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This application relates to poly(ortho esters). In one
enbodi nent, provided herein are 5 bioerodible

pol y(ortho esters) from di oxage-based di (ketene

acetal s); and to block copol'yners containing them
Background Interest in synthetic bi odegradable

pol ynBieerpdible paly @ytrocesiersifepmdipyanstbaspd di(eteng gcetals),
agents began in th h@gﬁl 970' s m@%h.tqg wor k of

Yol les et al., F%‘ffg * YIpeg: colt ?LBm(gl 7’65 usi ng
poly(lactic acid). Since that tinme, numerous other
pPieyirer s have been prepared and investigated as

bi oerodi bl e matrices for the controlled rel ease of

t herapeutic agents. U S. Patent_Nos. 4,079, 038, . .
4Tys apriergtionrefaies tg ply(arthosestess Inons embpgmenterrgyided Bergin are
by« ' [ ( -
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ol'ymers a 15 reaction between

ocdpobesdre cort@ningrthénecar bonat e) such as 2, 2-

di et hoxytetrahydrofuran and a di ol such as

1 4@§%clq?exanedinethanol. The reaction requires

ep 8W¢ enperat ure and reduced pressure and a
relatively long reaction time. Drugs or other active
apeats iRE@ithictic didiRgradable Pelyheky fse thersgttemic dgivesy of therapeutic
rel eased as the polymer bjiodegrades due to ﬁydrolysis
ofganfrcbegabin the P@rhkla%?g@.\wﬂbth@.@rk phY ales q4gl olwar Heys 1:9-15

di _ h L i
SUSALPBER RHITE Sl SRS S0 RPN Bl P
r prepasénhd mvsstignictliag divterddilye matmes tor the erntotlod ecledfse of

U,S. Patent Nos. 4,079,038, 4,093,709, 4,131, 648,
4thempeicRgspl§. 4. 180, 646, since synthesis proceeds
readily at room tenperature and atnospheric pressure,

apek. tA&nf K8 14L0790D380k WOETS9, MAsR 638 PL I 3 DBAPLRINEL 80,646 disclose
25 Further polyners are di scfosed in U’S. Patent No.

Abiodqzraddle arieeo@bleynebr(srtewertersh These@okimers are formed by a
carhboxy-acetal apd_carboxy:ort.h [l ges, and
ORI E N MR QP R GRIB8S) Shusbd”
PSR 3 YIB&0H0 and 2 diol such as 1,4-cyclohexanedimethanol. The reaction
requires elevated temperature and reduced pressure and a relatively long reaction
time. Drugs or other active agents are retained in the polymer matrix to be released as

the polymer biodegrades due to hydrolysis of the labile linkages.

U.S. Patent No. 4,304,767 discloses polymers prepared by reacting a polyol with a
polyfunctional ketene acetal. These polymers represent a significant improvement
over those of U.S. Patent Nos. 4,079,038, 4,093,709, 4,131,648, 4,138,344 and
4,180,646, since synthesis proceeds readily at room temperature and atmospheric

pressure, and the resulting polymers have supetior properties.

Further polymers are disclosed in U.S. Patent No. 4,957,998. These polymers contain

acetal, carboxy-acetal and carboxy-orthoester linkages, and are prepared by a two-step
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pol yol or polyacid. Still further polyners of a

simlar type are disclosed in U S Patent No.

4,946,931. The polyners are forned by a reaction

bet ween a conpound containing=& multiplicity 5 of
carboxyl ate functions and a pol yfuncti onal ketene

apetcabs beptmingegih thengagpioh pewvesn apalidunceiogalk@ping acetal and a
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Pat ent. No.. 4,764, 364 and 4, 855,132 describ
RGP s et i e v e awenaor water
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said to erode nore rapidly at Iower pH than a
p FEGIpLeRts naust o physigaly incomoevatedimteetie polyineel While $his tléaws control

f t targeting.20 One of the .nmjor. proble in
R e A s N
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the tunor. This is due to the toxicity, sonetines
eSIGIRIRY, Wite thepolymgesfilbhasd veny kagdifetinge ramminingt he

anounts that can be used. However, a nmjor discovery

i US%%@No?ﬁ'ﬁ@@,gg@ﬁrﬁpy,82%?3?@6%%15&%1@6??@@{6{p%%ﬁqseegﬁ%luding

(enhanced perneation and retention) e

epéleerthb sstoms echtainingha afnohsetioaidity NThdyadlyhedRre said to erode
vascul ature, bei newl. .y forped vascul ature, has an

| ROETBPIADLA OV SRR 130 i ERSF PHriP 4R @SHOLE FMYERS Ao Bonment.
perneabl e than established ol der wvasculature which is

essent Matdlr sy@emTerhlfiof Argaife mol ecul es. Further,
| ynphatic drainage in tunors is very poor thus

f@CiIitating retention of anticancer agents delivered
t 51 ALthe AT Profleme fyireies zengect tisdifharbaEeeBieving a sufficient

concentration of an anticancer agent in the tumor. This is due to the toxicity,
sometimes extreme, of such agents which severely limits the amounts that can be
used. However, a major discovery in cancer chemotherapy has been the so-called EPR
(enhanced permeation and retention) effect. The EPR effect is based on the
observation that tumor vasculature, being newly formed vasculature, has an
incompletely formed epithelium and is much more permeable than established older
vasculature which is essentially impermeable to large molecules. Further, lymphatic
drainage in tumors is very poor thus facilitating retention of anticancer agents

delivered to the tumor.



-3 The EPR effect can be used in cancer targeting by
usi ng delivery systens contai ning anticancer drugs
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which are small enough to perneate tunor vascul ature,

and two approaches have been devel oped. In one

approach, a water-soluble polynmer is used that

contains an 5 anticancer drug4%henically bound to the

pol ynmer via a hydrolytically labile |linkage. Such

drlirg BF® sffast candrestsed ot smeerdaigniierb e dsing el vesnossing cdntining

accunul ate in.the  tynors, where they are_internalized
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the polynmer is below the renal excretion thresh ,
afHnorsc¥lsie theyaee ntamplized by e ceHemiacatiogytosist andableasetion the

t ' [ f reates a new.dr ntit .
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di agnposi.s and tre tqent i s discussed i n Duncan et al.,

" ﬁ*?ﬂgc[éﬁadéb%fwﬁs# %i%li © pelgEtars begmuser. candithig messiires a trtlious

t he " |- ) 4), .
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abglpwaherdphbexctdtive thrgehold, and)jsagaidethesings mest berthtiSically
ternate approach has been

ggté%ecg‘lta%tg : & p%ﬁ%ﬁé&pﬁe&@ﬁ% CrEdesiBnesy nHpwkh cogpequent

CE201ay079 hul BesRhARAIE Be WNSESNS, K | |
A Lhe. A bl onh e S oD bRy SHUARIHPL fncer

i giagp%@e@ditwamné ts digqussgd|in Dyatdn ei e eilfileeoclienf polymer conjugates

' I hi C . a a drophi ] ic
S Fr U A R BR8P Pl R 44 237263
di1a6e), end ad ednglé ofl40a] FateVMidaekivé Sgdn@ EQSu SRR NAUS Patent
mgﬁq%%2§¥ are injected intravenously, the mcelles
can >

Ehve the normal vascul ature, but they are 25
smal | enough to | eave the vasculature within tunors.

Fuhbhen ' ibd 0
A Gt s BB ol In 1RPaHBCh, SOABSr ARA block
ema%@mqas ds piicpaed wheiei theBitheckvis hipdophdtbodndsthe eablock is

i ti,onal when t he. hydr.ophi.li c. bl.ock._i i
O OATR Vi 6 8 gt A e MAsb ke ppssemble nto
Cinfoellésnivitoa hiyili@Bhdtsic Bstt afd 2 A5dlpRIIBRRAI s&i%%ﬁ&ﬁ&g thedrd Such

"stealth" |iposomes. The use of bl ock copol ynme
sl leshave ¢ diagstengf@bout 100 nm, which is large enough that when they are

injected intravenously, the micelles can not leave the normal vasculature, but they are
small enough to leave the vasculature within tumors. Further, a 100 nm diameter is
too small to be recognized by the reticuloendothelial system, thus enhancing micelle
lifetime within blood stream. Additionally, when the hydrophilic block is
poly(ethylene glycol), further enhancement of circulation time is noted, as has been
observed with "stealth" liposomes. The use of block copolymer micelles is reviewed

in Kwon et al., "Block copolymer micelles as long-circulating drug delivery vehicles",

Adv. Drug Delivery Rev., 16, 295-309 (1995).
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PCT/ US2003/ 036616 -4 US Patents Nos. 5,412, 072;

5, 449, 513; 5,510,103; and 5.,693, 751 descri be bl ock
copol ynmers useful as n1ce||ar delivery systens where
the hydrophilic block is porﬁethylene gl ycol and the
hydr ophobi ¢ bl ocks are various derivatives of

PURYaasiRaN6d. 6,422j00); 5,448, y1(33 5151 6/108; ﬁﬁiw%@mﬂ describe block
pol ylysine. US Patents Nos. 5,412,072 and 5,693, 751

deasolmes wsefd s myselier dpldvesy sysirgas Wasre ﬂﬁ’éé’ﬁmﬂhérﬁ Hagk is

NeLPaRS e By ] B HRRUDRE LISRTER rortll i B e <

V\bd[vetsﬂwﬂdf aqii)o boly(ghntamsc Mdd)emtieetylyiyes UsabdtanteNos. Sppag72
4]%59%2%% rqo h%%%@;F ;’Vrh:gl gsfalgﬁfvg %SrgnbcgleflglégaIW&ttached to the

CHAFbGRI R 1o Usbarlie Nl U dobs 13265330 0314 spribe an

bl 'ock copol'ymer matrix for confro
d@pprwhwhem WRiropkBAjc dmgBiBebeacihycmply ymtmptped within the

bﬁg@ Hc’qllflﬂv'gp /Ktlgﬁ:gi[ t%g g}lll%l ]%S'%g.}slelg %@%ﬂ%ﬁ{: I edaglg{ %}%ragle%ecause

Mhé El%?lﬁ@ﬂlrﬁocﬁﬁ@lu@n oftel dr@pASReSERYr ate. This phase
separation inparts uni que and useful thernal

properties to the material. 15 There is considerable
pri or Bigerdibletlogkesopolpnermatix for sentreHedAyugdelivery
conprised of poly(ethylene glycol) and bioerodible

gtéfé_?ﬁ}él]@%é t?)lr %Q&ﬂ;ﬁe kc‘c fﬁné§ cﬁ?f)ﬂglﬁ%#ﬁgeﬂoghlh@% $dek and a

|c acl
pbydréihobapB dlagks tbn ég anddih tlockis sre us®ngratible ahthen ik mismsespic scale

dr del i ver ents. For exanple, see Wl.thu et
PP phasesseparate S phse FERREACPR DY %q%ansaﬁsﬁlﬁwﬁwéne

g ﬂ@gﬁksﬂghyngkkﬁptlde bl ock 20 copol ynmers", Third

Synp. Cbntrolled Drug Delivery, 271- 276 (1994),

YOUXIn et al., "Synthesis and properties of
biThere i eparsigbrablamaior pit i theiderdppngiteaf dlock copelymgrs comprised of

%&&%ﬂg&%‘g@g&oﬁ%‘%ﬁ 'bi c?e¥ g]% Lg&l%%%bjlg g égr:&err]lgsc\sglcﬁ@s Eglty&niactlc
Padi@NbolB{L-1ueti- @J)-?I%/cf)m aéi@ﬁdo@bﬁl@&ﬂ ﬁid%ﬂﬁ%sdfayﬁlactone) and

delivery. See or exanpl e,
Ediseussiph of fhgir uspas gradeeary ; agemsz F on qxagtaolq §9©§\§olthu@5t al.,

h d at
& SR8 R0 Gy EkaRob PR RyRNR ite Tl B TadE ook
copolymers", Third Eur. Symp. Controlled Drug Delivery, 271-276 (1994), Youxin et
al., "Synthesis and properties of biodegradable ABA triblock copolymers . . .", J.
Controlled Release, 27, 247-257 (1993), and US Patent No. 5,133,739.

Poly(ortho esters) are known as potential vehicles for sustained release drug delivery.
See, for example, Heller, "Poly(Ortho Esters)", Adv. Polymer Sci., 107, 41-92 (1993),
and references cited therein, and US Patents Nos. 4,304,767, 4,946,931, 4,957,998,
and 5,968,543.

US Patent No. 5,939,453 describes block copolymers prepared from polyethylene
glycols and certain poly(ortho esters).
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US Patent No. 5,939, 453 describes bl ock copol yners
prepared from pol yet hyl ene glycols and certain

-5 The docunents listed in this section and el sewhere
t hroughout this application are incorporated into
this application by reference, Summary 5 In a first
aspect, provided herein are 5%1 y(ortho esters) of
formulal: Ra ORo Ro ORa CO R4-A--- n wherenis
drhe ducegents tftedin thiasttidy aril dlsewhetroththugh¢uiiialy application are
-(CH2) b- O ( ),-;..Where a_is an integer of 1 to 10,
dﬁ%orBoratfé)“étggE‘é agﬁxléca‘pﬂlag}s@q%rgmq.y integers of 1 to 5;
Ra is a C1-C4 alkyl; Rb is hydrogen or a Cl1-C2 al kyl;
atﬂﬂwiag A is independently selected fromR , R2, R3,
or , ere RlLis: O6 R5 15 P where: p is an
integer of 1 to 20; R5 is hydrogen or Cl-C4 al kyl; and
R & first AAE@0047i0dbBABInRGTPISROHS/e8B8H 06iormela IS or

a b b a
R><O:>z R><OXR l 0
g o R G O—A—

n is an integer of at least 5;

R is a bond, -(CHy),~, or -(CHy),-O-(CHa).-; where a is an integer of 1 to 10, and b
and c are independently integers of 1 to 5;

R%is a C;-Cy alkyl;

R® is hydrogen or a C;-C; alkyl; and

where

each A is independently selected from Rl, Rz, R?, or R4, where
R'is:
O
of R~
RS
where:
p is an integer of 1 to 20;
R’ is hydrogen or C;-Cy alkyl; and
RS is:

WD 2004/ 046328 PCT/ US2003POB66863/036616



R7 t where: s is an integer of 0 to 30; t is an
integer of 2 to 200; and 5 R7 is hydrogen or Cl-C4

W@bkdoglo363282 is: -0-7 or R3 is: R f _ A” or PCT/US2003/036616
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RO 0+0 Ro_ X Ray R12 10 where: x is an integer of
Oto 30; yis aninteger of 2 to 200; R8 is hydrogen
or Cl-4 alkyl; RO and R10 are independently Cl-Cl12

al kyl ene; 15 R11 is hydrogen™r Cl1-C6 al kyl and R12 is
Cl-C6 al kyl; or R11 and R12 together are C3- Cl10

al kylene/—and R4 is (\) thenesidue of a dig \
contm—»’H’ -@» east one .4@ tct i onal Tt WO
2004/ 046328/ PCT/ US2003/ 036616" - 7\i ncor por ates ,

therein; or (ii) the residue of a diol containing at
| east one—functi onat~group indepetly seled

phar maceutical ' compositions conprising: (a) an active

agent; and
I A

s is an integer of O to 30;

where:

t is an integer of 2 to 200; and
R’ is hydrogen or C;-C; alkyl;
R%is:

R3 is:
R
\P/\o%’\/ \M or _RQ_O—}~O—R1O_
X ’ 8 y o R12 ,
where:

X is an integer of 0 to 30;

y is an integer of 2 to 200;

R® is hydrogen or C;-C4 alkyl;

R’ and R!? are independently C;-Cy, alkylene;

R is hydrogen or C;-Cs alkyl and R is C;-Cg alkyl; or R and R*? together are Cs-
Cio alkylene; and

R*is (i) the residue of a diol containing at least one amine functionality



(b) as a vehicle, the poly(ortho ester) described
above. In a third aspect, provided herein in a nethod

wo@booness ng a di sease state treatable by 10 PCT/US2003/036616
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controll ed rel ease | ocal adm nistration of an active
agent, such as treating pain by admnistration of a

| ocal anesthetic or treating cancer by adm nistration

of a chenotherapeutic or antfiheopl astic agent,
conprising locally adm nistering a therapeutically
ef f ecti ve anount imebrjdnetedtiicieng oagent in the form of

t he cont g(ogl ed rel ea e phar.nmaceutical conposition

descri bed"bove. ﬂ?ge‘fl ueokatipk goniainiag at lepst ene ﬁ@&tlonal group
herein are netho f y

esters) of the f??s?éngg%tggt%%trﬁ @ag%@b?}rg © 1%1% é‘%ethane
phar maceuti cal cgrppsitions of the second aspect. In

a fifth aspect, provided herein are block copol yners

f or nucl(l:?ﬁ]e?tr Oréi%élg%ﬁf\( 'Bgrgdcon{rc(?liergurlel%asze ph%Pmaceutlcal

B g[CIZHZCHZ]I ORB (Y),
H-A-|PGE]gO£gh2 POE]J-H(Z), where: RAis C-C4
a Ryl ; ZQaRBVfF@g@@t alkyl; f and h are

TSP, W 850 B kG0, T L 1S

ependent’ly an’ is a
poI y(ortho ester) unit of fornmula Il1: WD 2004/ 046328
POIT4 tH3AC6RI0366d6ed hdeiRdn OnidiEd 6D tiatixg Xdis@sOsttefireatable by
wher e O (CH2) C;

R
ptoligd I?féeaa?ﬂ PQCHF%H@“SEF?@ ?ﬂﬁnmtw%%ﬁ)nh suglhgs tEcagipg pain by
gﬁkﬂgﬁ?@&gﬁéﬁ b¥a IooheetiBetf or]Eretaﬁnécan@&%fad%ﬁnisﬁa@on%a

chemc;therapeutic or antineoplastic agent, comprising locally administering a
therapeutically effective amount of the active agent in the form of the controlled

release pharmaceutical composition described above.

In a fourth aspect, provided herein are methods of preparation of the poly(ortho
esters) of the first aspect and the controlled release pharmaceutical compositions of

the second aspect.

In a fifth aspect, provided herein are block copolymers of formula X, formula Y, and

formula Z:
RA-[OCH,CH,]+[POE]-H X,
RA-[OCH,CH,]+-[POE],-[OCH,CH,];-OR® (Y),
H-A-[POE],-[OCH,CH,];-[POE};-H 2),
where:

R*is C;-Cy alkyl;

R® is C;-C; alkyl;

fand h are independently an integer from 2 to 1000;
g and j are independently an integer from 2 to 200;

POE is a poly(ortho ester) unit of formula II:



Ro is hydrogen or a Cl-C2 alkyl; each Ais
i ndependently selected fromRl, R2, R3, and R4, where

WRLWMMI63IB R6 5 P 10 where: p is an integer OPCILUBIN3/036616

10

15

20; R5 is hydrogen or -C4 alkyl; and R6 is: -0 L"
Q) or s 15 where: s is an integer of 0 to 30; t is an
integer of 2 to 200; and RY gs hydr ogen or Cl-C4
alkyl; R2 is: WD 2004/ 046328 'PCT/ USZOOS/ 036616 -9-
-0- 7 or -O--OV 0- 7 R3 |s or -RO 0 O R10_

X R8 Y R12
O,
—0 O O O—A—

where

R is a bond, -(CHy).-, or -(CHy),-O-(CHy).-; where a is an integer of 1 to 10, and b
and ¢ are independently integers of 1 to 5; and

R?is a C;-C; alkyl,

R® is hydrogen or a C;-C; alkyl;

each A is independently selected from R!, RZ, R? and R4, where

R!is:

where:
p is an integer of 1 to 20,
R’ is hydrogen or C;-C4 alkyl; and

O~ O, O
OO O+
o . 1

s is an integer of 0 to 30;

where:

t is an integer of 2 to 200; and
R’ is hydrogen or C;-Cq alkyl;

R%is:



where: 5 x is an integer of 0 to 30; vy is an integer
of 2 to 200; R8 is hydrogen or Cl1-C4 alkyl; R9 and R10

wae@4iomdependent | y Cl- Cl2 al kyl ene; Rl11l i s hydrPOLER2008/036616

10

15

20

Cl-C6 alkyl and R12 is Cl1-C6 al kyl; or R11 and R12
together are C3- 10 C 10 al kylene; and R4 is (i) the
residue of a diol containing at |east one am ne
functionality incorporated tterein, or (ii) the
residue of a diol containing at |east one functiona

group independently sel ecyed
and ure 4% gr oups:
herein i s—a/m cel] ar pharns

the delivery of a hydrophobic or wat'er-insol ubl e
active agem, cpnprising the active agent | physically

| bl ock ©bpol yner_o N

formula Y, or fornula Z, or’a mixture thereof. 20 In a’
sBvént h aspect, provided herein is a conposition for
the sustained rel ease of an active agent, conprising
the active agent dispersed in a matri x conprising a

bl ock copol yner of formula X, formula Y, or R'drnul a

Z, or m&;‘;\gﬂereof. 2004/ 046328 oo l o

PCT/ US2003/ 0 -10 | q/etgﬁ¥h aspect; ﬂ? i ded
p

herein is a process for tR8 preparation of aRufock
copolynmer of formula X, fornula Y, or fornmula Z, as
d¥s€¥ bed in the "Detailed description." 5 Detailed

d:‘%?&iﬂiﬂ%ég%f@%ﬁd“ tions Unless defined otherwise in

this speCification, all technical and scientific terns
ay & anustegehefiXxior208ccordi ng to their conventiona

detinitions as, the re comonly used and understood
bg Fﬁgg@%&?oﬁ @ﬁﬂéﬁ?%skill in the art of synthetic and

PRE;HER O fabpendCntGETTS i lene;
R''is hydrogen or C;-Cg alkyl and R%is C;-Cs alkyl; or R'" and R together are Cs-
Cioalkylene; and

R*is )] the residue of a diol containing at least one amine functionality
mncorporated therein, or
(ii) the residue of a diol containing at least one functional group
independently selected from amide, imide, urea, and urethane

groups.

