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| NVENTI ON The present invention relates to bi odegradabl e pol yner-bi oactive
noi ety conjugates, to nethods for preparing the polynmers, and to
nmononer - bi oactive noi ety conjugates suitable 5 for preparing the polyners.
The conjugates can be used as coatings, scaffolds, stents and dressings for
bi onedi cal applications and i-n drug delivery devices. The invention al so
relates to a sustained bioactive noiety delivery system conprising the
conjugate, and also to a nethod of deliyering a bioactive noiety to a

subj ect. BACKGROUND 10 The targeted and controlled delivery of small

mol ecul e therapeutics is an area of considerable current interest. The
site-specific delivery of a therapeutic agent is a highly desirable feature

for the treat nerypet REDWBOE POENGTERCOBID ACITEE MOTPEYIGGNY@GATESOdUCt S may
be inplanted in the body of humans or animals which contain therapeutics.

However, t i S tqQ increase the efficacy and safety of such
products. rllﬁ&%?eaﬁﬁﬁg\g"&ﬁ;g delivery involves the use of polyners to
carry/retain the drug noiety to/at a specific |ocation. Several approaches
to thi s havieheenndeveitopediateEdr bipdegadabld pdgmeebiemsiee meidip dsnjugatet ved '
drug-polyner fornul ations that released the drug upaon. d the
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into a sol irdladew & eustalitd Hidabkiengoiapiciagh sysmno batesrisig) the cafjugtaaheelsd es as
mononers in formatian of the polyner so that.they formpart of the polymer
backbone, df a@?f\rt}%déﬁgfﬂyveﬁf’% %E’ﬂﬁ%éeﬁ}oﬂﬁy%%‘ ffes to a pre-formed pol yner
backbone. The linking 25 approach gives rise to so called drug-pol yner

conj ugat e. BAORGRDUBD the rate of drug release with the possibility of
uncontrol | ed dosages being delivered. Furthernore, the anount of drug that
can be }9aded |l AInAUhethidh CaciGerdl 88 Liith (hBLEA! ot ehf30 BY Melghtol . The
| i nki ng approac al's6 has a nunper  of probl ens 4s50C] dted W th it. ere
the drug 5 doosidsalpacurrof intérestpbieysierspbatkbdnery ehethoobsutieragstiris ethaghdy nust
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20 based on admixing or on covalent linking. -

The admixture approach involves the preparation of a polymer drug mixture that is then
compounded into a solid device. The linking approach involves using drug molecules as
monomers in formation of the polymer so that they form part of the polymer backbone, or
covalently attaching drug molecules to a pre-formed polymer backbone. The linking

25 approach gives rise to so called drug-polymer conjugate.

A major disadvantage of the admixture approach is that the release of the therapeutic agent

is largely dependent on the breakdown of the polymer structure. This results in poor



The present invention therefore provides a bi odegradabl e pol yner conprising
a plurality of rel easable bioactive noieties, the rel easabl e bioactive

noi eti es bei ng pendant fromand 20 coval ently bonded to the bi odegradable
pol ymer backbone, wherein the biodegradabl e polymer backbone is fornmed from
nmononeric units that are each coupled vi a a biodegradable noiety, and
wherein the bioactive noieties are capable of being released at a rate
equal to or faster than the rate of biodegradation of the polymer backbone.
An inmportant feature of the invention i-@-that the bioactive noieties are
capabl e of being 25 released at a rate equal to or faster than the rate of
bi odegradati on of the pol ynmer backbone. By providing the bi odegradabl e
polymer with such relative rates of rel ease and bi odegradation it can
advant ageoushitolr f gastebbDatizi rRagrowvah tharpbdsdulityt dfeurpohtyatied dvazdeb daimg

under goi ng bst i al biodegradation. - 3 - It s ,been. found. that .the
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in applicatignanwkess woriige).| ed delivery of bioactive noieties is required
while maintaining the structural integrity of the polymer backbone. For

exanpl e, i rovi.ding a coating for . use.injinfection,cont
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to the invéﬁ?%&ﬁ'fédeQégﬁPﬁﬁﬁ Q§§5%§”§ﬂ§hw?ﬁﬁﬂpﬁf¥%ﬁ$§ 83??%%1% &%Pne t he
backbone dege ai@ndrnitaichir® GaiRaihe bireg dedeagatdasedr attvalestly Bhschig vmer

backbone is preferably resorbable in vivo. 10 The bjodegradabl e, polynmers in
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pol ymer conprising as part of its ol ymer backbone a plurality o

noi et i ed0of cayalseibantachrdrandaieg ympast sa Bg_e\d}llﬁ 1‘(‘190“\/9% él?eel?m%“g‘ﬁ GO GRS fCar e
the same or,@ifhicbLMone! GRIBSEN B8 Fai®i agabl olert e rpedsy MoETthe Bidaadebone
and (i) conprise one or nore -X-R(ZD)-Y- noieties as shown in fornula (1),

and (ii) ar@oElch formed from nononeric units that are coupled via a
bi odegradabl e noiety; X and Y are each independently a bi odegradabl e

noi ety; R r RRLSFENISyY IdréfBRAEMEAINs B advelvpdhcapidipnal 1 Wosdlys idiety @Onjugates
hydrocarbon; Z 1s a spacer noiety; and . ) .

which address or ameliorate one or more disadvantages or shortcomings associated with

15 existing materials and/or their method of manufacture, or to at least provide a useful

alternative to such materials and their method of manufacture.
SUMMARY OF THE INVENTION

The present invention therefore provides a biodegradable polymer comprising a plurality
of releasable bioactive moieties, the releasable bioactive moieties being pendant from and
20 covalently bonded to the biodegradable polymer backbone, wherein the biodegradable
polymer backbone is formed from monomeric units that are each coupled via a
biodegradable moiety, and wherein the bioactive moieties are capable of being released at

a rate equal to or faster than the rate of biodegradation of the polymer backbone.

An important feature of the invention is that the bioactive moieties are capable of being
25 relcased at a rate equal to or faster than the rate of biodegradation of the polymer
backbone. By providing the biodegradable polymer with such relative rates of release and
biodegradation it can advantageously release bioactive moiety without the polymer

backbone undergoing substantial biodegradation.



Dis a rel easabl e bioactive noiety; wherein the bioactive noieties (D) are
capabl e of being released at a rate equal to or faster than the rate of

bi odegradati on of the polynmer backbone. - 4 - Each X, Y, RR Zand Din a
given -X-R(ZD)-Y- noiety of the biodegradabl e polyners nmay be the sane or
different. For avoi dance of any doubt, the "noiety of general formula

(0" is intended to be a 5 reference to: 6 with A and B being presented in
formula (1) to (i) nore clearly depict that the "noiety" fornms part of the
pol ynmer backbone, and (ii) define the nature of the remainder of the

pol ymer backbone. 10 As used herein the expression formng "part of the
pol ymer backbone" neans that the noiety of fornmula (I) (i.e. excluding A
and B) is part of the string of atonms that are each connected so as to form
t he pol ymsrn (hla@-ib@el(ifelﬁ}d tHae | teli g chradiisle B))olynhems attredinpotodthe itnlnmtimmizety of
formula (1) is not fiant fromthe poI E vi ng this, it
will 15 be P&B}SP]@HV&F%@ th APPRFIAPS YN rﬁfOI eﬁ%ﬁék@"%ﬁl cﬁ’ 5 1)
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backbone degrades into biocompatible degradation products. The polymer backbone is

preferably resorbable in vivo.
10
The biodegradable polymers in accordance with the invention may also be defined in terms

a molecular structure,

The invention therefore also provides a biodegradable polymer comprising as part of ifs

15 polymer backbone a plurality of moieties of general formula (I):

A*X—'FF—Y—B
Z

D (1)
where:
A and B, which are the same or different, represent the remainder of the polymer
20 backbone and (i} comprise one or more -X-R(ZD)-Y- moieties as shown in formula
(D), and (i) are cach formed from monomeric units that are coupled via a
biodegradable moiety;
X and Y are each independently a biodegradable moiety;
R represents a linear or branched optionally substituted hydrocarbon;
25 Z is a spacer moiety, and
D is a releasable bioactive moiety;
wherein the bioactive moieties (D) are capable of being released at a rate equal to or faster

than the rate of biodegradation of the polymer backbone.

30 Each -X-R(ZD)-Y- moiety of the biodegradable polymers may be the same or different.



Z1 D 5 alkylaryl group, wherein for each repeat unit of the polyester
each R, Z, D and Rx may be the sane or different; 00 HIIIH RN CORO C N
(1b) where R, Z and D are as herein defined and R " is an optionally
substituted al kyl, aryl or 5 alkylaryl group, wherein for each repeat unit
of the polyurethane each R, Z, D and |le may be the sane or different; 0000
1111111 RR-CO0-CRCO0OC where R Z and D are as herein defined and te
is an optionally substituted al kyl, aryl or alkylaryl group, wherein for
each repeat unit of the polyurethane eagh R, Z, D and Rx may 10 be the sane
or different. Those skilled in the art will appreciate that the respective
ester, carbamate and anhydride noieties in general fornmulae (la), (Ib) and
(Ic) are exanples of the X and Y bi odegradabl e noieties defined in general

formul a (1)gach XTRERDF afleDriadables -RAUIMBIY-infbietg 6 dihd dlvaegruddble ohendrnment i on
may formpart of or be 15 fornmed into an article or device per se or can be
present ed &% the wwr AgicEmtan exi sting article or device. The bi odegradabl e
pol ymer provides an effective and efficient neans for delivering bioactive
noi eties to a subject. I n anot her aspect, the_inven |on i,des_a net hod
of del i ver ifing aolprsacali ay fwibbt §ret soetp of apgralcormplad )ma‘FH %ﬂ%&&ﬁs? %% ng
adm ni st eripg. 1.0 f.he subject a bi odegradabl e polynmer in accordance with the
i nvention.

f—X-R-Y—}

z

1

b
with A and B being presented in formula (I) to (i) more clearly depict that the "moiety” |
forms part of the polymer backbone, and (ii} define the nature of the remainder of the
polymer backbone.
10
As used herein the expression forming "part of the polymer backbone" means that the
' moiety of formula (I) (i.e. excluding A and B) is part of the string of atoms that are each
connected so as to form the polymer chain (i.e. including A and B). In other words, the
moiety of formula (I) is not pendant from the polymer backbone. Having said this, it will
15  be appreciated that groups Z and D in the moiety of formula (I) will be pendant from the

polymer backbone.

Examples of A and B are discussed in more detail below, but include polyurethane,
polyanhydride, polycarbonate, polyurea, polyamide, polyimide and polyester polymer

20 chains, as well as copolymers thereof.

For example, the moiety of general formula (I) may in conjunction with a suitable
comonomer form a repeat unit of a polyester, polyurethane or polyanhydride as illustrated
below in general formula (Ia), (Ib) and (Ic), respectively:

25

(la)

where R, Z and D are as herein defined and R” is an optionally substituted alkyl, aryl or



- 6 - Through the bioactive noiety release function of the biodegradable
pol ynmers, the polyners can al so advant ageously function as or form part of
a sustai ned bioactive noiety delivery system In further aspect, the
invention therefore provides a sustained bioactive noiety delivery 5
system the system conprising a biodegradabl e polynmer in accordance with
the invention. In one enbodi nent of the invention the rel easabl e bioactive
noi eties are covalently bonded to the pol yner backbone via one or nore
spacer noieti es. In a thither enbodi ngnt of the invention the
bi odegr adabl e pol yners have a content of rel easable bioactive noieties
relative to total polyner of at |east 10% by weight, preferably 10 at | east
20% by wei ght, nore preferably at |east 30% by weight. In a yet further
enbodi ment 14Ny SRbleRNfol BRh bERaE i Edald polpaley BRIR, Fomt @idR ey br  nor e
different releasabl e bioactive noieties. In an even yet further
enbodi ment tisFsapger dif{esimtsi on t he rel easabl e bioactive noieties are capable
of being released fromthe pol ynmer tbackbone s€ch that they are unencunbered
by 15 excess nol ecul ar fragEﬁmLﬁawﬁn_@_g@e ted. of any one of the
f oregoi ng enbodi nents the release of biophctive noieries fromthe polyner
backbone is substantially conplete priorZto ﬁ%gnificant br eakdown of the
pol ymer backbone. In a further pref reé orm of any one of the
f oregoi ng enbodi nents the pol yner backbone 20 is substantially degradabl e
to its constlietaBnE andibaeres herethedefingd wid/B™ isomdintipemly. supsitged allreh 287 Pt her
preferred farm.of o) i E%gpﬁg' b QRCRT yEy Noi ety
is a drug ﬁ@?@%$}¥8ﬂ¥ﬁgeﬁﬂbgﬁ%¥§ﬁ&%lggﬂggg%i S gﬂﬁgkﬁggﬁﬁ%ﬁjprepar?%g a
bi odegr adalideehpminemedificawr di ng to the invention, said nethod conprising
the step of polynerising a noger - bi oactg ve 2% npi ety conjugate of
formula (11): - 7 - where _%_gQg_gL_@LQLQQQDJLEEQpendentIy functiona
groups that (a) are capable|of undergoing polymerisation wth nonomer
havi ng conpati bl e chem cal functionaliti, a@g (b) react with the
conpati bl e chem cal functionality to afford bi odegr adabl e noiety; R
represents a |inear or branched optionaIP substituted hydrocarbon;

where R, Z and D are as herein defined and R is an optionally substituted alkyl, aryl or

alkylaryl group, wherein for cach repeat unit of the polyurethane each R, 7, D and R" may

10 be the same or different.

Those skilled in the art will appreciate that the respective ester, carbamate and anhydride -
moieties in general formulae (Ta), (Ib) and (Ic) are examples of the X and Y biodegradable

moieties defined in general formula (T).

The biodegradable polymer in accordance with the invention may form part of or be
15 formed into an article or device per se or can be presented as a coating on an existing

article or device,

The biodegradable polymer provides an effective and efficient means for delivering

bioactive moieties 1o a subject.

In another aspect, the invention provides a method of delivering a bioactive moiety to a
20 subject, the method comprising administering to the subject a biodegradable polymer in

accordance with the invention.



Zis a spacer noiety; and Dis a rel easable bioactive noiety; 10 with at

| east one nonomer conprising conpatible chemcal functionality. In a
further aspect there is provided a nmethod for preparing the biodegradabl e
pol ynmer of the present invention by providing at | east one first nononer
conprising at |east one rel easabl e bioactive noiety and at | east one

pol yneri sabl e noiety; optionally providing at | east one second nononer
conprising at | east one polynerisable noiety reactive with at 15 | east one
pol ynmeri sable noiety of said first nonoger; polynerising said first nmononer
and optionally said second nononmer optionally in the presence of one or
nore spacer noieties conprising two or nore functionalities under
conditions which are substantially non-interfering to the therapeutic

efficacy ofrtdignbineasihbMePbRly GSease flELE bfS theebicteyrhdiele psigmesedha use
of the biodegradable polyners of the invention in the 20 preparati opn of an

i npl ant abl @obEMEEs FncIsosdantagspusly BGifeds CaforpgRtialg sHalarbUIHY® Bl
adhesi ve. I en yet further provided a nmethod of using the
biodegradaEPg&%%F§ﬁ§¥ of the invention to deliver a bioactive noiety,
preferably a drug nnietg._The_presegt inv%ntion alsowgr vi des .a nononer

bi oact i ve ridifwiher cepfchight &veRisprhariRg: Provides 2 Grteiand Wi Ve BIRE 4R ey

bi oactive r@}j;t@hi e s 1 EMPp Ring NI Rl PN {15a1ah ecddBiagid it thehekgiion. one or
nore of the reIeasé%Ie bi oacti've nolieties are capable of being released 8

fromthe nmononer before or_after pol ynerisation.under conditions hch are

non-i nt er f Pi N FBCIHEEH HYr Q]ﬁe‘ﬂ‘(‘?“gm g pedyatly PRENYS; BStE 1?‘0\/5rerr%civgré|@h . The

nonomer - bicgastih Ve FI Bt baG@Bhdgabee driinde epkelangieiasi th the invention my

al so be defined in terns a nol ecular structure. 5 In another aspect, the
rovi des non actj

i nvention therefore oner .- bhi i j hat is
suitable fof & EﬂﬁhﬂﬁV§$HPFﬁﬁ%§’ﬁf%ggaﬁgag% er%éﬁ@ﬁ%@”$$%P%%2{%%gﬁﬁgFety
conj ugat e, khgsaBRMMRLve mbicfaatihe Ditdtpylyaenpligdtast W bngeights preficthly e of

general fornul a II%% 10,  where; E% and Y., are each independently
functioddl HiWHE9" hareiely maraelss |aéﬂagsftg0%%y WG,
In a vet further embodiment of the invention the biodegradable polymers contain two or

more different releasable bicactive moieties.

In an even yet further embodiment of the invention the releasable bioactive moieties are
capable of being released from the polymer backbone such that they are unencumbered by

15 excess molecular fragments,

In a preferred form of any one of the foregoing embodiments the release of bioactive
moieties from the polymer backbone is substantially complete prior to significant

breakdown of the polymer backbone.

In a further preferred form of any one of the foregoing embodiments the polymer backbone-

20 is substantially degradable to its constituent monomers under in vivo conditions.

In an even further preferred form of any one of the foregoing embodiments the bioactive

moiety is a drug moiety.

The invention also provides a method for preparing a biodegradable polymer according to
the invention, said method comprising the step of polymerising a monomer — bioactive

25 moiety conjugate of formula {II):



under goi ng pol yneri sation with nonomer having conpati ble chem cal
functionality so as to form a bi odegradabl e pol yner, and (b) react with the
| 5conpatible chemical functionality to afford a bi odegradable noiety; R
represents a linear or branched optionally substituted hydrocarbon; Zis a
"spacer noiety; and Dis a rel easabl e bioactive noiety. I n one

. enbodi nent, the two or nore polyrnerisable noieties of the nononer -

bi oactive 20 noiety conjugate (e.g. X and Y of general fornmula (11)) may
each be independently selected from hydsoxyl, am ne, carboxylic acid,

i socyanate, and carboxylic acid halide. The nononer - bioactive noiety

conj ugates of the invention have been found to be particularly versatile
and can advant ageously be polynerised with one or nore nononers using
techni ques well known in the art. 25-Fmrher aspects of the invention
appear below in the detailed descriptién of the invention. - 9 - BRI EF
DESCRI PTI ON OF THE DRAW NGS Preferred gnbodmyents of the invention wll
herein be illustrated by way of exanple only with reference to the
acconpanyin% drawi ngs i n which: Figure 1 illustrates weight |oss of

bi odegr adab¥®™pol yners after incubation in physiological 5 conditions at
37C denonstrati Bg Hioer Qad eibh FHaghhendyi fuhbtsdnbRizRSipk Mhati ta) Qe ehpase obf
Levof | oxacin and the correspondi ng Levofl oxaci n contai ni ng opnoner ,.

Levof | oxaci n- monadargeies i gelymerisricd athor MORABF - POISAr 8%}3%5& oﬂ]%f]’d?ﬂ e
producedsfrom a plcd fapnATank by IQachwitlheﬁM@Eér@Pﬁaﬁ‘Bm cheRiag kyneesdads w@ndiord a
hexanmet hyl diisocyanate (Exanple 20); 10 Figure 3 illustrates in vitro

rel ease of Levofiwireiedabls newivbi odegr adabl e pol ymers described in exanpl es
25, 26, 27 amC13B.SRoMcHrl Aol ARBNIR sabshauPhjdativan el eased verus
time; Figure 4 illustrates antimcrobial activity of |evofl oxacin-conjugate
pol ymer films adakaspacs magiveasl Six ram di aneter discs coated on a single
side (10% w w | f 1 OXL G praad le 36) (A of different geonetries
(57@@/m,|evof|o§Z§Fﬁgé%§Q%€F?&§ﬁ (H?’disc; - square) were transferred
daily tadoa ¥iteghtapt ineoculoatee corbasingreombatigwhemicit ivatiewlind t he zone of
inhibition nmeasured. Data are the nean zone of inhibition (mm standard
error neas i FSIC Svrerrs (= bokbyhk abRYedrBdablel h&lgase of
Val proic Ag%%ﬁy&@%?%%%ﬁ%gkiﬁggggﬁﬁgéggyﬁﬁ%gﬁﬁk%%ﬁi%O 14,g16 adﬁwﬂ7 show ng
cumul ati ve hapumstntohvesdibprioi rrovding 3t dtastgesd fijsh mpppomiefygomprising at least one

releasable bioactive moiety and at least one polymerisable moiety; optionally providing at
least one second monomer comprising at least one polymerisable moiety reactive with at
15 least one polymerisable moiety of said first monomer; polymerising said first monomer
and optionally said second monomer optionaily in the presence of one or more spacer
moieties comprising two or more functionalities under conditions which are substantially

non-interfering to the therapeutic efficacy of the bioactive moieties.

There is yet further provided a use of the biodegradable polymers of the invention in the
20 preparation of an implantable scaffold, stent or a biomedical coating or dressing or an

adhesive.

There is even yet further provided a method of using the biodegradable polymer of the

invention to deliver a bioactive moiety, preferably a drug moiety.

The present invention also provides a monomer — bioactive moiety conjugate comprising:
25 a) one or more releasable bioactive moieties; b) two or more polymerisable moieties;

wherein one or more of the releasable bioactive moieties are capable of being released



Figure 6 illustrates a sinplified structure of a bi odegradabl e polyner in
accordance with the invention; -10- Figure 8 illustrates a sinplified
structure of a bi odegradabl e pol yner according to the invention with

mul tiple |inker types and drugs. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
term "l abile" and "rel easabl e may be used herein synonynously. 5 Polyners
havi ng bi oactive noieties eovalently attached thereto are often referred to
in the art as "polyiner - bioactive noiety conjugates”. It may therefore be
convenient to refer to a biodegradabl egpol ymer of the invention as

bi odegr adabl e pol yner - bioactive noiety conjugate or sinply as a

. conj ugate. A bi odegr adabl e pol yner of the invention nmay al so be descri bed
as being a "functionalised" biodegradable polynmer by virtue of the

bi oactive ff%nﬁttﬂee&o'a&hag bSofO YAl 8B loylyaHetiaadg duider @bndifitiiCivhizhadrt siong” t he
pol ymer backbone. An inportant feature of the conjugates in accordance wth
t he i nvent iigarferingtio e thamppuiy &fficasy of BLiRsBYEmO By bei ng " bi odegr adabl e" in
the context of the invention is neant that polymer or polymer backbone '
under goes Wit hdnbgeP2sRadeeQhoikty MBnaphs indkbabndegiatatihenticmnoey also be
physi ol ogi cal conditions or in a biological environnent. In other words,
the pol ymerdefitedinérBonEoksionstHsiWeul ar structure that is susceptible to
break down (i.e. a reduction in nolecular weight) by chem cal deconposition
ib n a bi of Iogh caaiot}@ﬂ?agﬁe@ﬂ hniﬁéltin(éelﬁl-tigg theiefoird) pRovéddsj @ Qhormimeir n- gmtcm;] nw@iathl

i ol ogi cal material such as ood, tissue. etc), opposed, t I;
degr adat i orfoniggRH thahisiitadle (s SEHSRIFRA 8% a\)ﬁ‘qdf’&l?f}%ﬁ%ﬁcw erb?abl\(/)lg%R'F %@01&9

hydrol ysi s Qfjubabi {8 @bndthpdegiadal] emotmy ebhiggatt Mavinkos mrpante of gervenl

nol ecul ar structure of the backbone. 15 Accordingly, such labile or
bi odegr adabPe#®ilBti es will generally be susceptible to hydrolytic
cl eavage. Reference herein to biological material such as "biol ogical
tissue" is intended to include cells or tissue in vivo (e. g. cells.or
tissue of a subject) and i'n vitro (&.g.z.cultured cells). By being
bi odegradabl e, the conjugates in accordance with the invention can 20
advant ageously be used to rel ease bioaéﬁive] ieties, for exanple within a
subj ect J0wi t hout the need to subsequently réﬁgve t he renmai ni ng conj ugate
structure fromthe subject. An inportant feature of the bi odegradabl e
properties wherd:he polynmers is its backbone is fornmed from nononeric units

char act or | ot oo X LHE. HoI gt FHeRRRGN Danearus reres P Eable of
advant ageous! y hingdegingdeolyMedisaidast ahh i ahdnpneon-huoxg ¢ comphithles chemical
functionality so as to form a biodegradable polymer, and (b) react with the
15 compatible chemical functionality to afford a biodegradable moiety;
R represenis a linear or branched optionally substituted hydrocarbon;
Z. is a spacer moiety; and

D is a releasable bioactive moiety.

In one embodiment, the two or more polymerisable moieties of the monomer — bioactive
20  moiety conjugate (e.g. X' and Y' of general formula (II)) may each be independently

selected from hydroxyl, amine, carboxylic acid, isocyanate, and carboxylic acid halide.

The monomer — bioactive moiety conjugates of the invention have been found to be
particularly versatile and can advantageously be polymerised with one or more monomers

using techniques well known in the art.

25 Further aspects of the invention appear below in the detailed description of the invention.



-12- and A and Bin their own right are each forned from nononeric units
that are coupled via a biodegradable noiety. As used herein the expression
"bi odegradabl e noiety" is intended to nean a noiety that can undergo

chem cal deconposition under physi ol ogical conditions or in a biological 5
environment. Such chem cal deconposition will typically be via hydrolysis.
In other words, the biodegradable noiety with be susceptible to hydrolytic
cl eavage. In the context of the present invention; the biodegradable
noieties function to link or couple the nononeric units that formthe

pol ymer backbone. Accordingly, it will beYappreciated that the

bi odegradabl e noi eties give rise to the bi odegradabl e property of the

pol ymer. 10 Those skilled in the art will appreciate the type of noieties
that are typically susceptible to hydrol ytic cl eavage under physi ol ogi ca
condi ti ons OBRIEBFDESOROYIEH OERHE ®ReYWINGSuch noieties (represented by X
and Y in general fornmula (1)) may include am de, urethane (carbamate),

ester, anhydr»{eg&{ed%ﬁo@quts%@Efmfp@eﬁlﬁm? gbgﬁhe@&mggru ol 5 0 | YRGSl Bnly

accordance w he 1 nvention may Inc e a conbination such hoi efi es.

15 I n one enbatirsferehee X thetcomprnyak [drawn fR(IZDhick: noieties in the
bi odegr adabl e pol yner are each i ndependently an ester or urethane noiety.

Those ski || eﬁasgia& fﬁﬁstgzlrtés Miéik 1@99{&9&%&'&‘5@%@ WRE fer Igeﬁtlﬁ&ibﬁ«‘ﬁq Ilslﬁ%lo%rc@l not

typically 20 sceptible to ydrolytic cleavage in a biologica
envi r onnedt . c@uietionmef Bt Casrmowsfraiinghigefesier bonyl , sil oxane, sul fone, ether,
olefin (i..e. CGC, e.g. alkylene, al kenylene and al kynyl ene) and

hal ogeni nat eﬁigﬂw iihystASs RPURY BRANEr LhBBLeResata bhfsPHIEEL evoRoxacin

accordance with the invention wil'l only include nononeric units that are
coupl ed to eawHaipmEemoyeracra sy otiagriadednoelyppidet yionBy bevofisswrdiraplyereliang s

I s meant t'hegéﬂghé?gé yﬁmd@eﬁ%ﬁaath%m,@err%atn%m%ﬂé@an&ﬁbnﬁgw@rm,%ndpeéwﬁefhya The
nononeric unit in their owm right be nmacro-nbnoneric units (i.e.
monomer i ¢ uniiispcydate GremplypPal |y | ow nol ecul ar wei ght pol yners and
contain nononeric units in their own right - commonly referred to as

MECT OIET Sp)y. Weres heuARNANRE €lehddi dr§ X Bxacid Bom RSB pdihe¥sldieRribust be
fornmed only .fromnononeric units that are coupled via a biodegradable
noi et y. in examples 25, 26, 27 amd 28 showing cumulative amount of levoflxacin released verus

time;

Figure 4 illustrates antimicrobial activity of lcvoﬂoxa.cin-conjugate polymer films against
S aurews. Six mm diameter discs coated on a single side (10% wiw levofloxacin —
15 examplé 36) (A) of different geometries (57%w/w levofloxacin- example 20) (@ - disc; B
- square) were transferred daily to a freshly inoculated bacterial lawn, incubated and the
zone of inhibition measured. Data are the mean zone of inhibition (mm) + standard exror

measured from six discs;

Figure 5 illustrates in vitro release of Valproic Acid from polymers described in CEI, 13,

20 14, 16 and 17 showing cumulative amount of Valproic Acid released verus time;

Figﬁre 6 illustrates a simplified structure of a biodegradable polymer in accordance with the

invention;

Figure 7 illustrates a simplified structure of a biodegradable polymer according to the invention

with multiple drugs; and



For exanpl e, the bi odegradabl e polyner may be a polyester. In that case,
the nononeric units that are polynerised to formthe polyester, typically a
diacid and a diol, will each be 5 coupled via a biodegradabl e ester noiety.
The bi odegradabl e pol ynmer may al so be a pol yurethane. In that case, the
nmononeric units that are polynerised to formthe pol yurethane, typically a
diisocyanate and a diol, will each be coupled via a biodegradabl e urethane
noi ety. The bi odegradabl e polynmer may al so be a pol y(urethane-ester) forned
by polynerising a diisocyanate with a pol ¥Fster macronmer. In that case, the
pol yester 10 macroner wll be forned from’nononeric units that are coupl ed
via a bi odegradabl e noiety (as di scussed above), and the pol ynerisation of
it with the diisocyanate will give rise to the poly(urethane-ester) having
nononeri ¢ unitiguré Ballushbes alslmlﬂ@uplsmtuva A adiddb@ARPE fAAr ecculiRi; Rane invéntiest er
noi ety. Accordin %, %gpre0|ated that the present invention is
not i nt ended ‘¥’ %ﬁ%?%& eT%%”T%“ET uation where the biodegradabl e pol yner
conprises nononeric units that are coupled to each other via a

non- bi odegr addiT S1InBD GBS CIRATIONOPI TR E INEENTIO®gr adabl e pol yner can not be
a polyether. The bi odegradabl e pol yner al so can not be a pol yner conprising
a pol yet her %%Eerﬁté BoRO! MU El%ﬂb@ é}%@@;‘@ﬁﬁf@?@%@&%ﬁﬁs yether) formed by
pol ynmeri sing a dilsocyanate and di aci respecti h a pol yet her

macr omer - (&. dolydry haviyg @n@@ﬂvymi@emvs!wn dsclpdItieatih yesrodigh yedoteddnih the

pol ypr opyl enegl y¢ l h w1 «f or med
from nononer :aagt agun??%mf blota]&tv(s&?o?eq% cc{nﬁu a{%g‘.)‘r ggé“of{ﬁe@%\% ?ggcgl‘vw:wnt t(p I%fgl o5

non- bi odegradabl e noiety (i.e. an ether), and the pol ynmerisation of it with
the diisocyanate or diacid mﬁll give rise to the pol y(urethane-ether) or
poly(ester-ether), respectively, that has nononmeric units coupled via

non- bi odegr adabl e noi eti es. 25 The bi odegradabl e characteristics of the
conjugates in accordance with the invention advantageously enable its

pol ymer backbone to degrade into substantially non-toxic residues. This is
in contrast with polynmer - bioactive noiety conjugates that conprise within
t heir pol yner backbone a non-bi odegradabl e pol yner segnent such as a

pol yether -14- or polyvinyl that may give rise to toxic residues. For
exanpl e, sonme polyethers are known to be toxic to humans and ani nmal s.
Furthernore, |ow nol ecul ar weight diols such as C2_10, C2-6, C2-3, C2 diols
(e.g. ethylene glycol and propyl ene glycol) can also be toxic to humans and
animals. Low nol ecular 5 weight diols are cormonly used as conbnoners or
chain extenders in the manufacture of polylners such pol yurethanes and

pol yesters. |If such diols are used in preparing the bidegradabl e polyners
of the invention they can subsequently be |liberated upon its

bi odegradati on. Accordingly, it can be desirable to limt their use in the
bi degr adabl e pol yners of the invention. In contrast, higher al cohols such
as triols are typically less 10 toxic to hunmans and animals. In one

enbodi nent, the bi odegradabl e polyners of the invention conprise

pol ymeri sed residues of a diol and |l ess than 25 nol% |ess than 10 nol % or
| ess than 5 nol % of those polynerised residues are derived froma | ow

nol ecul ar weight diol C2.6, C2-3, or C2 diol). 15 In a further enbodi nent,

t he bi odegradabl e pol yners of the invention conprise substantially no

pol ynmeri sed resi dues of a | ow nol ecul ar weight diol (C2-102 C2-6, C2.3, O
C2 diol). In still a further enbodi ment, where the bi odegradabl e
polymers of the invention are prepared using diol nononer, |ess than 25
nol % | ess than 10 nmol % or less than 5 nol % 20 of that nononer conprises a
| ow nol ecul ar weight diol (C2r 0, C2.6, C2.3, or C2 diol). In yet a further
enbodi nent, where the bi odegradabl e polyners of the invention are prepared
usi ng di ol nmonomer, that nononer conprises substantially no | ow nol ecul ar
wei ght diol (C2-1o0, C2-6, C2-3, or C2 diol). The nol % di ol / di ol residue
values referred to herein are those relative to the total noles of
25di ol / di ol residue.



-15- By the bioactive noieties being in "pendant formi is neant that they
do not directly formpart of the polyner backbone and as such can be

rel eased wi thout causing a reduction in the chain |l ength of the polyner
backbone. This is nore clearly illustrated by general forrmula (1). 5 By the
bi oactive noieties being "rel easable", "labile", or "capable of being

rel eased” is neant that they can be coval ently decoupl ed or cleaved from

t he pol yner backbone so as to present in a biologically active form In the

context of general fornmulae | and Il abdve, the noiety will therefore be
capabl e of being released or cleaved fromthe Z group to afford D per se.
Rel ease of the noieties will generally be pronpted by the conjugates 10

bei ng exposed to physiol ogical conditions or a biological environment. The
ability of tmsde%léaa%'p\éﬁaﬁ@kﬁ&h&ﬁw&r@mh%s neddeasaktie pulyher generald yoly as
result of then1be|ng coupl ed in pendant formvia a biodegradable noiety
ei t her dir eotibgatopr MplgH canisgcer noi ety to the pol yner backbone.
Hydrol yti c cl eavage of the bi odegradabl e noiety as herein described

therefore wilii ppmmbR [8lARAS ok hd h@ebh@ﬁﬁhdlwaﬂﬁm)'bet ylescﬁwdt herbdet & | 15i n
relation to this iI-s discussed bel ow. The

d
accor dance \ﬁWYlCHOI’taHéEdi"nb@ﬁ?&‘@ﬂ?bEaﬁ‘}Ié%‘érli’tyaééo eg{/ageeq]b?aﬁﬁ é]am%tl?éhg?%t t hey

are sui té‘b'c%véla{ny%@tﬁmyd% bRt okDisiBe SUD pEIGHnc backborgUi t abl e for in vivo
appl i cations). According to one en%odlnent there is provided a nethod of

delivering a bioactive noiety 20 to a su the. met hod c

admi ni st er i 4 MRPRERR TS E 8‘&:9“&0?9?%‘15‘]@9‘?5‘8%&5% TR mver?tg)é}clgﬁpégcg Wi th the
i nvention. Bydtheddiodegy sdablBoqelyiime hehdgontsdiof all ievention isadednnitst r at i on
to a subject is nmeant that adm nistratign. of the %pn ugﬁﬂett r%%PLeCt

wi Il not rexlymerion PRRYAEE BpRBIE EEReE WP he PaTsaen g}“‘gﬁ PHURT e EEidhses
and di Seasean%l[e?ﬁh%%olo%ﬁ:aﬁiﬁnﬁ#ﬁ%ng&ﬁﬂh bﬁ)ﬂ:@ﬁc@pénwrbﬁmeﬁiﬁam otﬁért\ﬁbeds auapalymml or
human subject, By "aninmal" is meant prinates ké\ % g(%lncludlng
cows, hdﬁsé@ckkmeélﬂs a@fd%CUé?ﬁé“@“cS‘éFﬁél)m l%ﬁﬁb"é’ﬂbﬁﬁo PP (-5 @ TAYHg" ddgs

cats, rabblll;1§1ea1[l ﬂglﬂ%yrah&ﬁ;)cal RBSSRRbh VS aWidl8giaDicABk@n{enn @l g Nimgn a - 16-
t hose conmon ound”in a zoo environnent). Laboratory ani mals such as

rabbits, ni %@ﬁcl‘r oit B captAchaathpbiglegistlamataial tserls an Plood| $HuC 8k EOPBYEN As t hey
may provi de sﬁ@%ﬁﬁg%ﬂﬁl LSk cRYRE g&co@%ﬂﬁﬁ@rl Wiy tyk)lrdﬁl}sl&éb\h@ﬁﬂé hodidolysi@fa

human subj mnistration” he conj e to a subject is neant
that the cohap]dmmrtblmivgrasla@e noigtiss @nﬂ?@ﬂﬂ m@lpﬁlél@ gaker sigyrie P’E@P bagkkone.

bi oact i vg a%ec%trdlx\%bl st?c% li !l@at.ﬁ cP r-Quhidedstha mlp%%éﬁﬂﬁr BoentcesMlc e
released I'S"ho particu |n1tat|on on the node "of adm nistration,
but this mnhﬁh@gmeﬂahhwabe by_may of oral, parenteral (including

subcut aneous, intradermal, intranuscular, intravenous, intrathecal, and

i ntraspi nal %{efe}eﬂg@hiﬁgﬁlqg b(él%!;eﬂ'%awlapﬁméla's S‘Qfold%ﬂ‘)al tiQU@'C@'mterQHH l’i@ﬂﬁthbﬂe

aural, ocular, nasal, topica rectal and i nal nodes, The

bi odegr adabtals pongsnenswmge pecchy o\isgspT R ﬁ‘l‘fjafﬁ}fl P Kitte (¢-Brov'aikd cgisended wi t h
a phar macol ogi cal | y acceptable carrier to facilitate adm ni stration. By

" phar macol OSS/ c "E’;lnlnél ﬁﬁggﬁg@a@iee thk S coB@ates t RRtackhiBaar kitgr tHeS iswhti@bl @nf or
adm nistration to a subject inits own right. In other word

adni ni stA0at pbraniegeauply b@alﬁ@d tarelerse hioatiisp Eotetig.Ifer sranpleadihin 4 ?W‘?J e¢ without

unaccept abl ' A LS ERRIEnERPANTAS: AR 1 mBRGe States.
The term™" cgfﬁgé%&SP%? ﬁgﬁ% tvéﬁﬁcle%é;wﬁgﬁhlch t%e conjuggte is

contai ned prior to being adnlnlstered
An important feature of the biodegradable properties of the polymers is its backbone is

formed from monomeric units that are each coupled via a biodegradable moiety. By
having such characteristics, the polymers in accordance with the invention can

25 advantageously biodegrade into substantially non-toxic residues.

For example, the -X-R(ZD)-Y- moiefy as shown in formula (I} is attached to the remainder

of the polymer backbone (represented by A and B) via a biodegradable moieties X and Y,



As a guide only, a person skilled in the art may consider
"phar macol ogi cal |y acceptable" as an entity approved by a regul atory agency
of a federal or state governnment or listed in the US Pharrmacopei a or ot her
general |y recogni sed pharmacopeia for use in aninmals, and 20 nore

particul arly humans. Suitabl e pharmacol ogically acceptable carriers are
described in Martin, Rem ngton's Pharnmaceutical Sciences, 18th Ed., Mack
Publ i shing Co., Easton, PA, (1990), and include, but are not limted to,
liquids that nmay be sterilised such as_ymter and oils, including those of
petrol eum animal, vegetable or synthetic origin, such as peanut oil, soya
bean oil, 25mneral oil, sesane oil, and the |like. The bi odegradabl e
polymers may also formpart of or be fornmed into an article or device, or
be appl i ed EAaanﬁ%aﬂa iHdr &Pn ﬁghtaaﬁé 461 &rRkd d8M iBéhonafd vhitpthaihecbupld &ia

subj ect . eing "inmplanted” is neant that the article or device is
totally oraﬂthBVdMWIWGGUted medically into -17- a subject's body, or by
medical intervention into a natural orifice of a subject, and which is

i ntended to)J QERILEINGE @x@EdsRhn ‘bhﬁe@ﬁ@@%dﬂéx@ty" &Jlnit@bb(ﬁtodmsmlmmums of

t he bioactive noiety and dosing regi nens of 8radab e k% {s can
be deternln@dl@9ﬂ€9ﬁh?%W@1$ﬁ°@H@mﬁ%wU%Ebéﬁﬁ ‘? éoﬁﬁ Y 'Er? @ (%1 on 5

bei ng treatads, 1{1‘193?& rat,en el flClﬁi@Jil%@&ﬂﬁQ;snﬁ)hleﬂoﬂyﬁit:a’ll}f B¢ Mat lﬁ!ﬁir@@dlfym othackbone,
the severity o ? he condition as we

ene heal t n ght of
the subj ectworﬂbﬁlerfgodﬁiﬁgﬁdéd@ DYoickt Wl*h?"eﬂ\?"aqu 5o hﬂ‘iﬁ%‘t"&% Clepges- 51}9‘ ﬂgﬁa Y\e eks,

months or ygap ushy bRRE @l %@eteé fieiss Peniods coﬁpld: ttafbl e
dosages of th §89%§g€9§§&ﬁgﬁet éagég ) ihat which is to be r ease

from t he pohywereribackbibaiefoun ﬁhﬂ m saney o oR¢; rACopraiEdy Ry PPREEaG {1 n t he
range of a ?#hlogﬁéaﬂgle%&etl%g gﬂ/fe n@@ﬁ%hé’\ﬁb&%}adﬁﬁe %rcﬁbeﬁﬁfnf @ p@l&m@l@dy wei ght

per dosage. e range of to g per g of body
wei ght per dosage, such as is in the range_of Q% ﬁ‘ﬁ Q%. tbody
wei ght pér Bmag@l ddnin dbpear by benprasie the W@e gbwgighic ?%‘étyip ThEs? H@S of 1
to 500 ng plf;rdt 1c ee&ggey uiRl ?ﬂ)‘sm‘?@é’lcaﬂgéﬁﬁ%ﬂs bf‘nﬁ@@fok@ﬁoaﬁﬁlﬂﬁﬂhﬁ&m Suthe
dosage may be nge o to

P 15 of boq§ lggt per
dosage. In memhanmﬂh@ﬁm@ﬁb®d$WE®t Htﬁ%m@b§a§@ p‘B@’Fﬁh@ﬁé nget frig
to lg? g p 'cub'l%gatg)T :Q%gy a?ﬁ%)dgﬁé B8l A958R nasUCHhaShibRgtddas Jolynkes ikody
wei er
) P accmdance with the invention may include a combination of such moieties.
15
In one embodiment, X and Y of all -X-R(ZD)-Y- moieties in the biodegradable polymer

are each independently an ester or urethane motety.

Those skilled in the art will appreciate the type of moieties that are not typically
20  susceptible to hydrolytic cleavage in a biological environment. Such moieties may include
carbonyl, siloxane, sulfone, ether, olefin (ie. C-C, eg. alkylene, alkenylene and

alkynylene) and halogeninated olefin.

As noted above, the biodegradable polymer in accordance with the invention will only
include monomeric units that are coupled to each other via a biodegradable moiety. By
25 “monomeric units” is meant the building blocks that are polymerised to form the pelymer.
The monomeric units may in their own right be macro-monomeric units (i.e. monomeric
units that are typically low molecular weight polymers and contain monomeric tnits in -

their own right — commonly referred to as macromers). Where the monomeric units are



The bi odegradabl e pol yners in accordance with the invention may be

adm nistered in a single dose or a series of doses. 20 Dosage forns adapted
for adm nistration by the above nodes may al so be fornmulated with the

bi odegr adabl e pol yner as one of the conponents of the dose fornulation. In
the case of ocular, aural or nasal adm nistration the biodegradabl e pol yner
may be a conponent of a drop, creamor ointnent or take the formof an

i nplant, ointment or gel. In the case of 25 oral adm nistration the

bi odegr adabl e pol ymer coul d take the fgpm of or be a conponent in a tablet,
capsule or liquid. In the case of topical admnistration the biodegradable
pol ymer could take the formof or be a conponent in a cream ointnent, gel
or liquid (e.g eye drop). Parenteral adm nistration would involve the

bi odegr ada%e@:x Py r{gg 8 nREt BakdrmRl oAly akendectionmioihaanre dupled abl ©
product or Tglanta e device (e.g coating on a pacenaker) that -18- can
be adnmi ni sttéedsaradaibempigiyeous! y, intramuscul arly, intravenously or by direct

surgi cal placenment within the body. The form of the biodegradabl e pol yner
may be adj LF%tr%Qantqu e SbdideR@atlo pblyghef B@YILE @(imﬁfeﬁapl nGRdticade, ﬂmcﬂmmmeac

coating, film pel I'et, capsul fibres, lamn difference
in the forﬂ¥@$ﬂﬁhéeﬁPBH€§$§d3§W8‘%%P9H%?mbWBV %dﬁpﬁé§ﬁ§‘¥% ké?hg
rel ease prafihies Ala § B ALEARBId ¥erMRbREY - THObicQ¥BaRIbE: p&@nmia;ntalmfbepml yrrer
and bioactive noiety may be the sane in two different structure %8

t

pol ymer fi |lnplyusrneh) Inyoiae Fasful (e FIONRHEHE YhHE . thath@e Py Bresd &8 1o

surface ar gﬁa ));u?etf‘(é?lleq cally® @SoQfanhi¥ @hdh bRN AN YadOoctiolibus v Raddasmdhislom t he
di fferent si cal uct'ures can result in different rates of |oac%|ve

noi ety rel eastéarfemm@s S thiedeppdatie pelamer HaY glie be ampdy (HEeRE-AESH Bt he
form of the, gp%l%( gﬁ’imrﬁgoa SHideydd3® FRRIA GARIdRP nBBriedr tihQﬁattcﬁseadlhdJﬁlyés&e form

to further bi oactive noiety release profile provide a
addi ti ondl mavemtragd! 1S favmed frum ehqpropeiipasity fhehare %mieﬂow ﬁe‘?loci,ﬁtgfﬁﬁlé‘flﬁr al

means to Con%xegl (ad BEcUs S dERE ) PLRS tht SoRfncliBRioR P RACKALY & MRis6dyMnate will give

rise to the poly(urethane-ester) having monomeric units that are all coupled via a

biodegradable urethane or ester moiety.

Accordingly, it will be appreciated that the present invention is not intended to embrace the
15 situation where the biodegradable polymer comprises monomeric units that are coupled to
each other via a non-biodegradable moiety. For example, the biodegradable polymer can
not be a polyether. The biodegradable polymer also can not be a polymer comprising a
polyether such as a poly(urethane-ether) or poly(ester-ether) formed by polymerising a
diisocyanate and diacid, respectively, with a polyether macromer (e.g. polyatkyleneglycols
20  such as polyethyeneglycol and polypropyleneglycol). In that case, the polyether macromer
will be formed from monomeric units (e.g. -(OR)n-) that are coupled via a non-
biodegradable moiety (i.e. an ether), and the polymerisation of it with the diisocyanate or
diacid will give rise to the poly(urethane-ether) or poly(ester-ether), reslﬁectively, that has

monomeric units coupled via non-biodegradable moieties.

25 The biodegradable characteristics of the conjugates in accordance with the invention
advantageously enable its polymer backbone to degrade into substantially non-toxic
vesidues. This is in contrast with polymer — bioactive moiety conjugates that comprise

within their polymer backbone a non-biodegradable polymer segment such as a polyether



Some of the conpositional / structural neans to control the rel ease of the
bi oactive noiety include: controlling the |oading of the bioactive;
conposition of the other cononomers to 20 adjust criteria such as

hydr ophobicity, flexibility, susceptibility to degradation, ability of the
fragnents to autocatal yse the pol ymer degradation, thermal stability of the
pol ymer, mnoul dability, polymer solubility to assist casting etc.
Additionally, the ability to produce the bi odegradable polyners into a
range of fornms 95 provide a neans to prigduce three di nensional structures

t hat can be beneficial is providing structural integrity to their
application as well as providing a neans to control cell growh by control
of the placenent of the conjugate in structures to allow rel ease of the

bi oactive t | £8ddks. FhbhampRatd: etlidrdir@ §ndwn a
stent to p?geeﬁﬁn%#h%on?gkbqugﬁﬁﬁggﬁf) O her exgnpléggﬁﬁﬁlude the ability
of the str tchatonis to buthansfand pdalisnt o por ous 30 three di mensional structures
to control cell phenotype as well as the filter or limt different types of

cel | bodi I yfihdtid, RGH SRFecular WehT MelstiverlegCadalh g (gl vietos ferk. amszteneiance
with the invention may al so be used inin vitro apwilcat

assays. Suelyephang prepyesptlyeodt 98 rdsociutoic RBINABS LRS ayRg!s nf‘?"ﬁ é“decu ar

bi odegr ad aWe?%}P@ NERE SofSiofty ©9&t dsNBrhoderls @2 6hdi @ BxieMRADAMhd Majufivont df have
an affect on anber consgltuents e.g. encouragF cell growth,  di courage

growt h of colirasts saeti nefywrcdanissang, P‘élff‘é‘)ersor Ihguch & Frp"é%é‘?ﬁd Wi PHPHIngHES assay

to provide ' Je oS Yan( SutdequdtisaBe Alet@RN ubdd itan
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for bio-sign d g5 abiso1d QichtaribRIBE A0 less
controlled% S&§£%8§ﬁ%qb%%gm?e%5EPgﬁétg%%Irg | ed cg defere%ﬁ?atlon etc of
cells /lQlS@ueudnmmmm@miameﬂE The formed bi odegradabl e pol yner could be
made into a structure that is conpatible with 15 cell culture ware or in

vitro devigg %ng%ﬁ%o&%eﬁpQheaﬁo&ié‘g‘{jécﬁgi%qf&ylﬁé& 0P kheCRI 4N GRREd hAGeristhe

forns of the conjugate could range fromsinple pellets or filng thﬂou gh to
mul ti | ayer résidues of f idish @Wsle%rﬁmi“t smolfevies e ) meltr 0% fshthep o urelty @dhose

print ed, SRR n? §5d S80S @éiiw% ﬁ%ﬁf& 10%; ﬁlHl%ElHﬁIe@eléle?&Qbo foct. (,0@5@ RIC,
conposite t ruc ures aV|ng tiple forms or conponents. The
expreSS|on<1@Doact|ve noi ety” (also represented as "D' in certaln formul ae
herein) is used to define any substance that is of nedical or veterinary
ther ape%' G RY AR %%bbgm%Lt di h@gﬂi‘aﬁégrﬁdaﬂk' |pb!ty)hei35,al%@bﬂh@ Qlfveﬂt@hnb(ﬂ@prase
conjugate in accordance wt e invention. For exanple a bioactive noiety
may be a dﬁmgﬂmﬂMHhepa@b@@usﬁhﬁydﬁﬁﬂﬁ@éOﬁgéﬁ?mﬂWﬁﬂ?ﬂH@Hﬁ(Ehar @Sﬁ@chally
active ageqigh&g . receptor binding agoni st or antagonists, cytotoxic 25
agents) ol ogi cally inactive agents (e.g. antibiotics) and prodrugs
t her eof The bi oactive nmoiety will generally be a substan %

phar maceut |I@aﬂtlilsﬁ|tfslﬁla?ﬁ@é)b0fh§rent h‘é‘?ﬁ‘éfbéll?t Pr@d%@i%o%waﬁﬁm 5% “b‘%mf?ﬂlr Ane or
more appl i ?}ﬂgl\%\n%lﬁasn!ﬂ@ NM§iRmeR IESQQHEncﬁl mbiB4, 862 €010, m&%s, RIS ﬁl@n 6 heyscal
J

interactio a subject’s physiological system or an actign on an
i nf ect i 80s gkstmonomentomerised awaroler s ropdit doh(Can Coatlfrect™ @ B¥dly; or with
30 biological material such as cells in vitro.

In yet a further embodiment, where the biodegradable polymers of the invention are
prepared using diol monomer, that monomer comprises substantially no low molecular

weight diol (Ca.iq, Can, Ca.3, OF Cs diOl).

The mol% diel/diol residue values referred to herein are those relative to the total moles of

25 diol/diol residue.

In addition to the polymer backbone of the conjugates being biodegradable, it has

covalently attached to it in pendant form a plurality of releasable bioactive moieties.



-20- As used herein, a "therapeutic agent"” refers to a bioactive noiety
that, when adm nistered to a subject, will cure, or at least relieve to

- some extent, one or nore synptons of, a disease or disorder. As used
herein, a "prophylactic agent” refers to a bioactive noiety that, when

adm nistered 5 to a subject either prevents the occurrence of a disease or
di sorder or, if adm nistered subsequent to a therapeutic agent, prevents or
retards the recurrence of the disease or disorder. Upon being rel eased, the
bi oactive noiety will either be bioactil¥e or will be converted in vivo or
invitroto a bioactive noiety (e.g. as in the case of a prodrug). Despite
the 10 bi oactive noiety being rel easable fromthe nononmer of formula I, it
will be appreciated that the intention of the present invention is for the

moi ety to hg (hehrashd ASLES tehig iTONATRT detaS‘ 1bﬁ&:antpﬁityh@rdosrﬁnl dtrentifydomm
pol ynmer. Thé bi oactive noiety Wi/ be rel e e bi odegr

pol ymer sudhrth#ie wayrpwdaﬁp%t@@eﬁ a%s%l}@?‘é Bﬁﬁ?‘b‘ﬁt‘%‘i"{}éa‘&&gl %@3@/’%89&’% em

Such a del iy E a!ﬂSYe?lrgﬁlm)m dolrhdr badibofid, MAL@STs herenaikelytinestaekysyegenprabvi ded
in a desire a for exanple a pellet or nmore intricate shape. To

pr onot e surﬂﬁlanéd ea contact of the polyner under physiol ogical conditions
or with a biological environnment, it nmay al so be provided in the formof a

foamed pg odyicine Qﬁoa%u{;@eftolxéms BHng umsetamnee, "1BYile" s biS taapatae obbﬂﬂg:teilaaeed‘fdk ety
delivery" is neant that the bjioactive npiet gav]eilfr el eased m t he

20 f
bi odegr adabﬁ‘@nb‘kbﬁtyﬁ}?ﬁ)‘ ‘4@9‘& coyalgally ¢rgowtieq P rop, BFBPYmSY b lgo“ﬁ@? i“dd of

10 or nore ALl f$, a%%l&gﬁcawra@mmmm ey thé QoQéxt W0 Eenerl MotrRfe [ 2ndIT abOVe
hours, 4 or nore hours, 12 nore hours, 24 or, nore A):I‘lr,g ﬂlﬁgg nore days,
e £

5 or nore dbgsioiety vall th%?féfedb%/éapaéle S rbeingr elegsryisor Jeayr P8P 9 or

nore nonth v Off | ORE & RN BSties WillOESRFalll M frid@ottll ®Rahd Yenjupaicst y
(al so denotsdtglgr%g%r’l;r%j ceertal n formul éees hlergl n)a ?o bﬁe 25 rel eased, the

coval ent0 bdwmgtehamse(la) plisiodagidalcepdilioneer a HeloasplenyireePhe pol ymer backbone,
or (b) directly couples the noiety to a spacer noiety which itself is

attached t oryeh@Rgloy iRy b@@&ﬂ@b%ﬁeueé@e ge rdibRaliOvAll @BlieriiBnisk Heemdest tBerand t he
Z group in fornula (1)), of -21- course need tg}{ﬁgcl eave For
c

conveni encelf)e?ﬂgh‘F%lpl?é\/lalr@ﬁ@aﬂbé@f&] Weye Bedpespqsplecgorly g ecﬂe\fo%ﬁﬂio}‘\%h’ @
coval ent bos'Bgcer moiety to the polymer backbone. Hydrolytic cleavage of the biodegradable moiety

as herein described therefore will promote release of the bioactive moiety. Further detail

15 in relation to this is discussed below

The biodegradable polymetsin accordance with the invention can advantageously be
prepared such that they are suitable for administration to a subject (i.c. suitable for in vivo

applications).

According to one embodiment there is provided a method of delivering a bioactive moiety
20 to a subject, the method comprising administering to the subject a biodegradable polymer

in accordance with the invention.

By the biodegradable polymer being "suitable” for administration to a subject is meant that
adminisiration of the conjugate to a subject will not result in unacceptable toxicity,

including allergenic responses and disease states.

25 By the term "subject” is meant either an animal or human subject. By "animal” is meant
primates, livestock animals (including cows, horses, sheep, pigs and goats), companion

animals (including dogs, cats, rabbits and guinea pigs), and captive wild animals (including



I n one enbodi nent the coupling coval ent bond is not a carbon-carbon bond.
In such an enbodi nent, the coupling covalent bond will generally form part
of a functional group 5 selected from esters; am des; anhydrides; imdes;
car bonat es; peroxi des; peroxyesters; phosphates; thioesters; sulfates;

di sul fides; carbamates; ethers; siloxanes; azo; orthoesters; phosphonates;
peroxy; and boronate esters. O these functional groups, anhydrides,
esters, imdes, carbonates, carbamates, and boronate esters are preferred.
Cl eavage of the coupling coval ent bondigan be pronoted hydrolytically (i.e.
hydrol ytic 10 cl eavage) and may take place in the presence of water and an
acid or a base. In sone enbodi nents the cl eavage nay take place in the
presence of one or nore hydrolytic enzymes or other endogenous bi ol ogi cal

conpounds that GakahY Z6ukl inal zdoRASkomESt)S ILabdtatoheaimeld vageasprigtessice.For
exanpl e, an ester bond may be hytholytically cleaved to.produ

. ce.a
car boxyl i ¢ raeicdingn gica Anhh@BHeE areaha CAMCRREEE 2B BT THEPTDE R BPOTVET &8 1 y

cl eaved to 15 bredieanAHeaLheHii 6 AGhHaditican ami ne. Those skilled in the
art will appreciate that such cleavage anounts to the hydrolytic cleavage

of the bi odegradabl e nojeties di scussed her.ein. Accgmgiq%lyOH}Qgﬁﬁggictive
moi ety (D) Bayadansisirgionded cihe HOBEE Hai h U UEipt 4t RS TRET " Backbone,

optionaldy (L heRughims RasRE: §Rhakat thelbiodtitedagbitodtigbadadkal. mBioetdpd tiks

i ndi cated above, on being rel eased the,bloactL%$ nplet¥ naxtgelggetgg form
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of DI 0act i ORERY bul'hh Sl L fedey | BalyV angrayf haste paichicle Grcinisme of
the activity of the bioactive noiety per se yet is capable gf.beln
converted ismbantangouss niadermely MERBUSTUIBE o HERYSAS o iialecakn Y ARBRR B such

der | vati sat@fdof (EAGEULRLHAY, QlecONfuAbHIP RSN Yias0r RS, Rtk
bi oactive noiety, such That subsequent to being released in vivo the

r el eased0 praadvegjndlsnadieact yl at ed 25 to produce the bioactive noiety. The
terms "spacer", "spacer group" or "spacer noiety" refer to an atomor any

strai ght chgjon,0ic IARENREymSY FIBLBd roRTde@sy Rt Gerpodidecapalibea of
| i nking or coupling the bioactive_nnletﬁ%;o a nDnonerngr"@ ‘ohygpr
backbone. plRgracplygiceliapgsientable patise 1o faelitaie PERINBHAF ST ndll a mE)‘P‘”)‘ ologipaly 1y,

the bi oact ia‘é@%a%']e@tié’ D st OURLiEdistsRitRRId F QUEMhiAnEPReet sifcetyildenot ed by
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subst i t uentrighti chn ptheyeradsal ddynimibtedion it BacafTitat ochUBRES T b golRiesy In
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refers to the vehicle with which the conjugate is contained prior to being administered.

As a guide only, a person skilled in the art may consider "pharmacologically acceptable” as
an entity approved by a regulatory agency of a federal or stale government or listed in the

US Pharmacopeia or other generally recognised pharmacopeia for use in animals, and

20  more particularly humans.

Suitable pharmacologically acceptable carriers are described in Martin, Remington's
Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Baston, PA, (1990), and include,
but are not lHimited to, liquids that may be sterilised such as water and oils, including those
of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soya bean oil,

25  mineral oil, sesame oil, and the like.

