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' Bl ODEGRADABLE POLYESTERS AND Bl OACTI V. YPEPTI DES Cros

Rel ated Applications s This a M\ ‘E\“ MIF a continuation-in-part of
copendi ng Application No. 08I m ed June 2, 1997, which will issue
as U S. Pepaodiss®. 5, 863,985 on Janpwary 26, 1999, whi ch PGI/BS000IM3 NnUat i on
application of Application No. 08/464, 735 f| | ed June 29, 1995, now i ssued
as 5,672,659 on Septenber 30, 1 a National Phase application
of PCT/US94100148, filed Januar M , which is a PCT Phase
application of Irish Application ar005 filed January 6, 1993.
Background of the Invention This i nvent I on pertains to sustained rel ease of
bi oacti ve pol ypeptides. Many drug delivery systens have been devel oped,
tested and utilized for |IBNI¢1M01@GUUAIR@0NUMGATES rel ease of pharmaceuti cal
conposi tions. . o olahh acid), poly
(glycolic aci@ y v 5 e —copol ymers have
been used to rel ease bi cﬂrgLérbgcai'ﬁaRulatedﬂbalmatlms such as progesterone;

Mar ks, T Zﬁﬁ”gtﬁ. aebfieaBh b % B SAERERERTBr shbordig Abpbdioh ter, =

pol yrer/t h@smmamemgme chbmiowhtchcmll Isémasdxsnﬁhtenmkbcﬁ,ﬁea;%éml y or

i ntramuscul ar | d fic period
of tine. Sd@ﬂ %Yo%én{)%{é o%e%&i‘ﬁ’if%@ Sghﬁgﬁﬁ 8Ps%§ 'g%éﬁ) ' designed to
perm t t he 08ra6AFBpeliled Idemea@@,thQS agerissued adi 5,6 1R85 orDSepthmbpoBerer mat ri x.
Upon rel ea f oL c*ﬁe(%{ I n vivo,

obvi ati ng z'g?gu%gﬁse_%@égﬁq‘%ﬁs‘&gf .ﬂéeéﬂlo;r]rgfgﬁ? (1911&8 faq@ actors t hat
cont ri but e & 69%bIwhialr is @tfe b @badeoapplieasion of Irisb|Applicatien b'po%i)ooﬁtﬂeds bel i eved
that such dg Q,ggt g3 for polyesters may be regulated by the accessibility

of ester I|n s to non-enzymatic autocatal ytic hydrolysis of the
pol yneric conponents. Severaéﬂmmﬂwimwﬂmﬂs and US Patents have
addressed i ssuegy h@fmvépﬁbng:téwlﬂ?fo éf'@fai]de& réié‘a"‘sb%'f‘blaéﬁlvé géiyﬂe%& sl N regulating

the rate and extent ease erapeutic ag I'n” vivo. For exanpl e,
Del uca ( EPO PubIManytdrughdevers sysigros hayapgen dﬁ!ﬂelmﬂ% tﬁ§$@9)and uglizgd JoI. 2003 WO

001 43435 PQF[AB §§Mll@&-7r$3/w3 rdﬁeaser 'oP%ﬁaﬁaBQMéélC@dmddaﬁuéﬁ@CTFbP%xéiﬁél&"ee“ a
hydr ophobi radabre %Cmr and &‘OtEI n or pol ypeptid

conposi ti orPOFYGFtﬁ@oF%§5 &0%(% fic gcfid)apqu, veplis Agd), %}b@ﬁa&rﬁ@c‘&“?)ydr ophob| c

pol ymer t hajngSyitoad dtfer | dopoifthérs UsdvBNSden! GdeBaRCreidagdn 6:3!697@ lalctiveaf t er
i ntroduction into a subject. s Hutchinson (US Patent 4 628/ 1C1)

cont rol | ed molecuies| sugh @s roggsteroasithesa h%’eé’éé'ﬁlt” 19 oI 9f ShigrosarsHIgFsi on in a

pol ynmeri C dfiié, o rodst(PittSCS.IMarRél TN ahd BBH\lﬁdlérOAan@S ' Qﬁbrﬂﬁ@}éhéﬁ&\ &or

control | ed continuous rel ease by the oqverl %p
20 the polymer/therapeutic agent composmon fo example subcutaneously or

intramuscularly, the therapeutic agent is released over a specific period of time.
Such biocompatible biodegradable polymeric systems are designed to permit the
entrapped therapeutic agent to diffuse from the polymer matrix. Upon release of
the therapeutic agent, the polymer is degraded in vivo, obviating surgical removal
25 of the implant. Although the factors that contribute to polymer degradation are not
well understood, it is believed that such degradation for polyesters may be
regulated by the accessibility of ester linkages to non-enzymatic autocatalytic
hydrolysis of the polymeric components.
Several EPO publications and US Patents have addressed issues of
30 polymer matrix design and its role in regulating the rate and extent of release of
therapeutic agents in vivo.
For example, Deluca (EPO Publication 0 467 389 A2/Univ of Kentucky)



phases: first, a diffusion-dependent |eaching of the drug fromthe surface
of the formulation; and second, rel easing by agqueous cha nels i nduced by
degradation zo of the polynmer. Summary of the Inventlon gﬂﬂer t he
invention features a sustained rel ease pharmaceuti cal % g@l |%§‘conposed
of a pol YE¥34¥Bont ai ning free COOH groups ionically coff iS4 ith a

bi ol ogically active pol ypepti de conposed of at feast one is effective,

i onogeni ¢ am ne wherein at | east 50% by weight, of the pol ypeptide present
in the conposition is ionically conjygated to the polyester. In preferred
enbodi nents, the polyester is nodified to increase the carboxyl to hydroxyl
end group rdustribek e physiakinichsttiord betwassl aatmmpacmmdda@rhmmapor mer , all of

t he hydroxyl groups. can stituted w arbgoxyls. Ex s of ao
U t Al e o8 REBEINC ST pohRSBRD ¢ TP I SHTES AR AT 25 L. | act i
acid) Dl actthsrapwudagauahaewaroaﬁubﬁh pmmanbas:anmm diffudionAlasieasy, S-caproic

aci d, SubSt'J g_ tut i rret hyl ene carbonate (TM),
1, 5- di oxepa "fLa El|n QM?P DG ’efj ycolide) glycollc acid) L-lactide)

D-| acti de) DL I ammmhs)mrrmﬁa Paariti 4767,628()erentmollad athe, refeask oal eyl ene
Csomer o, r obERRe e 35 k) Bhfermcdpeion ihy BRIV AR, e B R kg Y 2t Ve

substi t ut ed‘oFFMBatlos mroviddsi fontoedtreliet hcohtBuolel relbdsel by iineefoeeribpl of twet hyI O her
het er ochai 1S, e p 32 be used
(e.qg., pol ;})c;{r)a?%yggstt et %L%%) &@Fﬁﬁ%‘é}%ﬁﬁﬂiﬁﬁg‘e &r%ﬁ%%ﬁ@ag'gﬁ\g%f ®Pr ef er abl Y,
t he pol yestfermulationpate qeobr;d;aelemqgl bycadugousechannelsindiitdd hyedeigradatiam aci d,
citric (ilgl df Geéﬂrﬁé?rl c acid. In preferred enbodi nents the pol yester is

partial 'y aci I'pped with glutarlc anhydride. In yet other preferred
embodi ments the pol yester is MMMM WO 00143435 3 0 9 JUL 2003

PCT/ US00/ 01753 ‘(’)\%1 %n?tlapttﬂé'lﬁveﬂw gé'e afies aP e?b}e}(')egsé [Fﬁaf?l?&lcﬁ&tﬁ:%fer has an

aver age degree ymeri zation tvveen nore preferably
bet ween 20 fean@aionTepsmposer ©f reo Pelemtelr Cthtﬂ"r}lVeggéfﬁESCQGHt greupmiosiealon are

preferably gg atfeEIO\mrP%' BIBB@IQQK’y%éﬂQe aﬁ‘dlﬂebt‘dﬁpé‘&nﬁ&la& eétﬁr@a?%}i&gat ed with

nonobasi ¢ and” pol ybasi ¢ 5 bi oacCt Eﬁ}aé eptides havin east one
ef fecti v& | &ffestNeniQnoggrichamigedviereinat daaghp0% by, weighly %&W%Y@Pt'qﬁay be used

to forman h@addintRe &ﬁﬁﬂo@i‘imﬁ@%rﬂ&ﬁ&t &)nﬁfgafeb@o thbSl?éﬂté}n provided it is
pretreated with a sujtable base, Mor egver, any aci d-stable

peptide can be U8eRrefepreqd emhodimants. I‘Fg? rﬁ?l'i’@s‘PEal'seé‘?ﬁdl'f'ﬁd plepinFaase &eRp) |
lutel ni zi ngcd?@dxvnemya@kﬁ@ﬁa %gu?%tmm friofdhtin oS8R S5prétichés in esin, io

gastrin rel easi ngf eptid , calcitonin, bradyklnin_ galani n,

mei anocyt e i€ #LPTNE rﬁ‘éjd"ﬁ%%’ ﬂfﬂ‘l’@s CRRSIR, Sugstiute ttech wib cABR'S: eF&amarieg of act or

(GRF), apyl surable pelpysters| hféSthOS‘eQﬁ'i’gmbtrﬁg fravaESHhpuhed stichcis Moagtic GEIEHD-

oD oSSRl B e SR LRSS ek ERE! PRSP Sl

neur ot ensi nandadrnemmmfeﬁl PhatoyiNeC cBmbARBe(TMC), 1,5-dioxepan-2-one, 1,4-
dioxepan-2-one, glycolide, glycolic acld, L-lactide, D-lactide, DL-lactide, meso-
lactide, alkylene oxalate, cycloalkylene oxalate, alkylene succinate, (-

25 hydroxybutyrate), and optically active isomers, racemates or copolymers of any of
the above, wherein the substituted TMC is substituted with (C,-C,)alkyl, preferably
methyl. Other heterochain polymers related to traditional polyesters may also be
used (e.g., polyorthoesters, polyorthocarbonates, and polyacstals).

Preferably, the polyester is made polycarboxylic by reaction with malic

30 acid, citric acid or tartaric acid.

in preferred embodiments the polyester is partially acid-tipped with glutaric
anhydride. In yet other preferred embodiments the polyester is fully acid-tipped



15 ((ACTH), peptide YY (PYY), glucagon rel easing peptide (GP), vasoactive
intestinal peptide (VIP), pituitary adenyl ate cyclase activating peptide

{ PACAP), motilin, substance P, neuropeptide Y (NPY), TSHf} g m"_aggg)gs and
fragnments ther eof Such ionic nol ecul ar conjugates are GaR rel easi ng
their bi S¥R¥W4#Sconponents in vivo at predeternined rates er m ned by the
chem cal structure, a o nolecular weight, and pKa of both corrponents of

t hese conjugates. A nmechanismfor the release of the drug entails the
transformation of the insoluble conjugate formto water-sol uble conponents,
in part, through the hydrolysis of the hydrophobic polyester. Thus, rel ease
of the bioagth ylatapolayhgiite dePriefetatﬁa,aSBs Jpolyesieprasd entdvgragei delarepagf t he

decrease in the pKa etween cLiV pol ypepti de and
ol yeot er . Rayerraien beteEh O phE o o e BAGR B 62l Y hat | o
reflected int hel'heawrﬂmmplecmamdoapgéteﬁ bicthé ynvelitioh aré erefirably amde frampol yest er

crystal | cavrbPoft R fpld Raheis shudiiod WY iSRG ot Poltey "1 <

preferres &rmdvdrpulypemld@ havigpeptiease one ngffectves iohogemicc@mper genp. by a o

wei ght of t t ot al i i I ref er abl
ar cat er t nelemedici s pitsdh ma 6o LSS R STRHR Iy SRS 060 of he
pol ypepti dethqs)memmh pi'qwdeumscwammmwwbm suitable bassa klgy, Na@. Udereeert o t he

pol yester; 4 / 0 ester
conponent o% c'd Qatﬁeipghoq% cu }é%)ugg&d %@a?’ ag‘yg"q%s%z?ggpé pgptli&aébout 0.05 to
about 0 7 dﬂl-@rﬁ)d |utehalzlncrhofrmn¢rrelamglhwnpmﬁ (-E8H rsomatostatin,dopmbagie nol ecul ar
wei ght 0 e r C nj ugat es of
the i nvabt | Bt fokRing, (ohtd® YorE)S cARIGH? ursp) ol hBfo e |

m cropar t i cstigwlatiag dormasieatMSith @rewth riormener Cﬁﬁﬁsmﬂn PH@UKGRHE amih to utilize

processi ng t I o} r o] phase

syst ens. Pr%@km@F %ekr%texﬁ“r:] l(-a:*r ogart i E(fmgﬁéargﬁ g@ﬁwﬁduﬁd&WE‘ di ssol vi ng
t he conposiealclenin rgea«a. relpasing eeptlﬂat(éﬁﬂ?o-s@etm@ectvﬁgmra!hw \h@m\one( b) mi xi ng
the organi Crel%fHdVSr'&end Qpﬂ@rngrgluéﬁgn (ﬁéurdtér%ﬁrﬁtdd%ot:&ﬁcd%ﬁﬁx@%Frﬁ&rf‘e' es fromthe

i o0 water referred odi nent's, th e organic_solvent is chosen fromthe
group ofl5ac@1caf‘)i|é, BeRtide nYY rPY¥). glugacamyalessing Hptide (@M VESAAcEN® de, and

di met hoxy eihiayﬁr@mFe;ﬂ#dyqvlp) blmnt@y@deﬁwa@ cﬁérégedadreétrng pgebfide (PACAP),
pol yester | po%ég | ecul ar PS() ]g‘g ate i s capabl e of r el easi ng in
{

vivo a ther® Wogtange %f P@@PP%"?HS@' s BRAgs\RNATAYMSBIS | de over a
period of ameﬂeeassuoaﬂom@mtecmdﬁ}m?@te@a@f@pamé Yf felfasivg thedr t@&acmieys but not

less than 7 d et erre ts, the rel ease of the
ther apeut | cCTBREN B S A FreBlar g e ot TEURAD A S OTENE. The
sust ai ned rmbleass weigmosartdl PRs off bbthecanponbiits Oof &iese pecrfugatell y Amade by (a)

0 Y14 10 B BR AL o oS R R el 1P O 2

conj ugati ngcdnh.gatedbmetetvmtertsolubiee:ompbr)qn@mpiaet theoughitina layardlysisi of theol ecul ar

conj ugat e, V\/ner n_at 85% ht e e present in

t he corrp05|l?yd6 Pg'clpghleﬁ Ivuéb%?lfégt%dg'? b'?%céw%)gﬂ%&yggqtég R % Bol yester can
be one whi cihdérmadentf fwith (ahthefdeema@t]mhegpmplﬁerentiabbghmemmeh)toa@h\)e if an
ot b BHE Bl @) HP5.A2) RRoRAFL ARbAySGE iR R T od Popt i de
mal i c, citriefeaed inahe @arbmwyblmmopmlmgﬁ tbq;denwasacuamlmsteonemmcmlbnal

ng][ 5;;?2?935}] t()%ﬂe glﬁésdfr%sﬂiﬁﬁctier@ﬁetrﬁure%ng mlnlﬁﬂa%_'acrr)%s?allggmgg;dnggfiﬁr g§ ngtshe

Fi nal | y) th@emﬁﬁé%tnémtbbhwhp@e i oni ¢ nol ecul ar conjugate may be
converted to i r pheres or

i cr opar i ¢l es”ﬁhaﬁﬂ?@éﬁ?ﬁ?‘éﬁ@%@?ﬁz@?ﬂ”& e %md'@éf%@b PIRRY PO 2003
WO 00/ 43435WF‘Gjﬁ/QJQMP@lV§'9h@fF'?9e’P@¢ aelegulag ‘Pﬁé\l‘ﬁgéieyé@g/@ﬁ erablsgrattaesi zed by

catal yzi ng fan agH9pC tlord YordfBany! Q@’X}t aﬁ@%ﬁsﬁbieo'aré?éra&{ﬁegg% Hprtr?e hydr oxy
acids, e.g., glycolic acid and lactic acid, presence of

pr edet er ni neRIVReBtiRecRTeseRt indhe eAMRPESiigN ?d%%&?‘?’ul@aWd? deypolyester: “@ g., mlic
acid) citric acid or tartaric acid. The polyesters thus fornmed s possess
aci d-ti pped hydroxyl end groups which are preferably partially or fully
acid-tipped. The pol yesters al so can be synthesized by catal yzi ng

ri ng-openi ng pol ynmerization of |actones, or by polynerization of cyclic
nononers such as ecaprol act one, p-di oxanone, trinethyl ene carbonate,

1, 5-di oxepan-2-one, or, 1,4 i o dioxepan-2-one in the presence of a chain
initiator, e.g., a hydroxy pol ycarboxylic acid. Another nethod of

synt hesi zi ng i nvol ves reacting a hydroxy acid with a cyclic diner, foll owed
by condensation of the open chain systemin the presence of a



is Yet another synthetic nethod involves reacting an organi c pol ycarboxylic
"acid with a preformed polyester. In the aforenentioned pfkdejllle?003
enbodi ments the acid-tipped polyester has a carboxyl to hydroxyl end group
rati o of nore than one and approaching infinity (i.e, elimnating all the
hydr oxyl WOMEP5Swith an average degree of 2 o polyneriz%EVBﬂmﬂﬁgﬁeen 10
and 300, and in particularly preferred enbodi nents between 20 and 50.
Alternatively, a polyester is rendered capable of form ng an ionic
mol ecul ar conjugate with a bioactive pol ypeptide by treatnment with a base)
e.g, NaOH Preferably, the polyesterl pol ypeptide ionic nol ecular conjugate
is 2 s synt B@I?ésl@%ohﬁoﬁhn[ 8the Ioﬁk@rﬁo?é‘dﬂa%orﬁl@bté?ﬁ@ a]E odh9 oy Ssug0.05€- 9., 1N

