rubbery product. This rubbery product is
removed from the beaker and put into hydrophobized cylindrical glass-test-tube, which is
thermostatically controlled at about 80 °C for about 24 hours. Then the test-tube is
removed from the thermostat, cooled to room temperature, and broken to obtain the
polymer. The obtained porous bar is placed into a vacuum drier and dried under reduced
pressure at about 80 °C for about 24 hours. In addition, any procedure known in the art for

obtaining porous polymeric materials can also be used.

[0096] Properties of high-molecular-weight porous PEUs made by the above procedure

yielded results as summarized in Table 2.

Table 2. Properties of PEU Polymers of Formula (VI) and (VII)



backbone of the polyner will be highest in the case of

a honopol yner (e.g., containing no Lysine-based
wounmwne?dsot hat | ncorporates both a therapeuti crdiaiS2@ead21395

a therapeutic di-acid. [01®8] The nvol ecul ar wei ghts

and pol ydi spersities herein are determ ned by gel

per neati on chronmat ography (GPC) using pol ystyrene

st apgards. Moie pald 1 qUTALPY, [ nyder] agdd Wweingig, » Tg 9 T, ©
aver age nol ecyil ar wei dhts (n| andMn)| are det erm ned,
for exanple, Usingia Nbqgl,plD gel perneatiion [°C] [°C]
CN{PIAL,Q0T apny (Vg €T 1ASHUGT ar 8&o0d MC45008" |7 0180 MY 67 103
SO BEGtE W U@ g Or e5 S5 €[ T96980 U Qoade it OUb@PT T 64 126
DU piE o7ort BTy 5, UV [IChust O gt 4 Wsde’ 3 214 - 167
i terentdat—eft tve—neex terctot

UT%S“ %?Or[}) ur an (%:F) orbﬁl?l\ld n%%lml a2t %Bni del’ﬁ)MAc) 34 14
H + | [l + {1 W | o Thao ol asot v Al o
ST HUSET rre—cl At T L) ) dy- = POTYSLYTENE
s?%-‘ggf gs—have—a ‘.iz." O r(%.sec Jlsg?"dov izg?tﬁodi st.z';lbut' 0 25 165

et
H &66¥ yrer matrix w t hout cheni cal

1'LTIPW5% CHpe 9 carrier, it is also
1-Ldemt @rplat(dd)e Rat= ohdloor more bioactive agents or
1-Ldtheed:iRigr (6Hne R es-(rCdhl. coval ently bound to the
1-LdicndR4SaRak! 1e4:pStdiarydrosoital, R dei-CaHi ety of suitabl e

functional groups. For exanple, a free carboxyl group
» Re@TteDQisdostlestWert @aatured I DRICATSPC BB 36 HRARIN0. O B/dL.
% GPicoRehduYéin @HERbreVarrfe@\R iNMOMD(BImLL). such as an
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Gar eMgl%% o%@%{y %. S&}Jdﬁﬁlg%g?cw éq%%)\'/anced Organic
Chem stry, Reactions, Mechanisnms, and Structure, Fifth

[008H t | Pdhsilé PN o BNHstEAVE k RBESIM PEDGA4Y easured and results are
Transformations, Second Edition, Larock (1999). [0105]
sunirflar@ielién Teblb 3diTeasileSstref sl nidasifeimeniw ashitiived agendumblell-
be linked to any of the polynmers of structures (1) and
shapéd PEVIfins (4 dugtmpwhaeh were cegttfiem cldbtodorm soliinan with average
ket one, thioether, sulfnyl, sulfonyl, or disulfide
thidkinedsad @, 128 et aad [sihjketgdtoctarsilsdestios wa derfstle Arength agpliine
functionalized starting materials usin g%gthetic

(Chofilow A0} Héneratp KRSV g Nexuaen. F salfgre dyick, Largo,
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have the following mechanical properties:
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e tional bioactive agent(s) can be
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[0098] 1. A glass transition temperature in the range from about 30 C° to about 90

C°, for example, in the range from about 35 C° to about 70 C°;

[0099] 2. A film of the polymer with average thickness of about 1.6 cm will have
tensile stress at yield of about 20 Mpa to about 150 Mpa, for example, about 25 Mpa to
about 60 Mpa;

[0100] 3. A film of the polymer with average thickness of about 1.6 cm will have a
percent elongation of about 10 % to about 200%, for example about 50 % to about 150%;

and



via a free carboxyl group (e.g., COOH) of the pol yner.

Specifically, a conmpound of structures (1) and (111)
woameriezsb wi th an am no functional group or aroyaise0$l21395

functional group of a bioadtive agent to provide a

bi odegr adabl e pol yner having the bioactive agent

attached vi a an am de |inkage or ester |inkage,

respectively. anot her, enbodi nent, the carboxy

(01 ough ofA fike Oﬁ gre}l?ﬁé}‘m%ra‘ﬁlﬂba‘éer%ﬁhgkﬁfﬁsé af ghout ﬂ&.ﬁm (ey,ﬂ.l,b@ve a
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car boxyl group .of the polynmer and not _to the free ends
of the polyner. "(’91?)37]?\4 aldgppsties LRRYS ng
nol ecul e(s), such as polyethylene glycol) (PEG;

phnclnhm“i dyl choline (D(‘\ I \/rncam nnal ycans Lncl udi ng

hepari n; pol ysaccharl dleS) | nEtlu;deSgresshl t os Decodl OF nat e¥oung’s
abalymet gssigaation aci d; g% onat2aiblde of r}ﬁo ar. ar(r(] J,no Modulus
ac! ds) including poI e,, QMBQQI utia 8n%1&°8 ° (MPa)
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that can al so be conj ugat ed to the pol ymer on the
exterior of particles forned fromthe therapeutic
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bl ock active sites not” occupied by a bioactive

Var@%ﬂm&écdlﬁ?r Wébhetnde lvm\iazy)f fwldh@nbédttatiohesf the tirapeutic diol
specific body site as is known in the art. The

or difakict tlas baskbete o thd pdtiaenoltecappapriate molstulgl weight for use with
particle can be substantially any nol ecul ar weight in

a gitvhe cormegteationarfibidzotive &R0t socatilydetc2@ded ®,ons of skilltin theeart.
nmol ecul ar wei ghts of the various PEG nol ecul es

Thust ¢.8c heuitatde motecplir wictght wilhhe b theardesf apade]00 to about
Alternatively, a bioactive ent or _coverj noq rr%l ec

300,009, s expmplerabaut HOYhe a?evwgrf)(\% oF abop ?ﬁ<%9 ee&ﬁ 000, or
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profilé of t active agents
about 20 w/w% to about 40 w/w%. The amount of bioactive agent incorporated into the

backbone of the polymer will be highest in the case of a homopolymer (e.g., containing no

Lysine-based monomer) that incorporates both a therapeutic diol and a therapeutic di-acid.

[0103] The molecular weights and polydispersities herein are determined by gel
permeation chromatography (GPC) using polystyrene standards. More particularly,
number and weight average molecular weights (M;, and My,) are determined, for example,
using a Model 510 gel permeation chromatography (Water Associates, Inc., Milford, MA)
equipped with a high-pressure liquid chromatographic pump, a Waters 486 UV detector
and a Waters 2410 differential refractive index detector. Tetrahydrofuran (THF) or N,N-




bi odegr adabl e pol yner, a linker may be utilized to
indirectly attach a bioactive agent to the
woizowagredabl e pol yner hi certai n enbodi nent s, PCiNAIS2006/021395
I i nker conpounds i ncl ude paBy(ethylene glycol) having
a nol ecul ar weight (MN of about 44 to about 10, 000,
preferably 44 to 2000; am no acids, such as serine;
peptides with repeat nunber from1 to 100; and any

dimgﬁlly idea@IM Achin uved et sheniil ghnLiainynBhepolysiprene
starcHEls Y5 A B0y TRl S L BIonp o' about 200
angstrons [0109] hi st|II further enbodi ments, the
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mat?i&lﬂ% [%t clgeg%lcg’% a% iﬁééﬁ(%ymgl%gan%l) it3y %1%(9 %rléé{ll‘li)]laped that one or

gach

more%&cﬁ(re %ents o%&eﬁﬁé\lﬁl@ecules 8};1(3% c)ovltl’e%g}k%lﬁd)tb @ue b19degradable
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used to describe the above Iinkéers, the term "al kyl

grouetarise Wised 3o sdatiavgiht c@mplimamtmtyaﬁolet}anm biyakttbeagbetdr covering
group including nethyl, ethyl, n-propyl, isopropyl,
molecidat spich as smwbydrgky, atend,-ob thiy lgroup; drekihe likand wide vhiidtg of
[0111] As used herein used to describe the above )
suiteblgkegeents agfl keasiion conslitions aredisdlessilghs., mercaFﬁcAéwnced Organic
chai n hydr.ocar byl groups_having one or

W%r&??ﬁ?‘b‘%ﬁnl\’&@hw%n%@ﬁ‘él§tm<[t91f1§!|ﬁ1%@dlu%d2@@9e%1 used
t h | i nk
ColreiFine GReabitananaeaarh iR i EHavi ng

at | east one carbon-carbon triple bond. [0113] As used
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for use include poly-L-glycine, poly-L-Iysine,
suifaBlyyfuhctindligdd sartifg thatepialsyrsingagpieti¢ froaedudes that are known in the

pol y-L-histidine, poly-Lornithine, poly-L-serine,
art.pol y- L-t hr eoni ne, poly-L-tyrosine, poly-L-Ieucine,

pol y-L-1ysi ne-
[0106] For example, in one embodiment a polymer can be linked to a bioactive agent
via a free carboxyl group (e.g., COOH) of the polymer. Specifically, a compound of
structures (I) and (IIT) can react with an amino functional group or a hydroxyl functional
group of a bioactive agent to provide a biodegradable polymer having the bioactive agent
attached via an amide linkage or ester linkage, respectively. In another embodiment, the
carboxyl group of the polymer can be benzylated or transformed into an acyl halide, acyl
anhydride/“mixed” anhydride, or active ester. In other embodiments, the free -NH, ends

of the polymer molecule can be acylated to assure that the bioactive agent will attach only

via a carboxyl group of the polymer and not to the free ends of the polymer.



L- phenyl al ani ne, poly-L-arginine,

poly-L-lysine-L-tyrosine, and the like. [01 15] In one
wenhwdBzsnt , a bi oacti ve agent can coval ently ecoaskionk21395

the polyner, i.e. the bioac®i ve agent is bound to nore

t han one pol ymer nol ecule, to forman internol ecul ar

bri dge. This coval ent crosslinking can be done with or

wi thout a linker containing a bioactive agent. [0116]

[017]hi o¥ater slublgeayering raelarwe(ehsucll aspobeethiicoe ghycel) REG);
into._an intr | ecul ar brjdge by coval ent attachnent
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I n oné enbodi nent of the present i'nvention,

forthéd a6 the tirgpeltid SolfmpodanBRRitiotd & fipF ASeRdtRE Eshéparticles to block
retro-inverso or partial retro-inverso peptide. [0119]

activersitdshet oenpdibysrtiisactize bgad ot iovtergagdsiiverypyf the partixkes to a
Wi th a photocrossl nkabl e version of the polyner in a

spegrfit bpgly sitnab,is kfiown icthosg! ke npleculee wesghts oPEG snolecules on a

. di spersed %ground),to formparticles having an average
single parbiclercan pe swestangiale any welegwlatweight inithe epge from dawt 200 to

0120] The |inker can be attached first to the pol r
abog? 3920@3% & B}%@@m)e%ﬂé’mlg § oLihe élﬁmw&SPrﬁé RIS BH%&E@ to the
nthegis .t.he linker can be either in unprotected
Bt

S
pm?%?ﬁ@% © ected from using a variety of protecting
groups well known to those skilled in the art. In the

[01 ﬁiﬂs e ther‘ﬂa e?}%,glt%g%tig% ?g@% or &R’%I‘lti% g{og%:l‘t?@et ceag bE réﬂ%lﬂ{eedttg fhe

nker can ed to mer or

polPh 8k b RIkEGEBTeclE of BY Efdsf8nIRE BFHbEMo 8o REPESSS thE Golymer
group can then be de-protected using PdZH

as deyeliedeRadinh Omdbed, 16 Rhiptodd atlfae@hydrephdbadikhamBsbiodtdradable
acid or base hydrolysis for unsaturated polyners, or
polamyr, 08 imefroceareskils Brywfakcbibdegpadabledyhérabwards enzyme
activation, and to improve the release profile of the bioactive agents from the
biodegradable polymer, a linker may be utilized to indirectly attach a bioactive agent to
the biodegradable polymer. In certain embodiments, the linker compounds include
poly(ethylene glycol) having a molecular weight (MW) of about 44 to about 10,000,
preferably 44 to 2000; amino acids, such as serine; polypeptides with repeat number from
1 to 100; and any other suitable low molecular weight polymers. The linker typically
separates the bioactive agent from the polymer by about 5 angstroms up to about 200

angstroms.