The biodegradable polymers may also form part of or be formed into an article or device,
or be applied as a coating on an article or device, and implanted in a subject. By being

"implanted" is meant that the article or device is totally or partly introduced medically into



5 cleavable so that the bioactive noiety is rel easabl e. Exanpl es of

sui tabl e spacer noieties include the divalent formof a group selected from
oxy (-0-), alkyl, alkenyl, alkynyl, aryl, acyl (including -C(0)-),
carbocyclyl, heterocyclyl, heteroaryl, alkyloxy, alkenyloxy, alkynyl oxy,
aryl oxy, acyl oxy, carbocyclyloxy, 10 heterocyclyl oxy, heteroaryl oxy,

al kyl thi o, alkenylthio, alkynylthio, arylthio, acylthio, carbocyclylthio,
het erocycl yl t hi o, heteroarylthio, alkylalkenyl, alkylalkynyl, alkylaryl,

al kyl acyl , al kyl carbocyclyl, alkyl hetlgrocyclyl, alkyl heteroaryl,

al kyl oxyal kyl , al kenyl oxyal kyl , al kynyl oxyal kyl, aryl oxyal kyl,

al kyl acyl oxy, al kyl oxyacyl al kyl, al kyl carbocycl yl oxy, al kyl het erocycl yl oxy,
al kyl het er oaryl oxy, al kylthioal kyl, 15al kenyl thi oal kyl, al kynylthi oal kyl
aryl t hi oal kylp;cat kphRGY bl hieﬁxcalalhﬂéy‘}eﬁﬁérbﬁ&)y&haylhrh hirice af kyithet,endefchyd t hi o,
aIktheteroary1th|o al kyl al kenyl al k al kyl al kynyl al kyl, al kyl aryl al kyl,
aIkyIacylaURVPmﬁé?Vm&WkWFﬁﬁﬁp‘h%PVF W%nylaryl arylalkynylaryl

aryl acyl aryl, arylacyl, aryl carbocyclyl, arylheterocyclyl arylheteroaryl,
al kenyl OXya&Mdable@b%\g@k(ﬁl@aW@{ﬁﬂ/the b@ﬁc}dv@mo&my imd cmsmg aqyllnenewf the biodegradable

arylcarbocyclyloxy, | het er oc | 0x ter X
al kyl t hi oarlgﬂ ymegp R@hw %q:ﬁ:rgapeiﬂ )y &P W%} n[ epeg )W tﬁ ¢ pd ‘haﬁ'g condition
aryl acyl ghi l%mg’i‘t‘?ééte@aﬂ@@aﬁél ) ﬁéieTaEH &”,th@ﬁa)blehefoerhQI&ylﬁﬂlyrhérI‘hadgboamdhe severity of

aryl heteroarylth wherein where present . th h -CH2- group in any

al kyl chai nthPrﬁ‘gﬂdHé’“raéWH@?OEGB?FE‘]&‘@& Reajthppd ‘ﬁﬁ“éﬁﬁff c?sJ%CfIident ly selected from
-0-, -0P(0)2-, -0P(0)20- -S-, -S(0)-, -S(0)20-, -0S(0)20-, -0Si (ORa)?20-,

- Si 20;1-23) ZODO%né)g( 1(51{301; at \?ﬁ&ifﬁl}; Q?]f mirNRa; h(r)]urﬁ( ﬂ)e)ys,, WS@(SO)@}HIhS- 31253?@:@0) 0-,
-0c(0O)NR - and - N e- ere the or eac ma \A

sel ect ed fr%ﬂ‘f‘f’ﬁ%‘?léfg’éﬁf ang| @ 10f thepe BFIAS: F’W?ﬁosa%? Fthecar gge %Fﬁ%{y pet
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br anched. i ments where the spacer noiety is brgnch two or

nore rel easaebldesalgﬁ,@adt dsveimtbe wnge paymBédo 4 gpenieetf togy t"’ﬁ@h‘sl?fé &G I n

the lists abr%\:)/odnqg (L Bha R a4pee ﬁ%@%g& by g \f@k@mﬁlk pht B g hclghepar each

spacer nnle? e each kynyl, aryl,

car bocycl yI dosiag& elm(aamty¢1 ei@qdllwﬁzllhélueefmwch%ylbeﬁﬁFlﬁtl‘?ng?eﬁf 1588 RS0 shebar e

subst it yte [ By f ouht b\efeﬁﬁe% S MER SRAGSE Db St

cont ai n;{tst wl & bO%y Wel%%t B%na%g%g% I’?Péelﬂﬁqes G ARy aroyg%& each of such

noi eti es may nh@toolmmlrmmadlllgg Uosy MteLghe;Jelwosa‘geoweh as upto $hmgecpbodypyasht

opt i onal subs&%tuents as herein defined. In the |lists above defining groups

(general |y 8f F%ﬁt) fromwhich the or each spacer 10 noiety may be

sel ected, where a given spacer noiety contains two or nore subgroups (e.g.

[group Al [gﬁ"buﬁ)ioB]agradatbhamYId@B imheaorfnesusih dhepisvension arayi by whieisterd 1pa

limted to the i hey are presented. Thus, a spacer noiety

with two suB@g%%B?C)e P#%@fggw%group Al[group B] (e.g. alkylaryl) is

i ntendedt o al so be a reference to a spacer noi ety with two subgroups

defined as [or s '%} ﬁ@ “d’folALdr&%l i QJ %: %é/clvl; ‘moHes lcTi.Qgi‘alQ&) pARgLAdRE SN

pol ymer of EENt” i on*can be Tead prepared usi ng nononer -

bi oacti ve nuoicetiydegiphlgatlemesacineas’ tluerme)ooefntg@rtbﬂf mseff@mmﬂt@n( ) the Sageh

ONOMErS Carc])f ocular, aural or nasal administration the biodegradable polymer may be a component of
a drop, cream or ointmeunt or take the form of an implant, cintment or gel. In the case of

25  oral administration the biodegradable polymer could take the form of or be a component in
a tablet, capsule or liquid. In the case of topical administration the biodegradable polymer
could take the form of or be a component in a cream, ointment, gel or liquid (e.g eye drop).
Parenteral administration would involve the biodegradable polymer to be part of or take

the form of an injectable product or implantable device (c.g coating on a pacemaker) that



t hensel ves be prepared using commonly avail abl e reagents. Exanpl es of such
reagents that may be used to construct the spacer noiety (e.g. Z) include
| i near or branched hydrocarbons substituted with two or nore reactive
functional groups such as al cohols, 20 primary and secondary am nes,
carboxylic acids and conbi nati ons thereof. Exanples of such substituted
hydr ocarbons are diols, diacids, diam nes, hydroxyacids, am no acids and
am no al cohols. The substituted hydrocarbons nay be cc, oi-substituted
al kyl enes or am substituted (poly)oxygarbonyl al kyl enes [ie
a, oi -substituted pol yesters]. The skilled person will appreciate that when
such a, -substituted al kyl enes or 04.o0-substituted 25
(pol y) oxycar bonyl al kyl enes are used as the |inking group, the nononer -
bi oactive @R 6t Ya,60kdPS8utRlcoh Py MHirandsthiksly, dnthvRadugiyesisbypdiot swgdical
therefrom w il typically conprise at |east two functional groups that may
be suscept iPhcanend vithbdiablyso as to rel ease the bioactive nmoiety. In these
conmpounds, it is preferable that the functional group closest to -24- the
bi oactive noiety is as susceptible to, or nore suysceptibl cleavage
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The adjustment of the form of the polymer to suit the application and further to adjust the
form to further control the bioaciive moicty release profile provide an additional advantage
15 over purely compositional and polymer structural means to control the release profile of -

the bioactive moiety.

Some of the compositional / structural means to control the release of the bioactive moiety
include: controlling the loading of the bioactive; composition of the other comonomers to
20 adjust criteria such as hydrophobicity, flexibility, susceptibility to degradation, ability of
the fragments to autocatalyse the polymer degradation, thermal stability of the polymer,

mouldability, polymer solubility to assist casting etc.

Additionally, the ability to produce the biodegradable polymers into a range of forms

25  provide a means to produce three dimensional structures that can be beneficial is providing
~ structural integrity to their application as well as providing a means to control cell growth

by contro] of the placement of the conjugate in structures to allow release of the bicactive
moiety at specific places (e.g. fibre coating or fibres in a stent to prevent or control
restinosis) Other examples include the ability of the structures to be formed into porous

30 three dimensional structures to control cell phenotype as well as the filter or limit different

types of cell bodily fluid ingress.



X RY 00 0<1 G _isalkylene 15 where X, Y R and D are as herein defined.
The nononer - bioactive noiety conjugate precursor (i.e. the nononer prior
to conjugate addition of the bioactive noiety - herein after conveniently
referred to as the precursor 20 nononer) nust of course have a neans for
chem cal attachnent to the bioactive noiety or to a spacer noiety. The
types of functional groups on the precursor suitable for such attachnent

i ncl ude hydroxyl, carboxylate, am no, thiol, phosphate or conbinations
thereof . The precursor may be singly oftS-nultiply functionalised with

bi oactive noieties. As discussed above, the bioactive noiety mnust
correspondi ngly have a neans for chem cal 25 attachnent to the precursor
nononer or to a spacer noiety. The types of functional groups on the

bi oactive noiety suitable for attachnent include hydroxyl carboxylate,

am no, thiol, phosphate or conbinations . thereof .-25- acgnjnniety
i s used, adhdibwderradablenthvects in sepafancsveihdhe ugEion TRy 3 ‘Pgﬁg‘“d bups for

chem Cal at, @&Qﬁ&ﬂt suckN& zIsQa t hesRh QaGkky %pﬁlﬂiaﬁ&ﬁé &d”mﬁ:l ivake the dsbef phecur sor
nononer.

spacer nnlety recursors (i.e. the s 9@% noi et grlor to
bei ng covalbequ!pgxydeépdq pdRerstap atchalingoryAmsACtion OéiF"BB%fttWé” BY) a’“négf‘  WEI ude
functional groyps oﬁstﬁbje?xlfb %Sge el a4l oellcﬁfBWﬂls%Bﬁag@g?dﬂﬂh of Rbebmibagphat e

or conbihations thereo spacer moi eties may be derived from precursors
t hat conpr m@ntsm ok) poped Fempanednaithip USRI lﬁfﬂ"‘ﬁ%}? spucce RE theghigachye

different. rﬁﬁ s%ﬂaﬁﬁ%ﬁ%&%ﬂﬁﬁiiﬁgﬁh“h'Ch the spacer noieties nmay be

derived tha.ltiOlc i'na sihgle type of tunctional group include dicarboxylic
acids (e.g., nalonlc acid), diols (e.g., propylene glycol), polyols (e.g.,

gl yoerol) . L 8t B Bt Bafhuse Jortint ARRGHI BpBlabonXAIPAIRS, OF uBE SOME SO s

from whi ch Wé“%B rived that contain two or npre
di fferent flumedd p)rﬂﬁmelgmoplp&dﬂ mdmadéorgwexgnale, esendal edditivee daugscete forPari ¢

d, lact 1 t
g‘f:: USIaf’:lgl gﬁﬁ%‘% céodulpg%cf%rol g a FSeﬁi‘eéﬁ l&ecomﬁmeﬁ'%ell aeRAkthfonad chéﬂ)f$ ei ne,

eous en seeking to couple a
bi oacti ve mnxﬁhwnﬁﬂnanmmmoner precursor through the same type of functiona
group. For exanple, coupling the 15 carboxylic acid on a bioactive noiety
to a carboxylic acid on a nononer precursor can be achieved with a diol or
pol yol spaca&fbﬁﬁﬁmﬁb&gummﬂe@wpmbﬂgnmihydamxmk>mmnahb¢6atmwvémﬁﬁﬂ@ﬂvhto a

hydr oxyl on a npnoner precursor. can c id
(g g. yﬁﬁl YR CUREP IS AR &0 q%¥1§es Lfse%)ﬁ) g%S nﬁma%rs eéct?f%eg%gﬁagiﬂd\ﬁ d(ﬁfg acil e

coupl in g of fothe obi 'll%n?}dé,@te%uﬁi peng®© fl’bhlemﬁipRaOpajbtsuqn ﬁllrm; thanugh e Inawitilagyacer
noi eties may provide the skilled wor

it
bi oacti ve niimss §brgps niledeo¥en 1yiost r?Fé?B? étHJ LH%% Pfl%tﬁ‘? i gaé%ﬁflﬁgﬁﬁﬁ ﬂer Wi se
be achi evedshyndlisr 88dley ©OERKsNG tHepdtht atye tsoudies Fﬁagmgu]nultlple forms or

components.

20 The expression "bioactive moiety” (also represented as "D" in certain formulae herein) is
used to define any substance that is of medical or veterinary therapeutic, prophylactic or
diagnostic utility capable of forming a conjugate in accordance with the invention. For
example a bioactive moiety may be a drug or therapeutically active agent, including
pharmacologically active agents (e.g. receptor binding agonist or antagonists, cytotoxic

25 agents), pharmacologically inactive agents (e.g. antibiotics) and prodrugs thereof. The
bioactive moiety will generally be a substance (e.g. pharmaceutical substance) for
therapeutic use whose application (or one or more applications) involves: a chemical
interaction, or physico-chemical interaction, with a subject's physiological system; or an
action on an infectious agent, or on a toxin or other poison, in subject's body; or with

30  biological material such as cells in vitro.



The choi ce of spacer noieties will determne the spacing of the D fromthe
X and yi 25 groups in the nononers of formula (I1). In this respect, the
use of spacer noieties can provide a nmeans to distance D fromthese groups.
This can facilitate polynerisation of the nononers by reducing steric
crowdi ng around the X and Y' groups. -26- bioactive noiety to the nononer
through Z. Exanpl es of such conpatible functionalities in D can include:
(1) carboxylic acids, sulfates and phosphates (e.g. for reacting with a
spacer 5 precursor noiety conprising az2pfinmary am no, secondary am no or
hydr oxy group to couple the bioactive noiety to the nononmer through a
nitrogen-atom or an oxygen atom containi ng spacer noiety); and (ii)
carboxylic acids, hydroxyls, am nes (primary and secondary) thiols and
phosphat es ¢ %5%1- hek@f, o @RGE e Whdnbr r8feSiIa Giodeli @€ toS0y than ety adoimdrgi ng a
carboxylic acid 10 or acid halide group to couple the bioactive noiety to
monomer t htoaghbisctcailbeigd oot cCORYaIlhFHES EPEte PIHET BI%S YIS %5 1 1 ed
in the art gwill  ARRigG ate that the process of preparing the nonomer -

bi oactive norety conjugate will typically result in expul sion of a snal

nmol ecul e such as 15 water or hydrogen halide Qe.%é.qC%%9 Far @%9%35&1 t he
formation &f ussd hestime BERHY RRIOIEGH FEEELT HAOBTVE TEAYB Oy E 8ETd g oup wi th
a hydroxy @ Qupnkiibghat BRventaleehccibRe Wier dikdass omaiserdandi, e ntisinitdrel

bi oactive noiety conprises a carboxylic acid,

) hydr oxyl rogﬁi %hiol ?roup,
ani ne gr oupubsegucphspHrEyHe 3BentoR CEFRPNELAIGh Lo KEFEDFE PO YR h8t e 20
coupling. Wen.conjugated through such groups, a part or the whole of the Z
group can formpart of an ester, an am de, an anhydride, an azo, an inide,
a carbonate, a peroxyester, a thioester, a carbamate a baronat .er, a
sul fate or Upoplhewpriaeased-i Uk Rigactyr drmety Hilk eglkeirlbfg’b"%ﬁ(%rw% 5 C%rmzecrggﬁf?se
t][‘ag each ﬁ»fvot'é}gﬁf(%%nlr& mdﬁgﬁoiﬂft@ﬁﬁgoia NPki 5f$n tecanalent prodmg). t Baspitestheapabl e
of being cl eave or exanple rolytically, zymatj.cal l.y and/ or. a 25
radical1%eéﬁ@@ﬁ@ﬂ?@e@%ﬁ@ﬁh@k?¥méh@%“ %ﬁ%&%ﬁé?d@%@%%ﬁ1h=§8ﬂ%PF§BWS@@§%a|ent
bond that i, GaPaRLRiAT oD BlcNgteSheaWastidy dr Rk thé Galidty 60beateldasedr efieabe t he

ty _

bi oactive noi e ]
monomer has been polymerised to form polymer.

.The bioactive moiety may be released from the biodegradable polymer such that it
provides for a sustained bioactive delivery system. Such a delivery system may in its
15 simplest form be the polymer provided in a desired shape, for'example a pellet or more
intricate shape. To promote surface area contact of the polymer under physiological
conditions or with a biological environment, it may also be provided in the form of a

foamed product or a coating on substrate.

By “sustained bioactive moiety delivery” is meant that the bioactive moiety is released

20 From the biodegradable polymer over a period of time, for example over a period of 190 or
| more minutes, 30 or more minutes, 60 or more minutes, 2 or more hours, 4 or more hours,

12 or more hours, 24 or more hours, 2 or more days, 5 or more days, 10 or more days, 30

or mare days. 2 or more months, 4 or more months or over 6 or more months,

In order for the bioactive moiely (also denoted by D in certain formulae herein) to be
25 released. the covalent bond that (a) directly couples the moiety to the polymer backbone,
or (b) directly couples the moiety to a spacer moiety which itself is attached to the polymer

backbone; (e.g. the covalent bond between D and the Z group in formula (1)), will of



Where a given bioactive noiety conprises nore than one conpatible-
functional group capable of conjugate coupling, the skilled worker may
routinely adopt an appropriate 30 protecting group strategy so that the
bi oactive noiety couples to the nononer in a presel ected fashion.
Protection group chem stry, and strategy, is well-lIcnown in the art in,
-27- for exanple, T.W Geene and PP.GM Wits in "Protective Goups in
Organic Chem stry", John Wl ey and Sons, 1991. For exanple, where a

bi oactive noiety conprises a primary appohol and a primary anm ne, the
skilled worker may protect the primary amne prior to coupling the

bi oactive noiety so that the bioactive noiety couples through an ester
noiety 5 rather than an am de noiety. tn another exanple a primry al cohol
nmay be protegted 36l 6CLibMRLY FOY 8dnvanisReOMdaiyalalitohdmaybe réfhatd tohwe the

bi oacti ve noi ety may be coupl ed through an ester noiety derived fromthe
secondary atcphiad” coRUT bRt ect i ng groups may or may not be renpved

fol l owm ng coupling. For exanple, the protecting group may be an acetyl
group,  andif b arEddih@k ek aiiphey %va@éncedimtl isnBya eater-gobel banvade sieh & vo to
return the 10 unprotected_am ne or al f ai}ovfl ded th %ng,[%l {1]125{’

conj ugat e €aRodEeRlp tpeepuPking pRyafent hﬁn%ﬁ' BTy Pfr?np?‘%t &n'on &pe of

bi oacti we mpL&tY nbhatesEBRY apﬁdédsﬁa%yldﬂdﬁg(ﬁﬁfdé@mﬁ)omfeh }ielmaucﬂelwﬁtfrbm@stelsThe
bi oactive noiety may be exenplified Etga reduct ase inhi

anebi ci des phagphiies ﬁ?‘P%WSatsé@tasiglsémﬁié%tcﬁ@?m 5; ClFra F*a0%H 1% 8g$3eswls
anal gesi cs, h@srﬂ)gbi%'ie%nﬁér&y‘ B Db RAS est&BOOIfﬁie@"ﬁlﬁctmﬁﬁltgi@ﬂlpd afgedides, esters,
anti - angi ogeni c agents, -antl angi nal agents, ant| thm c agents,

anti art hri tinisicagempratesaprrpasmases: s borPRAGREITCATY H‘Ie %§8nt s, anti bodi es,
anti coagul ants, anticonvul sants, antidepressants, anti epi | eptic agents,

antif ungal SC Qéfh@f} R NblGfhe éiﬂfhlehi BérANdan s, pratlilbiehm&n’ohenshlwes: hydrolytic
anti hyperlipidehic agents, antijnfectives, .antii

anti enet{ es! eaaquep aedl By APKe pirfe neha BEFTCE ST VI i3 Hﬁf’(‘j‘P& Or aa Sé %? Sties,

anti par asi tJ.6,,8960kSme AV RR KPR ﬁlg@ntnstheaﬁégeﬂ&ysﬂwoﬁd o8 ,moaenhycpbl@tloz oal s,
antitussives, antiul cer agents, antivirals, anxi o tics, gronchodl | at or s,

decongest arngymescr exse codZantls, biglgaicd comRayIS 1k ]ryé? gt & e%hgﬁs%gle ¥icals,
cardi ovascylar, e%%%&?sc%'e(iﬁ{aﬁle SOk 8bndBRY Qélﬁycﬁb{lsffﬁ&ﬂfﬂymbéﬂit@@hﬂdueahs
benzopi dazepl n et a- adrener gl ¢ bl ocki ng agent s, bis hospﬂ&rat es,
cal ci um chanriekylis odd ced sin deriobrird anApUiEdwed iR B théi R3h &°
receptor, ant a(ﬂ;%@ %%1 'bo%ﬁwgafd zg'ﬁl AN LN 0RO B Hed TQHe Art Wl bBYrd@dts that such

contr aceptl RIS, luretics, diabetes therapies, gr owt h hor nones,
fertility mmvm@cemmmaltcs theh bydipivhiF d%ea‘f@eu@%ﬁ’é bindRerafpblg ré{@‘éﬁ*ﬁss discypstht h
pronoters, H2 anka&)%}ng]k the W)%%t@{l{lepm%m Ql?z{y' dlso?BY RLQNYe8 la§ beilP EHRA to

repl acement hepqidy enost at osuppressants, i nmunostimul ants,

i not ropi ¢ 3@ aggmblsbackbme,rdpemoadb/ ihteoglma prsseIaPRICtE KA) i3 blqd%@!a@’r‘?d%m%ent s,

ki nase i nhi bi tors | axatives, |eukotriene nodifiers, macrolicies, mast cel |
stabi |1 zer SAs T3 £b%lvéixﬁ?rﬂﬁ3§1/n% e IANHS bioactRB- mHﬁéQ‘ ral iveSin Aeys@masaul ar
bl ocki ng agent S, t herapeutics, opht hal mi ¢ pharnmaceuti cal s, .

0st eopoRosi lﬂodim'gsf\s wead hertinetrapeut i rwedrpg nefaiviory ARl e hBiPactyp meicds

nonst eroi dal  antinfl am ahgd ReRt ihdeSaaind ety pepki des,
peri pher al ]ésr%ldl I a({e(gl?gsm}cq{éilzﬁ%%tl nchtngl torg% iqttllvrrﬁ | ati ng aagent S, ylgrol actin
i nhi bitors, quﬁsodiaqaal:Se of hdnng)mbm'lese;d B yropeinrvithaiapbiseries, mypyt v yample

i nhi btors, har maceuti cal r I QUit bL&abSon 8BHhALdNES,
sperm ci des® %FE% ‘éf‘é’s In 1|s.‘%ge ?\%et}g%§ ocgfgér?% &5’22%3%% g‘nél & drenal cortical),
snoki ng cesgatety) @uoﬂhgﬁmtssbsesﬂeaﬁ itnbsingtd mﬂdammvoam@i rftlf#?a?fhmoﬂiugé? geactylated

sul phonam des, J g ucqn[1 yrl nary acidifiers/al kalinisers, and
vasodi | afor & produc the bIO&Ct]V bie

The terms "spacer”, "spacer group” or "spacer moiety” refer to an atom or any straight
chain or branched, symmetric or asymmetric compound capable of linking or coupling the

bioactive moiety to a monomer or a polymer backbone.



10 The bioactive nmoiety may include any drug or therapeutically active
agent, including pharmacol ogically active agents (e.g., receptor binding
agoni st or antagonists, cytotoxic agents) and pharmacol ogically inactive
agents (e.g., antibiotics). Specific exanples of bioactive noieties that
can be used in the present invention are |listed 15 below in categories
according to their functional groups that may be used in conjugate
formation. This list is in no way limting the scope of drugs covered in
this invention, but given as representagtive exanples. Al the am no-

(i ncludi ng am de-NH and sul fonam de- NH, car bamat e- NH, sul f amat e- NH,

hydr azone- NH, sem car bazone-NH, thi osem carbazone-NH, urea-NH,
phosphoranide NH and the like), carboxyl- and 20 hydroxyl - (including

oxi me- CH, g g hi Y snd 08! @O BlehitEe GRi&YOD) BRo@sed | st ed
in Merck I a?li'ﬁé uflls Egéwlég]?gf;?éﬁ@anwo? g? dat a bageslsggh OBV ous

sci ence s ecmé?eﬁML@,l 3 maefgrnmiyty CEH@FB@ & 4.i EBUsantPaghr s o SRACFT $REP q‘E}aIS $%ed

(i.e., am %)cnetpf deqfe]s% o METREHL whlcﬁqg Fg{macf@r&?@ﬁéﬁlt 26P MaBERIPRG)D to R. As

|nvest|gat|ona s as listed in abasés such Merck Index (14t h.,
edition), icddimed eh&enﬁﬂee:ovalmtéﬁgnd toytweaharetsn@et PR Hddhe BiPaFIEE BHEES ¢ hi s

| nvent | 0§1 2?&21%};[ g' 90 tlimtqpél bm!\cmv«[: y 13 ré%gkblé NFLAMVATORY DRUGS:
Am no- contain colone, Cel ecoxi b, Difenpiram de,

Mof ebut azone, 30 Ni rresul i de Par anyl i ne, Parecoxi b, Parsal m de,

Pi ket opr of gr%ta ALY nﬁléfsli%? éna e-;%q 1&?69’1115[ eotilg B@gFB orrﬁ%@ a\é%lqﬁé%@&eg front 29-

Hydr oxyl - pregnenol one onet asone, Bet anet hasone
al fa- Bi sahalyato- )mwb&saokﬁnglb aH@lﬁbawaaoﬁdmCWmIgo@@r] parb@e vk Aty iyl

oA s | SRRy BSORT Iy TR, TR B Bt

Diflucorto uazacort,
Fl udrocopt | I&Qﬂ@,ycﬁﬂdxljfpmhaﬁ:@f}émyl,:l aliodibivg| ke (b elkymo i earyFlino o hion

Butyl, Fl uocartol one | upre den Acet | Ciji
Hal gbet asolca%f%b?l&lﬂﬁ? el:etﬂfﬁjf%ﬂ}a#théoso eéem 6§’r kA H c’e{igl a}}ﬂy&l kyﬁ%r%gﬁé} i sone,
L}é?ﬁr IOxamOI AU iﬁ@u ed%ylc&i@d@ﬂﬂtﬁ amatia:mar@gmﬂe, Wmt:ta@@w% alkyloxyalkyl,
r edni sol one nmet asone Furoate ame
Pi maZr (F;I i madkenylpxppleyni SHYBHEXYddn PRI Yﬁr nelﬂﬁlﬁacﬁloxy’s ot };ﬁ%%lalkyl
Tri anci nol og@y]@dggo@@@[&yl rrua;kyhhécélf@)yylly}oxy and alkyihaorcanhd:ai ni r@lzyl@wh&xén&c
Et of enamat e, E)r adi nol , 1buproxam ﬁ%@ hSY oml cank carboc cﬁﬁ
Oxarmet adﬁnealkqﬂ’iy tBiRpkkEm al&W”’h&é’ﬁB‘)ﬁ czi‘FPi “i‘l"} r 3 {flcy Whd AN HZCMt ai i ng:

Acecl of enacy-Ahak BRI AR, Mﬁﬁa@mm@mﬁm noa&ylawﬁmambut yilkiytalidaydlkyl,
Carprofen, Dclofenac, Enfenamc Acid

Mecl of enami @kvetyénl ket ofacratohcrylalkyfap Xlu‘?ﬁ/ ]@ ﬁ‘&X Y IFQ n}agﬁawgmﬁ%ﬁy 4,
Car boxy! - cogt, gL Qgicaf%@ﬁ?ﬁ Akl MeteACRIATLYIDERRYBI Cali&‘ﬁyld\yeﬁﬂnﬁlamxyaryl

Benoxapr of en; rof'en, " Bucl oxi ¢ Acid , Buti buf nmet aci n,
Ci danac, GChplsivarl, Faleyines, aFEIBEFEHYIOREnaYEFICEOCK V](EI’XY’Fé“W B gpRloky,

Fenti azag, ﬂ @%’&‘a@ﬂr of eﬁlkelgflltHfle' Jpr of %mqyn%,lpfg@grgf en, ad, meearpt hacuflacylthio,

| sof ezol ac, oxepac, Ketoprofen, Lonazol ac Loxoprofen Met i g2| ni ¢ Acid,
Mof ezol ac, mwwemﬂ@«amrﬂhmocwﬁﬁwa@é arpPegpEY KO, PRERBpHBiTE Present

Protizinic feid oyl icdac roRY Oh§ il BUaRUARP S TpRREDTON Giivind group

Tol netin, opesi n. rofen, 25 Bucl oxic ACid, |sox

Ket opr of en, 1ddep<ampcmlfyem eoiath(ﬂmzm@-orﬁﬁﬂén Q4P hOx v~ KAl KR ZS{K)y-IOSéghpm ni ng:
Bal sal azi deiN:Eﬁ-?XBISRBﬁ“)g('S_-?Ug?éﬁ*)jog—éﬁt@%%@-? BO@SEPIARY., and)Xia@noof.en.

25 OC(0)0-, -OC(O)NR™ and -C(O)NR™, where the or each R* may be independently
selected from hydrogen, allcyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl, heterocyclyl,
arylalkyl, and acyl. The or each R may also be independently selected from hydrogen, Ci.
isalkyl, Cj.salkenyl, Cigalkynyl, Ceagaryt, Ci.gcarbocyclyl, Cs.sheteroaryl, Cs.
isheterocyelyl, and Cy.jgsarylalkyl.



-30- ANALGESI C AND/ OR ANTI PYRETI C DRUGS: Am no-cont ai ni ng:

Am nochl ort henoxazi n, Am nopropylon, Anileridine, Antrafenine, 5

Benoryl ate, Benzpi peryl on, p-Bronpacetanilide, Butacetin, Carsal am

D f enam zol e, Etersal ate, Ethenzam de, Ethoxazene, Flipirtine, |sonixin,

Ni f enazone, Phenacetin, Phenazopyridi ne, Phenocol |, Phenopyrazone,

Pim nodine, Piritram de, Propacetanol, Ram fenazone, Piperylone, Salverine,
and Tinoridine. 10 Hydroxyl-containing: A um num bi s(acetyl salicyl ate),
Benzyl nor phi ne, Buprenor phi ne, Butorphzmol, Chlorobutanol, C ranmadol,

Codei ne, Desonor phi ne, D hydrocodei ne, Di hydronorphine, D hydroxyal unai num
acetyl salicyl ate, Di nepheptanol, Eptazocine, Ethyl norphine, Eugenol,
Hydr onmor phone, 11 ydroxypethi di ne, Levorphanol, Meptazinol, Metazocine,

Mor phi ne, %QPM&{ Hn%aet@ﬂé?%@%mﬁ’&lﬂtmzsﬁﬁie neuboRhenazoeiathe. thtemmmmty @ ne, 15
Phenyl sal i cyl ate

Sal i'ent; Tramadol, and, Vi m nol I—%g g FF) ;
Ket obeni dorvesnchvst BYSOP, mmy@%&#@blo%ﬁa‘f @RV%PE}Y’:B%@W o (g‘%? Ea(?f‘)rr{?%ﬁa Al ng:
Acetyl salicylsalicylic acid, Alclofenac, Aspirin, Benoxaprofen, 5-

Br onpsal i Cyfiige A6 hoaeetatiin gonpm@ah@ﬁuy Euvateeﬂ) efkam “Ehlqhyﬂaecceteﬁbh spuvsf osal |
| buf enac, | ndoprofen, and S% I cysul f acin

d
Zonepi r ac. gt onava hel SeFhegeh dllsH @rﬁ?yﬁg‘ﬁk)ﬂ{é’étaﬂﬁ S B ,&c?ge{(’ar h%gdal gln

Bucetin, &,%c%;pﬁmolfé%mﬁy @@o pidnald afemore, ret amdmnneof ér@oioaztit)hivhere a
p- Lact op%enetl dé, "Norl évorp anol Nor nor phi ne, . Pheny %B ?.FE eiltam de,
and Sal i cyI@m@@aC@Am%}’ Caﬁ@“@ﬁ?‘b@‘x‘?f’reé’écﬁt‘% mPges c,gt GHadi Z8te

d oni xin, | yk!)ca i A8a107 suBGRLLE WG ke, (G ﬂm@éﬂa}/dr-mcﬁréldptlonal substituents
Hydr oxyl - cgﬁ gtI%%I n 6@ u%%sséll Gentisic acid, and Sal sal ate.

ANT| HYPERT ENSENE U&: -31- Am no- cont ai ni ng: Al fuzosin,
Benzyl hydr ochl or ot hi azi de, Bet hani di ne, Bopi ndol ol , Budral azi ne, Bunazosin,

Ci cl osi domij&ge q}sgnwgw%eﬁlg@%ﬁrrgl@gengﬁny QApemnbi ﬁa@hdauc}Détarmsmhuspacer
Edeser pi di ne, Di azoxid azi ne, Doxazosin,

Quanabenf, rovigkyaed b?egeleaﬁiéﬁ*&lﬁed? Biden SBASEH SO F‘?Féams(ﬁ‘?'gr%%}??m %gléﬂ}ésn(a&r el

Guanf aci ne, Bup B ARAEGREDGZhRbarbY| rah@tzmaﬁjedwdarl@fﬂtwmetﬁucaderdm
| ndapam de, [g@ﬁgggg% r?wrt;lesarlt an, Ke% an%érl n, Lofexidine

I\/Ecanyl ani nwehlch/ggltemyq]e .;prepqtqt@lﬂ Thast %ﬁ]@ccr moiety with two subgroups deflvle as group
Al[group B] (e.g. alkylaryl) is intended to also be a reference to a spacer moiety with two

subgroups defined as [group B][group A] (e.g. arylalkyl).

15  The biodegradable polymer of present invention can be readily prepared using monomer —~
bioactive moiety conjugates such as those of general formula (T11). Such monomers can
themselves be prepared using commonly available reagents. Examples of such reagenis
that may be used to construct the spacer moiety (e.g. Z) include linear or branched
hydrocarbons substituted with twd or more reactive functional groups such as alcohols,

20 primary and secondary amines, carboxylic acids and combinations thereof. Examples of
such substituted hydrocarbons are diols, diacids, diamines, hydroxyacids, amino acids and
amino alcohols. The substituted hydrocarbons may be a,m-substituted alkylenes or a,0-
substituted {poly)oxycarbonylalkylenes [ie o,0-substituted polyesters]. The skilled person
will appreciate that when such a,m-substituted  alkylenes or o,o-substituted

25 (poly)oxycarbonylalkylenes are used as the linking group, the monomer — bioactive moiety
conjugates of formula (1), and polymers produced therefrom, will typically comprise at
least two functional groups that may be susceptible to cleavage so as to release the

bioactive moiety. In these compounds, it is preferable that the functional group closest to



t hi oserni carbazone, Mbefradil, Mnoxidil, Mnatepil, Mxonidine,

Pheni prazi ne, Pinacidil, Prazosin, Raubasine, Rescinnam ne, Reserpiline,
Reser pi ne, Rilnenidine, 10 Syrosingopi ne, Tasosartan, Terazosin,

Ti ameni di ne, Todral azi ne, Tol onidine, Tripam de, and Urapidil.

Hydr oxy-contai ning: A maline, Ccletanine, Levcromakalim Naftopidil,
Phenact ropi ni um chl ori de, and Protoveratrines. 15 Carboxyl-con a ning:
Eprosartan, Fosinopril, and Tel m sartan, Captopril, and Orapat ilat. Am no-
and Car boxyl -contai ni ng: Al acepril, game-Am nobutyric acid, Benazepril,
Candesartan, Carnoxirole, Caronapril, Clazapril, Delapril, Enalapril

Enal aprilat, 20 Imdapril, Lisinopril, Mexipril, Mveltipril, Perindopril,
Quinapril, Rampril, Saralasin, Spirapril, Temocapril, Trandolapril, and
val sart an. tlén‘bl'agctw@r}gmwdl’soésyIsus@éﬁﬁﬁ:@' Rl RY: mée edudeplible, toAoREeiel thin the
Anpsul al ol Arotinolol, "Atenoi ol , Betaxol ol , Bi soprol ol , Bosentan,

Buci ndol ol furBtiéwshzoup cloBishicthopdymerdagibaidl ol , 25 Butofilol ol , Cadral azi ne,
Celiprolol, Carazolol, Carteolol, Cetanolol, Carvedilol Epanolol

I ndenol ol , N@@éﬂ@é QLam]ﬁ%sl 8V bl mbRAG! HoRa -03anEyahedzoptivadibt albsiitted:
Losart an,

ndol ol’, Meti pranol ol , to bi v
d nesartan, OQIQ}GW@M@Y en &Eut -5(@0-C Pﬁ@hﬁ ve'ﬁ%q} MR& ﬁe@ la!iNq% éenelﬁbeiol ol ,
Propranogol Aﬁ?ﬁ@“ﬁp&ﬁi[eéi¢f|0©k9hﬁl &héﬂp|OKLCT§MRﬁkm$NR?,TKMnKDKh and

Tri nazosin.

an oxyl - cont n Met byl do nd
Sanpat ri | atisatkylNENR OT| G§{C\S)&ph il Hlé[ell@rﬁwzfl anmi Pl Hﬁﬂﬁ” 6] ana‘P&D“cﬁ“

car boxyl I, t pCS @sNIﬂtm,ﬁérglRa Ilgg[gdeﬁneﬁrﬁabﬁd I1in, Aivanic
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10 C(O)-, such as -OC(0)-C; salkylene-C{O)-.

An example of a monomer — bioactive moiety conjugate of formula (II) that comprises a

-0C(0)-Cy.jsatkylene~-C(O)- spacer moiety (Z) is shown below:

X'—*-—!?———Y'
O
?k !
Cq.1salkylene
0=
15 D

where:

X'. Y'R and D are as herein defined.

The monomer — hioactive moiety conjugate precursor (i.e. the monomer prior to conjugate
addition of the bioactive moiety — herein after conveniently referred to as the precursor
20 monomer) must of course have a means for chemical attachment to the bioactive moiety or
to a spacer moiety. The types of functional groups on the precursor suitable for such
attachment include hydroxyl, carboxylate, amino, thiol, phosphate or combinations thereof.

The precursor may be singly of multiply functionalised with bioactive moieties.

As discussed above, the bioactive moiety must correspondingly have a means for chemical
25 attachment to the precursor monomer or to a spacer moiety. The types of functional
groups on the bioactive moiety suitable for attachment include hydroxyl, carboxylate,

amino, thiol, phosphate or combinations thereof,



penicillinic acid sulfone and the like. The following |lists of
anti bacterial and antifungal agnets are given for clarity. 10 ANTI BACTERI AL
AGENTS: Am no-cont ai ni ng: Acedapsone, Acetosul fone sodi um Anbazone,

Bacanpicillin, Benzylsul fam de, Brodi noprim Cefcapene pivoxil, Cefpodoxine
proxetil, Chloram ne-B, 15 Chloram ne-T, Capreonycin, C ofazim ne,

Cyacet aci de, Cycl oserine, Dapsone, Ethionam de, Furazolium chloride,

N2- Fonnyl sul fi som di ne, Furonazi de, |soniazid, Lenanpicillin, Linezolide,
Maf eni de, 4'-(Met hyl sul fanmoyGsul f ani | agg-1 i de, Mor phazi nam de, N furadene,

Ni t rof urantoin, Penanecillin, Penethamate hydriodi de, Pexi ganan,
Pivanmpicillin, Piycefal exin, Picloxydine, Protionam de, Pyrazinam de, 20

Sol asul f one, Subat hi zone, 4, 4" -Sul finyl di aniline, Sul foxonesodi um 4' -

Sul fani |yl A | [0 2% f8ssePubdvabe nzanmae, at ekt mefuamml
Sul fachl or |§‘§/Hre|I dgzlil]‘q%gI f lef}sigcftl ne, 1Susl*s%aadl azi ne,  Sul fa%} cran

Sul f adi net poxpnéyr @@hlfcahﬁiiﬂcmeﬂtsmﬁ e thei bisickve BQIoA Girartne W 1€ §tﬁ°\‘”§%ruanol e,

Sul fal ene, Sulf me ul fecurshts f @EEHRAZ)HE, it qjm,tvhbzm1@
sul f amet hoM°d rﬁ]g %oxlglglgsxe? eﬁ% Sul @arret hol!;(El pyr.i dai;l

Sul farret hylcb\kulea:ﬂwlaeac@m ajmp(plmmg o1ShicfGiiYE d’@ﬁ!ﬁb’l/ 56V d}'lﬂléde @WFtF %{’Ialne ©9P% sul
rani e de, DS AT b EIEALAR! A5 Bl 80Ut WrdisgiontiuSuktant | v1 -3, 4-

xyl am d aphenaz faproxyline, Sul fapyra2| ne
Sul f asom zol e, Sul fasyrra2| ne, Sulfat h| azol e, Sul fathiourea, Sul ] di ne,
Sul fi soxaz Glhe speSerl mheiniasirhay be, desied GemInasererers el campTes o “’01%8?18 1‘?“& ne,

Tetroxopri Sihl f ' Troean bﬁfﬁ m’iﬂﬂ M tHienpadeopr i m
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cin or oxyl enol oqqqcﬁ nl? lé
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Roxi ¢ hr oy G (o RiSE S B B e K B e .
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and Hydnocaicfi caragi deidFletioxeidi mlicHiunedulysias, wrinexaeite kil CHRSEe SHci d,

O | oxaci n, [%ol inic acid, Pefl o Egg%lm% W@a %g]ﬂq O%Qup’:}&' Chioddhid h{o achn,

Rosoxaci n, Ip(’i‘??é{&soﬁ 15 A HEE contai ning (i ncludin
sul fate-, Sﬂ&ﬁo&m ﬁrealﬁtrd-thwp@()&pharhets@ndff)ingt‘s(phbgmtlle E@mxamniengatlplmgt e

Acedi asul f one, Ld Fzheonam
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achieved with a diol or polyol spacer. Conversely, couplmg a hydroxyl on a bloactwe

moiety to a hydroxy! on a menomer precursor can be achieved with a diarboxylic acid

(e.g., malonic acid) spacer,

Use of the spacer moieties can provide facile coupling of the bioactive moiety to the R
20 group. In particular, spacer moietics may provide the skilled worker with the ability to
couple the bioactive moiety at a sterically hindered position that could not otherwise be

achieved by directly coupling the moiety to the R group.

The choice of spacer moieties will determine the spacing of the D from the X' and Y'
25 groups in the monomers of formula (). In this respect, the use of spacer moieties can
provide a means to distance > from these groups. This can facilitate polymerisation of the

monomers by reducing steric crowding around the X' and Y' groups.

In forming a monomer of formula (If), prior to conjugation the bioactive moiety (denoted

30 by D) necessarily comprises compatible functionality so as to promote coupling of the



15 Carononam Cefaclor, Cefazedone, Cefazolin, Cefclidin, Cefditoren
Cefepi me, Cefetanet, Cefixinme, Cefnenoxine, Cefnetazole, Cefodizine,

Cef orani de, Cefotaxine, Cefotetan, Cefotiam Cefoxitin, Cefozopran

Cef pi m zol e, Cefpironme, Cefroxadine, Cefsulodin, Ceftazidine, Cefteram
Ceftezole, Ceftibuten, Ceftizoxine, Ceftriaxone, Cefuroxinme, Cefuzonam
Cephacetril e sodi um Cephal exin, Cephal oglycin, Cephal oridine, 20

Cephal osporin C, Cephal othin, Cephapirin sodium Cephradine, Clastatin

Ci proflaxacin, dinafloxacin, Conmetocpélin, Cyclacillin, D cloxacillin,
Enoxacin, Epicillin, Fenbenicillin, Floxacillin, Hetacillin, Loracarbef,
Metanpicillin, Methicillin, Mezlocillin, Nafcillin, Noprysulfam de,

pi ni azide, Oxacillin, Penicillin(s), Peninepicycline, Phenethicillin,

Pht hal yls I gat hi azol e, Piperacillin, Propicillin,
Cplna0|lllﬁbm?gg G@%?ﬁﬁliﬁﬁggﬁﬁfﬁﬁggl Succi sul fone, Sul benicillin

Sul fachrysoidine, Sulfanilic acid, Tenocillin, Ticarcillin, and Ti genonam

Gar enoxaci | OXAREGEDY ﬁ&gﬁmu&xam n, Lomefl oxacin,
Moxi f oxac?ﬂhm%ﬁég 4“93)212%}1‘%% agadw}ioxam nn pem di c ?m d Sitafl oxacin,

Spar f | oxaci n, T@suf |cesktasilr, acdrd Stl“llfﬂi%ﬁaﬁlmdobﬁﬁ’éiﬂﬁﬁes (e.g4for redcting With a spacer
Cl onocyel i ne. chl or ay oRbidr) , SRS HE & OSM Rkl NGoup to
Deoxydi | %ayalr 0gt et o g&lﬁﬁ%rﬁ%g}é&% aw:jorcﬁg reptornycin, Diri ?ﬁo n cin,
Doxycycl i nequpEnthi dnmacmw mﬁletyatnﬁhﬁt wlonomgy thiguah AZULrQEEH R BY 7 e e g%%m de,
N4- beta- D- Gltu os§ m]et g | am de, Gram cidin(s), |sepamcin,

Kananyci n( §J"" ' %arry“ y aﬁécl ocycline, Methacycli ne, M cr onomi ci n
Neonycin, Netil (ﬂ)C| marﬂ‘d@yluxblaom d;ydﬁmy@n@wms Hprimpgngid BePRdER) i s 4k,

Pi pacycline Xi Cl: % 2ok did,
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Ri st ocefol Nor Sal ik goupSaroygk iinehioBtisomoinio remos|st 8irgeahg srrbogyt @Rt My i n,
St reptoni cozi d, Sul fani |yl anilinoethanol, Thianphenicol, Thiostrepton,
Tobr anyci ncoﬁﬁllfﬁﬁﬁg?cﬁ’c‘f]i)ﬁg’ cin, Viomycin, and Virginianycin.
Chlortetracycline, Dalfopristin, Guarrecycl i ne, Mkanycin, Mnocycline,

Oxytetracycline, Pristina p I
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Apal cillin, Aspoxicillin, Benzoyl pas, Cefadroxil, Cefanandole, Cefatrizine,
Cef buper azone, Cefdinir, 20 Cefm nox, Cefonicid, Cefoperazone, Cefoselis,

Cef pi ram dg sgﬁg Bfn@g&llnentgrﬂlélgﬁfﬁ@tme 151)1@!37Q9éﬁlfp1 isdsn qaetvamlic bt hotdeydoixyngoup,
Mer openem R/b

xal actam Neganycin, Pani penem Rit
Sal azosul f abiiohigtiupe 2mE1el ERIDX P PARSPRELE AR PéﬁPﬁnhﬁiﬁQ%EaﬁhF‘@?/ for coujugete
Tei copl g ncou‘-[ Ml OCW 1P€0n] ?%ﬂgéd\{ﬁr%ﬁmﬁdhrgro@ﬁ AP HUNSAhoRGENTESZ group can
Ami no-contain oi n, Exal amide, Flucytosine,, Loflucarb
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skilled worker will recognise that each of these linkage groups comprises a covalent bond

that is capable of being cleaved (for example hydrolytically, enzymatlcaily and/or by a

and

25  radical mechanism). Generally, such spacer groups will comprise a covalent bond that is

capable of being cleaved hydrolytically so as to release the bioactive moiety.

Where a given bioactive motety comprises more than one compatible functional group
capable of conjugate coupling, the skilied worker may routinely adopt an appropriate
30 protecting group strategy so that the bioactive moiety couples to the monomer in a

preselected fashion. Protection group chemistry, and strategy, is well-known in the art in,



- 35- Carboxyl - contai ning: Undecyl enic acid (I 0O-undecenoic acid), and
Propi onic acid. Amno- and Carboxyl-containing: Azaserine. S Am no- and
Hydr oxyl - cont ai ni ng: Sal i cyl anilide, Acrisorcin (9-Am noacrindine conpound
with 4-1-1exylresorcinol (1:1)). Anidulafungin, Bronosalicylchloranilide
Bucl osani de, Caspofungin, M cafungin, and Tubercidin. 10 Am no-, Carboxyi-
and Hydroxyl - contai ni ng: Natanycin, Amphotericin B, Lucensonycin, and
Nystatin. ANTIVIRAL DRUGS: 15 Hydroxy-containing: Edoxudine, Floxuridine

| doxuri di ne, Kethoxal, Podophyll otoxin27-Sorivudine, Stavudine ’
Trifluricline, and Zidovudine. Am no- cont ai ni ng: Anantadiné,

Am di nomycin, Atevirdine, Capravirine, Delavirdine, Efavirenz, Fanticlovir
| m qui nod, Lam vudi ne, Met hi sazone, Moroxydi ne, Nevirapine, 20 CBeItanivir:

Ri mant adi ng ol L| i n
1 1L FUE ictheere BAD D &AM &/ ui A0 PHALAGY Creups in OAfhR Cheaitdty”,
Hydr oxyl - contal ﬁﬂ Abagegsl r, Acycl CR/I r, Adefovir, Anprenavir, At ;zanaw r,

G dof ovi r, Idﬂadﬁﬁ@&mﬂb%@ 90X Fatietesihaherm bipaiive BIOHY CERIEESY Prmaty
| ndi navir, i9§1 \éu(gl gﬁ‘imalrf Bh&%vh{e’skrrﬂ'eﬁ %l@llﬁﬁ? @@%cﬁmé‘%ﬂﬂw duﬁﬁhﬂ@méﬂ\/ﬁDU)

Nehi navi r, encl oVl Ri bavirin, Ritaonavir, qlﬁl navir,

Tenof ovi r célﬁppngnmlama,cti\ffamgaw(fméhaj\?hl@rbloaﬁtlaarﬂalﬁtbh@ulﬂﬁﬁHH% Enesipy Raiey

gaNfl'Ib(l\)/l)&{ &Rl K{}g& an )c(ll'ﬂltf Orqg%hfm ﬂlg&r'olt:f%§ (\e%rﬁ'ﬁte aS%Wak%HQ l@@)ﬂ@b @Jk&&ﬂtd’d - 36-

e con or guani de, Chl or oqui ne, l progquani | ,
Cycl oguani lseledﬂaalaq:uveﬂesecﬁahcassnuiml@l SPrﬂna’ﬁrﬂmh"W@thpﬁé’cm%be Hg'c gé . ui ne.

Hydr oxyl - cont ai ni n, rtem.sinin b
i TeShnLD BLeahol.1BePest Aekctifd 6MANhEY Hma
C nchoni ne?" By ?‘fy’BP‘%ﬁ’r Crsi A, ?%Pl ‘%g}g rine. unﬁgfga(rzul% %}e% ;?lm ne “and
Yi ngzhaosuné be removed following coupling. For example, the protecting group may be an acetyl
group, and the acetylated amine or alcohol may undergo cleavage in vivo to return the

10 unprotected amine or alcohol.

Provided that a suitable conjugate can be formed, there is no particular limitation on the
type of bioactive moiety that may be used in accordance with the invention. The bioactive
moiety may be exemplified by 5-alpha-reductase inhibitors, amebicides, aminosalicylates,
15 anaesthetics {(general and local), analgesics, angiotensin inhibitors, anorexiants, antacid
agents, anti-angiogenic agents, antianginal agents, antiarrythmic agents, antiarthritic
agents, antibiotics, antibacterial agents, antibodies, anticoagulants, anticonvulsants,
anlidepressants, antiepileptic  agents, antifungals, anthelmintics, antihistamines,
antihypertensives,  antihyperlipidemic  agents, antiinfectives,  antiinflammatories,
20 antiemetics, antimalarial, antimetabolites, antimigraine, antimitotics, antiparasitic agents,
antiparkinson agents, antipsychotics, antiprotozoals, antitussives, antinlcer agents,
antivirals, anxiolytics, bronchodilators, decongestants and expectorants, cancer therapy and
related pharmaceuticals, cardiovascular pharmaceuticals, central nervous sysiem
pharmaceuticals, benzopidazepines, beta-adrenergic blocking agents, bisphosphonates,
95 calcium channel blockers, carbonic anhydrase inhibitors, chemokine receptor antagonist,
coumarins and indadiones, cox-2 inhibitors, contraceptives, cytotoxics, diuretics, diabetes
therapies, growth hormones, fertility pharmaceuticals, hematinics, glucose modifying
agents, growth promoters, H2 antagonists, heparin and heparin antagonists, hormone
replacement therapies, hemostatics, immunosuppressants, immunostimulants, inotropic
30 agents, interferons, hormones and analogs, impotence agents, kinase inhibitors, laxatives,

leukotriene modifiers, macrolides, mast cell stabilizers, muscle relaxanis/stimulants,



Car boxyl -contai ning: Artetlene and Artesunate. Am no-, and

Hydr oxyl - cont ai ni ng: Anodi aqui n, Hydroxychl or oqui ne, Mefl oqui ne, and
Pyronari dine . ANTINEOPLAST1C DRUGS:. Hydroxy-containing: Aclacinonycins,
Arzoxi fene, Batimastat, Broxuridine, Calusterone, Capecitabine, CC 1065,
Chronmonycins, Diethylstilbestrol, Docetaxel, Doxifluridine, Droloxifene,
Dr onpst anol one, Enocitabi ne, Epitiostanol, Estranustine, Etanidazole,

Et oposi de, Fenretinide, Flavopiridol, Fornmestane, Fosfestrol, Fulvestrant,
Gencti tabine, Irinotecan, Ml engestrol.8enogaril, MItefosine,

M tobronitol, Mtolactol, Mpidanol, N tracrine, Nogal amycin,

Nor di hydroguai aretic Acid, Aivonycins, Paclitaxel and other known

pacl it axel anal ogs, Plicanycin, Podophyllotoxin, Retinoic acid (including

all transr %); NLQG, 2GetbbmuRG NbIF8Xng Ru@@rkﬁcaj‘b,esxﬁeoc}&k@bﬁt&k,, deirighaic i n,
Teni posi de, Tenuazoni ¢ Aci d, T%Pot ecan, Valru nbl ast i

Vi ncri st i n@harandemiealsqeitetReros B irags rﬁé‘“c%ﬁlf‘ﬁ‘?uﬂf’% m?‘ﬁ*ﬂl&?ﬁdﬁi’ﬁﬁ }r);l’l J84$ and
Sul phonam %nét\%?mdga%t&ﬁﬁﬁhﬁna'\'ﬁy apehid alrfigde ) Nipeptatagl JRhqmppepidds - Plrdpheral

9- Ami nocanpt ot heci n, Am nol evul irnic Acid, Amsacrine, Bisantrene bit
Cact i nonycwmod@atptsoqiatﬂﬁé inhih jorTiirulation PEIS: PRLACTETR SR SR Faibitors,

Dacarbazi ne, [acty, t2 %%%{%CE ’ a@s{ﬁﬁ Colipneinh@Z| 0i4aRBharRnéduBds, S-respilatory

oxo- L- nor | éUtine exat'e, Efaproxi raI f 1 or ni t hi ne, iluracil,
Erlotinib, pﬂihmmcamcalm Isedatwtﬁsb tseriticidese Ficrqigbi(neludng s@dereens Jarklignt

| f osfam de tinib fg r{@ngtgggl dgimdraHPr Mk | e}gnqumzalrsozol e,
Lobapl at i n,? % Gofncal) éa E)(g}&nggslg%wn sti ne, ° ongﬁcl am b, Mannonusti ne,

Mel phal an, swe)hthIMaﬂwel,quEylunm ﬁ@ﬂ@vwfaﬂlﬁh@éﬁlS’Mﬂéaﬁoéﬂqt?fs M t oguazone,
Mtoxantrone, Nilutanmi de, N nustine, Nolatrexed, Oxaliplatin, Perrietrexed,
Phenanet, Piritrexim Procarbazine, Raltitrexed, Tariquidar, Tenpzol om de,
Thi ani pn nerheﬂblbmgluannmeiy ﬁﬁapliﬂcaxdn|day drug apélzea&nenfecalls active agent, including

Am nopyr ' d' RS bom fg?vgya%a?t%gé gs ?eme &Y Bﬁéﬂg%ggrﬁstpt? )antagomsts cytotoxic -

3- Ami nopyr i aH‘éacﬁ [ ci €hyde t em car bazone (

- ANVP/ Tr i api dgentk QuX-ph&da06¥gi0d19lipgctive agcatsmegamélbiqmcah | Mustard, Uredepa

aBi s(1-aziridinyl)phosphinyl]carbamc acid ethyl ester, ethyl carbamate and
Met ur edepa. 10 Bot h Hydroxy- 8c Ami no- containing (i ncl udi ng Am de- NH and
Sul phonami dgseblfic efanpiaamat oddtve Solefiesmhsteaibh ugxddn Plegsphoriindatiogyre listed

Anci t abi ne, Ant hranycin, Azacitidine,. Bl eonycins, glin,
Car ubi cilf, B SHEHISH 2 HlE (il Ve OLH P HE th%ar%%o%%% e@l n, C%@%tt abi ne,
Def osf ani degorBRgH! A% list R0 0o Uiy Qintltingl he Eedpeion dmigh dovesed iEpiiy imlyérgion, but

Genti t abi ne, Hydroxyurea, | dal‘ébl Ci Mar. i mast at,.,

6 apt.qQ
Pent ost at i n&ivEe#l SRFETIEIVPEKIE Fsarﬁlﬁ@e Ao BB Rg @ Ei'ng[rf%gtsel?&da Sdreé cin,
Rani nust i neyySt r epipphaeiNg, St rsﬁlmn@z@mﬂn Thiﬂﬂ@a‘ouémi Tr @ma:cmbabnﬂéfﬂ

Vi ndesi ne and’ Zorubi ci n. 20 Car boxyl a ri cid GL UCOVA
AGENTS: Ani fisscrpisatbaraehyL A&éf‘ét‘&liolpélﬁ%Pg ’“%?‘ﬁlﬁ%m E‘? ‘ﬁ ﬁlﬁ?m"?‘%%’&’r pi‘n é\. 25
Am no- apd FH5QxYi: 101%919%%"(%@9H) Eé!oﬁﬁfn‘i}%rd}ﬁﬁs @adr Fartmk eerapeutic categories as

Hydr oxyl - cont alnin anoprost, Bimatoprost and Travoprost.