[

the free form and the pol ypeptide . ree form in the proper

de, e.g n e
li qui d medi thbquh Oot dilem jn Ehlecfosm: anshBtei pRbPEer HAs AAIAVErags IMABAUERN f or t he
formation ofyelghtof@Bputuged c40\g0g. d be a m xture aprotic solvent [e.g.,
acetone, tetrahydrof glr an, ( or et hxl ene 1%;fl)t\ﬁcol di et hyl ether] and a

THF) , . . !
sui t abl e sol vent TFPOYRENGIOPIE priequiar gonjugatess P the dnventipnycasigasily BRs such t hat
t he i\AostySh%asl_ irAd igjeﬁiaal_@irhbresprﬁfe%fdem?bpanidd@.,eamhmaﬁlbie?‘ﬁnsé@r 5r@ds|$Da|]E of b? )
monocar boxyl i c aci aving.a pKa greater than or . equal to 3.5. Preferably
t he pol ypepf"ﬁ'tw%ﬁ%& negd #°e"5'@¥e Erﬁgesg%gégqtiquamf, HT@BB?R%CG'HWF'W? P H. 0 9 JUG
_ZOOE WO ggl 4qdedus Rﬁ%bﬁ%@{s@i@ﬁ& Iﬁrgfei’am? ﬁfﬂg{c&iﬁﬁiﬁb@é%@éﬁﬁadﬁr@d Bl YEept i de
is1lto reent. by, wei ght ... and prefera ercent t he
pol yest er| pgﬁsﬁ%‘t}{‘ﬂ"&éh‘? 88’%8@?&9!‘&@Baﬁpf‘ﬁﬁnwa%émc'tbfen°f§?@? éP'P’@H' @’Brbodi ment s,
t h?hacrﬁsis! hﬂli)dx:g:tlhelhmgadlc sphenpin \@éte% land mlisldmih@;theaﬁhﬁrqpamble%ﬁlfrbm tgeut ralized
Wi al kal i iQns or _organic,bases. In ve er, preferred.s
ermbodi metit s Vepah Brafaliad amtssiedls, s ettt shoneBdioi Be SPSY t ne
pol yest er amdetbne, aeatordtrilepfetraloydenfuram, diroethylfornaanidd tant idimbtimgxy sthylese | N anot her
aspect, the R’ sent invention is directed to a polyester (designated

pol yest er A)g contai ning one or nore free COOH groups and having a carboxyl
to hydroxyl ratin preferast entediments, theh quolyestedpalypepiiey émice matemutaai ns a i o

b | Aok ' ; . D . d.
D1 2ot i o ac iogeld RTbApRBICOMRatAS T Bl WrBlapericdfy bfbch oo brdll 2"
s- caproi > ablogctivalprlypentide oyetla:nedod ofa lazsl 20/days.cand radra peeferatikipr eme

succi nate, ﬁg_@ﬁﬁg%ﬁp%tyléést n?ﬁ%\}ls'bwgadotgér M%H%?%%P?i@g?&gbget hyl ene

car bonat e, xepan-2-one) xepan- 2-one, glyco ycolic acid)
L-1 actide, releasetof the thempsuticionid slaselencanfigatads essentiafymoroppasipt i cal |y acti ve
i soners, racenat §fe QistHMOIIBS Sorhbt&ii bt dr LW | cid,
e-caprol act one and QTSyc'gﬁ)ge ar eo n@r%{)'gﬁgsmotﬁé ﬁg’gm%ol ygg{eéefréﬁl%hggégf erred

enbodi nent ¥ (q)ypéo\dcg'rg_e@mlmtepbavr&ff@rCQ@ngwaﬁe@a@aﬂay@@m@mmﬁdes where the
pol yest e, Cﬂaﬂﬁ%éﬁ_ﬁaaﬁ' drie! étfedfieCionQyeRRnMhél naNS) RARal! drRiGhtig- thé Preferred
enbodi ment of the imrediately foregoing polyester a 0 (deSignated pol yester
O is wher ePphesterdp the RlyPeptids e fama@ndenic melegHlay conivgrie. whergipatieasiest er i s
fro][n 90 3-C@'B%Q|b'yCW§igﬁt, éoglﬂ_egbdl _bitidéiepﬁef@er&9ine;r@a@drﬁ¢o%mb?ne Iérgéallﬁ' ycgl ijde- A
preferred palyester. o e i iate or egoi ng pal yester . sl gnate

pol yest er Dfo%ggqt;ﬁgoetkg ngyﬁ%{gr?& & Poleste[fap) c?r@g‘@ﬁ'?fbxﬁ Wﬁﬂ'qﬂ"&ge?n t he

pol yester i £COH @rqw@(rjtolbagmgm, ‘or,3if @hyiegifficAt n@hbdriofysich Eyﬂ@.lplbea"re as pez; , the
present invention.is directed tp a conpositjon comprising polyester

pol yest e¥® B,avﬂ%%é%rtta‘? desirgd pﬁBﬁ"{/)eelg?@?g ' ‘,’é iagheﬂ?ﬁegy%ﬁ?'%??é# S?) one or
nmor e bi a’ﬁct i(MQeqntdc?/\m&pejgdmaﬁqlr)mmd aitar%ria'acihﬂﬁﬁlghmsferiMatimgrifur&:tibmogeni c ]

am ne, erein.at |least, 50%. ight, of .the pa eptide present in the
CONposi t | on?qt%m%?ﬁﬁcojl (%1’ 385’?3‘1985%\9@5 9 PIHI?”E)BPQ@W%BT &é henp eé?eér r ed

enbodi nent ©én theetreatate ditlataebysef @gegNadly, oaxpose tacidngrogpsmMially, tthe bi oacti ve
pol ypepti de g ryels oup: i.Stin RE tostatin,
Bombes ni GREDTRAFIAEBE R e iRy GRR HaY bl g B oG8 7' 50073

30 films or rods, or injectable microspheres or microparticles capable of releasing in

vivo the polypeptide.



WD. 00/ 43435 PCT/ US00/ 01753 7 anylin, tachykinins, secretin, PTH, CGRP,

neur onedi ns, PTHrP, gl ucagon, neurotensin, ACTH, GHRP, %P, ﬁLPz CAP,
enkephal in, PYY, notilin, substance P, NPY, TSH, and ana (395' r 9 agment s
thereof. A preferred enbodi nent of the i mediately for egejr 000959305i tion is
5 where YRUERcti ve pol ypeptide is selected fromthe gr o@yg 0fsi sting of
LHRH, somatostatin and anal ogs or fragnents thereof. A preferred enbodi nent
of the imrediately foregoing conmposition is where the LHRH anal ogue is of
the formula pd u-Hi s-Trp-Ser-Tyr-D Tep- LeuArg-Pro-d y-NH2 and t he

somat ostatin anal ogue is of the formula

H2N- ~i - D- Nal Cys Pleférafily,pthk yisviyester (SysynthesizédiBy catyzing rortditocktalyzings resi dues

f th t oSt at | | b dt h ot her. A ferred
orbod: ment SR anedhaRlE S, St EE JUREY B G St solbi dedthe
conposi t i orcksinittie presente bia predeteriitbd oBneenebiin ofd pelytarboxyRtydrdxyt he

i mredi ately foregoing composition is iS5 where the rod has cogting of a
pol yest er. °& pF’@f'emagﬁ agﬁgggc Ostan?'FFea?'ﬁ'ngr(ﬁ‘Fa‘EoMeﬁtefso&E@g‘?rﬂﬁgcorrposi tion
i S wher e t Ipessass \weittipped bydroxyd) ehd groupsl whichagire ghveferabiglyastiaiip loy ddiyer . A
preferred en@q@i nqant of the imredi ately foregoing conposition is where the
absor babl eaﬁ "B er contains one or nore free COOH groups and 2 o having a
car boxyl to hydiThaypolyeaterso atgoeadrerbet kynthesized byheatalyring anirg-gpehingst er
contains a oy _.sel r t : 1St - tic acid,
D-lactic a&gﬁﬁg < 'égf .f““té%g%érd’?wg% é‘g#g?%g:‘lﬁér“??‘d;‘g{“ §S %uacb %iaérﬁ'c aci d)

e- capr ol actcaprelactodeé,pedinxamene, drimelpylene carbondte, a, Segibeapan@ameade 1,4y cl oal kyl ene
oxal ate, al [ ~3- raje i 1§

cmaubst 14 ke Rz S5 A8 besercd o K Shalh ok S s sRAGR SvEeBOTE

1, 4- di oxepacid2- one, glycolide, glycolic acid) Llactide, DIlactide,

DL-| actide, nesq: | rgﬁ%- td Vor Gk \LE  whkiagemat es or
copol yners thergg{ﬁgihgﬁg?gjrpgé e%d‘hgn@ﬁ!ts rS@'bﬁé E\)’%ﬁiﬁe\fv@rﬁ or egoi ng
conposi t i orsyélic dithery followas! ybeondensslian ¢fdhe opaneshainosysienyinttireepnesghces t he sane
as the pol gy i sed in the conmposition. In still another aspect,
t he presen%b??h\gllg?]atﬁ?%x I's directed to a pol yester (designated polyester E)
cont ai ntfhg one et amntkerisyethetcampihed ipMgvesarecting \@nrganic-palycarbgkylis003 WO

00/ 43435 ng{duﬁﬂ(y@gg%dapo@eg@ﬁboxyl to hydroxyl ratio greater than one,
wherei n said polyester contains a nmenber selected fromthe group consisting
of L-lactic acid the afaremeptiened preferred embediments, thergrirdipprd Bolvesterri ¢ aci d,

tartaric agjd.a Sab@Ql @ RatYCendPgrdii® ¥RB U InorE thaPoR En@%di'oacﬁinbw ene
oxal ate, cycl oal kyl ene oxal ate, al Kyl ene succinate, (3 s hydroXybutyrate,

subst i t ut ed"BRY (& uisnating il thei Rxkdyyl giparolavify it averagesdegze fin- 2- one,

1, 4- dl 0x&payatydrefttion Beifeah | 1@eanddB00s @hd G ?Qﬂtiéhlarlyj prafefredl @mbBlimastsi de,
DL-1 acti de, neso-lactide, and any optically active isomers, racemates or
copol yner s Befse83P a8F8yi ded that tartaric acid is a menber of the

DO: yes: er. FA pr ﬂtﬁn&ﬁﬂly@ﬁ?ﬁlﬁéﬂ@lﬁ reﬁﬂeré@&ap‘aﬁb_&ﬂﬁrrﬂ?g {éﬁhd‘ﬁﬁrﬁ_ @léc_:LgdieSi s[J}n?t efl_

ol yester is .io re the polyester conmpri.ses L-I|ac cid or actic

gci )(;; or W%pjggq{ewﬁgasgpgggpglyp%ﬁ?)ﬁyé%agmgaplg@laisb@s%&qﬁ\%ﬁ%| actic acrd and

gl ?/col ic a(c:;i d. Areferably, phef a?lyaﬂatr@mypaﬁtide_ntonmf tmdtzqumt eonju!n‘g;tdieisi gnat Ied :
ester . re.t Q r [iS artaric.ac s-.caprol act one

natr1 ot TR DT RS eR RePiser IOF BB hr i A1 TROM AR ot el y

f or egoi ng phe pelgpentidé,deeg. imtteciea orppiny thet mropdr)liquis médiure. tlheothext | o of

- | act i I ‘ er js f 90
o oAt of o0k End b EddTFUY kBB SELERER el PrivlB BRIl Bl
tri met hyl erbe & amilkdoreasprotic/sqivest fexg. edcetarieo thtrabydrofofant (EF), mresthyéenel y f or egoi ng

pol yester ( i I ter, . i r e ratio_of ral actone to
Pt ot hyl crilyeoh ARG UEP L Sulble, BalbhF 16, eCobatit Je ., RAEA: 75,
tri met hgt errsopaations sachethatithe two dystelnetareamiscibler Faeferably, the helypaplideiat i nventi on

is directe 0 i ; LSl I F, pol yester
G pol yest & o %@P@"?S@e_?%f’%, Ehadid B e, BBkt indy PSR e
bi oacti ve JgUeiembin tha@opsnyde Basay least enepffectiya oneggnicamipegiodpogeni ¢ ami ne,
wherein at | east 50% by weight, of the




25 .pol ypepti de present in the conposition is ionically conjugated to the
pol yester. A preferred enbodi nent of the imedi ately forggoi Ecﬁﬁ osition
is where the bioactive polypeptide is selected fromthe @ odg i sting of
LHRH, somatostatin, bonbesinl GRP, cal citonin) bradykinin 1.n) NMSH)

GRF, anyWQo44Bhyki ni ns, secretin, PTH, CGRP, neuromd?ﬁ&gw&%,

gl ucagon, 3 o neurotensin, ACTH, GHRP, G.P, VIP, PACAP, enkephalin, PYY,
notilin, substance P, NPY) TSH, and anal ogs or fragnents thereof. 0 9 JuL
2003 WO 001 43435 PCT/ US00/ 01753 9 A preferred enbodi ment of the imrediately
foregoi ng conposlitlion is where the bioactive polypeptide is selected from

the group consi g preferel ekibBittnents e hipebtide ientd sUNRr@asbyokeifhtaaments
S wher e t nd BB Tdp G RGP chiheRalemEyrPRPIce tone moSbis Gonigdie oS! {1 N 1 S
pa u]: Hi ﬁ T][ I3 ﬁe{enwreniboiﬂmniseuﬁr@c&s«uﬁabegmupbl bhmemhlyette.sarat :I\R anal ogﬁe
Is of the for a_ H2N- ~i -, . - Tyr-Trp-.Lys-Val - Cys- Thr - NH2, erein the
o Cys. e SRR, Reyalted vl AR st o ar B bSabe ' SR PRGN ot her | A
preferres ecomsndinmenty, thefalikali ¢reatmeatipratiddsychbinrdisgodiatipn od e eelyestemands ~. o where
the conposition is..in the form a rod. A preferred enbodi nent of the

I mredi at el Jo?'ba&%%'ﬂ er&ﬁ%cgga”@@ht q'%diWétP% the rod has a coating of a

pol yester. A pr dh eanothér exspect] thenipresent inwentionmeidi ditexted to@egaolyesterconposi ti on

is wh t I I ) t Qi f d
2 havi ng A0ean o PokeSeR A SR ina SR o bt EF cBlo BBl Sieriel, Sui'a "
pol yest er caaarboxys toehydendlenatis gteatsrr danf onenwhéreingraispolyestes icentaing aof L-| actic
acid, Dy a%érﬁb@rcée‘f’ecfé}frédﬁ%é ﬁroﬂé'cgnsig'fﬁ'nb' & (3GL: %&d. tEf-ig\Eﬁi@Qéi&'.)DE-ar taric

acid, s-caprolactone) p di oxafong, e-caproic acid, 'al kyl'ené 'oxal ate,

cycl oal ky| dadicoacid, analic agld witdmacid.ueeaprelacione. B-dig@anoney [scraproia acid.subst i t ut ed

74" oxepeiiol 6ot dHpatiort ol YOS pubrinal, PHISOHERE,

DL- | act i de, sulpstitutet! sart ungubstitutet! rimetiyleriec cdrbgnates t 1,5-diokspamed-ane, rlademat es or

copol yners thereof,. |Lr I et Ofe | |yadiat.e oregoi ng
conposi ti oné'{ssgep\%\ﬁérogét @g@gggé,oggcggggggb%ggéép fcaggcgejl W? ﬁ@gf ;(.%S(lE s the sane
as the psl yiegtider and anyqpticaliydadtive tiseenmarantacenates or capolyneespthietesf,, as used
herein, ref . | | ol lnde..0 het |
ol i gopept i dgwq%glﬂ%égér'tﬁ%%fﬁ' c@?s‘ébg%ngdyﬁg%gﬁ ﬁ%dbrgrf elﬁqgﬁ%sgrtscgﬁrr%)h%unds havi ng
mor e t han opalyester.béx prefegredupmbedigent phithe feregeing qiolyester dd¢sipnated tartari c
acid. 30" ri A QN iAISE Ina, aef €rs to the
et of r@é}%&%@%ﬂgﬁ\gﬁsg&u%@e&? dofrphisd citric At SEApfRIcRInB: arld

glycolide. A preferred embodiment of the immediately foregoing polyester

20 (designated polyester C) is where the ratio of e-caprolactone to glycolide in the
polyester is from 90 e-caprolactone : 10 giycolide to 99 e-caprolactone : 1
glycolide. A preferred polyester of the immediately foregoing polyester
(designated polyester D) is where the ratio of e-caprolactone to glycolide in the
polyester is 97 g-caprolactone : 3 glycolide.

25 In yet another aspect, the present invention is directed to a composition
comprising polyester A, polyester B, polyester C or polyester D, ionically
conjugated to one or more bioactive polypeptide comprising at least one
effective ionogenic amine, wherein at least 50%, by weight, of the polypeptide
present in the composition is ionically conjugated to the polyester.