[0109] In still further embodiments, the linker is a divalent radical of formula W-A-Q,
wherein A is (C1-Cyy) alkyl, (C2-Caa) alkenyl, (C2-Capy) alkynyl, (C2-Cao) alkyloxy, (Cs-Cs)
cycloalkyl, or (Cs-C1o) aryl, and W and Q are each independently -N(R)C(=0)-, -



is known in the art. The de-protected |linker can then
be attached to the bioactive agent or covering
woubwsaatas) or to the pol yner [0121] An exenpl aPgT/US2006/021395
conj ugate synthesis performd on a bi odegradabl e
pol ymer according to the invention (wherein the
nol ecul e to be attached to the polynmer is an am no
substituted am noxyl N-oxide radical) is set forth as
CEHONBIs-OX =)o deGTAEADPe -Bol-§Hd: -H =i -B-TalNGD-.-E6edrd
wi th an_am noxyl_ radical containing conmpound, e.g.,
wherein gagipR 19 inslepenglently Homd€rn{s)aledr i di ne-1-oxy, in the
presence of N, N -carbonyl diim dazole or suitable
rbodiim.de,. to.replace t.he hydroxyl, i.ety in the
101§ o8 hRgHS dsoR RO itias S G oS Bihyn P e o
. . r he chai n, end of . a
braiel 8 oo pboh B il louBl, MG PR EPstn but
iso QQ%M&HﬁDh@%kﬁEQcﬁﬁghﬁél cont ai ni ng group. The am no
nol ety coval ent y]%onds to the carbon of the carbonyl
resi due such that an am de bond is forned. The
[0IN]IN - san&aekdin Leddda aedceibe thesdbot@hieers, 2RIRSANI! FAFES to straight or
converts the hydroxyl noiety in the carboxyl group at
bratdhed chain hyérdarbiy] gloeppiedvitesdmeror ndre cabon-oidoieditsle Bonds.
activated noiety which will react wwth the am no group
of the am noxyl (N oxide) radical conpound, e.g., the
[01 %24 neAausqgldg‘rqin osedqo @descaibg therboge linlgsrg-"alkynyl" refers to straight or
tetranet hyl pi peridi ne-1-oxy. The am noxyl reactant is
bragghsl ehpipyydrosarbyhgraupgphayingatilepsbone eaghonzgsrbangriple bond.
pol yester ranging from1:1 to 100: 1. The nole ratio

101834 oy RFRR Feripiy G e oy o pRA gt lromati
rol GAEMRN e PRl 8L BYS, LA RRLYGSker |s di ssol ved in a
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reaction s readily carried out
at the tenperature utilized for the dissolving. The
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Issolve; this i'nformation is nornmally avail abl e

to dboRIM 3 ARinEBCLIE AStIIARE péiftid%@@oxﬁéihdpﬂﬁéﬂ gbr us¥iluddily-L-glycine,

pol yester is a polyglycolic acid or a
polpdl-Wistileypsilildghutanhia atidegly{[haspbig aidypolgHehistidine, paly-Le

of glycolic acid to L-lactic acid greater than 50:50),
ornithiple) yoly-df-sanmed, §@9-1othteopineepolsilntyrdspe, palytloddudmeapolydislysine-

OC to 130 OC or DMSO at roomtenperature suitably
L-phiesylalaviss, pdie-Lpoizinies, pply-Ihesine-L-tyrosine, and the like.
[0115] In one embodiment, a bioactive agent can covalently crosslink the polymer, i.e.
the bioactive agent is bound to more than one polymer molecule, to form an

intermolecular bridge. This covalent crosslinking can be done with or without a linker

containing a bioactive agent.

[0116] A bioactive agent molecule can also be incorporated into an intramolecular

bridge by covalent attachment between two sites on the same polymer molecule.

[0117] A linear polymer polypeptide conjugate is made by protecting the potential

nucleophiles on the polypeptide backbone and leaving only one reactive group to be bound



the polyester is a poly-L-lactic acid, a
poly-DL-lactic acid or a poly(glycolide-L-Iactide)
woOheosiazpsa nmononmer nole ratio of glycolic aci dPCD/US2006/021395
L-lactic acid 50:50 or |esstthan 50:50),
tetrahydrofuran, dichloronmethane (DCM and chl or of orm
at roomtenperature to 40 -50 OC suitably dissolve the
pol yester. [0123] The product nmay be precipitated from
to thetpolymercripeymgrstinisercconsirestidDagrotestion ismesformedhacchuting toe
roduct. For, exanpl e, am noxyl -containi ng pol ygl ycolic
methedsgvellignox indhe at &5 sleprotrokgn popgptiges/Eci a@éFEnq%é@meﬁél)y for
fo d fromglycolic acid-rich nmonomer m xture are
examg gFIy preci pitated from hot dimethyl sul foxi de by
addi ng col d nethanol or cold acetone/ nethanol m xture
dt [ A Ll.tering. .. e .
1015305, 8 B EESHRIRE O B Broserl o ifhoiibat 5 nptopeptice
; t ; uct and sol vent
PR g L P R ues. For
exanpl e, am noxyl -containing poly-L-lactic acid is
[01 B9V alth 3RS embYiHRPE] abﬁﬂctwecuf@eﬁtqhyﬁm miedtWitisa way. The
recoveredproduct is readily further purified by
phowesdskingkablvasersiod ef thapolymer jir ooharixs afd afer erosstipking} the anaterial
sol vent whi ch does not dissolve the product, e.g.,
is disperhahi@rotind) tchiermaeeiodds hamiagmp divérageldipuietey ity e range from about
acid, polylactic acid and poly(glycolide-L-lactide)
thx@mwtﬂﬁﬂherein. Resi dual solvent from such washing
may be renoved using vacuum dryi ng. Pol yner -
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one residue of° a bioactive agent. The

the BOIyWER br 2 RAvOLERE bi MV eABERbICAR. TR PrdtadtigieuPRaithen
val'ence. Alternatively, nore than one bioactive agent,

be d8iprotdeted Bingaed/Hy Bydrggeiation i saurated polgmerf baokloaes,i nagdd acid or
agents having different therapeutic or palliative

basahydreiytsis foamndatirated paltymers, bnkshther cotnmaunodeypretection method that
However, since the residue of each bioactive agent can

is kpewn in the art. The de-protected linker can then be attached to the bioactive agent or

covering molecule, or to the polymer

[0121]  An exemplary conjugate synthesis performed on a biodegradable polymer
according to the invention (wherein the molecule to be attached to the polymer is an amino
substituted aminoxyl N-oxide radical) is set forth as follows. A biodegradable polymer
herein can be reacted with an aminoxyl radical containing compound, e.g., 4-amino-
2,2.6,6-tetramethylpiperidine-1-oxy, in the presence of N,N'-carbonyl diimidazole or
suitable carbodiimide, to replace the hydroxyl moiety in the carboxyl group, either on the
pendant carboxylic acids of the PEAs, PEURs or PEUs, or at the chain end of a polyester

as described, with an amide linkage to the aminoxyl (N-oxide) radical containing group.



linked to a correspondi ng residue of the polyner, the

nunber of residues of the one or nore bioactive agents
woametiozasespond to the nunber of open val encesPoWuSk®6/021395

resi due of the polynmer havi4ag at | east one diol or

di -aci d bi oactive agent incorporated into t he backbone

of the polyner [0125] As used herein, a "residue of a

polymer” refers to a radical of a polyner having one
Thecﬁlmﬁ% moigpepvalentyhoads toghe carhen pkthe caibpyyliresidueiugh that an

nal _group of the ynmer
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substantially retained when the radical 'is attached

reaciarit @S polyest@iragihg Gafi 1:Veo d@E Nt ThBavsdrato of NEN'Li nkag e
that is desired, those skilled in the art can sel ect

carteniytdaiolifazolmat dadweliind detoshand:iyh i prefeeablpslsout hdt canbe
used to derivatize the PEA and PEUR pol yners used in
t he present invention using procedures that are known

[0127] t h tarieal rgagtion]s sadolleses A pplyester ig dispelypdinea gphctipn solvent
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any synthetically feasibfe functional group (e.g.

at 133°0QX Y80 °C3NDRESO he@barteppeiafite S@MPBBLIIEoDfes fﬂwlfmy@ser When
(ry, (H)- (vil) (e.g., on the polyner backbone or

the pelydstat is grpolyp).-lheticcal Iaqbely-DE—laq‘:tﬁmchhdneanﬂy(gitbroohdﬂédlactlde)
bi oactivity of the backbone therapeutic agent is

(hagingstraendnadrinyole ettimi ofedyontie acitl e Lrladicosid $& 5@ ot lgstiban £9:50),
a residue of a bioactive agent. Based on the |inkage

tetralipedrofugang ég;hk)@@;nethane (DCM) and chloroform at room temperature to 40 ~50

°C suitably dissolve the polyester.

[0123]  The product may be precipitated from the reaction mixture by adding cold non-
solvent for the product. For example, aminoxyl-containing polyglycolic acid and
aminoxyl-containing poly(glycolide-L-lactide) formed from glycolic acid-rich monomer
mixture are readily precipitated from hot dimethylsulfoxide by adding cold methanol or
cold acetone/methanol mixture and then recovered, e.g., by filtering. When the product is
not readily precipitated by adding cold non-solvent for the product, the product and
solvent may be separated by using vacuum techniques. For example, aminoxyl-containing

poly-L-lactic acid is advantageously separated from solvent in this way. The recovered



those skilled in the art can select suitably
functionalized starting materials that can be used to
wdeoiovardsae t he conpound of forrmulas (1), (IH) PCYIUS2006/021395

usi ng procedures that are kidown in the art. [0127] For
exanpl e, the residue of a bioactive agent can be
linked to the residue of a conmpound of structural
formul a (lg_m(l [1)-(VIl) through an ami de (e.g

produqt R)regdily) turther pun@(eé @ym(eqs@mg awg}g M@ter (agd by- ,prodm;(scoy,g wrea) with
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functiqgnaljzed starting materials using synthetic
Polpmgrzdipastive agenid-@kpgown in the art. Based on the
i nkage that is desired, those skilled in the art can
sel ect suitably functi onal starting material to
[0124r i atong embnginrass,ithizeolphers usedrisonale thé inventirt therapeutic
fornula(l) or%élll) (M) and thereby conjugate a
polyjnereaempositignea esgribddesin haveqperr mpse higagh gl deectly
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loactive agents that c

or a! thiX@€ o Bidabiy P IDay D ldBPitER tRdEheuiP b@ﬁélhé(tl@e&ﬁﬂﬁy can be
upon the nol ecular weight of the polynmer and the

dirdatlirigkedfo thepslpaie HoreaRethdethagsittus of Babriiedceit e dgent can be
into the polynmer. For exanple, for a conpound of

linketirtol @ corredpohidinguesiduel of therdyraem the riumbebofitesiBuesoofdbeame or
150, preferably about 5 to about 70, up to about 150

motyi heastive egeneedn conlcsmumdde thei nuenber pé@p@u@éenpeﬁeqrefbﬁ yesidug of the
be directly linked to the paly (i.e., resid

polymer kaying #leasbere dipkordi@cid) laga&flvq égealg mmﬁwﬁi into the backbone
backbone pendant or term nal groups of the polyner.

8o er of sites for linkage of a bioactive agent
in the

[0125]  As used herein, a “residue of a polymer” refers to a radical of a polymer having
one or more open valences. Any synthetically feasible atom, atoms, or functional group of
the polymer (e.g., on the polymer backbone or pendant group) is substantially retained
when the radical is attached to a residue of a bioactive agent. Additionally, any
synthetically feasible functional group (e.g., carboxyl) can be created on the polymer (e.g.,
on the polymer backbone as a pendant group or as chain termini) to provide the open
valence, provided bioactivity of the backbone therapeutic agent is substantially retained
when the radical is attached to a residue of a bioactive agent. Based on the linkage that is

desired, those skilled in the art can select suitably functionalized starting materials that can



i nvention therapeutic polynmer conpositions is
accordingly reduced by the nunber of backbone
woheveapzsvi ¢ di ol or di-acids incorporated i nt 8BCThS2006/021395
pol ymer. I n unsaturated pol4ners, bioactive agents can
al so be reacted with double (or triple) bonds in the
pol yner, provided that the therapeutic diol or di-acid
resi dues incorporated into the polynmer backbone do not
be usedh tcadarivahize bo AR EWR ipplyserdhrused $n theegmeseht/iegention using
Hence, in the case of estradiol incorporated into the
progegures Sk arq thg ath pi oactive agent at a doubl e

bond in the pol yner conposition would not be
014 RSP St i AORBO of Scnrl s ) Teets toa
i oGS AR 18 O B e SRl one
oGS T FERELEASY 0l IR BT oy or

condpdafd Rek.NEn HeTREBEHablbonk GRAIM or b SrobiPFcaRVelBRbved to

wi t hout "chem cal™ attachnent, using any of several

provigt fiedspenehlentd) pyavided Bibtiaity ofmd baskhdas tekdpedtic agent is
her ei nbel ow. The anount of bioactive agent is

subgtemténl byl retpired priexitiwatadicyl i aftfthed. AldditionSDHmanwbwthetically feasible
bi oacti ve agent to pol ymer conposition, nore
fungtramibgrabp e abearboxy) ¢an telvoeatedxBomhe wpmpowidofdoinndas (1), (UD)-
nt, and even nore preferably about 2% to about 20%

t

v I?)\QK;@, opithripelyimer bagkhene orpengant gEmPARProTHp Giecanepgalence,

oo BRa e b et S SR yhen

) £ Yor 4 J5b B bl bl 4 S5 R0 csies

thogegsﬁkﬂle%q I cagul s%ﬁ%{ éu\{ébS%Hét?&ﬁm%%taq{i%&%{e}qals t]?at can be used
adm ni's VI VO, 0 exanplie, 1n ormo

ered I n
o Ao BT B 5P Ao sk pon

thedsted in the fabrication of polynmer coatings for
various types of surgical devices. In this enbodinent,
the pol yner coating on the surgical device is

[0127F ecForvxafnple, Grntsidhd eth tlehdtive agertt cas bie Hinkeddo itige residue of a
ti ssue of the therapeutic diol or di-acid as well as

congponliof siredtur] fogentad Dd((Hp€Y Bethroughtanempdé (engr -NR)C(=0)- or —
C(=COO)\I/\Ia(lR():)-r)],t els%/er ?et:.tg.??gg(dﬂg)? 0£ I—qg(=s()u)8c-)6,l%temr (e.g., -O-), amino (e.g., -N(R)-),
ketone (e.g., -C(=0)-), thioether (e.g., -S-), sulfinyl (e.g., -S(O)-), sulfonyl (e.g., -S(0)2-),
disulfide (e.g., -S-S-), or a direct (e.g., C-C bond) linkage, wherein each R is
independently H or (C;-Cs) alkyl. Such a linkage can be formed from suitably
functionalized starting materials using synthetic procedures that are known in the art.
Based on the linkage that is desired, those skilled in the art can select suitably functional
starting material to derivatize any residue of a compound of structural formula (I) or (IIT) —
(VID) and thereby conjugate a given residue of a bioactive agent using procedures that are

known in the art. The residue of the optional bioactive agent can be linked to any

synthetically feasible position on the residue of a compound of structural formula (I) or



of a particle thereof. [0131] In one enbodi nent, the
i nvention therapeutic polynmer conposition can be
wobasiiszsed in the formof a pad, sheet or w apCofuSamg/021395
desired surface area. For etanple, the polyner can be
woven or formed as a thin sheet of randomy oriented
fibers. Such pads, sheets and waps can be used in a
nunber of types of wound dressings for treatnment of a
(IakYB)- yAé(ﬂltl@@ﬂb)i thegnwentipp alse pzowides d@ylppmdﬁdtawng more than one
ndo enous heal i ng processes at a wound site.
f681§ bioagiinsgeratidisstly nladedo asarmorndalstmgtugal é@@gﬂa@é (1D)-
Onﬁver time, releasing the therapeutic diol or di-acid
0 be absorbed into a target cell in a wound site
where it acts intracellularly, either within the

5 B
typﬁaﬁfh‘%%}éh@ru SiE R 90 gﬁt of ?ﬁ et e[ﬁg th&hlmber of backbone
t erap

Al ter t|v ly, utlc I -acl

ther\ff\tﬁétﬁﬁzsa%@ntfs ﬁlﬂi&ﬂdﬂ@ce@ ﬁiuy R potRARO %& b;@ﬂnplé Gbr £53Apdihd of

en used as the covering for a bioactive stent,

struptupaidbesule (Hogkdeins is abhitFgo pbORESoSsefiablngbotdane about 70, up
site by contact with the surroundings into which the
to ahoutnid Ochiessive ggant niolgelitesi(i.¢. srepilaesdticredf) det be tieebtly linked to the
description of wound dressings, wound healing inplants
polamer G.ax tistdue thrsoofp by cesating) @s%m@@w sgenty witEAagifhwnpmerdant or
mers is found in _co-pending U S. Patent
tenmg{gr@gpq Qfriheshelymer. NBhe nupher @f 91@;; fo¥ npl@gﬁ/%}a pipactive agent in the

ke bR SR e AL e o
backBlne Berebtf it} ARSTE  moe e BT BoBIBr. st
pol?rgxé g7éib9¥c8’e hs €2 al&d Qg cabal Qlﬁfqomiec(g 1@]\@ gonds in.the

Of por a ereinin | S ent oactli ve

polglgl@f‘ tp?ov‘f?eﬁl thaR 1@&%93&)%9({1%&&'0?@19&15&0%6%&&' iRcdrp&raR@liYORAS

In e I nventl erapeuti c poI ymer conpositions

polyiel BRbLAMY do RItRbhhBY ARtdubledPRiINE) BoAdithanyel@ds. iHehce, in the

anal ogs or derivatives, paclitaxel or any of its
cast af eftedin adoogsoraed das thediackame, nkapebf abisactbicragentmna double

tacrolinus, or any of its -linmus nanmed famly of
bomdringke pelpoiestabpasgion would not be recommended, to prevent bonding of the
bioactive agent to a double bond in the backbone diol or di-acid residue (i.e., the estradiol)

in a reaction.