In a sixth aspect, provided herein is a micellar pharmaceutical composition for the
delivery of a hydrophobic or water-insoluble active agent, comprising the active agent
physically entrapped within but not covalently bonded to a drug carrier comprising a

block copolymer of formula X, formula Y, or formula Z, or a mixture thereof,

In a seventh aspect, provided herein is a composition for the sustained release of an
active agent, comprising the active agent dispersed in a matrix comprising a block

copolymer of formula X, formula Y, or formula Z, or a mixture thereof.



"Active agent"” includes any conpound or m xture of
conpounds whi ch produces a beneficial or useful
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conponents as vehicles, carriers, diluents,

| ubricants, binders and other fornulating aids, and

encapsul ati ng or otherw se praotective conponents.

Exanpl es of active agents ardl15 phar maceuti cal ,

agricultural or cosnetic agents. Suitable

phan eibeuispeet] pragiiet dereimis b pdeceboida tlie;prepar;ﬁymtoef mibdadkl y

acti ng pharmaceutical l ctive nt s, whj y .Re, .

FaRvITSt F s (SR} &b Ob JPTEY T 4echs JTCTIORR { i< Beiled

q@&&i%ghmon (i ncluding, for exanple, applying to

skin, lacerations, puncture wounds, etc., as

well as into surgical |nC|sions) or by injection,

such, _as subcutaneous intradermal, intranmuscul ar, 20

i et desSFIPUgR i ntra-articul ar injection. Exanpl es of

t hese agents include, but not |imted to,

apdaitipdect i ves (including antibiotics, antivirals,

fungi ci des, scabicides or ped|cuI|C|des) antiseptics
., benzal koni um chl ori de, benzethonium chl orj de,

E;Tﬁmlgﬁ‘srd@;‘(ip@ﬁ ﬁ@e@ylg@@ﬁgpépe%qa@ﬁpﬁl tgplacal and scientific terms are
%,@ Xéljgl%% %&F&cﬁlrvgerg{?onal (ﬂs'ﬁtlﬁ n% 8 4R%%re commonly used

ronerso , Sterol g., estrogens,
perndgmﬁénstﬁ)sd b?f&'bh(ma of ogkmsy slatie ﬂwcamtr difl Stymhd‘sq arghphathaceutical
i ke), therapeutic polypeptides (e.g. insulin,
poi eti n, norphogenic proteins such as bone
nor phogenic protein, and the 1ike), anal gesics and

andtivk AEdAMTIRUAEY ard SRRt c%uﬁ@ oBmixta@RIflcbpohrid ﬁﬂﬁ&ﬁpfo duces a
naproxen, ketorolac, -1 inhibitors, COX-2

i bemeBéinlomraisefahtsulbe Abtivegents arrcdistingyishable dioap aighicemponents
: e”ﬁ%&a%ﬁ s BHUR GhHAMO B GhOBARPRAANAR, aide, and

uani nhe, carnu

phvalating oe bihewieh pﬁ)ltéctlvé tspiRARC iBxampbs 20 @éﬁx@é@&ﬁ&i are
PCT/USZOO%/036616 11 nethotrexate, vincristine

pphsemgesHcalyagitsh Harel PrecosmFiReshive SuklePHEYACPHIcl agents
d%b‘ﬂﬁ }b%ﬁ Br o REALH | £iRe pﬁaﬁfﬁ%a&lgaa game gsné {Vhﬁ)l’may be

narco hi ne; I ne, and
t :hEmhiste&)d tol aosmhj ecallme‘@ptmt mmatrﬂesgna,l aplbie:aam (:lacludmng, for

S, A P GG G RE PUPT BRI GC. s Wella nio

tel 1@8@h&§0n§%@ b?%ﬁe&tidﬁeauch%‘ LERDBInSGRN Erad@ 8l Sntramuscular,
(e.q. nbr ést a contortrostatin, anti-VEGF, and

t imaabciukaa) or iptyhypetinuldy i pelios, Evanephefsthesgragprje isludont not
aﬂ%&%&{}g Ft%tb-?rﬁja%gl%g QH %{hﬁlg %Pti n{ici;sif% %/“:i‘xfa(l)sr fun 1c1 £, SC scablcldes or
ap&liclioRIes), hixtsabtids (8.¢t, begrati@hiune clagaas, $>en&ﬁ;mi'ﬂmﬁﬁ chlonde
a(?lh(r)rlhg)%?hnntesgluc%g’cle pr(relglfseg{dreigétasxte ﬁlgt%g'fb%rq;e%hong#rg %Iﬂ%lc’:lldg nts,
nitrofurazone, nitromersol and the like), steroids (e.g., estrogens, progestins,
androgens, adrenocorticoids, and the like), therapeutic polypeptides (e.g. insulin,
erythropoietin, morphogenic proteins such as bone morphogenic protein, and the
like), analgesics and anti-inflammatory agents (e.g., aspirin, ibuprofen, naproxen,
ketorolac, COX-1 inhibitors, COX-2 inhibitors, and the like), cancer
chemotherapeutic agents (e.g., mechlorethamine, cyclophosphamide, fluorouracil,

thioguanine, carmustine, lomustine, melphalan, chlorambucil, streptozocin,



vesi cants, sclerosing agents, caustics, escharotics,
keratol ytic agents, sunscreens and a 10 variety of
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antipruritic agents. The term "active agents" further
i ncl udes bioci des such as fungici des, pesticides, and
her bi ci des, plant growth pronYLers or inhibitors,
preservatives di si nfectants purifiers and
nutrients. "A kyl" denotes a |inear saturated
hmﬂm@ramw vmcalstlng Hleommyicon einbiastineg vindekige, dattindBycin,

b t ed
B R SRRy it ot B AREE Rl natorhiner
Ofneﬁéﬁcﬁﬁ@ caa@iﬁ@ 2@ S ANy, a6cal @n@;the’u@—ge% t8é kdide- or an111de~type

| es of yl i ncl ude met hyl, e hyI, n- propyl,
g? ythethewgp}gml@w\[acalne blybtyqamet mbpmvgc}ame procaine, lidocaine,

P T i s o RSO b

hami-VEGT, afd thadikengoly@adcheridud aRtines, aﬁﬂgéh@ NDRACAHR other
desji gnat e Cl-Cl12 al kyl ene) npl es of

d
aPRl)}'P@H@)t}dﬁelaﬁgiﬁnﬁ%?lFﬁﬂné?ﬂém{ ee@d)the hkeh y’ﬂ%@r use herein are other

n- Wr{g a{c{l?%g%%y %lﬁg 3 g%t%rﬁt%@%poe r oﬂ%\%ees’ R gfacients,

" besdeantsd ‘sdid:fo‘sihg Agemas‘ eausnos , ebuhacheigs, a{é&‘ttd)l@nc aghnssa swsoiekns and a
or di gélon t he Xégrtho est er , action of a
me&%p mem}?%l mg PRIGOAY a?e ipgiitigReens; The term

| 1368 2 QBRI SRE lﬁagdmade@fs@&! 35 fBheiBlYs pekiRgdes alndPH
and tenperature. A principal nmechanism for bi oerosion

ohelbmdqsmlﬂ’t@f@\ﬁth reemetess) orpnlybitere dprbsereitives, lisinfectants, air
¥ ﬁ%g 1$nq8 tIlnkages between and within the units
oPMHAE® gt Y6 o ester). WD 2004/ 046328

PCT/ US2003/ 036616 -12 "Conprising” is an inclusive

t ARyl Ndepbs ali@dart satui@edhpdoéaabylihaging €bi 86d 10Ghe number of
cover| ng or,  including the elenents listed follow ng

t FOeR RS HigE ShRied OR8] preachel estomekc satypied Mé@c(@nbg}ﬂwlg from
Eﬂ&t fo%hd £nb lo?gé‘xgon atoﬁﬁ%e?%ﬂ%gd Eee% feé alkgBdEf‘al%lBlE@&f alkyl

terns are use enote
delciude myethylatthyic o-prepyhhispragyd c@zclopmyaglémttyll, sbmtgl eased

fromthe delivyer vehicl e at an ascertainabl e and
CBYFE??HSPIPQHF@’?{ Wg?e a period of time, rather than
di spersed i medi ately upon application or injection.

ContityRink e derdftestsihidine@ dr fifr@ahed satBtedi feht kRlicA BWifg from
days or nonths, and may vary as a function of nunerous

f aieq torthe nypberafeaipha ﬁtm@eimg@@tp togrposii dkylproviheeples of
hgﬂﬁfeﬂe 1&0%65%1%/191{6 ( @hest ?h%@rle (-CH,CHy-~), isopentylene (-CH;-

CH(CHs)-CH,-CHs;-), n-octylene (-(CH,)s-) and the like.

“Bioerodible” and “bioerodibility” refer to the degradation, disassembly or digestion
of the poly(ortho ester) by action of a biological environment, including the action of
living organisms and most notably at physiological pH and temperature. A principal
mechanism for bioerosion of the poly(ortho esters) provided herein is hydrolysis of

linkages between and within the units of the poly(ortho ester).



10 depend on the type of the excipient selected and
the concentration of the excipient in the

W@ 0vp0%i32s on. Anot her determ nant of the rate BET/US2003/036616

10

15

20

25

release is the rate of hydrolysis of the |inkages
between and within the units of the poly(ortho ester).
The rate of hydrolysis in turn nay be controlled by
the conposition of the poly(od#ho ester) and the
nunber of hydrol ysable bonds in the poly(ortho ester).

“Eempﬁamg’é issandetlesing termdntdfprétbdtd Bt @htdighgaseorafingn
active a thﬁﬁgﬁesent harnaceutlca

el ek it u‘Lﬂ%F ¢ iydfollpwang the fegins Yutarot expduding other

magicddiied §kBgs. i nternal or external to the matrix)
and physical and chem cal properties of the active

agent in the natrix.'"Nhtrix" denot es the physica
Foetrelled releaseie spethiptdreldase’ e sndsijnilar tebhoate wwepal d/elmefe amode

t tains the.actjve agent .in a_man
oL e RN o iery bR W R St 2l repabod fom the delivery
pokhiterat Eh@ a@%ﬁtﬁhébl@ BndEREH11851P 2ty BEr aeﬂe?lg@%f fne, rather than
deconposes " PEG' neans_pol yet hyl ene gl ycol

ediately woppaliqatin® et widctionfEantrolled di omtaireg release

t |
u% SRR IS S Y SRS, ERLERLV B 85 Hiian Yngggerous
i fectarslEor pad glmhhgfdeﬁt]aﬂ gbmp@shhdﬁ)m@(/i@éd Géred, [‘h\é{(r)ite of release will

t her where R Cl-C4 al kyl
SHFSER Padhid P60 (b it Spiscand 5 qropmtraen 8 the cxcipient in
PReXoBipbiifiof: SAI%tﬁer c@feﬂﬁiﬂan{ J}%&f‘ﬁ u%ﬂ{eleﬁgkés tt)llle i3 t%rOf hydralysis of

copol ymers, a poly(ort ester
i thetlindagasibietwismant vothin e entts ())fthebobf(br&xbtdstee) dygenite of

oD IS iR cop RO s potubomPrcht b Storve ooer) and
agemunidlet B Iy dcH19s 58S Bdnls ke lpb]?(&rtﬂork%te% q%%%tde@frmlmng

the agent, prolong the tinme of 'the WO
plir s 20 e A58 o6 amactive 3gens fiounthe fprﬁtshm pi)ganaceu’mcah compos1t10n

c t the ease of the a

SRR PR SE L il [SASE bt e i
parat ;ﬂgfslcum]tda:lhbmlcagmpsmagaf A8 hethRgasitih ok mekixt he
enV|ronnent "therapeutically effective anDunt

p t th%g when adm ni stered to an
ari g (5RO BAEhHC sadua el R ieariny extemer bl@clem@éxmer

tywBRh BBRhtidIfy reHﬁ%tthg h&R2%Eent in Ig&%ﬁéﬂgeve%m% }({lga%g OpRL’ agent

of a diseas€ includes preventin I seas
o@éﬂ thd prdy(ortho asterior hinick coplymeryerbdespr dedospased to the
di sease but does not yet experience or exhibit

e se ti at ment

: ﬁﬁ%o‘g& A pow%ﬁl ?eg% gsycol ({-P[(S)@Hyéﬁ(‘] -O(‘H with a numerical suffix
indicating the nominal number average molecular weight, M. Unless the context
requires otherwise, "PEG" also includes polyethylene glycol mono(Ci-C, alkyl)

ethers, R-[OCH,CH, },-OH, where R is C;-C,4 alkyl, sometimes referred to as "RPEG".

"POE" means a poly(ortho ester); or, in the case of the block copolymers, a poly(ortho

ester) unit.

"Sequestration” is the confinement or retention of an active agent within the internal
spaces of a poly(ortho ester) or block copolymer matrix. Sequestration of an active

agent within the matrix may limit the toxic effect of the agent, prolong the time of the



(slowing or arresting its devel opnent), providing
relief fromthe synptons or side 10 effects of the
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relieving the disease (causing regression of the

di sease). For the purposes herein, a "disease"

i ncludes pain. A "unit" denotes an individual segnent
of a poly(ortho ester) chai ml3which consists of the
resi due of a di (ketene acetal) nolecule and the
nesodoethe hgdht pod yaltrollAd manndry peravythaedlehse ofithaiagentgt a
unit denotes a unit where is R, i.e._ | [

: ] A : .. in which the )

Preciely dgieg lQaaipil Fy WA IRy EhipsiableFEBRLs @gaipgt the action
icast er . of and a diol of the fornmula HO R6-CH

%ﬁgﬁ?ﬁé%jﬁﬁﬁﬁbf the poly(ortho ester) that is

a-hydroxy acid containing units affects the rate of

by tthetapsitiallp effbitive podiubi” [mdap} thefandvat thet, when efministered to an

ester). or bl ock,copol .cont al.ni it ngd in. turn,

BRI eing S iSOl IR Jocrchy B BRfa st

containing"” unit denotes a unit where the diol

St AinBS oPtirdaBAGH” ONEdidEHse erchides plevemald thy disease from occurring
i ncorporated therein, which is one of the two types of

dnian enimked that maly de prelisppprst to thecdipesse byt dosenefofel exeriggee or

Y that | . D ) Aty _
SHBR L BRI ILAR b aephlastg bhsiali
ileenadotirdtdsting @ déveRparhi)( grovidmgastief from thadyagpkoms or side-
Folyner containing it, and in turpn, .relegs . rate

co . . ar th

sticetiol dea dieesagariiding galiipiyedreanent. pf roloifieas et e

I 1 1% M s 3 .
it b oL e ol MR Re R i iplges pain

as a whol e determ ne the nechano-physical state of )
tA Eupit] Jefotes o irekvidngl segmdsit of k pelypusthpraster cdhairaivhiighgponsists of

it. "Hard" its are, unit whe A . "sofit"

b resiie et ke Somiditing Boyl B s Geiditsng oL

PCT/ US2003/ 036616 -14 A "hydrogen bondi ng" unit
dened.asdaxyatil cobeiend aittieabtes aRhBiwWhereaA id RGSk. ianhich the

functi onal gfr oup i ndependently sel ected frofm rri(ge,

i ipldie prapeted Tromman arhydfpxyacidgrsypic diggiedheres %ﬁé‘ pl qfithe
t f ' [ i 0
SRR QLSRR e riflrnd Bier) el Ry @) i
deneinhgesitd Heccrethbanoe Plinydsolgsik (& bseeavdibidity)tdi¢he poly(ortho
pol y(orthq ester) or bl ock copol yner, containing.it. .
Pt i ot gapobiter ComAI RS D TRt BB HpS pive
ipchyded in a conposition such as a pharnmaceutical or
cosnetic preparation for reasons other than a

therapeutic or other biological effect. Functions .
sén Vadingyeoviefiing" amitaetotenn pié mhcrethe diobcontains pideast age amine

al%nctionality incorporated therein, which is one of the two types of units where A is
R*. The fraction of the poly(ortho ester) that is amine containing units affects the pH-
sensitivity of the rate of hydrolysis (or bioerodibilty) of the poly(ortho ester) or block

copolymer containing it, and in turn, the release rate of the active agent.

“Hard” and “soft” units denote individual units of the poly(ortho ester), the fractions
of which relative to the poly(ortho ester) as a whole determine the mechano-physical
state of the poly(ortho ester) or block copolymer containing it. “Hard” units are units

where A is R?, “soft” units are units where A is R®.



active agent to a site of interest, controlling the
rate of access to, or release of, the 10 active agent

whyoogeesest rati on or ot her neans, and facilitaPCTyS1008036616
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application of the agent to the region where its
activity is needed. Exanples of vehicles and carriers
i ncl ude solids such as m crop'i\rti cl es, m crospheres,
rods, and wafers; and semnisolT é's that are di spensable
by syringe or the |like, or by spreading with a tools

stie Hiygeogsn bepding| wnit denors Agas vgievethe dinl chntaims at least one

t - 1 [ the ik should b

c oI55 il Rens§\sEREe B0 ki i B Einghane

Tigeoups| wifiol iswmeas tierts) tfs ofahitd @hélo\ RF'CTRS FAERNAF the
the formula | [: n _ 20 where n is an integer
S

li;cxl A
oPoly{orfhogster)tha h%drgg%mding@i@pgtemmes the mechano-physical
- - ' ' ger of 1 to 10,
ARG et bR cofi el ShEHENeR | %5 ke
is aC-C4 alkyl; 25 Rb is hydrogen or a Cl-C2 al kyl;
an¥elialeh and {‘sariiert d peotel emirlgyedsant et ednéloded iRh, co}?@;osigi%ré such as
iS: 03/ 036
orﬁgﬁg&@a\é%ﬁ{c%l %R%S}n\%ﬂ%l\)/rgpa?r(ég&é%gEg’q%gqsg(ggér%ngnoaﬂ wpogic or other
Rbioll Sgidty effe@ePutiofslsefrbddykithiclRd carriers include transporting an

active agent to a site of interest, controlling the rate of access to, or release of, the

active agent by sequestration or other means, and facilitating the application of the
agent to the region where its activity is needed. Examples of vehicles and carriers
include solids such as microparticles, microspheres, rods, and wafers; and semisolids
that are dispensable by syringe or the like, or by spreading with a tools such as a

spatula.

Ranges given, such as temperatures, times, sizes, and the like, should be considered

approximate, unless specifically stated.