30 A preferred embodiment of the immediately foregoing composition is
where the bioactive polypeptide is selected from the group consisting of LHRH,
somatostatin, bombesin/GRP, calcitonin, bradykinin, galanin, MSH, GRF,



0 9 JUL 2003 WD 00143435 PCTNS00101753 10 "Effective ionogenic am ne", as
used herein, refers to a polypeptide that contains at feast one an ne group
capabl e of forn1ng an ion under prevailing conditions. ‘GacUl- 2 %bed") as
used herein, refers to compounds having an acid s term "Partially

aci d- tlpﬁﬂﬂm’ used herein, refers to conpounds haV|nggiﬂmm@€%%ercent of
their hydroxyl end groups acid-tipped. "Fully acid-tipped", as used herein,
refers to conpounds having greater than 99.9% of their hydroxyl groups
acid-tipped. so "Hydroxy acids", as gwsed herein, refers to any conpound
cont ai ni ng hydroxyl and carboxyl groups. "Monocarboxylic hydroxy acid", as
used her ei ramyrm:f BElykinnsarseoreddNPTHACGRPM dduremedits r I p) gﬂlfcégtih and one or

[0 a hydr o CumBraneAGTH sSBRPe SV Ehe AGH o kceppist Y. crgli c 1S

entrainer" substantad NFY, TSH, arrd%frﬁro@sbﬂfragrwmé meieoqw ds whi ch codistill with
wat er . "BloaCtlé] as usdher ecuett'{at elicits or

affects a biolo B'Jﬁfe"@ge‘?w odiment. Zc‘D%P’F‘E‘&a‘)a eg's?%g%pﬂ’gng‘?@??ﬂ Opdfers to a
cheni cals r evhetd the bidaativeomatypeptideyis rselected fremi thg groupaiopsistindesis#iRHoN" ) as used

here| n) ref tion | yester by the condensation of two
more nol® §T§P§%U}'Q§%§%ﬁ brgrag'ﬁ%)?tgg%?ee " as used herein, refers to a

vvat er insol ubl e A2grefeniey esttmdirmgit o thmdan’gdiatelycfm{égvlnﬁ s@spasitioatison in the

b1 01 091,52 iRt IRYIRAN ShBIoll ¥ oP Bl Blnu YORLARUG S i RgERgAT | nvent on

provi des a new pharnaceu nmposi tlon hem ca
bi oconpat i mrgrPrdathd%‘@rmdatm eorpaﬂoytatm enalogueds logtlrpe‘pltrmmaalslgN-ﬂeﬂ Mplept i des,

pepti des a eou B 0 chemcally
bondi nglopol &gy re?? \%‘?F?%ﬂﬁ ?@8’3" g &'&ht@g és['qui'gs ﬁfeatg eutic
agents, thesomlatesiaﬂabnaﬁxweaaxebondedlt@eacrbrfotmehe conposition can be nore

precisely tail ol e&e?e?regee%%b&dnﬁenqemngsimtn%Eha erlﬁfo(l\‘géglr{go%rﬁgos%nog hasi ¢

rel ease of the
where the composition is in the form of a rod.

A preferred embodiment of the immediately foregoing composition is
15 where the rod has a coating of a polyester.
A preferred embodiment of the immediately foregoing composition is
where the polyester coating the rod is an absorbable polyester.
A preferred embodiment of the immediately foregoing composition is
where the absorbable polyester contains one or more free COOH groups and
20 having a carboxyl to hydroxyl ratio greater than one, wherein said polyester
contains a member selected from the group consisting of L-lactic acid, D-lactic
acid, DL-lactic acid, malic acid, citric acid, tartaric acid, e-caprolactone, p-
dioxanone, s-caproic acid, alkylene oxalate, cycloalkylene oxalate, alkylene
succinate, [(-hydroxybutyrate, substituted or unsubstituted trimethylene
25 carbonate, 1,5-dioxepan-2-one, 1,4-dioxepan-2-one, glycolide, glycolic acid, L-
lactide, D-lactide, Dl-lactide, meso-lactide, and any optically active isomers,
racemates or copolymers thereof.
A preferred embodiment of the immediately foregoing composition is
where the absorbable polyester coating the rod is the same as the polyester
30 comprised in the composition.
In still another aspect, the present invention is directed to a polyester
(designated polyester E) containing one or more free COOH groups and having
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nol ecul e in vivo. Furthernore, the conpositions of the invention are

optim zed easily to possess functional properties for grm\ger I@ﬁ%ng of a
therapeutically active polypeptide. Oher features and a n't“%% f the

i nvent i orVQPI#34¥%e apparent fromthe s fol |l owi ng det ai | eFTESYE on of the
preferred enbodi nents) and fromthe clains. Brief Description of the
Drawings Figure 1 is an illustration representing isoners of polycarboxylic

acidtipped lactide/glycolide (malic type) copolyner. Figure 2 is an
il lustration of an ionic nolecul ar conjugate depicting the io chem cal

i nteracti ong c%biéww\q%zwzl RS lgrtke | thiarObried WhbrR daid poIpstercoR@ingr@er and

Somat ul i ne (Bl M 2301 igure 3 is a graph depict] t he percent peptide
rel eased fr'%ﬁ?‘P%’nT"‘ée E‘&"ﬂlqﬁ? OER] "L?@él?@@ &rk‘@c‘%B%d%&g‘fa&F‘c 8bd3BE over a

28-day peri|gétic 4%E Ghaligtdchi) ciic 4di€ tRitafcedoic &-dapionitomepgioxandmenthesi s The
bi odegr adabl e or absorbabl e pol yesters of the invention are tailored to

possess t hePapeals el lene Axalatea Fipalkyenes oxaido; alkyleamsrerinatel Bhai n
nydr ol Y2bi ok BiFafe st bF b RHIGE 19ABAPAY cacblelOPSP | des,

pol ypeptides or "proteins having a net positive charge at ysi ol ogi c pH, by
t he proper derepapiZaneot 4dipxepan2-ean avcolidenglysalin afidislacids, RPdadieer s or coners

to form chapifaciiid, NmisERRIGY, Marike Gng ObRRAIy! g Rothet®! Rebindles Vi ghts. A
tripartite synthetic h sonmeone of ordinary

design, within the ability of
skill in th‘i‘c§’°¥yﬂ‘@ﬁjt,hefe§f'egﬁ9?"69‘éﬂ‘af Brigriepelf & # AEMASHALYPPORSISLA the present
i nvention. drerret egmbddiidnit & thd Iorbgding) bbIgsstsr @Esibﬁ&e@@bbﬁéﬁémrﬁ Ic
aci d-ti pped ’gol ygste&s; ;22)ml .S synthesi s of L{ge pol yest er/ pol ypepti de
foni ¢ o) WERTE 155 RONRMET FRmEHsss b5 RO GryRIGCHR RG] 6 MEREAN tthed
po: yest e_rz léweseermmpaséseL-ﬁdti_eadcmd?wmlbgt& £ @hd ajtolnd @bi_@glAlﬁéthéry) act :j ve
pol ypepti des; ., an conyer.si on o I C conjugates tq i ants) rods,
n cr ospher e%fef?freai %?3%?65?‘?“¥c9fé’§’8'8§t55ﬁ g{éﬁpn?tﬁ? é’&g'faﬁﬁr |Gh TiWB Ir'}?ée t her apeuti c
agent for apolyestsicomptsusartariz dckil ssmbtae?hs a?aa trnﬂétma%eb@wdna]ge.am d-ti nged
aol vesters Th | ycar poxyli ¢  acid-ti ol yester chains .of the invention
ara synt hes?rféffggygrﬁs?%ﬁé Qﬁérl’? é@"’ﬁf’g%& f@rgglcé%sug[yiegtﬁr ABE%Q@I%Cdr oxy acid
and a 1% Pilyestet 3 islwhere the ratio of e-caprolactone to trimethylene carbonate in the
polyester is from 90 e-caprolactone : 10 trimethylene carbonate to 99 e-
caprolactone : 1 trimethylene carbonate. A preferred embodiment of the
immediately foregoing polyester (designated polyester [) is where the ratio of &-
caprolactone to trimethylene carbonate in the polyester is 98 e-caprolactone : 2
20 trimethylene carbonate.
In still yet another aspect, the present invention is directed to a
composition comprising polyester E, polyester F, polyester G, polyester H or
polyester |, ionically conjugated to one or more bioactive polypeptide comprising
at least one effective ionogenic amine, wherein at least 50%, by weight, of the
25 polypeptide present in the composition is ionically conjugated to the polyester,
A preferred embodiment of the immediately foregoing composition is
where the bioactive polypeptide is selected from the group consisting of LHRH,
somatostatin, bombesin/GRP, calcitonin, bradykinin, galanin, MSH, GRF,
amylin, tachykinins, secretin, PTH, CGRP, neuromedins, PTHrP, glucagon,
30 neurotensin, ACTH, GHRP, GLP, VIP, PACAP, enkephalin, PYY, motilin,
substance P, NPY, TSH, and analogs or fragments thereof.



0 9 JUL 2003 PCT/ US0O0/ 01753 pol ycarboxylic organic acid, step-growth

* polynerization of acyclized products, ring-opening pol érégr'hia \ian Of a
| actone or a | actone m xture, or functional interchang i mﬁycar boxylic

organic acid with preformed high nol ecul ar wei ght pol ye [ Fig. 1)
Descri pt Wh®/43435t he synt hesis of pol ycarboxylic acid-tiE%@H&?%iggyesters by
t hese af orenentioned nethods follow. Direct condensation of 2-hydroxy acids
in an optically active and/or an inactive formand a predeterm ned anount
of a polycarboxylic organic acid in tthe presence or absence of inorganic,
or organonetallic catalyst, e.g.) condensation of glycolic acid DL-lactic

acid, agd D:-; malpl refstied érﬁ%@ﬁrﬁ@ﬂ%ﬂ Meaﬁmfamkélﬁh@dg&ng icOmpésitionnig thfel

nmonocar boxyl i c roxy acids or mxtu of two or nore. no r boxyl |l c

var oy e Mtiere MRS TE Semeriie & SHleHle O BE S50 RREBUNE,MLERK) or xy aci d
in a gl ass soratistitin @At apNess cfr@rl’a%mémimﬁrm. a continuous flow of drynitrogen
and mass agitati,on (designated Type. | A Pol ter, see Table |). Typically,
t he pol ycondensAt PGPTeS %Bﬁ%ﬂﬁ@?’éo&a‘{'el@ﬁlef% ?‘2{?9%"9( gomBosHion s, 15

Qgibtz)?“ o Gfhetd eher E&RHimldgu'he(tiybﬁtmﬁfOrrhﬂ? Chy-HigeTrpSer-FyrBgnsLéw stirrer or
u Ing the t throu .ne polyester SS. rizatiron is
conti nuad A Fre-PRAT AR tbn S0RRARlY AoReeh 5o tua it HAFERRNAEG | ft erns
of sol uti orCy¢iTSE-TRI-Lys)VaDY5-Thr-RHEL, d WhBFEREthé ARl Ofsneesidiesedfl Beoup

titration) is achieved. Polyester analysjs by end group titration is
per f or ned égn\agqspa(gﬂgpg%q%égglpdeegéﬂﬁpggotb%r()o z 0 ng-500 ng) are accurately
\évei ghfad and di ﬁsoobrelmirddnerabdsdimémm?f mggumed(aié}y %&egﬂir)ghegmm}oﬂnile- ﬁflter

i ssolution, t sol uti.ons,_ar iluted o 100 Wi t enzyl al coho

(Mal | i ntkr d¥ere &ﬁ&PS}‘PP%ﬂ” '?28‘&5%&1"}‘ °?aﬁ(§° ‘itrated to a faint pink end-point
(phenol pht hal ei W) preferreg erabadimentnofnthd rionediately fdregaiyd cainpadition isol ut i on

(Normal i zed vs. . HCl andar.d). . The vol une of base solution used for the
sanple 2 s V{*Effssheir%d E%sn%g?aéﬂ&mﬂ&ﬁ?ge’vm ume of base used for a sol vent

bl ank (dVo) to deprferradeembadimentdofnihetismedately Hieregohy esmpositioAcisd # = W . of
Sampl e () - (o} | US| f

pol yneri zatW%%/ hn;égsﬁroqa§?aéséég}re§|}e§)é?ggﬁgatogg%gr@tr%i@gm q\f\ﬂoﬁrﬁggo wat er or a
di | ut e agudwuing sodanoxyhyal hystiiody retid gteaten,thdn one,awlsarein aaidepalyaptari ¢ sol uti on
Lo e B35 el b d BRLE RGPS 8 Blkahel 1s- DO
performed asid dlU-aoks atiie malieragige atit ecidl dartansi aid, se-¢apnfladiénepai-yest er wer e
Dynamax ( RAGETRT R, 5t G 8, Slaie AcEBIRRS dbley AP 20l 2

t et r ahydr ofsuceinaté,Bup-tydroxyulieats osubstifulgdace) unsibeitideds tiorettyleBel DVB 1000A,
50cm x 10 col r di socipgtes) at,a flqw rate of .1 lmn at 25
& Peak et BLinel Lo ban i Rer 1 ieateRe. St niciade & or ar ed

usi ng nar r dactidenD-lpdidg s Dydantide,r mbso-laoiide, shd rabgr efticélioddfiseiisnees [ nc.) at My
= 4000) 9, %QQem%&}ﬁB&gmeétmgbﬁ' cation of the direct condensation process

entails the use organic entrainer and a cationic exchange resin as
a condensat i on daprdfersd enbedigaatt efdtheyipunadiztedy [fgregeieg compesititabise 1). Thi s

pracess ! CUidre T abloiaby baestltoBiAPRBIbh 40 Rl Sind 85 UBMGaddte oot al vt

and entrainer) respectively.” Typi cal “exanples of po e by these
processes Aemppeed ipdemeorepealtion.i cal data are described in Table |. 15

"Polypeptide", as used herein, refers to a protein, peptide, oligopeptide or
synthetic oligopeptide.
"Polycarboxylic", as used herein, refers to compounds having more than
one carboxyl group, e.g., malic acid, citric acid and tartaric acid.
30 "Average degree of polymerization", as used herein, refers to the number
of repeat monomer sequences.
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© DI RECT CONDENSATI ON METHOD s Type | A Pol yesters Pol yner Pol ynerization Acid

# Charge Conditions # rlhh Tg,C 1 L-Lactic Acld (88% 35 gg ( 49M)
100C10.7 hr 563 0.24 11 10 Gycolic Acid 4.65 gm (0. 612%&%&%}@55 hrs
Gtric ACWQO¥4¥85 gm (0.0091 M 2 L-Lactic Aci.d (88% 25. LRI
165C122 hrs 820 0.14 27 dycolic Acid 19.2 gm (0.25M 15 Malic Acid 1.5 gm
(0.011 M Type IB Polyesters 20 3 L-Lactic Acid (88%25.B gm (0. 25M
132C153 hrs 842 0.11 15d ycolic Acidl® 2 gm (0.25MCitric Acid2.13 gm
(0.011M Using Dean- St ar kAnber | yst Trap. Decanted, 25 Cat al yst Beads #150.5
gmfiltered i nTolEfeeBESOndgenibcaiinglcas DEddchbrisiatts W & porpetide that

Vacuundried. 304 L-lLactjc Acid (88% 25.6. g 0..25M .132C/ 68 hrs 1421 0. 20
280 ycol | o AT 25 s P SEPAEPI: cAzBlfs O OGRY GO e g
Dean- St ar kAgbsditlonst Trap. Decanted, 3 5 Tol uenel00 nl Filtered, Dried.\Washed

w thwater and Vaguupixied.4 0 *Determ ned qna differential scanni ng
calorineter (TA 2“1‘?5:%3%) Ps A -f@"}'rgregeé?ra?eco RS ARYIRE 2 894 10Q i n

in a nitrsogemausosphere 4 5 Step-grow h pol yneri zation of acyclized
ducts, wh h A d t t with | i [ d
ubsequent | conderREAIs AR dSaEa PG GER S RTPPLCGRrENE heefle pr esnce
of predet er percent of theirihydroxi esd grolipscaiditippyd.i C ~ 9 JUL 2003 WO 001 43435
PCT/ US00/ 01753 1 i.d. .a h ' ‘
] liudpbed '8 BLESROGR, Riord 15 BBAGRs Raiith KBl

condensati on cat al colic acid, n Ic acid,
essenti al | y thamed9:084ref their hydeoxylamelps siditippeds pr ocess descri bed above, except

that it | oys Xt u of : ' r - aci cyclic dinmer
of a secgorr:g hydr g‘ﬂﬁ@&i %ﬁdsa'n é’g€£g‘r%ge>r‘<rgo%o %/g%%gxc% |8&§c?@tggﬁérrpl es of
pol yest ers imydfexybgand ¢arsoxpraseupss and pertinent anal ytical data are

summar i zed in Ta%&qdc&rbox\%@ﬂg&ré&fy SN F! Lﬁf%d”ﬁreihsreféke{of a‘?xaérﬁ%}&gﬁﬁﬂl ‘I"’?t er the

systemis treated as a si'np p-gro pol yneri zati on.
STEP- GROWT HWiHDoNe/ERbOAITgronp @y oneeCrorEyYdRRZDIVETS i o Type |1 Pol yesters

Pol ymer 15 1 L- LasdydfboliB APEbxyAcke Us' Used RbrdinMaldrE 1o ydrad aga wifl 35
15 more than one carboxyl group.

