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WD 2009/ 127010PCT/ AU2009/ 000478 1 CONDENSATI ON
POLYMERS W TH MODI FI ED PROPERTI ES FI ELD OF THE

wO MMBENTI0OON 5 The present invention relates in PEnapai09/000478
to condensation polyners. In particular, the invention
relates to aliphatic condensation polynmers having
nodi fi ed properti es BACKGROUND OF THE | NVENTI ON 10
Condensati on pol ymers such as pol yesters and
pol yam des may be prepared with a diverse array of
physi cal and chem cal properties. For exanple,

11 oD RIS IRtpE Nyt ey Phppims

density, and may or may not be susceptible to
biode%radation. 15 Such diverse properties lend this
FIELBsQFFHEINMENTION ity in many and vari ed
appl i cations including food packagi ng, buil ding
materials, nedical inplants, to nane but a few As a
Ths yhrseht dfivendon askiedsi pnggetay erdndedsafib@tpotymers. In particular, the
. condensation_pol yners present. their own uni que .
myeRYAR Rlites 0 liphuis conde Bpepelywsrs haymeanadified properties
al i phatic polyesters are known to 20 exhi bit good
bi odegradability. However, relative to their
BAMOKGROPMND OF THINNYBNIIONand ot her commer ci al
polynmers (e.g. polyvinyl chloride and pol ypropyl ene),
al i phatic condensation polyners can | ack the physica
Coadélisefiort PEIinea sulh @ Bollybsrs hRQ BoFyaehideRmaisee prép&ed ki diverse
applications. For exanple, despite exhibiting good
arrpy ofpljrsigshbnd chgmicplairopesties. clarcxamiles cordeasationl pplyreess may vary
: [ ki tJ L [ se_ Lt .ba Licatio
wigdF 34 el 005 805 L ReltS lldbic P REAL AT BEES: Wi g may no
be efiscegtitiatcopiededradationpr ovi ng t he physi cal and/ or
chem cal properties of aliphatic condensation polyners
have been devel oped. For exanple, specialty nonomers
Ry RS LA LB LT ncP NG AR &R varied applications
inchwhpgifeodipankaging) buliding oxepeias, aredicahimgelamts sto diamierbgt 4 Fesv.
condensati on pol yneri sati on manufacturing process.
However, deriving new and inproved properties of
AsGOAMEESHH doBBensWid R POIG b/ ARG/ dﬁh@&ﬁ&t’i&pﬁc’;‘lg&e?s present their own
polymers in this way necessarily requires the use of
unigye physied eail shemich] prpgdiesafioo axpoplpnalinhetic polyesters are known to
[ : 4Qpp Lt werefgre renmains.to
extit 388 HiodopraddBIEEP PR, Febi®Y B BlshAP R Sounterparts and
ottt i inambriat opolynsas i (@/g. psllyviryls chdridenand apsiipropylene), aliphatic
i pr oved ropertifs. SUVVARY OF THE | NVENTION  The )
conglensalion m%o‘éﬁﬁ caih 135k dhg Riwsical adiorsdomicab propsities geqaired for use in
d oSpr f.i : oL & - .
o R T, Pl el P o WA ol lity, polylsctic
acidshasr raditivgpbneoat flegititidyaard jts usel jn film bashérappHcit®nanie.g. as a

tional | uhstituted aliphatic hydrocarbon having 2

pmgggwgggﬁgéﬂigﬂugggﬁs 15 present in the cycle. By nelt

m xing the cyclic ester (I) with a preformed aliphatic

condensati on polyner, it has been found that the
A panpared teshoiduen Eoramprdvéng e dbrsiealiand/opchgmisal praperties of aliphatic

L Jd Q_as Lo Lncorporat e ring, opened residue

colPtatloRchel finS rePe PRSRIRRI B, FOF ckpiiop Ry HdiotGs that can
infheace floeinthytiealoaador Whimeal FogiHibd GENthel PSISnRE may be used in

nol ecul ar_wei ght of the condensation polyner, thereby =
copfpRftips VA the pratveniienalimepozlars yglaghibe ¢ardersation fretymerisation

| i . i . | .
nADRCEARSIINGHE BESCESUARNE 0 Lf O IBLEEALA, o coponion

condensation polynmer includes as part its polyneric
backbone the 25 ring opened residue of the cyclic
ester. The presence of the ring opened residue as part
of the polymer backbone is believed to inpart new
and/ or inproved properties to the nodified