30
BENZGDI AZEPlis 1 ly IndorE RS sartl RN prssother data bases suCh as prous science’s
ensemble, integrity, and the like and also all the qualified (i.e., amino-, and /or hydroxyl-,

and/or carboxyl-containing) investigational drugs as listed in databases such Merck Index
(14th. edition), iddb, ensemble, integrity, and the like, are covered under this invention

25  without any limitation.
ANTIINFLAMMATORY DRUGS:

Amino-containing: Ampiroxicam, Bucolome, Celecoxib, Difenpiramide, Mofebutazone,
10 Nimesulide, Paranyline, Parecoxib, Parsalmide, Piketoprofen, Talniflumate, Tenidap,

Terofenamate, and Valdecoxib.,



-38- Diazepam Triazolam Al prazolam and the like. ANTIULCER AGENTS: 5

Am no-contai ning (including Amde NI T and Sul phonam de NH and Phosphom de
NH, etc.): Aldioxa, Benexate HCl, Cinetidine, Ebrotidine, Ecabapide,
Esaprazol c, Esomeprazol e, Fanotidine, Irsogladine, Lafutidine,
Lansoprazol e, O neprazole, Pantoprazole, Pirenzepine, Polaprezinc,
Rabeprazol e, Ranitidi ne, Roxatidine, and Troxi pide. 10 Hydroxyl -contai ni ng:
Enprostil, M soprostol, Onoprostil, Plaunotol, Rioprostil, Trinoprostil.
and Oyzanol A. Carboxyl -containing: Aggtoxol one, Carbenoxol one,
Rebam pi de, and Sof al cone. 15 Am no (or Hydroxyl) - and

Car boxyl -cont ai ni ng: Cetraxate, Ecabet, S-Methyl nethionine, Rosaprostol,
and Rotraxate. ANTI CONVULSANTS: 20 Anmi no-containing (including Armide NH and
Sul phonam de NH and Phosphonide NH, etc.): Acetylpheneturide Albutoin

N-benzyl- 3- chl or opr opi onam de, Carbamazepine, G nrom dlﬁ %g%m
Deci meni de HyDiompltdoagingrie, 2 DOREAT MBI 5o M iom eSO eE Rigjegft aSOEeI te,

Fosphenyt o L ltacet amioMeRheNpelizAcor?S Déphehaohd.t al |
Met har bi tap%wﬁhet%ﬁd%on Ftrg\tzlog%gm Oxcg%roﬁégepl ne, &?Ocareba[)rr%ggdnﬁé
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Pr ogabi rrac de i nam Sucl of eni de, Sul t hi ane, g?cam anel ,

Tet r ant oi thiEomDmdafmF lﬂpcdwm F}}Lmyh d“'éuoc@@(ﬁp@arﬁl@@edrgdene Acetate, tacin,
Met hy1- 5- ( henant hr anf oi he GRAd O Acetalfd),
adﬁg @2%@335,# Iﬂ’op:%ﬁ% Mgiqct}ﬁfétasén@ Py ee

Hydr oxyl - R roxyl -, ‘and Am no-cont ai ni ng
(1 ncl udi ng I—Aﬂ]d&&m&lbﬁeandb@td)qaimoné.m@@dw aﬁgbmtgsph@fﬁp{g@i R) : Memetasone,

4- Am no- 3-h utyric,Aci r t Bupai®i &, pandemibRxy! - and
Ani no- Cont ﬁ){eﬁ ﬁﬂ)‘;‘??‘ ’Wdlwﬁ iﬁtﬁo Fﬁﬂﬁ%h%ﬁ‘%ﬁﬁ%ﬁ%& de Nd and Phosphoni de
NH) :  GalbppenddnikoloR, Q’gﬁh&bﬂa‘] Rsmacbldﬁeg&b&mms;ﬂ“namomolone and Tacrolimus. :

Hydroxyl-, and Amino-containing: Bulexamac, Etofenamate, Fepradinol, Ibuproxam,

Isoxicam, Lornoxicam, Mcloxicam, Oxametacine, Piroxicam, and Tenoxicam.

15 Carboxyl- and Amino-containing: Aceclofenac, Alminoprofen, Amfgnac, 3-Amino-4-
hydroxybutyric Acid, Carprofen, Diclofenac, Enfenamic Acid, Ftodolac, Flufenamic Acid,

Meclofenamic Acid, Mefenamic Acid, Niflumic Acid, and Tolfenamic Acid.

Carboxyl-containing: Acemetacin, Acetamidocaproic Acid, Bendazac, Benoxaprofen,
20 | Bermoprofen, Bucloxic Acid , Butibufen, Cinmetacin, Clidanac, Clopirac, Felbinac,
Fenbufen, Fenclozic Acid, Fenoprofen, Fentiazac, Flunoxaprofen, Flurbiprofen, Ibuprofen,
Indomethacin, Isofezolac, Isoxepac, Ketoprofen, Lonazolac, Loxoprofen, Metiazinic Acid,
Mofezolac, Naproxen, Oxaprozin, Pirazolac, Pirprofen, Pranoprofen, Protizinic Acid,
Sulindac, Suprofen, Suxibuzone, Tiaprofenic Acid, Tolmetin, and Tropesin. Bermoprofen,

25  Bucloxic Acid, Isexepac, Ketoprofen, Loxoprofen, and Zalioprofen.

Carboxyl- and Hydroxyl-containing: Balsalazide, Enoxolone, Fendosal, Olsalazine.

Oxaceprol, and Ximoprofen.

30  Amino-, Carboxyl- and Hydroxyl-containing: 3-Amino-4-hydroxybutyric  Acid,

Mesalamine, and Sulfasalazine.



Car boxyl - cont ai ni ng: Ti agabi ne, and Val proic Acid. 10 ANTI PARKI NSON
Levodopa and Car bi dopa. ANTI DEPRESSANT: 15 Am no-containing (including
Am de NH and Sul phonani de NH and Phosphom de NH, etc.): Arnoxapi ne,

Car oxazone, Denexiptiline, Desipram ne, Dul oxetine, Fluoxetine,

Fl uvoxam ne, | ndal pi ne, Indel oxazi ne Hydrochl oride, |proclozide,

| proni azid, |socarboxazid, Levophacetoperane, Mprotiline, Metapram ne,
M | naci pran, M naprine, 20 Mocl obem cle, N al anm de, Nom fensine,
Nortriptyline, QOctanoxin, Oxypertine, -Raroxetine, Protriptyline,
Reboxetine, Rolipram Sertraline, Tofenacin, Tranylcyprom ne, Vil oxazine,

Bennoxi ne, and Rolicypri ne. Hydr oxyl - cont ai ni ng: Befl oxat one,
Bupr opi on, Fenpentadi ol, Hypericin, Opipranol, 25 Pyrisuccideanol,
Tol oxat one, and Venl af axi ne. Hydroxyl-, and Am no-contai ning (including

Ami de NH and Sul phonam de NH and Phosphom de NH): S- Adenosyl net hi oni ne,

5- Hydr oxyt ANRISpHER, AN RRONIT UG IENIC 381 STAM NI C Ani no- cont ai ni ng

(i ncluding Amide NH and Sul phonam de NH and Phosphomide NH, 5 etc.):

Ant azol i ne, Astem zole, C obenzeparn, Desl orat adl ne, Epinastine, Metron S,
M zol ast i né,:mamdonTarmmlg)qwaﬂllnwéllorlhyen@%}l! A HORIORY Ay ApilpRUAGd R afeaRG

N- Hyd h ﬁ)e[hﬁ 1
e e

Cet oxi ne. E&ermqugl Eﬁmnxaaudﬂ n§tllom€n%a§ﬂ1piﬁ@e B@@‘Bt‘@stNﬁ%‘aZ% i ?lﬁef?“i“?gn and

Levocabast i n £ enathhfemol,
ANTI CANCERIPRT\‘FFIZWIr : th Q’EX‘ \IRN| %E{%%%Yqﬁ%ﬁ%%%%gg%ﬁ%ﬁl VE AGENT: 20
Tr ans- Resv @aati fetdzohid, Ejped;idhe, S}I‘terrunhwdda‘mos@iﬂebene).

10 Hydroxyl-containing: Aluminum bis(acetylsalicylate), Benzylmorphine, Buprenorphine,
Butorphanel, Chlorobutanol, Ciramadol, Codeine, Desomorphine, Dihydrocodeine,
Dihydromorphine, Dihydroxyaluminum acetylsalicylate, Dimepheptanol, Eptazocine,
Ethylmorphine, Eugenol, Hydromorphone, Hydroxypethidine, Levorphanol, Meptazinol,
_Metazocine, Morphine, Nalbuphine, Oxycodone Pentazocine, Phenazocine, Phenoperidine,

15 Phenylsalicylate, Salicin, Tramadol, and Viminol. Hydromeorphone, Ketobemidone,

Metopon, Oxycodone, and Oxymorphone.

Carboxyl-containing: Acetylsalicylsalicylic acid, Alclofenac, Aspirin, Benoxaprofen, 5-
Bromosalicylic acid acetate, Cinchophen, Diacerein, Dipyrocetyl, Fosfosal, Ibufenac,

20  Indoprofen, and Salicysulfuric acid. Clometacin, Ketorolac, and Zomepirac.

Amino- and Hydroxyl-containing: Acetaminophen, Acetaminosalol, Bucetin, Capsaicine,
Dezocine, Floctafenine, Glafenine, Isoladol, p-Lactophenetide, Norlevorphanol,

Normorphine, Phenylramidol, Salacetamide, and Salicylamide.

23
Amino- and Carboxyl-containing: Actarit, Bumadizone, Clonixin, and Salicylamide O-
acetic acid.
Carboxy!- and Hydroxyl-containing: Diflunisal, Gentisic acid, and Salsalate.

30

ANTIHYPERTENSIVE DRUGS:



ANTI DI ABETIC. Metformin, and Nateglinide/dipizide/ @ ibenclam de

(A yburide). 25 LOCAL ANAESTHETI CS Am no-cont ai ni ng: Benzocai ne,

Chl or oprocane, Proparacai ne, Tetracai ne, Cocai ne, Propoxycai ne, Procaine,
Proparacai ne, Tetracaine, Articaine, Bupivacaine, Carticaine, 30

G nchocai ne, Etidocaine, Levobupivacai ne, Lignocaine, Mepivacai ne,

Pi perocai ne, Prilocaine, Ropivacaine, Trirnecaine -41- It should be
understood that while the lists of names of various categories of drugs
have been included above, such lists agie presented in a way of illustration
of the structural features of the qualifying drugs in this invention and
therefore, the nunber and types of 5 |listed drugs are not necessarily
limted thereto. In principal, any am no-, and /or carboxyl, and/or
carbonyl -, and/or hydroxyl-containing drug (from both known and

investigational drugs), irrespective of its therape at egor t heir
mechani sm éfisceinginings Alfuper | Benaylhyirashiopideyes uﬁﬁt&‘%{g& p?{ nﬁg’g prous

sci ence’ s péﬁﬂ%&g BUHa S df t ﬁciés‘ij&pﬂm@n(tl&ﬂ@mbl kelopatiige, geit'l_;&ﬁ@bhf%aﬁidver ed

within the true spirit and scope of the present. inv ntlon F% clarlty,
in additi o@eblmsoumg, alfdvssriiiding s Bﬁé‘dﬁi@,ﬁgs wgralamiifo- 1 0%?187 AHBEZF-

and/ or éar A %qgléagg\neht%& )iéfcimé:@qlraﬁétﬂﬁﬁg @urdﬂlg&lﬁc)r Gbﬁﬁalarﬁ‘ksrmWﬁfaahé
i nvesti gat | Ona?l Cﬁ | owm r;)% ther apeutl ngplﬁlas a&e Cover ed

wi t hout any}uhmdmm,aﬂydmca@EWRﬂldeEﬂvﬁJg sedipEipthiapslesd Hgt cs,
Ant i depr esz{gn 53@ SIYI RQkdf: nea'ﬂﬁjetfﬁ%la?@hé‘c%ny%ﬂ{egml%& 489&&!91 kayiet i cs,

Antim grai nt| convul sant s s used in parki nsonl sm and
novenent dltlﬁ&redﬁ:rasbaz@rwgMl’@erﬁadéneﬂvﬂnrloesldﬂAn @wtepts , Mareridng-or PRGBIPEAZYE;, NS

Stimulants & act tor. ipen | { agbiyauiekabehidt :
ri !sper| dof,g nac ]l{J s nfgug r%g'é@e%%\nﬁﬁi 3 HeHOREnd, ARL KRN ITE RABRbiIR, O

nti1nfective eye preparations,
Antiinl 1cam$gio@mgo;anﬂ ‘Bdsaadd, é“regamsupr'bpmmadman@odfdmlﬁlfgIT@MH%JG@’%Y“&‘% ot her

preparati ngsadbraplci'l{e eye di seases. 75

Hydroxy-containing: Ajmaline, Cicletanine, Leveromakalim, Naftopidil, Phenactropinium
chloride, and Protoveratrines.

15
Carboxyl-containing: Eprosartan, Fosinopril, and Telmisartan, Captopril, and Omapatrilat,

Amino- and Carboxyl-containing: Alacepril, gama-Aminobutyric acid, Benazepril,
Candesartan, Carmoxirole, Caronapril, Cilazapril, Delapril, Enalaprii, Enalaprilat,
20 Imidapril, Lisinopril, Moexipril, Moveltipril, Perindopri], Quinapril, Ramipril, Saralasin,

Spirapril, Temocapril, Trandolapril, and Valsartan.

Amino- and Hydroxyl-containing: Acebutolol, Alprenolol, Amosulalol, Arotinolol,
Atenolol, Betaxolol, Bisoprolol, Bosentan, Bucindolol, Bufeniode, Bunitrolol, Bupranolol,

25 Butofilolol, Cadratazine. Celiprolol, Carazolol, Carteolol, Cetamolol, Carvedilol, Epanolol,
| Indenolol, Nadolol, Dilevalol, Fenoldopam, Guanoxabenz, Labetalol, Losartan,
Mepindolol, Metipranoiol, Metoprolol, Moprolol, Nebivolol, Olmesartan, Oxprenolol,
Penbutolol, Phentolamine, Pildralazine, Pindolol, Propranolol, Rescimetol, Sulfinalol,

Talinolol, Tertatolol, Timolol, and Trimazosin.

Amino-, Hydroxyl- and Carboxyl-containing: Methyldopa, and Sampatrilat.



EAR, NOSE and OROPHARYNX: Drugs used aural, nasal and or

preparation. 30 CARDI OVASCULAR SYSTEM  -42- Anti arr hyt hg&hgrépgggl

Anti hypertensives (including alfa/beta-blockers, channel blockers ' ACE
inhibitors, Angiotensin Il receptor antagonists, diuretics, etc. )’
Antianginals (includinig nitrates, calciumchannel blockers, et c.i Dr ugs
for cardiac failure and shock, Vasodilators, Coagul ants, An'Ei coagui ants
Thronbol ytics and antiplatel et drugs. RESPI RATORY SYSTEM Respiratory ’
stinulants, Antitussives, Expectorantsg,Micolytics and Decongestants

Anti hi stam ne agents, and antiasthmatics. GASTRO | NTESTI NAL TRACT: ’
Antiul cer and Antisecretory drugs (including H sub.2 receptor antagonists
Proton Punp !inhibitors, Prostaglandin anal ogues, etc.), Antacids ’
Anti spasnodi cs and drugs nodi fying 15 intestinal motility, Antidi arrhoeal s
(itncluding antinotility and antim crobial drugs) and drugs acting on gall
bl adder. GENITEIQURCMARY SYSTEM 20 Urinary antiinfectives, Diuretics,

Urinary anal gesics & antispasnodics, Antiinfective drugs acting on urethra

and vagi na, drugs acting on uterus, Drugs for prostatic h
(i ncl udi ngAdlihakidvockens., hydoxant hwwgh%‘)nfaillﬁ&@@ibﬁ%i“gé‘?%cp?g %Tréogpcmin’
ayst uncly O Al BRI AR M AAROIE DB Rhe GRS IACRAR MAG: [nabx J8lshh.th
eratol ytics, Bi al antii'nfectives, topical antifungals,_ topic
]E)ar asi ti ci dattisn adoptheatrs tempisdsintegopi eaemifleutssibr aid tae HEe'\;[@Fﬁ’aa}”iﬁg{Oﬁ'&Sr ugs
or psori a%alms be lets crlreiﬂt g‘cmﬂg)lgata%lnS&{tﬁieﬁe%a-la@t@ﬁménmhﬂﬁ%p%ﬁlh%i a8vuladk acid,
penicillinic acid sulfone and the like. The following lists of antibacterial and antifungal
agnets are given for clarity.
10

ANTIBACTERIAL AGENTS:

Amino-containing: Acedapsone, Acetosulfone sodium, Ambazone, Bacampicillin,
Benzylsulfamide, Brodimoprim, Cefcapene pivoxil, Cefpodoxime proxetil, Chloramine-B,
15 Chloramine-T, Capreomycin, Clofazimine, Cyacetacide, Cycloserine, Dapsone,
Ethionamide, Furazolium chloride, N2-Formylsulfisomidine, Furonazide, Isoniazid,
Lenampicillin, Linezolide, Mafenide, 4'-(Methylsulfamoyl)sulfanilanilide,
Morphazinamide, Nifuradene, Nitrofurantoin, Penamecillin, Penethamate hydriodide,
Pexiganan, Pivampicillin, Pivcefalexin, Picloxydine, Protionamide, Pyrazinamide,
20  Solasulfone. Subathizone, 4.4 -Sulfinyldianiline, Sulfoxone sodium, 4 -
Sulfanilylsulfanilamide, Suifoniazide, Sulfabenzamide, Sulfacetamide,
Sulfachlorpyridazine, Sulfacytine, Sulfadiazine, Sulfadicramide, Sulfadimethoxine,
Sulfadoxine, Sulfaethidole, Su]faguanidiné, Sulfaguanole, Sulfalene, Sulfamerazine,
Sulfameter, Sulfamethazine, Sulfamethizole, SQulfamethomidine, Suifamethoxazole,
25 Sulfamethoxypyridazine, Sulfamethylthiazole, Sulfametrole, Sulfamidochrysoidine,
Sulfamoxole, Sulfanilamide, p-Sulfanilylbenzylamine, Sulfanilyhirea, N—Sﬁlfanilyi—3,4~
xylamide, Sulfaperine, Sulfaphenazole, Sulfaproxyline, Sulfapyrazine, Sulfasomizole,
Sulfasymazine, Sulfathiazole, Sulfathiourea, Sulfisomidine, Sulfisoxazole, Sultamicillin,
Sulfatolamide, Talampicillin, Taurolidine, Tetroxoprim, Thiazosulfone, Thiacetazone,

30 Tiocarlide, and Trimethoprim.



MUSCULO SKELETAL DI SORDERS: -43- Non Steroidal Anti Infl
I(NSAI Ds) including COX-2 inhibitors, Antiarthritic agentsjﬁlrrmalt ory rugs
nmunosuppr essants. Topi cal anal gesics, Miuscl e rel axants and Neuromu
Drugs. 5 | NFECTI ONS AND | NFESTATI ONS: Penicillin antibiotics, Cephal 3232?: n
antibiotics, Quinolone & Fluoroquinolone antibiotics, Macrolide
antibiotics, Chloranphenicol, Tetracycline antibiotics, Sulfonam des, 10
Anti anaerobi cs such as Metronidazole, Antitubercular drugs, Antil eprbsy
dr ugs, Anjtl fungal s, Antiprotozoals, Anghelm nthics & Antiinfestive Drugs
Antimal arials and Antivirals. ENDOCRI NE SYSTEM 15 Anabolic and andr ogeni c
steroids, Corticosteroids, Cestrogens, Progestogens and Hornonal
contraceptives, Fertility Agents, Trophic hornones and rel ated drugs,

Thyroi d and ant i thy dr y 4,di apetdxgRn@Nd O eblirgism
VETABOLI Slvglyay& &5 fa élggm C %rgﬁ%rﬁmil ncl udi Fl(? F nl’l cm?flgddﬁgfl e

statins [(C}caVoctolHﬁ‘/@hm#\ﬂ,r@'@itbdt@@é MBHPHIYE ]§‘ PRy EPTH; 4N élfpérﬁlbdl etc.],

Drugs usedf@r gglu Lo ahlsesd | RY m&ﬁ #B! abakicem lraﬁcﬂudi L
bi sphosphona es‘) Eﬁ% QL ASTIC D SCRDERS: ANt | cancer drufj lmm

al kyl ati ng (higxeniysm cylﬂamlﬁlmnwmant Epilgemean. ot | ARTEHBYTEed gluc erﬁ’gtwes

cytarbi d: dar bi. n L acil, Me
: d el % Yraci rcapt opurine, Thioguanine, etc.,
Vi nca al aI ord m }ff] 8 E%opom e, Taxanes, Topoi sonerase 1 inhibitors,

%?22?: (r:1e| m‘rug;)?gppr essgnt s, Immunostmul ants, Cytoprotectives such as
'Carboxyl-co g%mmg r(ﬁgl%ﬁﬁlgg%ﬁate,hofﬁmgﬂhate and phosphonate-containing):

Amdinocillin, Cinoxacin, Difloxacin, Fosfomycin, and Hydnocarpic acid. Fleroxacin,
Flumeguine, Miloxacin, Nalidixic acid, Oftoxacin, Oxolinic acid, Pefloxacin, Piromidie

10 acid, Prulifloxacin, Rosoxacin, and Rufloxacin.

Amino- and Carboxyl-containing (including sulfate-, sulfonic acid-, phosphate and
phosphonate-containing):  Acediasulfone, Amphomycin, Ampicillin, ~ Azidocillin,
Azlocillin, Aztreonam, Bacitracin, Balofloxacin, Betamipron, Carbenicillin, Carindacillin,
15 Carumonam, Cefaclor, Cefazedone, Cefazolin, Cefclidih, Cefditoren, Cefepime,
Cefetamet, Cefixime, Cefmenoxime, Cefmetazole, Cefodizime, Ceforanide, Cefotaxime,
Cefotetan, Cefotiam, Cefoxitin, Cefozopran, Cefpimizole, Cefpirome, Cefroxadine,
Cefsulodin, Ceftazidime, Cefteram, Ceftezole, Ceftibuten, Cefiizoxime, Cefiriaxone,
Cefuroxime, Cefuzonam, Cephacetrile sodium, Cephalexin, Cephaloglycin, Cephaloridine,
20  Cephalosporin C, Cephalothin, Cephapirin sodivm, Cephradine, Cilastatin, Ciproflaxacin,
Clinafloxacin, Clometocillin, Cyclacillin, Dicloxacillin, Enoxacin, Epicillin, Fenbenicillin,
Floxacillin, Hetacillin, Loracarbef, Metampicillin, Methicillin, Mezlocillin, Nafcillin,
Noprysulfamide, Opiniazide, Oxacillin, Penicillin(s), Penimepicycline, Phenethicillin,
Phthalylsﬁlfacetamide, Phthalylsulfathiazole, - Piperacillin, Propicillin, Quinacillin,
25  Succinylsulfathiazole, Succisulfone, Sulbenicillin, Sulfachiysoidine, Sulfanilic acid,
Temocillin, Ticarcillin, and Tigemonam. Garenoxacin, Gatifloxacin, Gemifloxacin,
Grcpaﬂoxacin, Lomefloxacin, Moxifloxacin, Norfloxacin, Pazufloxacin, Pipemidic acid,

Sitafloxacin, Sparfloxacin, Tosufloxacin, and Trovafloxacin.

30 Amino- and Hydroxyl-containing: Amikacin, p-Aminosalicylic acid hydrazide, Arbekacin,

Azidamfenicol, Bambermycins, 5-Bromosalicylbydroxamic acid, Butirosin, Clindamycin,



-44- antagoni sts and ot her antineoplastic drugs. ALLERGY AND | MMUNOLOGY: 5
Antial lurgics such as non-sedative antihistamns (e.g., Cetirizine,

Desl or at adi ne, Terfenadi ne, Fexofenadine, etc.), sedative histam nes and
hi st am ne receptor bl ockers. ANAESTHETI CS & SURG CALS: 10 Local

anaest hetics, intravenous anaesthetics, inhalation anaesthetics and nuscle
rel axants. In addition to the above |ist of drugs, the present invention
al so covers newer drugs with the above nentioned active functional groups
as listed in the Merck index (14th edig4-on) and ot her drug databases such
as Prous Science's ensenble, integrity and the 15 investigational drugs as
listed in databases such as iddb, ensenble, integrity, and the |ike w thout
any limtation. Preferred bioactive agents include the flouroquinol one

antibiotiCékaQ%al aneg@h&%hﬁgaggq vahpbﬂkqh@CId(kmmﬁferréﬁnﬁﬂoqmbWUInolone
antibiotics 1nc al at r of 'oxaci n, balofloxa0|n

clinafl oanemyddad@fsmmnWm del QWQB?&%W n, %M?BBPPtB%ﬁ:‘P’n gjglflﬁ%?é%)écm

enoxacin, enrofloxa e | 193 G OXRElafyciB ETIyebslNAG, IN4-beta-
grepafloxamﬁywlﬂgﬁ\%(’)%gyhgaB Eﬁ%@@ tlaoxaC|r111 mar. b ofﬁoxaC|n noxi f | oxaci n,

nadlfloxactnGhmmwhhﬁMabmnk oﬂh@%awhﬁ@)oﬂﬁﬁ@ﬁéﬁh0|%mwﬁ@?wg%ac freomyetn,
sitaflo aCM]eﬁl %z‘ﬁ{nH 0 Ciha ﬁ)é:i_lﬁ@ ”ﬁ}ﬂ&&&%ﬁh&m tﬁ&iﬁ{ﬂc%a@ieﬂlmi@ﬁsuﬁ\ﬁkf&jﬁ&ﬁm n and

trovafl erred are: danafloxacin, de rofloxaC|n 25
di f1 oxaci npaenfoafycox &by ammdsdtdy&ﬁtfadilwcytﬂé’@o?‘l’lwléi@flnp“@wlﬁx gppplanin,

pef | oxaci nﬁ%la:rrg’m' (}%Fa]%utup rﬁlfqun fﬁmhgvﬁﬁ{aﬁﬁ@&' dy aﬁﬁaﬂﬁ?ﬁt r[@fabéﬁt@& n.

Most prefe OXAcin° and extrof oxacin. The preferred | qca
anaest het i Gsfaginéinpiz@edi, nSalaadd plovailive, Siogtcipr SFeitiaeins SHENPBEEMne.

-45- Pref d bj t X h t
i nvent Ir gnegrgptpwlsgzg ’C%Rt%élE ?ﬁéanghnoe@lg‘ﬁolC%ﬂlaplghéﬁtido '?l’ﬁg tfeBtoh Gobhesan,

nore functional groups such’as
car boxyj@t gubhyeexykin, aniamycit, hiaod, NDMQs@hﬂme éihlasigirptyatiee, EMEOE%ﬁﬁples of

preferred bl oacti ve. MELELLes, (AL SRR ASoHblb) 3RS PAhlifydhoRaRtpiament | on

Rolitetracycline, Spectinomycin, and Trospectomycin.

Hydroxyl- and Carboxyl-containing (including sulfate, phosphate and phosphonate-

15 containing): Fropenem, Nadifloxacin, Biapenem, Fusidic acid, and Merbromin.

Amino-, Hydroxyl-, and Carboxyl-containing (including sulfate, phosphate and
phosphonate-containing}: p-Aminosalicylic acid, Apicycline, Amoxicillin, Apaleillin,
Aspoxicillin, Benzoylpas, Cefadroxil, Cefamandole, Cefatrizine, Cetbuperazone, Cefdinir,
20 Cefminox, Cefonicid, Cefoperazone, Cefoselis, Cefpiramide, Cefprozil, Ertapenem,
Flomoxef, Imipenem, Lymecycline, Meropenem, Moxalactam, Negamycin, Panipenem,
Ritipenem, Salazosulfadimidine, Sulfaloxic acid, 4-Sulfanilamidosalicylic  acid,

Teicoplanin, Tyrocidine, and Vancomycin,
25  ANTIFUNGAL AGENTS:
Amino-containing: Chlordantoin, Exalamide, Flucytosine, Loflucarban.

Hydroxy-containing: Chlorphenesin, Ciclopirox, Dermostatin, Filipin, Fluconazole,

30  Fungichremin, Pecilocin, Posaconazole, Ravuconazole, Rubijervine, Siccanin, 2,4,6-

Tribromo-m-cresol and Voriconazole.



In accordance with the invention the bioactive noieties are capabl e of
being released at a rate equal to or faster than the rate of biodegradation
of the polymer backbone. By providing the biodegradabl e polyner with such
properties, structural integrity of the polymer backbone (and hence the
physical form (e.g. shape and size etc) in which the 10 polyner is

provi ded) can be maintained while the drug is being released. By the

bi oactive noieties being "released at a rate equal to or faster than the
rate of biodegradation of the polynmer ackbone” is neant that the

bi odegr adabl e pol yner is constructed such that under given physi ol ogi cal
conditions or in a given biological environnent the neasurable :
concentration of the rel eased bioactive noiety in its 15 biologically
active formis equal to or greater than the measurabl e concentration of the

correspondi ng nononer - bi oactive nojety conjugate, fr whi ch_the polynmer is
deri ved (eﬁgﬂmﬁﬂﬂWHWH“%%F&W@WEEEWﬂ@dHﬁéﬁﬁ?%Fgﬁﬁ“ﬂéggE%%Wﬁﬁfmwgy be readily
conducted by those skilled in the art, for exanple by using HPLC or GC

anal ytical techniques. In one enbodi ment, the bioactive noieties are
capabl e of Apgnergpnd dlaghwsplrogtaingng AF&SCFB&8t er 70 than the rate of

bi odegradati on of the pol yner backbone. In that case, the biodegradable

pol ymer 1s constructed such that under‘given,physing ical conditions or in
a gi ven bi @intgi-calkl Herdvaxy bemganing: [felipdanlifcaprésordh e ‘E’*ﬁ‘&??rml“c?fcofnﬁgm} el eased
bi oactive moj ety l 0y L5 R O(li.q | CAlilkMakdihY Brdfdsakdyoh@raflid] Butbdsamide,
measur abl e "¢oncentration of the correspondi ng nononer - bi oactive noiety

conj ugat e fGagmiwgicMictfengpolapddpbireidideri ved (e.g. formula 25(11)). In one a
further enbodi nent, the neasurable concentration of the rel eased bioactive
noiety inits biologically active formis at |east 5% at_I|least 10% at

| east 2004 ‘ahinbe@stbodPYandllydreadconang: Hetamysin, Ampliogaistn B, Lucgpsomygidy 5 x
greater than %Fe peasurable concentration -46- of the correspondi ng
“mononer - bi G241 %gent conj ugate from which the pol ymer is derived (e.g.
formula (11)). In connection with providing the biodegradabl e polyners with

an appropri at r to pronote a desired rate of rel ease of the

bi oacti ve n%$§?5%ﬁﬁﬁéggggkilled inthe art will 5 appreciate, for exanple, -
that hydrolysis of an ester noiety will typically occur nore readily than
that of an am de or c¢arbapat e noi /.. Thus ol : r se of
the bi odét i FEIrmp- A RPGFIREdEs) a‘ﬁé}}r‘%ﬁ%k’g{ég‘é%ﬁrﬁgﬁ&%‘s&lf ?rogggfg’rlr%%,ﬁ@f ast er
than the rai®afinbi Nsegmadaifigiinef aidtfadpatiyeer backbone, one i ght
construct the conjugate such that the polymer backbone conprises only am de
and/ or carbamat e bi odegradable noieties and the 10 bioactive noiety is
coval ently gQupl.&ftdifind: hArhaakbenanidisoraytigsAeyirdine, eCypraditios eDeleviFdies in

the art will also appreciate that factors s as _ster] WG AN

el ectronic E@V@@EsFﬁ?@@ﬁ@“é“@WU@ﬁiﬂﬁﬂﬁﬁﬁﬁﬁﬁi@&%m%%P%§§&§§%lﬁ?terwgﬁgz
propensishy HOIMRGGE @omvan Q. ¥ailtn @l avageine Bat Watabgelpal ymer backbone and

t he pengant I oactive noiety can be a source of such effects. For exanple,
a bi odegradabl e noi ety having a non hydrogen 15 substituent (e.g. alkyl,
aryl, alkyl ?B—%Ilm- %Hbqgvcﬁwhlmhﬁﬁiag.edmaomdj Okcylefovirp Itefoiir] Aypiccatity be

| ess susceptible to hy rplg;ic cleavage rel ative to the ane nng % ﬁpaving
hydr ogen substitayentilofoyiabdanaingndidgexygdengsing. Eipe H]ien%]? YRS BHTEYer owi ng
around a gi yen; Rigdearadahle Ml fdinbe.-uERkxdnd NS { Neliatie of

rel ease of the broactive noiety andﬁor,the_rate bio of .th ol¥ner .
backbones 20erkidoski Regguimoti Shihavinl Ritsandnpaplenagy: sEﬁ“«SE‘t"Bng v

appr opri at e spacer, based. on, a0, £yakyalon of steric constraints, phase
chem stry and SUrTace ¢ em stry. For exanple, |arger bioactive noieties can
be advant ageously spaced fromthe nononer by the choice of a |onger spacer.

Carboxyl- and Hydroxyl-containing: Foscarnet sodium, and Ganciclovir.

30 Amino-, Carboxyl- and Hydroxyl-containing: Zanamivir.



The skilled artisan would al so be capable of selecting the appropriate

| i nkage chem stry in 25 the synthesis of the biodegradabl e pol yner so that
the rate of bioactive noiety rel ease was equal to or faster than the rate
of polymer degradation. -47- > amide. By tailoring at |east the rate at

whi ch the bioactive noety is released fromthe polynmer backbone, the

pol ynmer - bioactive noiety conjugates of the invention can advant ageously
function as a sustained bioactive noiety delivery system 5 At the very

| east the bioactive noiety nmust be relygasable fromthe pol ynmer conjugate
per se. However, the polyner nmay al so biodegrade in vivo or in vitro to a
degree such that the pol yner backbone fragnents, with the noiety remnaining
tethered to such a fragnent(s). In that case, the noiety will neverthel ess
still be c Bﬁ%H f ing released or cleaved fromthe fragnent. Having
said this, R he gl%gg??Ve noieties nust still be released at a rate equal 10
to or faster t han the rate of bi odegradation of the pol yner backbone as
herein defined. |n | oARIpr¥LuRNI Efdoduanil,leamgaint.e where
the pol ymef BAE %Hzm“n %ggg&ggﬁgfﬂﬁ??a Iy]%ogErodegré%atron during the
rel ease ti H‘ﬁsxfmcacﬂtﬂ’ammqumns(erqwﬂfeal@ﬂ"alf@@ﬂ‘ffge a higher rate of bioactive

noi ety release is that it avoids the situation of statistical hydrolysis of
a long chai n pol ymer (e.g., polyanhydricie) wherein 15 there§rs t he
possrbrI|tywﬁmmpr@ﬂumenplugﬁmemsmomkph@ bPeksetingre Frischendas, - r9gRENt s
that may consequent | ed LLgoNer before it can
be reIeaseg)@@ BFEM ﬁt ﬁ%éhnme&L@Ehkgﬁdggg%ﬁg§gﬁg%g?he term "constituent
mononer” refers to the re5|due of that nononer as it appears in the pol yner
backbone. 20 The bi odegr of the present invention may have a
structure §?¢Pé§ﬁ§§@ﬂtg%avﬁ£ Eﬁﬁe n% [fow, The bi oacti ve moi ety, will be
attachegpto the polyner via a labile Ilnkage that allows rel ease of the

bi oactive noiety aft adm ni stration, Lirkaekdbone
Wil also iAERoEEn; @Wé&%ttff’&‘“ﬁbl‘\&t"d‘ag&f‘ha féhiorh gfﬁﬁi’ft’f@rf of the

pol ymer af tigfoadmhai stration. -48- Thus, with reference to Figure 6 the
rate of breakdown of the linkages L2 is faster than or equal to, preferably
faster than, the rate of breakdown of the linkages Li. The labile |inkage
Li may be gnaf@gyﬁnbeﬁﬂcbyggsgovalent bond between the bioactive noiety and
t he pol yner backbone. Alternatively, the | abile |inkage nmay be
charact ébi sed by the presence 5 of a spacer noiety between the bioactive
moi ety and fhe, R oylfa%n@az&;éimxttﬁaycmlaeAtztomkea@eBmlmhmm Breupdibgrigaludaeihone L2

may be charact eri sed t he esence of e one
fragment s c@wttatahfnﬁg Cdilté E’E‘Pe‘oﬁ’éf%f're Péeﬂaygﬁﬁl%ersg?)ly b]gocetaagle\rﬁ%rrgr et yll'%lt;et ween
backbone f r]ﬁ]_%gﬂ?( t?]e c thﬁésﬂ'{n@%n& W nditabie e Hﬁkﬂﬁfﬁﬁbls ERmhrynamre bEte kidarrds

contai ning side cha

ins may urther character {3 : ) %k|EQE§ﬂ?
within 10 tBepssidte Femrgiimde. E@VWW440163”55ﬁW5e|8f ¥ h ¥V§h3% nkages
are thosg tar &‘é% ‘Mﬂér&%}tthﬁ tater:z@gatlr \mlrmsa%mebf&ltelambimrﬂ Mv@xcraoioyrrer

backboné"bi 0degr ades | i'nkages or _|inkers may. P fore .al so be
referred t oNarsrmhnaod@galadlabmeNmﬁﬂy@rcggalarettc Acid, Olivomycins,” Pachtaxel and other

known paclitaxel analogs, Plicamycin, Podophyllotoxin, Retinoic acid {including all trans-
retinioc acid), Roquinimex, Rubitecan, Seocalcitol, Temoporfin, Teniposide, Tenuazonic
Acid, Topotecan, Valrubicin, Vinblastine, Vineristine, and Zosuquidar.
25
Amino-containing  (including Amide-NH and Sulphonamide-NH, Carbamate-NH,
Sulfamate-NH, and Phosphomide-NH): 9-Aminocamptothecin, Aminolevulinic Acid,
Amsacrine,  Bisantrene,  Cactinomycin,  Carboquone, Carmofur, Carmustine,
Cyclophosphamide, Dacarbazine, Dactinomycin, Demecoicine, Diaziquone, 6-Diazo-5-
30 oxo-L-norleucine (DON), Edatrexate, Efaproxiral, Eflornithine, Eniluracil, Erlotinib,

Fluorouracil, Gefitinib, Gemcitabine, Goserelin, Histamine, Ifosfamide, Imatinib,



Providing the bioactive noiety with a different rate of release relative to
the rate of 15 bi odegradation of the polyner backbone allows for the

rel ease of substantially all the bioactive noiety prior to the onset of
significant pol ynmer backbone degradation. The bi odegradabl e pol ynmers of the
present invention can accommodat e hi gh bioactive noiety | oadings,
mnimsing the amount of material required to deliver a dose of bioactive
Moi ety. Bioactive noiety |oadings of at | east Moby weight, preferably at

| east 20% by 20 wei ght, nore preferabl gy at |east 30%by weight relative to
the total weight of the biodegradabl e polynmer may be achieved. The

bi oactive noiety |loading nmay al so be expressed in terns of its nol %
relative to the total nunber of noles of nonomer that formthe polyner.
Ceneral |y, y 1, ORES r MRi!TOL i 8¥016, O Mgk ieh, WOl splag O aiispiadit, | east
10, at Ieaé%ﬂggpﬂh rﬁ{lregslt 35, ﬂét eeaslt 45 or 25 up %\%%50 nmol % of %{ﬁactlve
moi ety, re[Lamuszme,t 0 bémafarmbal Mﬁlﬁmusﬁﬁe>mll\é‘élpléﬁia%n hotepale, £ YIRS

pol yner . Anl ol!:\!?mﬁﬁge Iﬁlﬁ&B@nHe rﬁ’lﬁmgﬁa%e?%ﬁﬂmmn@' Qﬂﬁﬁdn‘ﬂ&e Migliptine,

conj ugate W I s I'se up up to 80, up 0 and even up
to 100 nol %o@fuemm@gaplgdn,bi’@a@ttqw@ Risnamgt, Pﬂ*é‘ll%&ﬂiﬂvé’f%rqaﬁ'é@t giffeitdnber of
mol es of. h FRL - THRWEMETe, TiRifhRAL T@§Rzankihe, W8l | be
appr eci at rerg.n?wé ar h[%mofz& &GO?T]{C}%%ugat ed oac?tl vﬁeal noi ety eater t han 50
mol % 5 wi | IAmem&SﬁumngmH@makieh}ldﬁéﬂwﬁqn@mrwp@ft (B4 PHthémingpyrifwe-ugiyp) - v-
type noi etl es sh ner a a (A hvtRlasxanrlecxt ha/etRengmpnoner s
whi ch a poI %Eﬁ y&ft emmmg&%‘é g% é\ac |v%ﬁ1rm| ety conjugate of the

i nvention (thiofatrukaae, (UrB)il mtaed slbednpnmEBldé agioWjryh ahesthipyIdReeEhamye agip sy

The bi odegr adabl e C tal n nore than one type of bioactive

noi ety as F&°% F'ilh?ﬁl&qbﬁ%%% ﬁ“ﬁﬁ%tb 7. The bi odegradabl e pol ymer may contai n
nore than one type of |inker or b| odegradabl e noieties as illustrated in
Figure 8. As d cussed, apove, va b YA ald REBhoRLigL-Nes

provi des cdifth Ydfﬁ?‘ér & Haminer ecé” %f(mfl%dmg Ahé&eb]ﬁ%a%tq veﬁ)m%l eties. Nore

t han one t ypgh@fatd- NHKEBulImeheﬂ‘é N}namnd)ePhxsehbrﬂJBeNﬁbl Aaditabiteh Aptheanisin one

type of bioactive npje S to i de.a i  rolled
rel ease of %Flf'ﬂ‘ﬁF’eBlﬁPB‘é vlg Oﬁ”dir‘%‘F‘? g%useﬁehn‘t aéﬂ'lclt()nn exhtlosrg%lt'&r‘f @1%?1{’6?

bi oactive ffg;ltﬁ%l% bheobitedegr adaldbinepol yetesiampie, trmacpuae@,enthxnv@mn,on

? Lfeer t I?Se EC\{Gal.l’?atS(?i 1?]5 Opr?I%{DIrC]:IH lCI‘enCItta 11"160n rc?m\)?i}rea ?darlﬁnm I \f\ﬁarﬂnﬁpa?r td ons Of

Mercaptopurine, Pentostatin, Peplomycin, Perfosfamide, Pirarubicin, Prinomastat,
Puromycin, Ranimustine, Streptonigrin, Streptozocin, Tiazofurin, Troxacitabine,

Vindesine and Zorubicin.
20  Carboxyl-containing: Butyric acid.

NTIGLAUCOMA AGENTS:

Amino- containing: Acetazolamide, Brimonidine and Pilocarpine.
25

Amino- and Hydroxyl-containing: Bimatoprost and Timolol.

Hydroxyl-containing: Latanoprost, Bimatoprost and Travoprost.

30 BENZODIAZEPINE TRANQUILIZERS AND HYPNOTICS:



bi oactive noieties, b) their relative positions as attached to the pol yner
backbone and c) 20 their degree of dispersability (e.g. they may be |inked
to only certain segnents in the polymer). The rate of breakdown of the
| abil e |inkages L2 may be influenced by external stimuli so as to
external ly nodul ate the rel ease of the bioactive noiety. The
bi odegr adabl e pol yner can be honbgeneous or heterogeneous with respect to
the 25 bioactive noiety(ies) used. Preferably the bi odegradabl e polyner is
desi gned such that the bioactive noi eti38s are rel eased unencunbered by
excess nol ecul ar fragnents. In other words, the bioactive RECTIFI ED SHEET
(RULE 91) ISAYAU -50- moeties are relased such that they do not conprise
a residue derived fromthe polymer backbone or spacer noiety. By this it is
nmeant thatDEQ&MQLq@ﬁ%ﬁ¥gdq9k§&gﬁ§mgmﬁen@ieased in their substantially
original form*(i.e. berore being conjugated) and are essentially free from
for exanple, fragnents of oligonmer or polyner derived fromthe pol yner
backbone. 118 i . desirable in avoiding situations in which a | oss
of bioactiggﬁggigFéjg?g$t?éncy occurs through | oss of pharnacol ogi cal
effect through poor transport of, for exanple, sterically demanding
Pl 0act 1 e/ Qlli00 Bl iRk AhicRlin LAHGMRNNS! Qi ABhéitde D he PhoPAmAR A,
resulting in elution of the dctive bioactive noiety away from.the target
site. The bicodegididabl Bepokipnell€l, ofCipktdipg.e Sametiding e KR np FEP 438/ y ner
backbones (as 10 i |l ustrat. by iy, &E0 ul I ClopherRpRf er abl y
sel ected f 5%?%¥m%khp§%g§égﬁglygég%ﬁgﬁg é%?%%ﬁgylgﬁé%%%$?§ingldﬁé or nore
chai n ext eRdeosratee.g.Pipadepast efglaprepmbhy aRabeirizelce, Rpptidisar Fewatidne. pdid ur ea,
polyanide,KQoL.inide and pol yester (eg PLGA (poly(lactic-co-glycolic
acid)), PL ‘i’&%%l actic acid), PGA (polyglycolic acid), PHB .
(pol yhydr oxybutyrate), PCL (pol ycaprol actone); and copol yners thereof. More
preferably th |. ymer hackbgnes,. | e -0m Ik S8rosti
pol yur et haﬁé’gf‘)xﬁg?@]@%%%‘s ,' E&%Pst;g‘m elgorpgon%%’cogo gf?feség tﬁgéeurng%m %@g{?imclil’ed t hat
t he pol yremrhagkianend Sryjphadegr adabl e, it nmay al so include chain extenders,
star conpounds and dendriners to introduce branching and spaci ng bet ween
segnents within the polynmer. The pol ynmer backbone may be |inear,
subst ant i aldaybdxlynetainibs: 2nehadlon @ yperdoenBited)ipide,and Sofalcbheck pol yner or
co-polymer. Co-polyners may be advantageous in allow ng incorporation of
more thht one bioactive moiety with known relative positions in the final
pol ymer. |talRY (& ﬁﬂdrbﬁyl}iE%d albexyilebnthinmgb CodegreaBabte Sgdkyippregitrindge
substantial |y anmorphous and thus contain a | ow amount of crystalline
segment s. Serrpvely sk SOI@%Hpr ovi de a more 25 predictable rate of bioactive
noi ety rel ease as well as assisting with the production of materials that
are nore flexible which can assist with producing coatings as well as
assi sting WMYRIGHREVEREANSF: pol yner degradati on.

20

Amino-containing (including Amide NH and Sulphonamide NH and Phosphomide NH,
etc.): Acetylpheneturide, Albutoin, N-benzyl-3-chloropropionamide, Carbamazepine,
Cinromide, Clonazepam, Decimemide, Dimethadione, Doxenitoin, FEthosuximide,
Fthotoin, Felbamate, Fosphenytoin, Lamotrigine, Leveiiracetam, Mephenytoin,
25  Mephobarbital, Metharbital, Methetoin, Nitrazepam, Oxcarbazepine, Oxicarbamazepine,
Phenacemide, Phenetharbital, Pheneturide, Phenobarbital, Phenylmethylbarbituric Acid,
Phenytoin, Phethenylate Sodium, Primidone, Progabide, Remacemide, Rufinamide,
Suclofenide, Sulthiame, Talampanel, Tetrantoin, Topiramate, Valpromide, Zonisamide, 5-

Methyl-5-(3-phenanthrybhydantoin, and 3-Methyl-5-phenylhydantoin.

Hydroxyl-containing: Ganaxolone.



-51- polymers. For exanple, using nononers such as eaprol actone or

pol yester polyols such as pol ycaprol actone diol can decrease the
crystallinity and increase the flexibility of the resulting polyner, For

t he pol yurethanes it nay be inportant to limt the content of hard segnent
(use 5 conventional definition of hard segnent - chain extenders +

dii socyanates). One exanple of a typical class of chain extender are |ow

| ol ecul ar wei ght diols. Exanples of such chain extenders include ethylene
gl ycol , propane diol, propylene glycolzg-butane diol etc. Apart fromthe
potential toxicity of such chain extenders, |limting the hard segnents in
t he pol yuret hanes al so provides a reason to reduce the | ow nol ecul ar wei ght
diol content as 10 descri bed above. The pol ymer backbone of the

bi odegr adabl e pol yners of the present invention have a nol ecul ar wei ght of
about 250 Daltons to about 2MM Dal t ops, prefer I DAk g to
500, 000 Daliydipeyl- and Pmipmeen&iipgi (Hehengt ﬁ&"%ﬁ Z“@Lép%&%ﬁ@%?@ﬁé?%?‘% '

accor dancep it dien VR RHIAN: K SRmRos G\ pkclandle, bicBpokymer backbone

a plurality of noietiés of general forrmula (1): A and B. which may be the

sane or different, represent the renmai nder of the bi odegradabl e pol yner

backbong. As,pen. the SLSpussiaN.aRakeain neskest ahd thepalyideriavkbone

A and B nmay beé sel’ect’ed rom or conpnlses\polyurethane optionally

conpri si ngPlmehanidediFd: GabaprionPregahalinend VIgbNpo) yest er), pol yanhydri de,

pol ycar bonat e, pol yurea, pol yam de, polyimde and pol yester (eg PLGA

(poly(lactic-co-glycolic acid)), PLA (polylactic acid), PGA (polyglycolic

aci d), PHBCabokyopdrmiyb Jtagabing prd BaprqindFifcapr ol act one); and copol ymer s

thereof. I n sone enbodinments, A and B are selected fromor conpri se:

pol yanhydri des; pol yurethanes; polyesters; pol yam des and copol yners

t her eof 10A aMd/IBARRINBOW | | al so conpri se one or nore bioactive noieties

covalently coupled to the polynmer backbone. -52- and/or their

bi odegr adabl e properties. Those skilled in the art can readily sel ect

pol yners t Qepsdoya el Cabidepech properties. As used herein, "bioconpatible

polynmer" refers to a polyner that both in its intact, that is, 5 as

synt hesi zed, state and in its deconposed state (i.e. its degradation

products), ArsrioerRESSbNg:with living tissue in that it is not, or at |east

is mnmlly, toxic to living tissue; does not, or at least mninmally and

reparab]% does, injure living tissue; and/or does not, or .
Amino-containing (including Amide NH and Sulphonamide NH and Phosphomide NH,

etc.): Amoxapine, Caroxazone, Demexiptiline, Desipramine, Duloxetine, Fluoxetine,
Fluvoxamine, Indalpine, Indeloxazine Hydrochloride, Iproclozide, Iproniazid,
Isocarboxazid, Levophacetoperane, Maprotiline, Metapramine, Milnacipran, Minaprine,
20 Moclobemide, Nialamide, Nomifensine, Nortriptyline, Octamoxin, Oxypertine, Paroxetine,
Protriptyline, Reboxetine, Rolipram, Sertraline, Tofenacin, Tranylcypromine, Viloxazine,

Benmoxine, and Rolicyprine.

Hydroxyl-containing: Befloxatone, Bupropion, Fenpentadiol, Hypericin, Opipramol,

25  Pyrisuccideanol, Toloxatone, and Venlafaxine.

Hydroxyl-, and Amino-containing (including Amide NH and Sulphonamide NH and
Phosphomide NH): S-Adenosylmethionine, 5-Hydroxytryptophan, and Roxindole.

30 Carboxyl- and Amino-Containing (including Amide NH and Sulphonamide NH and

Phosphomide NH): Amineptine, and Tianeptine.



at least mninmally and/or controllably does, cause an i munol ogi cal
reaction in living tissue. 10 The noiety "R' present in formulae (I) and
(I'l) represent a linear or branched optionally substituted hydrocarbon. In
sone enbodi nents the hydrocarbon may conprise between 1 and 12 carbon
atons, for exanple between 1 and 6 carbon atons or 2 or 3 carbon atons. The
hydr ocarbon nay be partially or conpletely saturated or unsaturated
(including 15 noieties that are aromatic). Specific exanples of R include a
moi ety having one of the follow ng strygtures: A bi oactive noiety can be
conjugated to all nononers that formthe bi odegradabl e 20 pol yner, or only
to nmononers of a particular character (e.g., polyal cohols) or proportions
of nonomers. Mononers conjugated with one bioactive noiety may be

pol yrmeri sed with nonomers conjugated with another different bioactive
noiety. -53- XIRYi ED(IlI) where, X, Y, R Z and D are as herein
defined. |aNTHETAMIOM nments, the nononmer - bioactive noiety conjugate may
have a nore specific structure of fornula (III) (rv)y, (v) or (Vva):

XIT___ 'Yl XIYI X,,,"'.",,Al >VmDI\I _0 OYI O—|2)
(61), (1V) afMhoodoltaining (including Amide NH and Sulphonaml e Ng{ and IgimDEhonngg NEI

5 etc.); Antazoline, Astemizole, Clobenzepam, Desloratadine, Epinastine, Metron 5,
Mizolastine, and Tritoqualine.

Hydroxyl-containing: Terfenadine, and N-Hydroxyethylpromethazine Chloride.

10 Hydroxyl-, and Amino-containing (including Amide NH and Sulphonamide NH and
Phosphomide NH, etc.): Cetoxime.

Carboxyl-containing: Acrivastine, Bepotastine, Cetirizine, and Levocabastine.
15  Carboxyl- and Hydroxyl-containing: Fexofenadine.

ANTICANCER, ANTIOXIDATIVE, ANTIINFLAMMATORY, AND
CARDIOPROTECTIVE AGENT:

20 Trans-Resveratrol [(E)-3,4",5-trihydroxystilbene}.
ANTIDIABETIC:
Metformin, and Nateglinide/Glipizide/Glibenclamide (Glyburide).
LLOCAL ANAESTHETICS
Amino-containing: Benzocaine, Chloroprocaine, Proparacaine, Tetracaine,Cocaine,
Propoxycaine, Procaine, Proparacaine, Tetracaine, Articaine, Bupivacaine, Carticaine,

30 Cinchocaine, Etidocaine, Levobupivacaine, Lignocaine, Mepivacaine, Piperocane,

Prilocaine, Ropivacaine, Trimecaine



where D, X and Y' are as herein defined, and p is between 1 and 18.
Mononmers that are polynerised with the nononer - bioactive noiety conjugate
to form 10 the bi odegradabl e polynmers of the invention will not only
conprise conpati ble chem cal functionality to react with the nononer -
bi oactive noiety conjugate but that reaction will of course give rise to a
bi odegr adabl e noi ety. The expression "conpati ble chem cal functionality"
refers to chemcal functionality that is 15 capabl e of undergoing reaction
wi th the nononer - bioactive noiety com ugate to formthe polyner. For
exanpl e, the nononers of formula (I1) conprise at |east two term nal
reactive functional groups X and Y' . These functional groups will react
wi th conpatible functional groups of one or nore nononers to formthe
pol ymer and give rise to a biodegradabl e noiety. Thus, where both X and Y
are hydroxyl groups, those skilled in 90 the t will r L t they
wi || react twhotid &e vaddrgeqd Gt Wikt diftalol g8t %r‘?ﬂ‘eﬁs ple OFgocflcg gt l0e
functional | {y g, Ja" 68T RARLE RL pHEkAARC: hiaplcagasstradan bmel itmomoil d
functi onal Eieé Pguss uce Sst o "1 nkages: car boxylic d halide
f unct i onal fefaylretsmfph&)qﬁwl‘lé)ﬂ%ﬂmgs Illl Fbksa@é@“m%ﬂ"é?hef‘ﬁ?f@t 1éﬁr’i Py oYY dduce
trans-este ester n @i UREL Anafé aﬁdy/o(cmbdmydl ng
cyclic anh 8?4 grélg%ﬁ%lﬂmts'fecégg&?%H%g%ee‘z?g)rdgp?lnkg o The 2 :
"conpat i bl enghediteal!-f aday |mm@hylt(3pmatm@@flél(@°’?‘g’lo@r %“"c“ﬁ‘? rfBY%%%‘IO Ty or
groups SUCh as, isocyanat | d Whiki8 cﬁ@btd:m & ligel inest er
and anhydr i H@S)( i“}Fc?P% Wﬁatelts @2139%%% Cﬁ%gﬁrgﬁ%glﬁgﬁgﬁoups) gro 4 |
Accor di ngl yirugWh@ibascbatith 2 Mandk Mﬂeamemhme@s@w engpBblss 1R é ré‘E%f‘Sn " at
| east one ot her npnoner co H4ERE vkl Fyy' used
herei n typilkel 4§ Spisfaly £o t"%’gg %eﬁ%@%@ﬁ%%ffn gomfn(ef@ol:r, nore conpap, |b| e
chem cajg f lé[h@i'ftyl Qﬂaddd@ﬂbﬂupsmsalbem Gl fof Ghmidss ety amiitte, 2RUPHERSPVE: 4%5/F
carboxylic aci i ste dr ( a%s) joativD giu@e
groups) gr 68 9“3‘&11&“8}1 Frﬁ]yﬁ {)??él%tlrhx dh%?s)&)@tﬁ H{e%?n oa&zﬁghﬁr%nnorrer su%a)re
pol yi socyangege #bweel yiaapssic al‘éypareabxleyedt\hémnbmwmléﬁﬂmll | be a
diisocyanate or a diacid. 10 In sone enbodi nents the at | east one ot her
nononer may contain one group of conpatible chem cal functionality (as
defined hergiyrAD raddidO8YSTERNE group such as an anino, thio or hydroxy
group which 1s not, of itself, conpatible for undergoing polynerisation
with a mbnoner of forrrula (II) where both X' and Y' are hydroxyl groups
Sedatwes Hypnotics, Antidepressants, Antipsychotics and Antimanics, Ana gesics

Antipyretics, Antimigraine agents, Anticonvulsants, Drugs used in parkinsonism and
moverment disorders, Drug for dementia, Antiemtics, drugs for Vertigo, CNS Stimulants &

activators. Quetiapine, Paliperidone (active metabolite of risperidone), Fluphenazine

20
EYE:
Antiinfective eye preparations, Antiinflammatory and antiallergic preparations,
antiglucoma drugs and other preparations to cure eye diseases.

25

EAR, NOSE and OROPHARYNX:
Drugs used aural, nasal and oropharyngeal preparation.

30 CARDIOVASCULAR SYSTEM:



Exanpl es of such nmononers are hydroxy-acids and am no acids. In the case of
“a hydroxyl5 acid, the carboxylic acid is capable of reacting with a hydroxy
group of the nononmer of formula (11) to produce a hydroxy-term nated
conmpound. Likew se in the case of an ami no acid, the carboxylic acid is
capabl e of reacting with the nononer of fornmula (11) where both X and Y
are hydroxyl groups to produce an am no-20 term nated conpound. Likew se in
the case of a thio acid, the carboxylic acid is capable of reacting with

t he nononer of formula (I1) where botm2X' and Y' are hydroxyl groups to
produce a thio-term nated conpound. These hydoxy/am noithio term nated
conpounds nmay subsequently undergo reaction with another nononmer bearing a
carboxylic acid, i socyanate group, etc. so that the polynmer backbone
ray conpr i&‘ﬁiaﬂﬁlg\heﬁmr@ﬁ , BstiQpertgRivasifaudi idibidesdieblockarsahannebPlRBTE;

t hi ocar bamate functional groups. For e_xan{gl e, %ol %ryg.rcésg&l O”A;Rfan%iﬂélgul a
(11) wher eABBt fhjtitomndAngiotarsin H dreesaiT FrEepistn 1 ACE; | sgtyanat pr oduces
a pol yur et@%@gﬁwgug Qgg, PRl BLMaNBloMickd, eteypDeords|fyr endipe idlerssmmdraseds di ol
resi due an {% I'l socyanate residue. Were gacth %I lo{drg%nomsr of 30
formul a (1V)sodibaprsiGagulors Aitisaremiags. FyPePeyiesied PRAFFSE 67 t he bi oacti ve
noi ety I.n the polyner - bioactive noiety conjugate nay be designhated as
50% -B5- The pol ynmerisation fornmula (11) where both X and Y are

hydr oxyl gRBEPIRANQRY 8Y8TEEEd produces a polyester. Such a pol yester will
typically conprise 50 nol % di ol residue and 50 nol % di aci d resi due. Were
each diol nononer of forrmula (11) cor’rztpri ses one 5 bioacti vs) go] %Etgmsthe
"] oadi ng" @Espibwribistiantantse Aoitetsyveh.n HXAEI P mRHCOERY 2t VECHETEEY®
conjugate is _designated herei. a2 mol % relative to the nonomers that
formthe pé\l"ﬁ}lﬁ‘éﬁ“‘:rlg‘?ﬁ%?gs’g (?%t{eagﬁ?lﬁé(ighe art will also recognise that

pol ynerijgsati on of formula (11) where both 10 X and Y' are hydroxyl groups
with a polyis yﬁej or polyester may also take place in the
presence oéﬁgyw’@ggk‘her ypes of polyols (e.g. polyester polyols).
The structures of these one or nore other types of polyols may or may not

conprise one or nore, bioactive noi.et] & @fachiiks, Botantnip pe of
polyol is ﬁ"@k‘}?@x%ﬂe‘%ﬁtglﬁ?tet?Weg%‘%? I§/1f§r\:$@1{ruﬁﬁg ﬁg%ﬁg@k noi eatgy conj uga&i% ing

so-formed nRYiLAGrsBYstQindhawel s, e@ot Antacifp dingigpasmodics and drugs Mo

15  intestinal motility, Antidiarthoeals (including antimotility and antimicrobial drugs) and

drugs acting on gall bladder.
GENITO URINARY SYSTEM:

20  Urinary antiinfectives, Diuretics, Urinary analgesics & antispasmodics, Antiinfective drugs
acting on urethra and vagina, drugs acting on uterus, Drugs for prostatic hypertrophy
(including alfa blockers and antiandrogens), Drugs for erectile dysfunction, and

Spermicidal & nonhormonal contraceptives.

25 SKIN:
Keratolytics, topical antiinfectives, topical antifungals, topical parasiticidals, topical
steroids, topica[ drugs for acne vulgaris, drugs for psoriasis, pigmentation disorders, and
Antiseborrhoeics.