"Organic entrainer”, as used herein, refers to organic liquids which codistill
with water.

"Bioactive”, as used herein, refers to a molecule that elicits or affects a
biological event.

20 "Acyclize", as used herein, refers to a chemical reaction that occurs by ring
opening.

"Polyc&ndensation", as used herein, refers to the formation of a polyester
by the condensation of two or more molecules.

“Absorbable” polyester, as used herein, refers to a water insoluble

25 polyester which undergoes chain disassociation in the biological environment to
water soluble by-products.

The present invention provides a new pharmaceutical composition that
chemically bonds a biocompatible, biodegradable polyester to oligopeptides,
polypeptides, peptides and or proteins as a homogeneous ionic species. By

30 chemically bonding polyesters of different molecular weights to the therapeutic
agents, the chemical characteristics of the composition can be more precisely
tailored to meet the demands for the controlled monophasic release of the



Charge 10.0 gm (0.07M 10.7 gm (0.14M 0.79 gm (0.0081 M Pol ynerization

* Conditions 160C/ 29 hrs Acid # rilnh '"['g 1200 0.21 20 2 L-Lactide Mononer
20.0 gm (0.139M) 25G155C/ 1.5h 1800 0.13 27 dycolic AcidlB Juun2008. 093V
155C1 70 hr Malic Acid 1.01 gm (0.0075M Dissolve in DCM | wat er ,
and dry IOQUBAS. tDeternmined on a differential scanni né’%@g?ﬁﬁ‘%@t er
(TA2100 DSC) using 2-10 ng sanple and heating race of 10Cmn in a nitrogen
at nosphere R ng openi ng polynerization of a |lactone or |lactone m xture in
the presence of a predeterm ned concentration of hydroxy-pol ycarboxylic
acid as a chain initiator and a catal ytic anount of an organonetallic

cat al yst e.igologically sttive @olypeptidé alacale in gl CRurthdenae,dhdtompdsitionsisi d i n the
presence of, stannous octoate enploys dry cyclic noners.or a. mxture of
bycl i ¢ mondheilenton o oRiRse R I orsetes biglotpbPaPT s 1 argiel  of

st annous odbadkigof @utserdpaticdlly 3&ive polypdptide i n t ol uene}, which are transferred
under a dry oxy -free atmmsphere in a gl ass reactor equipped for
magneti c or necﬁgtﬁ?rc%%turse? i naiaﬁbqntapﬁa oh%g 'B‘%P@WEW %gtquﬂeptg@ﬁ nis

cont i nued ubitbsvingdetailed descriptionaithe gprefersadi dnstimd endnésaandiigom the cimdél. 2003 WO
00/ 43435 PCT/ USO0/ 01753 16 . E I:f 3 Z red nol ecul ar weight is
achi eved (as neasured in te@-‘%@ﬁg%ﬂé E" ih Ib?a\giﬁ C sity). At the concl usion of
t he pol yneri zat i Figurs chisnan illubteatioe mperesdnting: isomersowk pelyicairakylichacidr eact ed
monorer i s diskild r ure. The pol yester mass is then
cool ed and ‘ﬁ?%alﬁﬂ%?@@gﬁé@ﬁ%gﬁﬁ%ﬁﬁ%r 5 weight fractions are renoved
by | ow t enper at Uriguret iszan ilestrafioroah an dnict mbleeularr epavigstesdsipistingthe The
solution,is h'gﬂél =Teh U 1Sk } r weight is
t hen de? 3r rr?htr?e ! ﬂﬁétrgglr?sﬁgg? wég%g@e\r%? %#%%8@%?@3{ aﬁﬁé" %Egoggﬁngé;%@ber IS

det er mi ned $gmatwinedPdLBUALrati on. Exanples of polyesters prepared by this
process and pet tigleots AnaladdrCaloidind I beroblt &hidd! rIARES flohd fori® TABLE 111
POLYESTERS MADE RI'NG OPENI NG POLYMERI ZATI Type 111

Pol yest er si WPigryjareppidgaieripio RS kuffecatJFhevese 28sanpeiagns# r~~~h Tg, ' C 1

G ycol 1 de3. 22 gm (0.028 | * 2 OL-Lactl del0.7 gm
(0.14M 1500 6 hrsMalic %@?_ﬁ#@gﬁhg ?e:f Ehniodie 1 hrs2 dycolide2.84 gm
(0. 0_245N/?12ME§§'§ hr1,206 0.08 26D, L-Lactide20.0 gm (0.139M 180C/ 2.5 hrs2
S5Mal i ¢ Acl dO. 876errBic(d@8IQQ§&eloMb§§tggﬁlé?olpés‘i§rsgmgmvbﬂ%ﬁ’ aftafldfed to o
(0.0245M 155C/ 1 hr937 0.10 27D, L-Lactl de20.0 gm (0. 139M 185C12.5 hrsCitric
Acl d1. 256 gPRsEersdbBdapd shemisalgesqtivity 1o peryidercontiplied chaiy bpirpiyEabiie gm

(0. 069419 130K duriit FRBkirtr? DirdiF) caph 16 SRERORicEE) dRpBRAMA Bfeid hr sMaNG

Aci d0. 744 gm (0. 00555M) 195C17 "hr s35120C/ 9 hr s5 P/col i de8. 06 _gm

(0. 0694M 150%09. 3 NRY Repitive Fharag t phsielogic, oH v fhe progeR %@?%B@@f\/ﬁﬁSCM

hrjl]; ]§- hexagse liitaérQ. Gidhodts( 0 corioh &M&'Srgllbﬁggc )Sté O&&Dg&%ﬂsr sﬁiwetelnni negon
a differential scanning calorinete usi ng2- ng sanpl e an
heating rat &edfterred o ‘pPﬂg'%sﬁHEF"t? S a%l"t"?@g?)her e45**jn

hexof | uor oi sopr opaipatite syReiDdediga ABithin/the abilit} i soitddBe of ordinary skill in

this field, is employed to prepare the compositions of the present invention. The

C

steps include: (1) synthesis of the polycarboxylic acid-tipped polyesters; (2)
25 synthesis of the polyester/polypeptide ionic conjugate by ionic interaction of
polycarboxylic acid-tipped polyesters (or a polyester treated with a base) and
biologically active polypeptides; and (3) conversion of ionic conjugates to implants,
rods, microspheres or microparticles capable of releasing in vivo the therapeutic
agent for at least 7 days.
30 (1) Synthesls of polycarboxylic acid-tipped polyesters

The polycarboxylic acid-tipped polyester chains of the invention are
synthesized by methods such as direct condensation of a 2-hydroxy acid and a



PCT/ US00/ 01753 Functional interchange of polycarboxylic or

* hydr oxy- pol ybasi c organic acid with preforned high nol ecul ar V\Blﬁ

pol yesters with COOHI OH ratio of unity to virtually zeroﬂgpdﬁf_eg ly in the
presence of an organonetallic catalyst, e.g. nelt s reagld, (ﬁnﬁ” 851 15

| acti del dY?lﬂ%‘? e copolynmer with a nol ecul ar wei ght greater P an 5,000 and
COOH OHs1 with DL-malic acid in the presence of stannous octoate, to
produce the | ower nol ecul ar wei ght polyesters with COOH OH>_1, entails

heati ng a hi gh nol ecul ar wei ght polyaster with a predeterm ned anount of
pol ycar boxylic or hydroxy-pol ycarboxylic acid in the presence of a trace
anount an tgolyacteryicedrgaric ecﬂasmbagmwtls Uolyrresization nof cacyclized cmtcﬁuctsThe
reactants are heat ed nd dr it roge th | ter e agitation
inti 1 the f RO PAARa e g & E8katns of e Pylie pt ArEFL ) oF on o
resi dual unmemh'aﬂgb qn‘cd palyzatboxylit o[gaamad)i wnthrpresiérhmdthtghhmiecmrdfetgat m ned by
noni toring the n.\visc usi ng
capillary vﬁ’ 3@8{;& &f?gﬁd 2@*’% pt|§|1hs Ofﬁ'gé%g%%?%{ﬂwg\% ?‘y“ﬁ@f@i wei ght

pol yest es apulyestees py thesraferementioned enetheds twd&vycar boxylic acid. Th| S is

achi eved by aqu f I t. ysis of the
extract using h?ﬂ%%bgﬁdgﬁ%hﬁgf%hdapg? %?gr@t ogra "g a?%%‘b%r esi dual
mononer, di inastive frtmpanidyecpretetsiyined anadunt bfea/edilmamoqdlccmgaﬂ'rcrﬂdtbid they HPLC usi ng

e Al 0 MRS B Y BT AR,

UWV- D det ector were N NazP04
buffer) pH gy®lig acidsBk1astic @cid| end r%be@a&c acld lmqenerﬁll» ageompgjshedNeic | eosi | C18,

5.Um 25,0 Thatifly Sl biBowy i rﬁ RR) " BaP Uy Bk b hOIGR! Ridpgnd puri t ed

as describ ringopeni pol yneri zat1 on. exanple o
pol yest er nigeocgiporyicshysraxy eanid im eZP@Sﬁ@et ofnerffacacwalofftpplyaarbmhca are given

PCLYESTERS AR Be R o shubles ot brolitns b taad oty A= | Jrver 4
Charge 10 Plrggesr pphtmans A&'taaorcdﬁ%ﬁlamatﬁdsw&ﬂ rieplyegtecr sae Bedler hnger A001 8

gm (501 50 dyy é:héaw 'tﬂ@/p@'yﬁ&ﬂbhﬂa%n @@Qoﬁc@a%&%@ 190%6fo%51 (d 78 inureCi d*” 0.8 gm
(0.00417M Determ ned on a fferential scanni rg%‘;ca orinmeter (TA2100

DSC) usulﬁg Agitagioryef tb@fﬁﬁp@r@nﬂtur@m hegrrevides byra megyele sties opbyhiblinggen
g;lmaflogﬁr eafhefugr)%@&nrg{;égthfbugtm%lygéteﬁﬁﬁ%“frHé pOigheatior(id coHiRBed @ftil 0- 33 M
}%e desired average rholecular welight (determined in terms of solution viscosity)
and/or acid number (determined by end group titration) is achieved. Polyester
analysis by end group titration is performed as follows. Polyester samples (300
20 mg-500 mg) are accurately weighed and dissolved in a minimal amount (10-30 ml)
of acetone. After dissolution, the solutions are diluted to 100 ml with benzyl
alcohol (Mallinckrodt, Analytical Reagent) and titrated to a faint pink end-point
(phenolphthalein) using potassium hydroxide in benzyl alcohol solution
(Normalized vs. HCI Standard). The volume of base solution used for the sample
25 (AVs) is compared with the volume of base used for a solvent blank (AVo) to
determine the acid number for the polyester.
Acid #= Wi, of Sample (mg)
{AVs(ml) - AVo(mi)} x N of Base

At the conclusion of polymerization, the polyester is isolated and extracted with

30 water or a dilute agueous sodium hydroxide solution, from a suitable organic
solution to remove water-soluble or solubilizable low molecular weight chains.



20 .25 30 35 40 Anpbng the other nononmers suitable for the synthesis of the
pol yesters used in the invention are: L-lactic acid, DL- Iactlc aci d)
s-caprol act one, pdi oxanone, e-caproic acid, trlnethylen£

1, 5- di oxepan- 2- one, 1, 4di oxepan- 2-one, glycollde and

Exanpl es W0 08435u1  pol ycar boxylic chain initiators and?giﬁwkﬁf%%%5dlflers
include malic acid, citric acid and tartaric acid. j2} Synthesls of the
polyesterlpolypeptide | oni c conjugate by ionic interaction of

pol 5rcarbox~rlic acid-tipped polyestess and blologically active

pol xpepti des. The pol ycarboxylic acid-tipped bi odegradabl e pol yesters
descri bed above mlyestesenhatysnsnnk@m i querfornmeal @ Ufolowsc orThegateragen t h nono-

of oot v i O deay AR of e Bd B RlerGhed b SRS oBiTVect or i <

render ed caadd 60Qd sd‘lvmtrdetgerapunnplamtarnyhauaot (Rairdrg madghblé-Drdetdrtar. pol ypept i de

P oesos aci Rull Wb R ErafaPurs Buraids & WBREBE Y Se] dsh8H T0c i on

with thes caldrnﬁrﬁet D&l 400041 S0t x Thosn cdhimen {Jordiassaniates) at d8oe rateof ugat es is

achi eved by o C ra f th ents in the proper
ol vent ui t 2SR B E” Bk seiBbiiian 228 ngt 4% PO TBS VieResiniss

PCT/ US00I 01wé3cdlibratefd using raoowdmha polystyrenareféramgegdaridardsBelysoenoes<i m ze its
bi ndi ng ratﬁcfg@ﬂﬁl ta)bob‘hédb%@%%‘oﬁgdr ug. As noted above, the ionic
interaction 0 Ironl"c conju e conponents increases within the

di fference in t heimodifiationaf tes dnrqah@ownya;bnemoaess ¢ntaiin theesel of an sui t abl e
aprotic .sol . t g f_ 2% sol vent s
houl d_ dFssoipiic uangPaasd bl beniBgIReR o2 & hasibaill calEl 101 or.

Sui t abl e soldegignated Epe l%@olyeﬁerssmTqb@slé Thleptmesqreqw@h;adit@ﬂ@nm acet one,
and ethyle t ( sol ution of
base such gt-gvagbré um %gﬁa%cﬁ%h@% arrér%s?utygran ﬁﬂ(ﬁf{g %s %F‘Ve?:}gr nat e i s added
t o maxi m zeexamplesiohaelyrptara made by thgse praeesges 9"@5&9@"9"’1 analytigabdatp arel o t he
amount of QQ%Emﬁgqgﬁa@Q[responds to the anmount of acid represented by the
count er-ani on | evel the basic peptide to be used. After briefly m xing

t he pol yést er-base conbi nati on, an aqueous solution of peptide or peptide
salt is added at peptide/ polyester |oading |evels of 2% to 50% W V1J
(peptide/ polyester). This mxture is stirred for a period of tinme (up to 3
is hours), and then the solvents are renoved and the product is dried under
vacuum The resulting material may then be further processed for dosage
formul ation. The resulting pharmaceutical conpositions are designed to be
chem cally uniform conpositions made totally of ionic nolecular conjugates
and are essentially devoid of mcroscopically or macroscopically dispersed
dormai ns of the active drug in the a o biodegradable matrix. Exanples of
prepared ionic nol ecul ar conjugates and pertinent analytical data are given
in Table V. 0 ~ ~u~ Zoo3 WO 001 43435 PCT/ US00/ 01753 20 TABLE V: IONIC
MOLECULAR CONJUGATE- PEPTI DE BI NDI NGL



Pol.ymer Used Peptide2 Loading Retention3 _ - %5 1 50150 dl

© Lactide/d ycollde 11047(Comercial) 12025Acid # = 22,00Q | [1207310~linh =

0.53 1112048.52 Poly L-Lactide |1062(Commercial) | 1204 2003

2, 0D0Acid # = 850153 Poly L-Lactide |1054(Conmerci al ) Mv &a/\é;ﬁ = %O, 000Aci d

# = 2100WP484 Poly d, 1- Lactide/ | 2043204 ycol i de/ 1, ECHERMBH 0l ( Met hod

[11)Acid # = 10,138~linh = 0.395 4914912 Poly L-Lactld

| 1010D25d ycoCcl Mafl ¢ Acid 12099( Typel B) 13095.5Acld # =1400 14096. 0~ 1 nh =

D-20 15099. 81 12D99.83 oll12077.56 83,3114.7/2 Poly L-Lactic)

| 2096 ycolic/Atric Acid(Type I A)Acid # = 56335~tinh = 0.247 49/ 4912 Poly

d, 1-Lactidel 12096d ycoiide/Malic Acid(Type If) 1112073.9Acid # = 12004

O~linh = 0.218 4ﬁ/ 48/ 4 Pgl g d 1-Lactide/ 110903 ycolide/ C M Acid(type

111)Aci d # TABED) PRLYERIERS YADE BY RIREGT EQMNRENSATIQNYETEODwer e for ned as

outlinedin texl using acetone as solvent and sodi unhydroxi de as base. Al

peptides used were in the acetate salt form2 Peptides: | Bl M210D3

D Tr p6- LHRH( pd u- Hi s- Trp-Ser-Tyr-D Trp-Leu-Arg-Pro-dy NH2) pka =5010. 111

Bl M 23014 ( H2Nrype-IRPOykstéds- Tyr - Tr p- Lys- Val - Cys- Thr NH2) pka = 9. 8111

Bl M 26226 (H2N-D-F5 Phe-G n-Tr %QI a- Val - Dp@l -Hi s-Leu- OCH3) pka = 8.03 %
crten ARG