I o o - - T Y
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WO 2009/ 127010PCT/ AU2009/ 000478 3 Accordi ngly, the

present invention further provides a nethod for
worewofiyiomy an al i phatic condensati on pol ynmer, PREEAU2009/000478

nmet hod conprising nelt mxing the condensati on pol yner

with a cyclic ester of general formula (I). 5 The

nmet hods of the invention can advantageously be

performed using conventional_yelt mxing equi pment

known in the art. Generally, the nethods will be

performed by introducing the cyclic ester and the

ondensation pol yner .jndividual |y or .col.lectively int .
pofS RS I8 i Ml bRl Sy R s B ot T wsciapied Condensation
polydgeri®¥iedn squgih@st. M ght be introduced 10 to

condensation polyner already in a nolten state, or a

m xture of the cyclic ester and the condensati on

. uhij : t t 1 Xi R i .

Aof o ORI B0 BUREE Do BTy el oIS Tor preparing
aliplmtieashdénaaticyadlymsrsavittesdve b cimmovaiprogditieat e whi ch

i s subsequently let down into an aliphatic

condensati on polymer to be 15 nodified. The
SUMVRRRMV R TIE: INVEEGRI@N! Y conprise the cyclic ester

and one or nore polyners (commonly referred to as a

carrier polyner(s)). The carrier polyner may be the

sane or. different..to th ondensation polyner that i
T e iRV SR Eo i e s Faspbotition, the method
coM@HYIRE e miEngAn allipRied tdhdeMAEER $atynesR ek M'E@lél_-ic I8 of general

conposition may be a physical blend of the cyclic
forsgtletD:and one or nore carrier pol ynmers, and/or may
itself be 20 prepared by gelt mxing the cyclic ester
with one or nore carrier polynmers. The present
i nvention therefore al so ovi des a pol yner
conposition for nndifying/ n aliphatic condensation
pol ynmer, the conpositio _gggprisi one or nore
carrier polynmers and a cyclitc est of general formula
(I') and/or a product formed by nelt m xing a 25
conpasition conprising one or nore carrier polyners

wheFriXds ay epiinadytsubstiipiog alphatic lydraeatban havisge: or more carbon atoms
jﬁg@% t he pol ynmer conposition conprises an
pﬂ%ﬁ?gﬂgti g%ndensation pol yner and a cyclic ester of
general formula (1) and/or a product forned by nelt

By hihBtle o SEOF sover (BRI Rotormed agthsno spndsarionpolymer, it has
bedPfoiMl 3hat ke polVWReL BARLAAS DAHE %ﬂ%&gﬁ/ égﬁ%gﬁcaﬁ be dmodiﬁed SO as
Al di fi n accordance

Al i phatic condensation polyners nodi
to wicptpordie theving operedheweidub of thef oyxetid eastor.eHurtbetmarewhis process has

ngd/ or. 1 nprov roperties such as i oved .
bl o for Bor S Sl Bt 1445 s eleP Tl “oRsy ol g Geglensation
polymepeitRgpbiyostidimédng 3f hbe a¥igink CalP 8dg@thef Ithe W8EH férNany subsequent

accordance wth the invention can advantageously beée
prosegsing teduild ithgymelegrlax yetghb ke imodifisdienlymer. enewabl e
resource that can be derived from plants and ani nal s.
10 Further aspects of the invention are described
Thb eésmitingDEdd & DoDESERI AT DnEFintidded MVEM itONoAsndtiReshckbone the
. herein, the expressjon "condensation polynmer" is .
Ting op gsiege ﬂé Yo Pste rﬂ{eﬂﬁfﬁsezzse ﬁ%@e pEgrPreBedisgidyp gs part of
the? pSRARENSRIBAR & beli&RdWoS YR Lu?c?&l WpfRE! r8€erties to the
Exanpl es of condensation polyners include Bé1ye ers,
mqdafigdapdmdensatidn qepoheme s patienkaof thel shruotuee etfitihelicyeitt estér can be
the invention, the condensation.polyners used are .
vl eb B 0 lpafaGEE0E e SR n o L antoperties o the
cordensidvablyamerpol ymers used in accordance with the
invention are "aliphatic condensation pol yners". By
"al i phatic" condensation polyners is neant that the
pol ymer backbone does not incorporate an aronatic
noi ety. Thus, polyethylene terephthalate (i.e. PET) is
not an aliphatic polyester. 25 By the expression