30

MUSCULO-SKELETAL DISORDERS:



15 |l oading of less than 50 nol % For exanple when formula (I11) (where both
X and Y' are hydroxyl groups) is polynerised in the presence of an

equi nol ar anmount of 1, 6-hexanedi ol and 2 nol ar equi val ents of diisocyanate,
t he pol yurethane so-formed will typically conprise the residues of the
three conponents in the ratio of 1:1:2. Such conjugates are contenpl ated by
the present invention. Such polyner systens nay provide a useful neans 20
of nodi fying the physical properties of the polynmer conjugates. Simlar
comments al so apply where X and/or Y §epresent di fferent functional
groups (i.e. other than both being hyd?oxyl groups). For exanple, X and Y
may each be independently selected from hydroxyl, am ne, carboxylic acid,

i socyanate, and carboxylic acid halide. 25 Those skilled in the art will be
able to selected both X and Y' for reaction with one nore nonomers having
conpati ble chem cal functionality to afford the biodegradabl e polyners
accor di ng MNont ierpidsle rtritiorinflanyasteryx Divgs a(NSGHpat i iBfledisge sl Fﬁﬁ@?ﬁonality
with Yy (e'Aglti IWrﬂ[{:O)%%l tsar'ﬁ{m(ﬁﬁlro %ygs%aﬁtsgcrfcﬂﬁcal tatﬁ%@su%‘f'ﬂ/lh@@: irQatdne akd W | |
al so appreC|a?e at €& nononer - bioactive nol ety conjugate may be

pol yner i sedNewrdniusetlsdhfug{ e. g. where the 30 nononer - bioactive noiety
conjuga%g is a hydroxy - acid). - 56 - In one aspect, the invention

provi des a nethod for preparing a bi odegradabl e pol ymer according to the

i nvent i on, ISEEGTHRENHAaNEMBHSTATAGNSChe step of pol ynerising a nononer -

bi oactive noiety conjugate of formula (I11): 5 where: X, Y, R Zand D
are as herein defined;, . with at |east one nononer conprising conpatible
cheni cal f wesiclibmattbigtics,IGepbaléspptih entitasipec@yinelhee &ritherpquinelpicaitiBiedcss

net hod for preparing.the big radabl. e, po coy. di o] i tion
by provi di ﬁ\gm ‘ﬁlieea"g}tﬁjﬁ)ﬂgs’f |(g§ alf?Bﬁed]ﬁ%)r]’ co%(;p%r%?%l?l%g %}? b ggstét %Jrl:lgnélg}ﬂggsabl e
bi oacti y@ mitehierénies aticH eastMeoneidablymeansabirelapidetgs; Aptileonsy | g

providing at | east one second pononer conprjsi.n t i sabl e
noi ety r eac’%rit\ﬁé“g\ﬂjst I’f“%‘?rolt%ggf’ 6H@31|88PSI)P?§P$ saltflggﬁng%eeﬂegl%g’f Aggﬁ%é@?!lﬂ%”é? i
nononer; pAyRkissi ng said first nononer and optionally said second nononer
optionally in the presence of one or nore spacer noieties conprising two or
nore functionalities under conditions which are substantially

non-i nt er f exypaOcRoNE R strhgr.apeutic efficacy of the bioactive noieties. 15
Techni ques, equi pnent and reagents well known in the art can advantageously
be usedi?o prepare the polyner - bioactive npoiety conjugates in accordance

with the inN}%BiiQnandF%hdﬁgﬁiW's@aroﬂ@" Vibreéh@enads, n0ghioghe, pPiepatedndbandh Wi se
by mixing all conponents 20 together and itin% untih_qn gxotheﬁg1qﬁcurs
fol | owed byHesmmmnhinepnirrspiiyore Errdliy rbgsns. desmhig Bsmonsprigd irlied Aaesa i
subsequent l%d@ﬁﬂiﬁ@%i& &uf WhBaikReics 8arkypentycheRs.adopt i ng

20 METABOLISM:

Hypolipidaemic drugs (including fibric acid derivatives, statins [(i.e., HMG CoA reductase
inhibitors), nicotinic acid group, etc.], Drugs used for Gout and Drugs affecting bone

metabolism (including bisphosphonates).
NEOPLASTIC DISORDERS:

Anticancer drugs such as alkylating agents, cytotoxic antibiotics, antimetabolites such as
cytarbine, Fludarbine, 5-Fluerouracil, Mercaptopurine, Thioguanine, etc., Vinca alkaloids
30 and Etoposide, Taxanes, Topoisomerase 1 inhibitors, Cytotoxic immunosuppressants,

Immunostmulants, Cytoprotectives such as Amifostine, Oestrogens, Progestogens, hormon



t his approach, the conponents to be m xed mght first be made up into two
parts before mxing: Part-1 m ght include a conpound of general fornula
(I'l) where both X and Y' are hydroxyl groups and one or nore of: a polypi
(e, g, polyester polyol), a chain extender, 25 blow ng agent (e.g water),
catal yst, and surfactants etc. Part-2 will generally conprise the

pol yi socyanate. Part-1 or Part-2 can also contain other additives such as
fillers, pignents etc. - 57 - The pol yurethanes m ght al so be prepared as
a prepolyner that is subsequently reached with a chain extender. For
exanpl e, through suitable adjustnent of nolar ratios, an isocyanate

term nated pre-polynmer nay be prepared by mxing Parts -1 and -2 nentioned
above. The isocyanate term nated polynmer could then be reacted with a chain
extender/ 5_branchi | ec - s a short chain diol (e.g.

1, 4- but aneﬁl?t%c}n%ggrﬂnggﬂﬂ%Fﬁﬁgh@ﬁ&ggjp’?@t riol). Alternatively, through

sui tabl e adjustnent of nolar ratios, the prepolynmer could be produced such
that it wa r ' hi s hydroxy term nated prepolyner could

t hen be rezgﬁégaaf%ﬁhghg%ﬁéﬁgg%$ghate to produce the desired pol yurethane.
10 The pol yurethane form ng reactions can be carried out in a range of
differe ui pment i ncl udi ng batc . . Stati c A , AR
injectig% Egﬁﬁl F'S® o xﬁfuag?ggﬁnaﬁbﬁgpégﬁﬁgi(%%”a véﬁ?ggegﬁgﬁﬁ%mheét t he
reagent s prliefenddmeoFex@imbdige,tehe), sedattiei istampinocaxdiganipapreenier Herkpts.
solubility or to enhance their reactivity. The reaction process nmay al so be
15 conducted in solvent. Suitable polyisocyanates that may be used to
prepare theawoEyMEETIC D& GARGNALSoi ety conj ugates incl ude aliphatic,
aromati c and cycl oal i phatic pol yi socyanates and conbi nati ons thereof.

Speci fic polyisocyanates include, but are not limted to, diisocyanates
such asign phenkhangctid, fReYadas macPhdnbs myabmien didestbaicanad myscl; lagpituene

di i socyanate, 2,6-toluene diisocyanate, 1,6-hexanethylene diisocyanate,
1, 4- hexanet hyl ene diisocyanate, 1, 3-cyclohexane diisocyanate,

1, 4- cycl ohexangiigi t0e%a0aL Bst ohexahyik prebart uenstiah dlsomyanatecaddgd wih

i soners, isophorone diisocyanate, djcycl ohexyl net di.l soc a

1, 5- napt hy|tehebayk inassegagiatcsye ﬁ-{“ﬁ“‘qr’él %%8?@?%1@%?4&%&%5%69&3%@%& éﬁﬁ%n)

di phenyl met.pangud | GREY I Ges duch’ b1 Phanysaaredi bsaprnanegri, 3hd the

di met hoxy- 4, 4" - bi phenyl ene diisocyanate, and, . . the like

3, 3' - di mit hyVes@fzq@némﬁpgwdﬁéeM} Autabasegyiuch g6 yabarmemple; kst ant 0§ Wiich as
2,4, 6-tol ueps, {&hﬁgﬁyﬁﬁﬁte; hi gher -isocyanates such as

4, 4" - di met hyl - di phenyl nmet hane- 2, 21, 5, 51-tetrai socyanate, pol ynet hyl ene

pol yphenyl pol yi socyanates and al kyl esters of |ysine diisocyanate (for

exanpl e et %ﬁeﬁgﬁ%}qomvé Y e d0ud i SRaYdicfore dkiBllics, ad! GaIbEMAtdnans
thereof It 'w e appreciated that the use of polyisoc anate%%§%QB£AS|ng

greater thanlrow deslochafare fepicarinelen preyipiefiss inchydepplaFedfragein. b
structurgs. .Poh%g}ga%gngr %,l[iﬁ:jfﬁ)%ci&e RheRaSH BRlabxMS € dd¥rofbXdchy @lfloxacin,
ether " w

conpone% S ?%8 eati'ng and continued stirring. A condensate of
the reacti amosadly asnvlderinor shiowrreinecwrEfoGcie] ghEilaadhol SeBRiP&Hd®ng | f
acids or esters are ysedsas {he, co:mmnoner) aap e I eERKELRY idiRkidihati on.
To pronote ?ﬁ#ﬁﬁ ?“ngggﬂéﬁmﬁfdﬂuc% Ldﬂgr]nnﬁecuLér wei ght pol yester the
t enper at ur eofimyicibgoibiftaxeas epkllargtin adulliacippsragtpxacin, temafloxacin, tosufloxacin,
tosulfloxacin and trovafloxacit. Still further preferred are: danafloxacin, detrofloxacin,
25  difloxacin, enrofloxacin, marbofloxacin, levofloxacin, ofloxacin, pefloxacin. Still further
preferred is levofloxacin and dextrofloxacin.  Most preferred is levofloxacin and

dextrofloxacin. The preferred local anaesthetics are benzocaine and procaine, most

preferred is benzocaine.



A pol ycondensation catal yst well known to those skilled in the art can be
included in the 10 reaction mxture to increase the rate of polynerisation.
The reaction may al so be conducted. in an appropriate solvent to help
increase the rate of polynerisation. The solvent will generally be selected
to have only mnimal solubility with the condensate (e.g. water or |ow

nol ecul ar wei ght al cohol). For exanple the 15 reaction may be carried out
in toluene and a toluene / condensate m xture distilled off continuously
and the condensate allowed to separatestn a Dean - Stark trap. To further

i ncrease the nol ecul ar wei ght of the polyester a second stage reaction in
either a wped filmreactor or a solid state reactor may be enpl oyed. The

need to use such reactors 20 will depend upon the target nol ecul ar wei ght
as well as AR:ITNN ! 1ide@' i u UELREE i RAG aR. Sk tabl e
pol yaci ds ﬁﬂ%ﬁ %ﬁbmﬁg“@ h%“%o B@%ﬁ%?é%¥%gle yr § |oéct|ve noi ety

Conjugates(bmﬁhU@em&lmpmaﬁiﬁmcmnmhgﬁmpsaﬂ@EﬁVEW@&NWHh@U@@XﬁOPWEQlH@ﬂand
conblnatloQﬁ t her eo %5 Speci fic polyacids include, but are not limted to
the fol | ow 8“’@§3}PE K5 d, fumaric acid, maleic acid, succinic acid,

glutaric acid, adipic acid, pinelic acid, suberic aC|d azel aic acid,
sebaci ¢ acikamphs ndpiefersedi Hoactivelwomtiesiihaicias, bei ikipak mahe pregat BvertoP &t hal i c

aci d, dogeéxﬁjgg%ﬁn&xggﬁ;em .Aapt hal ene- 2, 6-di car boxylic acid,
y

naphthalen I'c acid, cyclohexane di car boxylic aC|d fumaric
acid, itaconic acid, malonic acid, nmesaconic acid. 30 Esters, |e%ters and
anhydr i des lofactondanabwith thi myeion dhebisgcsize siatishPs PrRbl B5dEesedat § he

i nventi on. rateSe%ual to or faster than the rate of biodegradation of the polymer backbone. By
providing the biodegradable polymer with such properties, structural integrity of the
polymer backbone (and hence the physical form (e.g. shape and size etc) in which the

10 polymer is provided) can be maintained while the drug is being released.

By the bioactive moieties being "released at a rate equal to or faster than the rate of
biodegradation of the polymer backbone" is meant that the biodegradable polymer is
constructed such that under given physiological conditions or in a given biological
environment the measurable concentration of the released bioactive moiety in its
15 biologically active form is equaf to or greater than the measurable concentration of the
corresponding monomer-bioactive moiety conjugate from which the polymer is derived
(e.g. formula (II)). Such concentration measurement may be readily conducted by those

skilled in the art, for example by using HPLC or GC analytical techniques.

In one embodiment, the bioactive moieties are capable of being released at a rate faster
20  than the rate of biodegradation of the polymer backbone. In that case, the biodegradable
polymer is constructed such that under given physiological conditions or in a given
biological environment the measurable concentration of the released bioactive moiety in its
biologically active form is greater than the measurable concentration of the corresponding
monomer-bioactive moiety conjugate from which the polymer is derived (e.g. formula

25 ().

In one a further embodiment, the measurable concentration of the released bicactive
moiety in its biologically active form is at least 5%, at least 10%, at least 20%, at least

40%, at least 50 %, at 1 x, at least 2 x at least 5 x greater than the measurable concentration



Where the polyesters are prepared using a carboxylic acid halide nononer,
those skilled in the art wll appreciate that the condensation reaction is
driven by the renoval of FIX (where X is a halide). For exanple, if a

di -acid chloride co-nmononer is with the nononmer 5 - bioactive noiety
conjugate of formula (11) where both X and Y' are hydroxyl groups, HCl
will be liberated fromthe reaction. Such a reaction may be carried out in
solution at an elevated tenperature to drive the reaction. It is also
possi ble to add an appropriate base togg-orma salt with the |iberated acid
hal i de. For exanple an excess of triethyl amne may be included in a
reaction mxture containing a 1: 1 nolar ratio of a di-acid chloride co- 10
nononer and the nononer - bioactive noiety conjugate of formula (11) where
both X andontlllae GSr]]qu{l e%% ongmPy IPSactilB& (%Erﬁa&)tnjt%ﬂtemfrdnjn @%ﬁﬁl@rtlﬁ’e bb’!@m&e&i red
pol ymer - Dbiroac t|v y conjugate and a triethyl-am ne hydrochloride
salt. VVthcﬁhhmﬂhghRWDMyéﬁndensatlon reactions, it is possible to sone
extent to control the 15 nol ecul ar wei ght of t he resul ting polyester, its

degree of hrapching, %ﬁlhg Qmagcmgtbfdaleg@(ﬁabmﬁﬁ&s Wﬂ%lagﬁlr@bilétyktn&ﬂde ids end

group functionality ]US ment of the nolar ratio's Q ﬁﬁ I
functlonalutmm9$41@@Hﬁbﬁﬁ%@fsdﬁ§édﬂﬂﬁiPﬁ@“ﬂ@dﬁ@F%nﬂmﬁb@“ ?hﬁbf ary {ilk o e

i nstances %pﬁ eb? » Hp?eblt ttlﬁ/dgfl Gﬁ ah QUBT niFRdte Gl agpiveiygidcu? thore
pol yesters ou e use bi

g - bioactive noiety %@E
pol yest er pedr@rkylthanftbai of eagnide r?r odr ﬁnaé@mylegfoc@ﬁﬁéﬁ}é@maﬁd‘ "bféroiﬁh‘%?s% He¢
reagents f qf: L gge Rmre%{]ﬁgr'notﬂ gglarﬁlal ar ¥&%b ettH{lterrs %P%mpfm%stté&ﬁtﬁﬂ thY raté bf may be

possi ble to PHCrease r welg [ or degree of 25 branchi ng of
the pol yesttﬁbddgrudmgrnftmcepmmmbusacbbpnenoneh@lghqu@wrn 19 Gopiyg@ie gpch that the

coupl i ng/ bra@gﬁ%}%gg Do AR 6%1R T SUEQEANR (iD@sRrane Hngicaapnhs

i ncl ude: ylsocy es, polyoxazol |nes The term "poly" is
used tol10ndbicatiee aaofee;arebomnﬂu netlotall retlgacldifonQVl@ran avelengislyg. 2 or nore
epoxy groups) Having a reactive functionality of 2 will tend to produce

hi gher uolsgrsqu%!i YIELE oRt bl a}%t;glal‘p&cﬁlegﬁ‘lhlf ERAM RO ROLES edwihd kad

character ent aving a functio nore than 2 will, produce a
br anched poawmmmweﬁ&mbhnmmdhggwgﬁmﬂh@aﬁﬂﬂ%@PV@§ﬁé@hwWﬁdﬂﬂﬁﬁﬁﬁﬂpédegO 60 -

As di scusse&@@ytgcm & det aﬁoth il d:ga}i% WAL & %ﬁcﬂ'xé Béhdgl?clb@nﬂctl\t/é"ﬁm%bﬁ%ﬂﬁ& S

nmononer bi o conjugates ty |ca required the optim zation of
reaction comdbmb@nﬁm&hdf&h@ Eﬁne%mtkomlmﬁmkﬁ@Wﬁepmnﬁ?ﬂ@&@géﬂ“Wéﬁﬁﬁﬁﬁvogles

The desi red hy&;‘?‘}lfﬁe Cag]ﬁgstﬂ %zubg: tcp Nt agkl%fEF:{ndFHr%acSh'%ﬁ ty@éaﬁ&%e

conj ugat'ds T8 ‘'seve tional purification
nethodologrQ@s@mﬁqﬂmdeuihaﬁd@mekmmmmgﬂumﬁwahoehmamnven@QWhMHyg hsleessBary .

The presence of an riti g 9ass 1VEy Eixdgp jdgat es

can al so afF%%?u@ﬂ% ﬂ%?gcﬁlﬁﬁﬁﬁé?d %mgf et e otjlﬁ% I nal” pol ymer as

wel | as thepiet@amblemdiey@hn bélﬁse]:lOtobnih&ﬁdzd e ratobBtejeats ohtht hvagibleymasty

conj ugat e.

and/or the rate bio of the polymer backbone.

20  The skilled artisan would be capable of sclecting the appropriate spacer based on an
evaluation of steric constraints, phase chemistry and surface chemistry. For example,

larger bioactive moieties can be advantageously spaced from the monomer by the choice of

a longer spacer,

The skilled artisan would also be capable of selecting the appropriate linkage chemistry in
25  the synthesis of the biodegradable polymer so that the rate of bioactive moiety release was

equal to or faster than the rate of polymer degradation.

Generally, the rate of hydrolytic cleavage will be in the order: anhydride moiety, ester

moiety (including carboxylic acid esters, sulphate esters and phosphate esters) > carbarnate



Further, the use of the nononer bioactive noiety conjugates in the
formation of the polyners in sone cases required specific polynerisation
met hodol ogy to be devel oped to allow the efficient incorporation of the
nmonomer bi oactive noiety conjugates into the 15 polymer. This included

sel ection of appropriate solvents / heating / mxing/ catalyst / order of
nononmer additions etc to allow the incorporation of the nononer bioactive
noi ety conjugates as well as to mnimse the anount of degradation or
premature rel ease of the bioactive noi.gty. 20 Careful selection of
co-nmononers / reaction conditions etc may al so be required for a given
nononmer bi oactive npiety conjugate in order to produce a polyner conjugate
wi th appropriate bioactive noiety |oading as well as have mechani cal
properties, Emﬁgctive noiety release rate, formability etc. 25
Addltlonally, thods were devel oped to renove inpurities fromthe pol yner
bi oactive noiety conjugates in order provide control F ?Ieafe rate of
the bi oact iRsetaifoiies gt easihet tais 3 orhjshethe dovictifamecty |if F%\ PR O POYRE! manner
in which t h:)edclggo%get% gﬁ%ﬁ%e ﬂgéc)ﬁq@'inmetpbﬁﬁﬁéa'te‘é%f fHé'@\te)ﬁtl&QcaﬁlCHUJVMg@éﬁeﬁsl;ar e

pr epar ed, I SCUSS ove all repeat units that nmake up the pol yner
backbone wifuhctive ae@@mee@d\bncacfavebn@%giphm%teﬁh ety. Accordingly, any
nononer or rmacoroner used in the preparation of the conjugates shall not

contai n gepeah, l(!’Qll tisast MRt RS/ GRMBIyaHuR Ve felttRibIDOCalE polghtecampigeteyesuch as
an ether. VWile e use of polyether segnents can\prOV|d deswa@ﬁtthe

i npr ovenents. |HPV\IBN§ fhe olypief ngy also 5W6681?ﬁ5§6ﬁ§’085§7eé[r 2 1P 8057 T

| mpr ovement, j; r]nérm%clg)%ﬁ&% ﬁ?&né&a@st %xtHftherrﬁél@@S&nﬂﬁmg hehdadoachdtvefridneent(el dase of
pol yet hers h %lng a nol ecul r wei ght bel ow 1000 /nDI can resu

i ncreased txd @Stt,yh& moivivt Wl ervegitzadess Seh bpcarthic @ being Rigered 6’5§E§qutnf“?”§

possible to 11%?%@.%91 Y §RLGE sAR lllﬁ? lﬂ?ei lﬁH&Eﬁv@%o%Eé’ eRLah 86 Eeﬂ’éh@ecmt@ rafe@q@diso 10
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the autocatalytic effect of the rel eased acidic conmponents. The

bi odegr adabl,e ﬁéq;Ym L dl‘%wkag o QERRdang HiekiiMeneRtasicasd Isquitdt weoidd et can
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evenly stri ute Ioactive noieties in the poly

chal t er,m ned
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|IIustratesa(§t1 cgg&&ggtmnth a val proi ¢ aci d- pol yur et hane conj ugat e.

As used herein, the term "constituent monomer" refers to the residue of that monomer as it

appears in the polymer backbone.

20 The biodegradable polymers of the present invention may have a structure as represented
in Scheme | below, The bioactive moiety, will be attached to the polymer via a labile
linkage that allows release of the bioactive moiety after administration. Furthermore, the

polymer backbone will also include biodegradable moieties that allow degradation of the

polymer after administration.

25 The biodegradable polymer will be designed such that release of the bioactive moiety

aceurs at a rate that is faster than or equal to the rate of degradation of the polymer.



25 - 62 -. Schene 1: Valporic acid-polyurethane conjugate Schene 2
Illustrates the method with a ciprofl oxaci n-pol yuret hane conjugate. Schene

2: G profloxacinpol yurethane conjugate 10 Schenes 3 and 4 illustrate the
met hod with a cyprofloxacin-pol yester conjugate and a val proic
aci d-pol yester conjugate respectively. - 63 - HOOCR -COOH HOR'--- OH
G pro 00 . OR'OIIIl CR Cr | Gpro

-48-

Thus, with reference to Figure 6 the rate of breakdown of the linkages L2 is faster than or
equal to, preferably faster than, the rate of breakdown of the linkages L1. The labile
linkage 1.1 may be characterised by a covalent bond between the bioactive moiety and the
polymer backbone. Alternatively, the _labi_le Iinkage;may be characterised by the presence

5  of a spacer moiety between the bicactive moiety and the polymer backbone.

The linkage within the polymer backbone L2 may be characterised by the presence of a
covalent bond between backbone fragments confaining one or more monomers and/or by a
spacer moiety between backbone fragments containing two or more monomers. Polymer
backbones contaiﬁing side chains may be further characterised by labile linkages within

10  the side chains.

It will be appreciated that such labile iinkages are those through: which the bioactive
moiety is released and the polymer backbone biodegrades. The labile linkages or linkers

may therefore also be referred to as biodegradable mioiéties.

Providing the bivactive moiety with a different rate of release relative to the rate of
15 biodegradation of the polymer backbone allows for the release of substantially all the

bioactive moiety prior to the onset of significant polymer backbone degradation.

The biodegradable polymers of the present invention can accomunodate high bioactive
moiety loadings,. minimising the amount of material required to deliver a dose of bicactive
moiety. Bioactive moiety loadings of at least 10% by weight, :preferably at least 20% by

20 wéight, more preferably. at least 30% By weight relative to the total weight of the
biodegradable polymer may be achieved.

The bioactive moiety loading may also be expressed in terms of its mol% relative to the
total number of moles of monomer that form the polymer. Generally, the polymer -
bioactive moiety éonjugate will comprise at least 10, at least 25 , at least 35, at least 45 or
25 up to 50 mol% of bioactive }noiety, relative to the total number of moles of monomer that

form the polymer.

RECTIFIED SHEET (RULE 91) ISA/AU



Cpro: Cprofloxacin R, R': organic groups (sane or different) 5 Schene
3: Ciprofloxacin-polyeSter conjugate 10 Schene 4: Val poric acid-pol yester
conj ugate The conposition of the polynmer can be advantageously altered to
i ncorporate other nononmers to provide appropriate polynmer properties to
suit a particular application (e.g. hydrophOoicity, structural strength,
rate of release of bioactive noieties). A further advantage is that side
chain and end functional attachment of the bioactive 15 noiety to the

pol ynmer (by control of the nonomer structure) allows the control of the
pol ymer nmechani cal and other properties. 44n this sense the pol yner

t herapeutic can be viewed and used as a scaffold. - 64 - In a further
aspect the control of t he mechani cal properties in that the bioactive

noi ety attached to ve different .ne

prope?tles i 1 R Bt g@ngyﬁﬁﬁoggé h??%@ﬁ%ﬁm§¥%f%n%%ﬁﬁ§@egg?n§ﬁ%HB%@q§
bi f)act [ \ée rr:t)ioem/ upSo BOtupab Vaaheeeni |upea 100(rh17asf dohﬁlgbﬂed)hmamtwe mnmtgtrglamw@
rel eased the S a i rmng.a
fron1nnnonergﬂgﬁﬁgmﬂwg§5¢&é@ﬁsﬁﬁ F@é@? gﬁmﬁg?gé %% Hﬁvwﬁﬁgépﬁ$€¢%$é
(nore desirabijehe REROSHE] BSt 510 @ﬁ@ﬁﬁd}ffc@n}aght@l‘lﬁb&g% sndi@l praater Wiat 150 uitol%
bi oacti ve nnlet functionalisation (i

functi onali s&tl Weﬁ’ﬁ‘éél@ dgpvechizong Ppietieg (Ptb(ﬁl 1%}1 8%%25&&1 gypﬁﬁ?oéEt’feF A e
polyner). iy gkbR RiSiLal. PHOREH leeazeqfthe‘rlrﬂ@imrwst RhicAla Iﬁ)@gﬁnd@@ecﬁhﬁtﬂ igd

t hr ough changlng t he conposition 1 “of the p ba aone
bi odegr adabl Bwopekgrrebigacife pppet) ceyagte ?fﬁb%ﬁt"eﬁ 9”’5-‘;& Féﬁﬁ@&ls\ﬂncf’ﬁlpﬁ?fe or

nore other pelynELs h@ened Rbiedy. bi odegradabl e pol yners).

The biodegradable polymer may contain more- than one type of bioactive moiety as

10 illustrated in Figure 7.

The biodegradable polymer may contain more than one type of linker or biodegradable

moieties as illustrated in Figure 8.

As discussed above, varying the lability of linker moieties provides control over the release
profile of the bioactive moieties.. More than one type of linker ‘moiety can be. used
15 combined with more than one type of bioaetive moicty so as to provide a method of

sequentiél controlled release of mulﬁple bioactive moieties.

In the context of mutltiple_bicactive moieties, the biodegradable polymers of the present

invention offer the advantage of being able to conirol a) the relative propertions of the

bioactive mcuetles B) their relative posmons as attached to the polymer backbone and o)

20 their degree of dispersability (e.g. they may be linked to’ “only certain segments in the
© polymer). |

'The rate of breakdown of thé_labile linkages L2 may be influenced by external stiroult so

as to externally modulate the release of the bioactive moiety.

'The biodegradable polymer can be homogeneous or heterogeneous with respect to the
25  bioactive moiety(ies) used.
Preferably the biodegradable polymer is designed such that the bioactive moieties are

released-unencumbe‘red by excess molecular fragments, In other words, the bioactive

RECTIFIED SHEET (RULE 91) ISA/AU



The present invention also provides a nononer conprising: a) one or nore

rel easabl e bi oactive noieties; b) one or nore polynerisable noieties;

wherein one or nore of the 15 rel easabl e bioactive noieties are capabl e of

bei ng rel eased fromthe nononmer before or after polynerisation under

conditions which are non-interfering to the therapeutic efficacy of the

bi oacti ve noieties. The skilled artisan would be able to select suitable

chem stry so as protect other functionalities on the bioactive noieties

during attachnent to the spacer or nonaoer 20 during or after

pol yneri sation. There follows potential Schenes 5 and 6 for the

protection/deprotection and breakdown of polynmer - bioactive noiety

conjugates of the invention. Exanples are illustrated for C profl oxacin

attached tguR.RQl z§fé”f<§£s@@@§c Oﬂhag Bed d991|oV€'§r;qﬁfse a rem@é@ denve@ﬁt&me%oly@@”pl e

shown for pol yurethane fornmed fromthe reaction of di al and

di i socyanathackhamepespaher theiglac tBwidisnbiseaeinetheethy bmaqﬁtv@rr@w@sm W}eaWé in

attached t o} t t - 66
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by the pol ynerisat, ronltiof uaeluhndIWnlm@ctlfmbwathnaionmdﬁaesﬁuam theftargetlsge.oi ¢ aci d,

2, 3-di hydr oxypropyl- 2- propylpentanoate wi t h hexanet hyl di i socyanate in t he
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functional i sed br ddegra risin i | e
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ARG T e e
polyamides and copolymers thereof.
Provided that the polymer backbone is biodegradable, it may also include chain extenders,
star compounds and dendrimers to introduce branching and spacing between segments
within the polymer. The polymer backbone may be linear, substantially linear, branched,
20 hyperbranched, stars, a block polymer or co-polymer. Co-polymers may be advantageous
in allowing incorporation of more that one bioactive moiety with known relative positions

in the firal polymer.

It may also be desirable for the biodegradable polymers to be substantially amorphous and
thus contain a low amount of crystalline segments. Such polymers can provide a more
25 predictable rate of bioactive moiety release as well as assisting with the production of
materials that are more flexible which can assist with producing coatings as well as

assisting with the rate of polymer degradation.

Additional variables such as the choice of co-monomers and the means to produce the

polymers can also assist with the production of highly amorphous and/or flexible



15 vascul ar grafts, stents, and tissue-engineering scaffolds. The pol yners
may be applied to the outside or inside of the body of the subject in need
of treatnent. Coatings containing the biodegradabl e polyners can

advant ageously be directly produced using techniques well known in the art
i ncludi ng: solution casting, spray coating, nmelt 20 pressing, transfer

nmoul di ng, | am nation, noulding onto a prenmade filmcontaining the
conjugate, rotonmou [ding, spin coating, extrusion coating, electrospinning
etc. Premade filns for use in subsequent_application as coatings can

advant ageously al so be produced using techni ques well known in the art
including: filmextrusion, filmblow ng, tentering etc. The prenmade fil ns
may be applied as coati ngs by: nelt pressing, vacuum forn ng,

t her nof or m ng/me};sr algP n{_‘)%nuggﬂ% Nom@d @6‘&' éé%ap@[yé{oﬂg or pol@ter pligbIs sugat t erns
or structufg accor or m of or tenplate. Three di_nensional
scaf f ol ds camlpbai:apilcmlgctbzhmdlpbb@n@cremeofé@ﬂ&\?@llmeﬂw iR et xy it o8 B so be
formed in an lof means including: 5 Fibre based structures which in
turn are kﬁ?sﬂ"timépo &n, spun bonded or forned into non-woven mats etc.
Additionally, fibre structures could be forned wth a b{ﬂdgr resi n into
conposi te gbor et peleurctifne fibpese dopIENbLE figinde BYRert ¥ tFHEPY NSt

spi nni ng. o &Ofl% G AMEN-dG Ry Atcdy bAdbspgised

W t hin fsl brcggﬁgltlpt%gﬁﬂ%ﬁle &J%?&@ng%ﬁh%legﬁm dip or Zpr ayyc t| n @é
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reactive in i on ] @HQ,%QHMQ{{H hi ni ng
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produced by 15 i Boy tent as

Bt ract abl HRFCHTar “oF SN AT ek 1 R Ak ok ARIRLEF SRGR, Bl B
nonomer 1pi aredribéd abdieet y conj ugate or pol ynerbi oactive noi ety conjugate
could be formed by casting around a sufficient content of polystyrene
beads. The .pol ystyrepe. bead Y aG it Qlvettibl have a
appropri at eﬂso 0\%/%%% 9%59§% (?fhﬁggéﬁggé %Tﬁ?lgﬂe’lg Oftet?%r?al |y substituted” is
taken to meacletithat waighr oﬂpryﬁﬁrDmS rﬁ@tﬂb@é @db‘gﬂa}ﬁ%ﬁseﬂm&ﬂqhé@ﬁl €80 as to
forma con roup) with one, two, three or nore of organic
and i norgan r%ﬁ 6£1£)doy®%a]t%{1%e optional substituent) incl udi ng those

sel ected from aI kyl, al kenyl, all c(-}/ f/ carbocyclyl, ary het erocycl yl,
het er oar y! , Inaoy¢ ,engrodinkent,, el kigdsar aéekh@b’élﬁbdg)céf“?‘l’rdm&?kwgb el gy gation

al kear bqucclzo\frlanshae!sopart%? tggélb%lsr backbone a plurality of moieties of general formula (I}
——X—R—Y-—B

Z
1

D {1)
A and B. which may be the same or different, represent the remainder of the biodegradable
polymer backbone. As per the discussion above in respect of the polymer backbone , A
and B may be selected from or comprises polyurethane optionally comprising one or more
20 chain extenders (e.g. polyester), polyanhydride, polycarbonate, polyurea, polyamide,
polyimide and polyester (eg PLGA (poly(lactic-co-glycolic acid)), PLA (polylactic acid),
PGA (polyglycolic acid), PHB (polyhydroxybutyrate), PCL (polycaprolactone);, and
copolymers thereof. In some embodiments, A and B are sclected from or comprise:
polyanhydrides; polyurethanes; polyesters; polyamides and copolymers thereof. A and/or

B will also comprise one or more bioactive mojeties covalently coupled to the polymer

o~
L%, }

backbone.

| Depending upon the intended application, A and B may be selected for their biocompatible



25 hal oal kenyl , hal oal kynyl, hal oaryl, hal ocarbocyclyl, hal oheterocyclyl,
hal ohet eroaryl, hal oacyl, hal oaryal kyl, hydroxy, hydroxyal kyl

hydr oxyal kenyl , hydroxyal kynyl , hydroxycar bocyclyl, hydroxyaryl,

hydr oxyhet erocycl yl , hydroxyhet eroaryl, hydroxyacyl, hydroxyaral kyl,

al koxyal kyl , al koxyal | cenyl, al koxyal kynyl, al koxycarbocyclyl, al koxyaryl,
al koxyhet erocycl yl, al koxyheteroaryl, al koxyacyl, al koxyaral kyl, al koxy, 30
al keny | oxy,al kynyl oxy
,aryloxy,carbocyclyloxy,aralkyloxy,hetg%oaryloxy, - 69 - heterocyclyl oxy,-
acyl oxy, hal oal koxy, hal oal kenyl-oxy, hal oal kynyl oxy, hal oaryl oxy,

hal ocar bocycl yl oxy, hal oaral kyl oxy, hal ohet eroaryl oxy, hal oheterocyclyl oxy,
hal oacyl oxy, nitro, nitroal kyl, nitroal kenyl, nitroal kynyl, nitroaryl,

ni troheteracyel yl . A ies. i Qg Y Mt canteddil9@el¥dt polymers
nitroaralkfwgﬁéﬁﬁﬁgm%%%%gﬁggg&@%b%ﬁ?ﬁggpﬁﬁggkyIanino, 5 a kenyﬁa% no,

al kynyl am no previdel fandunloprogér@ies | ami no, ar al kyl ami no, di aral kyl am no,
acyl am no, diacyl am no, heterocycl am no, heteroarylam no, carboxy,

car boxyester, am do, al kyl sul phonyl oxy, aryl sul phenyl oxy, alk IsuIPhenyI,
aryl sul phenyd ysetl hioin, Abikgdntraiivle palykenytfersite a Palyiyen iat h@% in fiy/intagh, gt 1s,

aral kyl thi o, carbocyclylthiq,. h [ | t.0i.04 het.e - 4N agylis hi o,
sulfoxidg,‘§uﬁ@8W?F¥£s T?&Wgnﬁdg%%gﬁﬁﬁ%g k%?% 8#i§%a§%%ﬁ%%§lfgﬁgn?y

i noal kynyl , coaipatisle anihaoyg tssye ianhal oas ydt, orairieas beminielss e to living tissue;

am nohet eroaryl, am noacyl ., am noaral i o L , r
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car boxycar bocycl yl, carboxyaryl, carboxyheterocyclyl, carboxyheteroaryl,
car boxyacyl "5¢ar boxyar al kyl , carboxyesteral kyl, carboxyest eral kenyl ,

car boxyggt er al kynyl , 15 carboxyestercarbocycl yl, carboxyesteraryl,

car boxyest er het erocycl yl, carboxyesterh roarvl.
carboxyeste?&?@Pﬁ91ﬁzaPﬁ$ﬂbﬁﬁﬁv %ﬂﬁ%ﬂggéﬁéﬁ??%nﬁ%ﬁﬁ%gﬁﬁ¥%§%§&%ﬁaémﬂw
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am doar al kyl, fornylal kyl, forny|al kenyl, fornmylal kynyl .5 for ycl yl,
fornylaryl,ﬂWbF%VW%éV%@B%JEW?@kagpPﬁ§¥Hépggé%&?Pfﬂ¥%¥%ﬁﬁ%gyﬁ%k%%&gﬂg
fornyl aral kyhe 1364kab&Y nay20@Gyialikenyompreyd abtiyamyd or acyheaeddoylotipg,
acylaryl, acyl héterocyclyl, ac Iheteroar%l, . ot o one of ¢

acyl acyl Isacyloitias 1yl ai rdasiche aPRIC SAMPERICHSIREAT - YUFY IV B %S hiF,

sul f oxi decarhpeys! Xhesiesf oxi dearyl , sul f oxi dehet erocycl yl, sul f oxi dehet er oary
|, o
sul f oxi deacyl , sul f oxi dear al kyl , ?#onylal@ulcﬂulfonylalkenyl,sulfonylalkyny
|, sulfonylcarboa¥clyl, sul f ul flonyl h %rocyclyl,

.
sulfonylhetéfﬁar/ Jsutfongl agyl, 25

sul fonyl ar al kyl4.sul f onami doal kyl , sul $ronam doal Kenyl , sul f onani doal kynyl ,
sul f onam docarboc ycl y |, sulfonam doaryl, sulfonam doheterocyclyl,

sul f onar ni dohet eroaryl, sul fonam doacyl, sulfonam doaral kyl, nitroal kyl,

ni troal kenyl, nitroal kynyl, nitrocarbocyclyl, nitroaryl, nit gﬂete yclyl,
ni t r ohet er oay ploactiviet mokety kcan Metqoameabdkyd allcypampmers (i fpgn éc’f‘drb B%Iff;‘?g&e

groups. o5 7Q.- In (B S ardoh1 B RS 48 8] pabhiotohatbr progeraby ( f or
exanpl e %%e pﬂy&egﬁﬁégﬁgogﬁgg{ﬁal f%gﬂ%gltai{r?ﬁa{%gmg\n@ F]Yal?pol yrrZr %hg(i; n. An
exanpl e of sfieknangel ymer chain includes a pol yester, polyurethane, or
copol ynmers thereof. Such a polymer chain may, or nay not, have one or nore
bi oactive et d t I' m&i e L@y nRrgED Ufth ahordonrrd
formul ae d?§é§%§§§ e g?%%ng§ﬁggggﬁﬁgﬁgfgﬁggnaffh éﬂﬁglyner chain. The
ski |l | ed wor kenjugitdd witle sogimr seferdih bloptie ROHGUp may therefore represent a
poi nt of branching of the polyner backbone within the polyner - bioactive
nmoi ety conjugate of the present invention. If Ris substituted with a

pol yner ghi dn, orishatbgilhsier whainer shoivadivel meichie oo earsy il abYePaneh bt

contain any repeat .units that_ ar ounl ' n- bi odegradabl e noi ety
as descri bed FGHRS @ieﬁ)_lod%gjaga%le pol?mgl?h'zg g%ﬁlerw fBlt?mﬁa n@



Preferred optional substituents include the aforementioned reactive
functional groups or noieties, polyner chains and alkyl, (e.g. Cl1_6 alkyl
Such as methyl, ethyl, propyl, butyl, cyclopropyl, cyclobutyl, cyclopentyl
or cycl ohexyl), hydroxyalkyl (e.g. hydr oxynet hyl , hydroxyet hyl,

hydr oxypropyl ). al koxyallcyl (e.g. nethoxynethyl, methoxyethyl, 15

met hoxypropyl, ethoxynethyl, ethoxyethyl, ethoxypropyl etc) al koxy (e.g.
Cl 6 al koxy such as net hoxy, ethoxy, propoxy, butoxy, cycl opropoxy,

cycl obut oxy), halo, trifluorornethyl,-5¢ichloronethyl, tribrononethyl,
hydr oxy, phenyl (which itself may be further substituted e.g., by C1_6

al kyl, halo, hydroxy, hydroxyCl.6 alkyl, G _6 al koxy, haloG , 6al kyl ,
cyano, nitro OC(0)C1,6 al kyl, and am no), benzyl (wherein benzyl itself my
20 be further substituted e.g., byxGl-g—ahkyl, halo, hydroxy,
hydroxyCi _6al kyl, C1-6 al koxy, hal oG _§ alkyl, cyano, nitro OC(0)CL, 6

al kyl, and am no), phenoxy (wherein phSnyI(h;self may be further
substituted e. g., by C1.6 alkyl, halo, droxy, hydroxyCl.6 al kyl,

Gi . 6al koxy,whem) BCI’ BRBZKMDaWEthTEm'ﬁeﬁﬂ@?/OC( 0)C1, 6 al kyl, and am no) :
benzyl oxy (wherein benzyl itself may be further substltuted e.g., by C1.6
al kyl', hal o, hydroxy, hydroxyC .6 alkyl, Cl.6 al koxy, 25 hal oCl, 6 al kyl,
clyal;m?) ni t ﬁm SQGE O)rChgiBnealsk yhe, manememt Meactieemineisty aPkyEasiny eas ¢ e 6

al ky sych_as e pyl am no etc di al kyl am no
(e.g. CI ép%TQVV”gﬁﬁ(ﬁ%‘nhi QEYﬁﬁﬁgﬁﬁnonglethylanlno )dlpropyyanlno)
acylamno (e.qg. NI-IC(O)CH3) phenylannn eYeln phenyl -itself may be

further L&yl hat o, hydroxy hydroxyCl, 6 al kyl
Cl 6 alkoxgébha?zgg /§§§ﬁ3 nitro Cl- @zl kyl, and 30 anino),
?ltro cfoully'“ -C(0)- Cl-6 aIkyICHﬁmch as acetyl) 0- C(0) - al kyl
€e.g

oy 0V)7 '

where D, X’ and Y’ are as herein defined, and p is between 1 and 18.

Monomers that are polymerised with the monomer — bioactive moiety conjugate to form
10 the biodegradable polymers of the invention will not only comprise compatible chemical
functionality to react with the monomer — bioactive moiety conjugate but that reaction will

of course give rise to a biodegradable moiety.

The expression "compatible chemical functionality” refers to chemical functionality that is
15 capable of undergoing reaction with the monomer — bioactive moiety conjugate to form the
polymer. For example, the monomers of formula (II) comprise at least two terminal
reactive functional groups X’ and Y. These functional groups will react with compatible
functional groups of one or more monomers to form the polymer and give rise to a
~ biodegradable moiety. Thus, where both X’ and Y’ are hydroxyl groups, those skilled in
20 the art will appreciate that they will react with a variety of functional groups such as:
isocyanate functionality to form carbamate or urethanc linkages; carboxylic acid
functionality to produce ester linkages; carboxylic acid halide functionality to produce
ester linkages; ester functionality to produce trans-esterified ester linkages; and anhydride
functionality (including cyclic anhydride groups) to produce ester linkages. The
25  expression "compatible chemical functionality” therefore refers to functionality or groups

such as isocyanate, carboxylic acid, carboxylic acid halide, ester and anhydride (including



- 71 - 6alkyl, such as acetyl oxy), benzoyl (wherein the phenyl group itself
may be further substituted e.g., by C .6 alkyl, halo, hydroxy hydroxyG _6
al kyl, Cl1.6 al koxy, haloC, _6 alkyl, cyan, nitro OC(0)Cl_6al kyl, and

am no), replacenent of CH2 with C=0, CO2H, CQ2al kyl (e.g. Cl.6 al kyl such
as nethyl ester, ethyl ester, propyl ester, butyl ester). COX2phenyl 5
(wherein phenyl itself may be further substituted e.g., by Cl.6 alkyl,

hal o, hydroxy, hydroxyl C .6 al kyl, Co al koxy, halo Cl.6 al kyl, cyano,
nitro OC(0)Cl_6 al kyl, and am no), COM#&, CONHphenyl (wherein phenyl itself
may be further substituted e.g., by G _6 alkyl, halo, hydroxy, hydroxyl
Cl.6 alkyl, Cl.6 al koxy, halo Cl1.6 al kyl, cyano, nitro OC(0)Cl.6 al kyl, and
am no), CONHbenzyl (wherein benzyl itself may be further substituted e.g.,
by 10 C1.6 alk ylﬁ%ﬁﬁlol %drox hydroxyl Cl1_6 al kyl, C1,6 al koxy, halo
Cl..6 al kyFYlEFARETREIMEY &L By Cl. 6 al kyl . and amino), CONHal kyl (e.g. Cl.6
aIkyI such as nethyl ester, ethyl ester, propyl ester, butyl am de)

CONHdi al kyl AR N2 b , h
Cl. 6al kyll AtCREf hgl Yewéf"@f“lf”g Etﬂ‘a( cﬁ‘%&%ﬂgfﬁﬁ i‘mk SS@O‘? 3}6 Y‘Jtaﬁt."é‘gﬁﬁ
(e.g., HS GlonBmal Kfyﬂ'spr)smgcai’rdqmylaldhyﬂnlc@bftgpctlonﬁmtw@g;pd h@cw tggpqcal)y refers 1o

car boxyest er al kyl 6 al kyl102 | g.
H2N( 0) CCL. gnca]owﬂs comlg?efg gn%f){(m05ﬁKﬁ p%*)le éhglll {%X fL%cth}n %O%yéc&}e{ froé@
OHCCl . 6al k){éo‘c}ana%c)éh@b)kﬂﬂc £ofd, GoarboRdli6 aeillkiylifle) @@h Gldh’klylﬁe )(lnchldtngo(at‘lc g

(e.g., 02NC1. 6a] kyl -), sul f oxi deal k as
Cl..6 al kylapbydsds ssoupskgionys & F?%Wé?tﬁfkyl%r?%@xg}r%% ?2%%5%&3[“%5?& such
as Cl-6 al 8(‘ %mes ghdaf; ki), Tﬁuhe‘f gnianndoahdey il( e gdijsoedn@Ne0) Sadil. 6
al kyl, H(CIL. I)N(O)S 1 6al kyl-). 70 As used herein, the term’ aIkyI
used elther alone or in conpound mords denotes strai ght chain, branched or

cyclic I?I{b ky{l s e@%@dfﬂleﬁs Ghe 40 1845k Ctle, otBEr &bn&ﬁemmaﬁlcoh&m Emangb@s obf
S.trai ght chain and branched al ky

t I
i sopropyl, qwmg‘@lg}p cheg@@a.l @eﬁc)t,apnahtty ﬁ?ﬁtdﬁﬁneléﬂ]eﬂ)%ﬁtlﬁ}laddlfo’é t%fn}%s ? ﬁlgg% 8.9:)4 a’s an
1,1-di et hysl P('S ORYS »or hﬁ?@f{!w %uﬂﬁt hnlcpent Mcl)t!, o'f- 1tsn§HI hﬂ;bhmeiﬂitlyl for undergomg

2- nmet hyl t t hy t I 1-di t 3, 3-
5ng| m);t Eslnmiwyfmsatgc?nz\m&i q—rglgh%/m%@@cﬁqnmuhan(glj Lﬁqé] %UE[HVI are J?’Xxyl? 0¥1LS

)2, 2-tri meg h mlonbps drd hyBbRYARIGRY hmirdepidy] Int’ﬁe o®t oy h bedeyky-

met hyl hexy ﬁ%I%£QE§k1 ) npgnty‘ﬂﬁﬁhé di net hy %ﬁent , 4f4 di thgh&entyl

2- di mef hy:icpxhrn]nq/d:albolxygc @lqlgqu Wplﬁjgmf yaacting with gihydroxy jergw qﬁle MOofomer

, 2, 3-trimethyl c{&gﬁ&hﬂ Pu ¥dmpoknd, 3-trimethyl butyl, octyl, 6-
t hyl hepty{ Gl Qﬁefﬁ%m?’“&eg bk "3 tetramet hyl butyl, nonyl, I, 2-. 3-.

-, 5-, 6- or 7- 30nethyl octyl 1- 2-, 3-, 4- or 5-et hyI heptyl 1-, 2- or

3- propyl hex%w@wmi Yl c%se of%n Lfm?inosac‘}d th@carboxyhzguﬂ uﬁcafagie o&lﬂé?!ictmg w1th the

8-netl ayl no 6- et hyl octy
4 pr opyI hepmyshomunﬂé«:ryiu la (lL) whRee bogh X' 4nd Y5are hadloxyil groyps %Ploéu?i?ea(ﬂhaﬂla%cw

' ge of athi6 aeid he Wic Aci &ty
1_ 2 Uﬁ 3tebx}]1[n§ eﬂé%‘{“s}([””d Zlk%%\l{% rﬁﬁ%@ék ofar dlga d‘?tT czﬂ'bo 915056 @Z&ﬁyi@& 4

reacting with the monomer of formu]a (II) WhEIB both X and Y’ are hydwxyl groups to

2
1
1-
1,
1
4

produce a thio-terminated compound, These hydoxy/amino/thio terminated compounds
may subsequently undergo reaction with another monomer bearing a carboxylic acid,
isocyanate group, etc. so that the polymer backbone may comprise one or more ester,

25 amide, thioester, urea, urethane, thiocarbamate functional groups.

For example, polymerisation of formula (II) where both X* and Y’ are hydroxyl groups
with a diisocyanate produces a polyurethane. Such a polyurethane will typically comprise
50 mol% diol residue and SO mol% diisocyanate residue. Where each diol monomer of
30 formula (IT) comprises one bioactive moiety, the "loading” of the bicactive moiety in the

polymer - bioactive moiety conjugate may be designated as 50%.



7-, 8-, 9- or 10-nethylundecyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-ethyldecyl,
1-, 2-, 3-, 4-, 55- or 6-propylnonyl, 1-, 2-, 3- or 4-butyloctyl,
1-2-pentyl heptyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
oct adecyl, nonoadecyl, eicosyl and the |ike. Exanples of cyclic alkyl

i ncl ude nono- or polycyclic al kyl groups such as cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl
and the |like. Wiere an alkyl group is referred to generally as "propyl",
butyl" etc, it will be understood 10 that this can refer to any of
straight, branched and cyclic isoners ere appropriate. An al kyl group may
be optionally substituted by one or nore optional substituents as herein
defined. As used herein, term"al kenyl" denotes groups forned from strai ght
chai n, branched or cyclic hydrocarbon residues containing at |east one
carbon to carbon doubl e bond 15 including ethylenically nono-, di-. o

pol yunsat urat pdyakckisdtion foroytl GaMbgte kptlodfpandg ’fo‘emdé(ﬂ%'rﬁr(’ﬁ@f Wﬁléﬁ,d”?”lf{

exanpl e C2-40 al kenyl .. orqCe- . A0 vni lideeimyho s dioNfepidde thd O
i ncl ude prBB@H@Sfi%%F?FEn§%$E§%H 3%@?%@ﬁ%§%£%3??aw%§?aen |, octaenyl,
nonaenyl , decediyh diasidesenyl , Wiodeaenyliol menefertepfy formplat HRdEyREs, One

pent adecenyl, hexadecepyl., hept adec ; ; AVé moRkcosenyl
hydrocanoﬁ“@PBﬁﬁEoﬁWtﬁ¥oﬁgd%glﬁgﬁg%gé%-%ﬁﬁégggg?%%%ﬂggaggﬁ%%e bondQF '
Exanpl es otoghkenyd desimlated ehevdimyak ,50amby P4, relapiee e [t ppnomegtthgtydorm the

i sobut enyl, 3-nethyl-2-butenyl, 1-pentenyl, cycl opentenyl,

1- met hyl - cP@I¥8lsEnt enyl , 1- hexenyl, 3-hexenyl, cycl ohexenyl, 1-heptenyl,
3-heptenyl, 1-octenyl, cyclooctenyl, 1- nonenyl, 2-nonenyl, 3-nonenyl,

1-decenyl, _3-de |, 1, 3-but adi enyl - di.enyl - (1) where both
cyclopenta&ﬁéﬁ?@%ﬂ%féjmﬁyﬁﬁﬁtﬁﬁ1?”%éﬁﬁﬁﬁéiﬁgﬁ%ﬁ%?ﬁﬂffgycy§1%Rg&adienyI,
1,4- 25 yotahexadienoxyl pdupyeltbheplyadienyt, pdysidorppticshopaatist 8Ky and
1,3,5,7- cyclooctatetraenyl. An al kenyl gro ' LS UReL i tuted
by one or mHce IS RSFEICSSULEEOf (ot gthgrstyﬂ%s'r uf!Oior?rl%%sf &%eggl&h%}?soe% Sz'er ein the
ter lm ! alhkéw-hé'mﬁg ROtIRSe gﬁ@bhpﬁlofeocﬁtﬁafiy]ﬁd’sm‘ﬂ plsanyoasi ghy oc hap mot beraprish etle oF |
CyCl 1 C nydrocarpon residues cont al ni .at east onhe,car on tTIhEp e
bond i ncl udneig bB@Cté\teH?‘P‘étl*ﬁscé‘lnleiimﬁBlﬁ(?? a“?j"f’e-co YRS ARTRS, S&r’é;P ée;%[]%ﬁﬁyl “or
cycl oal kyl iR A b ENbRESM ugate so-formed may or may not have a bioactive moeity
15 loading of less than 50 mol%. For example when formula (I} (where both X’ and Y~ are

hydroxyl groups) is polymerised in the presence of an equimolar amount of 1,6-hexanediol

and 2 molar equivalents of diisocyanate, the polyurethane so-formed will typically

comprise the residues of the three components in the ratio of 1:1:2. Such conjugates are

contemplated by the present invention. Such polymer systems may provide a useful means

20  of modifying the physical properties of the polymer conjugates.

‘Similar comments also apply where X’ and/or Y’ represent different functional groups (i.e.
other than both being hydroxyl groups). For example, X’ and Y’ may gach be
independently selected from hydroxyl, amine, carboxylic acid, isocyanate, and carboxylic

acid halide.

25  Those skilled in the art will be able to selected both X and Y~ for reaction with one more
monomers having compatible chemical functionality to afford the biodegradable polymers
according to the invention. Where X’ is a compatible chemical functionality with Y (e.g.
hydroxyl and carboxylic acid), those skilled in the art will also appreciate that the
monomer — bioactive moiety conjugate may be polymerised with itself (e.g. where the

30  monomer - bioactive moiety conjugate is a hydroxy — acid).



- 73 - defined, for exanple, C2-40 al kenyl, or C2_2.0 or C2-10. Thus,
al kynyl is intended to include propynyl, butylynyl, pentynyl, hexaynyl,
hept aynyl , octaynyl, nonaynyl, decynyl, undecynyl, dodecynyl, tridecynyl,
tetradecynyl, pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl,
nondecynyl , eicosynyl hydrocarbon groups with one or nore carbon to 5
carbon triple bonds. Exanples of al kynyl include ethynyl, 1-propynyl,
2-propynyl, and butynyl isoners, and pentynyl isoners. An al kynyl group may
be optionally substituted by one or norg _optional substituents as herein
defined. An al kenyl group may conprise a carbon to carbon triple bond and
an al kynyl" group nmay . conprise a carbon to carbon double bond (i.e. so
caIIed ene-yne or yne-ene groups). 10 As used herein, the term"aryl" (or
"carboaryl denotes any b waRtaddandndiused
resi dues 03 8?%ﬁﬁ%|cﬂﬁ vggggdggwgeﬁpﬂgﬁgugﬁgif &&Q | es o%gdrylplﬁglude
phenyl, bi pf@Rithg tottae mwemdn smamp@nenymsmm@pmewf poly mer A AMEHAPH hy! |
anthracenyl di hydr.oant y%hlﬁgpéanthracenyl di benzant hracenyl
phenanthreﬁyﬁd“FFﬁﬁﬁeﬁﬁuugﬁi?eny1 enyl azulenyl, chrysenyl . Preferred
aryl include phenyl and 15 naphthyl. An ar group may be optionally
substituted by one or more optlona% su st|¥uents as herein defined. As used
herein, the terms "al kyl ene”, "al kenyl &ne and "aryl ene" are intended to
denote the divalent forns of aIkyI", balkeﬂ@l", and "aryl", respectively,
as herein defined. The term "hal ogen" ("hal 0") denotes fluorine,
chlorine Qv;%rg]P@yerR@ {8 afcfds WBkin eithar 0, 20 bromo or iodo). Preferred
halogens are chldrine, brom ne or iodine, q; Car ocyclyl" includes
any of non-vathoNERETIDOeYE! $EnPTiSHE pesttibie ¢ H YFI¥BRYugat ed hydr ocar bon
resi dues, preferably C3-20 (e.g. C3.40 or Cm. The rings nmay be saturated,

e.g. cycl oal kyk,nef AR, HQ§$I§\§:§tl&n§ro€Ji’deﬂ@rﬁeﬂiﬁwﬁbﬁptwmd& meymdmtaﬁ@wn

and/ or one or nore triple bonds (cycloal Particul arl d
carbocyclyHMhmﬁe@PesﬁagéJQW1E¢ﬁBWbEW@HV@F@§¥%% %?éﬁ“?Fﬁy“E@EFEﬁgf

Sui tabl e exanpl.6s &%51:?‘!9%1&)!1?\}e01961@@)’4nd ANEAs0BHE )bbl,ylrﬁyﬁalbtﬂ:pmnﬁawt opoyellphexyl ,
cycl oheptyl, cyc ooct cycl ononyl’, cycl odecyl C Igg)ienten)ﬁJi moiet
cycl oheXényﬂrg}wdl}nglabde@tSEHW se@pé|1@§eweaa?féwlmg é‘ykqa HER e Ry s ote Y
CyCI ooct at €L q?%n)GJmh 4 ¥11re’ pdGR&sably moddtgl of Bdemyd momoméd polyhiesisihg sat
heterocyclyﬁ en use one” or 1 n conpound words includes any. of
rnonocycil i cﬁrstpmbxym‘ye:rl dnd  optiosaly seid scemduBeRoSHT RYHPBEAADEK FEEPFELNC OF
preferably C3- %&198 r e@ﬁmﬂ@rcﬁndit%xﬁﬁﬂnat Qes are
repl aced bf’geng%?8%¥%%§§éggggu %V%Gﬁiﬁhﬁgﬁag}onatlc residue. Suitable
het er oat onssubsahtistle nbp-ierf@ingfo andhesweutﬂﬁ gHeacy ehihgbigpchve Mg S Wiere two
or nore carbon atons are replaced, this nay be by two or nore of the sane
het er oatom or by di fferent heteroatons. The heterocyclyl group ma
sat ur at ed oreqnairqneaahwpmmamd. rageds well Enopoisibs artea adianizasoasly §6 %“él Bonds.
Particularly preferr hetero [ redndnet erocycl yl .
Sui t abl e ex®f ‘%Qmépﬁwg?er évgy’P%ﬂp%09ugﬂgnﬂ%%g%ﬁ%§3ggg?ﬁﬁﬁsl oxi ranyl ,
thiiranyl, azetldlnyl 10 oxetanyl, thietanyl, 2H pyrrolyl, pyrrolldlnyl
pyrrollnyl pi peri razin I di nyl,
i mi dazol i nyfo" B g | ROdTE %mefﬁ?éhB?eﬁo ﬁ%dﬁﬁ%%lgkgﬁg %B%h%?gﬁ§%?§$ﬁﬁanyl
t et r ahy dipopyzamyl and e«hﬁ@@yﬂm@w raxothylm otety &Ripehedttyi @@W@ﬁiﬁlﬁ mpPEa AP itnyl |

di oxal anyl, thi.azol] di | i di ng
Chi az ny . eamens: o e St rpangrar e MR Ao, WRE DM )

di t hi azi nyl i shdibicank ,coﬂ@o@ampmrbylmmmeﬁgmxﬂlst ehhaoi upyihto tivadwery byfore

i ndanyl , i soi ndol'i nyl, 4H- qui nol azi ny nan
' pyranzl and”ﬂﬁﬁ&d?éﬁﬂr@ﬁ?lHWWH%aﬁ@?ﬁ@“ﬂé?é?ﬁﬂ?&%hn@ﬁéﬁﬁﬁg%egﬁm%gﬁﬁﬁo? Y

monocycli ¢, ;RAMEXG] EiGupd dhRieske OF moRNI LG BSIOE (bgdp(ﬂm[ebpﬁiyolé},ﬂ dieesxtender ei n
one or nore carbon atons are replaced by a hetegg % 1;0 asutgmgz%% e an
aromat i 25 e@lod‘u@ agepbfeay Valg ) hetabysb ary FURSES S JrabBE, 7 €797 0. 20

Par ti cul ar| ¥ RIGERhEEd HRNICHORRY] ol BsooliafNethdr ditTemhen edl Abersyigments | ng
syst ens. sui't eteroatons include, 0, N, S, P and Se, particularly 0, N
and S. Wieretctwo or nore carbon atons are replaced, this may be by two or
nore of the sanme heteroatomor by different heteroatons. Suitable exanples
of heteroaryl groups may include pyridyl, pyrrolyl, thienyl, imdazolyl,
furanyl, benzothienyl, isobenzothienyl, benzofuranyl,



25 isobenzofuranyl, indolyl, isoindolyl, pyrazolyl, pyrazinyl,
pyrimdinyl, pyridazinyl, indolizinyl, quinolyl, isoquinolyl, phthalazinyl,
1, 5- napht hyri di nyl , qui nozalinyl, quinazolinyl, quinolinyl, oxazolyl,

t hi azol yl, isothiazolyl, isoxazolyl, triazolyl, oxadialzolyl, oxatriazolyl,
triazinyl, and furazanyl. - 75 - wherein RN is hydrogen or an al kyl,

al kenyl , al kynyl, aryl, heteroaryl, carbocyclyl, or heterocyclyl residue.
Exanpl es of acyl include fornmyl, straight chain or branched al kanoyl (e.g
Cl, 20) such as, acetyl, propanoyl, butapqyl, 2-nethylpropanoyl, pentanoyl,
2, 2- di net hyl propanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl,
undecanoyl, 5 dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl,
hexadecanoyl, hept adecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;

cycl oal kyl car bonyl ! b1 ﬁx\é@'tk&b%t MbsLEeRYkacted
cyclopentyﬁiﬁﬁﬁgﬁfwugﬁgng@g%%%é% car% é!p?ﬂﬁrg such gﬁenzgyl t ol uoyl
and napht hayith; 2 ahaih kanoyér. siioh emméwp@h R@lﬁ@}ﬁl actjestraentmfelﬁyﬂﬁra@é*ﬁuaﬂ

phenyl propanoyl hen tano iyl Qﬂg@y bHapion@énd 10
phenylhexaﬁ%yy a§ﬁﬁ“ﬁé%ﬁfwelal‘gﬁgnﬁq%éJgggﬁgwﬁ¥%Hlacety%Qﬁp

napht hyl pr Qpamyrheambylaaqmtdnmﬁdawdamwe} cogd ahlelﬂebﬁowct@hwﬁh ashuneRErdTkenoy |

(e.g. phenyl peno beu t nt enoyl
and-pheng! HERERBsr DBt S Raoy RISl TR Fa BBy e
napht hyl butigpaigy | liametivean hmzhyglpmmsmeqahsunemrqﬂnmlgraamc&ntbry Iprepalyricpeould be

phenoxyacet yl oxy ,on t
phenylthiodﬁ?%ﬁﬁg§gpﬁﬁ?fP§13§QV?%Q$mgﬁc ggﬁaﬁéﬁggﬁ%bgégﬁ%eéégﬁércmﬂd
napht hyl gl igxyba¥hctedakiyh 5 pbilamyanacpiprasicpthe dydisdpblymethaand

napt hyl sul fonyl ; heterocycliccarbonyl; heterocyclical kanoyl such as

t hi enyl acetyl, thienyl propanoyl, thienylbutanoyl, thienylpentanoyl,

thlenylh@xangyﬁﬁwﬁahﬁéqbyhmge&yhmmkhh&dm&zmﬂmhaneaymganﬂdﬁbKMHEWMWM@éetyI
het er ocycl i cal kenoyl such as. heteroc C|IC (&g n bﬂs %ﬁﬁﬁggcllcbutenoyl
20 heterocweﬂﬂ@ﬁéhﬁ@h@?ﬂ“ﬁﬁﬂmh@Pﬁﬁo@é%WF8 5 8§M

het erocycl i cgl yoxyl oyl such as thlazolyglyoxyloyl and thlenylglyoxyloyl.