[0129] In the therapeutic polymer composition, either in the form of particles or not, a
bioactive agent can be covalently attached directly to the polymer, rather than being
dispersed by “loading” into the polymer without chemical attachment, using any of several
methods well known in the art and as described hereinbelow. The amount of bioactive
agent is generally approximately 0.1% to about 60% (w/w) bioactive agent to polymer
composition, more preferably about 1% to about 25% (w/w) bioactive agent, and even

more preferably about 2% to about 20% (w/w) bioactive agent. The percentage of



such as sinvastatin, atorvastatin, fluvastatin,
pravastatin, |ovastatin, rosuvastatin, gel dananycins,
weucts/1ams507AAG PCT/US2006/021395
(17-al l yl am no-17- denet hoxygel dananyci n); Epothilone D
and ot her epothil ones, -dinethylam noethyl am no-
- denet hoxy- gel dananyci n and ot her pol yketi de
. inhibitors of heat shock grotei n 90 (Hsp90),
biogefive ages wiill depradiondhe desived flosezal tisugandijion bsingdtaatedeas
. agents for dispersion in the invention therapeutic
dlscb‘gieaﬁ%moé%%@ig?lp‘ﬁns and particles made therefrom al so

can be selected fromthose that pronote endogenous
oS8 S PR O TR R DB i and
o QU AISATR0E k) S e ALARLIIEL 0P s cxmore

in 1ELRERAREARMNERYMPEEF RIH & s?&%ﬂni’&nj e@taneQ,gFliE gﬁ@gté?r} ’%wrapeutic

nat ural wound heal i ng procesSes by ‘endoth

polyi@s®nipositiohd ¥R ROKBA & 163 FakRaBetY oBherl ddalingdaBAY £ous types
transfers, or releases nitric oxide, elevates

of serpied devdoss. |Tevas smbbdditieht, ke potyraer, costingon dikgsrgical device is
endogenous synthesis of nitric oxide, or serves as a
effestivsfor apwtrdlled delivery do sxiaiadmgritshese the thetaptutiondipbortdi-acid as
roliferation of snmooth nuscle cells. Such agents
welfmnyd)égacﬁ@e am@spgrseéml ﬁm@qlgperfqy icoxalengly attached to the surface
nitrosqthiagls, nitrates and anthocyani ns; nucl eosi des
of aqnseticlethes®énosi ne and nucl eoti des such as adenosi ne
di phosphat e (ADP) and adenosi ne tri phosphate (ATP);

oSS R PTE S Bh ESA E
e R g

the g%@ﬂf}? QM@%B%IPO%EHHM A 08 @k ra;rgf;;) 198riftdd Bb&AS. Such

ysine; peptides such as the br I hi ns,

padsWnsta REEwARAS BE GiddTh d9MBHELO B/ BEL dTRIunE Rrds6iBlor treatment
and proteins such as insulin, vaScul ar endot hel I al

of va@tsho ff dalivions, YE@ERhmpldTsl pronoeibj BnddgAd|hellivgproetsges at a
of bioactive agents, coating nolecules and |igands for
wolndositet iThe palyemdrsomansitiensah tiaxcwedhd dressirexdzogdgeade over time,
covalently, to the surface of the polyner coatings or
relgasing ith therapBitisalioli orali-agidrie be abiodheddntoradpiget ¢ahlgin a wound site
anti bodj es, pol ypeptides.(e.g., antigens) and grugﬁ .
whergnt asés wvesllelely cithsnridin e cylgselnbe suslety ar Bethy grethe bioactive
age?l%) (lza% 1rr1d %:Oogl (tzél{l&ifagé re%glgtgrl r%lo{%?:ﬁle ltcg] elicit a cellular response without
entering the cell. Alternatively, the therapeutic diol or di-acid released from the polymer
composition, for example when used as the covering for a bioactive stent, promotes
endogenous healing processes at the wound site by contact with the surroundings into
which the wound dressing or implant is placed. A detailed description of wound
dressings, wound healing implants and surgical device coatings made using PEA and

PEUR polymers is found in co-pending U.S. Patent Application Serial No. 11/128,903,
filed May 12, 2005.



addi tion, coating nol ecul es, such as pol yethyl ene
glycol (PEG as a ligand for attachnent of anti bodies
wonro@aBysept i des or phosphati dyl choli ne (PC) aBCause®ng21395
of bl ocking attachnent sited§ on the surface of the
particles, can be surface-conjugated to the particles
to prevent the particles fromsticking to non-target
bi ol ogi cal_ nol ecul es and surfaces in a subject to
[O13R ¢ hgméaﬂﬁé desceiptien of methads of meling olyjuel p8liclepnsing PEA and
@gﬁgﬁle, smal | proteinacegus notifs, such as the B
PE yimers mpydedpind insogeading AJ-Srrrovional aretisasions 6§/654,715,

i val e i0 Pr in known .t 0. bi.nd to,
fiefbaer Db 7062508 /5740 By Tt 05 o6k oy B frporborated
hm%ﬁgﬁﬂgemﬁ% pr ot ei naceous notifs can be attached as

I 0active &dgents to the invention therapeutic polyner
conpositions, especially to the surface of the pol yner

[01B3Y t | BldastHesehisREEehBIRId For %égé} i%ﬁl\lﬂ&ﬁlll g'l% ‘M}%plxergﬁged in the
for exanple, "as ligands to att ch ant1bo |é§ or use

invaigidnathgaputie polyRESmPbsitioniaphes @ntaﬁm@&%@,sfaﬁaq%}&k ghd any
precursor cells or capture cells out of the bloo

of ittt ana ks of Berivelives padlhaxehot ddyashitsttyRas ahdlags crakribgtives,
attached to pol yner coatings using a Protein A or

eveRylomes, sir@irfium tieradimals, pegiyof igdntusmamet fahily ofdraps) aad statins
Fc region. The capture antibodies will in turn bind to

suchd stpiagtapnesenvesitin dluyastatin pravastatpy, dayestetiorogwiststin,
near the polynmer surface while the precursor cells

I ,
gelggeptycipesysh a &7 ADG 1 Ballaminer 1 4-dgmethorygrbiamarmy i) Hnethilone
D e Phons B2 11 Rl i nd
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cells.[0137] In addition, bioactive agents for

[0134f ac ﬁi]‘%l igg {vg%%%%%gr%gs%rsf&rig‘%ﬁé)l YEA tﬂér%%&lgiictpefymer

endot hel 1 a om a bl ood stream i

corfpitesils ah® pifficiel nidde tHReSVIIE hlse P RS kdldRABiréh fhose that promote
adm ni stered are nonocl onal anti bodi es directed

endd@gandis préduciombS HHREPESIH nattrial wetkd BaEingagdo such e nitric oxide,
exanpl e, conpl enentary determ nants (CDs) that have

whivhes endagondusty produted byahdothtlinl selisf aflecrodtivehdibt belactae agents
cells include CD31, CD34, CD102, CD105, CD106, CD109,

rel@ped Bom thppalymeCDRiddg deppd@ionandylie diGRily 46tivaDipremoting natural

wound healing processes by endothelial cells. These bioactive agents can be any agent
that donates, transfers, or releases nitric oxide, elevates endogenous levels of nitric oxide,
stimulates endogenous synthesis of nitric oxide, or serves as a substrate for nitric oxide
synthase or that inhibits proliferation of smooth muscle cells. Such agents include, for
example, aminoxyls, furoxans, nitrosothiols, nitrates and anthocyanins; nucleosides such
as adenosine and nucleotides such as adenosine diphosphate (ADP) and adenosine
triphosphate (ATP); neurotransmitter/neuromodulators such as acetylcholine and 5-
hydroxytryptamine (serotonin/5-HT); histamine and catecholamines such as adrenalin and
noradrenalin; lipid molecules such as sphingosine-1-phosphate and lysophosphatidic acid;

amino acids such as arginine and lysine; peptides such as the bradykinins, substance P and



CD147, and CD166. These cell surface markers can be of
varying specificity and the degree of specificity for

wea 2pwris2asal ar cel | / devel opnent al type/ st age i SPCI/USBIWG/021395
cases not fully characteri z8d, hi addition, these cel
mar ker nol ecul es agai nst whi ch anti bodi es have been
raised will overlap (in terns of antibody recognition)
especially with CDs on cells of the sane |ineage:

caloiyn geye-esdatpdpetiisle (@SR PYfand poeseine bichl asdeduliy, vascular endothelial
C rcul ating endot helial progenitor cells are sone way

goﬁﬂbﬁ@”fﬁ%Eaghépéﬁﬁ@ﬁ$H¥ pat hway from (bone marrow)

nonocytes to nmature endothelial cells. CDs 106, 142
or B, SRS Rl S B o bibe
s HEpSRERHEL o SIS, SUPLPELL B Bl Whtings o
purBIO SRR URL AU B o581 olodh PUORILAR (12 188

drugOsal bed@bANEY cstjudafR 8% SBraBISINhS poEXRIBL 8100 br $3468les. In

anti bodi es i ncl ude single-chain antibodies, chineric
additivini, b&ing $noletalchirhak palybihbRE: 85coRPE la@8dgand for attachment
anti bodi es, anti body fragnents, Fab fragnments, |gA,
of ahtjtdiegdu pollgioptidegtor phdsphatidyiclhndide GC) dsadihems odbtbcking
active fragnments thereof. [0138] The foll ow ng
attabljlmgﬁtsitv@ora@]e sudacerd thaypdrticlay lcacbé surthcargenjngatbd fyethe particles
particular|ly effective for dispersion within the ]
to preweahihe gartickrs dippe stigkingde mprdergetdriplesice] malsculghadwifaces in a
sized to forma tinme re| ease_ bi odegradabl e pol yner
subieshigrwhigh thegrgiclerars sdppisgiredhe bi oacti ve agents, or

sized for entry into systemc circulation, as
ibed herein... The .bi ti ts,.t . .
10181 p b SE P Fe B PGB TarBCr 1 T YBps of bacterial
Pro R R OB S LR BEAR ol an

theﬂeB& E%Efé?&{tilﬁﬁy %o@éoﬁfe@%@r {08 Fé RlefIne uch BrotSMARb Botifs can be
thereof, or in experinents designed for in vitro

attabB&d as o Rhive HedhtEhfBE InFehtibnCBblageric polymSdi@ofpbiitibms, eeciall
in vivo. [013%?1|n one enbodine%t, gﬁe suitgﬁle ¥ Y

to th¢ auatice vétlegehirseraiagiohstdekdritietl &ereim, Suzhitmoelaallesdeill act, for
vari ous classes of conpounds that facilitate or

exappit, b higarelstto atarhratibedies foy usdasriangeasehgaads pntogeapture
time-rel ease fashion. Such bioactive agents include

antipedisd thkald iPFR§UESer ¢ls or capture cells out of the blood stream. T herefore, the

antibody types that can be attached to polymer coatings using a Protein A or Protein G
functional region are those that contain an Fc region. The capture antibodies will in turn
bind to and hold precursor cells, such as progenitor cells, near the polymer surface while
the precursor cells, which are preferably bathed in a growth medium within the polymer,
secrete various factors and interact with other cells of the subject. In addition, one or more
bioactive agents dispersed in the polymer particles, such as the bradykinins, may activate

the precursor cells.



including certain precursor cells, which can be

protected and delivered by the bi odegradabl e pol yner
woOnodehie29smvent i on conpositions. Such wound heaPCmgS2006/021395

cells include, for exanple,49pericytes and endot heli al

cells, as well as inflammatory healing cells. To

recruit such cells to the site of a polyner depot in

vivo, the invention therapeutic polynmer conpositions
[013d Jaeddigoadiearsive sgentstod aitewhmgaarﬁwwtcplémorafndcapturmg

met hods, of use_ can include |igands for such cel
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anfigen): Neural cell adheéion nolecul’es , _such

CD 47, blee\WIDI1 66 CDhEseanll isGEite; m&ketedMVbe of Virain I\/g |s§é01ﬁ01ty and the
endothellal cell adhesi on nol ecul es PECA such as

degfREGAMdci ficyIbr aphitigeln) cell/davklopyicatabtypotstagt isin nualylcases not
adhesi on nol ecul es (ELAM5), such as LECAM | ; or
fully sleadsterizedDER Eddition, deesy celandrken exdléciles ag@itgtGjhi¢hnantibodies
anot her aspect, the suitable bioactive agents include
have heqnaratsed mill averiagt (i termy of antihedy m@mm)@@mcﬁlﬁm CDs on
can_be digpersed into the polyner part.icles used

cell pbthe o ingaget MERegY&ssin therass aesndethepiglsetls. oﬁgculétngg
endarﬁl ﬁé&?@ge%&?%is%ﬁq“q%bf”“%@? s e EeH A Re e iirinid) By toone
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mm CS extra- ce ular pr ot n al so
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gl ycoproteins, such asal ginates and chitin
capfiinig\padgdevasr endbtitaln@ak b veeid ifl€lse ditedhtoavidicls PR Golynser

fragnments of such extra-cellular matrix proteins
particied are impkhted Hoolovdl nfietierg afi thel astivdbegentse Exafrdles DF such

Pr ot ei naceous grow h factors are another category of
antibb dige irichsle sipgit-chagninttioiss fahimelic puibofiss menackmal antibodies,

i nvention therapeutic polyner conpositions _and nethods
polpglonpd @ntlbodles antibody fragments, Fab fragments, IgA, IgG, IgM, IgD, IgE and

humanized antibodies, and active fragments thereof.