T Y "
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WO 2009/ 127010PCT/ AU2009/ 000478 5 noi ety), an aromatic
or cyclic noiety may nonet hel ess be present in a
W@ompt2om t hat is pendant fromthe pol yner bacRGDABE2009/000478
However, the aliphatic condensation polyners used in
accordance with the invention will not generally
conprise a pendant aromatic or cyclic noiety. 5
Al'i phatic polyesters that may be used in the invention
i ncl ude honmo- and copol yners of
pol y( hydr oxyal kanoat es) and hono- and copol yners of
those aliphatic polyesters derived fromthe reaction
product of one or nore alkyldiols with one or nore

Ac@éﬂ@.‘rﬁ%* GRé kﬁ?é&&llt' 1ﬁvéiﬁioﬁsﬁ1§tﬁér Ao¥lded %rlhgtﬁbﬁ \f&s?nodlfyln an aliphatic
M scibl'e and i nm scible blends of aliphatic polyesters

con@psa@nmomn@eth@mhomnmmsg meft naixingthe condeobatiatpetymer with

poI | kanoat es) derived by
acg ngé? ‘%%EX l%&Ylgpening pol ynmeri zati on of

hydroxycarboxyllc acids, or derivatives t her eof .
SU|tabI§ﬁpoly(hydroxyalkanoates) be represented by
The wrethesisrrfi the ThyeRHer san adyaptagsousix pp éwéfom p§ing gapveRipnal melt

m&i‘ﬁ ({ﬁg@flelﬁ ") %{1 ‘:t‘%é%%y '@é&%{é}%‘lgn Y %et]fl(!(ﬁ Myl tb%r &Qrformed by

1to1l b conprise one
mtmduemg dbhe cycémc estet aed thie rbontiaism)lorep dsig?meﬁ indgeduAlyastecollectively into

Cenerally the.le group of droxycar oxylic,acids
the PRI MR THRBE AL hoh SIS Dk (oS “Hobii by introduced

to éHnd%ﬁ@a‘ﬁBﬂ Po¥mity A ind RdRen &Gtellsel Wixture of the cychc ester and the
pol y( hydr oxyal kanoat'es) i nclude, for exanple, ho

congletisatiopgiojmesr nayfbepubjec®d thyabliorixing. yr at e) ,
pol y(4- hydroxybutyrate), poly(3-hydroxyval erate),
poly(lactic acid) (also known as polyl actide),

Tha ew{o’a’estey i gityANocRARetided in elfyfnd ohy dbapeditianarhek a masterbatch
dr oxypent anoat e), pol y(3-hydroxyhexanoat e)

or %1091(&3& ﬁyfim%w Reseatratly dgt dopm ipfozn aliphriékgudeasatian @pfymer to be

i |
mopRE! THEMARGos 0 Pl UESRIR) ERARE LBPKHL KRG g Sigor more
polyorees @bnﬁﬁmllﬁtnf&reemchsmxwﬁefqmmércs)ﬁcﬂ“ﬂs cardiyr pdlsmebmay be the
used,.%or ex rOV|de or
sarp it ﬁ‘i}’& Fbﬁ%ﬁfi@?ﬂéﬁ ety tibieyio dearifigd. In one embodiment,
thep&lrx){éﬂ 019 “aR" ﬂ%ﬁﬁwxm&ﬁwﬁtﬂyﬁm The com: Posmon may be a

gﬂ co e co- p-di oxanone). Bl'ends of two o re
phmcaﬂ nﬁmf;thmmlmwwr Ieadmleeg)mcna;caaies @ohenars,eohd/or\iDry itself be

-SSR, ot

OIl RbOIl mORe O
The present invention therefore also provides a polymer composition for modifying an
aliphatic condensation polymer, the composition comprising one or more carrier polymers
and a cyclic ester of general formula (I) and/or a product formed by melt mixing a

composition comprising one or more carrier polymers and a cyclic ester of general formula