The RN resi due may be op tlonaIIX tituted. as deigrl eqeg%on KWG£Q§ term
"sul f oxi de" It aksp merbeaduadagspus 1§ hgaldBidsaeri RISK & O SFQE LG §4OG P (0) RY

wherein RY js selast edubilign iy Ehpaes meal kackivital KR ydactiol ﬂfyamysl r,naﬁalyd) be
heteroaryl, 75 heterocyclyl, carbocyclyl, and aral kyl. Exanples of
preferréd RxmdwéwhmeOEPmizoalkyl phenyl and benzyl. The term "sul fonyl",
ei ther alone or in a conpound mord refers to a group wherein RY is
sel ected from hydrogen, al kyl, alkenyl al kynyl, aryl, het roayg ;
het er ocycl yByitabker mdmy@qyymat%ﬁnala’aﬂ?ay Kol usedbia FHIEE e RELEREr BIGAHYE i de
Cl1- 20al kyl NEY. 68 -andN@ytiskiPhaid| pafissvyaeies eintiher
al one or inc’(gh@%%IS %Qé @ﬁn‘:fefngH aaarouy R(é(r)BNRYRY whereln each RY i
i ndependent Lqmlsedte)m aiieplom fyedifisge no! mpwpatesau b, budags it lingiigy to
het er oar bet er. | N HEXdieneEXS aeacoj4@m@&erred
RY i ncl e @IOC %{%PM a%§ﬂ§ﬁ%g%§£§é%§%&‘e QJ *2¥Err enbodi nent  at
| east one Bﬁhxsyderoghﬁ4Mwa5 dnemhemwforh§h@ﬁ@WﬂB¥mQredWV8ﬁﬁﬁﬁn Hhe
term "amn LTS, 8128 4D dskshRodish&yahfie art
and i ncl ude eﬁwgﬂﬁgmegngﬁewF%?nﬁl3gkﬁgggé&ﬂiggﬁhe ag e nayleg ny
i ndependent hyxasedleccblednef rdiisedyyditco e, ital kyhers,alijeehgrpne liRsepgiate, aﬁhﬂ'do“
carbocycl yl te oaryl heterocy | y| Iky cyls 2 BALARGEBane
t oget her wi E]Ff‘yﬁ ﬂ‘ét dhet  SHERTER SR glhél W@}]eglr e gttlsogpﬂ % nay%abplsgm%qor rﬁ a

25  diisocyanate, 2,4' diphenylmethane diisocyanate, 4,4 blpheny ene diisocyanate, 3,3'-

dimethoxy-4,4-biphenylene  diisocyanate, and  3,3-dimethyl- diphenylpropane-4,4'-

(7]

_diisocyanate; trilsocyanates such as 2,4,6-toluene triisocyanate; higher -isocyanates such as
4 4'-dimethyl-diphenylmethane-2,2'.5,5'"- tetraisocyanate,  polymethylene polyphenyl-
palyisocyanates and alkyl esters of lysine diisocyanate (for example cthyl ester of lysine
30 diisocyanate — ELDI); and combinations thereof. It will be appreciated that the use of

polyisocyanates comprising greater than two isocyanate moicties provides for branched



10 rnonocyclic, or polycyclic ring systeme.g. a 3-10 nenbered ring,
particularly, 5-6 and 9- 10 nenbered systens. Exanples of "am no" include
NH2, NHal kyl (e.g. Ci1,20al kyl), NHaryl (e.g. N -I1phenyl), NHaral kyl (e.g.
NHbenzyl ), NHacyl (e.g. NHC(O0) Cl-20al kyl, NEI C(0)phenyl), Nalkylallcyl
(wherein each al kyl, for exanple C1_20, may be the sane or different) and 5
or 6 nenbered rings, optionally containing one or nore sane or different 15
heteroatons (e.g. 0, Nand S).. The term"ainido" is used here inits
broadest sense as understood in the artgand includes groups having the
formul a C(0) NRARB, wherein RA and RB are as defined as above. Exanpl es of
am do include C(0)NH2, C(0)NHal kyl (e.g. Ch2oal kyl), C(0)NHaryl (e.qg.

C(0) NHphenyl ), C(0)NHaral kyl (e.g. C(0)NHbenzyl), C(0)NHacyl (e.g. 20
C(0) NHC( 0) C1, 20al kyl , C(0) Nl'i C(0) phenyl), C(0)Nal kyl al kyl (wherein each

al kyl, for SB¥EGHET e” C1- 20, may be the same or different) and 5 or 6 nembered
rings, optionally containing one or nore sane or different heteroatons
(e.g. 0, Nand S). .The term "car d PR L& etdr Litg hesipadest
sense as uﬁa@?%?%aﬁgﬁﬁmﬂﬁamgﬁﬁ%%ﬁ35%%§fh‘é%gé$8ﬁ§ ﬁgéfﬁgu?%giforng%a
CO2Rz, whergd Rodilricdrayiide. s&lwodamehtd obrhegreatiips 8 jap cYatRti WO RYECUI| kenyl |

al kynyl, aryl, carb clyl., heteroaryl r ¥l ve BRgvacyl .
ExanplesSOWW&QFQGQVS@é?@%L%hQF& %Otf%%ﬁ?gggﬁf§ﬁ¥§%%ggﬁf%&%e.géf CO2phenyl ),
C: 02ar al ky lpy (esiQatidaORaRayibi further Factongxaivpt bighefmelequéar otabhBoly ¢ thge
ni trogen, oxygen, sul fur hosphor ous bpr n, silicon, selenium and

RpesR ;

tellurium SRORERTSFRAYSIAT FBYEH 8% gen and sulfur. It is understood

that the conpounds of the present invention (including nmononers and

pol ymers) may exist in one or re stereoisqmeri.c . fo ( t: rs,
di ast er eone¥ 8ylycandasatiofy gy "‘irgﬁ\}(&ﬂ‘f"? g(h O%BCSﬁ(ﬁchs} i ELrlm?;{'ml bfegngg(gégéhgfgls of

these s{greQiBONBiGchi®MIRagl thhgte dfpolyateashtichn for exanpl e enantioneric
i solation), or in conbination (including racemc mxtures). '"the follow ng
exanples are intended to illustrate the scope of the invention and to

enabl e reprgdueldigh nahiLURALEEEA. in Thayprapreatn edlvanntceidie theteasd therrate phe
scope of the disclosure in 10 an¥. wa ._EX%%;%E% QEner%]rmgﬁgh%gm%hﬁ§
spect ra wermelysariaitised BW3BﬂHV%é?lﬁ®%ﬁ%wdﬁﬂs ef ALY Y spect T onet er’s,
with the condensate (e.g. water or low molecular weight alcohol).  For example the
15 reaction may be carried out in toluene and a toluene / condensate mixture distilied off

continuously and the condensate allowed to separate in a Dean — Stark trap.

To further increase the molecular weight of the polyester a second stage reaction in either a
wiped film reactor or a solid state reactor may be employed. The need to use such reactors
20 will depend upon the target molecular weight as well as the suitability of the polymer for

. further reaction,

Suitable polyacids that may be used to prepare the polymer - bioactive moiety conjugates
include aliphatic, aromatic and cycioaliphatic polyacids and combinations thereof.
25  Specific polyacids include, but are not limited to the following, oxalic acid, fumaric acid,
maleic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic
acid, sebacic acid, phthalic acid, dodecanediacid, isophthalic acid, terephthalic acid,
dodecylsuccinic acid, napthalene-2,6-dicarboxylic acid, naphthalene-2,7-dicarboxylic acid,
cyclohexane dicarboxylic acid, fumaric acid, itaconic acid, malonic acid, mesaconic acid.
30 Esters, diesters and anhydrides of the above diacids are also suitable in the process of the

invention.



operating at 400 Mz and 200 MHz respectively. Al spectra were obtained at
23C unl ess 15 specified. Chem cal shifts are reported in parts per mllion
(ppm on the 8 scale and relative to the chloroformpeak at 7.26 ppm (1H).
Oven dried glassware was used in all reactions carried out under an inert
at nosphere (either dry nitrogen or argon). All starting materials and
reagents were obtained comercially unless otherw se stated. Renoval of

sol vents "under reduced pressure" refers to the process of bul k sol vent
renoval by rotary 10 evaporation (low_vgcuum punp) followed by application
of high vacuum punp (oil punp) for a mninmumof 30 mn. Analytical thin

| ayer chromat ography (TLC) was perfornmed on pl astic-backed Merck Kiesel gel
KG60F254 silica plates and visualised using short wave ultraviolet |ight,
pot assi um per manganat e or phosphonol ybdate di p. Fl ash chromatography was
performed using 230-400 mesh Merck Silica Gel 60 follow ng established

gui del i nes \El&luﬁde}plypﬁglsmmemfeé%mgé Cal”P@’W&WE/"(S‘r}@F@ﬁ"&H“%’FFﬂ PR BEP‘EHJet hane

were obtained,f rv? ik %ﬁ Cf:%lay ot ﬁfe%ﬁ&ﬁ'sﬁﬁnsrﬁﬁu%m# @‘ﬁ%n 8y thd &ditoval BDSpher e.

Al'l ot her reagen sol vents were used urchased. - 78 - Mbl ecul ar
wei ghts of (wbwa@m hakid®. Ebaxaopler il zéuaqa@/claem PErHBEITS i Wi @ﬁﬁi%@?‘a‘phy

(GPC) performed .in tetr J 10 gbﬂ net vl ok a8 lql_,g (
mL/ m n, éSC }ﬂg"wtwe mc\/%)f g@ﬁ%ﬁ%ﬁu W 1‘?/vl th ) a Water s1 2 ?é{ ractl ve
| ndex Det ed{@rwllldaeslé:mml fodm thsueachol. yﬁ@h AL T BRSIOB TR t@scapmﬂut é’oﬁcwflﬁg k3 x5

m M xed- C an E f
gal i b)r(at ed B\R,ie?el‘fatﬁ(i éinaw a%“f: ; d(?r g"ﬁ%@e’sﬁ’%&g‘bom;g?ﬁ gﬁ%%é%gngglra%gppr@}%tﬁ% e

Labor at or i as férass Ga w1ttMNafhlbameQ 6did ﬁla!1c2:56®®©3amld¢1@ln prese s |t1a¢th)olépglpﬁ Fa/r e
reported as pol yrene ui va{ ents n SB and Janoxn urRercover e
per f or med 3353 ‘Hﬂxi anelteﬁﬁ ) iR %Oelﬁ mbm g I: &1 §tar i
10 monomer and the monomer — bioactive moiety conjugate of formula (II) where both X’
and Y* are hydroxyl groups. The reaction will atford the desired polymer — bioactive

moiety conjugate and a triethyl-amine hydrochloride salt.

With all such polycondensation reactions, it is possible to some extent to control the
15 molecular weight of the resulting polyester, its degree of branching (through control of
monomer functionality) and its end group functionality by adjustment of the molar ratio’s

and the functionality of the monomers used in the reaction.

For example, in some instances it may be desirable to produce lower molecular weight
20 polyesters that could be used as polymer - bioactive moisty conjugate polyester polyols for
reaction with polyisocyanates and perhaps other reagents for the production of polyester-

urethanes.

Additionally, it may be possible to increase the molecular weight and/or degree of
25 branching of the polyester through the inclusion in the reaction mixture of
coupling/branching agents,  Examples of such coupling/branching agents include:
polyepoxides, polyisocyanates, polyoxazolines. The term “poly” is used to indicate a
reactive functionality of 2 or more (e.g. 2 or more epoxy groups). Having a reactive
functionality of 2 will tend to produce higher malecular polymers still with a significant
30 polyester-like character. Agents having a functionality of more than 2 will produce a

branched polymer, still with significant polyester-like character.



Acid Val ue Determ nation for Biodegradable Polymers References ASTM

Dl 980-87 (vol 6.03). Standard Test Method for Acid Value of Fatty Acids and
15 Pol ynerised Fatty Acids - superseded by ASTM D1980-87(1998) (vol 6.03).
Menbranes of Pol yurethanes Containing Crystalline Soft Segnents: Oxygen
Pernmeability and Morphology, Ch, H-J.; Kim W-Y.; Jeong, Y.-S.; Lee,
Y.-S., Bull. Korean Chem Soc., 2001, 22(2), 194-8. 20 Method This test

nmet hod determ nes the total anmpbunt of residual acid groups present in the
polymers and any free acid groups presgpt, reported as acid value (ng KOH g
pol ymer). Reagents 25 Chloroform and nethanol, AR grade. KOH pellets, AR
grade. Phenol phthalein indicator (1% in MeOH). Potassium hydrogen phthal ate
(KHC8H404), dry at 120 C for 2 hr before use. 30 "'NOTE: all gl assware
shoul d be clean and oven dried before use** -79 - Preparation and

St andar di sation of 0.1 M KOH solution (do in triplicate) Dissolve 5. 61 g of
KOH in net Randibeusssd niakmors dethil dol the iErample2sesions oelowy tie Gy BesE3 O8P™ROH i n

carbon di oxi de. fr filter .. ; tgr 15 hanol
g e L e A L e
coni cal fl askalteftidadf XOVmpusficatanm boriodelogice elterdeairegabwstrolyie ingtagiligpel of the

phenol pi’gt h%!eelrnrc]nul)rggrl Bxaogé%lrvearggiew éoﬁf@éa&e‘s restricted the usage of several traditional

purification methodelogies and made the development of alternative pathways necessary.

The presence of any impurities in the monomer bioactive moiety conjugates can also affect
the molecular weight, and structure of the final polymer as well as the release rate of the

10 bioactive moiety from the polymer conjugate.

Further, the use of the monomer bicactive moiety conjugates in the formation of the
polymers in some cases required specific polymerisation methodology to be developed to
allow the efficient incorporation of the monomer bioactive moiety conjugates into the
15 polymer. This included selection of appropriate solvents / heating / mixing/ catalyst /
order of monomer additions etc to allow the incorporation of the monomer bioactive
moiety conjugates as well as to minimise the amount of degradation or premature release

of the bicactive moiety.

20 Careful selection of co-monomers / reaction conditions etc may also be required for a
given monomer bioactive moiety conjugate in order to produce a polymer conjugate with
appropriate bioactive moiety loading as well as have mechanical properties, bioactive

‘moiety release rate, formability etc.

25  Additionally, methods were developed to remove impurities from the polymer bioactive
moiety conjugates in order provide control of the release rate of the bioactive moiety from

the polymer conjugate.

Irrespective of the manner in which the biodegradable polymer — bioactive moiety
30 conjugates are prepared, as discussed above all repeat units that make up the polymer

backbone will be coupled via a biodegradable moiety. Accordingly, any monomer or



Titrate with the 0.1 MKOH solution. M- n.1/204.23 10 M= nolarity of

nmet hanolic KOH solution (nmol/L) m= nmass of KHC8H404 used (g) 204.23 =

nol ecul ar wei ght of KLIC8H404 (g/nol) v =titre (L) 15 Procedure (do in
triplicate) Wigh out approximately but accurately 0.5 g to | g of sanple
into a 100 nL round- bottomed flask. Degas under high vacuum (< 0.5 mmHg)
for 1 hr. 20 Dissolve the sanple in 50 to 100 nL of neutralised
chlorofornt. It nmay be necessary to nagnetically stir the mxture for a few
m nutes to achi eve conplete dissolution. * Use the sane vol une of sol vent
for the triplicate set. Methanol may be-ased if the sanpl e does not

di ssolve in chloroformalthough it is slightly nore acidic. Neutralise the
chl orof orm before di ssol ving the sanple by adding 5 drops of the indicator
sol ution andmagddbng Wkd W @e KEbheediLibf i cdnugaas shdl dot Wb reehtuinitothat arel10
parts MeOl-1) to the phenol hth I'ein endpoint. Do the sane for the nethanol
but add 0.5 %ﬁmﬁﬁbﬁﬁéopﬁ dE&?@#’ WEF@éHdb?”ﬁe&FBps as the colour change is
nore difficult to observe. - 80 - Add 0.5 nL of the phenol pht hal ei n

i ndi cator solution to the sanple m xture and _titrate i medi ately with the
0.1 M KOH soMitledhs e of Relyetherseemeikoagreife d45Heblp HRRPEFRE R t@‘oﬂ%%%tﬁds 5

Cal cul'ati@n and in some cases can provide an improvement in the desired rate of release of the
bioactive the releasé of polyethers having a moleculr weight below 1000 g/mol can result

in increased toxicity from the degradation products.

In most cases it is possible to use polyester polyols such as polycaprolactone diol to-also
10 provide desired- increase in the- flexibility of the polymer as well as providing
improvements in the release of the bioactive agent. However, the polyester po_iyols can

adavatgeously degrade into more benign monomeric components.

Additioanlly the use of polyester polyols such as DLLA (DL lactide) or PLGA
15 (poly(lactic-co-glycolic acid))can provide an increase rate of degradation of the polymer as
well as release of the drug through the autocatalytic effect of the released acidic

components.

The biodegradable polymer may be formed and delivered as a liquid/wax that can be

injected, polymerised, ewred, set or solidified in situ.

20 In one embodiment, the methods of the invention allow the formation of biodegradable
moieties with multiple bioactive moieties, known loadings, evenly distributed biocactive
moieties in the polymer chain, predetermined relative proportions and predetermined

relative positions.

Scheme 1 illustrates the method with a valproic acid-polyurethane conjugate.
25



VMK 56.1 (a) Acid Value (ng KOH g polyner) =Wv = sanple titre (nlL) M =
nmolarity of the KOH solution (nol/L) 10 56.1 = nol ecul ar wei ght of KOCH
(g/mol) W= weight of the sanple used (g) 56.1xnx1000 (OH + Acid) val ues
(b) Mol ecular weights = 15n = functionality of polyner (2 for linear, 4 for
star etc.) Hydroxyl Value Determ nation for Bi odegradabl e Pol yners
References 20 N-Methylim dazole as a Catal yst for Acetylation of Hydroxyl
Term nated Polyners, Dee, L. A, Biggers, G L., Fiske, M E., Anal. Chem,
1980, 52, 572-3. ASTM D2849-69 (Sections 31 to 39). Standard Met hods of
Testing: Urethane Foam Pol yol Raw Materi-#i2s. Method A - Acetic Anhydride
Pressure Bottle Section. - standard withdrawn in 1987, no replacenent. 25
ASTM E200-97 (Sections 74 to 79). Standard Practice for Preparation,
St andar di sati on and Storage of Standard and Reagent Sol utions for Chem cal
Anal ysis - superseded by ASTM E200-97(2001)el (vol 15.05). -81 -
Hydr oxy- Ter mi mated Pol'y (e-Capr ol act one- co- val er ol act one) O 1 goners:
Synt hesi s, CharacteYd sati on and Pol yur et hane Network Formation, Store¢y, R
F., Herring, K R, |Hoffrran, D. C, J: Polyner Science (Part A: Pol ymer
Cheni stry), 199FP°N72§1%89-77. 5 Methdd This test gret hods det epniines {he
total anount jof hydieop.yendugiaups present in a ol ymer sarrp|e, reported
as hydroxyl vl ue (ng KOH g-pebyser) ~[T0 THE GH groups are*acktyTated with
acetic anhydrjide in 1,2-dichl oroethane at ipo C using N-nethyli i dazol e as
catal yst. The|l excest acetic anhydride is hydrolysed with water and the
total acetic jacid produced is back titrated it st andard KOH sol uti on. The
hydroxyl contjent is calculatéed fromthe difference between the blankjand
sampl e titres| l%-+fr-ttw sanples contain free acids,thgs8.ah8al SO
titrated wth KOH dLlri ng the back titration. Theref &t & ddenidshes Sanpl es
contain signifficant Yamounts of acidity or al kalinity*i¥"¥§% be cordected
by carryingo Sustle-CalrjElda fpolyagl . . 7 R
Scheme 1: Valporic acid-polyurethane conjugate

5 Scheme 2 illustrates the methdd with a ciprofloxacin-polyurethane conjugate.

.O‘

. I 0
. OCN——-R'~—NCO e “
: . O R O/ \NH—R'_—NH——C
Cipro
HO—R"— OH
Cipro Cipro: Cipyofloxacin

R', R"; organic groups
(same or different)

Scheme 2: Ciprofloxacin-polyurethane conjugate

10 Schemes 3 and 4 illustrate thé method with a cyprofloxacin-polyester conjugate and a

valproic acid-polyester-conjugate respectively.



Reagents 20 Acetic anhydride (AM AR grade. 1, 2-Di chloroethane (DCE),
distil (bp 83.4 C, 760 nmHg) and store at room tenperature.

N- Met hyl i m dazole (NM M, dry over KOH overnight, distil under reduced
pressure (bp 197-198 C, 760 nmmHg), store under N2, keep refrigerated.

Chl orof orm and net hanol . AR grade. 25 Thynol blue indicator (10%in MeOH).
0.5 MKOH in MeOH Benzoic acid, grind and dry at 80 C for at |east 2 hours
before use. **NOTE: All gl assware should be clean and oven dried before
use.** 30 - 82 - Dissolve 28.05 g of AR grade KOH in nethanol to make a 1
L solution. TRY THI S - dissolve 66g KOH ig 60 nL water, filter. 79 nL

sol ution obtained. Add 200 nL water then 2.5L methanol Accurately weigh out
0.735-0.745 g dry benzoic acid into a conical flask. Add 1 nL 5 degassed
water, 7 mL MeOH, 1 nL NMM 50 nL CHC13 and mix well. Add 3 drops of the
thynol blue indicator solution and titrate with the 0.5 M KOH solution to
t he endpoint (col our change fromyellowto blue-violet). M M/122. 12

: . O O
HOOC ———R'—COQCH H . [l |
- O R O C R'—C
Cipro ‘
- HO—R"—— OH '
1 Cipro: Ciprofioxacin
Cipro. R', R™ organic groups
(same or different)
5. Scheine 3: Ciprofloxacin-polyester conjugate
I
N ———— | VA

HO—R"—— OH .

. . VA Valporic add
, .R', R" organic groups -
VA ] {same or different)

10 Scheme 4: Valporic acid-polyester conjugate

The composition of the polymer can be advantageously altered to incorperate other
monomers to provide appropriate polymer properties to suit a particular application (e.g.

hydrophobicity, structural strength, rate of release of bioactive moieties).

A further advantage is that side chain and end functional attachment of the bioactive
15 . mioiety te the polymer (by control of the monome_f structure) ai}ows the control of the
polymer mechanical and other properties. In this sense the polymer therapeutic can be

viewed and used as a scaffold.



M= nolarity of nmethanolic KOH solution (nol/L) 10 m = nmass of benzoic acid
used (g) 122.12 = nol ecul ar wei ght of benzoic acid (g/nol) v = titre (L)
Acetyl ation of Sanpl es/ Procedure 15 Prepare a stock solution (SS) of AAin
DCE (1:6 ratio by volunme) and keep in a dark bottle. This nust be prepared
fresh each tinme the procedure is carried out. Sanples (do in triplicate):

Place 3 -4 mlliequivalents of polyner* into a 250 nL round-bottoned f1 ask.
Degas the sanple at high pressure (< 0.5 mmtHg) for 1 hr. Add 20 niL of DCE,
followed by 4 nL of the SS and 4 nL of NM M Attach a condenser and

drying tube and heat the mixture in a 11®4€ oil bath (which has 25 been

turned on for at least 1 hr prior), with stirring for 15 mnutes. Cool the
m xture in an ice bath, then add 3 nL of distilled water to hydrol yse the
excess acet i ¢n anhytkri deecand doeadl dfhie mexliaicel pgatriesam @lome bicattile meingyt es.

Cool the mxture in an ice bath and,ihen rinse the condenser .down.with 160
T %thl or of or il B BRpo s Rer B r R il R b B el Seregagrerces if B ok o

drops of thynpmliethhitgchbdelhie @3b@paréd Wheh hiad otk it dmbREs 10 nbt Mald(H iSOl (Btab @Rk to
the final endpoint (col qur chgn e fromorange to bl ,ue-greﬁn to bri qht
bl ue). Wi ght el veoRoE ipIelaicd it PUYS SR G BPIPerisHBat (1o dArBYRE HBRIYBFH 3

x10-3mol X5 MiroarmbhormerfRhetdihBded WeihWMacOfe BRI enANadd MeErehi @BrSGithiace n
= OH functionality of polymer (2 for dihydroxy, 4 for tetrahydroxy etc.) 10

Bl ank (do On@éopﬁg}es SPHRUES ] 1 iir@}p)gpus polymer without bioactive moiety functionalisation
(i.e., bioactive moiety functionalisation breaks up the crystallinity to produce a more

flexible polymer).

The physical properties of final material can be altered through changing the composition

.10 of the polymer backbone.

The biodegradable polymers of the present invention may be blended with one or more

other polymers (generally.biodegradable ponmeré).

The present invention also provides a monomer comprising: a) one or more releasable
bioactive moieties;'b) one or more 'polymerisable moieties; wherein one or more of the
I5 releasable bioactive moieties are capable of being released from the monomer before or
after polymerisation under conditions which are non-interfering to the therapeutic efficacy

of the bioactive moieties.

The skilled artisan would be able to select suitable chemistry so as protect other
functionalities on the bioactive moieties during attachment to the spacer or monomer

20  during or after polymerisation.

There follows potential Schemes 5 and 6 for the protection/deprotection and breakdown of
polymer — bioactive moiety conjugates of the invention. Examples are illustrated for

Ciprofloxacin attached to a polyurethane or to a polyester.



As above, omtting steps 1 - 2. The blank m xture should turn a
green-yel l ow col our during step 4. Calculations - AMx 56.1] 15 Hydroxyl
nunber (ng KOH g polyner) = A = sanple titre (nmL) B = blank titre (nL) M=
nmol arity of the KOH solution (nol/L) W= weight of sanple used (g) 56.1x n
x1000 (OH + Acid) values Ml ecular weights = n = functionality of polyner
(2 for linear, 4 for star, etc.) 25 Vaiproic Acid (2-propyl pentanoic acid)
Exanpl e 1: Val proic Acid Mnoglyceride (VA-M5 - For conparative Exanpl es
- 84 - (a) 2-propylpentanoic acid, 2, 2-dinmethyl-1, 3-di oxol ane-4-y1 net hyl
ester 0 D 2-propyl pentanoic acid (10.00-@5-0.07 nol) was dissolved in

di chl or onet hane (anhydrous) (500 m), under an argon atnnsphere
2, 2-di et hyl-; 3=—dt-oxot-ane—4=rethanot \bUl ket d.l)

O

CCN—R——NCQ o—r— OF—Q“NH—R'— NH———u
Palymer Formalion '

+ — . Lz
HO: g oH Cipro
Deproteclion
P {prior to use or in-vifra or in vn.'u)
Lz
Cipro
p
. o) o]
L2 = biodegradable moiety, ) : H
P = prolection group O0—R'— Q—— C—NH~— R N
Rate of breakdown I
P>=2 ,'|-2
Cipro = Ciprofioxacin : Cipro
R, R" = organic groups ;l: Bicaclive Moiety Rglease

{same or different}

Rate of Cipro

release >= rale o]

of polymer backbone ”

breakdown o r|< o] C—NH~—R'—NH—C +  Cipro
L X

X = producl from Polymer Degradation

cleavage of L2 | {eg Hydrolysis)

For an esfer linkage of
Ciprofloxacin X would
be an OH
o 0
HO——C—NH—R'~—NH———CH

HO——R"—OH

NHg =R ——NHy + 2C0;

Scheme 5: Example shown for polyurethane formed from the reaction of a diol and a
diisocyanate, where the bioactive molecule (e.g., Ciprofloxacin) is attached to one of the

5 monomers (to the diol monomer in this case).
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8 mol; 1.2 equiv) and p-dinethylam nopyridine (1.02 g
i cycl ohexyl carbodiimde (17.17 g; 0.08 nol;

tate fornmed during the addition. The reaction m xture

8. 30

0.12 equiv) were added. The solution was cooled to OC and a solution
1. 20 equiv)
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was
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Scheme 6: .Example shown for polyester formed from the reaction of a diol and a diacid,

where the bioactive molecule (e.g., Ciprofloxacin) is aftached to one of the monomers (to.

the diol monomer in this case).

In one embodiment a biodegradable polymer of the present invention may be prei:aared by

the polymerisation of a hydroxy functionalised ester of valproic acid and a diisocyanate in

the presence of a suitable catalyst.



(14.0 g, 60,0 mMmol, 99% . 2511-1-NWMR (CDC13, 200 MHz): ml =
21-1, J 6.1 Hz), 3.68 (tr, 2H, J = 6.& Hz) , 2.37-2.31 (ﬁipgko. 1.
gn}ZZFD,'1i69-3.16 fnl ?FD, 0.89 (tr, 61-1, 6.9 Hz) b)

- (2- pr opyl pent anoyl oxy) PrOpanoi ¢ acid 3- hydr oxypropyl 2-pr

(2.08 g, 10.3 nml) was dissolved in 120 m gf 5 ggetg%e. SPlogylgfnganoate
sol ution of Jones Reagent (prepared by dissolving 26.72 g of chrom um
trioxide in 23 m of concentrated sulfuric acid, and then diluting the
mxture to 100 mM with water) was added;; Propan-2-ol (5 m) was added to
the reaction mxture which was filtered through a pad of celite. The
filtrate was washed with 0.01 MHCL solution (3 x 50 m), dried over sodium
sulfate, filtered and concentrated under reduced pressure. The 10 crude

]P L?? Eg? (2. f%(gd(,iegrla(czl)aﬁole pOH\Z}\ﬁa/R %%%ééﬁ@ﬁd 1rlv@nt§d?1e 'fh?xhlsét&p Y Eﬁ&@uﬁy aﬂ@/ 6 3

I(-|Z) 2. 70 (pb fymeRkhtiod of a6GliBydrzly, ﬁJQctmﬁatgngsthrﬁ \@mom 301‘;102 i- dﬂ_gfdv(qﬁ'prgpvl— 0. 88
tr, 6H, J_=

3- 0x0- 3- (2 %%8?93?%@“@5181 %%(lblﬁe}‘gmetll%}duﬁocy%%gf 12 ﬂfoerpéﬁsﬁllugeorftaglrllléag%eecatalyﬁz0

3- (2- propyl pent anoyl oxy) propanoic acid (2.05 g, 9.5 mmol) was dissolved in

anhydrous ; X
13. 67 nmol gf ; IJiﬁit%g]%| d%}@ﬁg@e);s gfb@ﬁfed %Bfgﬁﬁionéhs&i me@é?idébledﬁ[ﬁg:lr yoapidding 2. 50 g,

0 | d o- -yl -
N, N-t§i mraly[mfdmﬂgnmw@m W?ﬂﬂéi)ﬁ@}@ﬁ%@"‘(a%g ?hamgglgy 80“:?%@ ) a\%hé‘eéydeg
successi vely., The £ eacth, @ P TG RSB eleh & AR b8 Badi@bned el The

reaction mXture was was sat urat'ed NaHCO3
to or faster than the rate of polymer backbone breakdown and wherein the polymer

4. (tr
93 .17

backbone is substantially degradable.

10 The biodegradable polymers in accordance with the invention can be incorporated or made

into coatings and scaffolds for target in vitro and in vivo applications in a variety of ways.

For example, the biodegradable polymers of the invention may be used in the manufacture
of sutures, dental devices, orthopaedic fixation devices, transdermal patches, ligating clips,
1S vascular grafts, stents, and tissue-engineering scaffolds. The polymers may be applied to

the cutside or inside of the body of the subject in need of treatment.

Coatings containing the biodegradable polymers can advantageously be directly produced
using techniques well known in the art including: solution casting, spray coating, melt
20 pressing, transfer moulding, lamination, moulding onto a premade film containing the

conjugate, rotomoulding, spin coating, extrusion coating, electrospinning etc.

Premade films for use in subsequent application as coatings can advantageously also be
produced using techniques well known in the art including: film extrusion, film blowing,

25 tentering efc.

The premade films may be applied as coatings by: melt pressing, vacuum forming,

thermoforming, transfer lamination, adhesive bonding.

30 Coatings may be included as films, multilayer films, non-uniform or graded coatings as



solution (I x 90 mM), water (1 x 90 nl) and dried over Na2SO4. The organic
sol vent was renoved under reduced pressure giving a pale, pink solid (2.99
g, 7.9 mol, 83 %. 1H NWVR (CDC13. 200 MHz): 8[ppn] = 7.63-7.29 (m 5H),
5.55 (m 5H), 4.75-4.66 On, 511-0, 4.42-4.06 (m 4H), 3.01-2.78 (m
2H),2.74-2.24 (m 3H), 2.07-1.18 (m 8H), 0.92 (tr, 6H J = 6.9 Hz) d)

3- (1, 3-di hydroxypropan- 2-yl oxy) - 3- oxopr oPyl 2-propyl pentanoate O4 00 00 10
3- oxo- 3- (2- phenyl -1, 3-di oxan- 5-yl oxy) propyl 2-propyl pentanoate (2.99 g, 7.9
mol ) was di ssolved in ethanol (90 n1)f%nder argon. Pal | adi um catal yst (10
w % Pd/C) (300 ng) was added, the flask was evacuated and allowed to stir
1 atmof hydrogen gas at room 15 tenperature for 16 hours. The crude
reaction nlxture was passed through a glass microfiber on a sintered

e o o ohftbisk SR Ges' EORUR AR ofieHER PigRAULE VI €l di g 2. OL ¢

(6.95 mmol duct mas used w t hout any further
purification 1H NVR (CDC13, 400 MHz): 8[ppm = 4.99-4.90 (m 1H), 3.86-3.80

E m g::?): i %e%h\g%sml %il_%cild ngainzl % rﬁle(pghm%g%ma% vg %t?goéﬁﬁate@ﬂ:an Asp8-1. 54

Product i on wefforgediixd uﬂixﬁb@foﬂnealﬁ-ldcblhchygir oxy- 5, 14- di oxo- 4, 15- di oxa- 6, 13- 25
di azanonadecan- 19-y12- pr opyl pent anoat e and

1- hydrox@-Z (hydr oxynet hyl ) - 4, 13- di oxo3, 14- dloxa 5, 12-di azaoct adecan- 18-y12
- propyl pent anpatre,@baded Rdéarey i in2wpr apydnpeds eneat epun- b@8ed opformed

(21?_2102%' gent anmu?to ?1%:1 (iiﬁvovgi? m]éts gtc Xcﬁﬁt?ongirlrjglf?brc\a,\@ﬁucmrésegoum EQ fol?'ll‘il'nte:@%ﬂllé 4-di ol
binder resin into composite structures. The fibres could be formed by melt
extrusion, wet spinning or the bioactive conjugate could be over-coated or

10 dispersed within fibres by bicompenent fibre extrusion, dip or spray coating etc.
e Moulded structures could be produced by injection moulding, blow moulding,
reactive injection moulding, casting or moulding with subsequent machining etc.
e Porous structures could be made by moulding / extrusion in the presence of the
porogen.  Additionally porous 3D structures could be produced by moulding or
15 polymerisation in the presence of an exiractable material. For cxample, a
polyurethane containing the monomer-bioactive moiety conjugate or polymer-
bioactive moiety conjugate could be formed by casting around a sufficient content
of polystyrene beads. The polystyrene beads could be removed by extraction with

an appropriate solvent,

20 In this specification "optionally substituted” is taken to mean that & group may or may not
be substituted or fused (so as to form a condensed polycyclic group) with one, two, three
or more of organic and inorganic groups (i.e. the optional substituent) including those
selected from: alkyl, alkenyl, alkynyl, carbocyelyl, aryl, heterocyelyl, heteroaryl, acyl,
aralkyl, alkaryl, alkheterocyclyl, alkheteroaryl, allkcarbocyclyl, halo, haloalkyl,

25 haloalkenyl, haloalkynyl, haloaryl, halocarbocyclyl, haloheterocyelyl, haloheteroaryl,
haloacyl, haloaryalkyl. hydroxy, hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyt,
hydroxycarbocyclyl, hydroxyaryl, hydroxyheterocyclyl, hydroxyheteroaryl, hydroxyacyl,
hydroxyaralkyl, alkoxyalkyl, alkoxyalkenyl, alkexyalkynyl, allcoxycarbocyelyl,
alkoxyaryl, alkoxyheterocyclyl, alkoxyheteroaryl, alkoxyacyl, alkoxyaralkyl, alkoxy,

30 alkenyloxy, alkynyloxy, aryloxy, carbocyclyloxy, aralkyloxy, heteroaryloxy,



5 1272.2 mmol) and met hyl -sulfonic acid (5 drops) in toluene (3500 m) and
the m xture was heated under reflux using a Dean Stark trap for 12 h. After
that, toluene was removed under reduced pressure and the crude m xture was
di ssolved in chloroform (200 M) and extracted with water (pl-1 5, 3 x 200
m). The conbined organic |layers were dried over sodiumsulfate and the

vol atil es were renpved under reduced pressure giving a clear oil 10 (99%
The product was anal ysed by NVR and found to be VA-BDO b) '
4- (6-i socyanat ohexyl car banoyl oxy) butyl_z2- propyl pentanoate 15 Il 0t NN O

Sol ution A: 4-hydroxybutyl 2-propyl pentanoate (VA-BDO ( 10.4518g 48.3)
nmol ) was dried under vacuum and placed in a dried flask fitted with a

\rlrmagﬂe;i gr)s/t |mrt Pgr ﬁndacszl osed 2?_ with a subaseal. The flask was also fitted
SO A A BRI, dBBop i chusilonsl o T
ok S0 oo et ooy (-1 s 5
(R o 120 BSED 25, L AL bR, Ao pi oG | 2ok
%I_ sgf f |C L It gglci)f#()dra%lo\;a\ﬁﬂﬂy rﬂﬁ-‘faefo@gemitgmsallpmr genihd n@VH:)- @glamiAQ,prcﬁg(IkWiélpy 120
"t roduced Ao REVR SBRIORENT BRATT)os ronansy g AR s
i Lo ey oot o e e
stirred OV&IWIW!noa]O}fyOOmyﬁsgﬂ:bgn;yé?wr ealhﬁa%h%ea}/]y Gl ts%’ll(rgé%ﬂg . ‘Pﬁe’erae C%li:dir)ﬁ was
mxture / s@lp@kio= SRYMNIME) Grylthio, aralkylthio, carbocyelylthio, heterocyclylthio,
heteroarylthio, acylthio, sulfoxide, sulfonyl, sulfonamide, aminoalkyl, aminoaikenyl,

10 aminoalkynyl, aminocarbocyclyl, aminoaryl, aminocheterocyclyl, aminoheteroaryl,
aminoacyl, aminoaralkyl, thioalkyl, thioalikenyl, thioalkynyl, thiocarbocycelyl, thioaryl,
thioheterocyclyl, thioheteroaryl, thioacyl, thioaralkyl, carboxyalkyl, carboxyalkenyl,
carboxyalkynyl, carboxycarboeyelyl, carboxyaryl, carboxyheterocyclyl, carboxyheteroaryl,
carboxyacyl, carboxyaratkyl, carboxyesteratkyl, carboxyesteralkenyl, carboxyesteralkynyl,

15  carboxyesiercarbocyclyl, carboxyesteraryl, carboxyesterheterocyclyl,
carboxyesterheteroaryl, carboxyesteracyl, carboxyesteraralkyl, amidoalkyl, amidoalkenyl,
amidoalkynyl, amidocarbocyelyl, ~amidoaryl, amidoheterocyclyl, amidoheteroaryl,
amidoacyl, amidoaralkyl, formylalkyl, formylalkenyl, formylalkynyl, formylcarbocyclyl,
formylaryl, formylheterocyelyl, formylheteroaryl, formylacyl, formylaralkyl, acylalkyl,

20 acylalkenyl. acylalkynyl, acylcarbocyclyl, acylaryl, acylheterocyclyl, acylheteroaryl,
acylacyl, acylaralkyl, sulfoxidealkyl, sulfoxidealkenyl, sulfoxidealkynyl,
sulfoxidecarbocyclyl, sulfoxidearyl,  sulfoxideheterocyclyl, sulfoxideheteroaryl,
sulfoxideacyl, sulfoxidearalkyl,  sulfonylalkyl, sulfonylalkenyl,  sulfonylalkynyl,
sulfonylcarbocyclyl, sulfonylaryl, sulfonylheterocyclyl, sulfonylheteroaryl, sulfonylacyl,

25  sulfonylaralkyl, sulfonamidoalkyl, sulfonamidoalkenyl, sulfonamidoalkynyl,
sulfonamidocarbocyclyl, sulfonamidoaryl, sulfonamidoheterocyclyl,
sulfonamidoheteroaryl, sulfonamidoacyl, sulfonamidoaralkyl, nitroalkyi, nitroalkenyl,
nitroalkynyl, nitrocarbocyclyl, nitroaryl, nitroheterocyclyl, nitroheterdaryi, nitroacyl,

nitroaralkyl, cyano, sulfate and phosphate groups.



10 A 10 nL subsanpl e was renoved and the chl orof ormrenoved by under vacuum
by rotovap. The conpound was analysed by NVMR in CDC13 and found to contain
a high proportion of 4-(6-isocyanatohexyl carbanoyl oxy) but yl

2- propyl pent anoate (VA-BDOHDL.) 15 c)M xture of 1,2-di hydroxy-5,

4- di oxo- 4, 15-di oxa- 6, 13- di azanonadecan- 19-y1 2- propyl pentanoate and

1- hydroxy- 2- (hydr oxynet hyl) - 4, 13- di oxo- 3, 14- di oxa- 5, 12-

di azaoct adecan- 18-yl 2-propyl pentanoate OOH ONN .y0 00 ,-- HO OH OH N OCH
00 20 The renamining anount if Solution - fromwas added slowy over 15 mns
to Solution D - which consisted of glycerol ( 4.4499g 48.3 mml) which was
dried overnight at 110C under vacuun) and 100 nlL dried chloroform - 90 -
The amount of glycerol in solution D was adjusted to give a 1:1 nole ratio

of VA-BDOHDY b LMERTRles, Wbl B ShiBl f1CEY Fou f(gH HGRHA! he F@raig) i 1 on

was stirred'for a nltr purge. At various 5
ti mepoi nt s oftiddallg anipliesedmeitien p(émveﬂjaiand\ntd#emnlhIoéﬁl@h@mfﬂm chaspringlideny

rotovap anda ]JtOIi]yeGSt%{ %%%&%ﬁﬁ"&%? cgﬁ%?yn\{e%g %e%ﬁ Ng@h a polymer chain may, or may not,

have one or more bioactive moieties appended thereto. For example, the R group of the
5 formulae disclosed herein may be substituted with a polymer chain. The skilled worker
will recognise thal the R group may therefore represent a point of branching of the polymer
backbone within the polymer — bioactive moiety conjugate of the present invention. IfR
is substituted with a polymer chian, that polymer chain should also be biodegradable and
not contain any repeat units that are coupled with a non-biodegradable moiety as described

10 herein.

Preferred optional substituents include the aforementioned reactive functional groups or
moicties, polymer chains and alkyl, (e.g. Ci alkyl such as methyl, ethyl, propyl, butyl,
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl), hydroxyalkyl (e.g. hydroxymethyl,
hydroxyethyl. hydroxypropyl), —alkoxyaikyl (e.g. methoxymethyl, methoxyethyl,
15 methoxypropyl, ethoxymethyl, ethoxyethyl, ethoxypropyl etc) alkoxy (e.g. Cis alkoxy
such as methoxy, ethqu, propoxy, butoxy,- cyclopropoxy, cyclobutoxy), halo,
trifluoromethyl, trichloromethyl, tribromomethyl, hydroxy, phenyl (which itself may be
further substituted ¢.g., by Cig alkyl, halo, hydroxy, hydroxyCie alkyl, Cy4 alkoxy,
haloC).salkyl, cyano, nitro OC(0)C 1.6 alkyl, and amino), benzyl (whercin benzyl itself may
20 be further substituted e.g., by Ci alkyl, halo, hydroxy, hydroxyC.ealkyl, Ci. alkoxy,
haloC)., alkyl, cyano, nitro OC(O)C).¢ alkyl, and amino), phenoxy (wherein phenyl itself
may be further substituted e.g., by Cy.alkyl, halo, hydroxy, hydroxyCi. alkyl, Ci6 alkoxy,
haloCy. alkyl, cyane, nitro OC(0)C alkyl, and amino), benzyloxy (wherein benzyl itself
may be further substituted e.g., by Ci.¢alkyl, halo, hydroxy, hydroxyCi.¢ alkyl, C;. alkoxy,
25  haloC.s alkyl, cyano, nitro OC(O)C) alkyl, and amino), amino, alkylamino {(e.g. Ci
alkyl, such as methylamino, ethylamino, propylamino etc), dialkylamino (e.g. Ci.s alkyl,
such as dimethylamino, diethylamino, dipropylamino), acylamino {e.g. NHC(O)CHa3),
phenylamino (wherein phenyl itsell may be further substituted e.g., by Ci.s alkyl, halo,
hydroxy hydroxyCi. alkyl, Ci.s alkoxy, haloC, s alkyl, cyano, nitro QC(0)Cy.¢ alkyl, and
30 amino), nitro, formyl, -C{O)-alkyl {e.g. Ci¢ alkyl, such as acelyl), 0-C(O)-alkyl (e.g. C;.



Once hi gh conversion was confirnmed by NVMR the solution was cool ed, nore
chl orof orm added to nake up to 200nL and and extracted with water (pH 5, 3
x 200 m), The 10 conbi ned organic |ayers were dried over sodiumsulfate
and the volatiles were renpbved under reduced pressure giving a white solid
A subsanpl e was di ssolved in d-DVSO for analysis by NVR The sanpl e appears
to be a mxture of SN1 and SN2 coupling of the VA-BDO-HDI to dycerol. The
product was dried and stored under nitrogen for use in the production of
pol ynmers. G profloxacin 27 -
(1-cyc|opropy1-6-11uoro-4-oxo-7-14'-N—&tert-butlexy)

car bonyl | pi perazi nl -1-yl - qui nol i ne- 3-car bOxyl 1c acid) Exanple 4:.

Ci profl oxaci n Monogl yceride (2, 3-di hydroxypropyl 1-cyclopropyl-6-fluoro-4-

/- . | il T / u
7L (benoyt By dun K bedriged, bRV CEMe ‘?cﬂlﬂ%ée’*}%ag‘g“%“ﬁﬁ?ﬁé F oxort, 4- 2

di hydr oqui robstingeds. gabyb@xwlk)d edd, dhydIOXI)hIﬂTOXYQ)”_B alkY s plenGzati-s fyh 1

| 1-6-1| | i
ggl ng 8p§3 édno B r Cﬁé él %h?(gl%[n% rfﬂaéem)éﬂt)ofjéilﬁgo\fﬁm ?g?' @g%)l@ ®?{ab@¥y ' ¢

cool ed to QEg(Ceehlat erchbat nythylBetzyéthkysster-boapy] wiarobitdess): 458honyb. 48 g,
2.8 mmol W se, i xt tidid egh g@dx,0C for
1 h and %hﬁﬁaaFﬁdﬂﬁwfyqﬁﬁf§%ﬁ ?bﬁﬁggﬂgﬁ%ﬁhgggt ré&ggthﬁ??ré% fg% éﬁgther

16 h. AfterpytiRat! Chelltyeatitdatoxyibetoud e allerd cba@ugﬁlto PO((hHI-BalkHy BRI pwi se

addi ti on of H | ution. The reactien it QZM@&;;CHC13
(3% 50 m)COMHe Gangpired Grgan R Teh E R Rl SR EA RESLEE M

sol vent maswkﬁmg&@dyundﬁkyremyamalmh@sﬂnxglthélcﬁMﬁéCﬁmmda@m>Qﬁéiﬁhﬁlfled
t hr ough 10 cr stallis ro etonitri 8458 id
(0. 23°g, 0. 99 msgieringoh ON R et 3o ool UEp e B EERpe0l |
H2); 8. 1@0 @l (0Q<)(l”ha1&114ydlé>w5hyd1&y44l1 & kB GumaliGhiy, lisHb & 6+eulez+5¢yao¢, e - 1) :
5.17 (s, 2H, Aral2 46
(m 1H of cyeidbr-of gﬂe?“d ‘—’3’“3%) go%gl lﬁﬂeﬂ-l%)f%gwc? aEFn 1&@1 3&}’;%@@3

151I 44-1. 33p1(, N estgrjz-'bﬂzyty(ij Q%rd%ﬁ(j%ﬁ\l}mymb@@ @Flaaet)kyl)larﬂﬂeaﬂsﬂiﬁeénfwﬂz 6 ei-» of
cyel opr opane 1 met

7- (4- (benzﬁeﬂ%&&l&&mﬁyﬁ% p@}da%}‘ﬁ atlk_y@)cl[?% lkyl¥ t)hloa ky'Y (e.g., HS Cy alkyl),

cycl opr opy le Bl R§10¢e. 0N O3de s Slkf1yjdbaBHyBALaNGt E. ¢ AROUIKYHLEC, s alkyl),

15 amidoalkyl (e.g.. HaN(OYCC allkyl-, H(Ci. alkyDN(O)CC, alkyl-), formylalkyl (e.g.,
QHCC,.galkyl), acylalkyl (e.g., C1.salkyl(O)CCi.g alkyl-), nitroalkyl (e.g., O2NCi4 alkyl-),
sulfoxidealkyl (e.g.. R}N0)SC 1, alkyl, such as Crg alkyl{O)SCi alkyl-), sulfonylalkyl
(e.g., R*(0)SC 4 alkyl such as Cie alkyl(0)3Cie alkyl-), sulfonamidoalkyl (e.g.,
SHRN(O)SC .6 alkyl, H(C) 4 alky)N(O)SCy.¢ alkyl-).

20 As used herein, the term "alkyl", used either alone or in compound words denotes straight
chain, branched or cyclic alkyl, for example Ci.qp alkyl, or Cyap or Ciy0. Examples of
straight chain and branched alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-
butyl, £-butyl. n-pentyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyl, 4-methylpentyl, 1-
methylpentyl, Z-methylpentyl, 3-methylpentyl, 1,l-dimethylbutyl, 2,2-dimethylbutyl, 3,3-

25  dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2-trimethylpropyi, 1,1,2-
trimethylpropy, heptyl, 5-methylhexyl, 1-methythexyl, 2 2-dimethylpentyl, 3.3-
dimethylpentyl,  4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-dimethylpentyl, 1,4-
dimethyl-pentyl, 1,2,3-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-trimethylbutyl, octyl, 6-

methylheptyl. 1-methylheptyl, 1.1,3,3-tetramethylbutyl, nonyl, 1-, 2+, 3-, 4-, 5-, 6- or 7-

30 methyloctyl, 1-, 2-, 3-, 4~ or S-ethylheptyl, 1-, 2- or 3-propythexyl, decyl, 1-, 2-, 3-, 4-, 5-,



20 0 0 7-(4-(benzyl oxycarbonyppi perazi

n-1-yl)-1-cycl opropyl-6-fl uoro-4-oxo-1, 4- dihydroquinoline-3-carboxy tic
acid (0.47 g, 1.0 mmol) was dissolved in anhydrous CH2Cl12 (47 m) under
argon. 2, 2-di net hyl-1, 3-di oxol ane-4-nethanol (0.20 g, 1.5 mmol) 25
triethylamne (0.40 g, 4.0 mmol ) and O-benzotriazol-1-yl-N, N, N,

N -trinmethyl uroni um hexaf | uorophosphate (0.42 g, 1.1 mmol) were added
successively. The reaction m xture was stirred under argon for 72 h. The
reaction mxture was.washed with saturated NaFICO8 - 92 - solution (1 x 50
m), water (1 x 50 nml) and dried over Na2SO4. The organi c sol vent was
renoved under reduced pressureg|V|ng a pale pink solid (0.54 g, 0.93 nmmol,
93 @6 'H—NNR (CDC13 400 NPE) o] ppn] = 8. 56 (s 1H, H—2) 8 10-7. 97 (m

ZlH0823 Cag (unaecgum 2H 30f4-( @426),,77 E- 816931;1@11& r@emvl 1H2 ,13f-|, 61‘, 5@161291) ?—G@ymnﬁfé (1 21
X i azi ne
(m 4H, X CHE p“{) %ﬁ hé}ﬁ It %14‘”(3( BB %ﬁylﬁ&%%ﬁ&%ﬁeh > 43-1 26

. (m CH7 of 5c;5c|7om osnaﬂa))-méthﬁﬁndbcﬂm( M, 3CHR, of 6- ch@pﬁ?’fb}dé%) 1i@ I@B +MeCN)
580 [ M+1l] 602

ydr o
7-(4- (b zﬁr&kﬁﬂé} %9?19/' Wt p o K %ﬁ‘ygﬁ%cycF%’e“tgll‘eﬁty% Fiteah o rateety 4o din
ydr qu nol i @ﬁa&cﬂaﬁé}@é{éﬂyﬁmewé@ecﬁl- ditaichly herbadecst], eicokd and thel Hlee tgmples
7-(4- benzylox¥carbonyl era2|n-

] lobutyl,
cycl opr opy P GﬁﬂFﬂﬁﬁb”ﬁhﬁﬁ ‘?GAOHPﬂyﬂ%%éﬂﬁﬁb$OW%Eﬁd%g? S BT SY8788" g,
mol ) was 2 cl%e‘ﬁﬁml ¥R HeRy19 2y doiRgue ot ce,h@nodyc(oheﬂylntyqlodkf:yleandadm lilicon of
anmber|yst 15 (wet) ion exchange reS|onHan ant,,g ng lgw%n%uﬁhggmgﬁ
reaction nf%b%?é“&%§1$%W?ﬁ%@@”?%F}%mﬁﬂ Wﬁ%1¥%ﬁ’ XEHANgE T 8sion” an
bunpi ng; @r apdiliat e Wesk Qo LBy aehidiroaghed ald ¢yalic csnmeﬂ; winee 3p11rmafnlte Was
renoved under reduced pressure toig ﬁ t he crude 11%%ue yel g solid.
The crude m“@éiawpv\w bruentonaly 4 bfc?l“ﬁr‘i’ﬁ"&’ﬁ% Ssr RO AT 21353 %
MeOol - | defined.
As used herein, term “alkenyl" denotes groups formed from straight chain, branched or
cyclic hydrocarbon residues containing at least one carbon to carbon double bond
15 including ethylenically mono-, di- or polyunsaturated alkyl or cycloalkyl groups as
previously defined, for example Co.o alkenyl, or Cya9 or Ca.o. Thus, alkenyl is intended
to include propenyl, butylenyl, pentenyl, hexaenyl, heptaenyl, octaenyl, nonaenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
octadecenyl, nondecenyl. eicoseny! hydrocarbon groups with one or more carbon to carbon
20 double bonds. Examples of alkenyl include vinyl, allyl, 1-methylvinyl, butenyl, iso-
butenyt, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl, 1-methyl-cyclopentenyl, 1-
hexenyl, 3-hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl, cyclooctenyl, 1-
nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1,3-butadienyl, 1,4-pentadienyl, 1,3-
cyclopentadienyl, 1,3-hexadienyl, 1,4-hexadienyl, 1,3-cyclohexadienyl, 1,4-
25  cyclohexadienyl. 1,3-cycloheptadienyl, 1,3,5-cycloheptatrienyl and 1,3,5,7-
cyclooctatetraenyl.  An alkenyl group may be optionally substituted by one or more

optional substituents as herein defined.