The poly(ortho esters)
The poly(ortho esters) are of the formula I:

a b pb a
' R ><O:>z R><:O><R l 0
O O R O O—A "

n is an integer of at least 5;

where

R is a bond, ~(CHy),-, or -(CHy),-O-(CHy).-; where a is an integer of 1 to 10, and b
and c are independently integers of 1 to 5;

R is a C;-Cy alkyl;

R®is hydrogen or a C;-C, alkyl; and

each A is independently selected from R!, R?, R?, or R*, where

R'is:



5R6is: -0+0- O, or t , S R/ where: s is an

integer of O to 30; t is an integer of 2 to 200; and
WA 000RD44338 hydr ogen or Cl-C4 alkyl; R2 is: -0 BCT/URBI03/036616

is: RI1 or -R9.0+0_R10 12 x R$ Y R WD 2004/ 046328

PCT/ US2003/ 036616 -16- where: x is an integer of 0O to

30; vy is an integer of 2 to 200; R8 is hydrogen or

Cl-C4 alkyl; 5 RO and R10 ar¥é-i ndependently Cl-C12

al kyl ene; R11 is hydrogen or Cl-C6 al kyl and R12 is

C1-C6 al kyl; or R11 and 2ot oget her are C3- CI10

al kyl ene; and R4 is (i) thejresi due of a diol

contai ning at | east one ] Of fhetionality

i ncorporated therein, or |10 (1) the residue of a diol

contai ning at | east one RACt i Qal gr oup

i ndependently selected fromam tde, imde, urea, and

uret hane groups. Because these poly(ortho esters) are

PofF¥ners, the nunmber of repeating units n in the

p is an integer of 1 to 20;
R? is hydrogen or C;-C4 alkyl; and

-O+O- O+ 0-

where:

s is an integer of 0 to 30;

t is an integer of 2 to 200; and
10 R’ is hydrogen or C-C4 alkyl;

R*is:



pol y(ortho ester) necessarily represents the average
value of a distribution rather than 15 an exact

woovbete32si mi |l arly, the nunber of a-hydroxy acPdI/gsmOpa3c616
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p in the a-hydroxy acid containing units and the
nunber of ethylene oxide groups s and x in the R6 and
R3 groups al so necessarily refresent t he average

val ues of distributions rathé&l®than exact nunbers.
The structure of the poly(ortho ester) useful herein,
awhsteown in fornula |, is one of 20 alternating

resi dues of dl%ketene acetal) and a diol, with each
adj egﬁ%?fb?ﬁ3 »di (ketene acetal) residues being
SOResAh RGPy X Reo0esi due of one polyol, in one

eibodi nent a diol. The poly(ortho esters) provided

hB8F & hydeogenor Epdlatkyby condensation reactions between

di,6k t al | yol.s, in one enbodi ment
d?gﬁgﬁﬁgﬁﬁgﬁﬁ%&%é%ﬁﬁg'a gﬁ K¥Eiehano- physi cal state and
r atlejs Gl dloyel & ISCsalR$l dnlir0eiaui0f Alkyly br RS @M 'expethBYare Ca-

the sel ection and use of conbination of different
t {oeddkylerte; @pdl s. The pol y(ortho esters) can be

pyepared 4in such el that I dear t
wﬁi ¢h t he(i) are ht)]/[l F %%?{/]%eocf abJ;}c?lch n anéltlga é\%el? %P g%edall 1)]/“% %lm%onahty
fluids at nornmal inbogyrdienereai ur es and pH can be
controll ed wi thout addition_of expgenous acid, by the

i ncor por &8 on of thaesdiec @ dipl copiting pdpast Quaiparfoapl group
acids such as es j L ' [

W0 2004 od6ass. PEETIESEHY) ¥Rl hide, Bfilde Curd afld Hothane
gl ycol i c-co-1l act gmupsi d copol ymer into the poly(ortho
ester) chain and variation of the anount of these

Fa e e RN v G R e
| PEIY(RPoERE) cbésBarilh @eiredeifsAhd Herfetvahlk of GRIMdtAbutMSather than
readi ly hydrol yzed at a body tenperature of 37 C and a

phy exast byhbe Siprlarlysthe rugher efitblfiraenacidgroapppinthe p-laydroxy
t Q. pr , ' - ' T 6
a0 P 15 SR LR SROHRL BRGNS AN B Pand X the R and
CBAfoubs hke nbossyasily Rbsesemtiee Slerddeeapeb yf distribatiest@thyr than
When the poly(ortho ester) is used as a vehicle or

n&¥3ct RBh§F-appi ng an active agent, the hydrolysis of

the poly(ortho ester) causes rel ease of the active
agedkirucke BOINSRIF BMESHSES SderN Rkt o8 sRIBDRS foRhB 1, is one of
percentage of the "a-hydroxy acid ‘containing” units
wiltdrnaimgaesidies gi e di(ketere afetab) andraotiph mithtepch adjagsnepair of

eHltegeqlenrgea%'éfal)trQseldues being separated by the residue of one polyol, in one

embodiment a diol. The poly(ortho esters) provided herein are prepared by
condensation reactions between di(ketene acetals) and polyols, in one embodiment
diols, and the variation in mechano-physical state and rate of hydrolysis
(bioerodibility) is achieved by the selection and use of combination of different types
of diols.

The poly(ortho esters) can be prepared in such a manner that the rate and degree to
which they are hydrolyzed by contact with bodily fluids at normal body temperatures
and pH can be controlled without addition of exogenous acid, by the incorporation of

esters of short-chain o-hydroxy acids such as esters of glycolic acid, lactic acid or



pol y(ortho esters) for increased degradation rate are
those in which the nole percentage of the "a-hydroxy

wa@eood/oeseg ai ni ng" units is at | east 0.1% nol % PET/YS2003/036616
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about 0.1 - 99 nol% such as about 0.5 - 50 nmol % in
anot her enbodi nent about 1 - 30 15 nol % for exanple
about 5 - 30 nol % including about 10 - 30 nol % The

use in these poly(ortho est eTlg) of diols containing

am ne functionalities causes the poly(ortho esters)
tgtydmﬁc&nﬂaatioraeidpﬂdpsblnsdrﬁﬁw ¢het gody(orthd ygten) thain @ad esridtion of the

not containin such thus to rolzye yet
oot ey s (e Bhufore s phplerh 2 i 2

so, for exanple, in an acidic aqueous environnent,

Sﬂd% Rescnde bOWREL, Wdsb bdters Z\thﬁﬂhlEQ;JFoﬁ?éd ifito tAE ol?{lﬁ‘@x'o%&er)

the poly(ortho esters) to be relatively stable with
tchein, extreaaids hlydtodyzed at/a boﬁmmemmh Df}3’b?C and Hahysusiuglhal pH,

i t hj h | dr.ol dl hi
seot kb pieat by o hidelyze coplal¥ WM "
Qﬂh})’&@f§ i @ShE! ot as §éiﬂfc%§ki%1én9to%%u€m@ @Fy&t% 31st9{6 of the

dellvery of active agents wthin the cel oly(ortho
awiogho m}» ghen thie ghba(orﬂm esteplis cegrt @gaevedlfcl«t bremAtaipr entrapping

25
R ak Pl i lafoty iy ot Y pelSTAERLR] Gyt sctve
'Hg&mne cont ai ni ng" poly(ortho esters), and increases

| oner pH. In one enbodinment, the poly(ortho
esters for a greater pFLsenS|t|V|t are those in

vitnlxRrthnesterpl kavier alighergeole pereeniage Sithné eoduteRyricHg

Ll s 0 LSS PR ol

gobgditheesteraloforiincleasededbgradation fags are Xia¥p irewalauke ote 50

nmol % i ncluding about 10 - 30 nol % In addition, the

r?@wawge phips ety dsaxytasidgontaiping ongitsds @H@aséé?tlé/p )noh%ye g., about
?%5’ fho1%00 th % !ilfoqrt OEhl 50 11n§1° IClH al"?otﬁgr q?ﬁ[bodl en oﬁ'ﬁl

residues of ceitaln S Th selecte

pn@l%; fér exampteetbati & 30 molfeinpkiingibbixol oes:toembms a
whol e. For exanple, a high content of the residue of

4-cycl ohexanedi tha ol s the trans isoner or., as
é”@ﬂ{s Ih e%%laépﬂ NPSEISH 4@? captainifa apine fEjcgontiss ogses the

%OI}EMQIEQ&@&S)QQ %@éd?ﬂe m@feoﬂ)H rs@rlls‘i“’twevtﬁaﬁ 1 01"1:‘1518fetsters§i 8 containing

efinition of which is given roduces’ a
rsgbladnoilsealgd ﬂmgtochyydmlyyﬁeyet ofvaé readﬂnyj atdownnplé tlmml at tligher pH.
st anc decr.easi n d" and "hy
cRS g on PR e SRAEAR Bt Turiih e W oy PO hin
tAAE FQRENY, @hd BbESIHRE polW{drtho %Bt@ﬁ%ﬁ) M&&h@&@l i s¥Blld/within the
t hrough the stages of a rigid thernoplastic, a soft

tepEporblglas savieonment pithinedn angals gchds tvs@thm the blood, but to hydrolyze
rapidly within the intracellular environment. This makes these poly(orth esters)

suitable in one embodiment for delivery of active agents within the cell.

Poly(ortho esters) having a higher mole percentage of the "amine containing" units
will have a rate of bioerodibility that is more pH-sensitive than non- "amine
containing” poly(ortho esters), and increases at lower pH. In one embodiment, the
poly(ortho esters) for a greater pH-sensitivity are those in which the mole percentage

of the "amine containing" units is in the range of about 0.1 - 99.9 mol%, in another



an ointment-1ike (viscous liquid) material, and any
stage in between. Expressed in terns of nole percent
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the poly(orthoester) as a whole, in one enbodi nent
poly(ortho esters) for liquid or 15 ointnent-Iike
conpositions are those in mhicg the "hard" or

"“hydr ogen bondi ng" unit constitutes 20 nol % or | ess.

Li kewi se, in one enbodi ment poly(ortho esters) for
menodiadrt dba ip dimelds Somexemphoabeut 5 - G0 %t e hidiay dbbut 10 -
O%O"h&g ogen bonding" unit constitutes 60 nol % or

nores T%us, both characteristics of the resulting
poly(ortho ester) prepared fromthe reaction 20

beah waditioh,hee sielte@banesiosietadd of Bk Fﬁ?(d’ﬂﬂoabsﬂeb' m&PHsébe

mxture of the diols, are controlled by the ratio of
qanipladeShists adkisvedy she inglusion s residutis of sertain thods in selected
Pl B0 SRR Gt 0% AL Bl a i conen o
erthottsidea d! IL4{cgclohexanedinrtiags] @§ee+di® Monder bP adeis/dns isomer
anot her. enbodi ment 1 or 2, in another enbodi ment 1. '
REUKBIGHPT §FEAD Befidndifl ohy dislgesendiondiagh diol relafivarioetisaft” diol
2 ' : ; LS 4 [ D N |

o & AR TN BA b0 D gt A3 B0 B ymorcfath and o
i mayn eoleghtvdelianen en®by dect@singrihattardiemd "apdrodémaiding" tdéo]

6 and jn ano r,enhodinent 2: R7 is in._one enbodi nent

AR GBI o5 570 e per S vse B e Es progiranrely

| Shrioligtome seEbosk ABAl tHerkBplhdic, h BoAM-AEH1 DWW RN i sol;
to 6_%ﬁglfn anot her enbo%ing%t %. VWthﬁﬁespect toﬁgﬁgOhdk)
i daiowtagaltliler(xisgous Jiviuid) nRgteriial, dnd anpistagerfroblitweert.

cycl ohexanedi nethanol. 5 Wth respect to the

i RYA N ft! . | Iy ane odi nt :. IL" .0 .
R S T B0k SR g i
12q thepobyfativested s advivgs)tin 8nd @nbodiment golABARS Edters) for liquid or
enbodi nent 2; R8 .is in _one enbodi ment hydrogen, y is _
| QIBREN S SarReRtions 416 those in whichdharhgrd ordhydse et handing " unit
R oAl B4 AbBs bR &R i B erﬁ%%%éﬁq}oly(bﬂh@&%rg%r more

solid compositions are those in which the "hard" or "hydrogen bonding" unit

constitutes 60 mol% or more.

Thus, both characteristics of the resulting poly(ortho ester) prepared from the reaction
between the di(ketene acetal) of Formula IIl and a mixture of the diols, are controlled

by the ratio of quantities of the two or four types of diols in the diol mixture.

With respect to the individual "a~hydroxy acid containing" unit, p is in one
embodiment 1 to 6, in another embodiment 1 to 4, in another embodiment 1 or 2, in
another embodiment 1; R*is in one embodiment hydrogen or methyl, in another

embodiment hydrogen; R® is in one embodiment;

{\Aoiv o Mt ,

R7
and in the above definitions of R®, s is in one embodiment 2 to 12, in another

embodiment 2 to 6 and in another embodiment 2; R’ is in one embodiment hydrogen,



10 enbodi nent an unbranched C4-C12 al kyl ene, and in
anot her enbodi nent an unbranched C6-Cl2 al kyl ene Rl11
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enbodi nent nmethyl. Wth respect to the individual

"am ne containing” unit, diols of the formul a HO R4-
CH i nclude aliphatic di oIs of 2 to 20 carbon atons, in
one enbodi nent 2 to 10 carbod® 15 atons, interrupt ed
by one or two am ne groups, and di (hydroxy)- or

bing ¢ hyidoax yabkdienty & 1Z; innioles endbadinmmt #rto thadd ioandther
in one enbodinent 4 to 10, carbon or nitrogen atons
arbpdinent fe hydr oxy groups; and the am ne groups are
secondary or, in one enbodinent, tertiary, am ne

gstﬁHQ %Jt H &%Qm'ﬁmggl' "ﬂ@fﬁ“ funft hﬁz f@q‘lll Mﬁ@érﬁﬂéﬁlﬁéﬁte rs) are

hose where one or nore | owm ng are true:
(clz}clohexasechmethane]ger of 5 to 500, |n one enbodi nent 20
to 500, including 30 to 300; (2) Ris -CH2OCH2-; (3)
eth 4) R is

FﬁvﬁbIreSpg‘?igﬁ{q’?én%‘yiélﬁ%]pt%%’ﬁﬂglﬂgg {Sﬁé Oiu%a O%H}]gfl{ units are

as above. WO 2004/ 046328 PCT/ US2003/ 036616 -20 The

scope of the instant d| scl osure includesy al |
conbi nati ons of nmbodr nent $Pr epar ati on of

the poly(ortho e ters khe pol y(ortho ¥rsg) are
prepared according to the nmethods descftbed in U S

P\Qﬁé?@%{ is M Jﬂg%mbﬁdlzr%t 3640 f‘z 8 2notiRg enddinden? 630 6434 i En another

Specificall Y, the poly(ortho esters) are prepared by
tdm)dderamt 2oR° Gfinandiefkedisieat ckogdn) y éf infope wobadiment 4 @ 12,

) ere.L is en Cl-

SRR | oG Ty angie e et R iR, S anther

%Bdaﬁﬁéﬂt Yin @hblaB@sdd ©DE,, dii81enef arldg ahomBtdmsodiment an
unbranched Cg-C1, alkylene R'! is in one embodiment hydrogen, and R is in one

embodiment methyl.

With respect to the individual "amine containing” unit, diols of the formula HO-R*-
OH include aliphatic diols of 2 to 20 carbon atoms, in one embodiment 2 to 10 carbon
atoms, interrupted by one or two amine groups, and di(hydroxy)- or
bis(hydroxyalkyl)-cyclic amines, having from 4 to 20, in one embodiment 4 to 10,
carbon or nitrogen atoms between the hydroxy groups; and the amine groups are

secondary or, in one embodiment, tertiary, amine groups.

In one embodiment, the poly(ortho esters) are those where one or more of the

following are true:

€8] n is an integer of 5 to 500, in one embodiment 20 to 500, including 30 to
300;

() R is -CH,OCHo»-;

3) R? is C,-C; alkyl, including ethyl; and

) R® is ethyl;

and the proportions of the individual units are as above.



10 HOR2-OH, HO-R3-CH, and HO-R4-OH. To formthe
poly(ortho ester) using a m xture of the various types

wobtooles3ds ol s, the mixture is fornmed w th sel pct/es003/036616
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proportions based on the desired characteristics of
the poly(ortho ester). The use of increasing anounts
of diols in which Ais Rl |nc%ﬁases t he

bi oerodi bility of the poly(orfho ester), and the use
of such diols in which R6 is a 15 pol yet hyl eneoxi de
noihe ssepsof e intratrdisalossredaeladestdlecondfinations obtheteheve

p he use of increasing anounts of diols in
mﬁﬁ%ﬁgk“Pk R2 increases the hardness of the

poly(ortho ester); and the use of diols in which Ais

RPrepuratias of thdyolp@ktheastergf the poly(ortho est er)
e§E§0|alu§Hyhen these diols are | ow nol ecul ar weig
G epk(9 eeste@q)w@p%fﬁd ascoprhag focthgmsthods ﬁﬁ@nbg@no&l S. Patent

€ 0 r£as t |
o?q o{gh%a oer’ g‘ci5|3 % I??’t ei/m%loslf %;%h%%pgﬁec{ or IR Whgg? %f%},ﬁio eﬁérst)%re
[ pmpeadlblyghe teaation afve iftctemndcetiihof fos@ubfIIlhydr ogen ‘
bondi ng diols increases the hardness of the poly(ortho

ester). The preparatlon qj he di ketene acet al s)

li ke those of formul®& Ris cI n w ited
States Patents 4,3 767 5,

5, 968, 543 and i | | kno to @erson of ordlnary
ski, |l | a pical nmethod is the condensation
oPhre Lot B%P&F)l%fégf%l%l a |V: WD 2004/ 046328

P@;MMQEQIQ?{/ th?ﬁ)%ﬁla HE! ]RT]Q{OC i t1 )\ 0& %{)Iaae bt_lgﬁé;l %}f‘%é H)rmulae

t wo eqU|vaIents of
ati)-RI-OR (EB-RisOH; arhirld@dhc@Hal dehyde d| ethyl acetal,
follomed by dehydrohalogenatlon to give the di(ketene

GBI e SRR ST LR B Beth e ko ofthegiols. e

J Irﬁsmlrecih Emedadth se@’&ted]fﬁ? SibabdPerBthe d8EIFkd characteristics of the
drohal ogenation is described in Beyerstedt et

apol?}ll(o\;'t ho ggien)ChBerisefdncreagg Bpomsss diale e yvhiciieis R'increases

d I o)

i g}%ﬁéﬁ?gﬁ?ﬁgﬁg%gé Wrth% e%%é)g?lé(F é’b%t?l%é LS)E seuc d ogs 1nf\8191ch Risa
e palypthglendkideeozoncensditane tnopéast e bbﬁl(dés 6f the @blymer; the use
fognula.lv W th t¥§@ equi val ents,of a vinylic

PHBRPAYNE amepnts of dioksdn avlichod LR opsreates élPﬁ/léPédn%ﬁ of theij r
db@llyl‘dﬂho 10reAC Bl Pdhg msSHENoR Sy 301l £ ﬁs‘k%?ﬁ:ﬁ@é kn PGB of the

and”such condensation reactions are
poly(ortho ester), especially when these diols are low molecular weight polyethylene

glycols or aliphatic diols. The use of amine containing diols increases the pH-
sensitivity of the bioerodibility of the poly(ortho ester), increasing it at low pH, and
the use of hydrogen bonding diols increases the hardness of the poly(ortho ester).

The preparation of the di(ketene acetals) like those of formula ITI is disclosed in
United States Patents Nos. 4,304,767, 4,532,335, and 5,968,543; and will be known to
a person of ordinary skill in the art. A typical method is the condensation of a
bis(diol) of formula IV:



known. For exanple, Crivello et al., J Polynmer Sci.,
Part A Polyner Chem stry, 34, 3091-3102 (1996),

walk@slooses t he preparation of a nunber of ket eP€T/US2003/036616
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acetal s and di(ketene acetals), including
2,2'-diethylidene-4,4'-bis[1, 3]di oxol ane) and 3, 9-
di et hyl i dene-2, 4,8, 10-tetraqgxoaspiro[5.5]undecane
(DETGSU), in each case hy t h#l15 preparation of the
correspondi ng di (vinyl acetal) fromthe rel evant

tetraol and acrol eHO—an®RPi Gijion with
tris(triphenyl phospi n%t henyum di ch{|g5i de: The

i sonerizati on may carri 0 any of several

nmet hods known to t art. These 1ficlude, in addition

twith Red ¢ifvaldntd 6 es:{halbpdibmwlctdhgwmlam@) fcsth ek ag 2-
dichloride nention telé above, isonerization

hroapwtqld%é%ﬂlemwt%fallkwi W tehydoehalegepaion 1o gtvedhs
ARGRnE Rt 18 Rl g Bl ek b i pbylisct gl desried
Hﬁﬂ&bérts!\ht al.4./.582 , 3. SocA, Wikl 254 a9eR), 2ad dehrydroheidgedhtion

phao o S riz t|o th f zer
I8 EFroRbe O 3t B el A Cogy Remebats “fj%c@h}b@und
(e.g. iron pentacarbonyl) in an al kane (e.g. a

PR A(k8tene REXABEmaPhlsh BObRPSEd HOKNEREmbIREEON P di(WGYT acetals
at nosphere. 25g)$'rﬁe§ab| s( d?oP of 9f ormula IV V\,her(g Ryl S )

aprefell, &rcxemple, Ry the@onm@tgéhofﬁh@/bﬁ@lolb pEfvanalg I¥ywith evo
re%%}]v%{eﬂ% f% avrl]ﬁ Ay IC tatrkgec g@g‘%h&{ %St aé:rolg\r} S lcrqbn‘l)naldefhyde or their dialkyl

Alcetaisciuch\ak tibrobein gty gca@lﬁ aid suib hoﬂ&nb&tﬁnhléadtlﬂnaaare well
sol vent such as djethyl eth i n _one embodi nment

rlggiselon apeta el gt éspcdw 96 ferrel: iggymer Chemistry, 34,
4
A pE oo ARSIttt B T aeB (HiBER o apa

Jdi(Yettne @btats), Ifeluthire 2,2 8diethyBdede-4 4+bid] by é]dl@dl]lmlte) aml 31\9-

tetraet hyl 4. 4-bput anet etracarbo

bt A o fi P Uo bR R, I Syl casedpy the
e ﬁatmddﬂﬁ@&ﬂ@yomg dﬁ(ﬁﬁ’ﬁra@&a )frohhﬁlerrgl@%rit @raff ariMcrolein
a, a di hal oal kane of for nul a-X, where Xis

SalﬁllsommerBat;lolswdh tla:s(trgphgmdpltnspm})r\ﬁbgmgn@hchlonde
1 5-di bronopentane, wth a dial ky mal onate of the

s SRR S RS o AR At o

aTlieaé Ineinde gihtad diadok ax tidase 6Etrg(tnﬁh)ﬁiy&pno@pshumgmleamummchlonde
et hoxide) in_a solvent. such as a | ower aI anoyl| ?
emﬁrgh)@pg 1@1@6@1@(@@7 dhpaes 1éqrp%p&2|aR91p n %{kée gwtal ower n -alkyl/water

I upl S
déé)sc i }3&? By ShiiAe g@ﬁg&g@g@ateﬁt fRUR swg49)fanhgfr1n L afem
%koﬂde%ﬁhy&%ﬁ)mé salutidrs (USeHawnaNlooﬁ,Sél 338t Aa?etthgrllsomenzation

1,1
method is photoisomerization in the presence of sensitizer such as a transition metal

organometallic compound (e.g. iron pentacarbonyl) in an alkane (e.g. a pentane,

hexane, or heptane) solvent under an inert atmosphere.