®-

In one embodiment, the polymer composition comprises an aliphatic condensation polymer
and a cyclic ester of general formula (I) and/or a product formed by melt mixing a
composition comprising an aliphatic condensation polymer and a cyclic ester of general
formula (I).
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C0} ( Rc -0+-H Pn 5 where Rb and Re each
i ndependently represent an al kyl ene noi ety that nmay be
WO pevear700r branched having from1l to 20, pref eP@AY2009/000478
to 12 carbon atons, and p is a nunber such that the
ester is polyneric, and is preferably a nunber such
that the nol ecul ar wei ght of the aliphatic polyester
is 10,000 to 300,000, nore preferably from about
30,000 to 200,000. Each mand n is independently O or
1. Rbo and Re may further conprise one or nore 10
caternary (i.e. in chain) ether oxygen atons. Exanples
of such aliphatic polyesters include those honb- and
Ah?ﬁﬁtﬁi YomlehsARnl Yot gmbrs b difibd AR ecesrdiieewith th®8nvention have been
| om ng diacids (or derivative thereof): succinic
fousdi tg exhiithnew gadier ImproyedipeapeHtsRysuekl @8 amaroved dexibility relative to

the?c%bﬁensgp&gagﬂ%e?p&%ﬁgl engn(@i sope of nore of the 15

pol yet hyl ene gl ycol,

1, 2-propane diol, 1, 3 propanedlol 1, 2- propanedi ol ,
1, 2- butaneglol 1 3- butaned @% 1, 4- butaned|o
The crclifesetiid i wpd iypesprippeswit bﬁ Bventighicandy priagsAusydbe prepared

umﬁJg YIC}QIlOKy@ZH'QO)g}q})C LR Q?é’ﬁel\xbébﬁ 288k HEPHAM be Heﬁved from plants and

mol e % of a polyol with a functi onal
wngméater than two such as gl ycerol, or pentaerythrltol
20 Such aliphatic polyesters nay i ncl ude
pol ybut yl enesucci nat e honopol ynmer, pol ybutyl ene
FukkrRgp&toMnme el vidBtion 46 dydribyd saeadi pat e- succi nate
copol ynmer, pol yet hyl enesucci nat eadi pat e copol yner,
pol yet hyl ene adlpate honopol yrner . Common

D@%@i{?ﬁ (‘g‘ f ycoﬂd%mg?ﬁﬁﬁ{lyesters i ncl ude

polylactide co glycollde
L- Iactlde co-trinmethyl.ene carbonate),

As Sﬁ?‘i// e55165| Wl)élﬁ]tl%ﬁl@ﬂ PolyRes] ﬁdp@}ldedawdnean a polymer that

haP B ﬁ)%é GRL 2 1 ti tion, Bxamples of
ab okl Rk SAE 0 hBaison 0! Bep-wise polvmerisation ACRRELT ¢ opies ©

corpﬁ@h%mndmiymhat inchde polyestes, |m>1yainmde rmémqpohfmems: thedeof. In one
acterised, by t resence of geurr
e BREAT U6 BT OURE. TR Ao IS oy B Suises i Rabiers, polyamides,
an@aﬁkmﬁﬁgsﬂﬁﬁaﬂ’whlch are separated from one anot her by
| east two aliphatic carbon atonms. Suitable
allphatlc pol yam des therefore include those having

Co%?&#{l%rpg?}g&késégﬁg 9%2%%2&38&9&%‘(&%%@ ?%\%Ml? (r%rrrgu gﬁ%hét{cl é()ndensation
polgyard"naBiyohliphdtice AondérRatidti pblyREra tdmBentaghet tﬁ&epcﬁ?tﬁer backbone
or different and are each independently alk

dogima FRcogrorale ap SEIRaticBOIER %wsmqiﬁeéhylﬁlaﬁr te ﬁrrh&iaée (i.e. PET) is not
3] eneJad%t Ng about two to about 20 carbon atons,

anpﬂg%h' P& g*kylene havi ng about two to about 12 15
carbon atons. Exanples of such polyan1des are those

fornmed b tne reac of .one or nore. alkydia
By i PRt BN f’%@fpmyﬁ Fecei S e e e potmer on o
Whitshl %E%EMM@&%CB&H PRAL Hein §t?|}{<!t&’(@ doF.1ha polymer may be linear or
pol y( hexanet hyl ene adi pam de) (nylon 6, 6);
bragehsd hexamet hyl ene 20 azel ami de) (nyl on 6, 9);
pol y( hexanet hyl ene sebacam de) (nylon 6, 10);
pol y( hept aret hyl ene pi nel am de) (nylon 7,7);