Ret enti on: YTEF ed by g}'hnsi ng Lonj

» G esterl peptide Lonjic conjugates
with D.1, wafer55and quafti€at Iqlf? iiiSubl e _pgpti de M ri nses'TS ¢

v~ HPLCW .
Pepti de Loaded——A—Sel-uble—PeptideRetention—=100% W —PRepti-de Loaded
WO 001 434351 21 adlic Axid]88bs) 3208130 B8 UBEEDH.06r753F63-3) Carmer sion of ionic
conJugati@s t @raiphdiint si 469asB/I2M ISPEETBBs or mi cropartl cl es capabl e of
rel easi ngi i FAAGB t he tHeIBBE&W M anent for at |east 20 days In a
nonophasi ¢ pr,of i. 1S ob S1) nj al of t i nvent jon can be
converted tgzléc,u' E%té??ﬁ%f%%é%aﬂk%a%nﬁgfos!|§o eres 0?\(73\&th or \%\APt hout 0.1 to
10% of ass sodalichepol yhydisgm@boaihol as processing aid) containing 1 to 50%
by wei ght pol ypeptide that can be rel eased according to an essentially
nonophasi ¢ pr Ofiypé ¢é8 Bolgestews sust ai n phar macol ogi cal activity over a period of
one to 12 weeks; (B) sterile inplantable filnms nade by casting, pressing or
extrusion with or without a pharnmacologically inactive processing aid) and
capabl e f providing a release so profile simlar to that described in (A
and; (C) st e¥ LiwstiqAeidEETni3h-eor OV 1821€/5PYs ex®42usi or®1br pressihg, capabl e of

provi ding a r &y 'dprofi1I939'§i( T)' t hat described in {A). Further, rods
can be coat edg eéi%éa pol yé’ ?%’l’%ﬁ; 1ﬁ£r&%€@§22§£ dditional |ayer of control
over thes ate @kayit@bRas® Usgm t her apqibdaty agent. Preferably, the rods are
coated with amoehsor babl e 1pomyest er ; Agadne. Dpsdef er ably the i s absorbabl e

pol yester is as defined herein and ni¥shegwihf er abl y t he coati ng absorbabl e
pol yester is the sane as the pol yeste:]’:égé PP sed in the rod. In-Vitro

Rel ease fssav: Sanples of the dried and ground tonic conjugate materi al

wei ghi ng 50 4 DQackach @8Ry © 2k g ks 12T /e8ms di1anet erpogcintill agion vials. A5
m al i quot of cy@ithiAcdied PBS92go (@25 er (PBS buffer: 2.87 gm NazHP04, O fi 54
gm NaH2P04, 5Mdicdeld NaCl, 0O.53mgrf-NHN3, Ustp Bpan-$tald [iter wi th Dei oni zed water;

pH = 7.27.) w@%‘: ¥fed to eagh vial a%aprteggaw'al s were placed in a Lab-Line
h

QY

Orbit EnViron-Sffaker and swifled at DRIM and 37C. Vial's were

wi t hdrawn periodically and decant ed aggbrafanhq@mh shed with fresh PBS
solution. The anount of released peptbrdeé was determ ned fromthe 25

decant ed‘WI;BS sol ut tieonsﬁ1 b%ﬁgglg‘%]fspﬁ"tii de ﬂgxé{hacza\iig?o&%mﬁl% | oni ¢ Conjugates: A
50 ng sa Ieof?j into 20 m s of

met hyl ene chl ori 'eom e I?nag?thuareqrg\(i%grﬁ(g%ﬂgﬁt"frgaqewm%sﬁtermact ed with 50 m, 20
m and 20 m portions of 2N acetic acid. The acetic acid extracts were
conbi ned and ao anal yzed for peptide content by high performance |iquid
chromat ography (HPLC). Peptide analysis by HPLC is as foll ows. HPLC

anal ysi stswer e peSte@rgmth@nggri@tivmo%awctmmodwwvr@cﬂ g byfrogyedddiery punp and

an EM Sci enggo MAGS rdddP with VW0 Qinik?é 3rd shsBquft condensation of the resulting

open chain system in the presence of predetermined amounts of a polycarboxylic




15 20 25 30 o s uu~ Zoo3 PCTI USO0/ 01753 detector at wavel ength 220 nm and
1.0 AUFS. Peptides were run using a Lichrospher (EM separati ons) C18, 100A,
5wm 25cm x 4.6 mm colum and 30% acetonitrilel 0.1 % TFA ratl c

eluent buffer. Following are details (Table VI) of the i %Qg ?

denonst r WPAY4H¥e anount of peptide rel eased over a 28 f

49:49: 2 LLacticldycolidwMalic\D Trpe[ LHRH (Exanple #8),

49: 49: 2: LLacticl dycol idMallcl Somat ost ati n- Tunor | nhibiting Anal ogue

(Exanpl e #9), and 73.5:24.5:2 poly-L-4sactide/glycoliclMlic:D Trpe[ LHRH]

(Exanpl e #10) ionic nol ecul ar conjugates. TABLE VI | N-VI TRO ASSAY DATA DAY

OF ASSAYPER@E&IEn@E\eTﬁ&s@nc@&%s%ﬂh&ﬁmmah@tmEataymleeg gkaienpl e

#1015. 5%4.2. 5% 1@ ge/al 3fV 455. 2% 7. 3@5‘6%784 49%942. 29%609%2198. 6%82. 596692

41009@8. 297899810 B3 AL £PERTRLY 1R EMFe8S P CORHERSEBAI uqat es

:j oni cal l'y bpw&dss)@esbnmia%aboneté)@e;ﬁtdl?atugahﬂoyg?duﬁﬁm ofer @omozaokgid byOI 01 M
i ssol vi ng a a m acetone an

aqueous tri %V‘E]'gg’o%?édet Fgg%lcsfd meheofs 8 3??05'Hsh¥\gp’8’%%{rP 3 VIRt 25C for

about 15-24 pblywrso)@mhdld] eExémpleseofemblyehte:sughdeﬂbﬁthlsmrbwss and bedtihent

per 1 or mance Al s R Eah " Sl ) Rt 08lesOE Rt B55BL or & v un

using a M1 Iwntpwaterttmchgkter?\]lgtrwterpasﬁmslmmbrqﬂpeg@wth pmydmhzaﬁm&l punp and a nodel

Separat | one) "DhE B Kt CROW Bt 0 M G A 2 BRI 175 25

Cl8, 5 wn9 OOA colum, flowrate 1.0 mM per m nute using 35% acetonitrile
in 0.14% sodi um perchlorate buffer as an isocratic eluent system Peptides
were quantified by conparison of the area of the correct peak in the sanple
run with the aiyeelbPolgestens ect ed peptide standard. 5 tJSe Any of the

aci d- bearing est ersl pol ypepti de i ugat descri bed herein can
be adm ni st ey Qﬁ’ %[o a reci phept, al one If?ﬂ’nfe %gﬁhﬂbl na'ffon with oc

phar maceut i cal | y-accept abl e d| um oug may be ¢dnvefil €nt to

adm ni stﬁr subcut aneousl y) int rarruscul arI y, parenterally, by suppository or
io nasally, the therapeutic preparation is adm nistered in accordance with
the condi tiop jQiRRohdmRAl ed.0 ghNEoAPNCEREB@IgnAN Of hhe GRFPOoshtion in the
fornul ations @lycdidyidl Nvent jogmvid.i4m) vary dependi ng upon a nunber of issues,

i ncl udi ng t heMdisgedie t o bet)?&dm(mostMar ed and the route of adm nistration.

OI’

Wt hout FQrt her eI aboration, i S be ve that one skilled in the art

can, i5 usi n@LI @4"%’@& 8@%%% f1 P2e tR® i fdtant” i nvention to
colic ACid (i

its fullest emi’,n The fof{; Wé‘ 784D iné‘Me) therefore, to be

construed as nere y |Ilustrat| ve and magh nhmtgratl ve of the remai nder of

t he di sctsure I n any way Wnatsoever E)@dvﬂhﬁczb -- DI RECT CONDENSATI ON

METHOD -- Synt hesl ) of 501 50 PoI actl c-co-glycolic) catal yzed by

Amerlyst 15 D, L- m sam %' rat %mnn namtro enarigs)j;\erg? gm 0.13 nol e) was

m xed with egCO|c r?] 0 &)™ bund bottom flask fitted

wth a magnetic stlrrer a Dean Stark trap and a vvater cool ed condenser.
Tol uene (100 m ) and Anber | yst 15 beads (100 ng) were added and the m xture

was refluxed undﬁng opening polymerization of a lactone or lactone mixture in the
presence of a predetermined concentration of hydroxy-polycarboxylic acid as a

chain initiator and a catalytic amount of an organometallic catalyst e.g. a mixture of

35 L-lactide, glycolide and DL-malic acid in the presence of stannous octoate

employs dry cyclic monomers or a mixture of cyclic monomers, a hydroxy-

polycarboxylic acid and a trace amount of stannous octoate (used as 0.33M

solution in toluene), which are transferred under a dry oxygen-free atmosphere

into a glass reactor equipped for magnetic or mechanical stirring. The

40 polymerization reaction is continued under nitrogen following a suitable heating



a s nitrogen for 72 Hours, renmoving water fromthe m xture. The m xture was

- cool ed, toluene was decanted fromthe solidified nass aﬁt% @ﬂgﬂuct was
di ssolved in nmethylene chloride (250 m ). The nethyl ene “chl™or sol ution

was treated with activated charcoal (Darco, 500 ng), filtered and vacuum
dried in MOPHERY evaporator. The polyester was further E/EYYYer high
vacuum (1 mmHg) at 3 0 40C to afford a white powder. (ri~h In CHCI3 = 0. 3,
Acid # = 2439, Tg = 120 0 9 JUL 2003 WD 00/ 43435 PCT/ US00/ 01753 24
EXAMPLE 2 - DI RECT CONDENSATI ON METHQ@R -- Synthesis of 4914912

Pol y(L-Lactic-co-glycolic/citric) catal yzed by Anmberlyst 15 Using a system

simlar to giiapR unkir tha desifedafibléoui? Sighel IsesthRved HsUh&bsurd.if tdis of - 25 ol e)
was conbined with Igl ycqlic _aci dé%lQ. 25 nole), citric acid s

1 th gly gm 0.
monohydr at eSq4tiog3 vigeasity). oAt Hs C'%f?ﬁem \yRg pplymegzgion (&ieMeg)teind t ol uene
(1f5? ”112 intg?’\p‘ﬁﬁdﬁﬂd i© Wviehst ﬁﬂ\cﬂtHéi urm%temt ﬁbhﬁrﬁemagjttdmkﬂ t@rﬁhe\‘\/iréd_ll_xr\;,édf[rlri ng to
reflux for ours, renoving water e Dean- St ar rap. e toluene was
Gocant ed 1 r BIFFSUTE TumPONRBler ATASH SR SO0 ANE T BRPO R OR Maesfe f e o
aclet one (SBOQeight)h fraétidn% ighd e.éfﬁd/ea_nﬂkl Obw @éinpﬁﬂ?tarer eitﬁbvorﬁgamoa gduﬂéble Thehsgl id
pol yester was then redissolved io . jn net e chlorjde an washe
twice with REPRP SE"Z'{'(?P' 1&83 ﬁP'}"q‘iﬂolsrtb‘?ﬁ)g&eCQ%fﬁf Sabfen 5n‘§F‘§‘.’edT\r,1VZﬁ%rgani c
Sﬁl uti OE| wagno_teeglguemigmtiememndaermaf riy tﬁmmm_ nt &F_dzziditijlen@nlfrwm \llvasT B
thoroughly dried.under .vacuum,to aff or Ite soll see Taple |, Type
Pol yester, PYPORHSd ﬂﬂ'"e?ﬁ%yt%ﬁ'gpr Tgos. %"6'.“2%? °§E‘f'¥?s3§$@r8&az’?‘? l?’(; =150 is
EXAVPLE 3 - thisorbdesSaNd/ Pertinent afdiytal Adta @ difeHMatigimt. hesi s of 73.5124. 512
Pol y(L-Lacti de-co-glycollclmlic) catalyzed by malic acid. Using a 150 m
capaci ty1°cyl indrical anmpule with an air inpinger fitting L lactide (20 gm
0. 139 nol e) TABEE tlo ROLYESTERS MAPERYORING QPENING POLYMERZATEBN DI €) 2 o and
(d,l)-malic_acid (1.0 gm 0.0075 mpole). The mxture was _agitated by
bubbling nitrogen through the inpinger inlet (100 mMImn) and heated from
25C to 155C ovEypellbPolpesterses. The reaction tenperature was nai ntai ned at
155C f ori570Phlgmes and t he wat er froRvlpmegastion zat i deidvas renoved in a cold
trap on the #eactor outl etCHargee. Af CendittBdshours tHe reaqti oMgfM@s cool ed to
100C and pour 2s | illed inl i or _har deni ng.

The solid polyester was then dissolved in nethylene chloride and was washed
twice with hévealdq 2 x 150 3R ym{EP28Mnpv 820685l e ol 18bOMEX™S. Fhe organic

sol uti ortowaslt¥tent r at ed '3A9A8 ¢ y &PS¥St or and the product was
t hor oughl y dMF'@PéPg nder vacogapﬁ‘t(%oggﬁprigggg%fste solid (see Table I, Type
|| Pol yest ep,qepkeyMer #2) .2830m (auz2ity i N1Seb€dshe= 0. Lidos Acddd #og= 1800, Tg =

27 C) D,L-Lactide 20.0 gm (0.139M) 180°C/2.5 hrs
25 Malic Acld 0.876 gm (0.00541M)  130°C/15 hrs
3 Glycolide 2.84 gm (0.0245M) 155°C/1 hr 937 010 27
D,L-Lactide 20.0 gm (0.139M) 185°C/2.5 hrs
Citric Acid 1.256 gm (0.00654M)  190°C/2.5 hrs
30 160°C/13 hrs
4 Glycolide 8.06 gm (0.0694M) 180°C/1 hr 970 026 23
D,L-Lactide 10.0 gm (0.0694M) 185°C/2 hrs
Malic Acid 0.744 gm (0.00555M)  195°C/7 hrs
35 120°C/9 hrs
5 Glycolide 8.06 gm (0.0694M) 150°C/0.5 hr 10,138 0.39 30
D,L-Lactide 10.0 gm (0.0694M) 185°C/4 hrs
1,6-hexanediol 0.656 gm (0.00555M) 150°C/1.5 hrs
40 120°C/3 hrs

*Determined on a differential scanning calorimeter (TA2100 DSC) using
2-10 mg sample and heating rate of 10°C/min in a nitrogen atmosphere

45 *"in hexofluoralsopropano!
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* POLYMERI ZATI ON METHOD -- Synthesis of 75125 poly(L-1actide-co-glycolide)
initiated by malic acid. L-lactide (12.0 g, 0.0833 note) ggj[}]gcﬂl]]ﬁle {3.21
g, 0.0277 nole)) malic acid 0.3042 g) 0.00227 nole), an %@E‘Dﬁﬁ% oct oat e
cat al yst WSR3 i n tol uene, 67 pL, s 0.022 mole) were’s er dry
nitrogen Conditions to a glass anpule with a nagnetic stirrer. The system
was purged with NZ and evacuated wi th vacuum several tinmes before sealing
t he anmpul e. The reactants were then gglted at 140C and the nelt was heated
at 180, 190, 180, and 150 for 1, 4.5, 12, and 2 hours, respectively. After
cooling to roomtenperature, the polyester was zo reheated to 110C under a
vacuum of less than 1 m f or .abput, one hqur, to renove nononer, retool ed
at room t enper at LW‘E‘P"GGE‘I’?%@BP%WW&&%IP@‘VR‘? ?rﬁyaﬁ’f}"pi’@‘?ﬁs&t%gia%'c{iri ed under
vacuum ( ~, with preforféd high Onclétuladeeihtpolyedeedwitl ECOHIOR) rafiodiittd - - RI NG
OPENI NG POLYNERI ZATI

ON - Synt hesi s of 50l 5Q
b0l y(D, L. | ~XRTa 265, RN T PIROPTCR @ nisyomeRlc S2lRlyst o9 ok | act i de
(10.0 g, 506@6&%nrmlae)85kmslaald)e£gdllcwdb h:ogdﬂymeﬁ withea b&l&ﬁlagwe@hﬁ@lﬁéteﬁol( e),
citric aci 1, g nd_ st annoug octoate catalyst (0.33 Min
t ol uene, 84th§rll_5?°%8 .%99%8%?@‘5‘3%‘3’%@@3'& §°' i eggrﬁs%ﬂc&nogpﬁia&néug n a gl ass
anmpul e cont adtdste) togprodigrethe dowédri molecularnweigtetapa@stergd edth \GOOMMDH>The react ants
wer e el tedgg t ed at nd,120C o and 9

nd he 180) 185 . 195 a for 1, .2, 7,

hours, resp “l"g\;‘éﬁ@".g arpigh Hlﬂ?es?@gf \%‘?'QMF;@?}S'I Wit @ gredgismmipeshatiourt Bfe, quenched
in liquid npdlycagerylicioshydugeholyaartioxtic add in(the presenize GHOr&eantbutgn ACl d # =
of 501 58° oI RCREs eR 5 UL P o B8 TGP, Rt of - 28
Usi ng a sysabewe s180PC amdeo dnhaitegere withi intedsied agitatiob, dntil aet fuhetidnk0. 0 g,
0. 0694 nol e | ycol.ide 6,49, .0.0694 nole).. 1, 6 hexanedi ol . 656 g,
0. 00555 nol B8 hEHGE I8 58“'&@?%0@%05‘[38&{@ exs ﬂﬁ‘?"’ﬁ”{‘ o&u?ﬁ@?gsﬁ"'ﬁi",‘é‘g. 0278
nmol e) wer epahybeebtbxylin ceid).drip efiettr thigels deterchirted dbys mbnitaging) Itises snoliaplat € whi ch was
subsequently . e JThe.co i t I t at 150, 185,
150, and 3 YoaBgE Pyt BF BotBh Yebost i SIaly WomelF a8 2RI el
resul ti ng pebylast dowenasoleedary it polyester add (the eprésdnice dfl Unredateae |1 |
Pol yest er, I . DL = i d = 13 TA = 300)
o e PR 3bu s iy sk b e Byl rondcleq gy
| NTERCHANCGEandE=TEyEis of e rextnad using higle perffiomahdéediabid ashiomgtdgaph (HPLC).
pol y(D, L-I a¢t idescQq- olyl.de). : -lactide-co- cQl i de)
(Boehr | nger ﬁkﬁ@%‘q&’g’&"@b{"b& F@ n%?’%!ﬁ%B&%‘%gQﬂHi‘%%m%%egégrgﬁAcf}é s@annous
oct oat e (2 HPpssingveViéaterd déadiet G008 sgiverd delivepnmumpeangraiBynaghay (Raivinbgen
condi tignps ) ] h t I i , cooled to
" om t cror RPu SN0 REtockl U8 i 6 ALRS) B o poffonadLsir 62617

Na,PO, buffer, pH = 3.5 (isocratic flow rate = 1.0 ml/min.) using a Nucleosil C18, §

um, 25 cm x 4.6 mm column.