[0138]  The following bioactive agents and small molecule drugs will be particularly
effective for dispersion within the invention therapeutic polymer compositions, whether
sized to form a time release biodegradable polymer depot for local delivery of the
bioactive agents, or sized for entry into systemic circulation, as described herein. The
bioactive agents that are dispersed in the invention therapeutic polymer compositions and

methods of use will be selected for their suitable therapeutic or palliative effect in



descri bed herein. Such bioactive agents are effective
in pronoting wound heal i ng and ot her di sease states as
woOodernemsoi n the art, for exanple, Platelet DePCVY@82006/021395
G owm h Factor- BB (PDG--BB)S0 Tunor Necrosis Factor-a
(TNF-a), Epidermal Growth Factor (EGF), Keratinocyte
G owmh Factor (KGF), Thynosin B4; and, various
angi ogeni c factors such as vascul ar Endothelial G owh
treafra@it oF & d{svEerd nterptppuhinapsemethevaoff, dFaie txpesin(eRGREssigned for in
. Tumor Necrosis Factor-beta (TNF -beta), and
vitrq festing At such effests it pplls ¢ tissue pultyregron iy vigany of t hese
prot ei naceous grow h factors are avail abl e
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e invention therapeutic polymerconpositions

inclB@ing lcehAR ptddaf8PEellsOhich BRELE H1oBRER Ml deUPer¥d bMalhods
of preparing such expression systems and vectors are

biod@kddakl&?bfyrhé} ih i iBvéntioh@bmPYEIPse Subh RlodhdBEARY T lls include,
growt h ctors can be dispersed into the invention

for &repd@eeticytepaid/ementhehatpets, tas owedl ok diifladnatoryshidaiihg o¢llsofTo
the gromh factors either to a desired body site for
recrussath chdlsity theysite lof a pelyerst depot of viparthé oivestig thempewic polymer
forma pol yner depot, or system cally, by selection of
conppgpitions ad partiglesitheseafiged inithe invantégn gndanethedsuafase ean include
. Gomh factors, such_as, VEG-s, PDGFs, FG-, NG-, and,
hgaé%%lga tsv%h%fﬁlﬁ, sykias eibediss and shallsr malepuls; ligangs.dhat spepifically
. g} ogeni c.enzyne ug onbi.n, .may.also be used
vinGBPRHTR FENEY Bilecufes” AR ) VERERD Ry RO ShF Pt Bediine
I | t
cl kBl SO TRLI L0 BRSNS SToIEAR B,
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wel | "as certain healing pronoters, such as, for
suckXaVl V- V(G106 enfigan)fiNsyal bl ddhesiomiddideates (NCAIMY)] shch as
peroxi dation. [0144] A variety of antibiotics can be
NCAMAdCTED aasigbi)paclNCnai-dgBhatedetienddthelial nsléadliesion molecules
PECAMSs, such as PECAM-1 (CD31 antigen); Leukocyte-endothelial cell adhesion

molecules (ELAMs), such as LECAM-1; or LECAM-2 (CD62E antigen), and the like.

[0140] In another aspect, the suitable bioactive agents include extra cellular matrix
proteins, macromolecules that can be dispersed into the polymer particles used in the
invention therapeutic polymer compositions, e.g., attached either covalently or non-
covalently. Examples of useful extra-cellular matrix proteins include, for example,
glycosaminoglycans, usually linked to proteins (proteoglycans), and fibrous proteins (e.g.,
collagen; elastin; fibronectins and laminin). Bio-mimics of extra-cellular proteins can also

be used. These are usually non-human, but biocompatible, glycoproteins, such as



t herapeutic polymer conpositions to indirectly pronote
natural healing processes by preventing or controlling
wonbwat2asn. Suitabl e antibiotics include many eCasse®es/021395
such as am nogl ycosi de antidsi oti cs or qui nol ones or
beta-l actanms, such as cefal osporins, e.g.,
ci profloxacin, gentamycin, tobranycin, erythromnycin,
vanconycin, oxacillin, cloxacillin, methicillin,
algipatpg itin derstizes. | Waundhealing pepsiden thagsererspestific fragments of
antlbl %&gs have been described in the Ilterature
such gygtzespeliglarmaiiig pegteinsand/epdheir biormenigeiean glén beysspl e
Adri amycin PFS/ RDF(r) (Pharmaci a and Upj ohn),
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Novantrone(r) (I munex) and Rubex(r) (Bristol-Mers

BB @DGPBE)) quihng WekrasisiFak0gy) (TNRoR EpidsinadGredth Fattoe(EGF),
pepti de can be a gl ycopeptide. "d ycopeptide" refers

Kerttmnaslyteg@peyh Fdetof €K@F), Tbphagie B4 dej, varidusrngtdgesic factors such as
characterized by a nulti-ring peptide core optionally

vaseygysiEndothedial Gmwthga@t@wdw@swobrpblastﬁmtb@ actors (FGFs), Tumor
vancomycin. [0146] Exanples. of gly epti des included

Neqrppis RGO VG -tsfa) e Imtamolm@ﬁwﬁya%@r-i Bt oy of

copepti des assi fi catl , Cccurr,
thesg g GPBRpUS B R e oH® STEEIHIDCon e B aFapsd

tive agents an the Ph eutical Sciences”
recé%‘?lﬁ?@fé?m%tg?% HRRP gﬂha "Nagar aj an, publi shed
by Marcal Dekker, I nc ). Additional exanples of

coO
[Ol%i]% 3 gﬂﬁ%h@@%%g gﬁl&% Sd% @Hsﬁg byg gttogé;%aljﬁgﬁlgrgl{ adenov1rus

Vec§)r§4190 at1 genés %dﬁ%% Va!l.‘l@?E(R BoB0Rcill &6 antR cﬁ?sp%%d in the
075; 0 353; WD 97/ 288 WO 97/38702; WO

inv&ﬁio’ﬁ&ﬁ&%eu‘t’i@ p9BMmiez 28@Apodtichs dhd partdlEsther€d ot timed release
Soc. (1996) 118: 13107-13108; J. Anmer. Chbm Soc.

delify&99 Netht8s dAGefarthgBuat cxpnebsidn spstemns aithesttorSere. wellLlag4yn in
116: 4573-4590. Representative gl ycopeptides include

the atfoFor exbemle fireldinascond owinEBsars capodisperseldnyade invention

A42867, A47934, A80407,
therapeutic polymer compositions for administration of the growth factors either to a

desired body site for local delivery, by selection of particles sized to form a polymer
depot, or systemically, by selection of particles of a size that will enter the circulation.
Growth factors, such as VEGFs, PDGFs, FGF, NGF, and evolutionary and functionally
related biologics, and angiogenic enzymes, such as thrombin, may also be used as

bioactive agents in the invention compositions.

[0143] Small molecule drugs are yet another category of bioactive agents suitable for
dispersion in the invention therapeutic polymer compositions and methods of use

described herein. Such drugs include, for example, antimicrobials and anti-inflammatory



AB82846, A83850, A84575, AB-65, Actaplanin, Actinoidin,

Ardaci n, Avoparcin, Azureonycin, Bal hinyein,
wahbwriezsoent i ei n, Chl or opol yspori n, Decapl ani RCTAIS2006/021395

denet hyl vanconyci n, Erenom#i n, Gal acardi n,

Hel vecardin, |zupeptin, Kibdelin, LL-AM374,

Mannopeptin, MW5289, MWM7756, MWA7761, MW9721,

MWM7766, MVb5260, MWw5266, MVWB5270, MVB6597, MVB6598,
ageinay 854 as Cpiddin hedling pPemotsts, suoh, asFios exameple yvitamin A and synthetic
. . Ristonycin, Synnonicin, Teicoplanin, UK-68597,
inhipptors g Aipid paroxidesion. Vanconycin, and the like. The term

"gl ycopeptide" or "glycopeptide antibiotic" as used

o 2 BT LSRR L BRI
B o3 B0 R A Sl
pre@én%iﬁgSp%ﬂtggliﬂ%%ﬁﬂﬁpgﬁ]%@arﬁﬂi&ﬁg iR ar)! rlla.sses, such as

vanconycin ydrolysi s gives vanconyci

amiﬁg$]¥/€&% anfibRRick BPJ&)IHQ&Qné’M dr - 1h68mS GARE a0l e FAIBSH L .o,
"glycopeptide antibiotics" are synthetic derivatives

ciproflokdvén, genRBbing todsEnin, GytbRBe R, Hascot B al, 0sadiliaba¥acillin,
i ncluding al kyl ated and acyl ated derivati ves.

metAobdllihj linvahlygin, winplriliing dnd celistpe Saftatilé bstitietionlarebeen described

. glycopeptides that have been further appended with

in thelldietatwmal sacchari de resi dues, especially
am nogl ycosi des, in a manner simlar to vancosam ne.
£0147% The term "|ipidated glycopeptide" refers

[0143)e ¢ Fuitahlq aptimdcropigsdnende: dprepamatle, Adrippiyein IS/ RREP

o T e lrsbensi (o et Saiiph gl ihology),
co ] 18585 P DU e OO ol
(Segiife), DBSBURT -4 TR (O}, Ay chn® P ol aha'Shiotm),

MithHc{He (BARS), P/ﬂ%%lﬁf@ WSristbil iy Shaisedin®| dl%ﬁfg?ﬂl%rglsunology),

antibioti'cs are well known in the art. See,
NiR¥@BuperGefl), MoSanttoie@NImhamex Pard4uR8®, (BristA-3MAE9 Squibb
pg 916, 873, )5 919, 756, 5,952,310, 5,977, (062, 5,977, %63,
OnédPo GBlmmBadp g WO 18 81SHBEIiméAd, 8/ fepildcan® Dl Espeddde. WO
00/ 39156, the discl osures
“Glycopeptide” refers to oligopeptide (e.g. heptapeptide) antibiotics, characterized by a

multi-ring peptide core optionally substituted with saccharide groups, such as vancomycin.

[0146] Examples of glycopeptides included in this category of antimicrobials may be
found in “Glycopeptides Classification, Occurrence, and Discovery,” by Raymond C. Rao
and Louise W. Crandall, (“Bioactive agents and the Pharmaceutical Sciences” Volume 63,
edited by Ramakrishnan Nagarajan, published by Marcal Dekker, Inc.). Additional
examples of glycopeptides are disclosed in U.S. Patent Nos. 4,639,433, 4,643,987,
4,497,802; 4,698,327, 5,591,714; 5,840,684; and 5,843,889; in EP 0 802 199; EP 0 801
075; EP 0 667 353; WO 97/28812; WO 97/38702; WO 98/52589; WO 98/52592; and in J.
Amer. Chem. Soc.(1996) 118: 13107-13108; J. Amer. Chem. Soc. (1997) 119:12041-



of which are incorporated herein by reference in their
entirety.[0148] Anti-inflammtory bioactive agents are
wabhkew/1azsb ul for dispersion in invention therapeutisgo06/021395
pol ymer conpositions. Deperiding on the body site and
di sease to be treated, such anti-inflamuatory
bi oactive agents include, e.g. analgesics (e.qg.,
NSAI DS and salicyclates), steroids, antirheumatic
120&6@@@19[ Awar iGhsrmSes (1994 156145T345Yb (Reppesentative glynepeptides
nones, (gl ucocorticoids
1n015tgq]

iRse Kerthades i 5@@51291@499% M&pg@%é?@@wm A80407,
as Bk RERIC AR00 S UH RS ﬂ@%é%l%@e&id@ﬁn ¥Spatein,
Az, bty By @hﬁﬁ?ﬁe‘?’ H6iR ARl Deeanarine ude
denféﬁq%&gwpﬁgrgmw%%fﬁga@f%i VecAIRf, PABLHEh, 3l

I'OX

LL-h@15%8E MRk 1\/&«1452%‘9%@7758054%@7’?%1 r&ﬂM@m@t M‘M‘AM@

the anti-inflanmatory bi oactive agent can be or

MM 53260V 5266, NIVES 507 @VNISG5 9, MNIB6S IR, IGA 653, Brefticin,
macrol i de antibiotic isolated fron1Streptonyces

ParfydiginsRieticetits Rift0h4&th, Siendiidiy, PEyddplidi) (RG85YE UI6a542,
included in the invention conpositions and net hods can

UK 12661 ,i Varicouycihpapt the diker T feos “glySupﬁptiFle’ pori ‘tiycapeptoigs,
referred to herein as "peptide mnetics" or

antlbwélp peieseil herdin i alsoarl@né@sﬁmmlydqrbe genanalctass of glycopeptides

rmaceutical i ndustry wt h gertl es anal ogaus to
dlsqlcrﬁsé abeye %‘@h&cbﬁlﬁ e 1Baisty la i8Hi8e aglygone seigheh

o B0, 8L S T SR B LB
on Vaglc%nc}xﬁa‘%grnlnzlzc? léyd’i‘ro y%l(S: l%?VClSJ %gnacl rrfsrlcm ag?\&ggg dA}f%o 1Hc1{15]ed \Qitl%n the

sco%ee{;’is thd %Hnm;gtlyc%ﬁ eﬁ{d% aﬁﬁﬁl]ﬂﬁéé” ra?é %éﬂ’{ce:tqlg]tdleﬁ{}atfv%s Qf R IMBlass

of &9@[%[569@ scREQPRIVY, 1ﬁElu@1|ﬂ§%Wé@ﬁid%bla@éﬁtde‘z‘ﬂvﬁﬂ%s but
ave one or nore peptide |inkages optionally replaced

Addidoallyl WitBEEhS edopetof this feﬁmaté‘lgiygdpbpﬁdémﬂﬁl}ﬁw Beenafhiither
-CH2NH-, -CH 2S-, CH2-CH2- , ~ CH=CH (cis and trans),
appeﬁ%hivﬂ& additiézd] Eid):ﬁihhd% residwendesp€dthlRG@ino blycosddsptisa manner

known in the art and further described in the
simflet foownegsamadfeer ences: Spatola, A F. in Chenistry and
Bi ochem stry of Ami no Acids, Peptides, and Proteins,

B. Weinstein, eds ) .
[0147] The term “lipidated ‘glycopeptide” refers specifically to those glycopeptide

antibiotics that have been synthetically modified to contain a lipid substituent. As used
herein, the term “lipid substituent” refers to any substituent contains 5 or more carbon
atoms, preferably, 10 to 40 carbon atoms. The lipid substituent may optionally contain
from 1 to 6 heteroatoms selected from halo, oxygen, nitrogen, sulfur, and phosphorous.
Lipidated glycopeptide antibiotics are well known in the art. See, for example, in U.S.
Patent Nos. 5,840,684, 5,843,889, 5,916,873, 5,919,756, 5,952,310, 5,977,062, 5,977,063,
EP 667, 353, WO 98/52589, WO 99/56760, WO 00/04044, WO 00/39156, the disclosures

of which are incorporated herein by reference in their entirety.