The bis(diol) of formula IV where R is a bond and each R® is hydrogen may be
prepared by the reduction of the tetramethyl 1,1,2,2-ethanetetracarboxylate, available
from Aldrich, with a reducing agent such as LiA1H;, in a solvent such as diethyl ether,

in one embodiment at reduced temperature such as 0 °C, to give the bis(diol). A



but anet et racar boxyl ate from di ethyl nal onate and
1, 2-di bronpet hane in the presence of magnesi um

webdvaniaes i n et hanol. The thus-formed tetracar bORYSENDE036616
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is then reduced to give the bis(diol). Qher

bi s(di ol s) where each Rb is non-hydrogen may be
prepared fromthe corresponding dialkyl

al kyl mal onat es, al so avail abt from Al drich. The 15

bi s(diol) of formula IV where Ris -CH2- and each Rb
irsduryidn ofjdns tyay isdescritipd in ﬂzhgfkaﬂc@ﬂ ab,yf Wl Chamnt 1504476448

f Ide a.dj al kyl nat such a_di et hyl
R PRt Sl B Ghey 1 Lot Ol
73: 330- 345 (1898), followed by reduction of the

tmgm Rlis3 [ r
A e e T o R b

| preneinest ley ReireactippPyrbe.@-ditbHpylkans ofifermpyle @%K@BIZMyXawhere X is

SO BT ORbAEH IR S Mo BRSPS Ratona
Mtﬁ‘%hlﬂu@(ﬁ@f@b(}ﬁé)z wh@é R’ % C;SCQalkS)I itBthe p?é%@nce of a strong base
bIS(dI0|)0f formula |V where Rjs -CH2-O CH2- and

el argn glkalpmeial of glkalieqarth glkopides (42 Spdive) orarn@gnegum
ke R e S e
RRo., nﬁcn-ldlkaﬁei.’ehg!darbomylaﬁ Ay ¢ouptiyg obihatypeispleaqrived dn Meirvke et al.,
et et Sonate TR R b BSR4+

f%&%‘t@t&%@a&?&(ﬂﬁ% fro%@@lgf]ﬁl%ﬁg’t% @& @E/ M&%@ ﬁi‘-@le g presence

Of\mggne¥R eﬂl@@ldﬁan edla00D Tbaﬁms Tst@ne@l temthvh@ is then reduced

e BB Brlh RRR B s bbbt oo propared
dirath ke co@&@lscﬂidn(getﬁalqz!ypamy1ﬂiaﬁﬁlbﬁéb aﬁl’ééeiv@haﬁlé fioROMMich. The

t hen sone I‘eSUtI}?aCOO convertedtothea
20

| té%(dlqh)gofgfpmlﬂa ;IM c’fhea%Rtlméi 894 gach R°shBy#rpeey may also be
prepared by the reaction of formaldehyde and a dialkyl malonate, such a diethyl
malonate, as described by Haworth, J. Chem. Soc., 73:330-345 (1898), followed by
reduction of the thus-formed tetraethyl 1,1,3,3-propanetetracarboxylate to give the
bis(diol).

The bis(diols) of formula IV where R is -(CH;),-O-(CH;).- may be prepared by a
similar process, replacing the a,o-dihaloalkane with a di(w-haloalkyl) ether of the
formula X-(CH3)p-O-(CHy).-X, where X is C1 or Br.

The bis(diol) of formula IV where R is -CH,-O-CH,- and each R? is ethyl is
di(trimethylolpropane) and is available from Aldrich and from Perstorp. Di(vinyl
acetals) of formula II where R is -CH,-O-CH,- and each R? is H, methyl, or ethyl may
also be prepared from the commercially available trimethylolmethane,

trimethylolethane, and trimethylolpropane in the following manner:



5 ot her al kane- or arenesul fonate, and that conpound
treated with base and the alcohol to formthe

wal2qogiomspks acetal ). The rigidity or flexibilityPof/usive3/036616
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poly(ortho ester) is deternined by the proportions of
the "hard" units and "soft" units in the poly(ortho
ester) structure, wth greater rigi d|ty achi eved by
i ncl udi ng greater proportion®3of the "hard" units in
t he poly(ortho ester) 10 The diols of the fornulae

HO R - OH, HORR2 H HO- R3- OHiq and R4-OH are R?
prepared accondi ng to, nethods in_the,art nd a
descri be or \exanpl e in US Patents Nos. 549,01

and 5, 968543. of the &dIs are comer&Pally’

avail able. The diol of the formula HORI-OH maybe | 1
prepared by reacting a diol of t orgrul a  HO- RG6-

with 0.5 - 10 nol ar equwalets f a\gyclic diester of

OXge aci @2 guch t| d¢ on\ gl ycol '2de 0
t he act i\on o pro at OO - /
12\ / 48\houys. Al though sof vents are

for this rea®ion, organi ¢d=esol ventss suc o
di met hyl acet am de, di net hyI sul f oxi de,

I
L TR B ane RS Rl o URNER oL ARG resction with o
Dhﬂj/lii: ald)éhyﬂh er ft&‘.)dm]dyhadd@l E&{(ﬂbinahﬁhglemeﬂahislsyown) then some of
commerci al |y avail abl e. of the faornu
resuing r%éay?halecoeasﬁarétte 5 4 et o A afsgtate (shown) or
p&tﬁ&a i1k O} drSn 38R, hifd Blaf&drRsREd tﬂeﬁtegj%lﬁaéaQé]ﬁnMe alcohol
5,968, 543, by reacting an appropriate di vi nyl et her
viotfbrnatheahiGims acdtal).an appropriate diol. W 2004/ 046328
PCT/ USZOOS/ 036616 - 24 Am ne containing diols of the
gﬂflo% ex1€)|;‘1t§6 % X e ggor&l%re%f%bqls il e%r?llygc?ﬁ?{he%%omons of
i ﬂh@ |"M}@" ﬁiﬂutﬁ mdWhe eurfid ih ﬂle@ialy(amld’lest&w sthucase R'V1NR'gﬂ8'ater ngldlty
or |NFR"'" where each of R and R'' is independent léeﬁ
aadhisied by inchidingeieater piopartighne] e ahatg h&tlFSdnélterl%ﬂl Fh% Fster)
branched chain hydrocarbyl to 5 which is bonded one of
t y t IR>.@adperki- @)‘FP'ahd/H‘@"lR"—@)H
Rfﬁea&r%g 03)%%?@ é%% ?g{t#l[gth(%g amne 1S a cyclic e
aprepared axmpechngtd yethodt krmivghin thy arhraad @b debcribévhifor exbuaple, in US

o 2k R S s S R S BRIELE R e

aryl, or aralkyl especially al kyl, and nore

e’ﬁ]ﬁlﬂ.ﬁ@lb?&)ﬂ the fdfﬁiu'lWHO OB may b §rep£l@zﬂ belecdcting e dihef the formula
two such amine groups are present, includi ng 10.in the

sH@eRc%I vith 8 k) mylag §q%95¢18§ eht ayqligeligsigs of an a-hydroxy acid,
agﬂcﬁ %5 Pa%ﬁﬁé’ oxdél%ochcfgf aﬁd@?lo@v%é%% Feaction to proceed at 100 - 200 °C for

about 12 - 48 hours. Although solvents are not required for this reaction, organic

solvents such a dimethylacetamide, dimethyl sulfoxide, dimethylformamide,
acetonitrile, pyrrolidone, tetrahydrofuran, and methylbutyl ether may be used. Diols
of the formula HO-R*-OH are generally commercially available. Diols of the formula
HO-R?-OH may be commercially available or their preparation is generally disclosed
in US Patent No. 5,968,543, by reacting an appropriate divinyl ether with an excess of

an appropriate diol.



HO R4- OH i ncl ude (di (hydroxy)- or
bi s(hydroxyal kyl ) -substituted cyclic am nes such as

wa mgidset ed pyridi ne, piperidine, pyridazine, PCT/US2003/036616
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pyri m di ne, pyrazine, piperazine, and the |like. Sone
representative diols of the fornmula HO R4-OH i ncl ude
N, N- bi s(2- hydroxyethyl)am ne 4

N, N- bi s( 2- hydr oxyet hyl )ani | i i€, N-methyl-N, N-bis(2 15
hydr oxyet hyl ) am ne

u@donmmmg)d@(sz)fﬁwmy]@tfﬁ%g a(aﬁr?ée diols containing at least one

N_egongllajér Nir%q%'_ {igﬁ%ﬂ (}8121?(3@5 ﬁ ;1| é%nclude diols where R* is an

Nm&i¥e EMH%R’NN"N' obRS‘{%{“hwﬂélekﬁeﬂ bt[S/R)mdim‘éls independently an
N- benzyl - N, N- bi s(2- hydr oxyet hyl.) 3-
chlipbatisy REQRLAS, oqargmg% gqlp@’aq; ls_;,qralght or branched chain hydrocarbyl to

hV%‘F@ gsilbe qﬁg? &’%‘%%@?% I%Xy o‘&Bﬁ‘Qﬁ?b g 0; d%‘g@gg?ﬁi)}%)vvhere R'and

PR 'Pefedibnded solthdt tRO aimnm(lhy dydlcymmnh,ydspwlquweaﬁram@t or branched

7-(2, 3-di hydr oxypr.opyl )t heophyl | .
dcphqyuffl]@}( }rtpdg%/:%p@g%@)ngs; amﬁ feo%g:ggi}?lfydf H) 5 carbon atoms, and R

s gxygll %X (OXY: :HK{II aLee, arg al‘alk@l/ @Eﬁémraﬂl@l NBd more especially
droxypyri m di ne, eth bi s
hlyléthgk y)ahmdu)la mahei.e thowd e uwcmmh Sdte g;pupsSar@ B giancluding

tho e contai.ni n h secon t

B oo ARl SRR AL RS formta
Aﬁmﬁ -ON ﬁl@ﬁfd@'(dﬂ(ﬁ}ﬂrd?@b Ybss(hytbiieicyl)-substituted cyclic amines such
N- 3- hydr oxypr opyl - bi s(2- hydr oxyet hyl ) am ne,

A, 3-
baﬁwsmtg(eﬁmdm;@pmﬂlywyﬁ%@ﬁ mpjnﬁq ReLazine, pipérazine, and
2- : t i, -

g e e L e P
aﬂﬁﬁrb?}%éﬂylhﬁ?rﬁe N]BISlﬁs(g#}@fﬂﬁ)xgremyk)mm tN}nteﬂHl—NN -Hig(2-
reported syntheses and nman
SIS T DB A G R T e Gt PERRal yN-bls(z-
R S b B RIE o
2003@- EﬁﬁBﬂ}&ﬂBﬂl}Eﬁh& (N}BémEBT]l@ bls(%yémm‘tthﬂb?@)lne,v%er e

aﬁ%ﬁﬂ@@?‘ﬁtgﬁ é)?(?erggg IPL¥ éfﬁ’”t— ty %ﬁ%@h ?O'- gﬁ%m%teal%l 104{ bis(2-
h¥2&8£ d?%l p1§§r9ﬁ§é ald MS@ M@dygfhtyl)qjiperﬁmmqmed chai n

¢ar bon atons, ecially 2 to 10

carsﬂmnmyomhylmrazm & (éépthmpmrgpxllsh@pbélﬂlsér? 6-

nyRBiaaP g it P ELRRRat ER A b R B0 Y °

r@ﬂfyﬁﬁﬁ@bﬁﬁdme 4}16 alhsd@fiypyremidire Nud:thylH@l\Rulsénﬂ i ncl ude

N, N - bi s- hyd thyl ).t
hydroxlyléhél)m%rllera%)é tﬁe hl¥e uce}{ 310{~I maugen%hgs% con’tammg lbo‘th(secondalry

and tertiary amines, in another embodiment tertiary amines are included. Amine-
containing polyols include N-3-hydroxypropyl-N,N-bis(2-hydroxyethyl) amine, 1,3-
bis[tris(hydroxymethyl)methylamino [propane, 2,2-bis(hydroxymethyl)-2,2',2"-
nitrilotriethanol, tris(2-hydroxyethyl)amine, tris(3-hydroypropyl)amine, and the like.
These diols are known to the art in reported syntheses and many are commercially

available.

Hydrogen bonding diols include diols where R*is R'C(=O)NR"R’ (amide),
R'C(=0)NR"C(=O)R' (imide), RNR"C(=O)NR"R' (urea), and R'OC(=O)NR"R'



hydr oxyet hyl ) pyronmel litic diim de,
1, 1" - met hyl enedi ( p- phenyl ene) bi s-[ 3- ( 2-

whyanoxeses hyl )urea] , N, N - bi s- (2- hydr oyet hyl ) oxeoi/t82003/036616
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1, 3- bi s(2- hydroxyet hyl )urea, 3 10

hydr oxy- N- ( 2- hydr oxyet hyl ) pr opi onami de,

4- hydr oxy- N- (3- hydr oxypr opyl %but yraini de, and

bi s(2- hydr oxyet hyl ) et hyl ened®éar bamate. These diol s
are known to the art in reported syntheses and nmany
anrethanepreheicadatly Rare andeptridently Re pligiméingt arometec, di ol s of

he f | a. HO- "- N CH n.is
RGPS TEIEN GRS SRR THEBSEPYbrp iy Ssfight or
g@:ﬂf&h&i’ cﬁalﬂ?alkﬁla&{j 872 Qhrbén %@n@s{]@ﬂﬁ@faﬁ? P9b 10 carbon atoms, and

-am nopropanol , 4-ami nobutanol’, "5-ani nopentanol , or "
Gaoramspeoladly &riolS cartioh af@asy pup RO lisdetdoegen or Ci-Cs alkyl, especially

- hut yr ol act.one, S-val t \ - ol
T T F L e e L
NGEPHO-REH2) m OH where n and m are each integers of
2 to 6 are made by the reaction of the sane

afithioalude AoV sbij-(BhydrentdtiadBercpithilagyds, VgV'das-Gonat es  of
e PRl diniit g gl R R e 13-C-
H@ﬁx&%ﬁ&g@egﬁgﬁﬁb@%ﬁ}gﬂﬂoﬁaﬁﬁﬁpﬂ@%ﬁ’s(@%yﬁﬁf?{g?ﬂr}]ﬂ)urea, 3-

Id, opti‘onally 1 n activated
sydtoxgsV{(haydiioagathyljtrapibntenide) 4-hydrony-8g03+ val ent s of a
ydroxy-anm.pe. O.her ds of preparation. of fh .
i Bror hB- vt and e Syeu RGN et cEgmaly Thasg diots
QIR tht B 1&@5&@@ sg%the%ékeanﬁ%éﬂﬂll de E&hibrcidly available.
HO R2-OH, HO-R3-OH, and HO- R4-CH in the desired .
Reppoettatvsdialsef thodortmwia HO( GH diNHeOdhElhe Pt herem is an

formula ll1l, .in.an.approximtely 1.1.ratio of taotal
ﬁﬁ%"érr&&fto l%qnggn bsrandp{(%g%rto?ggg gcaé%{ g]lajie Py tede %ﬁ%on n 3%5e r
QfminSd B o0 3-sthRbrophib] 24-siirdodbiaBols Slaendpeatansly b €Nt
tenperature. The condensation reaction_between the

diniRehesprol it Bpyopiniertente T oVbIrelaptens Ar valealagige. P der
Xc\ggt%ﬁ) %%n%d'ggfgr%?eﬁgévﬁ%qggg tﬂ% go’%]ngg %é&%@%@%)dﬂtﬁg})m- OH

€SCr i or éexanp
4y chdn 36d m ard B83binls32ss ofiBdo b,a86Ba8ABy thamehctor ofublelsame
known to those skjll@ﬂa%,in the art:; ang vvifll a}l'so be
radHBpPalsohabnstanentiopghvith syiG GFErqyptss obthedialdact ant s
t hensel ves. Suitable solvent@ are aprotic solvents,
such as di net hyl acet ani de, 31\rret hyl sul f oxi de,
o O

\’(CIHz)k
such as ethylene carbonate. Bis-amide diols of the formula HO-A-NHC(=0)-B-
C(=0)NH-A-OH are prepared by the reaction of a diacid, optionally in activated
form, such as the diacyldihalide, with two equivalents of a hydroxy-amine. Other

methods of preparation of the diols of the formula HO-R*-OH are known in the art.

Once made, the diol(s) of the formula HO-R'-OH, HO-R?-OH, HO-R?-OH, and HO-
R*-OH in the desired proportions are mixed with the di(ketene acetal) of formula III,
in an approximately 1:1 ratio of total number of moles of di(ketene acetal) to total
number of moles of diols, in a suitable solvent at ambient temperature. The

condensation reaction between the di(ketene acetal) and the diols is carried out under



5 di net hyl f ormam de, acetonitrile, acetone, ethyl
acetate, pyrrolidone, tetrahydrofuran, and

woreaohphdseg yl ether, and the |like. Catal ysts arBCTUB2003/036616
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30

required for this reaction, but when used, suitable
catal ysts are iodine in pyridine, p-toluenesulfonic
acid; salicylic acid, Lewis acids (such as boron
trichloride, boron trlfluorrﬁé boron trichloride
etherate, boron trifluoride etherate, stannic

oyditibey whieh aphisited onsonxaniple U SRatertO Npb.1 764,364,
L BREEL BE ue SS E Biprgasoi so
%'e%a{@l’lgt ébe?'g %ﬂg e @&heﬁl?e% Jrie! 2Qdtdnts | i;hséi%@é“ %hﬁ%le solvents

cat s pol yphosphoric aC| crosslink
facd ysdtye srvecnsy kdahrds chmeuhgzllacaamdiepdlmelth}& aul@edlde and

Ryt oy et b 00 ot mE gF ket eBYcrofuan
ARE LRy IRIBCE arfl the ﬁk&@atﬁygwﬁre%o@équaé@@r *aﬁs H98Gon, but

such as 0.005% to 15 about 2. 0% by weight relative to
tiendis¢k stidahde catdlysts yre ighive in preidinsa ptiblopndsslfenapeid: wlicylic

th eacti o tu oye .
B LT Pl Gt 8 bEob dpBramis folrR @RSt fopop vicgporige
SEHBrats Woréh RIFILI0E biRerats bahnic oRYcHldtidel pltdsphdratd exychlvride,
non-sol vent such as an al kanol (e.g. methanol,

eineaahdrTideaplepspherus prisgchigridenaniimeiyeepiaiiyoridr, signaus octoate,
n

e e B S R e
\ﬁ:@d:;qmm;&iona racidl m[ﬁmﬁie% wipayahel sxﬁfoni\i ®0d, eamdmmhxsasmh and

erein r ss i.nke rtho esters ch ar .
prighapPLeryD- rﬁa?laa;} aﬁ@usﬁ%tl i %P%edﬁﬁﬁ%‘ltb AN Walsliﬁ Felative
ttQ?ﬁb &1 1R ALY, rﬁ'z[lfe} bpﬁ?éer AFBHRS can A4S Be G@SSirchia8 K&B5%, to
poly(o ho esters be prepared by first reactlng
taheuiol. Q%éiyemeghtaclatlad; yo the tiiﬁkaemh agetal)nOnp ik rgnctign is complete,

ture th of
Threr i areuRas HIE SFolag R R PRATO PR ofar srger
faBeirh OlRRh sehPsIE. poly%lttﬁf Bddrd) \2 by préciiBtafieh w04 fiSn-solvent such
haV|n? nore than two hydroxy functional groups may be
@dded l@nﬂiﬂetgamﬁagolyeth«aw ftflﬁ]eth@i lisp)or an plage(ese. ﬁ%ﬁ%@ﬁ@:
th

TR 30 B 5P R IR AR Gt LS
rmmhexbﬁleﬁh@d&twaau@hht af clbvanthegeahatn type, incl ud| ng
pol yhydroxyl conpounds such as 30 1, 2, 3-propanetriol,

5- pent anetri ol

i&éo gnmaé%hﬂe&m arefrczssj nﬂeiﬁ&g{prg{hpleéqers) which are prepared by

]engpl Bh@ﬂ%&eﬁjolﬁlo}rs Rav} ﬁ'l‘?a{?eatﬂﬁﬂ fPhydroxy functional groups.
odecanetrlo 5,6 WD Z004/046328

F@Ehum}@ka@g@y@ﬁho 2§’teh;é mﬁé)e tp@ep@red hyrﬁrgU@hctlng the di(ketene
ace{a]tﬁ W1%1nt 810? Hlpé/ 3[%“19’1%”' R‘C s ure tﬁlg're(gir 'fc?clfo%ved by

addition of the polyol(s) having more than two hydroxy functional groups.