As used herein the term "alkynyl" denotes groups formed from straight chain, branched or
cyelic hydrocarbon residues containing at least one carbon-carbon triple bond including

30 ethylenically mono-, di- or polyunsaturated alkyl or cycloalkyl groups as previously



25 in CHCI3) to yield the pure product as a pale yellow solid (1.66 63
%9. - 93 - IHNW (CDC13, 400 MHz): N ppnl = 8.52 (s, IH, I-I§2); 5
7.97-7.77 (m 1H, H5); 7.67- 7.51 (m . II-1, H8); 7.51-7.26 (m 5H, ArH);
5.17 (s, 21-1, ArCH2); 4.52-4.16 (m 2H, IH of CH20+11-1 of CH20); ’
3.97-3.82 (m 1H, CHO); 3.82-3.43 (m 6H, 4H of 2xCH2 pi perazine+ | H of
CH10+1H of CH cycl opropane); 3.19-2.98 (m 4H, 2xCH2 pi perazi ne);
51.53-1.00 (m 41-1, 2xCH2 cycl opropane) M5 (MeCN) 540 [Mrl] 562 [ M23]

d) 2, 3-di hydroxypropyl 1-cyclopropyl-6-luoro-4-oxo-7-(piperazin-l-yl)-1,4-
10 di hydr oqui nol i ne- 3- car boxyl ate 2, 3-di hydr oxypr opyl ’
7- (4- (benzyl oxycar bonyppi perazi n-1-y1) - 1-cycl opr opyl - 6-fl uoro-4- 15

oko- 1, 4- di hydroqui nol i ne- 3- car boxyl ate (1.66g. 3.1 nmol) was dissolved in

et hanol (1 ) at &, Tha 1
BT car G L e e e ne

crude prodpnm'pym apuwéydybwpsmiW)d hergpsyhl hemamylono ?36715(‘1 aB8Y%9R Phe

crude product as,a r I
500 M) gxrc%;ﬁ)(nﬁ/ cl yg)gl kn%%(?yi}HP tﬁ:tgad(:%m;ll 981&1&32 nf h(ezeQie{I:)}I:r:wNHMB%tfiﬁlﬁy?@ggt gnié
(m 1H, H- sotadeaym AorRBcy(y, ad_osﬂ_nyllmlmﬁlb%wmym Wb cre oY mgreqtRrngty (m

1.
p| per azi nei’a_'f}fﬂ% 3fp1%3@%iiléxfm&hs Olf% nglo%%%%ﬁﬂe]% 31 rog)ghyﬁti rﬂﬁzﬁf a@%% of
pi per azi nepptyiyl4@uierSand manty2id 1s®hersoﬂn@§l@hﬂrﬁf@waﬂ@9be OJPUQBaHJY sybstityisd B, cHp

gf 305::{]38{8 %%?ra%rgloptlonglv%wtuen% as[hl\élie]fn &ﬁlﬁn%g.B [Mr23] - 94 - Exanple 6:

1-cycl opropyl- 6-f luor o- 4- oxo- 7- (4- PrOpyl Pi perazin-1-y1)-
1, 4- di hydr dgpuillremly i gteu;Snmapmmyﬂeat garbon to & beo #{ndg bond 4nd’an alkynyl group may .

gg; ggi):l/-l ?Cfc{)iglg{ks% acar 0(50 { o4:65 PSB! lﬂ)'n@%r azi D1ika ¥klynt oft yAl-Eeci-O@pe). nol i ne- 3- 5

10 As used herein, the term “aryl" (or "carboaryl)“ denotes any of single, polynuclear,
conjugated and fused residues of aromatic hydrocarbon ring systems. Examples of aryl
include phenyl, biphenyl, terphenyl, quaterphenyl, naphthyl, tetrahydronaphthyl,

~ anthracenyl, dihydroanthracenyl, benzanthracenyl, dibenzanthracenyl, phenanthrenyl,
fluorenyl, pyrenyl, idenyl. azulenyl, chrysenyl. Preferred aryl include phenyl and

15 naphthyl. An aryl group may be optionally substituted by one or more optional

substituents as herein defined.

As used herein, the terms "alkylene", "alkenylene”, and "arylene” are intended to denote

the divalent forms of "alkyl", "alkenyl", and "aryl", respectively, as herein defined.

The term "halogen" ("hala") denotes fluorine, chlorine, bromine or iodine (fluoro, chloro,

20  bromo or iodo). Preferred halogens are chlorine, bromine or todine.

The term "carbocyclyl”" includes any of non-aromatic monocyelic, polycyelic, fused or
conjugated hydrocarbon residues, preferably Cs.a0 (¢.8. Cs.10 or Cag). The rings may be
saturated, €.g. cycloalkyl, or may possess one or more double bonds (cycloalkenyl) and/or
one or more triple bonds (cycloalkynyl). Particularly preferred carbocyclyl moieties are 3-

6-membered or 9-10 membered ring systems. Suitable examples include cyclopropyl,

o
W

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, -
cyclopentenyl,  cyclohexenyl,  cyclooctenyl, cyclopentadienyl,  cyclohexadienyl,

cyclooctatetraenyl, indanyl, decalinyl and indenyl.




1-cycl opropyl- 6-fl uor o- 4- oxo- 7- (pi perazin-1-yl)-1, 4-di hydroqui nol i ne- 3-ar bo
xylic acid 10 (5.00 g, 15.10 mmol) was taken up in clioxane/water (1:1, 100
m ). 1-iodopropane (3.08 g, 18.10 mol ), and sodi unhydrogencar bonate (3.81
g, 45.30 mmol) was added and heated at 80 C for 1611. The crude reaction

m xture was cooled to roomtenperature and acidified with IMHCL to pH 6.
The reaction m xture was extracted with chloroform (3 x 100 m), the

conbi ned organic |ayer were dried over sodiumsulfate and the volatiles
were 15 renoved under reduced pressureﬁl el d| ng 3.87 g (69% of pure
product. 1H NIVIR (CDC13, 400 MHz):15[ppm = 8.77 (s, 11-1, H2); 8.07-7.97
(m 1H, H5); 7.41- 7.30 (m 1H, H8); 3.57- 3 46 (m CH of cycl opropane
ring); 3.41-3.24 (m 4H, 2xCH2 of piperazine); 2.74-2.58 (m 2xCH2 of

pi per azi ne 4- " i 4 AH, indbid2); ; 45-1. 28
(m 2H, é“Othmé Cﬁqggér Oga}(} zw}lm 315&6635 3 éénlg(ﬁr}]-ld 2\%1)52 of cyclacl)%r opane

ring); O. 94110(nt>¢ycIiH, pcﬂ:y@):hwsus(e@mz@gz@)lgaathl"lmt@r@p rpsiques NRETRbHECpp (€8

(2, 2-di net i0 an-4-y I I Qs i (4-
br opyl i perdzi f 1T 0 i ) PG b kS gRERPREST P i Qs T
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| 8. 70
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(9 59 g, 94.80 mm'é %1???;5%{9%1,[ 9},111953% te 6 10 OQIEQJ ) 11(¥\E0rr m@gdg&b@@oﬁﬁe

reaction nmi%uPe $RALE nperature for three days (excl usi on
of light). P-Ehﬁ:u[ae@C]Blb&ﬂedﬂlh&tengcly\laaeV@S hmd 9 @ mesdbigd dtetaodaloCS v il ‘Eltl on

500 m hi 5
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C2N); 1. 7chljom4>§pl{or}'ﬁ1y12|'bxa@‘ﬁ§15%§ﬁw yiL. dbxusyl, HiddieA3) dithiadbyl( syithBidyl, CH3)
1.33-1.25 (1In

I
cycl opr d@ar@}:pmﬂ gge}:(lmyl tg],qpln@{.g) %S{joglﬁg e)l 331&11}49&'} d%}[ﬁfﬁogﬂﬂvf ;-'Fﬁ (]LHHOEIZII]}’]
1-cycl opr opy q’orﬁeliylé’,%%d?na‘}lyp%%gcﬂo&&ﬁ rﬁpa‘x‘llypérﬂ@ilé}'ﬂrdjbyian}’ll)

d|hydrqu|n i ne-'3-car boxyl a
The term "heteroaryl" includes any of monocyclic, polycyclic, fused or conjugated
hydrocarbon residues, wherein one or more carbon atoms are replaced by a hetercatom so
as 1o provide an aromatic residue. Preferred heteroaryl have 3-20 ring atoms, e.g. 3-10.
20  Particularly preferred heteroaryl are 5-6 and 9-10 membered bicyclic ring systems.
Suitable heteroatoms include, O, N, S, P and Se, particularly O, N and S, Where two or
more carbon atoms are replaced, this may be by two or more of the same heteroatom or by
different heteroatoms. Suitable examples of heteroaryl groups may include pyridyl,
pyrrolyl, thienyl, imidazolyl, furanyl, benzothienyl. isobenzothienyl, benzofuranyl,
25  isobenzofuranyl, indolyl, isoindolyl, pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, quinolyl, isoquinelyl, phthalazinyl, 1,5-naphthyridinyl, qguinozalinyl,
quinazolinyl, quinolinyl, oxazolyl, thiazolyl, isothiazolyl, isoxazolyl, triazolyl,

oxadialzolyl, oxatriazolyl, triazinyl, and furazanyl.

The term "acyl" either alone or in compound words denotes a group containing the agent

30  C=0 (and not being a carboxylic acid, ester or amide) Preferred acyl includes C(O)-R*,



- 96 - (2,2-dinethyl-1, 3-di oxol an- 4-yl ) net hyl

1-cycl opropyl- 6-fl uoro-4-oxo-7-(4-

propyl pi perazi n-1-y1)-1, 4-di hydr oqui nol i ne- 3-carboxyl ate (2.45 g, 5.03
mmol ) was di ssol ved i n anhydrous di chl oromet hane (245 nil) under argon. A1
M sol ution of boron trichloride in dichlorornethane (6.3 m, 6.30 nmol) was
added dropwi se and the reaction 5 mxture was stirred at roomtenperature
for 1 h. Methanol (25 m) was added to the reaction m xture and the

vol atiles were renoved under reduced prgssure. The crude product was
purified through flash col um chromatography (5% MeOH in CHC1l3) giving a
yellow oil (1.58 g, 3.53 mmol, 70%. 10 M5 (MeOH) 448.3 [ MHI] Levol |l oxacin
(9-fluoro-3-net 1wl- 10- (4- nethylpiperazin 1-y1)-7-o0xo0-3, 7-di hydr 02HR, 41oxazi
ncl2, 3, 4-iiiauin Y, n | Betdroard!, ZafHoByttly1 0¥y pr opy!
9- quoro 3- nef% I-lgell(y(alzf)cg@’Jr EQ%Eﬂ%grgg?ﬁ- -éf?¥ ?%XOB 1% hydr o- 2H D, 4] oxaz
ino[2,3,4-i 1elemﬂynlsl fepidu® - Daniptes pf atybinglpde foimy straight cham or branched alkanoyl

(2,2 2- di met 3- d ol a y 9 o] 1Y} pi pi razi
n-1-y1)- 7- ﬁo%ﬁ %'E‘% qm%ﬂ-gﬁﬁ%FﬁéaEW%gﬁq %%Eﬂﬁmﬂﬁﬁp%% ﬁﬁg%ghgarboxylate
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di ssol Vea I(H)deﬁqﬁ@iz tfl%(‘f n rﬁl t Igdecan I exﬂé’\degan()}p Q&a&cal%zrl hém&aleéano%a

2, 2- di met hydetabe@mdyl oxohameemmét hambl (cssamgylg gacleplptesrhony | etwsly| aff ne

-(11 21 g, 110, 8 “% enzotriazol fapdur oni um
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reacti on m gbyrfchas |ﬁt“utdy[ e(dlwdylldmd wapghnylf erallzRod, suTlhes rpéanfﬂailcmoyh ®Rt2ur e was
washed with saturated x 50

m) and driE"YoEYING mp?ﬁ%y]opbeélﬁIbgggﬂlvgpetnwso)gugggﬁogﬂé%yu 51 yr gﬁ%ced
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tonitril t 4 %yield (5 8 400
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4.21-4.09 (m 1H, 1H of CH20); 3,96-

41-1, 2xCrHenaphibslelEnag) (€8 e@hﬁwhﬁol{eﬁ?y 4%8@'%64 1.%51?0‘;3/;3 %éoh%%hﬁwg’%é'g ‘%@ 31-1,
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0x0-3, 7-di h 4 i lﬂﬁ)&dlﬁ@ e hexiphaboB14cdtyQ0 g
2.1 mol), Ml%?g%l]r%%iyslo \%gﬁie%% %Z%Olzfaba&é‘ B@Jrc 2 , @cgoy d to

argon a

0C. Tr|fluoh@maQﬂmp@kﬂme (2u00 mias 2]9$ﬂ@30@6mﬁwWW64) ﬁﬁ@“ﬁ&gﬁaugﬁﬁ 't he
react| ol KO8 RS dNRld el bbby Oerna“h&eﬁeﬁchhélg&ywmu&a ght at
room t enper at ur e’ cti1on nlx ure was” fl ushed throu of Al 203
(10% MeOH i rluﬁdlil%hmxl)aﬂdﬂiﬁltreﬂglvmtoyﬂ hehed} qawhé? By bﬁe@?ﬂl@nﬁ)\}éﬁéb%l 1§85t ed

an d described herein.

The term "sulfoxide”, either alone or in a compound word, refers to a group —S(O)RY
wherein R’ is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl,
25 heterocyclyl, carbocyclyl. and aralkyl. Examples of preferred RY include C.a0alkyl, phenyl

and benzyl.

The term "sulfonyl”, either alone or in a compound word, refers to a group S(Op-RY,

wherein RY is seclected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl,

heterocyclyl, carbocyclyl and aralkyl. Examples of preferred R include Cigealkyl, phenyl
30 and benzyl.



renmoved under reduced pressure iving the product as a yell ow gum (0. 24

104 %9. -)5 1HNWR (CDClI 3, 400 MHz): S[ppm = 8.76 (s,ykLS); 3.6357.50 ?ﬁ]
1-1-8); 4.74-4.61 (m 1H, 14-3 of benzoxazine ring); 4.61-4.50 (m 11-1,
Nl-1Cl-1Cl-1,0); 4.50-4.33 (m 2H 1H of NHCHC_H20+1H of CH20C0); 4.33-4.24
(in, 114, C1-12000); 4.03-3.93 (in, 111, C11011); - 98 - 3.73-3.53 (m

641, 2xCH2 pi perazine +CH20OH); 3.43-3.22 (m 4H, 2xCl-12 piperazine); 3.01
(s, 31-1,11\141CH3); 1.55 (d, 3H CHB). MS (MeOH) 436 [ M+l]; 458 [M+23] 5
c) 2, 3-di hydr oxypropyl 76
Q-fluoro-3-nethyl-lO-(-4-nethyIpiperazin:l-yl)-7-oxo-3,7- d

i hydro-2H[1, 4] oxazi no[ 2, 3, 4-i Thui nol i ne-6-carboxyl ate 00 10

4- (64(2, 3-di hydr oxypr oPoxy) car bonyl) - 9- f | uor o- 3- net hyl - 7- oxo- 3, 7- di hydr o- 2H

S [1 4] oxazi . naL2.3, 4= i i} auinokin-10-y 1) 1 | pi ' '
2,2,z_trifﬁ@%}%gbg@ﬁ%@mk%;g%hg?%%@5%9H%%%¥%&g§%§¥é5%?§E§g?ﬁm%§$H§§§F under
argon and caekedeich OGs(indebsdehtly beledtyd framdydiogen.oflkagieny, Alo@gh ¢8d i n

met hanol (25 m) added sl %i untd L ' Y 3 7 - pH
8. The reaiFFHﬁhﬂxgiﬂ?@CFqémﬂgé %H’@h¢%ﬁ%gﬁa§%#ﬁ%%8?Igﬁgggﬁﬁlgayﬁ%ga'in P
CH|C|13) . Tr\g&m}%qmgﬁylwﬂ\bemw.mﬁ armvfmveuelubm@nem@éliﬂgétopriﬁr%”s@ﬁ}?/@l'og?ﬂri kg a
yel | ow sol i . , 9% ,11-1-NVR (CDC13, 400 MHz): a[ppnl = 8.67 (s
H5); 7.%65W9§@7@ﬂ?g¥ﬁ§§§£%b$%9%F56 (m 20 11-1, H 3 of benzoxazi ne rfng);
4.56-4.33 (m 3H, 2H of NHCHC1420- 14H of CH20CO0); 4.33-4.21 ( 11-1
Cl - 12000) ; FhcQ@nB."@diniris wbbi) h@pilHs bioadsyt SnsoesWilersipad incihp }%'31.05‘2‘9%. 34
E TSTl, g}_: |1: Zg)gc%zs Pt 51%121}15{11%?{-’\ RQ wherem PO {aRY rﬂa]j e a%X%ﬁ&&hW§&&ieaekm 2.43
hydrogen, alkyl, alkenyl, alkynyl. aryl, carbocyclyl, heteroaryl, heterocyelyl, aralkyl, and
acyl. R” and R®, tog(ﬂhei‘ with the nitrogen to which they are attached, may also form a
10 monocyclic, or polycyclic ring system e.g. a 3-10 membered ring, particularly, 5-6 and 9-
10 membered systems. Examples of "amino” include NHy, NHalkyl (e.g. Cjp0alkyl),
NHaryl (e.g. NHphenyl), NHaralkyl (e.g. NHbenzyl), NHacy! (e.g. NHC(O)C;20alkyl,
NHC(O)phenyl), Nalkylallyl (wherein each alkyl, for example Ci.z9, may be the same or

different) and 5 or 6 membered rings, optionally containing one or more same or different

15  heteroatoms {e.g. O, N and S).

The term "amido” is used here in its broadest sense as understood in the art and includes
groups having the formula C(O)NR"R®, wherein R* and R® are as defined as above.
Examples of amido include C(O)NH,, C(O)NHaltkyl (e.g. Ciacalkyl), C(O)NHaryl (e.g.
C(O)NHphenyD), C(O)NHaralkyl (e.g. C(O)NHbenzyl), C(O)NHacyl (c.g.
20 C{OWHC(0)C)20alkyl. C{OINHC(O)phenyl), C(O)Nalkylalkyl (wherein each alkyl, for
example C.0, may be the same or different) and 5 or 6 membered rings, optionally

containing one or more same or different heteroatorms (e.g. O, N and S).

The term "carboxy ester” is used here in its broadest sense as understood in the art and
includes groups having the formula CO;R, wherein R? may be selected from groups

25 including alkyl, alkenyl, alkynyl, aryl, carbocyelyl, heteroaryl, heterocyclyl, aralkyl, and
acyl. [Examples of carboxy ester include CO,Ca0alkyl, COaryl (e.g.. COzphenyl),
COsaralkyl (e.g. COz benzyl).

The term "heteroatom” or "hetero” as used herein in its broadest sense refers to any atom

other than a carbon atom which may be a member of a cyclic organic group. Particular



NHCH3); 1.52 (d, 314, CH3) 25 M5 (MeOH) 436 [ M+11l 458 [Mt23] - 99 - a)
(S)-2-phenyl -1, 3-di oxan-5-y1

9-fl uoro- 3- nmet hyl- 10- ( 4- met hyl pi perazi n-1-y1)-7-o0xo0-3, 7-

di hydro-2H[ 1, 4] oxazi no[ 2, 3, 4- Wjui nol i ne- 6- car boxylat e
(S)-9-fluoro-3-nethyl- |

0- (4- net hyl pi perazin-1-yl)-7-o0xo0-3, 7-di hydro-2H-[ 1, 4] oxazi no

gui nol i ne- 6-carboxylic acid (4.18 g, 11.56 nmmol) was di ssol ved i n anhydrous
di chl oronet hane (210 nl) under argon. 353-0-benzylideneglycerol (2.50 g,
13.67 mol), 10 triethylarnine (4.68 g, 46. 24 mol ) and HBTU (4.38 g, 11.56
nmol ) were added successively. The reaction mxture was stirred at room
tenperature (exclusion of light) for 3 days. The reaction mxture was

hed Dite el shifu r hydenchl
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successi'vely. organic |l ayer was dried
over hb78aseaﬂdnhhﬁmﬁmhumnmwmaaUmdmﬁwedoﬂmd@ﬂ%@éaﬁbéﬁubressure The 15
crude product was purified through flash col unm chromatography (Si 02110 %
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3- di ox&HX®8'X9- | uor o- 3- et hy1- 10- ( 4- met hyl pi per azi n-1 - y1) - 7- oxo- 3J-

The following examples are intended to illustrate the scope of the invention and to enable
reproduction and comparison. They are not intended to limit the scope of the disclosure in

10 any way.
EXAMPLES

General
Proton NMR spectra were obtained on Bruker AV400 and Bruker AV200 spectrometers,
operating at 400 MHz and 200 MHz respectively. All spectra were obtained at 23°C unless
15 specified. Chemical shifts are reported in parls per million (ppm) on the & scale and
relative to the chloroform peak at 7.26 ppm (1H). Oven dried glassware was used in all
reactions carried out under an inert atmosphere (either dry nitrogen or argon). All starting
materials and reagents were obtained commercially unless otherwise stated. Removal of
solvents “under reduced pressure” refers to the process of bulk solvent removal by rotary
20  evaporation (low vacuum pump) followed by application of high vacuum pump (oil pump)
for a minimum of 30 min. Analytical thin layer chromatography (TLC) was performed on
plastic-backed Merck Kieselgel KG60F254 silica plates and visualised using short wave
ultraviolet light, potassium permanganate or phosphomolybdate dip. Flash chromatography
was performed using 230-400 mesh Merck Silica Gel 60 following established guidelines
25 under positive pressure. Tetrahydrofuran and dichloromethane were obtained from a

solvent dispensing system under an inert atmosphere. All other reagents and solvents were

used as purchased.




5 di hydro- 2H 11, 41o0xazi no[ 2, 3, 441] qui nol i ne- 6- car bOxyl ate (0.50 g, 9.55
nmmol ), was dissolved in a m xture of dichlorornethane/ nethanol (2:1.5, 87.5
m ) under argon. Pall adiumcatalyst (10 wt % Pd/C) (180 ng) was added, the
fl ask was evacuated and allowed to stir 1 atm of hydrogen gas at room
tenperature for 16 hours. The crude reaction m xture was passed through a
glass mcrofiber on a sintered funnel. The volatiles were 10 renoved under
reduced pressure yielding 370 ng (88% of a yellow gum 1H NVR (CDC13, 400
MHz): 8[pprn] = 8.72 (s, 1H), 7.57 (ddje1H J1= 12.6 Hz, J2= 1.8 Hz),
4.67-4.60 (m 1H), 4.55-4.49 (m 1H), Z 41-4.35 (m 2H), 4.31-4.25 (m 1H),
4.00- 3.92 (m 1H), 3.69-3.63 (m 2H), 3.46-3.33 (m 4H), 2.71-2.60 (m
4H), 2.40 (s, 3H), 1.53 15 (d, 3H'l = 6.8 Hz) Benzoeai ne (ethyl

4- am noben

1, 3-di hydr@ﬁ%&%ﬁéﬁ?‘%@ﬁﬁ Qo%/m %ér{e %’géhg%tg ized bzy %e[ permeeatmn chromatography

2- phenyl - 1@di pxannmad yﬂ_te&aryhmﬁmah I( OHFdat élmethy fprmagmide Wﬁoé@e‘ﬁymm

(bls(trlchloroneth car 13. 35. ( ar gon
gr‘éﬁ“%ﬁ é \%q}cra HF; \%Hené,f wilgé \géﬂigos m f"%{@t?veaﬂﬁéQD%%f a2 g

at roon1te enzy1| neglycerol 18.0
100. 0 Mol Jerich of riymCPRAGHEr (B0atorgs. PIGE cobants Gn>Fripet Miscdvgsandobted™ o - 40C

and a solution of py ine (1 135 ) S under
stirring. UgH-Bonpl tg ?ﬁbfghgﬁ Fg%ngﬁg R@gcgégﬂﬁﬁ%g¥ﬁée§§gﬁm1
stirred f Obo@&sﬁelﬂtyapolyﬁﬁale Tiaesardst (masneam@mdnm BasiCa, WO ooy é94 80 i n
and subsequent | ﬁ warnmed to rt over g ([ JLRg, The reaction

pr oduct ma%sﬂ%@ aP%“PH@“%bW?g@f@S ﬂfﬁﬁ%ﬂipoﬁﬁyﬁne?% purification 1H NVR

(CDC13. 400 MHz): 5[ppni = 7.42-7.33 (m 2H), 7.31- 7.21(m 3H), 5.50 (s,

101H), 4.72-4.70 11- 1) -1) . 4. 18-4. b) Et hvl
4((;) pheny Acidl I?,mdq(eeranﬁ'aw&@*wéw ¥a ?’%6HV&%\W%8518@156%%3‘%"‘1%89&“&‘{%31‘?@ ) Y
10

Acid Value Determination for Bmdearadable Polymers
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Soc., 2001, 22(2), 194-8.

20  Method

This test method determines the total amount of residual acid groups present in the

polymers and any free acid groups present, reported as acid value (mg K OH/g polymer).

Reagents
25  Chloroform and methanol, AR grade.

KOH pellets, AR grade.
Phenolphthalein indicator (1% in MeOH).
Potassium hydrogen phthalate (KHCzH404), dry at 120 °C for 2 hr before use.

30 **NOTE: all glassware should be clean and oven dried before use**




Et hyl 4-am nobenzoate (benzocaine) (16.53 g, 0.10 nol) was dissolved in dry
CH2C12 (160 m ) under argon. The reaction m xture was cooled to 0C and
triethylamne (16.7 m, 0.12 nol) was added. 2-phenyl-1, 3-di oxan-5-y1l
carbonochl oridate (224.27 g, 0.10 nol) (as a solution in 300 m CH, Cl2-
obtained in the previous reaction step) was added gradually 20 over 40 nun.
The reaction m xture was stirred for 1 h at 0C and then gradually warned to
roomtenperature and allowed to stirr over night. The crude reaction

m xture was was washed with 1 NlaqueoqggHO (2 x 300 M), saturated Nal -1CCO3
solution (2 x 300 mM) and water (2 x 300 m) successively. The organic

| ayer was dried over Na2SO4 and the sol vent was renoved under reduced
pressure. The crude product was purified through flash 25 col umm

h hy (Si02/LC1-1( Y ' ' o (dofiB , 719 f
chromat ogr E‘Eepégtﬁ%ﬂl ein% S%né%iﬁ}sg?]my&ﬁ} ﬁM“ﬁoglﬁékl%NRQ{d Q-09p112he) A of a

col ourl ess i'ne - 102 - CDCl 400 MHz): gae&rﬂ =
8.00 (d, 2Hissolie 5818 bEXOH7in5BeiTans0to(mikezH] L solugion( §2/45p) — glissolge ),

7.41-7. 36 314),, 7.11, (S . 1, iéLs . etkhr 4. 25-
4-((1,3-di W@élﬂwwﬁﬁﬂﬂhﬁﬁely“mkyc)cﬁalﬁbmﬁ%/mn@frrﬂ)e@éﬁfié&la& dnto prqepical flask.

44( 2- pheny1-1, 3- di_0Xx - yl.oxy) carbonyl am Dindkgtof afiTol )
was 10 0 L4eR AP PR a o O R R SR ARGk ey Ginglbel TS
mmol ) was adgdedi. The flask was flushed with hydrogen and allowed to stirr
under 1 atm H2 at KOOHL&FQEﬁ{aEHre for 16 h. The crude reaction m xture was
passed t hr defie Witpitsg i ¥e"8hd the sol vent was renoved under reduced
pressure yielding (3.14 g, 11.2 mmol, 88 % . The product was used w t hout
any further purification. 1S 11-1-NWR (CDCl 3, 400 MHz): 8[ppn] = 8.00 (d,

2121, J = 8.8 Mz),.7.46 (d, 2H J = 8.8 Hz), 7.17 (s, 11-1). 4.97-4.93 (m
1H) . 4. 35 (Mua?tzz—,vi%i: 7.1 Hz), 3.99-3.86 (in, 4H), 2.62-2.11 (br, 2H), 1.38
(tr. 3H, | = 7.1"H) 20 Ment hol

(112, 2S]d®M 2-i sopropyl-5-net hyl eyel ohexanol ) Exanpl e 10:

(1R, 2S, 5R) -, 2-i sapr.opyl- 5- net 1113, 3- di hydr oxypr opanoate a) Sodi um
(R -(+)-2, é\% di %@Frﬁ\}‘ﬁ Eeglagﬁf%{)gﬁg]{”%%ﬁ%oéy| ate 25 0

m = mass of KHCgH4O4 used (g)

204.23 = molecular weight of KHCgH4O, (g/mol)

v = titre (L)

Procedure {do in triplicate)
Weigh out approximately but accurately 0.5 g to 1 g of sample inio a 100 mL round-

bottomed flask.
Degas under high vacuum (< 0.5 mmEg) for 1 hr.
20 Dissolve the sample in 50 to 100 mL of neutralised chloroform®. It may be necessary to

magnetically stir the mixture for a few minutes to achieve complete dissolution.

# Use the same volume of solvent for the triplicate set. Methanol may be used if the
sample does not dissolve in chloroform although it is slightly more acidic. Neutralise the
25 chloroform before dissolving the sample by adding 5 drops of the indicator solution and
adding dilute KOH soiution (1 part 0.1 M KOH solution to 10 parts MeOH) to the
phenolphthalein endpoint. Do the same for the methanol but add 0.5 mL of the indicator

instead of 5 drops as the colour change is more difficult to observe.



Na S(r) O0- - 103 - Methyl (R)-(+)-2,2-di methyl-1, 3-di oxol ane-4-carboxyl ate
(1.00 g, 6.2 nmmol) was dissolved in 80 % aqueous 1, 4-di oxane. 1,2 M agueous
NaOH sol uti on was added (5.2 m) and the reaction m xture was stirred at
roomtenperature for 3 h. After that the solvents were renoved under
reduced pressure and a col ourless solid was obtained (1.03 g, 6.1 5 mmol,
98 9. The product- was used i mediately in the next reaction step wthout
further purification. b) (R -(+)-2,2-dinethyl-1, 3-di oxol ane-4-carboxylic
acid 0 OH 100- Sodium (R)-(+)-2, 2-di netfyl- 1, 3-di oxol ane-4- car boxyl ate
(1.03 g, 6.1 mol) was dissolved in a mxture of water (1.2 m) and ethyl
acetate (1.2 m) and cooled to 0OC. 2 M aqueous 1-13PO4 solution (7 m) was
added until the reaction m xture reached pH 2. After 15 that the reaction
m xture was rat ed i MNtoMhY Lkt Bl e WhkS tuBX Arfdagi el
wi t het hyl a%‘icflg't em{"opqﬂ\ézgﬁerﬁ’gf@ﬂ@%g] %1? g%tﬁ’?g%ia er was dﬁi ed over Na2SO4 and
the sol ventimmesliateyroviedtharide M K6l celdtipr éstherfest mink cplostithet Pereist? 01530 4. 9
mmol, 81 A) was, _used in the next step without any further purification.
20t H- NVR (dS&fiE%?- 400 MHz): 8[pprn] = 8.99-8.13 (br, 11-1), 4.64-4.61 (m
1H), 4.32-4.25 (m 1H), 4.22-4.17 (m 1H), 1.52 (s, 3H), 1.41 (s, 3H c¢) (1
R 2 S, 5R)-2-i sopropyl-5-nethyl cyclohexyl 2,2-dinmethyl-1, 3-d
oxol ane- -cg?lﬁ'ggg%ﬂate cH3 ,

VM x56.1

(a) Acid Value (mg KOH/g polymer) = W

v = sample titre (mL)

M = molarity of the KOH solution (mol/L)
10 56.i = molecular weight of KOH (g/mol}

W = weight of the sample used (g)

56.1xn %1000

OH + Acid) values
(b) Molecular weights = (OH + Aci ) valu

15 n = functionality of polymer (2 for linear, 4 for star etc.)

Hydroxyl Value Determination for Biodegradable Polymers
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25 ASTM E200-97 (Sections 74 to 79). Standard Practice for Preparation, Standardisation and
Storage of Standard and Reagent Solutions for Chemical Analysis — superseded by ASTM
E200-97(2001)e! (vol 15.65).



- 104 - (R -(+)-2,2-dinethyl-1, 3-di oxol ane-4-carboxylic acid (2.86 g, 19.6
nmol ) was di ssol ved i n anhydrous CH2Cl 2 (120 ml) under argon. Ment hol

(1R, 2S, 5R) - 2-i sopropyl-5- methyl eycl ohexanol) (3.67 g, 23.5 nmol),
triethylamne (7.93 g, 78.4 mmol) and O0- benzotriazol-1-yl-N, N, N,

N -trimethyl uroni um hexaf | uor ophosphate (8.18 g, 21.6 mmol) 5 were added
successively. The reaction m xture was stirred under argon for 72 h. The
reaction m xture was washed with saturated Nali CO8 solution (3 x 50 m),
aqueous HCL (PH 5) (3 x 50 m) and watey; (3 x 50 m) and dried over Na2804.
The organi c solvent was renoved under reduced pressuregiving a yellow oi
(0.54 g, 0.93 mmol, 93 A). The crude product was purified through flash

col um chronatography (Si 02/ 15% - 25% graduent of 10 ethyl acetate in

Kﬂeé)ane)s[g:o Lol Bhheleh ! 5%mg0capgoig@ngfm%%r&bﬂa%eq' |0112gbiffeMNR53(1{tIE€Qs3 400

4 10 145g1 ClmracldrlsgtioB. 98- Rol@sethane Mpgwo;lg_ Fgonationy S(cﬁqy, :Blllj Hfmpgf %(4@'2(1( mJ i
%&y‘%% 2%"%&301339«? “Qidee @Jilhﬁ‘ h“bltn/ﬁq(éf c9,ﬁenQistY>% ﬁsf@} 7507704 ( =

7 0 Hz) 15 I sopr op cycl ohexyl

2, 3- dlhydroxypropanoate OH 20 (1R, 2S,5R)-2-isopropyl-5-nethyl cycl ohexyl
2,2-dineghyé g di oxol ane- 4-carboxylate (1.00 g, 35.2 mmol) was di ssol ved
in 98 % et hanol (10 nl). Anmberlyst 15 (wet) ion exchange resin
(0.30 9) and bumpi ng granul ate were added. The reaction m xture was

fl d fo f
\rNgs gi.( g ught {“lf is) tetstoxa?ﬁ ?cg%eé}%ﬁiiera Ir;]iaqurtaﬁamm%'{ o@il;)%gcm) Beﬁ%l ;rg&dast Emt ih BSolyRREL I ON

e resrn ranul ate were
renmoved andsaidipge, SpbMends masxylentieetg XB0Hggetymeeduced pressure. The product
was ‘obtained in quantitative yield (0.94 g) - 105 - 1H NWR (CDC13, 400
MHz): 5[ppird = 4.86-4.74 (m 1H),4.26-4.19 (m 1H), 3.92-3.87 (m lH)
3.85-3. 19 (Mhe bHRroups aSredtylded(wikh dddic arhy2@de2in0g2- (luc]niprotmmx)e atZOQBC 15198 (m

1H) 1.93-1.79 4-
1, 3- d|hydro¥?ﬁ?éﬁ5ﬁd§mkf£6§§h§hf%§ef?%%%%ﬁ%Tﬁédﬂé?ﬁquuﬁﬁy exyl jﬂ%osphonate
the total acetic acid produced is back titrated with standard KOH solution, The hydroxyl

content is calculated from the difference between the blank and sample titres.

15  If the samples contain free acids, these are also titrated with KOH during the back titration.
Therefore if the samples contain significant amounts of acidity or alkalinity, it must be

corrected by carrying out acidity or alkalinity determinations.

Reagents

20 Acetic anhydride (AA). AR grade.
1,2-Dichloroetha.ne (DCE), distil (bp 83.4 °C, 760 mmHg) and store at room temperature.
N-Methylimidazole (NMIM), dry over KOH overnight, distil under reduced pressure (bp
197-198 °C, 760 mmHg), store under N, keep refrigerated.
Chloroform and methanol, AR grade. 7

25  Thymol blue indicator {10% in MeOH).
0.5 M KOH in MeOH.

Benzoic acid, grind and dry at 80 °C for at least 2 hours before use.

#*NOTE: All glassware should be clean and oven dried before use.**

30
Preparation and Standardisation of 0.5 M Methanolic KOH solution (do in triplicate)



a) Dichloro(( IR 2S,512)-2-isopropyl -5-nethyl cycl ohexyl oxy) phosphi ne oPC 2
10z The phosphorus trichloride (56.0nl, 87.89g, 0.640npl) was added to

di chl oronet hane (anhydrous) under argon gas to obtain a solution. The
solution was cooled to -30C and (-)- nmenthol (1R, 2S,5R) (10.00g, 0.0640no1)
was added portion wi se over 10mns. The 15 solution was allowed to warmto
anbi ent tenperature and was allowed to stir at anbient tenperature for 16
hours. The solvent was renoved in vacuo to obtain a colourl ess oi

(16.46g). The crude product was used dlgectly in the subsequent step. 20 b)
(2S, 5R) - 2-i sopropyl - 5- net hyl cycl ohexyl 2-phenyl -1, 3-di oxan-5-yl1 phosphonat e
CH3 a-. o0 Ho - 106 - Added a solution of cis-1, 3-benzylidenegl ycerol
(7.21g, 0.0400npl) and tert-butanol (2.97g, 0.040nol) (1:1) in

di chl . T ¥ ritgshy |
(8 om. 6. rgers Bihst  Rp Ao RUP &, feBhnd G0 TS« Tl e Y A

then al | owelissbioe go@eidd! Inysonabmite, Bhbi éﬁtlnbéﬁlpb@a@bjﬁléﬂd Afdd 2ROHeyatsr

sol vent in vacug to obtain a colourless crystalline solid (26.67g). The
crude prodd@?“mgsﬁﬁw Hhat ogr aphed on silica gel using Et Oc/ pet sp|r|t 60- 80
to obtain theuptdduetghf aadtiien. &S @ dgoboupicesid bitd a(cbnzalgilasko Add Ko

(CDC13, 400 p 92 1+ \;1158729 (m 5H),
6,17- 6.16 d(eﬁ"i‘ss%f %ﬁl’ g“ﬁ{)““’%ﬁ gm(L M%iﬂ) 2l T(ﬂs@h% g'é X e 31-1.89 (m
3H), 1.88- W&i’3 {#Fps of the thymol blue indicator solution and titrate W!ﬂl the 0 5 M KOH solution

to the endpoint (colour change from yellow to biue-violet).

m, ,)
M = £122.12
2%

M = molarity of methanolic KOH solution (mol/L.)
10 m = mass of benzoic acid used (g}
122.12 = molecular weight of benzoic acid (g/mol)

v = titre (L)

Acetylation of Samples/Procedure
15
Prepare a stock solution (S8) of AA in DCE (1:6 ratio by volume) and keep in a dark

bottie. This must be prepared fresh each time the procedure is carried out.

Samples (do In triplicate):

Place 3 — 4 milliequivalents of polymer* into a 250 mL round-bottomed flask.

Degas the sample at high pressure (< 0.5 mmHg) for 1 hr.

Add 20 mL of DCE, followed by 4 mL of the §S and 4 mL of NMIM.

Attach a condenser and drying tube and heat the mixture in a 110 °C oil bath (which has
95  heen turned on for at least 1 hr prior), with stirring for 15 minutes.

Cool the mixture in an ice bath, then add 3 mL of distilled water to hydrolyse the excess

acetic anhydride and heat the mixture again as above for 5 minutes.

Cool the mixture in an ice bath and then rinse the condenser down with 160 mL

chloroform and 35 mL methanol into the reaction vessel.




15H) c¢) 1, 3-di hydroxypropan-2-y1(2S, 5R)-2-isopropyl-5-nethyl eyclohexyl
phosphonate 15 (1), O "-OH CH3 The The _

di chl oro( 2S, 5R) - 2-i sopropy1-5-net hyl cycl ohexyl- 2- phenyl -1, 3- di oxan-5-y1
phosphonate (0.97g; 2.54mvl) was dissolved in 80% (v/v) aqueous acetic
acid (10ntl) 20 and allowed to stir at 70C for 3hrs. The solvent was renoved
in vacuo foll owed by punping under high vacuumto obtain an oil (0.69 g,
2.37 mmol ). 111-NWR (CDC13, 400 MHz): S[ppn] = 7.89-7.87 (m O0.5H, P-1-1),
6.01-5.89 (n, 0.51-1, PH), 4.42-3.28 (g _8H), 2.29-0.51 (m 18H 95 Phenol
Exampl e 12: 1, 3-di hydroxypropan-2-y1l phenyl succinate - 107 - a)

4- 0x0- 4- phenoxybut anoic acid 0O 5 Phenol (1.88 g, 20.0 mmol) was

di ssolved in a solution of sodium carbonate (anhydrous)

Add 5 drops of thymol blue indicator and titrate with the 0.5 M KOH solution to the final

endpoint (colour change from orange to blue-green to bright blue).

*Weight (W) of sample required for hydroxyl number defermination

3Ix 107 molx Mn
5 = n

Mn = molecular weight of sample obtained from GPC trace

n = OH functionality of polymer (2 for dihydroxy, 4 for tetrahydroxy etc.)

i0
Blank (do once per stock solution):
As above, omitting steps 1 — 2. The blank mixture should turn a green-yellow colour
during step 4.
Calculations
[(B— AMx56.1]
5 Hydroxyl number {mg KOH/g polymer) = W

A = sample titre (mL)

B = blank titre (mL,)

M = molarity of the KOH solution (mol/L)
20 W = weight of sample used (g)

56.1xnx 1000

. (OH + Acid) values
Molecular weights =

n = functionality of polymer (2 for linear, 4 for star, ete.)

Valproic Acid (2-propylpentanoic acid)

Example 1: Valproic Acid Monoglyceride (VA-MG) - For comparative Examples




(1.06 g, 10.0 mml) in water (20 m) and cooled to OC. Succinic anhydrid
(2.00 g, 20.0 mml) was added and the suspension was allowed to stirr at 0C
for 1 h. The reaction mxture was gradually warned to roomtenperature and
stirred over night. The clear 10 solution was cooled to OC and acidified to
pH O (addition of 1M.aqueous HCl). The reaction m xture was extracted with
chloroform (3 x 25 m ), dried over Na2SO4, filtered and the sol vent renoved
under reduced pressure to obtain a white solid (1.63 g, 8.4 nmol, 42% . The
product was used w thout any further puyification. 15 1HNWR (CDCl 3, 200
MHz): S[ppnm] = 7.44-7.03 (m 5H), 2.95-2.77 (in, 4H b) Phenyl

2- phenyl - 1, 3-di oxan-5-y1 succinate 20 0O 4- oxo-4- phenoxybut anoic acid -
(1.00 g, 5.15 mmol) was dissolved in anhydrous Cl-12C12 (55 m) under

argon. Menthol 1, 3-0- benzylideneglycerol (1.11 q, 6 18 nnDI) triethylamne
(2.09 g. 20.6 nnDI) and O- benzotri azol - yI- N, ' -trimethyluronium
hexaf | uor oghdsphptipent@bt agid, 8, Edﬂmﬁbﬂﬂ3wb@%3§@dbﬂigﬁ@ﬁé§§ively The
reaction mxture 75 was stirred under argon for 72 h. The reaction m xture
was washed with saturated NaHCO3 solution (3 x 50 nml), aqueous 1-1Cl (pH 5)
(3 x 50 m) and wat (3 x 50 mM) and dried over - 108 - Na2SO4. The

organi c soI under reduced pressuregiving a yellow oil.
(0.54 g, ?ﬁ@ 93 %9 . The crude product was purified through flash

col um chr ography i 02/ 10 % MeOH in chloroform yielding 0.98 g (2.58
nmol , of a yellowsolid. 5 1H NVR (CDC13, 400 MHz): a[ppm = 7.54-7.48

i, 22') 787(§71}10;ﬂ§‘31“fé11083?-02? 36 0 5@%g%n(@é'szies%adem@mhzozimiéﬁmeéa g8 (i
4H) 10 ¢) s finhyeHeP Xy REOPAR02phele. PhAMMMFUTEdRRbRIne-4-methanol (solketal)

(11.00 g: 0.08 mol; 1.2 equiv) and p-dimethylaminopyridine (1.02 g; 8.30 mmol; 0.12
equiv) were added. The solution was cooled to 0°C and a solution of 71,3-

10 dicyclohexylearbodiimide (17.17 g; 0.08 mol; 1.20 equiv) in dichloromethane (anhydrous)
( IbO ml) was added dropwise over 30 minutes. A white precipitate formed during the
addition. The reaction mixture was allowed to warm to ambient temperature and stirred at
ambient temperature for 16 hours. The reaction mixture was cooled in a dry ice/acetone
bath (-78°C) followed by filtration to remove the urea precipitate. The solvent was

15 removed in vacuo to obtain the crude product as a clear, colourless oil (23.29 g) which was
purified by column chromatography (silica gel, 5% ethyl acetate/petroleum ether 40-60) to

obtain a colourless oil (14.40 g, §0 %).
]H—NMR (CDCl, 200 MHz): 8[ppm] = 4.30 (quintet, 1H, J=5,8Hz); 4.03-4.17 (m, 3H);
20 3.74 (dd. 1H, J=6.1Hz, }=8.3Hz): 2.34-2.47 (m, 1H); 1.19-1.69 (m,14H); 0.89 (t, 6H,

I=7.1H=)

(b) 2, 3-dihydroxypropyl 2-propy|pentanoate (VA-MG)

0
saae:
HOj/\O

2-propylpentanoic acid 2,2-dimethyl-1,3-dioxolane-4-yl methyl ester was dissolved in 95%

23

{(v/v) aqueous ethanol (200 ml). Amberlyst 15 (wet) ion exchange resin (sulfonic acid)



OH 0 OOCH Phenyl 2-phenyl-1.3-di oxan-5-y1l succinate (0.11 g, 0.3 nmol)
was di ssolved in ethanol (20 15 m ) under argon and Pd/C (0.09 g, 0.1 mmol)
was added. The flask was flushed with hydrogen and allowed to stirr under 1
atm1-12 at roomtenperature for 16 h. The crude reaction m xture was
passed through a plug of celite and the sol vent was renoved under reduced
pressure yielding (0.9 g, 0.26muvol, 89 9% . The product was used w thout any
further purification. -)0 1HNVR (CDCI 3, 400 MHz): El[ppm = 7.43-7.33 (m
2H), 7.25-7.21 (m 1H), 7.12-7.05 (En, 2H), 4.97 (quint, 1H .1= 4.4 Hz),
3.88-3.80 (m 4H), 2.95-2.91 (m 2H), 2.82-2.75 (m 21-1), 2.58-1.60 (hr.

2H) 25 (6) Synthesis of the protected nonoglyceride - |inker-building

bl ocks (a) Synthesis of protected nonoglycerides with a diacid |inker -
109 - enegl y &f}hk”% abacti ture was refluxed for 5

((2, 2-di mat(%il(fe) an ant i) L é:lgi[;Lg%S) ano'l earaé‘llgiéglﬁh ur

hours w1thout stmmU The reaction mlxtme was cooled to ambient temperature, followed

by filtration and removal of the solvent in vacuo to obtain a pale brown oil (12.89 g) which

was purified by column chromatography (silica gel, 50% ethyl acetate/petroleum ether 40-
5 60)to obtain a colourless oil (10.40 g, 86%). |

H-NMR (CDCla, 200 MHz): 8[ppm] = 4.27-4.11 (m, 2H); 3.80-4.01 (m, 1H); 3.52-3.76
(m, 2H); 2.52 (d, 1 H. J=5.0Hz): 2.34-2.49 (m, 1H); 2.09 (¢, 1H, J=6.0Hz); 1.20-1.70 (m,
8H); 0.90 (¢, 6H, J=6.9Hz)

’ Example 2: 3—(1,3—dihydroxypropan—2—yloxy)-3—oxc)propyl 2-propylpentanocate
a) 3-hydroxypropy! 2-propylpentanoate
O
o ""0H
5

2-propylpentancic acid (10.0 g, 69.3 mmol) was mixed with propane-1-3-diol (42.1 g,
555.0 mmol) and methyl-sulfonic acid (5 drops) in toluene (200 ml) and the mixture was
heated under reflux using a Dean Stark trapfor 12 h. After that, toluene was removed

20  under reduced pressure and the crude mixture was dissolved in dichlormethane {200 ml)
and extracted with water (pH 5, 3 x 200 ml). The combined organic layers were dried over
sodium sulfate and the volatiles were removed under reduced pressure giving a clear oil

(14.0 g, 60.0 mmol, 99%).

25 '"H-NMR (CDCl3, 200 MHz): 8[ppm] = 4.24 (u, 2H, J = 6.1 Hz), 3.68 (ir, 2H, ] = 6.1 Hz),
2.37-2.31 {m. 1H), 1.93-1.77 (m, 2H), 1.69-1.16 (m, 8H), (.89 (tr, 6H, 6.9 Hz)

b) 3-(2-propylpentanoyloxy)propanoic acid



separately dissolved in organic solvent and each reacted wwth a diacid
(succinic, glutaric, 5 adipic, pinelic, suberic, azelaic, sebacic) under
appropriate conditions. (b) Synthesis of protected nonoglycerides with an
onega hydroxy acid linker 10 1, 3-Benzylideneglycerol and sol ketal are each
separately dissolved in organic solvent and each reacted wth an onega

hydr oxy acid under appropriate conditions. (c) Synthesis of protected
nonogl ycerides with a chloroformate |inker 1, 3-Benzyl i denegl ycerol and
sol ketal are each separately dissolvedgn organic solvent and each reacted
wi th an onega hydroxy acid under appropriate conditions. The product of
this 00 conversion is reacted wth triphosgene to give the protected

nonogl ycerides with a chloroformate Iinker. (d) Synthesis of chloroformate
functionalised protected nonogl ycerides - 110 - 1, 3- Benzyl i denegl ycer ol
and sol ketal are each separately dissolved in organic solvent and each

reacted with tripghosgen® under appropriate conditions. (7) Synthesis of the
i i tive agent-conjugates (a) Coupling of hydroxy

nonogl yceri

cont ai ni ng bi oac¢tive agenfts with protected nonoglycerides with a diacid
| i nker

3-hydroxypropyl 2-propylpentanoate (2.08 g, 10.3 mmol) was dissolved in 120 ml of
5 acetone. 3.1 ml of a solution of Jones Reagent (prepared by dissolving 26.72 g of
chromium trioxide in 23 ml of concentrated sulfuric acid, and then diluting the mixture to
100 ml with water) was added. Propan-2-o1 (5 ml) was added to the reaction mixture which
was filtered through a pad of celite. The filtrate was washed with 0.01 M HCI solution (3 x
50 ml), dried over sodium sulfate, filtered and concentrated under reduced pressure. The
10 crude product (2.05 g, 9.5 mmol, 92 %)was used in the next step without any further

purification.

'L-NMR (CDCls, 200 MHz): 8[ppm] = 4.35 (tr, 2H, J = 6.3 Hz), 2.70 (tr, 2H, J = 6.3 Hz),
2.47-2.28 (m. 1H), 1.70-1.15 (m, 8H), 0.88 (tr, 6H, J = 6.9 Hz)
15

¢) 3-0x0-3-(2-phenyl-1,3-dioxan-5-yloxy)propyl 2-propylpentanoate
O. /E] :
O O
/\/U\ LO
] O

20 3-(2-propylpentanoyloxy)propanoic acid (2.05 g, 9.5 mmel) was dissolved in anhydrous
CH,Cl, (200 ml) under argon. 1,3-O-benzylidenegiycerot (2.50 g, 13.67 mmol
triethylamine (4.04 g, 40.0 mmol) and O-benzotriazol-1-yl-N, N, N°, N’-trimethyluronium
hexafluorophosphate (4.2 g, 11.0 mmol) were added successively. The reaction mixture

was stitred under argon for 72 h. The reaction mixture was washed with szturated NaHCO;



0 HOO\ HO 10HO Q) Bi oactive agent A hydroxy containing bioactive agent
such as Codei ne, Fluconazol e, Latanoprost or Dexanethasone - (after
conversion into a prodrug by protecting additional functional groups with
appropri ate bi oerodabl e protection groups) is reacted with protected
nonogl ycerides with a diacid |linker. The nonogl yceri de protection groups
are renoved 15 under appropriate conditions giving the nonoglyceride
functionalised (at the primary or secondary al cohol positions of the

gl yceride) bioactive agent nmonomers. (ly, Coupling of hydroxy containing

bi oacti ve agents with protected nonogl ycerides with an onega hydroxy acid
| inker .. Bioactwe agent A carboxy acid containing bioactive agent - such
as Ci profl oxacin, Levofloxacin or Valproic acid - (after conversion into a

prodrug by p[}%g ti 59 addi Ll @;&6?0511;5%8& @@%adv&egﬁ%g@%. ﬁ]eveﬁr%amcase%ﬁmsat e

bi oer odabl €° ction group eac rotected nonogl yceri des
with a omegambydnoxyr adicdd biesdoer givithe palnaidgioyid é2.PUs Tt orwbBPam: groups are
renoved under appropriate conditions giving the nonogl yceride
functionalised (at the primary or secondary al cohol positions of the

gl yceri de) 'bi-mBR jGECRESNMADNEpENET 756-7(29)(mCoHpI5i AdmefHiadi Met @it ai ni ng

bi oactive agen i th prote ng ri W ch I §8s | i nker
2N OBi oact 11Dt At 16 Ak Saheh BoAta b attr Yo S Pk B
Benzocai ne gH,(jaf . @Hzgonversion into a prodrug by protecting additiona
functional groups with appropriate bioerodable protection

d) 3-(1,3-dihydroxypropan-2-yloxy)-3-oxopropyl 2-propylpentanoate

OH
23
O/\)‘I\O OH
10

3-0x0-3-(2-phenyl-1,3-dioxan-5-yloxy)propyl 2-propylpentancate (2.99 g, 7.9 mmol) was
dissolved in ethanol (90 ml) under argon. Palladium catalyst (10 wt % Pd/C) (300 mg) was
added, the flask was evacuated and allowed to stir 1 atm of hydrogen gas at room

15 temperature for 16 hours. The crude reaction mixture was passed through a glass
microfiber on a sintered funnel. The volatiles were removed under reduced pressure
yielding 2.01 g (6.95 mmol, 88%) of a clear oil. The product was used without any further

purification

20 'H-NMR (CDCls, 400 MHz): 8[ppm] = 4.99-4.90 (m, 1), 3.86-3.80 (m, 4H), 2.80-2.70
(m, 2H), 2.48-2.37 {m, 2H), 1.89-1.80 (m, 2H), 1.68-1.54 (m, 2H), 1.50-1.22 (m, 6H), 0.91
(tr, 6H,J = 7.2 Hz) '

Example 3: Production of a mixture of | ,2-dihydroxy-5,14-dioxo-4,15-dioxa-6,13-
25 diazanonadecan-19-yl 2-propylpentanoate and 1-hydroxy-2-(hydroxymethyl)-4,13-dioxo-

3,14-dioxa-5,12-diazaoctadecan-18-yl 2-propylpentanoate

a} 4-hydroxybutyl 2-propylpentanoate



groups) is reacted with protected nonogl yeerides with a chloroformte

| i nker. The nonogl yceride protection groups are renoved under appropriate
conditions giving the nonoglyceride functionalised (at the primary or
secondary al cohol positions of the - 112 - glyceride) bioactive agent
nononer S. (d) Coupling of am ne containing bioactive agents with

chl orof ormate functional i sed protected nonogl ycerides S HO HO HO CHO YNH O
0 H2N---n- Bioactive agent An am ne contai ni ng bioactive agent - such as
Benzocaine - (after conversion into a_ggodrug by protecting additional
functional groups with appropriate bioerodable protection 10 groups) is
reacted with chloroformate functionalised protected nonogl ycerides. The
nonogl yceri de protection groups are renoved under appropriate conditions
gi ving the nonogl ycericie functionalised (at the primary or secondary

al cohol positions of the glyceride) bioactive agent nononmers. 15 (e)
Coupl i ng of am ne| contai ni ng bi oactive agent with carboxylic acid
functional i sed ot ect ed nonogl yceride 0

O

2-propyipentanoic acid (40.16 g, 278.5 mmol) was mixed with butane-1-4-diol (114.65 g,
5 1272.2 mmol) and methyl-sulfonic acid (5 drops) in toluene (3500 ml) and the mixture was
heated under reflux using a Dean Stark trap for 12 h. After that, toluene was removed
uhder reduced pressure and the crude mixture was dissolved in chloroform (200 mf) and
extracted with water (pH 5, 3 x 200 ml), The combined organic layers were dried over
sodium sulfate and the volatiles were removed under reduced pressure giving a clear oil

10 (99%).
The product was analysed by NMR and found to be VA-BDO

b) 4-(6-isocyanatohexylcarbamoyloxy)butyl 2-propylpentanoate
15

Solution A: 4-hydroxybutyl 2-propylpentanoate (VA-BDO) ( 10.4518g 48.3) mmol) was

dried under vacuum and placed in a dried flask fitted with a magnetic stir bar and closed
20 with a subaseal. The flask was also fitted with a dry nitrogen gas purge line.

Approximately 100 mL of chioroform which had been previously dried over molecular

sieve was introduced to the flask.

Solution B. hexamethylene diisocyanate (HDI) ( 7.9001g 47.0 mmol) which had been
25  distilled under vacuum was placed in a round bottom flask fitted with a magnetic stir bar

and closed with a subaseal. The flask was also fitted with a dry nitrogen gas purge line.



lc HO OH H2N--0 = Bioactive agent 90 An am ne contai ning bi oactive agent
such as Benzocaine - (after conversion into a prodrug by protecting

addi tional functional groups with appropriate bioerodabl e protection
groups) is converted into the correspondi ng i socyanate. Reaction of the

i socyanate with a carboxylic acid functionalised protected nonogl yceri de

produces (via release of CO2) the - 113 - corresponding am de derivative
whi ch is subsequently deprotected. |I') Conversion of an am ne contai ni ng
bi oactive agent to an aromatic carbamatgg containing functionalised

prot ect ed nonogl yceri de H2N- - OBi oacti ve agent An am ne cont ai ni ng

bi oactive agent - after conversion into a prodrug by protecting additional
functional groups wi th appropriate bioerodable protection groups - is

convert ed ]Agal)])Hl 19at:5]PQZ@91r SRR wgﬂdp‘jﬁ&d EHE@'pke@ﬁﬂle@?i%@@@@dnd@ﬂ%' yceride

cont ai ni ng ic car amat e. i/nt esis of bioactive agent-Iinker
conj ugat es sSe pa inBychich i the Biskdiralditgne oadepyel Tagerethyd Beijrnepis was

HO- OBi oact Iaggeda}gﬁ% flask as a catalyst.

5 The content of Solution A was slowly added over a 15 minute period to Solution B with

stirring.

The mixture was stirred overnight at room temperature under dry nitrogen. The reaction
mixture / solvent = Solution C

10
A 10 mL subsample was removed and the chloroform removed by under vacuum by
ratovap. The compound was analysed by NMR in CDCI3 and found to contain a high .
proportion of 4-(6-isocyanatohexylcarbamoyloxy)butyl 2-propylpentanoate (VA-BDO-
HDL)

15
¢) Mixture of 1 2-dihydroxy-5.14-dioxo-4,15-dioxa-6,13-diazanonadecan-19-yl 2-
propylpentancate and 1-hydroxy-2-(hydroxymethyl)-4,13-dioxo-3,1 4-dioxa-5,12-

diazaoctadecan-1 8-yl 2-propylpentanoate

20 C o

The remaining amount if Solution C from was added slowly over 15 mins to Solution D -
which consisted of glycerol ( 4.4499g 48.3 mmol) which was dried overnight at 110C
under vacuum) and 100 mL dried chloroform.

25



A hydroxy containing bioactive agent - such as Codei ne, Fluconazol e,

Lat anoprost or Dexanet hasone - (after conversion into a prodrug by
protecting additional functional groups with appropriate bioeroclable
protection groups) is reacted with a diacid or a diacid 20 derivative. -
114 - (b) Synthesis of acid/ onega hydroxy-bioactive agent conjugates .'OHO
n HO An carboxy acid containing bioactive agent - such as C profl oxacin,
Levofl oxacin or Valproic acid - (after conversion into a prodrug by
protecting additional functional grouppS wth appropriate bioerodable
protection groups) is reacted with an aci d/onega hydroxy |inker or a
derivative thereof. (c) Synthesis of an acid/chl orof ormat e- bi oacti ve agent
conjugates Bioactive agent 10 An anmi ne containing bioactive agent -- such
as BenzocaifieamobRbf ?gc&mx 85186 QN0 Wk QdjastRl @IRG: DY nplokie bf Vg-1Biddi ti onal
functional groups w appropri ate bi oerodabl e protection groups) is

react ed wi HIIdo tycarsh.dyitl adlighioherssaf 8YPi'fker or a derivative thereof.

d) Conversion of an carboxy acid containing bioactive agent to

functionalised protected 15 nonogl yceri de containing a spacer group.
HOOC The solution was stirred for 24 hours at 90C under a nitrogen purge. At various

5 timepoints 4 M1 samples were removed and the chloroform was removed by rotovap and

the products were analysed by NMR.