The @bmmampbmmenﬁy her sycHe ). é nyh&s tﬁe i})lymer backbone does not

| y(nonanet hyl ene azelan1de& ylon 9,
1H°Bm°§%taeeaﬁié<tlm eHeYhz elAdHions rpelyn’m gckbanel efhdhe aliphatic

cottdeli€ation polymers will not incorporate an aromatic moiety (and possibly not a cyclic
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WO 2009/ 127010PCT/ AU2009/ 000478 8 aci ds and

derivatives thereof (e.g. lactans) and include
W@iogzroam nobutyric acid) (nylon 4); PCT/AU2009/000478

pol y( 6- am nohexanoi ¢ acid) (nylon 6);

pol y(7-am no- heptanoic acid) (nylon 7); poly(8-

am noocat anoi ¢ acid) (nylon 8); poly(9-am nononanoic

acid) (nylon 9); poly(10- am fiedecanoi c acid) (nylon

10); pol y(11-am noundecanoi c acid) (nylon 11);

poly(12 5 am nododecanoi c acid) (nylon 12); and the

0 I

e e S L Bl | P Se P A F S g Miigon that s

pengaitifoone ﬁteepolymedbaakbam: oHdwnvmr, thetdhlphat@ ¢condendatiom poblmers used

. of ner al re X is an . .
ingipedtee i oo iR ot ega et SR Best b Rl et or cyclic
mgltég, or nore carbon 15 atons present in the cycle. The
rocarbon group X in general fornula (1) is an
optlonally substituted aliphatic hydrocarbon having
Afl%l‘?atlg l?ag%cszt%rﬁ'ty &E %121 anggtnﬁ%g strli r(ta’ri’?eeeﬂ{\/eﬁt{bnt ﬁ@lu%}{%l ﬁ'l (E%Xd copolymers of
pdly(ﬂy&l@ﬁyémihoa&ﬁ) hﬁ@hﬁ!ﬁonm&cmﬂﬁﬁ)ﬁs @E@Me b.(hphgth}Sblyesters derived

present .in the cycle" is neantaghat the cyclic e tzn ,
from the Feacken pErdugt 4t Ong of goge ajkyldipls with gpe B gnqre ;ﬁilty dicarboxylic
ac dsn(t%r |a%1\fjt &’éﬁvaﬁ%@ ergtlcltid gd 1%543131?' B1dhye ro?%ﬁgy_ﬁét{& golyesters may

Ing two carbons atons e cycle
ally/lerwedr bon X may al so have a nunber of carbon atons
that do not formpart of or are not present in the

cycle. The hydrocarbon X will generally be an acyclic
OhY &b QG il ?Hat(d ptﬁ?;es@erriﬁ?élu&éé@o z)gh?digi%ﬂé@!&‘) ddrfve@B§ condensation
enbodi nmen ydrocar bon rou is a linear or

orb*rrmm@emgatdkynem@tloalolf ém@meyterbmllaaklyimr@ﬁevwvea phereof. Suitable

dr ho t{ra
R e A e s
Wﬁﬁ‘}ﬂ RI¢s oAyl ntdty then sinlylediedr oetiendhedlande ibatiimber from 1 to
- and trans-isoners. The hydrocarbon X will

2(@ @ﬁ%ﬁrabtwl oabe B® ey Jurthes cHwALISR PO Y (he in chain) ether

o5 et o R ORI ALERL RSB SR

paatiemtthydidxe] gmﬂpmsapﬁmar%myommhmwyhgrw W th
optional substituents defined herein. In sone
enbodi nents the hydrocarbon X is not substituted. In

Utdrat amdrdx@mkaﬁ&a&&q 3hdIade, %Ioéb@uﬁf)lé Shathef @cfda&tpmﬁners of poly(3-

Ilnear al'kyl eéne, al kenyl eneé, kynyl ene grou
hym@wut}hetex gbly(ﬁrhtvdrogﬂnéyrate),f @OMBély@tony@elatﬁ) poly(lact1C acid)

b R R psfy SR LR R ol 4 R openigposte), poly(3-
hﬂé}@p@ﬁﬁah@ma) Py (StHykdesghexansate Ry’ epd]yﬁeﬁydm@@ eﬂgﬁoate) poly(3-

present a reactiyve functional grou

hydspitRaoHi6h RedYdjereangne, A by RS R, MOy OHG @fidi Glso knovm
C}Zdi%?? &m%gqgﬁ%%%{%rgg %é"? S %go%:\/l% éb%&gsggr ?t Thoxig qoids may