Alternatively, the polyol(s) having more than two hydroxy functional groups may be
added simultaneously with the diols. Polyols having more than two hydroxy
functional groups suitable for the preparation of the cross-lined poly(ortho esters) may
be the straight or branched chain type, including polyhydroxyl compounds such as
1,2,3-propanetriol, 1,2,5-pentanetriol, 1,2,6-hexanetriol, 1,3,5-pentanetriol, 1,2,4,-
butanetriol, 1,4,7-heptanetriol, 1,5,10-decanetriol, 1,5,12-dodecanetriol, 1,2,3,4,5,6-



hydr oxyet hyl )am ne and the |like. O her representative
pol yols of the type are described in US Patent No.

Wd28044688%. The reaction conditions (e.g., suiPeEbUs2003/036616
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solvents and reaction tenperatures) and procedures
for the preparation of the cross-linked 5 poly(ortho
esters) are simlar to those described above for the
preparation of the poly(orttd-esters) enploying only
the diols, and are al so described in US Patents Nos.
A0k 1601, 0 Sudh, BEi8e-DdRainiitpepddgtiydt@iyt bampaines a9 triveds

al so be prepared by reaction of the di( ketg%] acetal)
vh&ldeXYFWéd)élﬁtS@éﬁd&lileolPliesptlﬁﬁﬁé%}fe'@mﬁll"%?d%}é F%ﬁype are
C

egglﬂ;ed%] PS }balt‘ént g\ﬁ)t H{@ﬁg {%t? :ﬁ%%ﬁ%étﬁgg%gn H?ﬂsr(t l%anable )solvents
Celiﬂl rBao‘aOﬁ m@iﬁpe@:{tureS}Jartdqhb&dufea ifor the pmpmaﬁomoﬁth%rﬁdnnked
al kanol s, especi al

StdygERO pyersharg ﬁ@lﬂaéﬁcbéwﬁ??éﬁe% é’ﬁ? fqrﬁﬁ? PTSPﬁri‘P ion offhe
g{ﬁl qppcglé @ﬁ Perﬁgl%yﬁjxg GhBf @8 %10%0 eh@ Lu)e als-mi%scr%ﬁ% QfSt BWents Nos.
sters) thus’” prepar

d Have | ower nolecul ar weights
W, 804,207 e, 968p348cul ar  wei ght di spersion than those
p_repared by the reaction of the di (ketene acetals)

LAt Bl O PR GhAeh B PR Gyt wi
pt‘hle Yh&¥eh A @F tueles kingm &@ucﬁbm Goritiohs N in thapxesemeeﬁ a ‘@hain

f our tyé)es of units. Also include here in are

pUOBIEsT tareagsst félafstynﬁméfﬁ&p@ld<qﬂh@@ﬁf§r)rﬁhﬁmpﬁn%¥onuﬁw@%ble chain
\":.\‘é%é:ﬂr}rscﬁgta 13 ali 1§ res @2 al% A6 1S B0 ¥BFer is in one
Urther T ndl dde ere| 1ho esterssl

C@ﬂb(ﬁhﬂﬁbﬂtg)ré’s@ntt inifoins 1 e20 Imnchebascrbbg/ tilesliGahoacetaih dibe
st opper " nono- al cohol

sisppel roneial oo 5, s desciited sbore T block
. f .
gév&%lgt ?%%{aﬁ ];d?{slea B%pg}ég%e/%he fegést‘fﬂﬂ & tie dififlencl#2EM14) Fith

Réely Ol CH2] f - [ POE] g[ OCH2CH2] 1, - 00 (),
H A-[ POE] g[ OCH2CH2] h-[POE] M H (Z), where: RAis Cl-C4

gtéﬁ‘j@% Bgrgp&%%galg%hﬁgs%rs) W\ﬁ%h o%#a!n?‘lﬁ %%%s of units as well as
poly(ortho esters) containing only one, two, three, or four types of units. Also include
herein are poly(ortho esters) prepared from a mixture of units which contains two or
more diols of the same type. Further included herein are poly(ortho esters) containing

triols or higher polyols and/or "chain stopper" mono-alcohols, as described above.

The block copolymers
In a fifth aspect, provided herein are block copolymers of formula X, formula Y, and

formula Z:

RA-[OCH,CH,)-[POE]-H (X),
RA-[OCH,CH,]¢-[POE],-[OCH,CH,];-OR® (Y),
H-A-[POE]-[OCH,CH,];-[POE];-H ),
where:
R™is C;-Cy alkyl;
RB is C;-C4 alkyl;



f and h are independently an integer from2 to 1000;
g and j are independently an integer from2 to 200;
w@aka4i0$6328 pol y(ortho ester) unit of formul a | 1 PCRESID0IAB6616

Ro ORa x (~~) X -OOROOA- 5 where Ris a bond,
-(CH2)a, or -(CH2)b-O (CH2), ; where a is an integer

of 1 to 10, and b and c are i,gdependently integers of
l1tob5, and Rais a Cl1-C4 al k')#f Rb is hydrogen or a
Cl-C2 al kyl; 10 each A is independently selected from

RT angh armdepgadently anipieger fromn 2ite 10¢9;6 " R5 P where p

i N : Lsh.hydrogen or Cl-C4
aI%ka?)’ia,J ag}%g&%g&%nst& ag}még«?r %érén 230 2 ere: s is an

| G Bra @ilyOrth®estiél) uDoPHRHMLRAG328 PCT/ US2003/ 036616
-29- t is an integer of 2 to 200; and R7 is hydrogen

of d-C4 al kyl; . Rb RO o RA
XK X o
—0 O R 0O O—A—
5 where

R is a bond, -(CHy).-, or -(CH,),-O-(CHy).-; where a is an integer of 1 to 10, and b
and c are independently integers of 1 to 5; and
R%is a C-Cy alkyl;
R®is hydrogen or a C;-C; alkyl;
10 each A is independently selected from R', R%, R, and R* where
R!is:

where
p is an integer of 1 to 20;

15 R’ishydrogen or C;-Cs alkyl; and

R’ is:

O- O O
OO~ OO
\L/\O}/S\/ , or \hj?/t,

where:

s is an integer of 0 to 30;



R2is: or 5R3is: RL1 f Adhr ROtOR oO0- ~/ X RS Y
R12 where: x is an integer of 0 to 30; y is an

WO paoe@er32of 2 to 200; 10 R8 is hydrogen or Cl-edr/abiogs/936616
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RO and Rl are independently Cl1-Cl2 al kylene; Rl11 is
hydrogen of Cl-C6 al kyl and R12 is Cl1-C6 al kyl; or Rl1l1
and R12 together are C3- Cl10 al kylene; and R4 is (i)
the residue of a diol contai T%9ng at | east one am ne
functionality 15 incorporated therein, or (ii) the
riés itlintegef of2 thi 210; exht ai ni ng at | east one functional

roup .independently selected fromam de, imde, urea,
gﬁdSE‘V@PE%&e&g&bﬁ}kéﬁ Because of the polymeric
gtragacter of these nol ecul es, the nunmber of repeating
units 20 within the blocks, f, g, h, and ]

necessar/Ty\represent\averages of distributiong rather
t han -e w any 4@5 erbodi ment; and
h or g and are, descri bed-a bekng the sane~this

i ndi cates that the average values off and h, or of ¢
and |, shedld [be approxi rrately the;/sane. | Siptarly,

’

pol y(et! e gl yo of R6;%%0f the g ) i
R6; and of the poly(a WO 2004/ 046328 PCT/ US2003/ 036616
-Rlishydroxy acid) group with RL necessarily represent
averages of distributions rather than exact nbers.

The bl ock copplyners are AB (fornula X), ABAR(fonnul a
MR a'lE/Bé@O(% a Z){W/? o —R%O—0-R"-
X ’ e y R12 ,
where:
x is an integer of 0 to 30;
y is an integer of 2 to 200;
R?® is hydrogen or C;-Cy alkyl;
R? and R are independently C,-C1; alkylene;
RY1is hydrogen of C;-Cg alkyl and R7is C1-Cp alkyl; or R'! and R!? together are Cs-
Cyp alkylene; and
Ryis (1) the residue of a diol containing at least one amine functionality
incorporated therein, or
(ii) the residue of a diol containing at least one functional group

independently selected from amide, imide, urea, and urethane

groups.

Because of the polymeric character of these molecules, the number of repeating units
within the blocks, f, g, h, and j necessarily represent averages of distributions rather
than exact numbers; and in one embodiment, when fand h or g and j are described as
being the same, this indicates that the average values of fand h, or of g and j, should
be approximately the same. Similarly, the lengths of other polymeric chains, such as

the poly(ethylene glycol) of RS of the long chain diol of RS; and of the poly(a-



bl ock copolynmers in which the A blocks are hydrophilic
pol y(ethyl ene glycol) and the 5 B blocks are

whyanopsehi c poly(ortho ester). Wthin these, PE&EUS2003/036616
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poly(ortho ester) blocks are conposed of alternating

resi dues of a di (ketene acetal) and a diol. The

properties of the block copo_ll’#?rrer s, including both the

nmechanophysi cal properties d the bioerodibility,

are determ ned by the type of the block copol yner,

\WHydtdigraciip getiuplviitkR ' AdBAsstrilybkpekent averBas of dlsbﬂmd:lbns tatier than

| ength of the PEG and PCE 10 bl ocks, and the diol (s)

(Zaet BUEbERe POE bl ocks (in one embodi ment, the

proportion of dial of the general formla HO R - OH
UgR1bdk dopBlyRidE At aK Btbrmh1R mnﬁBw@&mdmm ,anﬁml(@%ula Z)

COpO yner ar e those I'n which one or nore of
frdbdkossipntynereintwhich tt(em biocknate frydioghilia @ebéﬁh@hqm glyael) and the

:
SRR o0 Pl S 5 Ty ol B3 b
a8 chiifeRe BE BIRIrhtindTedidiR@ER di(kben atdlPantiGddol.

i ncluding from 100 to 1000, for exanple from 250 to
1000, for bioerodible matrices;. and_ f_ and

oFhe reapwsHesRithe biogk senplymersyipeindigg doth the apect anoeogb/su‘gal
g CPérHQJ &nd tggl?ﬁg%g%q%%/%/a@ 'ﬁeﬂeﬂhﬁx@@ %gftﬂéf%g?éof fBe %QQ:k copolymer,

exa m cel
d\ehe:thﬁrA(B dibiebkg ABrdtribladke o BABnﬂhhbehtthg lengthi qftththEG and POE

OO 8. 201600l L, 29 10,200, Bl oporion o

aind1 bt 1RE Eeﬂepal e ashediR e uddign BRMEOE biderh are
present; ~(3) and RB are nethyl; (4) Ris

- CH2OCH2- (5) Is C2-C4 al kyl, including ethyl; and
251 c(n@)enm@dmsn@tthq/blocla Aepal Yraerp pesFhede 1g i@ oners more of the
?II vi dual eOE units are as above for the poly(ortho

e ga?ﬂ% 'di scl osure herein of block copolyners

i qg! udes fahd heaybiephians Bfinthe fedinve to £00)datilnding ﬁrom 50 to
WD 2004/ 046328 PCT/ US2003/ 036616 - Pr egar ati o
t 130, BrrsERmplsO0y 108 Fycethie delfwsreerd £ D grppdenspdeny Yr?ﬁ?ﬂ%feger

Xfrgﬁl%OD[Bq@@(ﬁ,qgclﬁ(ﬂngﬁjoﬂpﬂﬁ)ttgﬁOﬁbf,%f@é&rﬁﬂe from 250 to 1000, for
bioerodible matrices; and f and h are in one embodiment the same if both are present;
(2) g and j are independently an integer from 5 to 100, including 10 to 50, for
example 15, for micellar delivery; and g and j are independently an integer from 10 to
200, including from 20 to 200, for example 50 to 200, for bioerodible matrices; and g

and j are in one embodiment the same if both are present;

3) R* and R® are methyl;

4) R is -CH,OCH,-;

(5 R*is C,-C4 alkyl, including ethyl; and
(6) Ry is ethyl;

and the proportions of the individual POE units are as above for the poly(ortho

esters).

The disclosure herein of block copolymers includes all combinations of the above

embodiments.



In the first step, a PEG | ower al kyl ether of the
formula RA-[ OCH2CH2]t OH, where RA is C1-C4 al kyl (an

wWorRREE4632% reacted with an excess of a di (ket ePeT/US2003/036616
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acetal) of 5 formula Ill: ORo Ro OL (IlIl) LpRO
to forman internmediate of fornula V. Ra ORb Rb

EiC> JL (V) RA-[OCH2CH2]f-O 5) R Pol yet hyl ene gl ycol s,
and pol yet hyl ene gl ycol | ower1al kyl ethers of various
chain 10 I engths (nol ecul ar weights) are avail abl e
fRrepaation b ¢he bock copadpmers ncl udi ng Al drich Cheni cal

npany,. | nc M | waukee,, W, a 6 rs,
s soponmets phRYRER s ppalfe MEANIRL prBlaf™
AR ﬁj‘%, RlIpEdowdPat31 Ser s1eh&Borfatila Rt-[ GOH, B JPOH, Gvhere
a mXxture thereof, is reacted with the solution of the
R BIC,sCeqik{l¢anRAEG) ng reacted witht ay exseisaf @ difketone aestad) of
and the _excess di (ketene acetal)) to extend the POE 15
pogek2 Hher eby forming the dibl ock copol ymer of
formula X Since th i(ifs(ete;(te al) jand $1e di ol

(ol
q

react ina 1:1 rati/ t orm t\fe P ock t he
di bl ock copol yngr—\t he ntities df the RPEG the
di (ketene acetdl), the Riol —4&'e chosen so that

tgt'é%o%'r?%ﬁ}né&ﬁ%ﬁe&ffoghlglgg’tiene acetal) is equal to the

ar anounts of the RPEG and the diol. 20

The value of fin the Pﬁﬁbd) ,R‘P.Rbt engtlh o(v)the
PEG bl ock, is deterni ng%y t RF;E}<(}EO /" The
val ue of g in the POE _bt0 %R‘ e th of the
POE bl ocR -[PCH i nfhed y the nolar quantity of

diol relative to the nolar quantity of RPEG the

gﬁéglgétﬁgleh@ gx 80k ahd PeaRiHyishe Alycdl Riwet A%§LEhAEY of R@fouskRain
di (ketene etal) is’present in at |east an equinolar __.
qleagthi (ipdlectlewtightgpare agaitahte frae agiugtkr ob®UIIEE, including Aldrich

trj bl ock_ copol r f for a r AT
 Ehoe e SRR Ml e e AR SRR dul AL
-32 In the first step, an excess of the di(ketene
faﬁ%é:sécoﬁﬂ sfepr f@ibRof the forful SHOLRYOH, HO-87-@I,FHO0-R heH, or HO-
ormula HOORl -OH, HO R2- OH, HC -OH, or R4-OH, or . .
aRrHOH, or & mipg@,r@@wgeof,tl@rqagﬁe%v&g%@sg}j%@koﬂlgﬁ? gﬁS% step (containing

; f}{/ MR35 &fa8bs ﬁ)%gllae@ Qna‘?ﬁehax@esg :d(d%@qeﬁ@ﬁ‘ce@a‘?ﬁ i @bdtestMhe POE

I'ng an 1 nternedi ate o fornul a
block, thereby forming the diblock copolymer of formula X.

Since the di(ketene acetal) and the diol react in a 1:1 ratio to form the POE block of
the diblock copolymer, the quantities of the RPEG, the di(ketene acetal), and the diol
are.chosen so that the molar amount of di(ketene acetal) is equal to the sum of the

molar amounts of the RPEG and the diol.

The value of f in the PEG block, i.e. the length of the PEG block, is determined by the
RPEG chosen. The value of g in the POE block, i.e. the length of the POE block; is

determined by the molar quantity of diol relative to the molar quantity of RPEG: the
greater the molar quantity of diol (assuming that the di(ketene acetal) is present in at

least an equimolar quantity), the longer is the POE block.

The triblock copolymers of formula Y are also formed in two-step synthesis.



-ORb F2b Xa x \, O-RxXa RORR\ ~YL /x~ /x~ (VI) LHODc R
OOCAOOROOA0OOROS59-2 In the second step,

wo b@4iomises nedi ate of fornula VI is reacted w tPCT/NB2003/036616

10

15

20

equi valents of PEG or an RPEGto formthe tri bl ock

copol ynmer of formula Y. Since the di (ketene acetal)

and the diol react in essentially a 1:1 ratio to form

the PCE block of the tribl oﬁg'copol ymer, but

di (ketene acetal) term nation of the POE block is 10
deshe Bdi step)en gueass bf thedli(@btehdracetil) ifebameaddes slagtedmath diol of
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gg&ﬁ a PbEtmgckdskIﬁ’ilch isl{aBninateli af earcﬁteh@ vsﬁ’tfh FEHBRE &) unit,

ock shoul d be approximately 2:1, but an excess$
(ﬂiviﬁ@@lﬁﬁﬁ@admye@@fousthIas it may be easily separated
fromthe poI yrrer after conpleti on the rgaﬁgl on. 1L5

The Gor Rt
de P%_ R& d h M
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ate SI ngI e PEQ used but if

two or nore PEGs/RPEGs of dlfferent engt hs are used,
then m xtures of copolynmers containing varying PEG
binah&sdcembitts tlm@dmtd:nmad]}ateaifrfeldtwlaﬁd it teeded witkttep eguinalynts of

be separated if sired, b | ec wei ght
FBG oF Gk oo femhfiqUBsts St e 20
chromat ogr aphy. The value of g for the PCE block is

dehes 1 '&f{ﬁet&‘ié é'@%fa'lj ahdMe 8iBEreattdh ieSsehfiallyne1 dirbtkeioBAn the POE
acetal) he diol used to formthe PCE. The tribl ock

cldpdt qﬁtb«r mwcwwpﬂiyneer,z)ué digkeienecpebripaningtion afile BOEplock is
ﬁé, n%ﬁ@.]aﬁp er ‘[{1 «:’ttéc'ngea@ettaﬁ ahir eiol 1€ cﬁo%%%& fhat the molar

an excess
dirhdngit Gﬂaﬁ(m&k&bétagﬁs §1the |g?eatdr |thain(1hé ﬁfoltaraﬁlount of the d101 The
intermedi ate of fornmula VII: 0

omolar rajio of PEGRPEG A POFPlpck $h0[ubi @mmqlwatew b blyt an \%ess
2&%@/@%&?}9\’% h’s%%?Q@{t 9%9%% @asﬂy separated from the polymer after

completion of the reaction.

The values of f and h for the PEG blocks are determined by the PEG/RPEG chosen.
Typically f and h are the same, when a single PEG/RPEG is used; but if two or more
PEGs/RPEGs of different lengths are used, then mixtures of copolymers containing
varying PEG block lengths can be obtained, and these mixtures may be separated if
desired, by such molecular weight fractionation techniques as gel permeation
chromatography. The value of g for the POE block is determined primarily by the
ratio of the di(ketene acetal) to the diol used to form the POE.

The triblock copolymers of formula Z are also formed in a two-step synthesis.