The desired polyester is isolated and purifled as described above for ring-
opening polymerization. An example of a polyester made by this process and
25  pertinent analytical data are given in Table IV.



i sol ated, and dried (see Table 1V, Type IV Pol yester, Polyner #1 ).
(rl~~hln CHCI3 = 0.2fi, Acid # = 670, T9 = 23 C) EXAMPLE 8 -- % hesis of
a 49:49:2 L-Lactlcldycolic/Malic (See Table |, zo Pol yG& ) DTrp
[ LHRH) lonic nol ecul ar conjugate. 500 ng of 49'49:2 L-Lactic/ Q. ycolicl Malic
(synt hes™W®/43435di r ect condensation; Mv = 9,500; Acid# ECTHSOs
dissolved in 10 ms of Acetone (Mllinckrodt Analytic Reagent). A portion
of 0.1 N sodi um hydroxide solution (1.14 m) was added and the m xture was
stirred at roomtenperature for 15 iggmnutes. A solution of 100 ng of
D Trpe (LHRH] (BIM 21003 Peptide |; base content 87% acetate content 7%
in 1.0 M vwaRE IWROIESTERS MADE 8YTFUNCTMENARINTRRCHANGE or 1 hour at room
tenperature. The solvents were then renoved, first by Rotovap at T<40C and
then in a desiccator for 1 hour at roomtenperature under 1 mm Hg vacuum
The dried solid was triturated and stirred z o in 100 ms of deionized
Water and isolated by filtration. The aqueous filtrate was tested by HPLC
and found to C’ﬁ/ i\ég sol ubl e peptide. The solid material was dried
several Hays iHP§ 8'V‘F%é%i ve 540 ng of white powder The powder was used
inanin V|tro assay (see Table VI, % #{o | IVPLE 9-- Synthesis of a
49:49: 2 L-13¢M¥cl gl yeol lglgpl i ¢, see TaB "é?t?ai "zs [Pl yner #4), .and
Somat ost at | nl Tunor | nhi b| t1ng Anal ogue ionic m) ecu ar conj ugate. 100 ng of
49: 49: 2ad- LacticlT @ ycol i dMal 1 ¢ (synthesi zed by direct condensation; Mv =
9, 500; Aci di #Beshinds? B901\fepm (20758 dibholidadBhicelide) AG0C/Dfrs ac®Poned-PMalZBi nckr odt
Anal yti c Reagent A.portion of N sodi um hydr oxi de solution s o (0.32
m) was added ar?}f'c‘f‘ﬁgr nﬁ'&?’ﬁre&ﬁggh’ irred at roomtenperature for 15
M nut es;s A sol Utpedmifel oPaidBint@fscanairthiioi (ravi dowsef ushghi bi ti ng Anal ogue (BIM
23014 Pepti de | 12510 hassnple ardthedfitg radS6r) 0°a/adtirad reérogo atnespberd. 899 in 1.2 m water
was 0 9 ,~UL 2003 WO 00/43435 PCT/L1S00/ 01753 27 added and the m xture
was stirred for fcﬁﬂﬂ?a’%’g“ﬁél@w&!sé’ﬁ%@f”msé’m3FI'Y‘§°'§‘B'I‘vents were then renoved,
first by, Rot ovafPR ™ F4BE MR then in a desiccator for 1 hour at room
tenperature under 1 mm Hg vacuum The dried solid was triturated and
stirred in 20 mMs of Deionized Water and isolated by filtration. The s
aqueous filtrate was tested by HPLC foupd to cont 05 ng sol ubl e
Dbt 1 de.  The soRMbAS PineT miemere ulinde JEr P dpEN i V8 ebetR o ve 106 o
of whi Ee pmsglrm {/Tbelrpémdﬁr aren s -igetieu acld,a mil-latie dadid) ﬁ-ﬁaprﬂa&?rﬁd Op-g eISeZIZe5 ,
assay (see Jable thesis of a T3.5:24.5:
poly L- F%lctq'?i@l’%ﬂeyc%ﬁpé‘?'?chfd t('é‘@@%@e ﬁgt?oé‘aﬁer 18%3 TEMAEY #29 and D Trp
[LLFRH] :j olrlldroxap?rez-uh@rglmmeugad mes&z%um aiarﬂgﬂeéofaﬂseﬁn fBolWHrbt?xyllc . .
actidel glycol.icl mali esi ze of. ac lzed pro ucts;
Aci d# = (f@%‘"vﬁ' atarssasngfq/ézﬁgl Qé@l@ W@'” e_Lg1 ﬁ??gd'A\A%Braﬂdowd PYC N sodi um

hydr oxi de sigution (2.8 nl) vvas added and the solution was stirred at room
tenperature for
(Bl M 21003; base was added

and thesm Mntnrantlmsofgalyuadmbmﬂc a@l-tmmdt@yesl’dre andlble!nns alenetiveenoved and
the resul ti gg feiklhgswas triturated in deionized water as in Exanple 8

The polycarboxylic acid-tipped biodegradable polyesters described above are

used to make an ionic molecular conjugates with mono- or polycarboxylic

oligopeptides, polypeptides or proteins with accessible effective ionogenic amine

35 groups (see Fig. 2). Moreover, any polyester is rendered capable of forming an

ionic molecular conjugate with a polypeptide provided it is treated with a base,

e.g.,, 0.1IN NaOH. Such treatment exposes acid groups of the polyester for
multiple site ionic interaction with the cationic polypeptide.

Thus, the formation of these conjugates is achieved by direct molecular

40 interaction of the components in the proper solvent with or without a pretreatment



indicating less than 1 % sol uble peptide salt present. The isolated solids
"were dried 4 days in vacuo to give S39 ng of white povvdé Eﬂfﬁﬁger was
ground z o and used for in vitro rel ease assay (see Tabl v | e #10).
EXAMPLE 11 Fornmation of Peptide-polyner ionic Conjugat q,cgd A t| cle 1.50
of L-1actWA¥H¥Pcol i deld, | malic acid pol yester (65: 33: f'fsr nj Sugat es
wer e synt hesi zed by ring opening polynerization as in exanple 4 (MN= 4700
pol ydi spersity = 1.3 as deternmned by GPC on a Jordi 2s Gel 50 x 1 cm m xed
| i near bed columm, THF eluent, Watt iM ni Dawn |ight scattering detector
dn/dc = 0.05, acid # 1475 by titration, Ta 42C), was dissolved in 40 m of
ﬁcgt onea Th@fI the palyegted witls ammoegdan?waéatd maxXimize it bindiAg rdte Gépd&:ctﬁw e di U m

ydroxi de solution and stirr o] on of .0

B M 93014 (iR FOE- c it Bnipd cbowe, e ot nleftet of el 4Bl Bt of
MITi-Q3 ocomnowntwa&reabwm;hiratdddﬂewnt&mmhempm(g valwes.ne pol ymer sol ution. An
addi tional 40 m_of ac one wa se dur i t he peptide
addition to preveh?t °§'re H? Q'%ﬁoﬁ'Sﬁm %ﬁ}é‘gag’r 388’8? '85330098?"8%“% was
stirred forraogeoi2ieto 20Md WNerSuch@ol%nléthdmﬂBs%@a@I@ ékﬂy@%&rd’@ﬁt\ﬁéml 01753 28
evaporated ¢ o r cu The. r ti sol ] S

redi ssol ved ? Rg%yﬁ%?%%gﬂgfw % n#%]blea Oév[ ﬁﬁs sgﬂ:}gr Fﬁ p PO 'In?]f’é-‘va water to
f orm a cl eatetratyidedfirem,. acétons, and| altyileme glw.:sl dimpthgiether. Vo thismsdutdnyan ef | on
filter into cﬁlgfat?soécﬂuti{‘)n%ﬁ‘ b%]sre' ﬂ:gh a?§8¢§u\frﬂ' 60&5’sfsxuﬁ1o% %m%lurh hy &%&ﬁé at 4C. The

pol yrrer/pep? € co separ at Y3 s ha particles
upon cont actarban@ate lslaédadabenaxmzet the hmd)ngrngpadtmoﬁlharppyestm lB@emral at 4C, the

resi dual ds were

i sol at ed” by{ﬁ%%n H %%&qrcgﬂgg é\sgfea PEG@%SH{ST? r@?&%\ﬂéﬁlbﬁg‘%\at er, and
recentri fugwnteﬂaelon buelﬁtm bgsicpemwamlee uﬁeded by | yophilization to gi ve
1530 ng of white I S - 100

pm The Ta of t hﬁéffelrrgﬁ? r@)(%}?‘%e%g vvé'zbassﬁgé\ﬁbitﬁ %t%gcirﬁfngoﬁ’%%%ﬂﬁﬁot al residual
(unbound) pegrtifeler peptide salhigad @F‘satsﬁﬁpé‘ﬂ%mh@ﬁt% logeisg feyals f 28 195068 ny by HPLC
anal ysis. Thgnt @Eﬁldelp@lyéété’r’) pl‘ﬁi%t in%r&‘?@tsﬁ‘rf’gd RS Sbe drtRRdUBYed enent al

nitrogen analysis to by we percent age of extractable
pepti de 1f’rorﬁﬁ‘{'ﬁea'@dﬁ?’hﬁﬁﬁgv‘%!ﬁ%a@é?r@?wr?@ﬁ thed)rg@cglg dg%g unger yaqugmt . 1 s usi ng

the acet onelfle }odMtihdr Mattfibl M) hembé RFABH stocessed¥er dRage fonfdatinirkgat e, thus,
retains 84.8%.ionic (extractable) character. Rod De |ver63/ System Type 1

(CONC2 and '@8¥ting pharfgreutial comppsitions Are iesigheds tor be: chemi 'VerﬂfPfat ed 9713

Capr ol act ongdnsdasiond Hed<ioRm sMtic melesdar oéﬁjué‘até@éﬁﬂbrb@&éeﬁfﬁll? ldasdid equi pped
for nechani cal stlrrlp)a?was flame dried tw . ce andn‘B ged W th dry argon.

The flask weSMiEIRSERpEd!XPr Rageeseapirdlly dispersed gamaiasoffge active tighimtheyl yeol i de
(0. 088650”Db|6@agra7&b|3 Bathix. CE)taliripﬁésaﬁfl grepated Iénicreiokulad ¢ougbtes amdl st annous

t oat 0. | ut t ol Th
g& S?rerel gat P%B{‘%gg"@ﬁ%]ééé@ge 91'¥?'}1’5Tf"wgklfsgl Iuo:/\lloggI gchgrrgena)nder Ss ar gon

purge the charge was heated fromroomtenperature to about 150C over a
period of about 1 hour and about 20 m nutes with continuous stirring after
melting (at 70 rpm. The charge was maintai ned at about 150C for about 11.5
hours. At the conclusion of the polynerization) the small anmount of
unreact ed nononer was distilled at about 120C for about 15 m nutes under
vacuuma o (about 0.1 mmHg). The material was poured into jars and all owed
to cool. 09 .f UL 2003



WD .001 43435 PCTI US00101753 29 The pol ymer was anal yzed by GPC (Wh= 3543,
© M= 7708), FT1IR, DSC (Tm 52.0C), and titration for car bﬁ( Mmﬂient
(average equi val ent weight = 623 Da). Twenty granms of p g
di ssolved in 50.0 nL acetone, and s solution was precipitated in stirring
i ce-wat erWOIH®43%| i d product was isolated by filtration FEREHTYi ed
pol ynmer was anal yzed by GPC (M= 4214, Ma= 9688), DSC (Tm 45.2C), and
titration (average equival ent weight = 780). Exanple B-1. Preparation of
tonic ConJugate (CONCl) io A 1.5 g pupified polyner (CGCL ) was dissol ved
in 7.5nmL acetonltrile in a glass vial. In a separate vial 250.0 ny
LHRH- acet at eABMES: lOHIS S10LEOYOAR CONIUGATE-PEPBIDE BikmEicWat er. The di ssol ved pol yner
was filtered through a 0.45 ~m Acrpdisc syringe fitter i(géo a vial
cont ai ni ng B@X"S"T'P@‘?sodi um car bB‘?P&"@g (to neut r‘,ﬁf‘q‘rﬁe LRrtftet ate) . The LHRH
sol ution Smas—added—dropvrse—ro—rhe—f—rkrered—pﬁ—ynﬂﬂ%—svmfrmﬁ The
conbi ned solution was m xed with a magnetic stir bar for about 1.5 hours at
room t enper at ur eso/5Canpdigpadiyeolivns precl pitated oy addi ng4rt dropwi se into
stirring |iquid-&pmom n cool ed i sopropyl al chol (I PARS The precipitate
was col | ected byA¥dfi2tfPugati on and I:dri ed ove?® night ufdler vacuum The
conj ugatlé’ yheld '_L g% Conjugat g was analyzed by D (Tm 50.9C) 2 o and
FTIR El enental gHahashS of the mategrial yielged 1.81 %nitrogen. Based
upon this, the LiRiveieorboent was determined to be 10.0% Exanple C 1:
Preparati on of aAdRdd8Lrm Delivery System lonic conjugate (0.3987g of
CONC2) difd pol ynylecisneg of CGCl )/ were mi xX¥@d by genffe grinding and
nmel t ed toget her 'g 00p8C in a heating 2 5 block. The nelted materi al
was m xed and t hggysdgepn | nto 18G capillary tubes and allowed to cool. It
was extruded and4sidbiePeodislactidé/ | Nt o llengths thmt had thesproper dosage of
drug ancopl aced @lylige’hs hexenedidle 10- gauge spiral needle (ready for
injection). Al _1") {8 Exanple C-1 were conducted in a |amnar flow hood.
The rods had a ‘ d,agntent of 2.5% 30 WO 00/43435 30 0 9 JUL 2003
PCT/ USO0/ 01453 Rg&ﬂglﬁ)a&,l,y@aw Svstem Type 2 (CQyC2 and C@ggl) Exanple A-2:
Pr epar atason of Gofjyovlictiaikacid | niti ated 971 3 Capwool act onels® ycol i de Copol yner
(CGC1) The sane gme r (CGC1l) made in Exanpl® A-1 was ¥$ed in this s
exanpl e. Exanpl e?q8# :1gq9r epar ati on of: | oni ¢ j ugat es (BONC2) CONC2 was
prepared accor di?i'ﬁ"t(§ t he procedure described,yi n ExanplgegB-1. By el enental
anal ysi 550 the percent nitrogen was # 31 % Baged on thigsthe LHRH cont ent

was 12. 76% 6 83.3/14.7/2 Poly L-Lactic/ I 20 96
Glycolic/Citric Acid
(Type 1A)
Acid # = 563
35 Ninh = 0.24
7 49/49/2 Poly d,1-Lactide/ | 20 96
Glycolide/Malic Acid
(Type ) 1] 20 73.9
Acld #= 1200
40 Ninh = 0.21
8 48/48/4 Poly d,1-Lactide/ i 10 90
Glycolide/Citric Acid
(Type IIl)
Acid # = 589
45 Ninh = 0.22

9

1 In all cases, conjugates were formed as outlined in text using acetone as solvent and sodium
hydroxide as base. All paptides used were in the acetate salt form.
2 peptides: | BIM-21003 D-TrpB-LHRH(pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly NH2) pka =
50 10.1
| I

Il BIM-23014 (H2N-B-D-Nal-Cys-Tyr-Trp-Lys-Val-Cys-Thr NH2) pka = 9.8
Il BIM-26226 (H2N-D-F5 Phe-Gin-Trp-Ala-Val-D-Ala-His-Leu-OCH3) pka = 8.0
3 9 Retention: Measured by rinsing the dried polyester/peptide ionic conjugates with D.I. water
55 and quantitating soluble peptide in rinses by HPLC