albdbe higett, donrkanpl, td-provideatiop Ipely(Mgdmxyh&yian}Bz’hybmxyvalerate)
up X is aturated, the u ted bonds may, t
peluflictathron R PR RO t“?%ﬂ%r,\y% eligpaappyaond. Blefas of owo
oﬁh@ﬁ%ﬁﬂ%ﬁb&l?(}ﬁ’ﬁf'ﬂﬂy@ﬂ{aﬁ&t&ﬁ‘ﬁ{ay\MEo% Regurs in al kyd
pai nts rée radi cal nediated reactions), and free
radi cal nedi at ed graftlng reactlons Crossllnklng and

APhlhin Ot ARG POl e ERP i Bl pe Y certved from the

reaytiOgRERE o SRS ﬁioré’mytdchm SrithhéhdWORRFA R IROIT @B X acids (or

with one or nore reactive functional groups can

advant ageousl y enabl e organic or inorganic noieties to
be tethered to the pol yner backbone through reaction
of the noieties with such groups. The organic or

i norgani c 20 noieties may be conveniently tethered to
the X group of the cycllc ester prlor to |t belng mel t

o o o .
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As used herein, the term"al kyl", used either al one or

i n compound words denotes straight 30 chain, branched
w@eooggzione al kyl, for exanple Cl-40 al kyl, or EIT/A020¢/000478

C -io. Exanples of straight chain and branched al kyl

i nclude nmethyl, ethyl, n-propyl, isopropyl, n-butyl,

sec- WD 2009/ 127010PCT/ AU2009/ 000478 - 10 - butyl,

t-butyl, n-pentyl, 1,2-dimethyl.propyl,

1, 1-di et hyl - propyl , hexyl, 4-nethyl pentyl, 1-

met hyl pentyl, 2-nethyl pentyl, 3-nethyl pentyl,

=l yl ' ut vl 35,
acy] ﬁ%‘?‘ﬁ’%ﬁ%ﬁ Sh %f&%e% h?k%%&%?f%}’?}%i(ﬁ%t hyl buty! ,
1,2,2-tr|nethylpropyl 1,1,2- trinmethyl propyl, heptyl,
5- et hyl hexyl, -nethylhexyl, &, 2-dinmeth Ipentyl 3, 3-
5 di ne hylpentyﬁ 4, 4- di et hyl entyl

yL.(25.di ] i%ﬁﬁ?i? H%__,_%dlgethlp ﬂ HR°

di \ret hy] ri met hyl bu yI O?'H
1,1, 2-trinmethyl butyl, 1,1, 3- trlnethylbutyl octyl, 6-
nmet hyl heptyl, 1-net hyI hept yl, (D)

1 1, 3, 3-tetranet hyl butyl, nonyI , 1-, 2-, 3-, 4-, 5-,
- or 7- nmethyloctyl, 1-, 2-, 3-, 4- or 5- ethylheptyl
w%ere I%"an‘ar g&hqgﬁ%ﬁé%ﬁt %%%éélerg a:%f @k}%eﬁe mo%ety (ﬂlat méy be linear or
bréncgteﬂ)hhmng Sﬁiom Ltq 2(2 p,ref3rabbf 1t m @@Nérhﬁl@in)ﬂ and]rpls a number such that
undec
th@ CRter %]P(&@lgﬁ]i’lc apd is zo_refega.bly gr_nurr%)er 515:11 t@;pt thegpﬁlymﬂ@mymght of the
alibhati@ g’s‘t #-10000°¢
%: atic SI;® yamer 11080002 r?ltf’%/ exyﬁﬁ&f P dé'téraPl%z %81&1 ahout 30,000, fo 200,000.
Ea@h meand 17 -is 1ﬁie,p619dend|y A @ rte hnﬂﬂRé(miy filkther 2ompdise one or more
)e%r %I decyl, 1-, 2-, 3-, 4-, 5- or
e Xrg]yff'ﬁ%ﬁ%ﬂlr,l act ogyge A0S 4- put yl oct yl
1-2-pentyl heptyl, tridecyl, tetradecyl, pentadecyl
hexadg@y heptadecyl octadecyl nonoadecyl elcosyl
Exgipleshef yuck @l 1p1@&mmlte~§ter_s insfudsythpsechahoeydndi mplolmhnzers derived from