Mar cel Dekker, New York, p. 267 (1983); Spatola, A F.,

VegaData (March 1983), Vol. 1, Issue 3, "Peptide
waaalehiozeso Modi fi cati ons” (general review); MorPeyUS2006/021395

J.S., Trends. Pharm ScL, (58980) pp. 463-468 (genera

review); Hudson, D. et al., Int. J. Pept. Prot. Res.,

(1979)14:177-185 (--CH2NH -, CH2CH2--); Spatola, A F.

et al.,, Life ScL, (1986) 38:1243-1249 (-CH 2-S-); Ham
[0148] MmAntginfigpimegiery bierstiveagdatsarg plan ys4ful foo dppersion-im imyention

, Cis and trans);

ther&éw% gn?bmt?r coRPggfionss ;Q@@scfidpgqe%i@%t @dyF;}s%g éﬁiﬁﬁ%@é ﬁb@t,reated,
sk rpul UL el 3 R 8 R Y

i 80, o SR s ST S o,
kg AR Al b SRR o
(e. gse, ka%ﬁlBiBﬁ& and steféﬁ/@f&g&ﬁﬁi&lfgg r&_esgﬁat%fﬂgeﬁ&! YREK &Emucous

odi nents, including, xanpl €. nore econom cal

meribafd §dn®), Se@] PRsRiarCh DRl iCRfereh@d) 2b03 Fditienh 8p&ghically, the anti-
phar macol ogi cal properties (half-life, absorption,

inflpotmatcy ageit tarcimchde déxan)ethaabiies fndchsip ehérhicaily Yesfgnaged, asd119,

br oad- spectrum of biol ogical activities), reduced
loDatflugeh i 4 72y stribydtony-hemsthfloksd- 1 Adtiena-Hadddione. Alternatively,

substitution of one or nore amino acids wthin a o
the prdprinflpamatory bioagitivh agenboy e eranflude sisel st (rapamysimyeyhich is a

. may be_used_to, generate npre stable peptides and

triepgmacrglide apliyaticiselaied fonydgenieruncey Bpgrosrapicys.

Al ternatively, the synthetic polypeptides coval ently

und_.t o the biodegradabl 0 r, ,can al.so be ..
101l Pt im i BB Hetls BRI 15 W3R eapsiions and
. _ . PR . . e .

LS WG RSP b5 T SROTRARL: Wb BRR oo
“pe gdehiRdid®o g)regtifl@rhfn‘i’etﬁiptaféj&mhéhlg 85&f i@tlthe pharmaceutical

ol ypept1 des pared from D-am no acids are very

ind S8k #h hRpeRiey BRdlb£oul Y6l thoky 61 the tdviiilite pBSIRE (FavheRs €N1986)
reported of preserved biological activities for

Adv, Biddetiva\Ngdns Ren) 1920,V ebkr sl Freidinpee (1985 pDiNG pp3dlesd Evans et
(US patent, 6,261,569 Bl and references therein; B.

al. BO8TINE Mutd. &lhemE3G0CRP remidagsusualy 83vielebed 261 tB2 611 of

[0151] It is readily apparent that the subject o
commesizeid amolecwarmeodediog Hengspléy; paptidamimegipg arg structurally similar to
a paradigm polypeptide (i.e., a polypeptide that has a biochemical property or
pharmacological activity), but have one or more peptide linkages optionally replaced by a
linkage selected from the group consisting of: - -CH,NH--, --CH,S--, CHy—CHy--, --
CH=CH-- (cis and trans), --COCH,--, --CH(OH)CH;--, and --CH,SO--, by methods
known in the art and further described in the following references: Spatola, A.F. in
Chemistry and Biochemistry of Amino Acids, Peptides, and Proteins, B. Weinstein, eds.,
Marcel Dekker, New York, p. 267 (1983); Spatola, A.F., Vega Data (March 1983), Vol. 1,
Issue 3, “Peptide Backbone Modifications” (general review); Morley, J.S., Trends. Pharm.

Sei., (1980) pp. 463-468 (general review); Hudson, D. et al., Int. J. Pept. Prot. Res., (1979)



wi de variety of diseases or synptons thereof. [0152]
Fol | ow ng preparation of the invention therapeutic
weabosnmoseconposi ti ons and pol yner particl es t heceml2006/021395
optionally | oaded with at Isast one bi oactive agent,
t heconposition can be |yophilized and the dried
conposition suspended in an appropriate nedia prior to
adm ni stration. [0153] Any suitable and effective
14: la%h%ﬁ( -d¢#Hz NE--a € z@é{st) Siretolsi dalt tef ol LafeSiot., (4B6)A:1243-1249

ed wth tinme fromthe therapeut

(-Cifder tHaaw RNt e ke b Tl e 305y G

cis Bt bRy ARaEE R B Pﬁalai’d@eéfﬁfeﬁz T Bt Bt g
o Sid S TR ferie B 12 0?1?8%23 igbelolei: MO et

al, BORES porgﬁ %ﬁg}%g[@@ f’ @%29{5%}1&5}1)‘&}12-5! Holladay,

I r a a L_ Y
T A e fifi i s g -

Lifdl§ci acios0531:289l 1 99t(i- OJBEJ—SIL)O ukh Y EptRBeRT{ctibs ﬁ@g} hB€e significant
rel eased from pol yner particles sized to avoi
adventages cvier natudd polgpeptide ethbbéineints, ieaidird fon eatampley Bére
depot in vivo. Specifically, up to about 90% up to
ecofig¥jcaliprotioctis@y/greater cipntical 26Malithembaiced phatmmcolelrakmdperties
fromthe polymer depot. Factors that typically affect
(hakfﬂlée,rabs@fagen, matescy.reffivactieotpblajtaisd stespirityecs. tHortenectum of
anount of the polyner/backbone therapeutic agent,

blok’ﬁé’a’c ybiveics), r%lc%é?tlgﬁp’@ﬁbfﬂW@t%%nt | i nkage, and the

nature and anmount of additional substances present in
A R e R el 2
w1th 3 ]5 % % @?cef & Ib ig?ﬁ :Lf}plge ﬁsré%l le?eR ﬁfo¥e stalfle pte%tldes and

gastr scu

pep‘ﬁ@ég fe@ﬂstaﬁ?trove?iﬁ§ e?%ﬁé dPtidhdys" %ﬁ’t@fdaﬁ?&? U Qﬂ;nth&fc in‘)‘?}'f'& fides

del 1 very. mpositions Wl genefally inc

covalenflp 'bSuncpﬁaehéTBE)@Hérb&éﬂlé Yol H6E E&@Klk@b@?&p BYle@ MoPn DLamino acids,
vehi cl es" appropriate for oral, nucosa

ref@tddautaa paerss pdptidese Whersdissptids iswteiibled il the epposite direction of
gl ycerol, polyethylene glycol, hyaluronic acid,

theabtienpdptide sequeAckyiittis orfarddytp aaaxeté peptidsu s genecd spolgpaphides
as wetting or enulsifying agents, pH bufferln%/I

prepubd frantPsamino acids are very stable to enzymatic hydrolysis. Many cases have

been reported of preserved biological activities for retro-inverso or partial retro-inverso
polypeptides (US patent, 6,261,569 B1 and references therein; B. Fromme et al,
Endocrinology (2003)144:3262-3269.

[0151] It is readily apparent that the subject invention can be used to prevent or treat a

wide variety of diseases or symptoms thereof.

[0152] Following preparation of the invention therapeutic polymer compositions and

polymer particles thereof, optionally loaded with at least one bioactive agent, the



flavorings, and the |like, may be present in such
vehi cl es. [0155] For exanple, intranasal and pul nonary

woéanmwuBzsoons wi I | usual Iy include vehicl es t haCT/US2006/021395
neither cause irritation t®6the nasal nucosa nor
significantly disturb ciliary function. Diluents such
as water, aqueous saline or other known substances can
beenployed with the subject invention. The

compesitigp sraba bophilisedandihe dnisd peppesition wiepanded in an appropriate
reservatjves such as, but not limted to,

In&@ﬁPBPb@ AEHBEI R benzal koni um chl ori de. A surfactant
may be present to enhance absorption by the nasal

ML U e MO T
relegéf%?l)d\ﬁftl’? ti %O?ﬁ¥¢el tlg{r?/]% Uil gyglgﬂ'? r e eﬁ&gﬁlgﬁj ﬁ?ﬁdﬂ&%%%gg 1P na polymer
coaﬁﬂg 6% E?ﬁédflda? @Hl@é" sudVAT086R0 Qﬁ 2 fithdt ?%/P‘%El offJn?ﬁEﬂt@ﬁ@'iﬂe%bf

gl ycerinated gelatin, polyal m Xt ur es

intrefude@ iy eiby Tae §u1€1|b1€9cﬁ’ﬂd~°efﬁf:t1\)ﬂéadrh&iﬁ$ ok BfdakBve X?hgaﬂﬁtyplcally
and fatty acid esters of polyethyl ene glycol.

depbnd, evpginniak spkeifio/BE X or PRETR polgmbt 9id dohedndftioh bftherapeutic
pol ynmer conpositions can be formulated in pessary

backbaresliolsuclracid 1n¢wp<Haﬁed thanelnigpervpantiels oopolymer/bioactive agent
pol yet hyl ene triglycerides, or suspended in oils such

linkgge,dbprgsasit] Tzﬁplcaﬂgs amso ehaut 16¢%iof rdw hagklanetdadl(s) ng di- aCId(S) and
colloidal silica. See, Ri chardson et a

optipnalgpgaciive e&@@@ 0@1‘53 tglogied from slsﬂymre parsicleg sizpd fo aold
A e R yag%égépoz?@%%s S oo o
9007 t§°75@)”§§§,$§ﬁ%, Ct]tol§°/mﬂée ﬁ%grﬁﬁé’%%e t%ia Y depot.
Fack&s prg }ﬁ{i%ng}%@fe&ﬁﬁé* élé’asé*% FeBinfie g&g?@gg%%'i &%ﬁ]ﬁé ﬁétﬁrﬁf%d

use artlcu ar co |nat|o

amOlt VIle Mﬂerhﬁi‘ém%ér%ﬁé’ S8t Gh@ @ ol?ﬁé%@ﬁ&fve agent

t her eof "and node of admni stration. addi ti on
linka@e NindBRS nattR@nd AMRh mdﬂﬂfbh@lm‘dithﬁce@ Pfeiﬂéﬁi fin the formulation.

conpositions are also intended as delivery vehicles

for use in veterinary adm nistration of bioactive
[01&4ent Ontotha imaniied therdpentanpadjmencopatos#ongs made las above, the

pets (for exanple, cats, dogs, rabbits, and ferrets),
confipsiticaris mlqtecbfor @bdmpme@t ingrApwEIOnRIY @eiroentﬁraéwb@amepus

and neat cattle) and race horses.
intramuscular, into the central nervous system, intraperitoneum or intraorgan delivery.
The compositions will generally include one or more "pharmaceutically acceptable
excipients or vehicles" appropriate for oral, mucosal or subcutaneous delivery, such as
water, saline, glycerol, polyethylene glycol, hyaluronic acid, ethanol, etc. Additionally,
auxiliary substances, such as wetting or emulsifying agents, pH buffering substances,

flavorings, and the like, may be present in such vehicles.

[0155] For example, intranasal and pulmonary formulations will usually include
vehicles that neither cause irritation to the nasal mucosa nor significantly disturb ciliary

function. Diluents such as water, aqueous saline or other known substances can be



[0160] hi one enbodi nent, the therapeutic pol yner
conpositions used in the invention nethods of
wadnienBzso at i on or delivery will conprise an " etTasti06021395

anmount” of one or nore backlione therapeutic diol or

di -aci d(s) and optional bioactive agents of interest.