In the first step, 2 PEG of the formula H-[OCH,CH,]»-OH is reacted with an excess of

a di(ketene acetal) of formula III to form an intermediate of formula VII:

/_< % )<:o [OCH,CH,}, —O o% )<: >—/ o
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first step (containing the internediate of fornula

VII and the excess di (ketene acetal)) to extend the

POE Dbl ocks, thereby form ng the triblock copol yner of
formula Z. 5 Since the di(ke‘t3 he acetal) and the diol
react in a 1:1 ratio to formthe PCE bl ocks of the
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term nal droup, the cogol ynmer may be reacted with a

hyitkretony acesal) & mesegt 2ot gimelacaraatty), tbg lapger are the POE
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within the scope herein. The hydroxy-containing
chrpailthaties pethedlsl of tiee Gbloch capalohet of foryub e, @O yekd

in excess and the unreacted excess easily separated
PR R GAIPEACHR) HRS (EPTRRSIIes iPTah &) PEaRER R, and
C%Q&E& M’cﬂ?ﬂ‘ 2b1ak Q@i@ﬁ&?@ff&)@@ @BfteraBat SRY MREIFShSPEG with the
those conditions 25 well known for the formation of

pPO¥ biockkho esters), such as are described in US Patent
No. 5,968,543 and the other docunents cited in the

"Backgr.gund” .section.of.this. application. Typi |
R BT npGeat VBickut Fpoun B S Gl whibB SElRerne
SatehASiiNASE ours Bhe/@po Bnive AdyWeatadisdevith u slyiirokgrconitaming
preparation of the a- h¥ldr oxy acid containing  diols, .
aprpauReysich aspEeiCalalsphelk e BRyMAtSTe eopolymnerayith slkexypjts; an

bSch%ﬂgngfter%?r?e{técfgop%ﬁymers are included within the scope herein. The
hydroxy-containing compound, especially a C;-C4 alcohol, may be employed in

excess and the unreacted excess easily separated during purification of the polymer.

Suitable reaction conditions for the formation of the copolymers are those conditions
well known for the formation of poly(ortho esters), such as are described in US Patent
No. 5,968,543 and the other documents cited in the "Background" section of this
application. Typically, the reaction takes place in a polar aprotic solvent, such as those
solvents mentioned previously for the preparation of the a-hydroxy acid containing

diols, and ethers, especially tetrahydrofuran. A catalyst may be used if desired or
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i ncl ude iodi ne/pyridine, strong acids such as p-

t ol uenesul fonic acid; Lewis acids, such as boron
trichloride etherate, boron trifluoride etherate, tin
oxychol ri de, phosphorus oxycﬁﬁbride, zinc chloride,
phosphorus 5 pentafluoride, antinony pentafl uoride,
Sled3Bdrg, aldlimody keselavned frdne tHoisk eata]astsl kBownM axd fordied fsmation of
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SQ %ﬁ{lﬁseat fof 9}@% 1€ rq%?v(f@ernl’%r?ec a}—xH‘?O °pF 8¢d RiifaBlegbhclbR Gikhes are

copol ymer 'ected by filtration, decantation,
dretwedner fewsmnm&islaﬂd A8 thhod, typrslibetvoer thoveitesand 2dthegrs.

nmononers or other contam nants, and dried, typ| cally

pﬁpcﬁ:tﬁ{g %grl’rlghovef @gﬁ%alk};ggp St %1%]% rcgmg) V\ﬁe ct,o Lt icglgbe isolated

?ﬁatnﬁrlﬁ lathohSpolke taBFdfiic REE e sut MBS lﬁe’?@h@ ﬂ%/plcaﬂy,rtﬁé reactlon
t he extent to which the copolynmer w il _ dissolve/bec

smisihen genfainingtbe cppolumer @éﬂ@dﬂ@’ heeraled befere t&%ﬁ%ﬁwn)tlg/added

of, t I
copePyinaPoR g B0 BEERIAy bt CfERY B bl ol The

WhiktipHigted Bidek copdiiaernyy botvioted bl diltnitian) dedan’taﬂon or other

exposed. The speed of degr adat i.on of the P I(lan)t

om@hlé nz@sh%b HEFLSTEP IPTROVEINSEAGERS JROTIRATS BT ?ﬁ s, and
e%hg’p kﬂi’atvgﬁx H’%/g\;eﬂgalﬂhltén%etféfu&fbeid%‘ﬂs ﬁﬁﬁﬁig&ﬁ%ﬁit and

pro ortion of a-hydroxy acid ester groups, if
present in the block(s), wth greater bioerodibili t¥
b’éhmlgoacﬂlbdﬁg of afwlayhe:omimer previded feteficis dstepnineg by gvo tactors:

tg ﬁ@?gﬁ%&?ﬁ?ﬁ?% &1 c%ﬁgeg%og% Sy Wlﬁ d‘issglvef% g@'{n@sd_s? Jed FadtTn an

aqueous medium, the solubility of the copolymer; and second, the extent to which the

copolymer, or, to be more precise, the POE block(s), will degrade in the environment
to which it is exposed. The speed of degradation of the POE block(s) of the
copolymer in an aqueous environment is determined by the hydrophilicity of the
copolymer and by the proportion of a-hydroxy acid ester groups, if present, in the
block(s), with greater bioerodibility being achieved in one embodiment by inclusion
of a greater proportion of diols of the formula HO-R!-OH in the diol mixture used to
form the POE block(s).
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i n which bioerodible polyners are usable, such as
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conposition. Alternatively, the poly(ortho ester) can
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t of uran,. methyl ene chloride, chloroform or

Zfeﬁef?é é@g%/g%tév,e a§ﬁ% i ﬁgsu tive agent can then be

di spersed or dissolved in the

In the case of matrix formulations, the poly(ortho ester) is first mixed with the active

agent. High homogeneity may be achieved by mixing the poly(ortho ester) in its heat
softened state with the active agent, followed by lowering the temperature to harden
the composition. Alternatively, the poly(ortho ester) can be dissolved in an
appropriate casting solvent, such as tetrahydrofuran, methylene chloride, chloroform
or ethyl acetate, and the active agent can then be dispersed or dissolved in the
poly(ortho ester) solution, followed by evaporating the solvent to achieve the finished
composition. Another method is grinding a solid poly(ortho ester) material into

powder which is then mixed with a powdered active agent. The active agent may also
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material into 30 powder which is then mxed with a
powdered active agent. The active agent may al so WO
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activity.

The composition obtained from any of the above methods can be readily processed
into a variety of shapes and forms for implantation, insertion or placement on the
body or into body cavities or passageways. For example, the poly(ortho ester)
composition may be injection molded, extruded or compressed into a thin film or
made into devices of various geometric shapes or forms such as flat, square, round,
cylindrical, tubular, disc, ring and the like. Rod- or pellet-shaped devices may be
implanted through a trocar, such as is known for Norplant® implants, and these or

other shapes may be implanted by minor surgical procedures. Alternatively, a device
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with a poly(ortho ester) provided herein which has an
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may be released at a desired rate. Implants prepared from the present poly(ortho
esters) in which the poly(ortho ester) constitutes the matrix containing an active agent

also have the advantage that they do not require removal because of the bioerodibility

of the poly(ortho ester).

In some embodiments, particles with cores of the pure active agent coated with
various thicknesses of the present poly(ortho ester) may be used for sustained delivery

of the active agent. Coating or encapsulation of discrete particles of the active agent



esters) in which the poly(ortho ester) constitutes the
matri x containing an active agent 25 also have the

wa@dwaniage that they do not require renoval bePerE82003/036616

10

15

20

25

30

the bioerodibility of the poly(ortho ester). In sone
enbodi nents, particles with cores of the pure active
agent coated with various thicknesses of the present
poly(ortho ester) may be used3Por sust ai ned del i very

of the active agent. Coating or encapsul ati on of
dinpyrbetasceraplished by cofventienad otethoels adecit art\6ll 20404633 She

PCT/ US2003/ 036616 - - 38 | j shed b
CETLURER 036810 £ 30, B SSCOTE [ SDSCY et
P & 86lvartisydied (inwhibe tardrug £t SHARRY St iﬁiﬂg ke HipiAad

drug particles may be suspended in a solvent system
( PAprthoresterkandraieriescipientss fillobied py spraty alrying A ltdeatively, the

di ester.) and ot her, excj pi en

r ol R PSR e BRar' DEioy e e 8 figpoty(ortno
pastti) diseslvedin DearftraoBend 8 sprabed édth Mk RAP pAicRs until a suitable
fluid-bed dryer and the poly(ortho ester) dissolved

i foating guanidy 1sdappsitad qusthe prrsigled taogive atdagiradrthigkness. The coating
SETAN ' ' tin uant | I S ..
RS B S SR BRI ol St comain
t Hieakissebsd pdlyéortmadstenpfollowyd Bl sddibg tahbisespeaki®y a non-solvent
su%ge%ﬂkn fhe dru% particles in a solvent system _
GHFEERA Bl GO BYTP Pess a1 A FD 2 ceeiing oIk Gegiparticles.
by adding to the suspension a non-solvent 10 causing

t Ber thekidtandd 18854 &mpdsRioRs &tRisk ﬁ{eeacﬁgﬂ ad &t Wiibe released over
coating over the drug particles. For the sustalne

rae led papied pf iimpshe pgenhusielly feprassni ineancegenint wihich ibereater

r e .cant.r ol I.ed riod of .tine, the agent
AR Y lona P AR O TR Reprions 8 et S Sgand he
t pely@omsesteh)analvasi dgl € wiksngeler. @1 abh e oD RPSLAALHS the
of the active agent and the poly(ortho ester) can
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on the 15 therapeutic agent and the desired effect.

. L . Ceultur al
o AR RARY of RTCAl afP R AR TS Bl Brepipe o
asnydescfilietetbdy e dessitred abbree, paihy tHeopdiN (oretstestess) provided

ovi ded herein. The solid poly(ortho esters) (those

c‘%?glning a high percentage of the "hard" unit 20
and/ or a high proportion of the "hydrogen bondi ng"
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applications. For exanple, they can be used as
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for repair of osteochondral defects, ligament and tendon reconstructions and bone
substitutes. In addition, the fact that the present poly(ortho esters) permit
simultaneous selection of both a desired level of their mechano-physical state and a
desired rate of bioerodibility, also renders them attractive as grafts or scaffolds on
which cells can be cultured in vitro prior to implantation to regenerate tissues. Tissues
which can be regenerated using this approach include but not limited to, bone, tendon,
cartilage, ligaments, liver, intestine, ureter and skin tissues. For example, the
poly(ortho esters) may be used to regenerate skin for patients with burns or skin

ulcers. Cartilages may be repaired by first isolating chondrocytes from a patient (or a
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the suppression of regrowth of the tunor fromresidua
+ LoAgpe éflp&é)r the suppression of regrowth of the tumor from residual tumor cells

after ablation of the tumor;

3) compositions containing progestogens, such as flurogestone,
medroxyprogesterone, norgestrel, norgestimate, norethindrone, and the like, for estrus
synchronization or contraception;

()] compositions containing antimetabolites such as fluorouracil and the like,
as an adjunct to glaucoma filtering surgery; compositions containing antiangiogenic
agents such as combrestatin, contortrostatin, and anti-VEGF agents, for the treatment

of macular degeneration and retinal angiogenesis; and other compositions for the

controlled release of ophthalmic drugs to the eye;
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infection, especially f sitioninto s ica
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c@ht ai ni ﬁgmgw\tl@?s contaisrng BN/ oo thertiodiamiclestidds, sush as antisense
|gonucleot|des Uses of the bl ock

qg%%ﬁ@%%ﬁ%‘ ile the bl ock copol yners provided herein

will find utility in any of the uses for which

bUﬂﬂe@wbﬂhbbkcmmﬂymmns are useful, including such uses

a&’hﬂe the blggk c];o%rolymers provided herein will find utility in any of the uses for
which biodegradable polymers are useful, including such uses as vehicles for the
sustained release of active agents, orthopedic implants, degradable sutures, and the
like, they Wﬂl also find utility in certain embodiments in applications where their
nature as block copolymers having both hydrophobic and hydrophilic blocks confers a
special benefit, and these uses will be addressed in greater detail, since a person of
ordinary skill in the art will be well acquainted with the uses of biodegradable
polymers and will have no difficulty, having regard to the skill of the art and this

disclosure, in adapting the block copolymers provided herein to such uses.

Micellar system for targeting of tissues with EPR (tumors and inflamed tissues)
Polymers useful as micellar delivery systems can be prepared by forming diblock,
AB, or triblock, ABA or BAB, copolymers comprising a hydrophilic poly(ethylene
glycol) A block and a hydrophobic poly(ortho ester) B block.
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aBlodegradable highly hydrophobic poly(ortho ester) core will allow preparation of

systems with significantly enhanced entrapment efficiency relative to other

biodegradable segments such as poly(L-lactic-co-glycolic acid) copolymers.

Any of the anticancer agents that can form micellar complexes are suitable for this
use. Anticancer agents that are suitable for micellar tumor targeting include those with
low water solubility or high aromatic content, such as the anthracycline antibiotics
(e.g. doxorubicin, daunorubicin, and epirubicin), mitomycin C, paclitaxel and its
analogs (e.g. docetaxol), platinum analogs (e.g. cisplatin and carboplatin), and the

like. Other agents may include anticancer proteins, such as neocarzinostatin L-
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described above for the poly(ortho esters).

The copolymer composition administered by either injection or implantation
undergoes bioerosion in the body into non-toxic and non-reactive materials. By
controlling the number of hydrolysable bonds in the polymer, the active agent may be
released at a desired rate. Implants prepared from the present copolymers in which the
copolymer constitutes the matrix containing an active agent also have the advantage

that they do not require removal because of the bioerodibility of the copolymer.
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two.groups, .esters and non-esters.. The esters. . .
(amlcges) an% mcluie buplvacalneflllc{]ocalne, mepivacaine, pyrrocaine and prilocaine.

Many of the local anesthetics are conventionally used in the form of their acid
addition salts, as this provides solubility in aqueous injection media. However,
because the presence of the large amount of acid within such a local anesthetic acid
addition salt will result in more rapid degradation of the poly(ortho esters) or block
copolymers provided herein and release of the local anesthetic, it is generally
desirable to use the local anesthetics in free base form, or with only a small proportion
of the acid addition salt present (addition of small quantities of the acid addition salt

may provide enhanced release if desired).
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t Pt fofl paingrappstinnsind dixasmwesfillustighe the Bispeietiea pEs Bely(ortho

NRY.. ghgﬂg ?ﬁgmgg ?5%h &phance the effect of

| oca anest eC| y controll ed-rel ease | oca




anesthetics; and fornul ations containing a | oca
anesthetic and a gl ucocorticosteroid, and their uses

wo evo400328 ol | ed rel ease | ocal anesthesia, are PT/ORIV03/036616
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the scope of the subject nmatter provided herein.
Exanples 20 The follow ng Preparati on and Exanpl es
illustrate the preparation of, _a poly(ortho esters)

and bl ock copol yners provi dedRer ei n. WO 2004/ 046328

PCT/ US2003/ 036616 -45 Preparation 1: Preparation of
dPifeparaaionyl :-Paepaitationcd Wil (3-ethy]-diedixelideBes[1 Bhdivxan-5-yhmethyl]

ether (a co u of f a lll r IS s 0 -
e ounangio) togea o Whdredt 1y LHGE iy fd B BN
Py. HOTs / toHOeneED EEt @i/~ O®KOQO Fe{COS5 /
irradiation / pe tan?LPEZEt Et 'O, OO o 300 nL

a

tol uene i n apnp500 OMi t h condtedser under a

nitrogen atnosphere 5 were added 30 g (120 nmol)

di (trimethyl ol propane), 45%5.6 nL (38.9 g, 300 nmol)

acrol ein diethyl acetal, %n&yiKﬁégﬂﬂﬁmﬁnol)

pyri di ni unp-tol uenesul fondte. The m xture was

refluxed for 4 hours thgg oled.to roomtenperature
p S

and 0.67 g (6 mol o [ t eft - put oxi de added.
The tol uene was Zeﬁ%ve y evapordtion under reduced
pressure, and th réSidue 8stiTi®d in a Kugel r ohr

apparatus (pressure 1 10 nbar, pot tenperature 142 -

180 Cto give 35.35 g (91% vy : L SOMer s
of crude di[(5-ethyl-2-vi yﬁ"[?!i%@{r%‘%i%ﬁ?té%t%’%et hyl ]

ether, as a light yellow oil. The crude product, 30

g, was purified by chrqmat ographyoon Kg Merck Silica
Gl 60in az2lL Ss %ritte fun , eluting with
20:80 ethyl acetatel§ 2 hve 27.8 g (71 %

yi el d) of purer product, which was re-purified by a

SR R SO RN P 18 Sho 5L B Ry
were added 30 g (120 mmol) di(trimethylolpropane), 45.6 mL (38.9 g, 300 mmol)
acrolein diethyl acetal, and 1.5 g (6 mmot) pyridinium p-toluenesulfonate. The
mixture was refluxed for 4 hours, then cooled to room temperature, and 0.67 g (6
mmol) potassium zert-butoxide added. The toluene was removed by evaporation
under reduced pressure, and the residue distilled in a Kugelrohr apparatus (pressure 1-
3 mbar, pot temperature 142 - 180 °C to give 35.35 g (91% yield) of the two isomers
of crude di[(5-ethyl-2-vinyl-[1,3]dioxan-5-yl)methyl] ether, as a light yellow oil. The
crude product, 30 g, was purified by chromatography on 1 Kg Merck Silica Gel 60 in
a2 L glass fritted funnel, eluting with 20:80 ethyl acetate/heptane, to give 27.8 g
(71% yield) of purer product, which was re-purified by a second chromatography on 1
Kg Merck Silica Gel 60 in a 2 L glass fritted funnel, eluting with 10:90 ethyl
acetate/heptane, to give 16.44 g (42% yield) of essentially pure di[(5-ethyl-2-vinyl-

[1,3]dioxan-5-y1)-methyl] ether. This material was used in the photoisomerization.

To 220 mL pentane in a 500 mL photochemical reactor was added 14.32 g (43.9
mmol) di[ 5-ethyl-2-vinyl-[1,3]dioxan-5-yl)methyl] ether from the previous step. The
solution was refluxed vigorously for 20 minutes to degas it, then 115 pL (171 pg, 0.87



acetate/ heptane, to give 16.44 g (42%yield) of
essentially pure di[(5-ethyl-2-vinyl-

W 03jpdizexan- 5-yl ) -nmethyl] ether. This nateri aPCTVES2003/036616
used in the photoisonerization. To 220 nL pentane in a
500 nL phot ochem cal reactor was added 14.32 g (43.9
mol ) di [ 5-et hyl - 2-vi nyl - 34@ oxan-5-yl ) net hyl ]
ether fromthe previous step 20 sol ution was
refluxed vigorously for 20 minutes to degas it, then

mrﬁolLO(ZJlﬂdl‘V@) ira, [BTa0bond 4725 44ds amtthegsRooB refBBed for an
R R

TIQF/IK SN ldi o0V stnh RNA BBiScoolih g 6 @ogthefnPEraqiie aﬁd)thl‘e,adblﬁon of
when NMR showed no vinyl signals. After cooling t

r @6 mlt e@eﬂmmpetha Aelutiorewasienat gedvigs drygusfopd hours. The pentane
5 ]tc{gl?s? I%l’% %y eiﬁ?é’ %OH:EIggéeIJ r%&hc‘é@ﬁre%ﬁﬁé gagﬂ tﬁ\é Itegldqﬁlym?\kfﬁs distilled

evapor at

Uﬁ%(u%&@ﬂﬁ %aﬁﬁt@@df Rmpandirt D20 fCé@réhsaﬂe Ioil mbaS to gwe 9.04 g
distil

2@@ YCyielsh e§ I@E('Sget{[(}lj]?ze gtalgfﬂci;@%% ?{35;? %é -gﬁ@gthg elgegfgg f Colorless

d tr
I By ot ey O B DS s s

e(dbeérvada 363,03345<,)czﬂelslsted 6orlC1sHBO); (Mérﬁﬂb.@erB)r 36healsnbthdcior

was_confjr 1 I\/R and mass spectra (observed:
10 36gHs %@Qﬁ%atg’dﬁ for CL8H3507 (Mr2H2O+H+): 363;

cal culated for 10 CL8H3306 (MrH20O+H+) : 345). Exanpl e

1E};Eﬁr?§&af qil‘eﬁﬂrzﬁfonﬂﬂ pr)(y%xttHG eﬁ@i‘s? o8 Joradulh mr milal In a
round” bottom | aced 1.1. g g g
n‘hm JOGin](rsued h(g,ttongﬂask was placed 1 1.43g2(3.5 mmol) i[(5-ethyl-2-

oA o R IR LN ER BEDIMEL Din e SFo5bon)
( Qléﬁ@léﬁﬂ)élj'cdl (TEG}])U HBe (Ql%&mhol?ﬂﬂﬁgylynm gllyd@l mé&no glycohde
(TEGQA) and 5 t et r ahydr of ur HF). The.reacti
15 WAL e by raheUrodean {110h. Ghe seacib Man A b 14
S Q&dlﬁéﬁll bf:%?rgblﬁ%ﬁ%ﬂlt&%@?ﬁé%hyéﬁd s@!‘uh@ﬁ 119’@HFt A#Br about 30

ne was added to neutralize
t hémated, Ollcmt,ahahylsamnmmdast dided goteppmtiza baovidid datalyst and the

wheper remeved t epsisfol gy <h belR(FtoR '?epogfef{“ﬁ@‘}l ¥ fpfreg i s
L k1 MBI R (wh 1,R
G HROSIE s Béﬂﬁ‘@"o@‘glcﬁ(zmwcﬁzﬂx&“ﬁzcﬁz e 1P B
20 (‘ieeodds, sl B 10 0OOOPORG BOOUY T Neukp 6 1 (vhere f i -

0 CBECRL PR o % Se R B ) T

and 0.013 g (0.05 nmol) TEGGL were used to give a
pPBLIGRIHehe ieattien)profedure, 0.98 g (3.0 mmole) DEEDME, 0.743 g (4.95 mmol)

TEG, and 0.013 g (0.05 mmol) TEG-GL were used to give a poly(ortho ester) of
formula I where R is -CH,OCH,-, R* is ethyl, RP is ethyl, and A is a mixture of 1

25 mol% R (where p is 1, R is hydrogen, and R® is -CH,CH,OCH,CH,OCH,CH,-) and
99% R> (where R® is
-CH,,CH,0CH,CH,0CH,CH,-). [Need to fill in viscosity and MWt].