Wt. Peptide Loaded - Wt, Soluble Peptide
% Retention = 100% x Wt. Peptide Loaded



i 0o Exanple C2; Preparation of a Rod Form Delivery System CONC2 (0.1854 g)
and 0.5565 g of purified CGCL were m xed nechanically and then heated to
about 60C. M xed and nelted material was drawn up into 1§90dybie2808pi!!ary
tubes and extruded with a plunger. The rods were cut in%g é%n @t)@ t hat had
the prop@¥O¥¥84fe of drug and placed into a ~s sterile ﬁ‘g pi nal

needl e (ready for injection). Al steps of Exanple C-2 were conducted in a
| am nar flow hood. The rods had a LHRH content of 3.2% Rod Dellver~r
System Type 3 Exanple A-3: Preparatigng of Tartaric Acid Initiated 9812
Caprol act onel Tri net hyl ene carbonate (TMC) Copolynmer z o (CTT1 ) A round
bottom fl ask eqq_pgeﬂvérgbnmmm atds trorlmmnmsodd aﬂerod@hads bhree tines
and purged with dry argon. The d aprol actone (1.47
nol es, 168g¥'—,‘—'"?R§§‘—'é'@§§gP—%¥@“e| 2! g pNE FOr pl es, 2.134
g), and stazmagg mcamahgﬁ QQ__QﬂIeHWhGSom&Ydﬁjugaﬂe safts@rtﬂe Mvantien 2e4 Ut i on i n

Under a1 gonbbege e (a8 miaHrReRsr e &1 1 RS Shout 1500

over a peri ﬁtﬁlldolﬁoly:”tiydm& alcohalugs \prockssirgt lardo idogtaining nolot B0 BAGESigh M Xt ur e

(60 rpm. ure at about 150C for.about 9 hours.
Unr eact ed nﬁﬁk’ﬂ?BF&b@E nsbg H?e@deéif’"‘“‘ 268 'm toﬁﬂ)?,ssfaﬁﬂ' I'&MPp@sﬁﬁ?H%nder 30
reduced pr esmditeesystail phamacdibgicad aictjuite rovevas peded efionenta 12 avesksin(d) al | owed to

cool . Pol r C = 13221, =, 35602) . 00/ 43435 31
075 JuL 2008 HETRRBRYY B Bas Bl ool podsBh o S BIORIN iroti gat s
(CONCTT1) ApHarmacplqgically lrmdtlvpoprycﬂssmg ragam aﬁdacqphblemfanmﬂmgiiasmmlased in 7.5nmL

acet ont el | Sl ol A3 el @bl o (RS 35548 oda0s s HEE goet o0 © was

di ssol ve m di stl ssol ve | tered
t hrough a sexirus®n-~on mtesam seapghie i ofgprofiding er rélease arOﬁlea$|mdm'ntoalhat ng 56.5 ny

sodi um car bg e I { ‘ was added
dr opwi se to t?e%d(fn @p HM%}' '?73183? sol S??%&le% %n };lﬁ){)és"led 3’0‘%\)@% on was m xed
wi th a magnadditonglt layenaf ccrairol ayeiuthe rate Lof srelease @b tthararautic agent. Conj ugat e
was pr eci pi b%?e?&blﬂhé%ﬁé 36 édateﬁrvﬂiﬂ"an sbr‘BLlSie ?Elﬁsrtér”ﬁhml rﬁg’fﬁ%bg'tﬁé ogen cool ed

| PA. The preci Itate was zo collecte cen ugatl o ried over
ni ght uﬂderabﬁ@&ﬁmﬁ palyrsterolsj &%) dlefined B‘P"G nward gnost p;@fersblarn@nt egatisghal ysi s of

the materi abbs)bkﬂ’ab@‘}ﬂg@st@ﬂ%ﬁ@éaﬁ@%ﬁhe R Lifdtiskdintne fdae LHRH content was
determned to Exanple C3: Prieparation of a Rod Form Delivery

System 15 CmiMitre RelgaseAssayinas el ted at about 55C. To this was added 0.2250
g of CONCTTgaapes bhhetdel 'aRd %Y&h@%rﬂ@@om@ﬁfeerﬁatbﬁalmfng%n Bagn ol ten

system was then drawn up into gauge capillary tubes and extruded with a

pl unger. Thwegegurceddn &5 Elﬁ‘ﬂ d;amegar F@ﬂ‘ﬁ'@‘l‘f’é‘ ‘t'EH%ttA ﬁﬁﬂ aliqyet pfr pdifeddfRhge of drug

Zlnﬁ I0|t aGed biteP (PBS befdr! 287 §maNEJEROS D.653 grIREHIFD,(5.93|VNAOK 05YneCt | ONS) .
steps OLaNa, Q.S. 1.0 Liter with Deionized water; pH = 7.27.) was added to each vial and

the vials were placed in a Lab-Line Orbit Environ-Shaker and swirled at 120

(A1 Jeas

R.P.M. and 37°C. Vials were withdrawn periodically and decanted and replenished

with fresh PBS solution. The amount of released peptide was determined from the
25 decanted PBS solutions by HPLC.

Peptide Extraction From lonic Conjugates:

A 50 mg sample of an ionic molecular conjugate was mixed into 20 mis of
methylene chloride. The mixture was sequentially extracted with 50 ml, 20 ml and
20 ml portions of 2N acetic acid. The acetic acid extracts were combined and
30 analyzed for peptide content by high performance liquid chromatography (HPLC).
Peptide analysis by HPLC is as follows. HPLC analysis were performed using a
Waters model M-45 solvent delivery pump and an EM Science MACS 700



z o0 exanple C-3 were conducted in a |am nar flow hood. The rods had an LHRH
content of 2.3% Rod Delivery System Tvae 4 Exanple A-4: Preparation of
Tartaric Acld Initiated 9416 Caprol actonel @ ycolide Copol §gej| cguua) 25 A
round bottom fl ask equi pped for nmechanical stirring was f ] ed t hree
times andv@O¥H4¥ with dry argon. The flask was charged \&CtTﬁjng(y %I act one
(1.41 noles, 161 g), glycolide (0.09 noles, 10.4 g ), tartaric aC|d {0. 005
noles, 0.73 g)) and stannous octoate (0.0003 nol es, 375 p,| of 0.8 M
solution in toluene). The pol yneri zatj,on was conducted using the follow ng
S 0 schene: Under argon purge the charge was heated fromroomtenperature

to about 15@éte@mest Wamngud 22(5 nPakd 110 AUIFS, WplehRies twdré ir08 Jsig &l ten
reaction mxture 8@@ % %é erature was i nt ai d at ahbout 150C for
about 1  oHighvgERNeD refioN) s QBGT REDOAIFTY S 4-69DMi 5l 3nd e ¢ hen
raised to ag)@ggn,tmg@qo/gqJFAgngsoérgweum#lb@ferlvat erial was cool ed to about
107C and pl aced under vacuum a for about 1.5 hours. The materi al

was poured into felpwingfre éjﬂaﬂ%\é@bleov@dgﬁ’e R Yiigp asssy| damansiating s pol ymer was
g”i' yIZDed starE%t(-E]'cm peftitie S Gdleaded Sc>v§PQs| ( b’% Fl_?_26§5|‘?odg/‘_r/7_?_r£ 8403 ) - EXg”D' e

- reparation of | was prepared as
descri bed i hARH/SHS "f\%o-?ogﬂfé'gWg R@@T‘%&e and®he coﬁ%ﬂ@ﬁér of Exanpl e
A4. Exanpl eLé&tu&/GlﬁbWé!&(Soﬁrat&fatlﬁ-T%dr fribibitinPelraloguey (FeRiphH#o)P afdST6 (1. 49)

and CONCTT2 ol e pped t hen
reheated to’ ég@ﬂé 2’?‘%’ 9%’@ ?d&ﬁlé"a[ﬁ&m%ﬁ@ f(%mm\ﬁges % 89%wn up into
18 gauge caflecalayconjubates.and extruded with a plunger. The rods wer e cut
into |l en th osage of drug and placed into a sterile
18 gaugel%spl f‘é@&&i@%—wu njections). Al steps of Exanple is G4
wer e conduct ed in a lamnar flow hood. The rods _had an LHRH content of
2.8% anp tin - i t Copol yner

Pr ecursor C@gﬁr—‘%ﬁ&f %%%%f@ﬁé‘bﬁﬁéf@%ﬁl#%ﬁ%ﬁ}%mt hane. The rods
from2 o Exanpl e C 4 were Ekappedi8 nt o t hExanme #3rer sol Example #OMedi at el vy
removed, and dri gd under anéo.jj%nt condi tipﬂg%i nalam na(q%f | ow hood.

15 7 26.9% 21.3% 53%
14 55.2% 47.3% 55%
17 84.4% 72.2% 60%
21 98.6% 82.5% 66%
24 100% 98.2% 75%

20 28 - 99.6% —

Quantitation of Peptides in lonic Conjuaates

25 lonically bound peptides in the conjugate products were measured by
dissolving 10 mg of sample in 5.7 ml of a 9:1 mixture of acetone and 0.1M
aqueous trifluoroacetic acid. The solutions were swirled at about 25°C for about
15-24 hours and then filtered through 0.5 um teflon filter cartridges. The filtrates
were then analyzed for peptide content by high performance liquid

30 chromatography (HPLC). Peptide analysis by HPLC were run using a Millipore
model! 717 Wisp Autosampler, a model 510 pump and a model 486 UV detector
set at 220nm. Peptides were run on a Lichrospher (EM Separations) 25 cm x 4.6



From the foregoing description, one skilled in the art can easily ascertain
the essential characteristics of this invention, and vm'thout departing from
the spirit and scope thereof, can nmke various changes qQE mr%atl ons of
the 25 invention to adapt it to various usages and cond ot her
enbodi meMG0043465a] so within the claims. 33 CLAIMS 9 Jﬁpym?%@”\?\hat is
claimed is: 1. A polyester containing one or nore free COOH groups and

havi ng a carboxyl to hydroxyl ratio greater than one, wherein said

pol yester contains a nenber selected,fromthe 5 group consisting of
L-lactic acid, D lactic, DL-lactic acid, malic acid, citric acid,

$- capr ol actfmes18p5 thmmiaﬁ;mnEﬂ@aM@n 0 nﬂ%ﬂmma{emslr@mgvmm&me in
cycl oal kyl ene oxal ate, al kyl ene succi nate, [3hydroxybutyrate, substituted

or unsubst iQ 1A% GodiHmypar fijaratecPufiar B AAtieocT aﬂceﬂ%ﬁnbw@% Perjes were

1, 4di oxepangantiiee by %Mﬁéﬂsbﬁief thél bdea Q) tHe BREE pehk haed daple fin Wit tHede,
DL | actide, neso-|actid {vi optically active isomers, racemates or

copol yner s ac"%?féb‘f‘ledﬁ? B%“ﬂ%&taf‘% citric acid, E to caprol actone and
gl ycol i dg¢ apg nenbers of the poI yester 2. A poI yester according to claim
1, wherei nt_h_e rrean?rs of, the ester are tric acid, E-caprolactone and

gI ycol i de. &g qid Qﬁ?@ BP gsters/relyrant ‘?'O"WFQPJHQ?fei fescribgq o of
E- capr ol actr@?@nt@ngbycadmudﬁeﬂea fohe ufé@ubhéﬁstaehel@r fnr eéﬁq&ﬂat@ncam@ actone : 10

glycolide to 99 s-caprolactone : ester accordi ng
to claim3,P ?\ﬂﬂﬁ? ?Faﬁ%@‘:cPBtFP'S H\ed’é’"bap(r&ﬁh%’@boﬁenlab B?y‘fc)qm’%/ B the
pol yester iginfnister GabERdrRoUS) € intradhugduarg) lpémntdaauyA b?0|sMﬁ§Hsmiry cant ai ning one

f d t
Chan ona® " iRsrir g aferastt copBre R, B AR Eela e ok RES outy s Phe-or oup
consi st i ng aohditien ®cie treatexd. dTheloheerttiatiorasti the cédhpdsition ircthadorchulatiens ¢ aci d,

citric acidg  tarta di o S- caproic aC|d

al kyl ene oxde(lt'%\et'ave @%Yv‘ﬁa?& Ieg?{' 9’8%§ngé'ﬁm§%k§fséﬁ% @@P% e osage

~3- hydr oxy oty adintsteyed) nd thetreute of admisistiation.t ut ed tri met hyl ene car bonat e,

1, 5di oxepan- 2- oRg, - e I col ,

| actide, D-Iact {‘@éh’oﬁbﬁ:ftﬂ %‘136’00? ﬁloﬁ’e'(s?gs %{%W"gg‘al gﬁ%slgllle\é Rtbecg 8 actl ve

i sonersisr alsmgames)renediogpiobgrmmrs utifzertbefinstant owented to htatfultear eﬂentc aci d,

6. A pol yes B ofihd GhaRifs B, BRENGE e R RIS el 1hAEARE YO T =0

L-1 actic acind rok hrmtatnmofthe eeoiaihdeof tmwﬂsnreﬂhemp\aawmtmevej’ormrl ses L-lactic
acid or D lactic acid and glycolic acid. 7. A polyester according to claim
5, wherein the nenbers of the ester are tartaric acid, s-caprolactone

and tri met HEXAMBLE 4r-hHBIREC. C@NBE\N AFMMWHQQcoSMmhgsiwféoléo ol wher ein
the rathbp qp, @LQ&QL&J ?ggaﬁecgﬁly}&, Bﬁhﬁﬁhpwﬁ‘le carbonate in the polyester

is from 90 E-caprol act one ' I net hyl éne carbonate to 99 e-caprol actone
1 trinet hyl end.bdacheacd 85% ageqys qutugsow?gm, 0.13 mole) was mixed with

glycolic acid (10 gm, 0.13 mole) in a round bottom flask fitted with a magnetic

stirrer, a Dean-Stark trap and a water cooled condenser. Toluene (100 ml) and

Amberlyst 15 beads (100 mg) were added and the mixture was refluxed under
25 nitrogen for 72 Hours, removing water from the mixture. The mixture was cooled,

toluene was decanted from the solidified mass and the product was dissolved in {

methylene chloride (250 ml). The methylene chloride solution was treated with

activated charcoal (Darco, 500 mg), filtered and vacuum dried in a rotary

evaporator. The polyester was further dried under high vacuum (1 mm Hg) at
30 40°C to afford a white powder. (1., in CHCI; = 0.3, Acid # = 2439, Tg = 12°C)



25 30 34 9 July 2003 9. A polyester according to claim8, wherein the ratio
of s-caprolactone to trinethylene carbonate in the polyester is u%
E-caprol actone : 2 trinethyl ene carbonate. 10. A pol yest@g dUhtZﬂ i ng one
or nore free COOH groups and having a carboxyl to hydro reater
than one, WRA¥A¥PhH the menbers of the polyester are E- caéﬁ?@%ﬁg
glycolide and tartaric acid. 11. A conposition conprising a polyester
according to any one of claims 1 to 10 ionically conjugated to one or nore
bi oacti ve pol ypepti de conprising at |lgast one effective ionogenic am ne,
wherein at | east 50% by weight, of the pol ypeptide present in the

conmposi t i oNEXAMPRE 238-1 bREmﬂCGIEENQAWIDN hMEWHbDeStS%thel:% of MeIA9POSI ti on
according tg claim vYn Eﬁ? bi oactive pﬁﬁépeptl de is selected from
the group CBHBﬁ(Is‘I-F‘FfL’E ‘Eﬂ"glFﬂW“@& talyged Py AmbeRY® PN/ GRP, cal ci toni n,

bradyki ni n, gal agsifg a%m%ﬁ;ar 8tovél L-haieaelgi BB%%qu&ﬁﬁrnﬁitUﬁé; 2PFH, CGRP,
neur onmedi ns, PTHr P, | uca neur ot ensi n, VI P, PACAP,

enkephal i n, 9By9-25pRIE) Was, P&epé’ﬂ@eglmhw §-9m'a91as H}‘?}%)o‘"g'ﬁc 8eid ¢ ragment s

t hler eof . : _533 moﬁowyajfm@fz :éa fgm @@ﬁOhﬁBld)gAmBerﬁlbﬁﬁTéa%s ‘B?ETE’Rﬂ"" ﬁﬁjehfoatct It ve g
pol ypepti de ecte romt he onsi sting of | omat ostatin an
anal ogs or Hrsidwgﬂtasmt"ﬁjet?%f" agly %)3 gﬂ"[ﬁ)‘ﬂ?ﬁﬁ ecﬂg@bsrtlgnlqdbfegl% %% m 13,

vvger eint helerSiEllrrls,a’embﬁggmatlesb)O&e Dban-’swﬂtéwdpa The tolueane V}/1as decanted from

pd u-Hi s-Tr er Pro nd the t tin

anal ogue is ﬁgﬁ"g IIZ@ B‘?Nﬁ?s &%Ql“ﬁ% 'n?rﬁSe’i‘fQ%?%a &?Q Thr - NHz
wher ei n theﬂtemd ﬂ;dsdrlees:n@uelaryoévapdsretoso'rmiswd pblyastennak tgneedisseiveonded t o
each ot her.

di, ng. f_.cl 11 14,
et oL 5L 1 Doty RRRl AR Ml B s Yoot it
accor di ng t eolublaioligoiriers. witer erganis solation ahsitascamtrated on mgotafy evapodaioester. 17. A

conposi tion r i ter. coatjng the rod is
an absorbablaﬁlg%| &é@& hgs%?%l‘ﬁh& rue%ﬁ OJ%C%J(?:'%E)OD%% nggt@'t&sgﬁr{sf , Wherein
t he absor bab’bwepd]yyetalémlyastﬂn.t%ulymr#ﬁ)e or nore free COOH groups and having a
car boxyl to%r% ba}g @m?#e% Tgth cpne, wherein said polyester

i cte rou i sti i

contains a er se rom consisting of L-lactic acid,

Dl acti c HcCi GXAMP-U%{- iSd'EB(ﬁRQW'll?HIHQLYMﬁRiZA'HDNMETHQDd tartaric acid,
s-caprol act R cloalkylene
oxal at o, -l ytheBre A MRAND PGTRL AR dyedM HIED Farl e b mafi

unsubsti t ut @dldtrl nmet hyl ene carbonate, 1,5-di oxepan-2-one,

L & di oxepan: 2- olieng o 7% i ditkin A0k ARG B UF hbiGodi o L | act de.