That is, an anmount of a backbone diol or di-acid wll

be |ncorporated into the conposition that wllproduce
emploxedfwitlcihe subje¢tanegméion. Eh@mhpaullmoaaryvfbnnelspmmay also contain

order to prevent, reduce or elimnate sy toms. The
pressiaivessish At bibpeidnitsd i shlorphwtgnol gug baeratgnsm chleride. A
ect to which the conposi.tion_is bei
Surfi%ﬁhﬁltm@t 6 gsent freenhgpceabgorgtis by fh CABRATRIGR of t he

subj ect; the capaC|ty of the subject S i mmune system
LI (]
01360 A3 ng R RP G P Sioes e K pRAREH Pireye
vodfor G304 0 e Gt LhEH et TRLFGHN D o S
Ulg@@%' &ég@ﬁble%m R REQELy és@éiﬁ?:%ﬁ%% :ﬂgdﬁ;%@ﬁagfég aBlRr fra?tlonation,

effective anmount can be readily rmne y one

gly&*kihhﬂed igBlatif & odydlkalihb YSycoRNmahfes 6 ol % ?etﬁ?[@ﬂ@glycws b¥ various
in arelatively broad range that can

moléatlarmlgletd ahd fotyoHeid esters opdlyéthayisne focolex arrpl e, for

pur poses of the present invention, an effective anount

will typically range fromabout 1 ng to about 100 ny,
[015Fr daavpimakdabiverybthgtinGntign therapiwiic pdlyrmgr campasiious caibbe

rrga to about 500 ng of the active agent delivered per

fornelgied i passay bepse S ihose e ludingmixiyishef plyethylene

tngfy %gegrt I g‘lﬁ%ﬁ?%g‘e&}f‘%ﬁg@ aSiflgp%JI& 81( SR g%ggl%g)w Srl)tlsotn%{ly containing

ot S RSB o

Practice of Pharmacy, Mack Publlshlng Conpany, Easton,

[OIE@é’h Forla Yufifldddi dsm]r?gf_’ampf‘ naggaj\feﬂftﬁ‘és g Skd ¥t p¥rticular modes of

ni ques, i ncluding I pul nonary, vagi na
deli® 5&05 . He b USRS .SchRR é’\@;ldP;%a%t BUBkickFtubAshi
el&@ %é Tium et al. . Cl:ontrollea)“ © e

Corﬁﬂz&%Eas&@n JE%3 '19€}ﬂ-ed1ﬂ°1&f 1bes. hOhél Uﬁﬁcll@fn the hﬁ&:ﬁﬂﬁ@khly determine the
admnistration. [01 62] Dosage treatnent may be a

propérnghizleiosse &r théipartiomenddndsindtivarod P&, PEUFobyPEU polymer with
conmposition, or a nultiple dose schedule as is known

backbortettherap¢utic Higentohs pagielas dlggreasiand anode of administration.

[0159] In addition to humans, the invention therapeutic polymer compositions are also

intended as delivery vehicles for use in veterinary administration of bioactive agents to a

variety of mammalian patients, such as pets (for example, cats, dogs, rabbits, and ferrets),

farm animals (for example, swine, horses, mules, dairy and meat cattle) and race horses.

[0160] In one embodiment, the therapeutic polymer compositions used in the invention
methods of administration or delivery will comprise an "effective amount" of one or more
backbone therapeutic diol or di-acid(s) and optional bioactive agents of interest. That is,

an amount of a backbone diol or di-acid will be incorporated into the composition that will



| east in part, wll also be determ ned by the need of
the subject and be dependent on the judgnment of the
wonremtizedsoner. Furthernore, if prevention of dPEEAS2006821395
desired, the therapeutic pd8yner conposition (in the
formof particles, or not) is generally adm nistered
prior to primary di sease mani festation, or synptons of
t he di sease of interest. |If treatnent is desired,
prodiicg a suffipient Erpraneron Olbpallga,twptrmn@rm oeden o Pz, reduce or
t.het her apeutic pol ymer conpositions are generall ¥1
elimipgip symaplams L ils 554 a@ﬁﬂn&r@cww&vl&l Varss dgrsading on the subject to

R S e %é%q% |caa§1ato$§?ﬁwbwct
the é%PléQ’ Y gf th? ﬁl%] e&ﬁ l?m an eoﬁﬂeéxé,otﬁﬁgu%égg $11 th%rﬁpeu RIof paﬁa{lve
respBhls &&ﬁ.@@%@&%ﬁ@ﬂﬁ*wé fd'nditﬁ)%tﬂeg‘%rtpe%?eﬁl qr st gfide; e particular

st anceés See ongenec

therégéuﬂc @iA® L hi-484d %e:i%ctgé §n@1‘ﬁgdé bt 4R ifktrdion of]che anpEMdr dmong
el . (1994) 29:133-141. The therapeutic pol yner

othmm&sl Wn%prcﬁﬂﬁ&féffe]cﬁvé AnOEWLES BélrealitPBGbInACHLY WS skill
is blowmn into the nasal cavity. Blood sanples can be
in tlesaayHisf ar "dfsclivearageant wilsfatign atrelathedlgbioad hatigguksg cambe
known in the art. [0164] The foll ow ng exanples are
detemménred though rawine atids. Bortexampley forlpurposest dféhe present irrention, an
EXAMPLE | [0165] Materials 17-b-estradiol (estra-
cffegtive gneurg will typiepdlygangeniem @b()ut 1| ug tpgibaet 10@en&yfpr example from
al cohol ,. sebacoyl chloride, 1,6-Hexanedio
abobt_ Hig F%Wﬁ &8, OF pl%qqq)} p él'g]tﬁ éboug; SRp Ng of the achve agent delivered per
d di met hyl am no) pyri di ne (DVAP), N
-di cycl ohexyl carbodii m de (DCC), anhydrous
N, N- di net hyl f or mam de (DMF), anhydrous di chl or onet hane

B IR o s

adnithikter ST, Fsc ok Al 8P By sMﬁfaﬁedtﬁ}WIQ§trmmég frﬁé&lon and the

('Cal bi ochem Novabi"ochem San Di ego, CA) were used
likeMi$ih® Stand 448 tdeBhiqReY, | SdeC@k. RBmidgidiL T8 SkivRdt dnd Bubgée of
and ethyl acetate (Fi sher Chemical , Pi ttsburgh, PA).

PhdrizbeMaskiibdishing ClonldangEasonalPd, Ruh wdieibs, 19961 foe sivsosd
bi oacti ve PEAs i nvol ved

delivery techniques, including intranasal, pulmonary, vaginal and rectal techniques, as

S_

well as European Publication No. 517,565 and Illum et al., J. Controlled Rel. (1994)

29:133-141, for techniques of intranasal administration.

[0162] Dosage treatment may be a single dose of the invention therapeutic polymer
composition, or a multiple dose schedule as is known in the art. The dosage regimen, at
least in part, will also be determined by the need of the subject and be dependent on the
judgment of the practitioner. Furthermore, if prevention of disease is desired, the
therapeutic polymer composition (in the form of particles, or not) is generally
administered prior to primary disease manifestation, or symptoms of the disease of

interest. If treatment is desired, e.g., the reduction of symptoms or recurrences, the



three basic steps: (1) synthesis of bis(p-nitrophenyl)
di esters of dicarboxylic acid (of sebacic acid,
woanaazedo 1) ; (2) synthesis of di-p-tol uenesul POMiUS2006/021395
acid salts (or di-TFA salt)s9of bis(L-Ieucine) diesters
of diol (compounds 2 and 5) and of L-lysine benzyl
ester (conmpound 2); and (3) solution polycondensation
of the nmononers obtained in steps (1) and (2).[0167]
thergpewtis ol ygnasicomipogitipng are ghranslly askministorest subsdspentco peintry
. (compaound 1) Di-pnitrophenyl ester of sebacic acid was
discgsemaniéestaliphs eact i ng of sebacoyl chloride with
pni trophenol as described previously (Katsarava et al.
Pol.ym . Sd. 391-40

01g34 P lfﬂ??‘fﬂﬁé?ﬁsééﬁ.@ﬁge%?/d[%f%ﬁm PO el pe sty developed
i - i 2 d

B IRy TR AN .

mo IEH arBtBred HBUTANBI A Bfil ly IPABIE AP,

Lon%él%ékémiaﬁ, J. maval sQf (198N eicad 8 h 8@ IR CREITET. Thntrolled Rel.
chene 5 [0169] Synthesis of acid salts of

(19%4)29( 1@3ar1n Thechehpdiitie pbBmter (:aﬂ‘l%)os(iﬁan, enerally in powdered,
Di - ptol uenesul fonic acid salt o bis-gL-Ieucine)
lyopiehizedeotm Gs tlosat into the aaab vavity3 Blo@bssaprpdgsaraa de bysayed for active
modi fied procedure of the previously published nmethod
agenfsusgigotiandarsd toelimagressas Koownoh the-arkuci ne (0. 132 nol ),
p-tol uenesul foni c acid nonohydrate (0.132 nol) and
6-hex%§?diol (0.06 nol) in 250 nL of toluene were ]
l01%41ac eths iellgvingcsrmelss irfpearniie Hlugirae i sptdpkindhhaimyegpsion.
and overhead stirrer. The heterogeneous reaction
m xture was heated to r&X&MPdr1 about 12 h until 4.3
m. (0.24 nol) of water evolved. The reaction m xture
was then cooled to roomtenperature, filtered, washed
[0168]t h Maedrivle, 175 edtediof sdsthl 1, % 6 0)-wiede-3f I Badiol), L-lysine, benzyl
metlianol/toluene 2:1 mxture. Yields and Mp were
alcahdgsthacall dhdonuleh I josHednadivh piiadstmnaly icthylahine, 40Na)
(see schene 6).
(dimethylamino)pyridine (DMAP), N,N'-dicyclohexylcarbodiimide (DCC), anhydrous

N,N-dimethylformamide (DMF), anhydrous dichloromethane (DCM), trifluoroacetic acid
(TFA) , p-toluenesulfonic acid monohydrate (Aldrich Chemical Co., Milwaukee, WI),
anhydrous toluene, Boc-L-leucine monohydrate (Calbiochem-Novabiochem, San Diego,
CA) were used without further purification. Other solvents, ether and ethyl acetate (Fisher

Chemical, Pittsburgh, PA).

[0166] Synthesis of Monomers and Polymers Synthesis of bioactive PEAs involved
three basic steps: (1) synthesis of bis(p-nitrophenyl) diesters of dicarboxylic acid (of
sebacic acid, compound 1); (2) synthesis of di-p-toluenesulfonic acid salts (or di-TFA salt)
of bis(L-leucine) diesters of diol (compounds 2 and 5) and of L-lysine benzyl ester
(compound 2); and (3) solution polycondensation of the monomers obtained in steps (1)

and (2).



Schenme 6 [0171] A di-TFA salt of
bi s-L-1 euci ne-b-estradi ol -di ester (conpound 5) was
worepaszdoby a two step reaction. 17-b-Estradi 8BCTWE2006/021395
first reacted with Boc-protected L-Leuci ne, applying
carbodiim de nedi ated esterification, to form conpound
4. In a second step, Boc groups were deprotected using
TFA, converting at the sanme tine into a di-TFA salt of
(0167 amiSy@ kRS roah-rCaigrapbenyl estory sEesbaeinanid (PympeEnd DY p-
. [0172] Preparation, of ) . .
nitrgphen teE-OF ¥beris ey sy aspensreddyreacting pf sghaspylohjorideryigh p-

. .51 r I f 17-b-estradiol, 3. (13.77 I
nitrdglinol 4 e M ST e cbeloh g - SCoi it ol Chem.
| uen | f£ani c acid nmonohydrate were dissolved into
(19%882L§%#'2%)§§%}%ed@mt hyl f ormam de at room tenperature
under a dry nitrogen atnosphere. To thissolution 1Qy
of nol ecul ar sieves were added and stirring continued

W.&Then, 0, 067 ¢ o}f3 DVMAP and 5.4g of ©(26. 17 No
Cl w‘ = ) Cea;’r_m_a.tr@,\f ' s oy @ 2
and irring vvaonti nued. After B h 4

di scol oration of the reacti on was observed), 1rrLoof
acetic acid was added to destroy the excess of (IDCC.
Preci pitated urea and si evshetnken were filtered off
and filtrate poured in 80 nL of water. Product was
extracted three tines with 30 nL of ethyl acetate,
[0168]1 eDORY LS IuSRLIHS Wifl 3l1Eof SR VenSYRBRF &) &fhs pRéprddna
product” was subj ected to chromatography on"a col um
desdribed caf¥*a(Ees 6,508 PR P Eiadluging okbemyd hlcelss, @hrasynlfalc adid
of pure conpound 4 obtained in a 2.85 g, 74 %yield
momuhydidOsnadlinysine thdhdBydenchloade futolbes, appipingrazewrdpic removal of
conpound 5. [0173] D -TFA salt of

genpiaggdl waten(sehea)ee®t r adi ol - 3, 17- b-di ester (conpound 5).
Deprotection of Boc-protected nononmer (conpound 4) was
carried out substantially quantitatively inl O nL of

dry di chl oronet hane,_adby addi n f dry TF

HCHJN Of - St r\(\fuﬂg at [oom tTg@e%ﬁﬁﬂg?&zﬁé/%ﬁﬁoH&g&Sh
SO u\l/ia%, il ut Py drous gt her (2)
and | ef tyd™@ col

w th 300,01 of )
I pitated white
crystals were

om d¥lese. ni ght .

reflux

Scheme 5

[0169] Synthesis of acid salts of bis-(o-amino acid) diesters (3), (5) Di-p-
toluenesulfonic acid salt of bis-(L-leucine) hexane-1,6-diester (compound 3) was prepared

by modified procedure of the previously published method as shown in scheme 6.