Following an identical procedure, 1.469 g (4.5 mmol) DEEDME, 0.863 g (4.95
mmol) 1,10-decanediol, and 0.013 g (0.05 mmol) TEG-GL were used to give a
30 poly(ortho ester) of formula I where R is -CH,OCH»-,R" is ethyl, R is ethyl and A is



formula | where Ris -CH2ZOCH2-, Ra is ethyl, Rois
ethyl, and Ais a mxture of 1 25 nol% RL (where p is

WA 200RH464338 hydr ogen, and R6 i s - CH2CH2OCH2 CH2 OQr1ZHR2003/036616
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and 99% R3 (where R3 is -CH2, CH2OCH2CH2COCH2CH2- ) .

[Need to fill in viscosity and MA]. Follow ng an

i dentical procedure, 1.469 ¢ (74 5 mol ) DEEDME, 0. 863
g (4.95 nmol) 1, 10- decanedlcﬁll and 0.013 g (0.05

mml) TEG GL ver e used to giive a 30 po éé)rtho ester)
of mpgunmelf & thol%hR r evirRrd [ is- 103 Gckziroga, argf/ Ro is

P AT PR A e

avéigﬁﬁvasss 70@@%@@'&%@%@%@0@@ 99% R3 (where
'S -(CH2) 0-). The nol ecul ar weight was 5, 700 Da

and the viscosity was 78, 000 0| se Fol | ow n
.mmwn eaieslibioesiuse, 450 (e ﬁE@E@%Emcg 45
()13%%6505 ?ﬂﬁi?lg @@L(vgergg e’fﬂ? ﬁlﬁoﬂho ester)

vvere used’ 0 glveé a po ho ester
wireoeniRa [ svhefeHRECH2-, Ra is ethyl, Rb is et hyI and A

is a mxture of ere IS R5
nyai QY ete Birig efhefl& is %@@&@@Mﬁz\n 1°a§d (g pds 1 R°
g B3 ah@ R%3 SGW )-and b@%@ﬁ (gm&eaﬂé is
was 4, 700 Da and the 10 viscosity was 3

p@HsZ@HzClClibCPbaoﬁ(zGthﬁoTlmmelesylabWelfgbtmﬁ 4700 Reand the

si.m | arl red. Exanple 2: Conparison of
p@F%PFHYF%EQ%EE@P%I)Se based on DEEDMVE and DETOSU

Foll ow ng the procedure of Exanple 1, 1.632 g (5.0
NOBle) pE¥eElE cataeh) Of B2hul T A Ssithilar pyepared.

trans-cycl ohexanedi net hanol (CDM) were used to gi ve a

pol y(ort ho 15 ester The nol ecul ar we 0
CaxamBle2; &ogn%?sr§09r3£n§ly&?raho ﬁséﬁﬁégaw?r ' %@W@ BTOSU
Usi ng DETOSU i nstead of DEEDME gave a simlar

PFJAIMJE% he éﬁ%eﬁ{n)e d?@khﬁ‘l%le 2 19d3@5g8(5tdrﬁﬁ1%u)t1DEEDME and 0.721 g

tenpera is illustrates t'he dramatic
| GVieminTod) ﬁraznsgdyak)bexatnﬁémmthanoh((i% st uped togive a poly(ortho

0ol g @fqggolg@ia?!ﬁ%gh?%gs 5Yah &5 115l g ssté'ggﬁ{g]}og AP Farure was
PSFW@ A04iagDN OHTbIraRkd 6OPDEDINEE gofe & St olx(oHindester) having

anh drous condi tions, % & ) PEG 2000
s&@qﬂqymné@mg@ratmﬁ:tédl This 111ustrates the dramatic lowering in glass

transition temperature of poly(ortho esters) achievable by using the flexible di(ketene

acetals) of formula III.
Example 3: Preparation of diblock copolymer of formula X

Under anhydrous conditions, 2 g (1 mmol) PEG 2000 mono-methyl ether (MPEG
2000) and 3.26 g (10 mmol) DEEDME are weighed into a 50 mL flask and dissolved
in 5 mL THF. A solution of p-toluenesulfonic acid in THF (5 pL, 20 mg/mL) is added
to the MPEG 2000/DEEDME solution to initiate the reaction between the MPEG
2000 and the DEEDME, and the reaction mixture is stirred for about 20 minutes.
CDM (1.32 g, 9.15 mmol) and 0.021 g (0.1 mmol) TEG-mGL in 5 mL THF are added
to the flask, followed by another 5 pL p-toluenesulfonic acid solution. The reaction

mixture is stirred for about 30 minutes, and then added dropwise to about 100 mL



2000) and 3.26 g (10 mmol ) DEEDME are weighed into a
50 mL flask and dissolved in 5 nL THF. A solution

wobt@baiszenesul fonic acid in THE (5 L, 20 ng/ nk{T/US2003/036616
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added to the MPEG 2000/ DEEDME solution to initiate

the reaction between the MPEG 25 2000 and t he DEEDME,

and the reaction mxture is sjjirred for about 20

mnutes. CDM (1.32 g, 9.15 mfol) and 0.021 g (0.1

mmol) TEG & in 5 nL THE are added to the flask,

fhsix busnerith bigozms stieingbpigtipgating the didenkiconplymes pepduct, which is

sol ut rea ture | stirred for about
%pW%atbégmr%}%wfl dﬁlegcfbglvg’( I glp%leée to about 100 mL WO
2004/ 046328 PCT/ US2003/ 036616 -48 hexane with

VEGAhPIeS. Préparhfiéh o4 fiGblotk abpolgmenef fhirlmudck copol ymer
product, which is separated by filtration and dried

4 P bl
e grordrons oHars 13 BRuamiIb o000 aahd P iRl
I
DEEDROTHEY peidlie kO A AL sk fndlafsdehy A shmb TRl Bl guion o
%lueﬁnesdfamna aid meHE (3 ploLidrmg I )ds pddedap tha FEG HI&OQ/EEEDME

S&lqtmf&n? é“{lrézltFﬂée I @g.btsﬁ*“%gt%&egﬁt]lﬁgg E‘%E%f% 3 'cg{fle

DEEME mAfHe lsh:@irreﬂ ?&%b@@(ﬂi‘nﬁiu‘%seCDM @jmfrﬂﬂ) z&ﬂﬂ%%
20 mnutes. CDM (1.15 g, 8 nmol) and 85

g9 S mmel- THE- mGn'L B T HEF areadsded éaithe élatslh éol?cp\ﬁ@by another SuL
fgglfql‘]ﬁe\r!}%%ul caglc? t105n|‘ T%IQ 0{1(% %Pr&]t%% gt?rgéd?foﬁ%c%t 39 nglautes

erea |On mX ure 1I's Irre
Nindith@added aebpiiestoadegd 00rap i Bexaho wathotgordkstimting

hexane with vigorous stirring, recipitati
tl?rﬁﬁpﬁét!élgctbﬁ 8!13%00591(531% prOd\%ﬁﬁ, z«yﬁlqhgs Eeé%t%{‘ ‘t@/dft fg@tmn and dried

R e e S

formula X, Y, and Z are S|mlarlyprepared 15 The
f Otheg oopodyrhers of foemath XY rvndi 4 grefsonilphrpopeed. of
illustration. It will be readily apparent to those

i th rt th
o bt ot it P R Rl B S BB et
afhafdnh &Y thPsY SRITRKEH Shelft thhEths ulji@atar BRGNS, plasttionsad the
herein may be further nodified or substituted in

v@mt@n@nw@s,mthqﬁmof ugreiuk ethergparanesters b thesubieet mafter

58808, Of s b1 SRl aBln B B ARSGEL AR PUldks v20s WRhout

departing from the spirit and scope of the subject matter described herein.




-49- What is clainmed is: 1. A poly(ortho ester) of
formula I: R(lI) n where 5 nis an integer of at

woe@gn4B28 R i s a bond, -(CH2)a, or -(CH2)b-O (EBH2YS2003/036616

10

15

where a is an integer of 1 to 10, and b and c are
i ndependently integers of 1 to 5; Rais a Cl-C4 al kyl;

Rb is hydrogen or a Cl1-C2 al kyl; and 10 each Ais
i ndependently selected fromRI, R2, R3, and R4, where
RlLis: ORG ,,~ R5 P where: pis an integer of 1to

ZUhailECRBmedlﬁydrogen or Cl-C4 alkyl; and R6 is: -0

0--0 O Js 2004/ 046328
F]'CT/ Uéiaﬁlg éitgr)o eﬂlay\o an integer of 0 to 30;
b
O O A
where

n is an integer of at least 5;

R is a bond, -(CHz).-, or -(CH3),-O-(CHj).-; where a is an integer of 1 to 10, and b
and c are independently integers of 1 to 5;

R%is a C-Cy alkyl;

R®is hydrogeh or a C;-C; alkyl; and

each A is independently selected from R}, R?, R®, and R, where

R!is:

of R~
R®
where:
p is an integer of 1 to 20;
R® is hydrogen or C;-Cy alkyl; and
R® is:

-0, O~ O

OO~
frohe o 1

where:



t is an integer of 2 to 200; and R7 is hydrogen or
Cl-A alkyl; R2is: or 5 R3is: RI1 O or -RO-0 +-

W@2R40032% R 8 Y R12 where: X is an integer oOPCODUSIN3/036616

10

15

20

30; 10y is an integer of 2 to 200; R8 is hydrogen or
Cl-C4 alkyl; RO and R10 are independently Cl1-C12

al kyl ene; R11 is hydrogen or £1-C6 al kyl and R12 is
Cl1-C6 al kyl; or R11 and R12 t0ogether are C3- C10

al kylene; and 15 R4 is (i) the residue of diol
cuintaaiintpgry 0aP 19 st one amine functionality
i,ncorporate el or (ii) the residue of diol
ctdﬁ?%%ﬁ?g?ﬁog%%qhg@sﬁg%ne functional group

| RURPSaeL byCsel ekyed from anmide, imde, urea, and
uret hane groups. 20 2. The poly(ortho ester) of Caim
1Rwikere n is about 5 to about 500. 3. The pol y(ortho
ester) of daiml or daim2 where Ris -CH2OCH2-. 4.
The pol y(ortho ester),of C-aim 1l where Ra i hyl . WO
2004/ 046 PCT/ US2003Y 035 -51 5. The ¢
ester) aim1 where Rb ethyl. 6. The\pel/y(ortho
ester) of Taim2l which conprises at:least 0.1 nol % of ’

units in which Ais Rl. 7. The poly t ho,est of
Claim6 xh ¢onprisks about 0.5 -/ 50\nmol{% AN
or \___/ \ o

R® is:

where:
x is an integer of 0 to 30;
y is an integer of 2 to 200;
RS is hydrogen or C;-C; alkyl;
R’ and R'® are independently C;-C;; alkylene;
R!is hydrogen or C;-Cg alkyl and RZis C-Cs alkyl; or R and R* together are C;-
Cio alkylene; and
R*is @) the residue of diol containing at least one amine functionality
incorporated therein, or
(i1) the residue of diol containing at least one functional group

independently selected from amide, imide, urea, and urethane

groups.
2. The poly(ortho ester) of Claim 1 where n is about 5 to about 500.
3. The poly(ortho ester) of Claim 1 or Claim 2 where R is -CHOCH-.

4. The poly(ortho ester) of Claim 1 where R” is ethyl.



5 units in which Ais RL. 8. The poly(ortho ester) of
Claim7 which conprises about 1 - 30 nol%of wunits in

wohiogi4d328 s RL. 9. The poly(ortho ester) of O BETU$2003/036616
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where pis 1 to 2. 10. The poly(ortho ester) of Claim
1 where R5 is hydrogen or nmethyl. 10 it. The
poly(ortho ester) of Claiml ere R6 is
CH2CH2OCH2CH2OCH2CH2- . 12. The'"pol y(ortho ester) of
Caim1 where HO R2- OH is 1,4- cyclohexanedlnethano
18. The pieppbyetio etrpofCleim Civdion R’ istetingd. HO R3- OH i s
triethylene glycol or 15 1,10-decanediol. 14. A

p ocess r arl ort ho .ester for
oo e B RS B Rl IR i of

aﬁm{seiﬁs»\thl&A%QRR is a bond, -(CH)a , or
-(CH2) b-O (CH2) c-; where a is an integer of 1 to 10
and b and c are independently integers of 1 to
R&i s a Cithepoln(eho estes) piClaipa poueh emprisey algopt Ql5ky50 mol% of
aag Vé@ 44 49828 PCT/ US2003/ 036616 -52 each Ais

epen Iy Sélected fromRl, R2, R3, or R4, where
Rl is: OR, RP where: 5 pis an integer of 1 to 20;
R8. i s hydibegety(athdGktetyloaClain 7 verich comprises about 1 - 30 mol% of

units in which A is R..

9. The poly(ortho ester) of Claim 1 where p is 1 to 2.

10. The poly(ortho ester) of Claim 1 where R’ is hydrogen or methyl.

11. The poly(ortho ester) of Claim 1 where R is
-CH,CH,OCH,CH,OCH,CH5-.

12. The poly(ortho ester) of Claim 1 where HO-R®:-OH is 1,4~
cyclohexanedimethanol.

13. The poly(ortho ester) of Claim 1 where HO-R*OH is triethylene glycol or

1,10-decanediol.

14. A process of preparing a poly(ortho ester) of formula I:
O O A "

n is an integer of at least 5;

R is a bond, -(CH3),-, or -(CH;),-O-(CHy).~; where a is an integer of 1 to 10, and b
and ¢ are independently integers of 1 to 5;

R%is a C;-Cy alkyl;

R® is hydrogen or a C;-C; alkyl; and

where



R6 is: -0-1 Hs , or 7t , where: 10 s is an integer
of O to 30; t is an integer of 2 to 200; and R is
whganogses or Cl-C4 al kyl; Rz is: or 15 R3 i SPCTMIS2003/036616
2004/ 046328 PCT/ US2003/ 036616 -53 R11 O or
___-R.OtORo0_ x Rsy R12 where: x is an integer of
O to 30; vy is an integer of %to 200; 5 R8is
hydrogen or Cl-C4 al kyl; R9 ai & R1O are i ndependent |y
Cl1-Cl12 al kylene; R11 is hydrq)gen or Cl-C6 al kyl and
Regch 4 igpdepndently selestedmiont RarRf, Ri,2riRSgehérer are C3-
C}{@iél kylene; and R4 is (i) the residue of a diol
containing at |east one am ne functionality 10
i ncorporated therein, or (fii)the residue of a diol
contai ning at | east one fynct gr oup
i ndependently sel ected f ,Q m de, urea, and
uret hane groups, the pro

nprising reacting a
di (ketene acetal) of for OOoOL (II)

where:
5 pisaninteger of 1 to 20;
R’ is hydrogen or C1-Ca alkyl; and

R’ is:
O O~ O~

where:

10 sis aninteger of O to 30;
tis an integer of 2 to 200; and
R’ is hydro gen or Ci-Cy alkyl,;
R’ is:

15 R’is:



15 L ORRRO where L is hydrogen or a Cl1_3 al kyl,
with a diol of the formula HOR -OH, HO R2- OH,

WOIMRB4@3kE or HO-R4-OH, or a m xture thereof. PABUSA03/036616
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pol y(ortho ester) that is the product of a reaction

between: 20 (a) a di(ketene acetal) of formula Ill: O
Ro Ro OL (Ill) L OR O wher Ris a bond, -(CH2)a
, or -(CH2)b-O (CH2),-; wheré 3a is an integer of 1 to
10, and b and c are independently integers of 1 to 5;
WD 2004/ 046328 PCT/ US2003/ 036616 -54- Rb isRHi/drogen

or a C1-C2 al IS driogen or aCl@3aIky

(b) a\%oi/?ﬂ xture pol yolos. RI'PQT*—I _(Brtho
ester) of Cai¥n 15 where a8 Y east one of t heRddl yol s °
is a 5 polyol having nore than two hydroxy functi onal
givaees. 17. A device for orthopedic restoration or

ti ssue regener ation conprising a poly(ortho ester) of
d‘éﬁ%llﬂteg&@ Ofogar maceut i cal conposition conprising:

é&’ A9egt; and 10 (b) as a vehicle, the poly
te%)92 of

aiml. 19. The pharnaceuti cal
CR dgfdtdgemoocl-malky\lw where the fraction of the

aghi v e is fro t % by wei ght of the
cgg_ gdé?wmdﬁlﬁf’nd?*ﬁg‘) éhé&zr?&@g?ﬁ (::aly con'gom tion of
CREI ;T RobiesaC t@?aﬁq&l%ﬁ'l@hls‘tfl ¢ hakyaet R"leana@\ehfo%btﬁer are Cs-

from5%t0 30% b y wei ght of the corrp05|t|on
Tﬁaqﬂhém@@btl cal conp05|t| on of Claim 18 where the

Rt lstept e, st ol Bt add TaiRiding RUSE, iuine gyetionatity
i nfl ammat ory ageﬁkﬁnpoméreﬁhsfmt her apeuti c agents,

narcotics, |ocal anesthetjcs,
(i) the residue of a diol containing at least one functional group

independently selected from amide, imide, urea, and urethane

groups,

the process comprising reacting a di(ketene acetal) of formula IT:

O— R° R® 0 L
__ (1)
L/:—< O%R)COW

where L is hydrogen or a Cy3 alkyl,
with a diol of the formula HO-R!-OH, HO-R?.-OH, HO-R3-OH, or HO-R*-OH, or a

mixture thereof.

15. A poly(ortho ester) that is the product of a reaction between:
(a) a di(ketene acetal) of formula T1I:

I o 0O R O
where:

R is a bond, ~(CH3),-, or -(CH;),-O-(CH,).-; where a is an integer of 1 to 10, and b

and c are independently integers of 1 to 5;



anti angi ogeni ¢ agents, vaccines, antigens, DNA and
anti sense oligonucl eotides. 22. The pharnmaceuti cal
W@ ovpo0sizes on of Claim 18 where the active agenPCT/BSH03/036616
20 therapeutic polypeptide. 23. The pharnaceuti cal
conposition of Claim18 where the active agent is a
| ocal anesthetic. 24. The pharpmaceuti cal conposition
of Claim23 further conprising a glucocorticosteroid.
25 25. The pharmaceutical conposition of Caim18
vikkis éydlogemot a Ce-Caghnt; i s an  anti angi ogeni ¢ agent. WO

égOM 046328 P /c(g%%gy 36616 -55 26. The

5y deeashice a1Cie i ¥%n of claim 18 where the
active aggnt is g,ol6aNrMix@ResdgIapeuti c agent. 27.
The phar grrtg\)ceuti caﬁ3 gon‘posi ti oﬂﬂzf G aim 18 where the

active agent is an antibiotic. 5 28. The .
phar mac el paly(ethpestirt ofdrlaist 1 Twdiern af deagheeofihgepolyols is a

g R T o

controlled release local admnistration of an active
agent, coupiisd fog otthqekdicyrestolration st #ssua geganeration comprising a
t her apeuti cal | .effective amount of the active agent

VA
i Poly(eethe steDGE (A2 Bhkr maceuti cal conposition of 10
Claim18. 30. A nethod of preventing or relieving

l'pgal pai NpRlmAcditcsl doﬁlp@siﬁeﬁmhpﬁsiﬁgnpri si ng _
adm ni sterPng to the site a therapeutically effective
amount of(aa | ocakn acdivesgdndrand in the formof a

phar maceytj cal |y accept.abl e co it im23.
10 317 A pl Z%L copo?mgﬁ%?’%%?ﬁﬁ@rﬂfa és#%?%ﬁ@ﬁ%?' or
formula Z: 15 RA-[OCH2CH2] f-[POE]g H (X),
Rfe. [ OCH2 Gk ]ghafoR(deligfaOchiRgdsa] dir 161 18 where the fraction of the
H A- [ POE] g GRIh-[POEIMH (7)), where: RAis Cl-C4
ahgipe;agent 1s from 1% 10 60 % by weight of the composition.
20. The pharmaceutical composition of Claim 19 where the fraction of the

active agent is from 5% to 30% by weight of the composition.