Once high conversion was confirmed by NMR the solution was cooled, more chloroform
added to make up to 200mL and and extracted with water (pH 5, 3 x 200 ml). The
10 combined organic layers were dried over sodium sulfate and the volatiles were removed

under reduced pressure giving a white solid

A subsample was dissolved in d-DMSQ for analysis by NMR. The sample appears to be a
mixture of SN1 and SN2 coupling of the VA-BDO-HDI to Glycerol.

15 _
The product was dried and stored under nitrogen for use in the production of polymers.
Ciprofloxacin (1—cvcl0propvl-6—ﬂuor0-4-oxo-7—[4’~N-[(tert—butvloxv)
carbonylipiperazin]-1-yl-guinoline-3-carboxylic acid)

20

Example 4:, Ciprofloxacin Monoglyceride (2,3-dihydroxypropyl 1-cyclopropyl-6-fluoro-4-
ox0-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylate)

a) 7-(4-(benzyloxycarbonyl)piperazin-1-yl)-1 -cyclopropyl-6-fluoro-4-oxo-1,4-

25  dihydroguinoline-3-carboxylic acid



Bi oactive agent - 115 - An carboxy acid containing bioactive agent- after
conversion into a prodrug by protecting additional functional groups with
appropri ate bi oerodabl e protection groups - is converted into the
correspondi ng functional i sed protected nonogl yceride with a spacer group
that can be nodified to neet the required polyner properties and rel ease
kinetics. S e) Conversion of an al cohol containing bioactive agent to
functional i sed protected nonogl ycericle containing a spacer group. e 0O
OATOr'NNnHnHao 00 AA, 0 NN nH.mHOH 100 HO--=_-_ Bioactive agent
An al cohol containing bioactive agent - after conversion into a prodrug by
protecting additional functional groups with appropriate bi oerodable
protection groups - is converted into the corresponding functionalised
protected nonogl yceride with a spacer group that 15 can be nodified to neet

the required polyner properties and rel ease kinetics. . . .
Ciprofloxacin (1 -cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl)-1 4-quinoline-3-carboxylic

acid (0.33 g, 1.0 mmol), was taken up in 2N NaOH solution (10 ml) and cooled to 0°C
(ice/water bath). Benzyloxycarbony! chloride (0.40 mi, 0.48 g, 2.8 mmol) was added

5  dropwise. The reaction mixture was stirred at 0°C for 1 h and then gradually warmed to
room temperature and stirred for another 16 h. After that the reaction mixture was brought
to pH 5 through dropwise addition of 2N HCl solution, The reaction mixture was extracted
with CHCl5 (3 x 50 ml). The combined organic layers were dried over Na;SQy and the
solvent was removed under reduced pressure. The crude product was purified through

10 crystallisation from acetonitrile to give a colourless solid (0.23 g, 0.49 mmol, 49 %)

'H-NMR (CDCl3, 400 MHz): 3[ppm] = 8.78 (s, 1H, H-2); 8.10-8.00 (m, 1H, II-5); 7.44-

7.28 (m. 6H, 1H of H-8+5H of ArH); 5.17 (s, 2H, ArCHy); 3.81-3.63 (m, 4H, 2xCH, of

piperazine); 3.56-3.46 (m, 1H of cyclopropane); 3.3 8-3.23 (m, 4H, 2xCH, of piperazine};
15 1.44-1.33 (m. 2H. CH, of cyclopropane); 1.24-1.13 (m, 2H, CH; of cjclopropane) 7

b) (2,2-dimethy!-1,3-dioxolan-4-yl)methyl 7-(4-(benzyloxycarbonylpiperazin-1-yh)-1-
cyclopropyl-6-fluorn-4-oxo-1 A4-dihydroquinoline-3-carboxylate

20 O Q

7-(4-(benzyloxyecarbonyl)piperazin-1 -yb)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid (0.47 g, 1.0 mmol) was dissolved in anhydrous CH,Cl
{47 ml) under argon. 2.2-dimethyl-1,3-dioxolane-4-methanol (0.20 g, 1.5 mmol)

triethylamine (0.40 g, 4.0 mmol) and O-benzotriazol-1 -yI-N, N, N, N’-trimethyluronium

o
L

hexafluorophosphate (0.42 g, 1.1 mmol) were added successively, The reaction mixture

was stirred under argon for 72 h. The reaction mixture was washed with saturated NaHCO;



(9) Synthesis of nonoglyceride-I|inker-bioactive agent-conjugates (a)
Coupl i ng of di aci d-bi oactive agent conjugates with protected nonogl yceri des
- 116 - HONt-09 HOO QHO OHOO 0 HO,.-- Bioactive agent A
di aci d- bi oacti ve agent conjugate, containing a bioactive agent such as
Codei ne, Fluconazol e, Latanoprost or Dexanethasone - (after conversion into
a prodrug by protecting additional functional groups with appropriate
bi oerodabl e protection groups) is 5 reacted with protected nonogl yceri des.
The nonogl yceri de protection groups aresrenoved under appropriate
conditions giving the nonoglyceride functionalised (at the primary or
secondary al cohol positions of the glyceride) bioactive agent nononers.
(b) Coupling of an onega hydroxy aci d-bi oactive agent conjugate with
protected ]SQILIH‘QYP@Q! é’(?ﬁlg! H&se &19! QA and BiRaski NSSager ofahdroReReas hydr oxy
aci d- bi oactTve agent cdnjugate containing a bioactive agent - &uch as
G pr of | oxacemgvel euddrivesuaed pregsuregivingragiale. Biak golid QateP-9¢ Bl i Gh into a
prodrug by protecting additional functional groups with appropriate
bi oer odabl e protection groups) is

HH-NMR (CDCls, 400 MHz): 8[ppm] = 8.56 (s, 1H, H-2); 8.10-7.97 (m, 1H, H-5); 7.42-

| 5 7.13 (m, 6H. SxArH+1H of H-8): 5.16 (s, 2H, ArCH;0); 4.52-4.40 (m, 111, CH); 4.40-4.30
(m, 2H, 1H of CH20+1H of CH,0); 4.08-3.96 (n, 1H, 1H of CH;0); 3.86-3.81 (m, 1H,
1H of CH,0); 3.62-3.51 (m, 4H, 2xCH, of piperazine); 3.37-3.33 (m, 1H, CH of
cyclopropane); 3.31-3.14 (m, 4H, 2xCH, of piperazine); 1.44 (s, 3H, CHj); 1.36 (s, 3H,
CHj3); 1.34-1.26 (m, CH, of cyclopropane); 1.26-1.03 (m, CHz of cyclopropane)

10
MS (MeCN) 580 [M+1] 602 [M~+23]
_ ¢) 2.3-dihydroxypropyl 7-(4-(benzyloxycarbonyl)piperazin-1 -yl)-1-cyclopropyl-6-fluoro-
4-oxo-1,4-dihydroquinoline-3-carboxylate
15

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl 7-(4-(benzyloxycarbonyl)piperazin-1-yl)-1-

cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (2.85 g, 4.9 mmol) was
20 dissolved in 95 % agueous ehanol (100 ml). After addition of amberlyst 15 (wet) ion

exchange resion and anti bumping granulates the reaction mixture was refluxed for 5 h.

The ion exchangé resion and the bumping-granulates were removed through filtrationand

the solvent was removed under reduced pressure to give the crude product as a yetlow

solid. The crude product was purified through column chromatography (Al203 1% MeOH
25 in CHCI) to yield the pure product as a pale yellow solid (1.66 g, 63 %).



15 reacted with protected nonogl ycerides. The nonogl yceri de protection
groups are renoved under appropriate conditions giving the nonogl yceride
functionalised (at the primary or secondary al cohol positions of the

gl yceride) bioactive agent nononers. (c) Coupling of an

aci d/ chl or of or mat e- bi oacti ve agent conjugates with protected WO

2010/ 040188PCT/ Al J2009/ 001342 - 117 - nonogl yceri des HN-C) )10A n
H2N--114::)Bi oacti ve agent An an aci d/ chl or of or mat e- bi oacti ve agent

conj ugate containing a bioactive agent g5 _such as Benzocaine - (after
conversion into a prodrug by protecting additi-onal functional groups 5 with
appropriate bioerodable protection groups) is reacted with protected
nonogl yceri des. The nDnoegceride protection groups are renoved under

L e A g

primary or i ons ceride) bioactive agent
nmonomers. TG 1Qanver H-IBGJ,FV f-7.26 ph,cﬁﬁ) bPaHé S5cIGr® éﬁlhlArli Hpt haeth Wwemagdntt o

functionali S t wCd,t h and/ or
wi thout a §§§g@$ﬁéﬁgﬁésyiq§ ace‘?ﬁgEi 5@5%??gggﬁ?ﬁﬁgﬁgiggeV|ous text,
R:protectl@qmgﬁnmleHIEHQlGWD&UﬂB&Pﬂmﬁ@MBGDQﬂeémﬁnzh 4H, 2xCH, piperazine);

5 1.53-1.00 (m, 4H, 2xCH; cyclopropane)

MS (MeCN) 540 [M+1] 562 [M+23]

d} 2,3-dihydroxypropyl 1 -cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-

10 dihydroquinoline-3-carboxylate

VO

\»\/m

2,3-dihydroxypropyl 7-(4-(benzyloxycarbonyl)piperazin-1-yl)-1 -cyclopropyl-6-fluoro-4-

15  oxo-1,d4-dihvdroquinoline-3-carboxylate (1.66 g, 3.1 minol) was dissolved in ethanol (100
ml). Hydrogenation in a Thales Nano H-Cube Hydrogenator (10 % PJ/C cartridge, 11 bar)
and evaporation of the organic solvent gave the crude product as a yellow solid.

Crystallisation from acetone gave the crude product as a colourless solid (0.71 g, 57 %).

20 'H-NMR (d¢-acetone). 500 MHz): 8[ppm] = 8.72 (s, 1H, H-2); 7.91-7.80 (m, 1H, H-5);
7.55-7.43 (m. 1H. H-8); 4.42-4.20 (m, 2H, 1H of CH,0+1H of CH20); 4.00-3.90 (m, 1H,
CH); 3.82-3.75 (m, 1H, {H of CH;0); 3.70-3.5 (m, 6H, 4H of 2xCH; piperazine+1H of
CH,O+1H CH of cyclopropane); 3.15-3.02 (m, 4H, 2xCH; of piperazine); 1.48-1.30 (m,
2H, CH, of cyclopropane); 1.25-1.10 (mn, 2H, CH, of cyclopropane

MS (MeCN) 406 [M+1] 428 [M+23]



- 118 - Cr) 9 -00 -P-0? ORX-0 OHOR X-0 \ OHOH 0 OH Bioactive
agent A phosphate containing bioactive agent - after conversion into a
prodrug by protecting additional functional groups with appropriate

bi oer odabl e protection groups - is converted 5 into the correspondi ng
functional ised protected nonoglyceride (as phosphate ester) wthor

- 94 -

Example 6: 2,3-dihydroxypropyl ]-cyclopropy1—6-ﬂuoro-4-oxo-7~(4—p1‘0py1piperazin-1-yl)—

1,4-dihydroquinoline-3-carboxylate

a) 1-cyclopropyl-6-fluoro-4-oxo-7-( d-propylpiperazin-i-yl)-1 A-dihvdreoguinoline-3-

5  carboxylic acid

1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1 J4-dihydroquinoline-3-carboxylic acid
10 (5.00 g, 15.10 mmol) was taken up in dioxane/water (1:1, 100 ml). 1 -iodopropane (3.08 g,
18.10 mmol), and sodiumhydrogencarbonate (3.81 g, 45.30 mmol) was added and heated
at 80 °C for 16 h. The crude reaction mixture was cooled to room temperature and
acidified with 1M HCI to pH 6. The reaction mixture was extracted with chloroform (3 x
100 ml), the combined organic layer were dried over sodium sulfate and the volatiles were

15 removed under reduced pfessure yielding 3.87 g (69 %) of pure product.

'"H-NMR (CDCls, 400 MHz): 8[ppm] = 8.77 (s, 1H, H-2); 8.07-7.97 (m, 1H, H-5); 7.41-
7.30 (m. 1H. H-8); 3.57-3.46 (m, CH of cyclopropane ring); 3.41-3.24 (m, 4H, 2xCH; of
piperazine); 2.74-2.58 (m, 2xCH; of piperazine); 2.44-2.33 (m, 2H, CH>N); 1.65-1.45 (m,

20 2H, CHa); 1.45-1.28 (m, 2H, CH; of cyclopropane ring); 1.28-1.12 {m, 2H, CH; of
cyclopropane ring); 0.94 (t, 3H, CHas)

MS (CH,Cls) 374 [M+1] 747 [2M+1]

25 b) (2.2-dimethyl-1,3-dioxolan-4-yDmethyl {-cyclopropyl-6-fluoro-4-oxa-7-(4-
propylpiperazin-1-yh-1 4-dihydroquinoline-3-carboxylate



Wi t hout a spacer group that can be nodified to neet the required polyner
properties and rel ease kinetics. Polyner Production 10 This section

descri bes how the functionalised bioactive-nononers conjugates have been
covalently linked to the pol ymer backbone and forned part of the

bi oacti ve-pol yner conjugates containing the sel ected bioactive as a pendant
attachnent. The pendant attached bi oactive is able to be rel eased by

t he breakdown of the coval ent bonds through hydrolysis 15 and the
degradation of the linkages attaching_the bioactive to the polynmer.

Synt hesis of Polyols (a)DLLA 1000 - 119 - The DLLA 1000 was produced by

t he pol ycondensation reaction of' an 88% DL Lactic acid solution (El uka)
using 1-4 butane diol (Aldrich) as the initiator and 2 Ethyl Hexanoate
(Aldrich) as the catalkyst. The R%L¥%9ndensation reacti on was undertaken in’
a stainless steel ves§§l (BuqﬁT‘ EP280 reactor). The reagents were added to
the reacti oR/5 vessel 4 BDgH 167.5g; DL-Lactic acid solution 2418g; 2
Et hyl Hexa afle; 0.14%, ng] and the mixture was stirred at 350prm while
bubbl i ng niﬁp&geﬁg S r the solution ( 3nL/nin). A tube was attached
to the reactor outlet o collect the water evol ved. Heating was applied
(jacket oil tenperature 145C) and the m xture was left to stir for 2 10
days. Approximately 280nL of water from collected fromthe reaction

m xture. SampLesopereihakencant(4hepapipeanuntbg)-| detierdequenliby3ti tration

using the rcrgrtbg}?yqi% acid (8.86 g, 23.70 mmol) was dissolved in anhydrous dichloromethane (370

5 ml) under argon. 2,2—dimethyl—l ,3-dioxolane-4-methanol (4.71 g, 35.60 mmol),
triethylamine (9.59 g, 94.80 mmol) and HBTU (9.90 g, 26.10 mmo!) were added and the
reaction mixture was stirred at room temperature for three days (exclusion of light). The
reaction mixture was washed with saturated NaHCO; solution (500 ml), aqueous (pH 5)
hydrochloric acid (500 mi) and water (500 ml) successively. The organic layer was dried

10 over NaySQy and the solvent was removed under reduced pressure, yielding 10.28 g (89 %)

of a yvellow solid.

'H-NMR (CDCl3, 400 MHz): 8{ppm] = 8.53 (s, 1H, H-2); 8.09-7.95 (m,1H, H-5); 7._32-
7.17 {m, H-8); 4.5]—4..41 (m, 1H, CH); 4.41-4.31 (m, 2H, 1H of CH,O+ 1H of CHO);

15 4.19-4.09 (m, 1H, CH;0); 3.98-3.86 (m, 11, CH,0); 3.50-3.36 (m, 1H of cyclopropane
ring); 3.36-3.15 (m, 4H, 2xCH, of piperazine), 2.76-2.61 (m, 4H, 2xCH; of piperazine);
2.49-2.31 (m. 2H, CH;N); 1.72-1.48 (m, 2H, CH,CHCHs); 1.44 (s, 3H, Cis), 1.36 (s, 3H,
CH;): 1.33-1.25 (m, 2H. CH; of cyclopropane); 1.1 6-1.03 (m, 2H, CH, of cyclopropane),
0.93 (t, 3H, CHs)

¢) 2,3-dihydroxypropyl 1-cyclopropyl-6-fluoro -4-ox0-7-(4-propylpiperazin-1-yl)-1,4-

dihydroquinoline-3-carboxylate

5

e



outlined above. The | ow acid nunber obtained [0.09 ng/KOH / g] was used to
indicate the reaction was conpleted. The m xture was cool ed and subsanpl es
taken for GPC, 15 NWR and hydroxyl nunber analysis using the nethods
out!lined above. (b)PLGA (50:50) 1000 Purasorb DL Lactide (1000g) and
Purasorb d ycolide (805.5g) was added to the 3L stainless steel Buch
reactor. The reactor was heated under a nitrogen bl anket w thout 20
stirring to a jacket oil tenperature of 145C. The stirrer was started and
the jacket tenperature adjusted to 12Q9 ) To the stirred reaction m xture
was added 156.3g of 1-4 BDO and 2. 2g Z-Ethyl Hexanoat e. An exot her m was
observed with the reaction tenperature rising to 143Cin 8 mnutes. 25 The
m xture was heated for 40hrs at a stirring rate of 300rpm under a nitrogen

bl anket. S | es r .aken and the acj( er. ermped by titration

b anket | SHPLES NSNS LALSD, BUCAII) PGl BuTRecn et b ned.

SRR 4 Loy Ry ikl S L
over ni ght éF“#ﬁ@iBé@B@E“ﬁ§§$R¥%8§H§?ﬁ%¥ﬁﬁ uﬁ%%sr ééﬁaﬁg@ E%)S anfzI‘O\ﬁ

Et hyl - | ysi nendiride dogyapaie ikt 1.3 we e odinadi) Wae dddsd fdorpevisesed tRatagtip@t hane

Bul k Synthesis Methqod The required anount f , (ERA
Chemi cals PHJUEHHS SBHF@QéP%‘F’%T@peb%‘t“f/6‘1’@%‘%%%@?@3 5)liwgr%%()dfa(Eld E’%%er and kept
\Q@r med in QeRfidr MRakedndiht VOBERs ?gfegadoweugdeﬁa@ce@mssmTlmmcm of

i oacti ve- nononer conjugate s first dried under, vy W i eat
t hen nix a@&@écﬁ‘ﬁstpﬁéh?fg%‘f‘lg\gﬁ]aﬂb%@‘é?“ E?l‘l’:]%tloglriaﬁ’a gs@ﬁ%@%f'&’n %ﬁ:&y g(h)‘?n CLD
conmponent s .3Rflok 6 4NeEo tRsARARY G %4)0 equilibrate. 15 The required amount of
di i socyanate HDI was weighed into a syringe for addition to the other

conmponents. Three drops of Dibutyltin Dilaurate (DBTDL) or 2 Ethyl

Hexanoat g q@@%ﬁé?ﬁ}4gggqhmaq were first added to the bioactive-nmononer
conj ugat e and/ pol yol '

Levofloxacin {9-fluoro-3-methyl-1 9-(4-methvlpiperazin-1-vl)-7-ox0-3.’ﬁdihvdro-ZH-

[1.4]oxazino[2,3.4-iilquinoline-6-carboxylic acid

15  Example 7: 2.3-dihydroxypropyl 9-fluoro-3-methyl-1 0-(-4-methylpiperazin-1-y1)-7-oxo-
3,7-dihydro-2H-[1,4]oxazino{2,3,4-ijlquinoline-6-carboxylate

a) (2.2-dimethy!-1,3-dioxolan-4-yhmethyl 9-fluoro-3-methyl-10-(4-methylpipirazin-1-y1)-
7-0x0-3,7-dihydro-2H-11.4]oxazino[2,3 ,4-1j]quinoline-6-carboxylate

;%Ei\/o |

o 0

-

(9-fluoro-3-methyl-10-{4-methylpiperazin-1-yl1)-7-ox0-3,7-dihydro-2H-{1 Aoxazino[2,3,4-
ij]quinoline~6-carboxylic acid (10.00 g, 27.7 mmol), was dissolved in CH,Cl; (500 ml)

25  under argon. 2,2-dimethyl-1,3-dioxolane-4-methanol (5.49 g, 41.5 mmol) triethylamine
(11.21 g, 110.8 mmol) and O-benzotriazol-1-yI-N, N, N’, N’-trimethyluronium
hexafluorophosphate (11.56 g, 30.5 mmol) were added successively. The reaction mixture

was stirred under argon for 72 h. The reaction mixture was washed with saturated NaHCO;



m xture. The nononmer/s and catal yst were m xed well before either the HD

or ELDI was added via a syringe. The whole m xture was m xed and stirred
vigorously with a spatula 20 until the m xture thickened consi derably
before it was poured onto a baking tray. The tray was then placed in an
oven overnight at 80C to cure the polynmer. Optim sation of the nolecul ar
wei ght was achi eved by varying the HDI or ELDI index. The nol ecul ar wei ghts
of the polymers were characterised by Gel Perneation 25 Chronat ography
(GPC) using THE or DVF as the sol vent. gReaction conpletion and structural
integrity were confirmed by nmeans of 1H NMR Pol yurethane Sol ution

Synt hesi s Met hod Bi oacti ve-nononer conjugates were dried under vacuumw th
ml|ld heat then added to dry 30 DMF (typically > 1g) in a small round bottle
flask. Two _drops ;0ofs BpBRJDL. Qf i NS0 L ree Floxtitis@venatvaed in an
oi | bath a?agg%(ggfgggﬂ’nf@%é?Egﬁﬁgwgﬁf??ggﬁgexgggi of g 121 - HD' or

ELDI. The minxdved endeasedbigasi medshyeivingridvit's spid, d e RivR Biedeet oomeveallizesl y after
stirring overnight. - bV, \ enoved and the material was
t hen analy§8128%013?% gggﬁﬁgpﬁﬁgﬁﬁ‘%Pédﬁgg§%?ﬁgﬂe Preci pi tation
Purification Method The resulting PU was dried to renove any DVF present.

The pol y@“gﬂﬁ?ﬁgﬁgﬁ%@%h&éﬂﬁ’z ’%&i"’g“cfei“t BRI Bk anPuRLs f, PVBOsY, hen-4 41

preci pitate sol-ution iI'ht onitrilé. Any unreacte

bi oact i ve- manDMEIIG 6]l wigkt @, e EHdPsBdp et ofIbR A Bee CERt ri | e

sol uti on. i phat i c Pol hane t.aj nd ak p§_9ibg (Acig Mepogl yceri de
(VAN compdrt Ut e A B e R Ol s e e Wi ng
5010l €% VApierakne 26| ydte(in bil badtHvspaonjelGatte(s Coh NG nlg> HEnBLEIWUA- MG was
Formed by the [eafHiON, 37 (. 31, CHy).

10
MS (EtOH) 475 [M+1].
b) 4-'(6-((2,3—dihydroxypropoxy)ca1‘b011y1)-9-ﬂu01'o-3-methyl-7—0x0-3,7—dihyd1‘o—2H—
|1,4]Joxazino[2,3,4-1j]quinolin-10-yl)-1 -methylpiperazin-1-ium 2,2,2-trifluoroacetate
15

(2.2-dimethyl-1,3-dioxolan-4-yDmethyl 9-fluoro-3-methyl-1 0-(4-methylpipirazin-1-y1)-7- -
oxo—3,7-dihydr0-2H~[1.4]oxazino[2,3,4-ij]quinolille—é—carboxylate (1.00 g, 2.1 mmol), was

20 dissolved in CH;Cls (42 mi) under argon and cooled to 0°C. Trifluoro acetic acid (2.00 ml,
2.96 g, 26.0 mmol) was added and the reaction mixture was allowed to stir at 0°Cfordhn
and then over night at room temperature, The reaction mixture was flushed through a plug
of AlLO; (10% MeOH in CHCls) (2x). After that the organic solvents were collected and

removed under reduced pressure iving the product as a yellow gum (0.24 g, 104 %).

'H-NMR (CDCls, 400 MHz): 8[ppm] = 8.76 (s, H-5); 7.63-7.50 (m, H-8); 4.74-4.61 (m,
1H, H-3 of benzoxazine ring); 4.61-4.50 (m, 1H, NHCHCH-0); 4.50-4.33 (m, 2H, 1H of
NHCHCH;O-+1H of CH,0CO); 4.33-4.24 (m, 1H, CH,0CO); 4.03-3.93 (m, |H, CHOH);



of 1:1 nmolar ratio of VA-M5 and HDI according to the Pol yurethane Bul k

Synt hesis Method. The VA- MG synt hesised in Exanple 1 above was dried under
vacuum The VA- MG (1.005g, 4.6mmvl) was added to a dried 150nil

pol ypropyl ene (PP) beaker. DBTDL (dibutyl tin dilaurate) catal yst was added
to the beaker (0.0041 g). The m xture was 70 stirred and heated in the
beaker at 70C for 5 mns. HDI was then added by syringe (1.003g 5.9 mmol)
with stirring. The m xture was then poured into a Teflon coated tray and
allowed to cure for 4 hours in an oveng@at 70C. Filns of the polynmer were
pressed using a nelt press set at 90C. Teflon coated netal press plates
were used. The thicicness was controlled using a 200 mcron shimplate. The
sanpl e was pressed for 5 mins at 90C 25 and then cooled to roomtenperature

using tap vwaterss(f) hough e pigss4ph.at (ar 418)2xCTheippakinees.0f i | m was
found to bgﬁéféggﬁh?ﬂ%%?%?gﬁgﬁgmfbdﬁﬁ?%ghe noniga{ | oadi ng the val proic
acid in thé. pol-ymeEHi)st appd-okl. bkl y 30w % - 122 - Exanple 13: Flexible
PU pol yner bi oactive-conjugate containing 33nol e% VA-M5 A pol yner - bi oacti ve
conj ugat e contai ning 33nol e% VA- M5 was formed by the reaction of VA MG
PCLD1000 aif BDIORCB6r NN 98Iy deet hane Bul k Synthesis Method in the 5
proportions 34nol e% 15nol e% and 51nol e% respectively. PCLD 1000 (2.503g,
2.524 nunol) and VA-MG (1. 185g, 5.428 mmol) were added to a i ed gl ass
beaker and eyt dihytitvaypogyl YyflwireR-rectpd futdametiipisraginolyl) droXpETDL

(di butyltin.dil t cat t. er to the polyols m xture. HD
(1.393g, 895@@0%&%®P Wg§“ﬁ%¥$JQ¥@%ﬂ@€%gmgggﬁﬁge and vi gorous m xi ng was
applied. The hot m xture was then poured onto a Teflon coated tray 10 and
pl aced in an oven to cure-gvernjght- at 85C. Through isocyanate index

optim sation, polyurethdnes of (hi §h nol ecul ar weights and strength were
synt hesi sed frogythis 3} Nea? A 250 micron thick filmprepared by the
process degﬁ%ngQ(%bovb | ear, tough. The | oading of VA-Ms achieved by
this fornulat™on™"s gpp tely 23.3 wt% 15 Aliphatic Pol yurethanes
cont ai ni ng Levofl oxagi nOvbnogl yceri de (LVX-M5 Exanple 20: Pol yurethane
Bioact&g - Pol ynmer conjugate containing > 50w % LVX- MG LVFX- M5 (0. 20g, 0. 457
mol ) dissolved in 2.5 m of daiﬁDNF solvent. Two dngﬁg g% t he DBTDL
catal yst was(cagtizdiydroxherosotyektonydidrent ety 7656 5 P SharT round

[1 ,4]oxazin0[_,3,_4-ij]quinolin—10-y1)—1-methylpiperazin—l-ium 2,2, 2-trifluoroacetate (0.50

g, 0.91 mmol) was dissolved in methanol under argon and cooled to 0°C (ice/salt bath). 1
equiv, of NaOH dissolved in methanol (25 ml) was added slowly until the solution reached
15 pH 7 — pH 8. The reaction mixture was passed through a plug of ALO; (10% MeOH in

CHCly). The organic solvent was removed under reduced pressure giving a yellow solid

(0.35 g, 88 %)

'H-NMR (CDCls, 400 MHz): 3[ppm] = 8.67 (s, H-5); 7.56-7.40 (m, I-8); 4.71-4.56 (m,

20 1H, H-3 of benzoxazine ring); 4.56-4.33 (m, 3H, 2H of NHCHCH,O+-1H of CH,QCO);
433-4.21 (m, 1H, CHLOCO0); 4.02-3.91 (m, 1H, CHOH); 3.57-3.52 (m, 2H, CH,0H);
3.52-3.34 (m, 4H, 2xCH; piperazine); 2.85-2.56 (in, 4H, 2xCH; piperazine); 2.43 (s, 3H,
NHCHS3); 1.52 (d, 3H, CHj3).

25 MS (MeOH) 436 [M+1] 458 [M+23]

Example 8: (5)-1 J3-dihydroxypropan-2-yl 9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-
7-0x0-3,7-dihydro-2H-]1,4Joxazino[2,3,4-ij Jquinoline-6-carboxylate



20 bottle flask with a rubber seal. HD1L (0.078g, 0.464 mmol) added via a
mcro syringe and allowed to react overnight. After renoving the DVF, flaky
but brittle solid was produced. After precipitation in acetonitrile
solvent, a whitish material was collected. Exanpl e 22: Pol yur et hane

Bi oacti ve-Pol yner conjugate containing 13w % bound LVX ( 25 as LVX-M5).
DLLA (I .35g, 1.20 mmol), PCLD (0.38g, 0.384 nmol) and 3 drops of DBTDL was
m xed in a beaker and warned in an oil bath at 65C. LVFX-MG (0.65g, 1.04
mol ) was dissolved in 3 nm of dry DVMFggol vent. The two mi xtures were then
conbi ned before 30 injecting in the TID (0.52g, 3.09 mmol). Over the
course of a few hours, the mxture's viscosity has increased consi derably.

Transferred the naterial into a crucible and heated in - 123 - an oven at
80C overnight. After renoving the solvent, a sticky waxy material was
produced. - 124 - Comrents tea r- mOoO; |

0o
a) (S)-2-phenyl-1,3-dioxan-5-yl 9-fluoro- 3- methyl 10- (4 methylp1perazm 1-y1)-7-0x0-3,7-
dihydro-2H-[1,4]oxazino{2,3,4- -ij]quinoline-6-carboxylate

ch\[/\o (\N/
N

Nk

($)-9-fluoro-3-methy!-10-(4-methylpiperazin-1 -yl)-7-0x0-3,7-dihydro-2H-[1,4] 0Xazino
[2,3,4-ij] quinoline-6-carboxylic acid (4.18 g, 11.56 mmol) was dissolved in anhydrous
dichloromethane (210 ml) under argon. 1,3-O-benzylideneglycerol (2.50 g, 13.67 mmol),

10 triethylamine (4.68 g, 46.24 mmol) and HBTU (4.38 g, 11.56 mmol) were added
successively. The reaction mixture was stirred at room temperature (exclusion of light) for
3 days. The reaction mixture was washed with saturated NaHCOj5 solution (500 ml),
aqueous (pH 5) hydrochloric acid (500 m1) and water (500 ml) successively. The organic
layer was dried over Na:S0Oq and the solvent was removed under reduced pressure. The

15 crude product was purified through flash column chromatography (Si02/10 % MeOH in
CHCL) yielding 4.32 g, 71 %) of a yellow, crystalline solid.

'H.NMR (CDCl5, 400 MHz): §{ppm] = 8.22 (s, 1H, H-5); 7.64-7.52 (m, 1H, H-8); 7.46-
‘7‘.31 (m.4H, ArH); 7.10 (d, TH, ArH); 5.65 (s, 1H, CHOCO)Y; 4.91 (s, 1H, ArCH); 4.64-

20 4.01 (m. 7H, 1H of CHN+2H of CH,0+4H of 2xCH;0); 3.38-3.22 (m, 2xCH; of
piperazine ring); 2.62-2.43 (m, 4H, 2xCH; of piperazine ring); 2.36 (s, NCH,); 0.95 (d, 3H,
CHCH,)

MS (MeOI) 524 [M+1] 546 [M+23]

b) (S)-1,3-dihydroxypropan-2-yl 9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-7-oxo-
3,7-dihydro-2H-[1,4]Joxazino[2.3 4-ij]quinoline-6-carboxylate
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(S)-2-phenyl-1,3-diexan-5-yl 9-fluoro-3-methyl-10-(4-methylpiperazin-1 -yb)-7-0x0-3,7-
dihydro-2H-[1 ,4]o>{azin0[2,3,4-ij]quinollne-(v—carboxylate (0.50 g, 9.55 mmol), was
dissolved in a mixture of dichloromethane/methanol (2:1.5, 87.5 ml) under argon,
Palladium catalyst (10 wit % Pd/C) (180 mg) was added, the flask was evacuated and
allowed to stir 1 atm of hydrogen gas at room temperature for 16 hours. The crude reaction
mixture was passed through a glass microfiber ona sintered funne!l. The volatiles were

removed under reduced pressure yietding 370 mg (88%) of a yellow gum

H1-NMR (CDCls, 400 MHz): §{ppm] = 8.72 (s, 1), 7.57 (dd, 1H, J'=126Hz, =18
Hz), 4.67-4.60 (m, 1H), 4.55-4.49 (m, 1H), 4.41-4.35 (m, 2H), 4.31-4.25 (m, 1H), 4.00-
3.92 (m, 1H), 3.69-3.63 (m, 2H), 3.46-3.33 (m, 4H), 2.71-2.60 (m, 4H), 2.40 (s, 3H), 1.53
(d, 3H.1=6.8 Hz)

Benzocaine (ethy] 4d-aminobenzoate)

Example 9: Ethyl 4-((1 ,3—dihyd1'oxypropan-?.-yloxy)carbonylamino)bcnzoate

a) 2-phenyl-1.3-dioxan-5-yl carbonochloridate

@/i/o\/[/()\g((ﬂ
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Triphosgene (bis(trichloromethyl)carbonate (1 3.35 g, 45.0 mmol) was added under argon
at room temperature to a solution of 1,3~O-benzyiidenéglycerol {18.02 g, 100.0 mmol) in
dry CHzCl (300 ml). The reaction mixture was cooled to -40°C and a solution of pyridine
(10.9 ml, 135.0 mmol) was added over 35 min under stirring. Upon completion of the
addition the reaction mixture was stivred for 30 min at -40°C. Then it was allowed to warm
to 0°C over 60 min and subsequently warmed to rt over 3.5 h under stirring. The reaction

product was used in the next step without any further purification

IH-NMR (CDCly. 400 MHz): 8[ppm] = 7.42-7.33 (m, 2H), 7.31-7.21 (m, 3H), 5.50 (s,
1H). 4.72-4.70 (m. 1H). 4.34-4.28 (m, 2H), 4.18-4.09 (m, 2H)

b) Ethyl 4-((2-phenyl-1,3 _dioxan-5-yloxy)carbonylamino)benzoate

Ethyl 4-amincbenzoate (benzocaine) (16.53 g, 0.10 mol) was dissolved in dry CH,Cl; (160
ml) under argon. The reaction mixture was cooled to 0°C and triethylamine (16.7 ml, 0.12
mol) was added. 2-phenyl-1.3-dioxan-5-yl carbonochloridate (224.27 g, 0.10 mol) (as a

solution in 300 m! CH,Cl, — obtained in the previous reaction step) was added gradually

over 40 min. The reaction mixture was stitred for 1 h at 0°C and then gradually warmed to

room temperature and allowed to stirr over night. The crude reaction mixture was was

washed with 1M aqueous HCI (2 x 300 mi), saturated NaHCO; solution (2 x 300 ml) and

water (2 x 300 ml) successively. The organic layer was dried over Na.SQ, and the solvent

was removed under reduced pressure. The crude product was purified through flash
column chromatography (SiO»/CHCLs) yielding (25.9 g, 70.0 mmol, 71 %) of a colourless

crystalline solid.

c, 2a 0..vo0o~™».7,-; (N.-. E- al nia-- en2t---= ar
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'H-NMR (CDCls, 400 MHz): 8{ppm] = 8.00 (d, 2H, J = 8.8 Hz), 7.55-7.50 (m, 2H), 7.4
(d, 2H, ] = 8.8 Hz), 7.41-7.36 (m, 3H), 7.1 (s, 1H), 5.62 (s, L H), 4.41-4.33 (m, 4H), 4.25-
422 (m, 2H), 1.38 (tr, 3H, T = 7.1 Hz)

5 c) Ethylt 4-((1 ,3-dihydroxypropan-2-ytoxy)carbonylamino)benzoate

P OH
2NN

Ethyl 4-((2-pheny!-1 ,3-dioxan—lS—yl0xy)carbonylamino)benzoate (4.70 g, 12.7 mmol) was
10 dissolved in ethano! (500 m) under argon and Pd/C (2.48 g, 2.3 mmol) was added. The
flask was flushed with hydrogen and allowed to stirr under [ atm Hp at room temperature
for 16 h. The crude reaction mixture was passed through a plug of celite and the solvent
was removed under reduced pressure yielding (3.14 g, 11.2 mmol, 88 %). The prbduct was

used without any further purification,
'H-NMR (CDCls, 400 MHz): 8[ppm]} = 8.00 (d, 2H, J = 8.8 Hz), 7.46 (d, 2H, J = 8.8 Hz),
7.17 (8, 1H). 4.97-4.93 (m, 1H), 4.35 (quart, } = 7.1 Hz), 3.99-3.86 (i, 4H), 2.62-2.11 (br,

2H), 1.38 (ir, 3H, 1 = 7.1 Hz)

20 Menthol (1R.2S,5R)-2-isopropyl-5-methyleyclohexanol)

Exampie 10: (1R.28.,5 R)-2-isopropyl-5-methylcyclohexyl 2,3-dihydroxypropanoate

a) Sodium (R)-{+)-2,2-dimethyl-1 3-dioxolane-4-carboxylate

25
O
‘X<OJ/1LO Na
G®
0



>pa Catalyst (drops) -4 0 F- 0:1 0O ,r) 5 DBTDL 3 DBTDL 10
: , .1
10180 5 5 DBTDL .-.) O U. 710 ),-) (t) 1013 a kS

Methyl (R)—(+)—2,2-dimethy§—l,B—dioxolane-4-carbc_1xy1ate {1.00 g, 6.2 mmol) was
dissolved in 80 % aqueous 1.4-dioxane. 1.2 M aqueous NaOH solution was added (5.2 ml)
and the reaction mixture was stirred at room temperature for 3 h, After that the solvents
were removed under reduced pressure and a colourless solid was obtained (1.03 g, 6.1

S mmol, 98 %). The product was used immediately in the next reaction step without further

purification.

b} (R)-(+)-2.2-dimethyl-1 ,3-dioxolane-4-carboxylic acid

o]
A/OJ)LOH
O

Sodium (R}-(+)-2,2-dimeth}/l-i,3—dioxolane-4-carboxyiate {1.03 g, 6.1 mmol) was

10

dissolved in a mixture of water (1.2 ml) and ethyl acetate (1.2 ml} and cooled to 0°C. 2 M
aqueous H3POy solution (7 ml) was added until the reaction mixture reached pH 2. After
15 that the reaction mixture was saturated with NaCl and the reaction rﬁixture was extracted
withethyl acetate (3 x 20 mi). The organic layer was dried over Na;SO4 and the solvent
was removed under reduced pressure. The product (0.73 g, 4.9 mmoal, 81 %) was used In

' the next step without any further purification.

20 'H-NMR (CDCls, 400 MHz): 8{ppm] = 8.99-8.13 (br, 1H), 4.64-4.61 (m, 1H), 4.32-4.25
(m, 1H), 4.22-4.17 (m, 1H), 1.52 (s, 3H), 1.41 (s, 3H)

¢} (1R,28,5R)-2-isopropyl-5-methylcyclohexyl 2,2-dimethyl-1,3-dioxolane-4-carboxylate



a aaaaaa(a IQU r, en 00O -

10

20

- 104 -

(R)—(+)—2,2—d'1methyl-1,3-dioxoiane—ti—carboxylic acid (2.86 g, 19.6 mmol) was dissolved
in anhydrous CHCl; (120 mi} under argon. Menthol (1R,28,5R)-2-isopropyl-5-
methylcyciohexanol) (3.67 g, 23.5 mmol), triethylamine (7.93 g, 78.4 mmol) and 0O-
penzotriazol-1-yl-N, N, N°, N'-trimethyluronium hexafluorophosphate (8.18 g, 21.6 mmol)
were added successively. The reaction mixture was stirred under argon for 72 h. The
reaction mixture was washed with saturated NaHCOs3 solution (3 x 50 ml), aqueous HCl
(pH 5) (3 x 50 m!) and water (3 x 50 ml) and dried over Na;SO4. The organic solvent was
removed under reduced pressuregiving a yellow oil. (0.54 g, 0,93 mmol, 93 %). The crude
product was purified through flash column chromatography (8i02/15% - 25% graduent of

ethyl acetate in hexane) yielding 3.16 (11.2 mmol, 57 %) of a yellow oil.
'H-NMR (CDCl3, 400 MHz): 8{ppm] = 4.82-4.69 (m, 1H), 4.59-4.50 (m, 1H), 4.25-4.18
(m, 1H), 4.10 -4.01 (m, 1H), 2.03-1.94 (m, 1 H), 1.89-1.77 (m, 1H), 1.70-1.62 (m, 2H),

1.55-1.35 (m, 8H), 1.09-0.95 (m, 2H), 0.92-0.79 (m, 711), 0.74 (d, J = 7.0 Hz) -

d) (1R.28,5R)-2-isopropyl-5-methylcyclohexyl 2,3-dihydroxypropanoate

CHy
of

: O/LK(\OH
AL OH

(1 R.2S,5R)-2-isopropyl-S-methylcyclohexyl 2,2-dimethyl-1,3-dioxolane-4-carboxylate
(1.00 g, 35.2 mmol) was dissolved in 98 % aqueous ethano! (10 ml). Amberlyst 15 (wet)
ion exchange resin (0.30 g) and bumping granulate were added. The reaction mixture was
vefluxed for 4 h without stirring (under argon). After that, the reaction was brought to room
temperature, the resin and bumping granulate were removed and the solvent was removed

under reduced pressure. The product was obtained in quantitative yield (0.94 g)
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HL-NMR (CDCly, 400 MHz): 8{ppm] = 4.86-4.74 (in, 1H),4.26-4.19 (m, 1H), 3.92-3.87
(m. TH). 3.85-3.79 (m. 1H), 3.25-3.14 (m, 1H), 2.22-2.08 (m, 1H), 2.06-1.96 (m, 11D,
1.93-1.79 (m, 1H), 1.74-1.65 (m, 2H), 1.56-

Example 11: 1.3-dihydroxypropan-2-yl (28,5R)-2-isopropyl-3-methylcyclohexyl

phosphonate

a) Dichloro((] R,2S,5R)-2-isopropyl-5-methyleyclohexyloxy)phosphine

= NOPCl,
P

The phosphorus trichloride (56.0ml, 87.89g, 0.640mol) was added to dichloromethane
(anhydrous) under argon gas to obtain a solution. The solution was cooled to -30°C and (-)-
menthol (1R.28,5R) (10.00g, 0.0640mol) was added portion wise over 10mins. The
solution was allowed to warm to ambient temperature and was allowed to stir at ambient
temperature for 16 hours. The solvent was removed in vacuo to obtain a colourless oil

(16.46g). The crude product was used directly in the subsequent step.

b) (25.5R)-2-isopropyl-S-methyleyclohexyl 2-phenyl-1.3-dioxan-5 -yl phosphonate

CHa
S
- o‘E;‘o ©
AN

The dichloro(2S,5R)-2-isopropyl-S-methyleyclobexyloxyphosphine (8.23g, 0.0320mol)

was dissolved in dichloromethane (anhydrous) (100ml) under argon gas. Cooled to 0°C.

cS
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Added a solution of cis-1.3-benzylidenegtycerol (7.21g, 0.0400mol) and tert-butanol
(2.97g, 0.040mol) (1:1) in dichloromethane (anhydrous) dropwise over 30 mins. Then
added triethylamine (8.9ml, 6.47g, 0.0640mol} dropwise. Allowed to stir at 0°C for
10mins. And then allowed to gradually warm to ambient temperature. And removed

solvent in vacuo to obtain a colourless crystalline solid (26.67g).

The crude product was chromatographed on silica gel using EtOc/pet spirit 60-80 to obtain

tlie product fraction as a colourless oil (1.29¢}
'H-NMR (CDCls, 400 MHZ): 8[ppm] = 7.93-7.92 (m, 0.5H, P-H), 7.58-7.29 (m, 5H), 6.17-
6.16 (m, 0.5H, P-H), 5.56 (s, 1H), 4.53-3.98 (m, 6H), 2.31-1.89 (m, 3H), 1.88-0.57 (m,

15H)

¢) 1,3-dihydroxypropan-2-yl (28,5R)-2-isopropyl-5-methylcyclohexy! phosphonate

O Bt

The The dichloro(25,5 R)-Z—isc)propyl-S~methylcyclohexyl—Z—phenyl-1,3-di0xan-5-yl
phosphonate (0.97g; 2.54mmol) was dissolved in 80% (v/v) aqueous acetic acid {10ml}
and allowed to stir at 70°C for 3hrs. The solvent was removed in vacuo followed by

pumping under high vacuum to obtain an oil (0.69 g, 2.37 mmo}).

[INMR (CDCls, 400 MHz): §[ppm] = 7.89-7.87 (m, 0.5H, P-H), 6.01-5.89 (m, 0.5H, P-
H), 4.42-3.28 (m, 8H), 2.29-0.51 (m, 18H)

Phenol

Example 12: 1,3-dihydroxypropan-2-yl phenyl succinate
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a) 4-oxo0-4-phenoxybutanoic acid

QONOH

O

Pheno! (1.88 g, 20.0 mmol) was dissolved in a solution of sodium carbonate (anhydrous)
(1.06 g, 10.0 mmol) in water (20 ml) and cooled to 0°C. Succinic anhydrid (2.00 g, 20.0
mmol) was added and the suspension was allowed to stirr at 0°C for 1 h. The reaction
mixture was gradually warmed to room temperature and stirred over night. The clear
solution was cooled to 0°C and acidified to pH 0 (addition of 1M aqueous HCI). The
reaction mixture was extracted with chloroform (3 x 25 ml}, dried over NayS0;, filtered
and the solvent removed under reduced pressure to obtain a white solid (1.63 g, 8.4 mmol,

42%). The product was used without any further purification.
'H-NMR (CDCl3, 200 MHz): 3{ppm] = 7.44-7.03 (m, 5H), 2.95-2.77 (m, 4H)

b) Pheny! 2-phenyl-1,3-dioxan-5-yl succinate

QOMO/C{@

4-ox0-4-phenoxybutanoic acid (1.00 g, 5.15 mmol) was dissolved in anhydrous CH,Cly
(55 ml) under argon. Menthol 1.3-O-benzylideneglycerol (1.11 g, 6.18 mmol),
triethylamine (2.09 g, 20.6 mmol) and O-benzotriazol-1-yI-N, N, N’, N’-trimethyluronium
hexafluotophosphate (2.15 g, 5.67 mimol) were added successively. The reaction mixture
was stirred under argon for 72 h. The reaction mixture was washed with saturated NalHHCOs

solution (3 x 50 ml), agueous HCI (pH 5) (3 x 50 mb) and water (3 x 50 ml) and dried over
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Na,S0,. The organic solvent was removed under reduced pressuregiving a yellow oil.
(0.54 g, 0.93 mmol, 93 %). The crude product was purified through flash column
chromatography ($i02/10 % MeOH in chloroform) yielding 0.98 g (2.58 mmol, 50 %) of a

yellow solid.

'H-NMR (CDCls, 400 Miz): 8[ppm] = 7.54-7.48 (m, 2H), 7.41-7.31 (m, 5H), 7.23-7.19
(m, 1H), 7.13-7.06 (m, 2H), 5.57 (s, 1H), 4.78 (m, 1H), 4.33-4.29 (m, 2H), 4.20-4.16 (m,
2H), 2.97-2.86 (m, 4H)

10 c) 1,3-dihydroxypropan-2-yl phenyl succinate

OH

Phenyl 2—phen)f]—1 3-dioxan-5-y! succinate (0.11 g, 0.3 mmol) was dissolved in ethanol (20
15 ml) under argon and Pd/C (0.09 g, 0.1 mmol) was added. The flask was flushed with
hydrogen and allowed to stirr under 1 atm H, at room temperature for 16 h. The crude
reaction mixture was passed through a plug of celite and the solvent was removed under
reduced pressure yielding (0.9 g, 0.26mmol, 89 %). The product was used without any

further purification.

'H-NMR (CDCl3, 400-MHz): §[ppm] = 7.43-7.33 (m, 2H), 7.25-7.21 (m, 1H), 7.12-7.05
(m, 2H), 4.97 (quint, 1H,J = 4.4 Hz), 3.88-3.80 (m, 4H), 2.95-2.91 (m, 2H), 2.82-2.75 (m,
2H), 2.58-1.60 (br, 2H)

25  (6) Synthesis of the protected monoglyce;fide — linker-building blocks

(a) Synthesis of protected monoglycerides with a diacid linker
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1,3-Benzylideneglycerol and solketal ((2,2-dimethyl-1 ,3-dioxolan-4-yl)methanol) are each

separately dissolved in organic solvent and each reacted with a diacid (succinic, glutaric,

5 adipie, pimelic, suberic, azelaic, sebacic) under appropriate conditions.

(b) Synthesis of protected monoglycerides with an omega hydroxy acid linker

3 " O/%) o) H
@—{’,}M GV

10
|,3-Benzylideneglycerol and solketal are cach separately dissolved in organic solvent and
cach reacted with an omega hydroxy acid under appropriate conditions.
(c) Synthesis of protected monoglycerides with a chloroformate linker
15
_ﬁCl
Q k Cl
o ML oo p
O~ =
O o "

1,3-Benzylideneglycerol and solketal are each separately dissolved in organic solvent and
each reacted with an omega hydroxy acid under appropriate conditions. The product of this

20 conversion is reacted with triphosgene to give the proiected monoglycerides with a

chloroformate linker.

(d) Synthesis of chloroformate functionalised protected monoglycerides
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1,3-Benzylideneglycerol and solketal are each separately dissolved in organic solvent and

cach reacted with triphosgene under appropriate conditions.

5
(7) Synthesis of the monoglyceride-linker-bioactive agent-conjugates
(a) Coupling of hydroxy containing bioactive agents with protected monoglycerides with a
diacid linker
HO H%—*EE%F%}UO
HC g i
== Bioactive agent.
10

A hydroxy containing bioactive agent — such as Codeine, Fluconazole, Latanoprost or
Dexamethasone - (after conversion into a prodrug by protecting additional functional
groups with appropriate biocrodable protection groups) is reacted with protected
monoglycerides with a diacid linker. The monoglyceride protection groups are removed
15 under appropriate conditions giving the monoglyceride functionalised (at the primary or

secondary alcoho! positions of the glyceride) bioactive agent monomers.

(b) Coupling of hydroxy containing bioactive agents with protected monoglycerides with

an omega hydroxy acid linker
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= Bioactive agent

A carboxy acid containing bioactive agent — such as Ciprofloxacin, Levofloxacin or
Valproic acid - {after conversion into a prodrug by protecting additional functional groups
5 with appropriate bioerodable protection groups) is reacted with proiected monoglycerides
with a emega hydroxy acid linker. The monoglyceride protection groups are removed
under appropriate conditions giving the monoglyceride functionalised (at the primary or

secondary alcohol positions of the glycende) bioactive agent monomers.

10 (c) Coupling of amine containing bioactive agents with protected monoglycerides with a

chloroformate linker

0" o

= Bioactive agent

15  An amine containing bioactive agent — such as Benzocaine - (after conversion into a
prodrug by protecting additional functional groups with appropriate bioerodable protection
groups} is reacted with protected monoglycerides with a chloroformate linker. The
monoglyceride protection groups are removed under appropriate conditions giving the

monoglyceride functionalised (at the primary or secondary alcoho! positions of the
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gtyceride) bioactive agent monomers.

(d) Coupling of amine containing bioactive agents with chloroformate functionalised

protected monoglycerides

HO O}—NH
e
HO w

== Bioaclive agent

An amine containing bioactive agent — such as Benzocaine - (after conversion into a
prodrug by protecting additional functional groups with appropriate bioerodable protection
10 groups) is reacted with chioroformate functionalised protected monoglycerides. The
' monoglyceride protection groups are removed under appropriate conditions giving the
monoglyceride functionalised (at the primary or secondary alcohol posttions of the

glyceride) bicactive agent monomers.

15 (&) Coupling of amine containing bioactive agent with carboxylic acid functionalised

protected monoglyceride

Q

NH

HO = Bioactive agent

20  An amine containing bioactive agent — such as Benzocaine - (after conversion into a
prodrug by protecting additional functional groups with appropriate bioerodable protection
groups) is converted into the corresponding isocyanate. Reaction of the isocyanate with a

carboxylic acid functionalised protected monoglyceride produces (via release of CO;) the
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corresponding amide derivative which is subsequently deprotected.

f) Conversion of an amine containing bioactive agent to an aromatic carbamate containing

functionalised protected monoglyceride

i

Bioactive agent

An amine containing bioactive agent — after conversion into a prodrug by protecting
additional functional groups with appropriate bicerodable protection groups - is converted
10 into the corresponding functionalised protected monoglyceride containing an aromatic

carbamate.

" (8) Synthesis of bioactive agent-linker conjugates

15 (a) Synthesis of diacid-bioactive agent conjugates

— Bioactive agent

A hydroxy containing bioactive agent -~ such as Codeine, Fluconazole, Latanoprost or
Dexamethasone - (after conversion into a prodrug by protecting additional functional
groups with appropriate bioerodable protection groups) is reacted with a diacid or a diacid

20 derivative.
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(b) Synthesis of acid/omega hydroxy-bioactive agent conjugates

== Bleactive agent

18] O~\<
5 ; 31\ 0
HO
An carboxy acid containing bioactive agent — such as Ciprofloxacin, Levofloxacin or
Valproic acid - (after conversion into a prodrug by protecting additional functional groups

with approptiate bioerodable protection groups) is reacted with an acid/omega hydroxy

linker or a derivative thereof.

(c) Synthesis of an acid/chloroformate-bioactive agent conjugates

== Bivactive agent

An amine containing bioactive agent — such as Benzocaine - (after conversion into &
prodrug by protecting additional functional groups with appropriate bioerodable protection

groups) is reacted with a an acid/chloroformate linker or a derivative thereof .

d) Conversion of an carboxy acid containing bioactive agent to functionalised protected

monoglyceride containing a spacer group.

HOOC == Bioactive agent
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An carboxy acid containing bioactive agent — after conversion into a prodrug by protecting
additional functional groups with appropriate bicerodable protection groups - is converted
into the corresponding functionalised protected monoglyceride with a spacer group that

can be modified to meet the required polymer properties and release kinetics.

e) Conversion of an alcohol containing bioactive agent to functionalised protected

monoglyceride containing a spacer group.

== Bioactive agent

An alcohol containing bicactive agent — after conversion into a prodrug by protecting
additional functional groups with appropriate bioerodable protection groups - is converted
into the corresponding functionalised protected monoglyceride with a spacer group that

can be modified to meet the required polymer properties and release kinetics.

(9} Synthesis of monoglyceride-linker-bioactive agent-conjugates

(a) Coupling of diacid-bioactive agent conjugales with protected monoglycerides

6861. 0
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l

Biocactive agent

A diacid-bioactive ageni conjugate, containing a bioactive agent such as Codeine,
Fluconazole, Latanoprost or Dexamethasone - (after conversion into a prodrug by
protecting additional functional groups with appropriate bioerodable protection groups) is
reacted with protected monoglycerides. The monoglyceride protection groups are removed
under appropriate conditions giving the monoglyceride functionalised (at the primary or

secondary alcobol positions of the glyceride)} bioactive agent monomers.

(b) Coupling of an omega hydroxy acid-bioactive agent conjugate with protected

monoglycerides

i

Bioactive agent

An omega hydroxy acid-bioactive agent conjugate containing a bioactive agent — such as
Ciprofloxacin, Levofloxacin or Valproic acid - (after conversion into a prodrug by
protecting additional functional groups with appropriate bioerodable protection groups) is
reacted with protected monoglycerides. The monoglyceride protection groups are removed
under appropriate conditions giving the monoglyceride functionalised (at the primary or
secondary alcohol positions of the glyceride) bioactive agent monomers.

(c) Coupling of an acid/chloroformate-bioactive agent conjugates with protected

LZ 87
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monoglycerides

HoN

Bioactive agent

An an acid/chioroformate-bioactive agent conjugate containing a bioactive agent — such as
Benzocaine - (after conversion into a prodrug by protecting additional functional groups

5  with appropriate bioerodable protection groups) is reacted with protected monoglycerides.
The monoglyceride protection groups are removed under appropriate conditions giving the
monoglyceride functionalised (at the primary or secondary alcohol positions of the

glyceride) bioactive agent monomers.

10 Conversion of a phosphate containing bicactive agent to functionatised protected

monogiyceride (as phosphate ester) with and/or without a spacer group.

X=spacer — as described in the previous text, R=protection group
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OH OH
OH

11
HO~F;’—- — Bioactive agent

OH

A phosphate containing bioactive agent — after conversion into a prodrug by protecting

additional functional groups with appropriate bioerodable protection groups - is converted
5 into the corresponding functionalised protected monoglyceride (as phosphate ester) withor

without a spacer group that can be modified to meet the required polymer propertics and

release kinetics.

Polymer Production

10
This section describes how the functionalised bioactive-monomers conjugates have been
covalently linked to the polymer backbone and formed part of the bioactive-polymer
conjugates containing the selected bioactive as a pendant attachment. The pendant attached
bioactive is able to be released by the breakdown of the covalent bonds through hydrolysis

15 and the degradation of the linkages attaching the bioactive to the polymer.

Synthesis of Polyols
(a) DLLA 1000
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The DLLA 1000 was produced by the polycondensation reaction of an 88% DI Lactic
acid solution (Fluka) using 1-4 butane diol {(Aldrich) as the initiator and 2 Ethyl
Hexanoate (Aldrich) as the catalyst. The polycondensation reaction was undertaken in a
stainless steel vessel (Buchi BEP280 reactor).  The reagenls were added to the reaction
vessel [ 1-4 BDO; 167.5g; DL-Lactic acid solution 2418g; 2 FEthyl Hexanoate; 0.12% ,
2.4¢] and the mixture was stirred at 350prm while bubbling nitrogen gas through the

solution ( 3mL/min). A tube was attached to the reactor outlet to collect the water evolved.

Heating was applied (jacket oil temperature 145°C) and the mixture was left to stir for 2

days. Approximately 280mL of water from collected from the reaction mixture.

Samples were taken and the acid number determined by titration using the methods
outlined above. The low acid number obtained [0.09 mg/KOH / g] was used to indicate
the reaction was completed.  The mixture was cooled and subsamples taken for GPC,

NMR and hydroxyl number analysis using the methods outlined above.

(b)  PLGA (50:50) 1000 _

Purasorb DL Lactide (1000g) and Purasorb Glycolide (805.5g) was added to the 3L
stainless stee] Buchi reactor. The reactor was heated under a nitrogen blanket without
stirring to a jacket oil temperature of 145°C. The stirrer was started and the jacket

temperature adjusted to 120°C.

To the stirred reaction mixture was added 156.3g of 1-4 BDO and 2.2g 2-Ethy] Hexanoate.
An exotherm was observed with the reaction temperature rising to 143°C in 8 minutes.

The mixture was heated for 40hrs at a stirring rate of 300rpm under a nitrogen blanket.

Samples were taken and the acid number determined by titration using the methods

outlined above.
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Polyurethane and Polyester-Urethane Formulations

Polylactic Acid (Mw 1000 g/mol) and polycaprolactone diol (Mw 1000 g/mol) were both
dried under high vacuum overnight at 75°C before use. Hexamethylene diisocyanate (HDI)

and Ethyl-lysine diidocyanate (ELDI) were distilled before use.
Polyurethane Bulk Synthesis Method

The required amounts of DLLA, PLGA or PCLD (ERA Chemicals Pty Ltd) polyester
polyols were weighed into a beaker and kept warmed in a pre-heated nitrogen purged oven.
The required amount of bioactive-monomer conjugate was first dried under vacuum with
mild heat then mix added to the reaction beaker containing the DLLA, PLGA or PCLD

components and retuned to an oven 10 equilibrate.