D-1 acti de, DLIaC| Meso- trca tlvelsorrers
racemat es o#acu@@pmnoswenm@mas comibingd wdhpb!@?llﬁlagd (b&@m 8i0Ag male)cl ai m 18,

wher ei n e t t he
pol yest e%&cgﬁn%?flzgﬁm ECKP e(yg@ @gg'{‘sorf\glhﬁ%%Fﬁx(u%és%étﬁ%d%iﬁb%ﬁ/gA % A5s . A

_A90r . A. An n;&uogerAggrQ\[gh Ajwmpmger inlet (100 ml/min) and heated from 25°C to 155°C
over 100 minutes. The reaction temperature was maintained at 155°C for 70

e

hours and the water from polymerization was removed in a cold trap on the
reactor outlet line. After 70 hours the reaction was cooled to 100°C and poured

25 into a chilled stainless steel receiver for hardening. The solid polyester was then
dissolved in methylene chloride and was washed twice with water (2 x 150 ml) to
remove soluble oligomers. The organic solution was concentrated on a rotary
evaporator and the product was thoroughly dried under vacuum to afford a white
solid (see Table ll, Type |l Polyester, Polymer #2).

30 (ninhin CHCI; = 0.13, Acid # = 1800, Tg = 27°C)
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0 St yel ralgass Shnue coneinina a megnate.stive; aud Raled 4der vesyy The: -
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quenched in liquid nitrogen, isolated, and dried.
(nmin CHCl; = 0.26, Acid # = 970, T, = 23°C)
EXAMPLE 6 --RING OPENING POLYMERIZATION METHOD -- Synthesis of
50/50 poly(D,L-lactide-co-glycolide) initiated by 1,6-hexanediol.

25 Using a system similar to those described above, D,L-lactide (10.0 g,
0.0694 mole), glycolide (8.06 g, 0.0694 mole), 1,6-hexanediol (0.656 g, 0.00555
mole), and stannous octoate (0.33 M in toluene, 84 uL, 0.0278 mmole) were

added under dry nitrogen conditions to a glass ampule which was subsequently
sealed under vacuum. The constituents were heated at 150°, 185°, 150°, and

30 120°C for 0.5, 4, 1, 5, and 3 hours, respectfully. The resulting polyester was
recovered and dried (see Table Ill, Type Il Polyester, Polymer #5). (1,,in CHCl,
= 0.39, Acid # = 10,138, T, = 30°C)
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carboxylic-bearing 50/50 po e)

y(D, L-Iactlde-co-glycoll
50/50 poly(D,L-lactide-co-glycolide) (Boehringer A001, 8 g), citric acid
(0.8 g, 4.16 mmole), and stannous octoate (2 drops) were added to a glass
5 ampule under dry nitrogen conditions and sealed. The mixture was heated at
150° for 4 hours, cooled to room temperature, quenched in liquid nitrogen,
isolated, and dried (see Table IV, Type IV Polyester, Polymer #1). (1,in CHCl,
=0.26, Acid #=670, T, =23 C)
EXAMPLE 8 -- Synthesis of a 49:49:2 L-Lactic/Glycolic/Malic (See Table I,
10 Polymer #4) and D-Trp® [LHRH] lonlc molecular conjugate.

500 mg of 49:49:2 L-Lactic/Glycolic/Malic (synthesized by direct
condensation; Mw = 9,500; Acid# = 1420) was dissolved in 10 mis of Acetone
(Mallinckrodt Analytic Reagent). A portion of 0.1N sodium hydroxide solution
(1.14 mi) was added and the mixture was stirred at room temperature for 15

15 minutes. A solution of 100 mg of D-Trp® [LHRH] (BIM-21003 Peptide |; base
content 87%, acetate content 7%) in 1.0 mi water was added and the mixture
was stirred for 1 hour at room temperature. The solvents were then removed,
first by Rotovap at T<40°C and then in a desiccator for 1 hour at room
temperature under 1 mm Hg vacuum. The dried solid was triturated and stirred

20 in 100 mis of deionized Water and isolated by filtration. The aqueous filtrate
was tested by HPLC and found to contain <1 mg soluble peptide. The solid
material was dried several days in vacuo to give 540 mg of white powder. The
powder was used in an in vitro assay (see Table VI, Example #8).

EXAMPLE 9-- Synthesis of a 49:49:2 L-lactic/glycolic/malic, see Table |,

25 polymer #4) and Somatostatin/Tumor Inhibiting Analogue ionic molecular
conjugate.

100 mg of 49:49:2 L-Lactic/Glycolic/Malic (synthesized by direct
condensation; Mw = 9,500; Acid # = 1420) was dissolved in 2mis of acetone
(Mallinckrodt Analytic Reagent). A portion of 0.1N sodium hydroxide solution

30 (0.32 ml) was added and the mixture was stirred at room temperature for 15
minutes. A solution of 20 mg of Somatostatin/Tumor Inhibiting Analogue (BIM-
23014 Peptide II; base content 83%, acetate content 9.8%) in 1.2 ml water was
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hour at room temperature under 1 mm Hg vacuum. The dried solid was
triturated and stirred in 20 mis of Deionized Water and isolated by filtration. The
5 aqueous filtrate was tested by HPLC and found to contain <0.05 mg soluble
peptide. The solid material was dried several days in vacuo to give 106 mg of
white powder. The powder was ground and used in an in vitro release assay
(see Table VI, Example #9).
EXAMPLE 10 -- Synthesis of a 73.5:24.5:2 poly L-lactide/glycolic/mallc (see
10 Table ll, see polymer #2) and D-Trp® [LHRH] lonic molecular conjugate.
800 mg of 73.5:24.5:2 poly L-lactide/glycolic/malic (synthesized by step growth
of acyclized products; Acid# = 1800) was dissolved in acetone (16 ml). A
portion of 0.1N sodium hydroxide solution (2.8 ml) was added and the solution
was stirred at room temperature for 20 minutes. A solution of 200 mg of D-Trp®
15 [LHRH] (BIM-21003; base content 87%, acetate content 7%) in 2 ml water was
added and the mixture was stirred for 90 minutes. The solvents were removed
and the resulting solid was triturated in deionized water as in Example 8
indicating less than 1% soluble peptide salt present. The isolated solids were
dried 4 days in vacuo to give 839 mg of white powder. The powder was ground
20 and used for in vitro release assay (see Table VI, Example #10).
EXAMPLE 11 -- Formation of Peptide-polymer lonic Conjugate
Microparticle 1.50 of L-lactide/glycolide/d,l malic acid polyester (65: 33: 2).
Conjugates were synthesized by ring opening polymerization as in
example 4 (MW = 4700 polydispersity = 1.3 as determined by GPC on a Jordi
25  Gel 50 x 1 cm mixed linear bed column, THF eluent, Wyatt Mini Dawn light
scattering detector dn/dc = 0.05, acid # 1475 by titration, T;= 42°C), was
dissolved in 40 ml of acetone. The acid groups were neutralized with 2.0 ml of
0.5M sodium hydroxide solution and stirred for 5 minutes. A solution of 0.5 g of
BIM-23014 (peptide content 83.7%, acetate content 11.5%) in 20 mi of Milli-Q
30 water was slowly added with mixing to the polymer solution. An additional 40 m
of acetone was also added portionwise during the peptide addition to prevent

precipitation. The clear, colorless solution was stirred for one hour and then
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reservoir of 500 ml Milli-Q water at 4°C. The polymer/peptide complex phase
5 separated immediately into small particles upon contact with the water. After
mixing the slurry for 30 min at 4°C, the residual acetone was removed under
reduced pressure and the solids were isolated by centrifugation, resuspended
with 100 ml of Milli-Q water, and recentrifuged. The isolated solids were dried
by lyophilization to give 1530 mg of white free flowing powders. Particle size
10 range =2 — 100 um. The T of the ionic conjugate was shown to occur at §3°C.
Total residual (unbound) peptide in all aqueous supernatants was found to be
63 mg by HPLC analysis. The total initial peptide content was determined by
elemental nitrogen analysis to be 19.9% by weight. The percentage of
extractable peptide from the conjugate was determined to be 16.9%, by weight,
15 using the acetone/0.1M TFA extraction technique. The resulting conjugate, thus,
retains 84.8% ionic (extractable) character.
Rod Delivery System Type 1 (CONC2 and CGC1)
Example A-1: Preparation of Citric Acid Initiated 97/3
Caprolactone/Glycolide Copolymer (CGC1)
20 A round bottom flask equipped for mechanical stirring was flame dried

twice and purged with dry argon. The flask was charged with s-caprolactone
(1.455 moles, 166g), glycolide (0.08865 moles, 10.3 g ), citric acid (0.075 moles,
14.4 g), and stannous octoate (0.0003 moles, 375 ;i of 0.8 M solution in
toluene). The polymerization was conducted using the following scheme: Under
25 argon purge the charge was heated from room temperature to about 150°C over
a period of about 1 hour and about 20 minutes with continuous stirring after
melting (at 70 rpm). The charge was maintained at about 150°C for about 11.5
hours. At the conclusion of the polymerization, the smail amount of unreacted
monomer was distilled at about 120°C for about 15 minutes under vacuum

30 (about 0.1 mm Hg). The material was poured into jars and allowed to cool.
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Example B-1:  Preparation of lonic Conjugate (CONC1)

10 A 1.5 g purified polymer (CGC1) was dissolved in 7.5mL acetonltrile in a
glass vial. In a separate vial 250.0 mg LHRH-acetate was dissolved in 1.5mi
distilled water. The dissolved polymer was filtered through a 0.45 um Acrodisc
syringe filter into a vial containing 83.8 mg sodium carbonate (to neutralize
LHRH acetate). The LHRH solution was added dropwise to the filtered polymer

15 solution. The combined solution was mixed with a magnetic stir bar for about
1.5 hours at room temperature. Conjugate was precipitated by adding it
dropwise into stirring liquid-nitrogen cooled isopropyl alcohol (IPA). The
precipitate was collected by centrifugation and dried over night under vacuum.
The conjugate yield was 73.5%. Conjugate was analyzed by DSC (Tm 50.9°C)

20 and FTIR. Elemental analysis of the material yielded 1.81% nitrogen. Based
upon this, the LHRH content was determined to be 10.0%.

Example C-1: Preparation of a Rod Form Delivery System
fonic conjugate (0.3987g of CONC2) and polymer (1.206g of CGC1)
were mixed by gentle grinding and melted together at about 58°C in a heating

25 block. The melted material was mixed and then drawn into 18G capiliary tubes
and allowed to cool. It was extruded and the rods cut into lengths that had the
proper dosage of drug and placed into a sterile 10-gauge spiral needle (ready
for injection). All steps of Example C-1 were conducted in a laminar flow hood.
The rods had a LHRH content of 2.5%.

30
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& ()- sF drawn up into 18-gauge capillary tubes and extruded with a plunger. The rods

were cut into lengths that had the proper dosage of drug and placed into a
15 sterile 18-gauge spinal needle (ready for injection). All steps of Example C-2

were conducted in a laminar flow hood. The rods had a LHRH content of 3.2%.

Rod Dellvery System Type 3
Example A-3: Preparation of Tartaric Acid Initiated 98/2
Caprolactone/Trimethylene carbonate (TMC) Copolymer
20 (CTT1)

A round bottom flask equipped for mechanical stirring was flame dried

three times and purged with dry argon. The flask was charged with e-
caprolactone (1.47 moles, 168g), TMC (0.03 moles, 3.06 g ), tartaric acid
(0.0142 moles, 2.134 g), and stannous octoate (0.0003 moles, 375 i of 0.8 M
25 solution in toluene). The polymerization was conducted using the following
scheme: Under argon purge the charge was heated from room temperature to
about 150°C over a period of about 1 hour while stirring the molten reaction
mixture (60 rpm). The temperature was maintained at about 150°C for about 9
hours. Unreacted monomer was distilled at about 100°C for about 1 hour under
30 reduced pressure (0.1 mm). The polymer was poured into jars and aliowed to
cool.
Polymer was analyzed by GPC (Mn= 13221, Mw = 35602).
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hour, It was then raised to about 180°C for about four hours. Material was
cooled to about 107°C and placed under vacuum at 1.5mm Hg for about 1.5
hours. The material was poured into jars and allowed to cool.

After collection, the polymer was analyzed by DSC (Tm = 54.5C) and

5 GPC (Mn = 26254 Mw = 68101).
Example B-4:  Preparatlon of lonic Conjugates (CONCTT2)

CONCTT2 was prepared as described in Example B-1 but using LHRH-
acetate and the copolymer of Example A4.

Example C-4: Preparation of a Rod Form Delivery System
10 CGT6 (1.4g9) and CONCTT2 (0.4779g) were heated to about 57°C,
cooled, chopped, then reheated to the same temperature. The molten system
was then drawn up into 18 gauge capillary tubes and extruded with a plunger.
The rods were cut into lengths that had the proper dosage of drug and placed
into a sterile 18 gauge spiral needle (ready for injections). All steps of Example
15 C-4 were conducted in a laminar flow hood. The rods had an LHRH content of
2.8%.
Example D-4: Coating of System C-4 Rod Using Inert Copolymer
Precursor
CGT6 (1.4 g) was dissolved in 1.5 ml dichloromethane. The rods from
20 Example C-4 were dipped into this polymer solution, immediately removed, and
dried under ambient conditions in a laminar flow hood.

From the foregoing description, one skilled in the art can easily ascertain
the essential characteristics of this invention, and without departing from the
spirit and scope thereof, can make various changes and modifications of the

25 invention to adapt it to various usages and conditions. Thus, other

embodiments are also within the claims.
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15 4. A polyester according to claim 3, wherein the ratio of e-caprolactone to glycolide
in the polyester is 97 e-caprolactone : 3 glycolide.

5. A polyester containing one or more free COOH groups and having a carboxyl to
hydroxyl ratio greater than one, wherein said polyester contains a member selected from the
group consisting of L-lactic acid, D-lactic acid, DL-lactic acid, malic acid, citric acid, tartaric

20 acid, e-caprolactone, p-dioxanone, e-caproic acid, alkylene oxalate, cycloalkylene oxalate,
alkylene succinate, f-hydroxybutyrate, substituted or unsubstituted trimethylene carbonate, 1,5-
dioxepan-2-one, 1,4-dioxepan-2-one, glycolide, glycolic acid, L- lactide, D-lactide, DL-lactide,
meso-lactide, and any optically active isomers, racemates or copolymers thereof, provided that
tartaric acid, e-caprolactone and trimethylene carbonate are members of the polyester.

25 6. A polyester according to claim 5, wherein the polyester comprises L-lactic acid or
D-lactic acid; or wherein the polyester comprises L-lactic acid or D-lactic acid and glycolic acid.

7. A polyester according to claim 5, wherein the members of the polyester are
tartaric acid, e-caprolactone and trimethylene carbonate.

8. A polyester according to claim 7, wherein the ratio of e-caprolactone to

30 trimethylene carbonate in the polyester is from 90 e-caprolactone : 10 trimethylene carbonate to

99 e-caprolactone : 1 trimethylene carbonate.
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ionically conjugated to one or more bioactive polypeptide comprising at least one effective
ionogenic amine, wherein at least 50%, by weight, of the polypeptide present in the composition
is ionically conjugated to the polyester.

10 12. A composition according to claim 11, wherein the bioactive polypeptide is
selected from the group consisting of LHRH, somatostatin, bombesin/GRP, calcitonin,
bradykinin, galanin, MSH, GRF, amylin, tachykinins, secretin, PTH, CGRP, neuromedins,
PTHrP, glucagon, neurotensin, ACTH, GHRP, GLP, VIP, PACAP, enkephalin, PYY, motilin,
substance P, NPY, TSH, and analogs or fragments thereof.

15 13. A composition according to claim 12, wherein the bioactive polypeptide is
selected from the group consisting of LHRH, somatostatin and analogs or fragments thereof.

14, A composition according to claim 13, wherein the LHRH analogue is of the
formula pGlu-His-Trp-Ser-Tyr-D-Trp-Leu-Arg-Pro-Gly-NH,; and the somatostatin analogue is of
the formula HoN-B-D-Nal-Cys-Tyr-Trp-Lys-Val-Cys-Thr-NH;, wherein the two Cys residues of

20 the somatostatin analogue are bonded to each other.

15. A composition according to any one of claims 11 to 14, wherein said composition

is in the form of a rod.

16. A composition according to claim 15, wherein said rod has a coating of a
polyester.
25 17. A composition according to claim 16, wherein the polyester coating the rod is an
absorbable polyester.

18. A composition according to claim 17, wherein the absorbable polyester contains
one or more free COOH groups and having a carboxyl to hydroxyl ratio greater than one,
wherein said polyester contains a member selected from the group consisting of L-lactic acid, D-

30 lactic acid, DL-lactic acid, malic acid, citric acid, tartaric acid, e-caprolactone, p-dioxanone, &-
caproic acid, alkylene oxalate, cycloalkylene oxalate, alkylene succinate, B-hydroxybutyrate,

substituted or unsubstituted trimethylene carbonate, 1,5-dioxepan-2-one, 1,4-dioxepan-2-one,
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