[0170] L-Leucine (0.132 mol), p-toluenesulfonic acid monohydrate (0.132 mol) and
1,6-hexanediol (0.06 mol) in 250 mL of toluene were placed in a flask equipped with a
Dean-Stark apparatus and overhead stirrer. The heterogeneous reaction mixture was
heated to reflux for about 12 h until 4.3 mL (0.24 mol) of water evolved. The reaction

mixture was then cooled to room temperature, filtered, washed with acetone, and



col l ected, washed twice wth ether, and dried in a

vacuum oven at 45 0C. Yield 2.67 g (90%. M =
wa0eadns0 1H NVR (see Fig. 1 ) [0174] Pol ymer PCT/US2006/021395

Synt hesis. Synthesis of thenapeutic PEA was carri ed

out in DMF in mld conditions (60C): activated di-acid

nmononer (conmpound 1) was reacted with conbi nati ons of

recr%/gglﬁg%)chﬁénc% ogﬁaetgg@%to]lgqne(%gﬁégﬁ% %%nl% 2%3(@.@1 Were(%dentlcal to
T dded at

pub et R AR o st ic@swlséﬁnﬁ'ai) "(4.986 mml),
(conpound 2) (1.246 nmol), (compound 3) (1.869 mmol),
(conpound 5) (1.869 nmol) in 3 nL of dry DWVE and the

SO|QJtI on was heated to G(DHgﬂ_mhlgll e sPir . 9he WJIT oH
HzN on No was KEsRH at as b os
X/el IMEF?"&CUWH on wa was

co red down to r oomdagarper at ure, difuted vvit 9 n(d)
dry DVF, added 0.2 niL of acetic anhydride, and after 3
h preci pitated outthree tines: first in water, then
from et hanol sol ution int@hetByl acetate and | astly,
fromchloroformin ethyl acetate. A colorless

hydr ophobi ¢ pol yner was cast as a tough filmfrom

[01 'Plglc 8 L‘?n fdp—% sgﬁ%?ﬁi}%—l%@%)ﬁ-f%? %il-ﬁwg‘{%g éé)lir}p%qmll §) was prepared

by aqg&%r si‘ﬁJ RAFAL 11905- E%&&%S%Et r%&cfté{ﬂvi%ﬁ %o@ gré‘f@&@&‘ﬁfﬁeucme
and pol yner were characterized by standard chem cal

appIiRAd@flSodiie ﬁﬁ&ﬁtédﬂast@ﬁﬁ@at[cﬁlc & fbedl coypaul KRBT a SY¥nd&Ep, Boc
spectronmeter (Nunmega R Labs Inc. San D ego, CA)

groqeret dagrotected QRiny I A, @onvidriigVir thpeahd tide apy a di-TFA salt of di-
Deut erated sol vents CDC 3 or OMSO-d (Canbri dge | sot ope

amiha lpematner (espoind 5) (sémBchesre, 7)MA) were used with
tetramet hyl silane (TM5) as internal standard. The
results are shown in Figs.l and 3. [0177] Melting
poi nts of synthesized nononers were determ ned on an
automatic Mettler-Tol edo FP62 Melting Point Apparatu o]
( Col us, OH). Thqr@Hl properties of synthesized NJ\0+
non s and poI S, WeEEmEdar act eri zed on o H

2 BMBY Lhgg5F Ol ego 872e Gt RET €Nt i al SEEmi ng

es were™gl aced, i nQalgini nyfmp

caljor I net er

Measur emefPs +0/LN @

o)
H o
TFAH,N O
C)) =, N fo 0 NH,.TFA
DCM o
> )

Scheme 7

[0172] Preparation of Bis(Boc-L-leucine)estradiol-3,17-p-diester (5) 1.5 g (5.51
mmol) of 17-B—estradiol, 3.43 g (13.77 mmol) Boc-L-leucine monohydrate and 0.055 g
(0.28 mmol) of p-toluenesulfonic acid monohydrate were dissolved into 20 mL of dry

N,N-dimethylformamide at room temperature under a dry nitrogen atmosphere. To this



were carried out at a scanning rate of 10C/ m n under

nitrogen flow (Fig. 2). [0178] The nunber and wei ght
wavearcagmsool ecul ar wei ghts (Mv and M) and nol ecuiuae006/021395

wei ght distribution of syntddesi zed pol yner was

determ ned by Model 515 gel perneation chromat ography

(V\aters Associates Inc. MIford, MA) equi pped vvith a

gh pressure liquid chronatographlc punp,
Solummog ef malacalay sieyrsaxere addad:as, stlmng%oahand@r %‘bhuffh@fh 0.067

ot D B e T dpin
ter

sl %‘gﬁﬁgﬁtéﬁﬁ%@e%% fionstaft Bt qhageved, 1 mL of
acet?\ﬁ)%ﬁ’({i l)vgs §&cfeﬁqg l('ig%tro tlgr-p%tesso lf’(tZC b@?e% 1@%%%&” Lis ts?’eves tl-{en

were neasu on a tensile's reng

weré %e |olfpz{hd Q eﬁtlﬁ g0 Aredr \%ﬁz ﬂoﬁ)&t QM@)&X d& fBkee times

tmare on Lar go, cross

W1t}§]§’@ﬁfL &ff et}k@&efﬂ‘f‘é r(ﬂh@d o?&%ohﬁﬁﬂs&ﬁﬁbﬁﬁéﬁléht %)o'i_’zﬁedl ked tHhSoduct
film(4 x 1.6 crr) had a dunbbel | shape and t hi ckness

wasGlibjabied o clohdtographly h&Qolnes(M:3 Rexaney: ethyldcetat A colorless
nmonomers were copol yneri zed by pol ycondensati on of

glasay soluhéfguirerooopemd, 4 aftdioedtinag?.8D g,o’lé}/%BEﬂld @od i 80%Nipugtyl (TLC)
%V w steroid | oad on a total polyner weight basis.

and erasriudlagr conyayiet (ip eompounde. pr oduct t her apeuti ¢ pol yner
conposltlon is shown in schene 8. Schene 8 [0181]

o) Ly PrEFg sy fb&iépu%r‘e’éﬁ%@aﬂ?&%?? SofiEges (@monag 9. De-

PrOfﬁFs%of?? R oLl 4 B servisd pt bR o g
qua;ﬁlrﬁéﬁiﬁl 01 of 18{4 ?ﬁr;l algli])ofaotnlﬂeréﬁan%nt?y &ﬂ%k%f hgr &izcﬁ*g TR, After 2hof

p0|n spect roscop

stin(h'l:%&'rog% du}é a%ﬁsgbl?m@gs?ﬁaﬁ%s Wiikidd m%@o ngg

ort terature 0182] In this exanple a

anhp@ﬂoﬁgr@t'heﬁﬁ{&tl@ft% A8 rb&fiodbenight, Préepitaact whitd erystlR were
mai n pol yner backbone was prepared, where both
colleytdd Oxashed eficté Wethadiieh, siielried th eicum oven at 45 °C. Yield 2.67 g

(90%). Mp = 187.5°C. "H NMR (see Fig. 1)

[0174] Polymer Synthesis. Synthesis of therapeutic PEA was carried out in DMF in
mild conditions (60°C): activated di-acid monomer (compound 1) was reacted with
combinations of the di-amino monomers 1.5 eq. (compound 2), 1.5 eq. (compound 5) and

1 eq. of (compound 3).

[0175]  Triethylamine 1.46 mL (10.47 mmol) was added at once to the mixture of
monomers (compound 1) (4.986 mmol), (compound 2) (1.246 mmol), (compound 3)
(1.869 mmol), (compound 5) (1.869 mmol) in 3 mL of dry DMF and the solution was
heated to 60°C while stirring. The reaction vial was kept at the same temperature for 16h.
A yellow viscous solution was formed then was cooled down to room temperature, diluted

with 9 mL of dry DMF, added 0.2 mL of acetic anhydride, and after 3 h precipitated out



i ncorporated into nononmer via ester bonds using a

carbodii m de technique. The final nononer introduced
wOonow/182es0 pol yneri zati on reacti on was a TFA saPCT/URR#06/021395

pol ycondensation, a high n®Becul ar wei ght copol yner

was obtai ned. Cel perneation chromatography yielded an

esti mated wei ght aver age Mv = 82, 000 and

pal ydi spersity = 54. The product copol yner was

threp fipies aﬁllsymwt% ﬂ@n .fwne@thm |solpime ity @tyylacme g aghiy.efrom

cmoa&@aagﬁg@gfww“gﬁaﬁiﬁ%et i L TR
a t

frocy SRR, el CHE ot e OG0 2 epuh yisafily  Bben

fromthe second heating curve) and a sharp nelting

[01'%1 d °t1¢i§{e?1 hﬁ%&féﬁzﬁ?g@ ng e 1&%)’ St%c{g.flr@ o Rfoh s < and polymer

anning calorimetry ana ySI

weré @&é%héteﬂlfeﬁd)%/ stdhReheRNG! HeiRls L RIR & 115‘&%&9 WeYéTﬁEoﬁ@& bya
sem -crystalline properties. [0184] The therapeutic

BruRér AMe]- smmgp@eﬁomefeﬂgghnégalmmbe Mct ssﬁ Did; nmz bpérefi®y #0500
sol ut| on. Tensile characterization yielded t

MHE dbil '‘BIINMR sstrbscopy. SDeetsmtat sobveaakCRE]; bor WRESO-d; (Cambridge
El ongation 173% Young's Mdul us 715 MPa. EXAMPLE 2
IsothLSE]ratSym s, Andofvera MAewenseised witPEURNetWsitene (TMS) as
nposi tion (structural formula I containing a

mtem@é ﬁta@@mh Ehejresplts a5e shawipipl Kiget ahdkbone i s

illustrated in this exanple A first nononer used in
o, SRR s SR AR e
S I e e S s o S
syn Egzec(f ﬁé}her %@ﬁol%%}s @rcﬁ At ze!d.S ﬁfé? paRAb :D%C 822e

ary rop eno IS exanpl e

dlfﬁghflﬁ@@éﬂrﬂngsé%ﬁlét&t efhnilthwae ‘f)lzf%d Hpa[lﬁmﬁhﬁﬂ ﬁansc Y& Qurements
hal o, trifluoromethyl or trifl doronethoxy; and

werk @agled DM acalring tAOSNENO)/minAndeL@isb @MI@NQF@R@) is a
residue of a therapeutic diol as descrlbed her ei n,

dependi ng upon the desired drug load. In the case
[01V8]er eTlad hundier BRAd wsighobaveardge mescudareveghta (Mw and Mn) and

molecular weight distribution of synthesized polymer was determined by Model 515 gel
permeation chromatography (Waters Associates Inc. Milford, MA) equipped with a high
pressure liquid chromatographic pump, a Waters 2414 refractory index detector. 0.1% of
LiCl solution in N,N-dimethylacetamide (DMAc) was used as eluent (1.0 mL/min). Two
Styragel® HR 5E DMF type columns (Waters) were connected and calibrated with

polystyrene standards.

[0179] Tensile Properties: tensile strength, elongation at break and Young’s Modulus
were measured on a tensile strength instrument (Chatillon TCD200, integrated with a PC
(Nexygen™ FM software)(Chatillon, Largo, FL) at a crosshead speed of 100 mm/min.

The load capacity was 50 Ibs. The film (4 x 1.6 cm) had a dumbbell shape and thickness

of about. 0.125 mm.



t herapeutic diol, each diol would first be prepared

and purified as a separate nononer. For exanpl e,
wdi2e@@/132950 ophenyl - 3, 17- b-estradi ol - di car bonat CT/US2006/021395

(conpound 6) can be prepared by the nethod of Schenme 9

bel ow. Schene 9[ 0186] Pol ycondensati on of conpound X

fromU. S Pat. 6 503 538 (in our exanple conpound 6)

e T e o
actlfzéggdgxé%mrr}e&% ﬁ,ﬁ%{ﬁ\@g t%%qp%ﬁ %tclo o@aﬁ% E’ﬂ%) \wa gl_tggr)fé oa8 on a total
pokFEPTR s BN P TR Ak osiin

lsshgﬁﬁrnpgghgﬁﬁcg by reference herein, as though
i ndividually incorporated by reference. The invention

has been described with reference to various specific
d preferred enbodi nents and techni ques. However, it

uI d be under st ood f{hat ny variations and )
i tlons m'ght de whilfe remaining within the
€ n. [0188] Although the

ee es rlbe with reference to the
exanpl ndgr st ood t hjat
catl ons and var| at| o Safe| enconpassed wi thin >
it .and scope of the i i(CHll)g —NH
he|nvn on is ted only/byadhe folJoWng o
(bﬁz)gl : 1./ A therapeulijc pol ymeo 1
n conpri sing a | edst one therapeutic di @H,CsHs
ci d bi oacti ve agents i mcorporated into the y,
backbone of a bi odegradabl e pol yner, wherein the
pol ynmer conprises or is a blend of at |east one
pol y(ester am de) (PEA) Scheme 8

[0181] Three monomers: bis-p-toluenesulfonic acid salts of L-lysine-benzyl ester
(compound 2), bis(L-leucine) 1,6-hexane diester (compound 3), and bis(p-nitrophenyl)
sebacate (compound 1) were prepared according to the literature and characterized by
melting point (Fig. 1) and proton NMR spectroscopy (Fig. 3). Results were in agreement

with those reported in literature.

[0182] In this example a PEA polymer containing a residue of B-Estradiol in the main
polymer backbone was prepared, where both hydroxyls of the diol steroid were
incorporated into monomer via ester bonds using a carbodiimide technique. The final
monomer introduced into the polymerization reaction was a TFA salt. After
polycondensation, a high molecular weight copolymer was obtained. Gel permeation
chromatography yielded an estimated weight average Mw = 82,000 and polydispersity
PDI = 1.54. The product copolymer was partially soluble in ethanol (when dry), well



havi ng a chem cal fornula described by structural
formula (1), Forrmula (1) wherein n ranges from about 5
woaomhoso 150; R1 is i ndependently sel ected fr®eau/us2006/021395
resi dues of a, w bi s(4-carb@yphenoxy)-(C 1-C8) al kane,
3, 3' - (al kanedi oyl di oxy) di ci nnam ¢ acid or
4, 4" - (al kanedi oyl di oxy)di ci nnam c acid, (C2 - C2)
al kyl ene, (C2- CZ(%) al kenyl efe.or sat {at eo{ or 1 vol
solublp imehlprefeam, chloreforr-changlHet BREHLS 105 oropsthane, phin polar
R3Sin jndjvid are i ndependently sel ected
aprofi¢ giEapISo FB@;BW@REE&@%C'WM ogen, (Cl-06) al kyl,
(C2-C6) al kenyl, (C2-C6) al kynyl, (C6-C10) aryl
1- | Kyl - , rand 1 R4 I8 e
1ot bt -5 3 18 Sl i o
=58 Stecte&3r ) °C b
seco{éﬁ%&%%cuﬁé%g)ghagé E}%Htg%e%ndg%hgls@ﬂagg fragnments of Y
Diffrefliial sBmnti et QREM SO naBhis SFIZULY. Urtad reboii tatisto(the ) |
saturated or unsaturated therapeutic diol residues,
conchiSorc@abIhe pbiyvans hadentakystdinepiopertied.), except that at
| east one of RL and R4 is a therapeutic anmount of the
residue of a therapeutic di-acid or diol,
[0184¢s pGhbithezhpeutio polymet fasted ereughEilmpwhemenst fiam; chipraform
chem cal formula described by structural formla
solufibil| Temdlewhiracterizatipnakeidas the #IW@@@SW% Sirgtsat pregk 28.1 MPa,
about 150, m ra}ng/[es aboutl\%jl to 0.9: p ranges from
Elongstion 183%, Yeung's Magubisdila M¥3-s i ndependent |y sel ect ed
fromresidues of a,wbis(4- CaTbOXyPhBnOXy) - ( C1- C8)
al kane, 3, 3' (al kanedi oyE&AMYIH Zi nnami ¢ acid or
4, 4' (al kanedi oyl di oxy) di ci nnam ¢ acid, (C2-C20)
al kyl ene, (C2-C20) al kenyl ene or a saturated or
[0188)S atg&m{e@ﬁ ofashetaeatio PEURSpdpast dommisitimoi(sisycturalchrmala IV)
i s independently hydrogen, (Cl1-Cl12) alkyl or (C6-C10)
conBiinthg @thetagputit dol ime golynpr badkbomasiiHugtiatrdvin deia pxample. A
units are independently selected fromthe grg,uP )
firstionsomseér usgd of thh yuirtberéis adceatbegate Pky therapegiic dio with a general

chemical structure illustrated by formula R®-0-¢-0-R®-0-C-0-R® is formed using a
known procedure (compound (X) as described in U.S. Patent 6,503,538) wherein R is
independently (Cs-Cio) aryl (e.g. 4-nitrophenol, in this example), optionally substituted
with one or more nitro, cyano, halo, trifluoromethyl or trifluoromethoxy; and at least some
of p-nitrophenol. At least some of RS is a residue of a therapeutic diol as described herein,
depending upon the desired drug load. In the case where all of R6 is not the residue of a
therapeutic diol, each diol would first be prepared and purified as a separate monomer.
For example, di-p-nitrophenyl-3,17-B-estradiol-dicarbonate (compound 6) can be prepared
by the method of Scheme 9 below:

OH

o 9 oL o{ ne
20 N—Qo—”—m + Base OzN‘Q'O o
2 _
HO ( 6 )

Scheme 9



C6) al kenyl, (C2-C6) al kynyl, (C6-C10) aryl (Cl-C6)

al kyl, and -(CH2)2S(CH3) ; and R4 is independently
weebwaszdof rom t he group consi sting O (C 2- C2OPCT/US2006/021395
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|, 4: 3, 6-di anhydrohexitols of structural formula (I1),

resi dues of saturated or tic diol
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o ||
¢-0 0—C

Compound (11)

[0187]  All publications, patents, and patent documents are incorporated by reference
herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and techniques.
However, it should be understood that many variations and modifications might be made

while remaining within the spirit and scope of the invention.