15 21. The pharmaceutical composition of Claim 18 where the active agent is
selected from anti-infectives, antiseptics, steroids, therapeutic polypeptides, anti-
inflammatory agents, cancer chemotherapeutic agents, narcotics, local anesthetics,

antiangiogenic agents, vaccines, antigens, DNA, and antisense oligonucleotides.

22. The pharmaceutical composition of Claim 18 where the active agent is a

20 therapeutic polypeptide.

23. The pharmaceutical composition of Claim 18 where the active agent is a

local anesthetic.

24. The pharmaceutical composition of Claim 23 further comprising a
glucocorticosteroid.
25 25. The pharmaceutical composition of Claim 18 where the active agent is an

antiangiogenic agent.



20 RBis Cl-C4 alkyl; f and h are independently an
integer from2 to 1000; g and j are independently an

WO paoe®es32§ rom 2 to 200; POE is a poly(ortho eBCBUY2003/036616
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15

20

25

unit of formula Il: ORa Ra ORb Ro x _OX OR X OA-
25 where WO 2004/046328 PCT/ US2003/ 036616 -56 Ris a
bond, -(CH2)a , or -(CH2)b- Ogg;HZ ~-; where a is an
integer of 1 to 10, and b are independently

integers of | to 5 and Rais a Cl-C4 alkyl; Rois H

oR6a C1- ChhepheyinaceBtiesd ehmposigon ofidpientiewhérg ‘tixedotiot egent is a
and R4, where Rl is: OR6 R5 P

m%?@gﬁéhenfgh%{ﬁpefumgé%}t of 1 to 20; 10 RS is hydrogen

or C1-C4 alkyl; and R6 is: Js or ~ R 7 where: sis

a@7i nt eger heqﬁha@fnh@uﬁ&.'l cdBpbsiticn &MClafth 89 ¥hef the abiRe2@Ont is an

nd .
antibiotic.

28. The pharmaceutical composition of Claim 18 where the active agent is an

anti-inflammatory agent.

29. A method of treating a disease state treatable by controlled release local
administration of an active agent, comprising locally administering a therapeutically
effective amount of the active agent in the form of a pharmaceutical composition of

Claim 18.

30. A method of preventing or relieving local pain at a site in a mammal,
comprising administering to the site a therapeutically effective amount of a local

anesthetic in the form of a pharmaceutically acceptable composition of Claim 23.

31. A block copolymer of formula X, formula Y, or formula Z:
RA-JOCH,CH,]~[POE],-H (X),
RA-JOCH,CH;,]-[POE],-[OCH,CH,];-OR® (Y),
H-A-[POE],-[OCH,CH;],-[POE];-H @),
where:

R%is Ci-C4 alkyl;

R® is C,-C, alkyl;

fand h are independently an integer from 2 to 1000;
g and j are independently an integer from 2 to 200;
POE is a poly(ortho ester) unit of formula IT:

ORI,
—0 O O O-A—

where



R7 is hydrogen or Cl1-C4 alkyl; R2 is: W 2004/046328
PCT/ US2003/ 036616 -57- or R3 is: RI11 O-Rs_O+tOR o_

wo2q04R16328 R where: 5 xis an integer of 0 to 3BCT/U§200%036616

10

15

an integer of 2 to 200; R8 is hydrogen or Cl1-C4 al kyl;
RO and Rl are independently Cl-Cl2 al kylene; R11 is
hydr ogen of Cl1-C6 al kyl and 2 1is Cl-C6 al kyl; or Rl11
and R12 together are C3- 10 O al kyl ene; and R4 is

(1) the residue of a diol containing at |east one
arisnebdndn o CHapa lor HCH, )@ d Chla).atvare mwsrasiintegerrof(12p 10hand b
residue.of a diol.contai.ning at,|east one functional
Gdusre indgeedat eg%elégéjlfgé?gdatfq' om ani de, imde, urea,

%rq yreetd 1: 15 groups. 32. The copol yner of Caim 31
erSngA‘gdg%yRB are both methyl. 33. The copol yner of

QR %isH 842 Gr-Ceblkiyin 32 where R is - CH2OCH2-. 34. The

copBry el Fidded RERR RS BN w3 56 e

cebg! ymer of Claim 31 which conprises at |east 0.1
mol % of units in ' which Ais R WD 2004/ 046328
PCT/ US2003/ 036616 @)

6
O AN
R®
p
where:
p is an integer of 1 to 20;
R’ is hydrogen or C;-C4 alkyl; and

R®is:

O O~ O
O+ O+0—
O N v A

R7

where:

s is an integer of O to 30;

t is an integer of 2 to 200; and
R is hydrogen or C;-C4 alkyl;
R is:



-58 37. The copol ynmer of C aim 36 which conprises
about 0.5 - 50 nol % of units in which Ais Rl. 38.

wab@4oopes yner of C aim 37 which conprises aboptT/L1S200806616

10

15

20

mol % of units in which Ais RL. 5 39. The copol yner
of daim31 where pis 1 to 2. 40. The copol yner of
Claim31 where R5 i s hydroge r methyl. 41. The

copol ymer of C aim 31 where “is

- CH2CH2OCH2CH2OCH2CH2- . 42. The copol yner of Caim 31

wher e OHis 1,45\ cy Rexanedi met hano 0 43.
of Claim ‘Qi=>= O R3- i
triethyl glycol or 1, 10-decanediol. 44. ,

copol ymer of Claim 31 which is a conpound of formula
X. 45. of C aim 44 whers [ '

integer from10 to 500, and g and j are independently
ar®isnteger from5 to 100. 48. A micellar

pharmaceuti cal conposition for the delivery of a

hydr ophobi ¢ or water-insoluble active agent_q4

conprising the active agent physically entrapped 20
Wi t hi ni#}t\no coval ent nded 0t o a—drI®D mheRr'0-
conpri $thg &bl ock copol ty of, Sl ai m 31. 4942 The ,

conposi tion of Caim48 wRre the active age IS an
anti cancer agent. WO 2004/046328 PCT/ US2003/ 036616
-wWhemwsp, A conposition for the sustained rel ease of an

act] £0QEPri sing the active agent dispersed
i%gga%ﬁ%lt%%%é conp@rmipsi ng the bl ock copolynmer of C aim

3¢ is dnlintegheofighi@r2®@ceut i cal conposition of claim 18
\Méﬁn u%ed for ¢ gga ing a disease state treatable by
Bt Bfegn PE Ceded5cal adninistration of an active
agentd rR'? are independently C;-Cy; alkylene;
R'1is hydrogen of C;-Cs alkyl and R'Z1is C-Cs alkyl; or R'" and R'? together are Cs-
Cio alkylene; and
R*is ) the residue of a diol containing at least one amine functionality
incorporated therein, or
2 the residue of a diol containing at least one functional group

independently selected from amide, imide, urea, and urethane

groups.
32. The copolymer of Claim 31 where R* and R® are both methyl.
33. The copolymer of Claim 31 or claim 32 where R is -CH,0OCH,-.
34, The copolymer of Claim 31 where R" is ethyl.
35. The copolymer of Claim 31 where R® is ethyl.
36. The copolymer of Claim 31 which comprises at least 0.1 mol% of units in

which A isR'.



5 52. The pharnmaceutical conposition of claim23 when
used for preventing or relieving local pain at -a
W@ Raog/0ia32@ nmanmal . 53. The pol y(ortho ester) OPCHENS2003/036616
Clains 1-3 where Ra is ethyl. 54. The poly(ortho
ester) of any of Clains 1-4 and 53 where Rb is ethyl.
55. The poly(ortho ester) of any of Cains 1-5, 53 and
54 which conprises at 10 | ea®8"0.1 nol % of units in
which Ais RL. 56. The poly(ortho ester) of Caimb55
WHi7ch confhé gmolaa e (i 36 Ehichobspafes aboutt(s5 i B0 Woil% b f units
A.is ., 57,1 The poly(ortho ester) of Caim56 which
cIRSMI YA S Bbout 1 -"30 nol % of wunits in which Ais
R1. 15 58. The poly(ortho ester) of any of Clains 1-8
arpg, 53- 57TM@@Ip@1}@nér$)f t1dim 2 whiefl coﬁgﬁseﬁ%b&gtqr tijU)mol% of units in
ester) of any of Clainms 1-9 and wher e
hydtiely8ris Br- met hyl . 60. The pol y(ortho ester) of any
of Cainms 1-10 and 53-59 where R6 is

s SRR T PR, o1

1, 4- cyclohexanedlnethanol 62. The pol y(ortho ester)
of40any of T @ipotynier b2 Claith H3wkhdre B ¥ leydrieRDr Qrdtind.
triethylene glycol or 1, 10- decanedlol 63. A device

for, ortho edlc est or. or t| ue
91 risi ngl ?g'nb% §?ﬁﬂ" ‘@gei‘r% #@?}5{] mZ%HﬂHT
1 13 and 53-62. WD 2004/ 046328 PCT/ US2003/ 036616 -60

642. A phari@espelintalof CRIRCS Whao HOMRRIORig4- () an
active agent; and (b) as a, vehicle, the poly (ortho
eSyephexgnedinpthgroly aj ns 1-13 and 53-62. 5 65. The
pharmaceutical conpositi-on of G aim 64 where the

10 friaction pf. Jotﬂglgn?egt)f &?aiﬁ%q hér Elfd Rh dﬁ/‘isttﬁet?& %2%/001 or

wei ght of the nposi tion. ar naceu
c dnifeddcanadimlof Cl ai m 65 mhere t he fractlon of the

44. The copolymer of Claim 31 which is a compound of formula X.

45, The copolymer of Claim 44 where fis an integer from 10 to 500 and g is
an integer from 5 to 100.

15 46. The copolymer of claim 31 which is a compound of formula Z.

47. The copolymer of Claim 46 where h is an integer from 10 to 500, and g

and j are independently an integer from 5 to 100.

48. A micellar pharmaceutical composition for the delivery of a hydrophobic
or water-insoluble active agent, comprising the active agent physically entrapped

20  within but not covalently bonded to a drug carrier comprising a block copolymer of
Claim 31.

49. The composition of Claim 48 where the active agent is an anticancer

agent.



active agent is from5%to 30% by wei ght of the

conposition. 67. The pharnaceutical conposition of any
w@boo@loaizes 18- 20 and 64-66 where 10 the acti VERCHUSIWD3/036616

is selected fromanti-infectives, antiseptics,

steroids, therapeutic polypeptides, anti-inflammatory

agents, cancer chenotherapeutic agents, narcotics,

| ocal anesthetics, antiangio i c agents, vacci nes

antigens, DNA, and antisense oligonucleotides.

THE. phar nﬁ@emppsmbn tarriposistained relﬁeaﬁoﬁlamaﬁt"(vd/\ztg%ﬁ@ cdi gﬂsmg the

15 therapeuti pept i de.

actﬁlve ageﬁp c poq%
pRSYVeREEt lépcflrsegdli‘rﬁ&%t]ivf EMpEs s Hieblesk cppelymer ﬁ%Clalm 31.
aslli ve agemy pHafmaceut .

phar maceut | cal  conp 01%9? Fo?agf%ﬁéﬁgla gé)?v lg-?ﬁsed for treating a
C @Fﬁ@ﬂ&eﬁa’qgtrgata‘tge by oewfralied osltase dxbcdil ad@finfstratidief an active agent.

rnace cO si,tion a ere
5 ive a;fé agn%%% 1%%@%1%?1& algbéwﬂeniﬁsedt}ﬂreprevemlng or
plaafdwfgau&al@a;haw@n@ﬁum@mﬁfl claim67 where the
active agent is a cancer chenotherapeutic agent 73.

TRé- phar ly(erho esier) o8 puy of Clefms-iwhesy Rivsettelt he
active agent is an 25 antibiotic. WD 2004/ 046328

Campos: L1 s T te Erte O el SECRARE ERRG'Sa iy Ruis o

anti-inflammatory agent. 75. A nethod of treating a
dbSease s’ﬂwtm)ly(pﬁhd) ai‘uén) obynycaiClnimhd B4, 3eheb®ewhieh 8bmprises at

t| veagent, conprising locally
10 gﬁ#mi ﬁt/r?guﬁﬂ @tlrs iy 5 effective anount of
the active agent in the formof a pharmaceuti cal
CO6posi t i T paly(oARY estér) 6F @laih 558v1Rbh 861piBes dout 06 - 5% mol% of
met hod of prevetptl ng or relieving local pain at a sit
i i warielt A is Ronpri sing adnministering to the site a
therapeutically effective am)unt of a | ocal
agest het i-g, r?;t) R it call
accept abl eec}% (glglllcg 9%@% %] Vgg&%l X%uél 30 mol% of
copitd iprverictoA iaRY. of Cl ai ns 31-33 where Ra is ethyl.

15 58. The poly(ortho ester) of any of Claims 1-8 and 53-57 where p is 1 to 2.
59. The poly(ortho ester) of any of Claims 1-9 and 53-58 where R is
hydrogen or methyl.

60. The poly(ortho ester) of any of Claims 1-10 and 53-59 where R® is
-CH,CH,OCH,CH,0CH,CH,-.
20 61. The poly(ortho ester) of any of Claims 1-11 and 53-60 where HO-R*-OH

is 1,4-cyclohexanedimethanol.

62. The poly(ortho ester) of any of Claims 1-12 and 53-61 where HO-R*OH is
triethylene glycol or 1,10-decanediol.

63. A device for orthopedic restoration or tissue regeneration comprising a

25 poly(ortho ester) of any of Claims 1-13 and 53-62.



78. The copol ymer of any of Cains 31-33 and 77 where
Ro is ethyl. 79. The copol yner of any of C ains 31-34,

wQ@ Z00a/0a6378 whi ch conprises at |east 0.1 nol % BET/URLIDF 036616

10

15

20

25

in which Ais RlL. 80. The copolyner of Caim 79 which
conprises about 0.5 - 50 nol % of units 15 in which A
is RL. 81. The copol yner of C aim 80 which conprises
about 1 - 30 nol % of units im®which Ais R 82. The
copol ynmer of any of Clainms 31-38 and 77-81 where p is
1 64 2. 88.phTheaccuipel gyoreposiionasoynotsingt ai ns 31- 39 and
77-82 V\,he(g RS is hxdro en. or 20 nmethyl. 84. The
copol yner 3¢ any BECESFEL 894 40 and 77-83 where R6 i s
- CH2 CH2 O3 CH2 OCIg3 ; f :
Clains 31-41 and 7%?%821?53%0%?%&4%%?&0@@%“%1 13 and
1,54-@y cl ohexanedi net hanol . WD 2004/ 046328

PCT/ US2003/ 036616 -62 86. The copol yner of any of

Cains 3 -85 where. .HO R3; OH i.s . trjethy]
IBkar or e BRaldnEh SPS 5t R gy b G G
Claaiivesagdat 4 Jroan 146 6864, bhineieht 5f theGonpoLiign.of fornul a

X. 5 88. The copolyner of Claim87 where f is an

integer from 10 to 500 and g.is _an.integer from5 to
1&[6: 89. ThPhapashiE companijonef Claim b erepthe digtion of the

7T B8% MLCB flopn 843870 omﬂwa d itiog0. 1he
cogol yér%r of C al/m 899 er ergﬁ‘i sﬂg%@éé%o%from 10 to
500, and% 10 and j are independently an integer from

56/0 100. Tigsiphapmasesisicdl spmphsitiometanyi af llaiownBe2( aridei#-66 where

f the del iver f hydr ophobi ¢ r ter-i.nsal ubl e,.
adt 5 8 15 elsrls S gt e eT puliseglie Sirgidk darpmputic
epblyppRals, mipihﬂmmbutor? et ¥l ceNEt e dIRRERALE Agdid hiQotics,
carrier conprising. a block copolynmer of an o% G ai ms

3 1ocabanesihetics, gpfiangiogenic agents, vaccines, antigens, DNA, and antisense

oligonucleotides.

68. The pharmaceutical composition of Claim 67 where the active agent is a

therapeutic polypeptide.

69. The pharmaceutical composition of Claim 67 where the active agent is a

local anesthetic.

70. The pharmaceutical composition of Claim 69 further comprising a
glucocorticosteroid.
71. The pharmaceutical composition of Claim 67 where the active agent is an

antiangiogenic agent.

72. The pharmaceutical composition of claim 67 where the active agent is a

cancer chemotherapeutic agent.

73. The pharmaceutical composition of Claim 67 where the active agent is an

antibiotic.



15 92. The conposition of Caim91 where the active
agent is an anticancer agent. 93. A conposition for

wo b@4pustai ned rel ease of an active agent, conpCi/Bs10g3/036616

5

10

15

20

the active agent dispersed in a matrix conprising the

bl ock copol yner of any of Cainms 31-47 and 77-90. 20

94. The pharmaceutical conposition of any of clains

18-20 and 64-74 when used fo®ltreati ng a di sease

state treatable by controlled rel ease | ocal

ad#i ni st r &he pimrmhceutinalaotipestiog efiClaif%7 vilkge the active agent is an
pharmaceuti cal conposition of claim69 when used for

praé‘@‘é PRYAGFY 38Bf-i eving | ocal pain at a site in a

manmmal . 25
75. A method of treating a disease state treatable by controlled release local

administration of an active agent, comprising locally administering a therapeutically
effective amount of the active agent in the form of a pharmaceutical composition of

any of Claims 18-20 and 64-74.

76. A method of preventing or relieving local pain at a site in 2 mammal,
comprising administering to the site a therapeutically effective amount of a local

anesthetic in the form of a pharmaceutically acceptable composition of Claim 69.

77. The copolymer of any of Claims 31-33 where R® is ethyl.
78. The copolymer of any of Claims 31-33 and 77 where R is ethyl.
79. The copolymer of any of Claims 31-34, 77 and 78 which comprises at least

0.1 mol% of units in which A is R'.

80. The copolymer of Claim 79 which comprises about 0.5 - 50 mol% of units
in which A is R".

81. The copolymer of Claim 80 which comprises about 1 - 30 mol% of units in
which A is R

82. The copolymer of any of Claims 31-38 and 77-81 where pis 1 to 2.

83. The copolymer of any of Claims 31-39 and 77-82 where R’ is hydrogen or
methyl.

84. The copolymer of any of Claims 31-40 and 77-83 where R® is
-CH,CH,OCH,;CH,OCH,CH,-.

85. The copolymer of any of Claims 31-41 and 77-84 where HO-R*-OH is

1,4-cyclohexanedimethanol.
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-62-
86. The copolymer of any of Claims 31-42 and 77-85 where HO-R’-OH is
triethylene glycol or 1,10-decanediol.
87. The copolymer of any of Claims 31-43 and 77-86 which is a compound of
formula X.
88. The copolymer of Claim 87 where fis an integer from 10 to 500 and g is
an integer from 5 to 100.

- 89. The copolymer of any of claims 31-45 and 77-88 which is a compound of
formula Z.
90. The copolymer of Claim 89 where h is an integer from 10 to 500, and g

and j are independently an integer from 5 to 100.

91. A micellar pharmaceutical composition for the delivery of a hydrophobic
or water-insoluble active agent, comprising the active agent physically entrapped
within but not covalently bonded to a drug carrier comprising a block copolymer of
any of Claims 31-47 and 77-90.

92. The composition of Claim 91 where the active agent is an anticancer
agent.
93. A composition for the sustained release of an active agent, comprising the

active agent dispersed in a matrix comprising the block copolymer of any of Claims
31-47 and 77-90.

94. The pharmaceutical composition of any of claims 18-20 and 64-74 when
used for treating a disease state treatable by controlled release local administration of
an active agent.

95. The pharmaceutical composition of claim 69 when used for preventing or

relieving local pain at a site in a mammal.