The required amount of diisocyanate HDI was weighed into a syringe for addition to the
other.cmnponénts. Three drops of Dibutyltin Dilaurate (DBTDL) or 2 Ethyl Hexanoate
((Sn2EH) catalyst were first added to the bioactive-monomer conjugate and/polyol
mixture. The monomer/s and catalyst were mixed well before either the HDI or ELDI was
added via a sysinge. The whole mixture was mixed and stirred vigorously with a spatula
until the mixture thickened considerably before it was poured onto a baking tray. The tray

was then placed in an oven overnight at 80°C to cure the polymer.

Optimisation of the molecular weight was achieved by varying the HDI or ELDI index.
The molecular weights of the polymers were characterised by Gel Permeation
Chromatography (GPC) using THF or DMF as the solvent. Reaction completion and

structural integrity were confirmed by means of 'H NMR.

Polyurethane Solution Synthesis Method
Bioactive-monomer conjugates were dried under vacuum with mild heat then added to dry
DMEF (typically > 1g) in a small round bottle flask. Two drops of DBTDL or Sn2El were

added and the mixture warmed in an oil bath at 85°C before injecting in a slight excess of
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HDI or ELDI.  The mixture was typicaily found to have thickened considerably after
stirring overnight at 85°C. The DMF solvent was removed and the material was then

analysed or further purified.

5  Polyurethane Precipitation Purification Method
The resulting PU was dried to remove any DMF present. The polymer was then dissolved
in a minimal amount of DMSO then precipitated from solution into acetonitrile.  Any
unreacted bioaclive-monomer conjugate remained dissolved in the DMF/Acetonitrile
solution.
10
Aliphatic Polyurethanes containing Valproic Acid Meonoglyceride (VA-MG)

Comparative Example 1: PU polymer bioactive-coniggate containing S0mole% VA-MG

15 A polymer-bioactive conjugate containing 50mole% VA-MG was formed by the reaction
of 1:1 molar ratio of VA-MG and HDI according to the Polyurethane Bulk Synthesis
Method. The VA-MG synthesised in Example 1 above was dried under vacuum. The VA-
MG (1.005g, 4.6mmol) was added to a dried 150m! polypropylene (PP} beaker. DBTDL
(dibutyl tin dilaurate) catalyst was added to the beaker (0.0041 g). The mixture was

70 stirred and heated in the beaker at 70°C for S mins. HDI was then added by syringe
(1.003g 5.9 mmol) with stirring. The mixture was then pouvred into a Teflon coated tray
and allowed to cure for 4 hours in an oven at 70°C. Films of the polymer were pressed
using a meit press set at 90°C. Teflon coated metal press plates were used. The thickness

was controlled using a 200 micron shim plate. The sample was pressed for 5 mins at 90°C

|\
[}

and then cooled to room temperature using tap water (flowing through the press platterns).

The polymer film was found to be clear, flexible and tough. The nominal loading the

valproic acid in the polymer is approximately 30wi%.
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over nol ecul ar sieve u3|n% a solvent delivery System (S
2

DCM was dri

added to the polyols mixture. HDI (1.393g, 8.281 mmol) was delivered by a syringe and

- vigorous mixing was applied. The hot mixture was then poured onto a Teflon coated tray

10

]

30

and placed in an oven to cure overnight at 85°C. Through isocyanate index optimisation,
polyurethanes of high molecular weights and strength were synthesised from this
formulation. A 250 micron thick film prepared by the process described above was clear,

tough. The loading of VA-MG achieved by this formulation is approximately 23.3 wt%.
Aliphatic Polyurethanes containing Levofloxacin Monoglyceride (LVX-MG)

Example 20: Polyurethane Bioactive-Polymer conjugate containing > 50wt% LVX-MG

LVFX-MG (0.20g, 0.457 mmol) was dissolved in 2.5 ml of dry DMF solvent. Two drops
of the DBTDL catalysi was added to the solution and heated to 65°C in a smail round
bottie flask with a rubber seal. HID (0.078g, 0.464 mmol) added via a micro syringe and
allowed to react overnight. After removing the DMF, flaky but brittle solid was- produced.

After precipitation in acetonitrile solvent, a whitish material was collected.

Example 22: Polyurethane Bioactive-Polymer conjugate containing 13wit% bound LVX (
as LVX-MG).

DLLA (1.35g, 1.20 mmol), PCLD (0.38g, 0.384 mmo!) and 3 drops of DBTDL was mixed
in a beaker and warmed in an oil bath at 65°C. LVFX-MG (0.65g. 1.04 mmol} was
dissolved in 3 ml of dry DMF solvent. The two mixtures were then combined before
injecting in the HDI (0.52g, 3.09 mmol). Over the course of a few hours, the mixture’s

viscosity has increased considerably. Transferred the material into a crucible and heated in

DS) .



Reactions were carried out in DCMw thin a 50nm round bottomflask fitted
wth 5 magnetic stirrer bar and a reflux condenser. The fl asks were
bl anketed with nitrogen to prevent npisture ingress. Tri et hyl am ne (TEA)
was added to the reaction flask in 20% excess to drive the reaction by
pronoting the formation of the acid chloride salt. The TEA was dried by
distillation 10 off cal cium hydride under a nitrogen bl anket. Reaction
wor k- up i nvol ved washing of the TEA-HO salt in 0.1M HCL and water, drying
the organic | ayer over anhydrous sodi.ungrsul phate, filtering and renoval of
the DCM by rotovap. Al sanples were washed with 0.1M HCL then water and
dried under high 15 vacuum Reaction conpletion and structural integrity
was confirmed by 11-1 NMR and nol ecul ar weights determned by GPC. - - 129-
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produced,
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- 127 -

It was found that polymer produced by selective precipitation was too brittle to melt press.
1t was decided to melt blend these materials with the amorphous PU’s produced for the

earlier Levoflocaxin / amorphous PU blend worlk.

5  Film samples of the melt blend of the LVX-MG bioactive polymer conjugate { Example

15) with amorphous PU have been produced which contain 10wt% LVX.

POLYESTERS
10
Reaction of VA-MG with Di-Acids or Anhydrides

VA-MG was dried under high vacuum with magnetic stirring at room temperature in the
flasks used for conducting the reaction. The reactions was carried out at 110°C in 50mL
15 round bottom flasks fitted with magnetic stirrer bar, a 10mL capacity Dean and Stark trap
and a reflux condenserin the presence of a condensation catalyst (DBTDL).  The

apparatus were blanketed with nitrogen to prevent moisture ingress.

Toluene distilied from sodium was used as a solvent for the reaction. The collection arm
90 of the Dean and Stark trap was filled with dried molecular sieve (4A) to further promote

the removal of water from the reaction mixture

Reaction work-up involved the removal of the toluene by rotovap and high vacuum. All
samples were washed with 0.1M HCI then water and dried under high vacuum, Reaction
25  completion and structural integrity was confirmed by 'H NMR and molecular weights

determined by GPC.
Reaction of VA-MG with Acid Chlorides

10 VA-MG was dried under high vacuum with magnetic stirring at room temperature in the

flasks used for conducting the reaction.
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The acid chlorides were distilled under vacuum and stored under nitrogen in a freezer
before use. DCM was dried over molecular sieve using a solvent delivery system (SDS).
Reactions were carried out in DCM within a 50mL round bottom flask fitted with
5 magnetic stirrer bar and a refiux condenser. The flasks were blanketed with nitrogen to

prevent moisture ingress.

Triethylamine (TEA) was added to the reaction flask in 20% excess to drive the reaction
by promoting the formation of the acid chloride salt. The TEA was dried by distillation

10 off calcium hydride under a nitrogen blanket.

Reaction work-up involved washing of the TEA-HC]I salt in 0,1M HCL and water, drying
the organic layer over anhydrous sodium sulphate, filtering and removal of the DCM by
rotovap. All samples were washed with 0.1M HCL then water and dried under high
15 vacuum. Reaction completion and structural integrity was confirmed by '"H NMR and

molecular weights determined by GPC.
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Ltrx3 817)(3 - 131 - Drug Release Following in vitro rel ease guidelines
recomended by the International O ganisation of Standardi sation9,

pol ymer - coat ed di scs or cylindrical sanples were suspended in wire baskets
whi ch were imersed in isotonic phosphate buffer (I1PB), adjusted to pH 7.4
using 5 orthophosphoric acid and contai ning 0.01% sodi um azi de as a
preservative, and incubated at" 37C with continuous stirring. Aliquots of
the receptor solution were renoved for analysis at predeterm ned tine
points until the release fromthe polyner no | onger increased. 10 The
amount of drug released fromthe poljyer-coated discs at the various tine
points was quantified by reserve phase high performance liquid

chromat ography (HPLC) with a UV absorbance detector (I|evofloxacin) and
refractive index (val proic acid) and drug separation was perfornmed on a C18
col umm. ll)%%h]le% cin and Valproic Acid were eluted isocratically using a
degassed nobil'e phase. 15 | n vitro assessnent of anti nj grabital z%ctivity
The anti Folbovabg @b vact icldeseyuidelipes ipparmersist &y f Qé?ﬂwﬂla@%géglgaeﬁ’“uosi ng the
di sc di ffusi,on. t.esk . r | S1ih@fQMERAded Wby fusgentd i eak and
Labor at oﬁyﬁng?rgﬁgggornd’s&ﬁigtgi (%Etteg'd?gc%g)?ocz}lgf sel ect ed frombgn Quer ni %ht

cul ture ohskSis whiduscATOBestd wiipptaonpspatebulfr SEE)admsigd fqpH /.4 usin

phosphat e- buf.f ered sal.i s SNaof SseXatd afPbiBatedThe
suspe i8ﬁ£9%]§’sﬁhr?ie‘ﬁ aﬁ’gggﬁtcérﬁalﬁﬁé gltofil‘t%es’%t@ﬁjzﬂ surfascaéprof a Miel | eré&iﬁnton agar

pl ate. DigsG¥(todthednimmnetisinde Aliuptswesy e ppespioy selFHpR s FEYEW ont 0 t he

freshly inaqcul at ed ar. and. t he . eehRchbat 88 Rlyndf Gd bugér for 18
hr. Gomﬁﬁﬁ?ﬂﬁiatipﬁ% lwgdﬂﬂliepg%lp{esgﬁ@?stﬁglll; the foll op\%/iyng day. Discs were
t hen transgdrefsé®d to freshly inocul ated agar plates 25 each day until no

i nhibition of growh occurred. '

10 The amount of drug reteased from the polymer-coated discs at the various time poinis was
quantified by reserve phase high performance liquid chromatography (HPLC) with a UV
absorbance detector (levofloxacin) and refractive index (valproic acid) and drug
separation was performed on a C18 column. Levofloxacin and Valproic Acid were eluted
isocratically using a degassed mobile phase.

15

In vitro assessment of antimicrobial activity

Tﬁe antimicrobial activity of polymer-coated discs was assessed using the disc diffusion
test based on protocols recommended by the Clinical and Laboratory Standards Institute'’.
Colonies selected from an overnight culture of S aureus ATCC strain 29213 were
20 suspended in phosphate-buffered saline (PBS) at a density of 1.5 10® CFU/ml. The
suspension was then used to inoculate the surface of a Mueller-Hinton agar plate. Discs
coated on one side only were placed coated-side-down onto the freshly inoculated agar
and the plates were incubated at 37°C in air for 18 hr. Growth inhibition was inspected
“visually the fbllowing day. Discs were then transferred to freshly inoculated agar plates

25-  each day until no inhibition of growth occurred.

Example 50: Release of Levefloxacin

The following charts show the release of levofloxacin from the polymer systems



Exanmpl e 50: Rel ease of Levofloxaein - 132 - described in Exanples 20, 25,
26, 28 ,27, and 36. The anount of |evofloxacin was determ ned by HPLC as
previously described at the tinme intervals given in the chart. Figure 2
shows the release of both |evofloxacin (LVX) and the | evofl oxacin

i ncor porating nononer, |evofloxacin nonoglyceride (LVX-M5, fromthe

pol ynmer described in 5 Exanple 20. The data shows that |evofloxacin is

rel eased fromthe polyner as the free active drug with very little rel eased
as the inactive | evofl oxaci n-nonogl yceride. Figure 3 shows the rel ease of
‘levofloxacin froma nunber of differept. polynmers described in Exanples 25,
26 ,27 and 28. The data shows | evofloxacin is released fromeach of the

pol ymers 25, 26, 27 and 28. Figure 4 shows an in vitro assessnent of
antimcrobial 10 actiwvity.f pak yser CHi i RIF REcidvaand 36.
Antinicr&B?ELa%81?§?P?e?éod%%g%§??d?§ Fgﬁ%oghpgngﬂééz.Exanple 51

Rel ease @fteMahpt b) GIRIOE ais Poevidelyf desdribail rigy tesh time snively give inehe §8& of

Val proic Acid_fromthe. pol r.s, d ri i i and 17.
The anourtsWs 2 %q“bsrth? bd‘%é‘f’ é{ﬁ%ﬂ]s lcﬁ(gffog(? ‘1#19ﬁ’g‘ékzﬁ‘ﬁﬁ%%vggmgf%ﬁ%ﬁ?f%ﬁ escri bed
at the tipm®oiet efevallsaginv ennoglydhide (hapEMOTi duome (e Sﬂf?bm@rtq’i’écrlbé‘géﬁse of

Val proic Acid fromth ol yne descri bed | 17. The
dat a sﬁoﬁ§amﬁﬁﬁxbgT%?§¥gs s&ﬁ%ém@@ Eﬁ%&%1?@§%§?ﬁ§{g%ﬁ&ﬁéfégfgf%%ﬁ and 17
but not fxeum Rof WillveROHEE dlcasRDisythe natineritelanpirmOEL!yeasdpridauedd with
Val proic Acid attached directly to the incorpaorating di ral, and
from two SHOWOMET ‘ée?ea%lobﬂ‘f)‘io Oﬁ?:calrﬁtﬁ%n%dqluﬂfg r nglige%é tlgflgﬂ{n%}rgn d%élr&r%a?i 0.

Pol yner example®s18s and ald 281s et datd bidoarlctalodigt anekatchdrovatashof 81°Aci d from
t he pol yner backbone. Pol r exanple 13 was produced w : Lt i ona

pol yest erPOW%F%)PSC%q’rp%?n%W‘E{ ;%TEP(EI‘_'%UTHE S&%&P ab W E%?gtsrsrﬁjleg @arﬁg}llﬁgggase of

Val pr gpc a%gin Tof) POWMERS ddasenihatkampldpaamide3d7 vasmimehibatcEdty i
phosphat e butfer (pH 7.4) at 37 C for 120 hours. Both Val proic Acid and

Val proi ¢ dolodsimigdogibpterdidecther e measured 30 by GC-MS. After 120 hours

rel ease of VA-MG coul d be detected but not trace of VA - 133 - was found,
The pol yner described in Exanple 47 was produced froma 1:1 nolar ratio of
Val proi c Acid Monogl yceride and Adjpic Acid. As the amount of VA-MG

rel eased Wssmelesht ﬂeﬁﬁéﬁVPH€°§ﬁHHLt of VA rel eased fromthe pol ymer, such
a polynmer lies outside the clainms of this patent but serves as a conparator

and 116 T Tdowkmcirarts PR euRFBe S HEPE sk P retrr s ety BREE ne "
word " CONpriS& CEANG4 ViRl dn@lih OMic SHGht 35 VEIEIPALidesls demnihaopiPist g,

previously described at the time intervals given in the chart. Figure 5 shows the release of

Valproic Acid from the polymers described in examples CEl, 14, 16, 17. The data shows

that Valproic Acid is released from the polymers 14, 16 and 17 but not from polymer

20 CEl. Polymer from example CEl was produced with Valproic Acid attached directly to

the incorporating diol, Glycerol, and from two monomers, Valproic Acid Mouoglyceride

and HDL, in 1:1 ratio. Polymer examples 16 and 17 used a linker to distance the Valproic

Acid from the polymer backbone. Polymer example 13 was produced with an additional

polyester polyol component, PCL.

25
Comparative Example 2: No Release of Valproic Acid

The polymer described in Example 47 was incubated in phosphate buffer (pH 7.4) at 37
oC for 120 hours. Both Valproic Acid and Valproic Acid Monoglyceride were measured

30 by GC-MS. After 120 hours release of VA-MG could be detected but not trace of VA



will be understood to inply the inclusion of a stated integer or step or
group of integers or 10 steps but not the exclusion of any other integer or
step or group of integers or steps. The reference in this specification to
any prior publication (or information derived fromit). or to any matter
which is known, is not, and should not be taken as an acknow edgnent or
adm ssion or any form of suggestion that that prior publication (or 15
information derived fromit) or knowmn nat ter forns part of the common
general know edge in the field of endeavour to which this specification
relates. - 134 - CLAIMS: 1. A bi odggradabl e fl uoroqui nol one- pol yner
conjugate which is a polyner of a nononer of fornmula (11): X RY'" 5(I1)
wher e X and Y' are each term nal reactive functional groups capable
of reacting w th_functional ! f or§RIcE FIPAQMEY Solar ratio of R
repr esent“?‘ggl)“l”ﬁ'ngg?pog?[m%rrcgeﬁ%ﬁ}gg%g%ta& Ii’leg. Iy&spubsti tuted hydrocarbon; 10Z is
a spacer VEir&t WeidRdn@ij sridehat AdigicfAcdn A5 HSraaRuinhef \Sﬁéﬂéﬁ?lrﬂﬁ? PPes; with
at | east one NoMer co i.S1.Nng. CcoOF i enj.cal tibORddiddtte 2. The
fluor oquigFFGFebHD‘-‘;S‘Eﬁ %}W"%ﬁﬁf‘d@g 38(9@?%2*‘%%1%’ \E/\l%cgr%epi()fn#%e bi oactive 15

moi ety ( Raihs of ShieGlaeslt huossredsatsr ofcbmgaetion to ed selyoraciziedcVEM8t Poxaci n,

cl i naf | oxaci n, danofoxacin, del afl oxacin, dextrofloxacin, difloxacin,
enoxac? n,'""&fHYT| oxaci n, garenoxaci n, gatifloxacin, gemifloxacin,

grepaf | oxaci n, |evofl oxacin, |omefloxacin, marbofl oxacin, noxifloxacin,
nadi f | oxaci n, norf] oxacin,. ofl oxacin, orpbifl (I [ I i ires

si t af | oxadienebegdie Brabsdion patiie gems; which ggfé)f% 3)3}53&:0%% C%tt@%sigiq? | oxacin and
trovaf | OXaGi-fise. Be wih@ "FdrHRi=QY Uind GhomEnpohohmey "coumyjisayaned ofomprgingn-1 or

claim2, wherein X and Y are each hydroxyl an €. . . < ar
| | uor oqui\Wdil%ﬁ’éd?)'éipmm‘@bvn‘jhﬁd’éﬁ*émp Qpég%%gﬁfﬁe T ?r %t%jror PR Cast one

COMDNQH®I ¢16ns but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from
ji). or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or

1S information derived from it) or known matter forms part of the commen general

knowledge in the field of endeavour to which this specification relates.



25 4. The fluoroquinol one-pol yner conjugate of claim 3, wherein the

f 1 uor oqui nol one- pol yner conjugate conprises a pol yurethane polynmer which is
a copol yner of the bioactive noiety conjugate of formula (11) fornmed with
at | east one polyisocyanate, optionally in the presence of one or nore

pol yol co-nmononers. -135- 5. The fl uoroqui nol one-pol ynmer conjugate of
claim4, wherein the polyisocyanate t$%34%el ected from m phenyl ene

dii socyanate, p-phenylene diisocyanate, 2,4-toluene diisocyanate,

2, 6-tol uene dj % @ﬁyanate 1, 6- hexanet hyl ene dii socyanate, 1, 4-hexanethyl ene
dllsocyanate cyclohexane di i socyanate, 1,4- 5 cycl ohexane

di i socyanat e, hexahydro tol uene diisocyanate and its isoners, isophorone di
I socyanat e, d!CYCth&ﬁé%hﬂﬁﬁﬂﬁﬂﬁmQMmkﬁ&ﬁ%ﬁﬁ@&ﬁﬁﬁw1w§mnﬁp&ﬂyhﬁﬂﬁadl

i socyanate, 4,4'-diphenyl net hane diisocyanate, 2,4 dlphenylnethane di

i socyanat e, 4mgnonisy pieRleHe di i socyanate, 3,3' - _di met hoxy- 4, 4' - bi phenyl ene
diisocyanate, 3,3 - d inethyl-d ' ghenyl—propane-4,4'-d

i socyanate, 2,4, 6-tol uene triisocyanatg, 4,4 -

10di met hyl - di phenyl net hane-2, 2', 5, 51- fetr gjysocyanate, and al kyl esters of

| ysine diig%ocyanate. 6. The fluoroquinol one-pol ynmer conjugate of claimb5
wherein the pshytsocyanate is an alkyl ester of Iysine diisocyanate 15 7.
The f 1 uoroqui nol one aﬂplm(yﬁr@%ﬁchctglmlﬁég%a@tn@ffu&m{na@?%u&f caphtd Bﬁeécta'hg 6, wherein
t he copol yner is a copolyner of the nonomer of fornmula (0) with

pol yi socyanat witlafiectiond geupntiicas gioPyomoedicfonomers. 208. The

f1 uoroqui nol one- pq’{1¥1§F€§’em§9ﬂhédgéftb‘?»an@ﬁed%b@dnﬁﬂﬂsub%ﬂﬁd{d&iyﬂro&dﬂ&mpo| yol co-

nononer is_a pol yester polyol A fluoroqui nol one-pol ymer conj ugate
accordi ng’?o clalﬁﬂ83ﬁﬁ@¥€Wﬁ5bﬁé'polyester pol yol is selected fromthe

group consi sting aqf isRQYLIRMOMAEI OB Mlibioddpol y(DL | actide), poly(lactic
acid-co-glycolic acid) and conbinations t

E]rﬁot. 1q. Fhe _

f 1 uor oqui nol oW&R HAFAHHEF MEBMIT, GATRISHE CHRRAIBIRENSHCALUAFINAY t o 9 wherein Dis
coupled through Z to R by a functional group selected fromthe group

consi sting of _an

d d
per oxi de, 30p%roxﬁi%?@@oqﬁwggﬁﬁﬁBgm §?@£aefﬁ:%gsteghagﬁﬂ% Om:eéfer

car banmat ej5azmortyd (DOr Gnatetecest éomnoiletofioxacin,  balofloxacin, c:proﬂoxacm
clinafloxacin, danofoxacin, delafloxacin, dextroﬂoxﬁcin, difloxacin, enoxacin,
enrofloxacin, garenoxacin, gatifloxacin, gemifloxacin, grepafloxacin, levofloxacin,
Jomefloxacin, marbofloxacin, moxifloxacin, nadifloxacin, norfloxacin, ofloxacin,
orbiﬂoxacin, pefloxacin, sitafloxacin, sparfloxacin, temafloxacin, tosufloxacin,

20  tosulfloxacin and trovafloxacin.

3. The fluoroguinolone-polymer conjugate of claim 1 or claim 2, wherein X’
and Y are each hydroxyl and the fluoroguinolone-polymer conjugate is a copolymer
formed with at least one comonomer.
25

4, The fluoroquinolone-polymer conjugate of c¢laim 3, wherein the
fluoroquinolone-polymer conjugate comprises a polyurethane polymer which is a
copolymer of the bioactive moiety conjugate of formula (I1) formed with at least one
polyisocyanate, optionally in the presence of one or more polyol co-monomers.

30



-136- 11. The fl uoroqui nol one-pol ymer conjugate of any one of clains 1 to
10, wherein Z is selected fromthe group consisting of -0-; -C(0)-; and
optionally substituted: -0C(0)-C _isal kyl ene-C(0)-;
-C(0) 0- G _i 8al kyl ene-C(0)-; -NRaC(0)- 5Cl1_, sal kylene-C(0)-;-C(0)0-C 1_1
sal kyl ene-0-;-0-C i m al kyl ene-0-; isal kylene-Nlr-; -0C(0)-C i _| sal kyl ene- N
Ra-; -C(0)-C Nsal kyl ene- NRa-; -00(0) =13~ | sal kyl ene 0-; -C(0)-C
sal kyl ene-0-; and - C(0) NRa- G isal kyl ene-NRa- where Ra is sel ect ed from
hydrogen, G 4 sal kyl, ﬂ@]&du%loiﬁ@BMymerO coh® ik Yy 6laifb:4, Saﬁﬂﬁé]lem GBe
| scarbocyclyl, C3 |8heteroaryl i sheterocyc |y I, and C 7. 1saryl al kyl .
10 12. The fnwwﬂi“?\oll%n%ﬂieﬁﬁﬁyﬁ@f" c@rﬁ"ﬁ@yé‘f”é djf”s%fﬁi‘}]aﬁnepc?f‘er@’ieﬁ?rrs 1to 11,
wherein R is @isbdyRal2 @ﬂol@i’n@-ﬂ%@ﬁnﬁ@tﬂ @ﬂ@ﬁlleheydxﬁb@&ﬁaltd; m%&ﬂxi\}éﬂfyﬁ:@ar bon havi ng
from1l to 12 carbon atoms 151 efluoro one-p ner c qjugate of
claim 12 wherdpepyivales | d-eramety gt B?Dﬁ-‘ﬁ‘é’?l‘ﬁ’d ﬁ %Jl’?ézinﬁo(ﬁ's% 3"?’?3021 1to 6
car bog at oars. cya,léhelbl@ bill&ii?@ﬁﬁﬂalbkﬂ]yﬂﬂou&nﬂﬂuIdﬂﬂicﬁmaepﬁlhcyn’Bl’ xﬂmms,lgate
according to ¢ ol ckbone a
plurality of ‘ﬁ‘iﬂ?@ﬂ‘ d'B‘?Cy@'E’Hzer gffy%%éﬁs}ﬂfﬂﬁm( Icﬁ)”socyv\%teefe ]yﬁgz}%hd%ﬁe which are
thg ?_a;re or ddlif%(f)(@ﬁl&ﬂ:tﬁ}4‘Fdﬁ:plbﬁ;816ﬂhanbldﬂsobﬁllﬂ'ﬂt rﬁd%mpm‘nymmmaﬂﬁpmbqymte backbone
an i) conpr ne or and (ii
are each for nAE?j%fp% ene dHSOC anateuﬁ?’t(@]‘ftﬂqu& %%&\4}]&}1@3 4 %’illgblé (%%jegradagl e)
Bm gty, \é\helredlmeteﬂeimhkﬁwlpfppaﬁl?-4l -disekyBaten @4gitwélnne— XR(igRyanye, nbitety of the
i odegra e n r
i ndependeﬂ?l yd@gt}é h&"”?‘f—l%‘lr:%%gﬁﬁg% gérna%{fa%&%a% ¥ >$| S%St%(r)sﬁmo?eﬁeﬁpl?
represents a dlismamteor branched optionally substl tuted hydrocarbon;

6. The fluoroquinolone-polymer conjugate of claim 5 wherein the

polyisocyanate is an alkyl ester of lysine diisocyanate.

15
7. The fluoroquinolone-polymer conjugate of any one of claims 4 to 6, wherein
the copolymer is a copolymer of the monomer of formula (I1) with a polyisocyanate
and one or more polyol co-monomers.

20 8. The fluoroquinolone-polymer conjugate of claim 7, wherein the polyol co-

monomer is a polyester polyol.

9. A fluoroguinolone-polymer conjugate according to claim 8 wherein the
polyester polyol is selected from the group consisting of polycaprolactone diol,

25  poly(DL lactide), poly(lactic acid-co-glycolic acid) and combinations thereof.

10. The fluoroquinolone-polymer conjugate of any one of claims 1 to 9 wherein
D is coupled through Z to R by a functional group selected from the group
consisting of an ester, amide, thiol, anhydride, imide, carbonate, peroxide,
30 peroxyester, phosphate ester, thioester, sulphate ester, carbamate, azo and boronate

ester moiety.



-137- Z is a spacer noiety; and Dis a fluoroquinolone antibiotic. 15. The
f 1 uor oqui nol one- pol yner conjugate of claim 14 wherein Z is selected 5from
-0-; -C(0)-; and optionally substituted: -0C(0)-Cl.18al kyl ene-C(0) -

-C(0)0- G _isalkylene-C(0)-; -NAC(0)-Cl18al kyl ene-C(0) -;

-C(0)0-C1. 18al kyl ene-0-; -0- C1.18al kyl ene-0-; -0-Cl1. 18al kyl ene-NR'-;
-0C(0)-C _isalkylene-Ne-; -C(0)- 18al¥yt ene-NRa-; -0C(0)-Cl 18al kyl ene-0-;
-C(0)-Cl. 18al kyl ene- 0-; and - C(0) Nr Chi sal kyl ene-NRa- where Ra is sel ected

from hydrogen, G _isal kyI Gi gal kenyl, G . 10isal kynyl, C6.18aryl,

C3. 18car bocycIyI 3. 18het eroaryl, C3. 18het erocycl yl, and C? 16. A

bi odegr adabl el | uEP%dEPf%‘I“E‘R{‘é‘ewW}?brCO‘i‘ib%ﬁT%Q'é@@Y @awf ic§imy 1a® Hart of its
pol ymer backbgmei@ zpk Uebikd Yrof th cﬁb'c@ﬁsls(ﬁfag gener.ab@pr sl @iibdally 15  where:
A and B, which are the same or different Eresent t he remaj nder of the

pol ymer  back bufRIusd @F§O)c(aﬂ15‘}k|yl§ée bife- I('(% LR O T8 (SHbwn i n
20f olr m(;l agl)e. ,@m@mﬁe ngO)a;l’ e -e@nd-d,QLamprnd-00m rmr@@h eikilencumi t s-.d-bat are
coupl e V|aa aa a Din a
gi ven - XR(ZD ‘8 g’rc??ﬂgi B %&%Wﬁl@% Eé&p‘gwﬁ% G"Fylﬁtheogg(gr)e |
different; X (Eh[]ghlk\ﬂe&é@ e&qb)-&ngﬂ!@mnd@mdny Ge})elﬁt‘eel;gﬁlkﬁmem"e%&e and a
car bamat e noi gt e ent s ear d |on I
substi t ut ed hlg ¥5%|5°r§% Fmrgfylrggen Cbéfa]m ¢ is‘ﬂEeny add“a “y? “‘falrﬂbrbév)qui nol one
antibiotic. icArboTiyl,§l:odiegoadabh ahqoboyoiel am:idbmadxladgyl.t o claim16, wherein A
and B 10

12. The ﬂuoroquinolone—po-iymer conjugate of any one of claims 1 to 11,

wherein R is a linear or branched optionally substituted hydrocarbon having from 1

to 12 carbon atoms.

15 . 13, The fluoroquinolone-polymer conjugate of claim 12 wherein R is a linear or

branched hydrocarbon of from 1 to 6 carbon atoms.

14.  The biodegradable fluoroquinolane-polymer conjugate according to claim 1
comprising as part of its polymer backbone a plurality of moieties of general

20 . formula (I):

A—X— Il? -~Y-B
Z

D W
where:

A and B, which are the same or different, represent the remainder of the

25 polymer backbone and (i) comprise one or more -X-R(ZD)-Y- as shown in
formula (1), and (ii) are cach formed from monomeric units that are coupled
via a biodegradable moiety, wherein each X, ¥, R, Z and IJ in a given -X-
R(ZI})-Y- moiety of the biodegradable polymer is the same or different;
X and Y are each-independently-selected-from—an-ester-and-a-carbamate—

30 moiety;

R represents a linear or branched optionally substituted hydrocarbon;



30conprise a copol yner of polyurethane and pol yester. -138- 18. The

bi odegr adabl e pol ynmer according to claim 16 conprising as part of its

pol ymer backbone plurality of noieties of general fornula (1d): AOROB
5(1d) wherein: A and B, which may be the sane or different, represent the
remai nder of the polynmer backbone and are selected froma copol yner of

pol yur et hane and pol yester; 10R repre$&nts a |inear or branched optionally
substituted hydrocarbon; Z is a linking group; and D is a fluoroquinol one
antibiotic. 19. 7he, bhederglradahl e pol ymer according to claim18 which
conprises |less than 1525 npl % of pol ynmeri sed residues that are derived from
a C2 diol, relati¥es tBuapinolngintibigiber of ol es of pol ymeri zed di ol
residues. 20. The bi odegradabl e pol yner according to any one of clainms 16
to 19, wherei m al at r of | oxaci n,

t he bioactive noieties (D) is selected fr
balofloxacinﬂgzo ?Fbﬂﬁ¥ww%5 ”ﬁPMEWPh%Pﬁ§%§8?ﬁ?mbi%8$8§5 ¥, SCHEFSF | oxaci n,
deXF;FtlOX?CHhm1d}fFQ@&p@ﬂJm&MQXﬁﬁFﬁnmemFOﬁK@KaQ@ﬂdhg@C&MPXGGPD; N
gati fl oxacin, . ge 0xacin oxaci ev ci onef l.oxaci n,
narbofloxaciﬁf*WE&FPT@&%&FNFQ%§§%;W8$QST£F«%6f %b@ggﬂﬁﬂygﬁT ké@"in,
or bi f1 oxaci n,C\pefidyeradi;n;0sh 1akloxadiRh;, -OOEPFC 0xiylenaNRE-emaXOpRaci n,

t osuf | oxaci n, tosulfl.exaei ngd, t rovaf | in, . 2521.T i adabl e

pol ymer accor'Eﬁkﬁgé"f'&Ra' fﬁ %@écgfgg](l:( lgllg)er}@" ig@pod'%],kyé eé?_éiqﬁd gﬁ@g coupl ed

t hrough Z t o QRuisikylne-WBi-erheredtiiidesjectet fiom, hydrebsd Ci-dakyli GiedkendaEbonat e,

per oxi de, {ger t 0, e . ter ster,

car bamat e1,00az'§m§[1r?zi?g%‘é)8ﬁ 'P eéjg'g% gjﬁcﬁﬁé’etbiil.gﬁe%&%% %_,_mhe?éll)&@@f, SnfSE£
1sarylaikyl. :

16. A biodegradable fluoroquinolone-polymer conjugate comprising as part of
its polymer backbone a plurality of moieties of general formula (1):
15

A—X—R—Y-B

F’Q
7
D (1
where:
A and B, which are the same or différent, represent the remainder of the
polymer backbone and (i) comprise one or more -X-R(ZD)-Y- as shown in
20 formula (1), and (ii) are each formed from monomeric units that are coupled
via a biodegradable moiety, wherein each X, Y, R, Z and D in a given -X-
R{ZD)-Y - moiety of the biodegradable polymer is the same or different;
X and Y are each independently sclected from an ester and a carbamate
moiety;
25 R represents a linear or branched optionally substituted hydrocarbon;
Z is a spacer moiety; and

D is a fluoroquinofone antibiotic.

[7.  The biodegradabie polymer according to claim 16, wherein A and B

30  comprise a copolymer of polyurethane and polyester.



22. The bi odegradabl e pol yner according to any one of clainms 17 to 21,
wherein Z is selected from--0-; -C(0)-; and optionally substituted:
-0C(0)-C1. 18al kyl eneC(0) -; - C(O) 0- Cl. 1sal kyl ene-C(0) -;

-NRaC(0) - Cl1sal kyl ene-C(0)-; -C(0)0-Cl1_ sal kyl ene-0-; -0-C 1_,

sal kyl ene-0-; -0-Cl48al kyl ene- NW; -0C(0)-C1. 18al kyl ene- 5Nfe-;
-C(0)-Cl1.18al kyl ene-N re-; -0C(0)-C1:-18%t kyl ene-0-; -C(0)-Cl. 18a| kyI ene-0-;
and - C(0)NRa-Cl | sal kyI ene NRa- vvhere Ra is selected from hydrogen, Cl 1
Bal ky], . I sal kynyl ,

i saryl, C3. 18cgr bo 8het eroar shet erocycl

i saryl al kyl . 118023%?1@68‘?%@5%? BAfXBrec %?IQWI%I%‘C&C(TI“H Sy asa‘?"i’? gr’fé of claims
16 to 22, whegdynier Bacibdrie pRddinost nifiancitfednsaptérmnil(ldy substituted hydrocarbon
having from1l to 12 carbon atons. 24. A nethod of delivering a

bi oactive noiety to a subject, the nmethod 15conprising adm nistering to the
subj ect a bi odegradabl e pol yner acegordbirg to any one of clainms Ito 23.

25. A method for preparing a bi odegr adabl e pol ymer according to claim 16,
sai d method conprising the step of pglymerising a monomer - bioactive

nmoi ety 20conjugate of formula (ID: XI-RY' (1) where: X and Y are each
|ndependentIyW1ﬁqm%t| onal groups that (a) are capable of 25 undergoing

pol ymeri sation W tah, AONQKRK nﬁ?%k%s&ﬁm#@érﬁ EHehGRY reffnhma“et bemal ity, and
(b) react with the conpatible chemical functionality to afford a

bi odegr adabl e noi &PYymgebasthont 2rt FRHFFWsTAR 2 gArPLAnE &F B‘éﬁ‘ﬁ?‘@aﬁﬁﬁ‘f*@ty, and R,
Z and D are as defhpegkdi n clai m 16;

10 R represents a linear or branched optionally substituted hydrocarbon;
Z is a linking group; and

D is a fluoroquinolone antibiotic.

19.  The bicdegradable polymer according to claim 18 which comprises less than
15 25 mol% of polymerised residugs that are derived from a C, dicl, relative to the total

number of moles of polymerized diol residues.

20. The biodegradable polymer according to any one of ¢laims 16 10 19, wherein
the bioactive moleties (D) is selected from alatrofloxacin, balofloxacin,
20  ciprofloxacin, clinafloxacin, danofoxacin, delafloxacin, dextrofloxacin, difloxacin,
enoxacin, enrofloxacin, garenoxacin, gatifloxacin, gemifloxacin, grepafloxacin,
levofloxacin, lomefloxacin, marbofloxacin, moxifloxacin, nadifloxacin, norfloxacin,
ofloxacin, orbifloxacin, pefloxacin, sitafloxacin, sparfloxacin, temafloxacin,

tosufloxacin, tosulfloxacin, and trovafloxacin,

25 21.  The biodegradable polymer according to any one of claims 16 to 20, wherein
D is coupled through Z to R by an ester, amide, thiol, anhydride, imide, carbonate,
peroxide, peroxyester, phosphate ester, thioester, sulphate ester, carbamate, azo or

boronate ester moiety.



30w th at | east one nononer conprising conpatible chem cal functionality.
-140- 26. The nethod according to claim25, wherein X and Y' are both
hydroxyl and the nononer - bioactive noiety conjugate is polynerised with a
polyi socyanate and at | east one selected fromthe group consisting of a

pol yaci d, a pol yester, and a pol yester £olyol 527. The net hod according to
cl aim 26, wherein the nmonomer - bioacf$¥e noiety conjugate is pol ynerised
with a polyisocyanate and a pol yester polyol. 28. An ocul ar inplant

gorrprl sing the bi q@@grofa@éadal hige ROY INdlfﬁfcoﬁﬁlqgQBdlh}ﬂgxcbf)c]ﬁhﬁ@llmom whdigs ei n the
ioactive noigety is a fluoroqujnol one ant oner -

bi oacti ve nD|%ﬂ§“%%WFG@5E Ot hatDn g ﬂWFﬂﬂh’“g%”ﬂﬁgég( )€¥éﬁg¥Fﬁb a
blodegradablecpglyﬂﬂoy}th%mnpaﬁnﬁoyA-bmﬁann{yganﬂmeuyo¢on{mgmx@;haV|ng a
structure of g ral I 11 Y' are each
independently”ﬁgﬁﬁFﬁ% ﬂgf%ﬁggm)%hf C&Yﬁ Fé%capabf%pég H%gggngg
polynerisa5iONRWAKMOnﬁn@ﬂEMmhauingoe@nﬂanﬁmybmnmen¢@nK?ﬁaMQmwdhality SO as
to forma biodegr an bl e chem ca
functionality® ][% Cg(?)?\m ;é ﬁqk%en&em}a 21 %te;& &%?Z%% EdVMFQ }Q;dpo § mﬁg(%’)i near or
branched opt i Gnadlkepylsulbsiseikytyéd @deﬁnaﬁb@wﬂmgﬁzmlsCaﬂEpa@em nBi.-ety; and D
is a fIuorqu|ﬁ@i&gggpg&hghgh%§wL 30. The nononer-bi oactive noiety

conj ugate acct o cl wherein X and Y' are each hydroxyl.

10 23.  The biodegradable polymer according to any one of claims 16 to 22, wherein
R a linear or branched optionally substituted hydrocarbon having from 1 to 12

carbon atoms.

24. A method of delivering a bioactive moiety to a subject, the method
15  comprising administering to the subject a biodegradable polymer according to any

one of claims 1 to 23.

25. A method for preparing a biodegradable pelymer according to claim 16, said
method comprising the step of polymerising a monomer — bioactive moiety

20  conjugate of formula (11):

X—R—Y
{
D (i
where:
X' and Y' are each independently functional groups that (a) are capable of
25 undergoing polymerisation with monomer having compatible chemical
functionality, and (b) react with the compatible chemical functionality to
afford a biodegradable moiety selected from an ester and a carbamate
moiety; and

R, Z and D are as defined in claim 16;

30  with at leasl one monomer comprising compatible chemical functionality.



25 31. A biodegradabl e polynmer conprising a pol yester conmponent, the

bi odegr adabl e pol yner prepared by polynerising a nononer - bioactive noiety
conjugate of formula (ID: -141 - where: X and Y' are each hydroxyl;

R represents a linear or branched optionally substituted hydrocarbon; 5Z is
a spacer nmoiety; and Dis a rel easable bioactive noiety; wth at |east one
sel ected fromthe group consisting of14Q1) an al kyl ester of |ysine

di i socyanate; and (ii) a polyisocyanate in the presence of one or nore

pol yester polypl q@e mbQOIPRRHAIE 10 cldd: 25T REerh XURGrAARN S WaloYWRRg Of claim
31, wherein the nonormer-bi oactive nmoiety conjugate of formula (1) is

pol yneri sed mPFWoﬁﬂmﬁr@VF“8§F@FUHP”W§%W%Qo%wemgﬁwygﬁBﬂﬁﬁmiﬁwwﬁgd The

bi odegr adabl eatpaalsw&rseatte@k:amnﬁmégroup\ﬁaafsamﬁg bvhe pomR@yarpobicaachidve noi ety
conj ugat e of f rmul a é‘ is polynerised with an ethyl ester of |ysine

di i socyanate.P ﬁ%ﬁ'%ﬁ’ bi odegr adabl e pol yner of claim 31, wherein the
nononer - bi oacti ve noiety conjugate of formula (11) is polynerised with a

pol yi socyapat g i n ﬁq@%elﬁ%&@%&ﬁ% &f I ARS60KhdTTE e %‘néﬁﬁé" %oa@@e%@dxeﬁfo MoNoners.
35. The bi odegr adabl e pol yner of cl | 'ai m 34, wherein the polyisocyanate is
conjugate is polyme; ised with a polylsocyanate and a polyester polyol.

28. An ocular implant comprising the biodegradable polymer according to claim

16, wherein the bioactive moiety 1s a fluoroquinolone antibiotic.

10 29, A monomer — bioactive moiety conjugate that is suitable for use in preparing
a biodegradable polymer, the monomer — bioactive moiety conjugate having a
structure of general formula (I1):

X'—|$—Y'
%
°m
where:

15 X' and Y' are each independently functional groups that (a) are capable of
undergoing polymerisation with monomer having compatible chemical
functionality so as to form a biodegradable polymer, and {b) react with the
compatible chemical functionality to afford a biodegradable moiety;

R represents a lincar or branched optionally substituted hydrocarbon;

20 Z is a spacer motety; and

D is a fluoroquinolone antibiotic.

30. The monomer-bioactive moiety conjugate according to claim 29, wherein X'
and Y' are each hydroxyl.

25
31. A biodegradable polymer comprising a polyester component, the
biodegradable polymer prepared by polymerising a monomer — bioactive moiety

corjugate of formula (11):



25sel ected from m phenyl ene di isocyanate, p-phenylene d iisocyanate,

2, 4-t ol uene i socya nate, 2,6-toluene d iisocyanate, 1,6-hexanethylene

di i socyanate, | ,4- hexanmethy | ene d iisocyanate, 1,3-cyc | ohexane di

i socyanate, 1,4-cyclohexane di isocyanate, hexahydro-toluene di isocyanate
and its isomers, isophorone dllsocyanate d icyc lo-hexylmethane d is
ocyanates, 1,5- napthylene di i socyanat &1 4, 4' - 30di phenyl net hane

dii socyanate, 2,4' diphenyl nethane diisocyanate, 4,4'-biphenylene - 142 -
diisocyanate,3,3';dinethoxy-4,4'-bkphaﬁywenediisocyanate,3,3'-dinethyl-
cliphenylpropane-4,4'-diisocyanate,2,£,6-toluenetri is ocyanate, 4,4 -d

i methy |- di phenyl nmet hane-2, 2", 5, 51-tgtraiggocyanate, and al kyl esters of

| ysine diisoc nate 536. The bi odegradabl e pol ymer of claim 31, wherein the
nononer - bi oac e noiety conjugate of fornmula (11) is polynmerised with an
al kyl ester of |y3¢mﬂ‘ﬁhmk$méwaﬂEME a polyi socyanate and a pol yester

pol yol co-nononer ode ne of clains 31 to
36, wherein the 157 r%ﬁ@fllmm‘n Hqu?fW“%thﬁFﬂmﬁmﬁngxm R al pha-reduct ase
i nhi bi tors anebi Eiidegpaccamorysaldi cyl at es, anaesthetics (general and | ocal),
anal gesi cs, ang'okﬁgﬁhﬂm&BQ%Rh&Réﬁpk 10r exi ants, antacid agents,

anti - angi ogeni c agents, antia dgents, antiarrythm c agents,
antlarthrltlcWﬁgéhﬁsomaﬁﬁﬁQﬂﬁwnﬁggﬂwm@WHEWFQMTaI agents, antibodies,

anti coagul ants, aﬂélCQQ%H&ﬁéQ&§5W§m%ﬁg§?&§§8ﬁﬂtS antiepileptic agents,
antifungals, 15 anthelinintics, antih am nes, ant ihypertens ives,

ant i hyper| ipi denfidc agramtisecyastie it he aistanyeef ong Ar P st thelyples
antienetigg, antimal arg@ome@nti netabolites, antimgraine, antimtotics,
anti parasitic agents, antiparkinson agents, antipsychotics, antiprotozoals,
antitussives, antiulcer agents, antivirals, anxiolytics, bronchodilators,
decongest ant s32and TRX pRE4PIEEE %olyﬁl&nﬁﬁl’:!afﬁrhgl' aperan ther abahRebphakerceut i cal s,
20 cardi ovascul ar pharnac t|c central, nervous system pharnaceutical s,
benzopldazepNH%§Y‘ﬁ%W%m%B G @DHFd@ Magse %Wl@”d§W§ﬁﬁ85ﬁﬂgﬁﬁTes, cal ci um
channel bl ock&k&yarar boni c anhydrase i nhi bitors, chenokine receptor

ant agoni s counmari ns and i ndadi ones, cox-2 inhibitors, contraceptives,
cytotoxicS, diuretics, diabetes therapies, growh hornones, fertility

phar maceut i ca3s, WenhbﬂﬂﬁmﬁMe@bUﬁﬂsefa5mnﬁuinﬁ@@ﬂ&gmGme;gmmmmh pronot ers,
H2 ant agoni st s in a n.ant agoni.st s, ne.rep|acenent

t her api es, hen%%Y‘%mu%ﬂeoﬂﬁ%]osﬁg ”@“%d %ﬂhﬁ%§@pp ghlgyypﬁotroplc
agent s, i nterdiescgmsie. hor nones and analogs i npot ence agents, Kkinase

i nhi bitors, |axatives, |eukotriene nodifiers, macrolides, nmast cel
stabilizers, nuscle relaxants/stimulants, nydlratlcs neur omuscul ar

bl ocki ng #gent's, 3JGobediaradabinerkpeuct eleim ébhvitesdinmithe Ipbmwab@@mwml S,

ost eopor osi s EQ(;]HQS:’OHJQQQ‘[J] of b&ﬁ}%@e?f)l 1§sp0ﬁ‘féﬂgeldd@§h %ngoiﬁ@c aRERH hdes,

peri pheral vasodilators, platele i nhi bitors/stinulating agents,
prol actin i nHIrgsFIcePEoesF ﬁpléagaeﬁtqﬁmplwltceﬁ@n%?tét ein therapeutics, proton
punp inhibtors, radlopharnaceutlcals resplratory pharnaceutlcals

sedat i ves, spern1C|des st er oi cessation agents, statins,

stimulants and-t r AhgGiofseasagle pé’b’i'fﬁhcﬁ’ﬁé’llﬁ‘fﬂe%‘* WRIFFO I ARG angiF i har y

25  selected from m-phenylene diisocyanate, p-phenylene diisocyanate, 2,4-toluene
diisocyanate, 2,6-toluene diisocyanate, 1,6-hexamethylene diisocyanate, 1,4-
hexamethylene diisocyanate, 1,3-cyclohexane diisocyanate, 1,4-cyclohexane
diisocyanate, hexahydro-toluene diisocyanate and its isomers, isophorone
diisocyanate, dicyclo-hexylmethane diisocyanates, 1,5-napthylene diisocyanate, 4,4'-

30  diphenylmethane diisocyanate, 2,4" diphenylmethane diisocyanate, 4,4-biphenylene



S5acidifiers/al kalinisers, and vasodilators. 38. The bi odegradabl e pol yner
of any one of clains 31 to 37, wherein Dis coupled through Z to R by an
ester, amde, thiol, anhydride, imde, carbonate, peroxide, peroxyester,
phosphat e ester, thioester, sul phate ester, carbamate, azo or 10boronate
ester noiety. 39 The blodegradable Polyner of any one of clainms 31 to 38,
wherein Z is sel ected fron1 0-; - 42 and optlonally substi tut ed:

-0C(0) - CnBal kyl ene-C(0) -; - CXO)O Ch|8alkylene C(0) -

- NRaC( 0) - CnBafiikych #ne; C(.Oj"dimﬂﬁ)&?—)ﬂral Qﬁﬁ@k/l‘éh{é en@moc@@@ﬂa - 93QBahkyl ene- 0-;
-0-C1. 18al kyl ene- NRa- ; CnBal Nr-; 1,%§alkylene NRa-
-0C( 0) - Chi S&|WF@H§D@I]Q 4 4%’6%‘:3@@%8&#4@10 IGRe Otmso& 1a e 4,4 -dimethyl

C(0) NI e- C1, 1&aitkmliearmbBa: 5 whafaolyandts askllRe keds brigmdwidicogar, CnBal kyl,
18al ket Y1, C 1. 18al kyny |, C6- 18aryl, C3. 18car bocycl yl , C3_18heteroary 1, C3_
i sheterocyc lyl, and CT Barylalkyl. 20 40. The bi odegradabl e pol ynmer of
any one ofs CkEinBTﬁﬂbb&gﬁﬂaMM@GWQbmofkmﬁlai|WM£ﬁmt@ﬁmbWﬂﬂCdeﬂ@@tional|y

substituted h drocarbon o 12 carbon A nmet hod for
or opar i ng & DIBUSGr AR & Nargic) Tk SabBeRed CERAR o WRer 8 et

conponent, saiu@bcmﬂambdbmvpyanstr:a@ zt;hnéyesttnamimfccpmbr}qmrl sing a nononer -
bi oactive noiety conjugate of formula Op : X -FtY (11) where: 30X and Y

are each hydroxyl; and
37.  The biodegradable polymer of any one of claims 31 1o 36, wherein the

10  bioactive moiety (D) is selected from 5-alpha-reductase inhibitors, amebicides,
aminosalicylates, anaesthetics (general and local), analgesics, angiotensin inhibitors,
anorexiants, antacid agents, anti-angiogenic agents, antianginal agents, antiarrythmic
agents, antiarthritic agents, antibiotics, antibacterial agents, antibodies,
anticoagulants, anticonvulsants, antidepressants, antiepileptic agents, antifungals,

15  anthelmintics, antihistamines, antihypertensives, antihyperlipidemic agents,
antiinfectives, antiinflammatories, , antiemetics, antimalarial, antimetabolites,
antimigraine, antimitotics, antiparasitic agents, antiparkinson agents, antipsychatics,
antiprotozoals, antitussives, antiulcer agents, antivirals, anxiolytics, bronchodilators,
decongestants and expectorants, cancer therapy and related pharmaceuticals,

20  cardiovascular pharmaceuticals, central nervous system  pharmaceuticals,
benzopidazepines, beta-adrenergic blocking agents, bisphosphonates, calcium
channel blockers, carbonic anhydrase inhibitors, chemokine receptor antagonist,
coumarins and indadiones, cox-2 inhibitors, contraceptives, cytotoxics, diuretics,
diabetes therapies, growth hormones, fertility pharmaceuticals, hematinics, glucose

25 modifying agents, growth promoters, H2 antagonists, heparin and heparin
antagonists, hormone replacement therapies, hemostatics, immunosuppressants,
immunostimulants, inotropic agents, interferons, hormenes and analogs, impotence
agents, kinase inhibitors, laxatives, leukotriene modifiers, macrolides, mast cell
stabilizers, muscle relaxants/stimulants, mydiratics, neuromuscular blocking agents,

30  obesity therapeutics, ophthalmic pharmaceuticals, osteoporosis drugs, pain

therapeutics, peptides and polypeptides, peripheral vasodilators, platelet



- 144 - Rrepresents a linear or branched optionally substituted
hydrocarbon; Z is a spacer noiety; and Dis a rel easeabl e bioactive noiety,
with at | east one selected fromthe group consisting of: 5an al kyl ester of
| ysine diisocyanate; and (ii)a polyisocyanate in the presence of one or
nore pol yester polyol co- nonomers. 42. The nethod of claim4l, wherein

t he nononer-bi oactive moiety conjugaté*d0of fornula (I1) is polynerised
with an al kyl ester of |ysine diisocyanate. 43. The nethod of claim 42,

wherein the Wﬁﬁ]@:’iﬂ?é’/ﬂ#ﬁhﬂh@ﬁé [ z\g@ntﬁmipﬂﬂeiétlﬂolﬂjnﬁ&ﬁi epleeasfeoﬁlmiﬂltals( ]p]:()ielh S
pol yneri sed mnth an eth ester of | ne d|1500ﬁanate 1544. The net hod of

clai m 41, whePemfii%e %ﬂheﬁm%Woaép S ol 8PP AFe SPPFTHula (11) is

pol yneri sed vwmhqaampedlylsaﬁﬁmr@blemms,t shxeonpsr e&ekm@ce@iaumn@ems smofg pol yest er
pol yol co- nnnogﬁq 45. The rrei L d w@ |Qithe ]nylsocyanate
i s selected fYOMHY 2@8heﬁ?“ﬁﬁgfﬁll§b ml?fgs p- ﬁﬁ% 1CH& di'f'§6tyanat e,
2, 4-t ol uene dmmgﬁﬁWMmab@mszmﬁwmmnmhwenedl|socyanate 1 6- hexanet hyl ened

i i socyanat e, 1, 4- hexanet hyl ene dii socyanate, 1, 3-cycl ohexanedi is

ocyanate, 1,4-cyc | hexanedi isocyanate, hexahydro-toluene diisocyanate and
its isoners, 1&ophbr bideglidalogylmat ef ad dreyd dlaoms Rbxy BhetliveameD is

di i socyanat es, | ene y e

25d||socyanate“&5ﬁipa%kuﬁgﬁy ﬁghtgﬁg. ﬁ?%ogvgnémgﬂhﬁ ﬁ@&%|ph§%§ ene

di i socyanat e, pe8xBle, peroxyester, phosphate ester, thioester, sulphate ester, carbamate, azo or

10 boronate ester moiety.

39, The biodegradable polymer of any one of claims 31 to 38, wherein Z is
selected from -O-; -C(O)-; and optionally substituted: -OC(0O)-C.jzalkylene-C{O)-; -
C(OYO-C).j5alkylene-C(O)-; -NR*C(0)-Cy_jzatkylene-C(O)-; -C(O)O-C,.isalkylene-
15 0O-; -0-Cysalkylene-O-; —O—Cl_lgalkylene-NR“-; -0QC(0)-C ) zalkylene-NR-; -
C(0)-Cy.rzalkylene-NR?-; -QC(O)-C1galkylene-O-; -C(0)-C.jsalkylene-O-; and -
C(O)NR*-C).jsalkylene-NR®- where R" is selected from hydrogen, Ci.salkyl, Ci.
watkenyl,  Cysaltkynyl, Ceasaryl, Cs.gcarbocyclyl, Csigheterearyl, Csi
isheterocyclyl, and Coasarylalkyl.
20
40. The biodegradable polymer of any one of claims 31 to 39, wherein R is a
linear or branched optionally substituted hydrocarbon having from 1 to 12 carbon

atoms.

25 41 A method for preparing a biodegradable polymer according comprising a
polyester component, said method compriéing the step of polymerising a monomer —
bioactive moiety conjugate of formula (11):

X—R—Y
z

L)

where:

30 X'and Y’ are each hydroxyl; and



di met hoxy- 4, 4' - bi phenyl ene dii socyanat e,

3, 3' -di net hyl - di phenyl propane-4, 4*- diisocyanate, 2,4, 6-tol uene
triisocyanate, 4,4'-dinethyl-diphenyl nmethane-2,2',5,5 - tetrai socyanate,
and al kyl esters of lysine diisocyanate. - 145 - 46. The nethod of claim
41, wherein the nononer-bioactive noiety conjugate of formula (11) is

pol ynerised with an al kyl ester of Iyé?%e di i socyanate, a polylsocyanate
and a pol yester poly& co-nononer. 547. An inplantabl e device conprising the

bi odegr adabl e pol yreprefis @“Wea@&eo:chhé?d'oﬁildrﬁil)gsllbﬁt&lt&ﬂayd&galMh ocul ar i npl ant
conprising the blode radabl e (yner of any one of clains 31 to 40. 10
spacer moiet
D is a releaseable bioactive moiety;
with at least one selected from the group consisting of:
5 (i) an alkyl ester of lysine diisocyanate; and
(ii) a polyisocyanate in the presence of cne or more polyester polyol co-

Monomeyrs.

42, The method of ¢laim 41, wherein the monomer-bicactive moiety conjugate

10 of formula (I) is polymerised with an alkyl ester of lysine diisocyanate.

43.  The method of claim 42, wherein the monomer-bioactive moiety conjugate

of formula (II) is polymerised with an ethyl ester of lysine diisocyanate.

15 44,  The method of claim 41, wherein the monomer-bioactive moiety conjugate
of formula (I1) is polymerised with a polyisocyanate in the presence of one or more

polyester polyol co-monomers.

45.  The method of claim 44, wherein the polyisocyanate is .selected from, m-
20  phenylene diisocyanate, p-phenylene diisocyanate, 2,4-toluene diisocyanate, 2,6-
toluene  diisocyanate, 1,6-hexamethylene diisocyanate, 1,4-hexamethylene
diisocyanate, 1,3-cyclohexane diisocyanate, 1,4-cyclohexane diisocyanaie,
hexahydro-toluene diisocyanate and its isomers, isophorone diisocyanate, dicyclo-
hexylmethane diisocyanates, 1,5-napthylene diisocyanate, 4,4-diphenylmethane
25  diisocyanate, 2,4' diphenylmethane diisocyanate, 4,4'-biphenylene diisocyanate, 3,3'-
dimethoxy-4,4'-biphenylenc  diisocyanate,  3,3'-dimethyl-diphenylpropane-4,4°-
diisocyanate, 2,4,6-toluene triisocyanate, 4,4'-dimethyl-diphenylmethane-2,2',5,5'-

tetraisocyanate, and alkyl esters of lysine diisocyanate.
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46.  The method of claim 41, wherein the monomer-bioactive 'moiety conjugate
of formula (II) is polymerised with an alkyl ester of lysine diisocyanate, &

polyisocyanate and a polyester polyol co-monomer.

47.  An implantable device comprising the biodegradable polymer of any one of

claims 31 to 40.

48. An ocular implant comprising the biodegradable polymer of any one of

claims 31 to 40.