[0188]  Although the invention has been described with reference to the above
examples, it will be understood that modifications and variations are encompassed within
the spirit and scope of the invention. Accordingly, the invention is limited only by the

following claims.



wherein n ranges from about 5 to about 150, m ranges
about 0.1 to about 0.9: p ranges fromabout 0.9 to
wahost13thsd; R2 is independently sel ected from hyuusg®r21395

(C6-C10) aryl (Cl-C6) al kyle7 or a protecting group;
the R3Sin an individual munit are independently
sel ected fromthe group consisting of hydrogen,

WHATIS )AMRBYIS: (C2-C6) al kenyl, (C2-06) al kynyl,
( C6- O'O) aryl (d-C 6) aI kyI and -(CH 2)2S(CH3); R4 is
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t her end ted from(C
having 3§ enéllcﬂﬁrfl’gﬂgp d(s&fbe%? ogﬁlgi (e@ al kyl oxy,

bi cyclic-fragnments of 1, 4: 3 6 di anhydr ohexi tol s of

general formular(ll), a residue of a saturated or

unsat urated the %pel}?l c HiQl, and Qohkbinations
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of the munits is theH e due of a tReHapeutic diol,

or at |east one poly(ester urea) (PEU) polynmer having

a chem cal fornula described by general structural

formula (M), Fornula (\Wormwdh@yein n is about 10 to
about 150; each R3Swithin an indi vi dual n nononer are
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alkenylene, (C3-Csg) alkyloxy (C2-Cao) alkylene bicyclic-fragments of 1,4:3,6-
dianhydrohexitols of structural formula (II), saturated or unsaturated therapeutic diol

residues, and combinations thereof;

Formula (IT),

except that at least one of R! and R* is a therapeutic amount of the residue of a therapeutic

di-acid or diol, respectively,

or at least one PEA polymer having a chemical formula described by structural
formula (I1I):



wherein mis about 0.1 to about 1.0; p is about 0.9 to
about 0.1; n is about 10 to about 150; each R2 is

wonadesperdent | y hydrogen, (Cl-Cl2) al kyl or (C6PCLAB2006/021395
aryl; the R3Swithin an indiédi dual m nononer are
i ndependently sel ected from hydrogen, (Cl-C6) alkyl,
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one ol}%eaﬁetﬂﬁﬂs §s tﬂ% l‘&?du% ‘of a therapeutic di-acid or diol, respectively;

or a at least one poly(ester urethane) (PEUR) having a chemical formula

described by general structural formula (IV),

It @ H O QH
C—0—R®-0—C-N—C—C-0-R*-0-C-C-N
H R R3H
n
Formula (IV)

wherein n ranges from about 5 to about 150; wherein R%s in independently selected from
the group consisting of hydrogen, (Ci-Cs) alkyl, (C2-Cs) alkenyl, (C2-Cy) alkynyl, (Cs-Cio)
aryl(C1-Cs) alkyl, and —(CH;)>S(CHs) and; R* is selected from the group consisting of (Cs-
Cyo) alkylene, (C,-Ca) alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-
dianhydrohexitols of structural formula (II), or fragments of saturated or unsaturated
therapeutic diols and combinations thereof; and RSis independently selected from (C2-Cao)

alkylene, (C2-Cao) alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-dianhydrohexitols



13. The conposition of claim1, wherein the

conposi tion bi odegrades over a period of twenty-four
waawes32about seven days, about thirty days, oPCas2i06/021395

90 days. 14. The conpositia® of claim| 5wherein the

conposition further conprises at | east one bioactive

agent. 15. The conposition of claim1, wherein the

of genef @siiul O(ID)] Fesidueest atvpatedbontisathrdtel thibmpeutichdiols, and
nmol ecul es of bi oactive_agent ,per

Dl € . polyner nmol ecule. .
comlpinations thgeofrpreepbitpidhe R apd Bf Wathigt #h! EO%@F@? B upiiis dhe
. [ pactlve agent is conjugated to the
remdﬁ%ﬁ;#ﬁﬁﬁaﬁéﬂgﬁfgléorrposi tion of claim1, wherein the
poby aeasobnsPEUR ol aherfharmglaacheinida) stiuesture dessiribed by gereral

pol r-pi gacti ve agent conjugate having a chem cal
stmcé@r@ﬁﬁ@pg(&s, structural fornula (Vpi):Formula (VI11)
wherein, R5 is selected fromthe group consisting
of-O, -S-, and -NR8-; R8 is.H.or (Cl- C8) alkyl; a
®7 is theobi oactd ve age@td 18. |Phe conp@sitiion of

C+aHRPAT+ C 8% ceptC-Ohat-Ot (S of OriS-€r GrisCofCiteN
pol ymer corboRition are d’d$shilnked to pr'dvcjzele—lazn Rl

-R5-R7- R5 conjugate. 19. The conposition ob claim1, " *®
wherein the polynmer is a PEA of structural formula (1)

or (Il'l). 20. The conpositioga&f) claim1, wherein the
polymer is a PEUR of sti®®dedV)formula (1V) or (V).

21. The conposition of claim1l, wherein the polyner is
Whegegﬁip railes Sﬁtoh’t‘?ﬁdﬁf 8o E U@ th MnkePsbduVb i to aBaut 019 ranges

osition of cl aj m1, wherein the conposition forns
frona abour®.J el abast). bR yirenrdegepiontlybaertedifiomhydmeen (Co-Cio) aryl

Lt s AR Ry SL AP S0 Bty
selected from the group consisting of hydrogen, (C1-Cs) alkyl, (C2-Ce) alkenyl, (C2-Ce)
alkynyl, (Cs-C10) aryl(Ci-Ce) alkyl, and (CH2)2S(CHs); R* s selected from the group
consisting of (C,-Ca) alkylene, (C2-Cao) alkenylene or alkyloxy, bicyclic-fragments of
1,4:3,6-dianhydrohexitols of structural formula (II), or fragments of saturated or
unsaturated therapeutic diols and combinations thereof; and R®is independently selected
from (C2-Czo) alkylene, (C,-Cao) alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-
dianhydrohexitols of general formula (II), a residue of a saturated or unsaturated
therapeutic diol, and combinations thereof, except that the R* and R® within at least one of
the m units is the residue of a therapeutic diol,

or at least one poly(ester urea) (PEU) polymer having a chemical formula

described by general structural formula (VI),

Formula (VI),

wherein n is about 10 to about 150; each R’s within an individual n monomer are

independently selected from hydrogen, (Ci-Cs) alkyl, (C2-Cq) alkenyl, (C,-Cs) alkynyl, (Cs



droplets containing the particles in a mst. 24. The
conposition of claim23, wherein the m st is produced
woypow/mzs0l i zer. 25. The conposition of clai m B4T/US2006/021395
wherein the conposition is Montained within a
nebul i zer actuatable to produce a m st conpri sing
di spersed droplets of the vehicle. 26. The conposition
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claim1, re| he comppsition is |lyophilized. 29. A
the WlFﬁdélﬂfe&P“ ﬂ’r‘i‘?@??qﬁ’é dgslt her apeutic diol or di-acid
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her apeuti c pol ymer "conposition of claim1 in the form
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di-acid over tinme. 30. The nethod of claim 29, wherein
t he ther apeuti dioI i's @q'?t rally, occurrin iol.

31. The npebhod tbf ncI (:QPH Fﬁ”oié“ eh{ uti 029
e ai m 29,

diol is -_—af!——"
wherein the t"hé?”apeutlc dlcﬂ‘"!& ndt AR al Hylp) ,,
occurring. 33. The nmethod of claim 3, wherein the
conposition is adm ni st Beretlb@VIaj ection. 34. The
nmet hod of claim 33, wherein the injection is

whe%éiﬁinm 'isSetb@me(?h it BT @ﬁphsﬂ:ﬂio}dt 0. lgwd» ebdvaBeguss ghout 10 to about 150;
ntravenously, into the Centra S

each. R% is infepopdentiydieingenr(Cirfip)adng g%'?égﬁ %ﬁi th% %%%}E‘%‘ an
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nonary or gastro eral del i ver

alkéiiy%{@blﬂs)?ﬁikmﬁh (Cscﬁmbaltyﬁl(ﬁl\ﬂﬁéa@vh ande( GHa); ieacheR” is
1nd§m:§ggggf seﬁe%{eg frorr? ?(Ez-&o o]!kylené ](52-52’0) alﬂ%%%l%ne, (er—C?{;?M(yloxy (Cy-
Cao) alkylene, a residue of a saturated or unsaturated therapeutic diol; or a bicyclic-
fragment of a 1,4:3,6-dianhydrohexitol of structural formula (I, and combinations

thereof, except that the R* in at least one of the m units is the residue of a therapeutic diol.

2. The composition of claim 1, wherein the polymer has the chemical formula of

structural formula (I) and R3is CHPh.

3. The composition of claim 1, wherein
O
0 N 8
(a) __I_L_R1_J.I_ is C//C\”/
H @]
4, The composition of claim 3, wherein R; is selected from -CH,~CH=CH-CH-,

-(CH2)4-, —(CH2)6—, and -(CHz)g—.

5. The composition of claim 2, wherein at least one R* is -CH,-CH=CH-CH,-.



37. The conpound of claim 36, wherein the salt is a
TFA salt.
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6. The composition of claim 1, wherein the 1,4:3,6-dianhydrohexitol (II)
represents D-glucitol, D-mannitol, or L-iditol.
7. The composition of claim 1, wherein at least one of R! or R*is the residue of a
therapeutic di-acid or diol respectively.
8. The composition of claim 1, wherein at least one of R* or R%is the residue of a
therapeutic diol.
9. The composition of claim 1, where in therapeutic diol is naturally occurring.

10.  The composition of claim 1, wherein the therapeutic diol is 17-beta-Estradiol.

11.  The composition of claim 1, wherein the therapeutic diol does not occur naturally.
12. The composition of claim 1, wherein at least one R! is the residue of a therapeutic
di-acid.

13.  The composition of claim 1, wherein the composition biodegrades over a period of

twenty-four hours, about seven days, about thirty days, or about 90 days.

14. The composition of claim 1, wherein the composition further comprises at least

one bioactive agent.

15. The composition of claim 1, wherein the composition includes from about 5 to

about 150 molecules of bioactive agent per polymer molecule chain.

16. The composition of claim 15, wherein the at least one bioactive agent 18

conjugated to the polymer.

17. The composition of claim 1, wherein the polymer of structural formula (1) is
contained in a polymer-bioactive agent conjugate having a chemical structure of structural

formula (VIII):
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0] (0]
n 19 H I 4 Q H 9 9 H
C-R'-C-N-C—C-0—R -O—C—Cl;—N C—R'=C—N—CH—(CH,)4-NH
R® R /m (‘;zo Pjn
RS
R7
Formula (VIII)

wherein, R’ is selected from the group consisting of —O-, -S-, and NR®-; R® is H or (Cs-
Cyg) alkyl; and R’ is the bioactive agent.

18. The composition of claim 17, except that two or more molecules of the polymer

composition are crosslinked to provide an -R3-R’- R’ conjugate.

19. The composition of claim 1, wherein the polymer is a PEA of structural formula
(D or (III).

20. The composition of claim 1, wherein the polymer is a PEUR of structural
formula (IV) or (V).

21. The composition of claim 1, wherein the polymer is a PEA of structural formula
(VD) or (VII).

22. The composition of claim 1, wherein the composition forms a time release

polymer depot when administered in vivo.

23. The composition of claim 1, wherein the composition is in the form of disperse

droplets containing the particles in a mist.

24, The composition of claim 23, wherein the mist is produced by a nebulizer.

25. The composition of claim 24, wherein the composition is contained within a

nebulizer actuatable to produce a mist comprising dispersed droplets of the vehicle.

26. The composition of claim 1, wherein the composition is contained within an

injection device that is actuatable to administer the composition by injection.
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217. The composition of claim 1, wherein the composition is formulated for

administration in the form of a liquid dispersion of the composition.
28. The composition of claim 1, wherein the composition is lyophilized.

29. A method for administering a therapeutic diol or di-acid to a subject by
administering to the subject a therapeutic polymer composition of claim 1 in the form of a
liquid dispersion, which composition biodegrades by enzymatic action to release the

therapeutic diol or di-acid over time.

30. The method of claim 29, wherein the therapeutic diol is a naturally occurring
diol.

31. The method of claim 29, wherein the therapeutic diol is 17-beta-Estradiol.

32. The method of claim 29, wherein the therapeutic diol is not naturally occurring.
33. The method of claim 29, wherein the composition is administered by injection.
34, The method of claim 33, wherein the injection is administered intramuscularly,

subcutaneously, intravenously, into the Central Nervous System (CNS), into the

peritoneum or intraorgan.

35. The method of claim 29, wherein the composition is administered via

intrapulmonary or gastroenteral delivery.

36. A bis-nucleophilic compound wherein the compound is a di(amino acid)-

estradiol —3,17-B-diester, or salt thereof.

37. The compound of claim 36, wherein the salt is a TFA salt.