F&‘ﬂf ﬁBrﬁD&l t%:{gg/ g od"glﬂ y dsgrgf gﬁé %’%: H@%Q‘;%@%@ ch adipic acid,
1 t&@@dﬁmwﬂode@m ommayﬂc, a@& Chﬁtﬁel%lélcadwd tah@ db Kﬁw W‘%cﬁ"e of the
@ aIKy r%yf is referred to generaJIg '
followine-diglsc ethyleng,; glycobepaleibylens slyceh ds2-propene éer b,BenrOpanedlol
1,3 Brépadedbl ?erﬂit:ﬂ{gdkol b anebedaidnd £ X&I.Ja%ecdl&sﬁ) BB S 31 diethylene

appropri at € group nay be
glmmmb@mﬂwﬂm@y@ﬂ allir(e) aytionaliyh smubafnotme eS0.6.0 mole % of
her ein, term "al kenyl "

20 . def. i ed
2 TS RO ERBERLY mishiel TG US st el RAPIAREHBEOb:
cyclic hydrocarbon residues containing at |east one

carbon to carbon doubl e bond
Such aliphatic polyesters may include polybutylenesuccinate homopolymer, polybutylene

adipate homopolmer, polybutyleneadipate-succinate copolymer, polyethylenesuccinate-

adipate copolymer, polyethylene adipate homopolymer.
Common commercially available aliphatic polyesters include polylactide, polyglycolide,
polylactide-co-glycolide, poly(L-lactide-co-trimethylene carbonate), poly(dioxanone),

poly(butylene succinate), and poly(butylene adipate).

Blends of two or more aliphatic polyesters may also be used in accordance with the
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i ncluding ethylenically nono-, di- or polyunsaturated

al kyl or cycl oal kyl groups as 25 previously defined,
w0 o09gxanpl e C2-40 al kenyl, or C2-20 or C2_10.Panas2009/000478

al kenyl is intended to include prop enyl, butylenyl,

pent enyl , hexaenyl, heptaenyl, octaenyl, nonaenyl,

decenyl, undecenyl, dodecenyl, tridecenyl,

tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,

oct adecenyl, nondecenyl, eicosenyl hydrocarbon groups

with one or nore carbon to carbon doubl e bonds.
un%%ﬁ | es of al kenyl include vinyl, allyl,

hyIV|nyI 30 butenyl, iso-butenyl,
3- net hyl - 2- butenyl 1- pent enyl cyclopentenyl
1- met hy| - clopentenyl 1- hexen , 3-hexenyl,

Algg;\gp%ﬁgly es that mt@ﬂg,qe i I}pﬁe]'yy@ﬁwn inqlude th@ﬁ@;, rharagpgyised by the
oAU IR GBS, o s,
WMQIBaItEUSG@dnamdylermlqr& amﬂmrd@i atnighst two aliphatic carbon atoms. Suitable

aliéiﬁ%fc%i}ag(ﬁg ﬁg}% llnciu(lp ad) en{vﬁcwgélunrl]tg )éeapqgsee? %/ed by general
;mﬁw@w§ggjgp@p?adlenyl 1, 3 5- cycloheptatrlenyl and
1,3,5,7- cyc ooctatetraenyl. An al kenyl group may be

optionally subst £t ut ed by ongjor nore 5 optiona
substituents as herein defingd. As used herein the

t erm " al kynyN—eaerotes -grotp<-ForNred— Rbm-sir ai ght
chai n, brancled or cyclic hydrocatbon resi dues

contai ning afy | east one carbon-cgybon triple bond

i ncludi ng ethylenically nono-, di- or polyunsat{Hated
al kyl or cycloal kyl groups as previously 10 defi ned,
for exanple, C2-40 al kenyl, or C2-20 or C2..10. Thus,
al kynyl is intended to include prgpynyl, butylynyl,
pentynyl, hexaynyl, heptaynyl, ocflaynyl, nonaynyl,
decynyl, undecyny-—NodeeyriyH-—tre-deeynyl ,
tetradecynyl, pentadg¢cynyl, hexadecynyl, heptadecynyl,
oct adecynyl, nondecypyl, eicosynyl hydrocarbon groups
Wi th one or nore carbon to carbon triplgybonds.
Exanpl es of al kynyl include ethynyl, 1-propynyl,
2-prommyl, and 15 butynyl i soners, and pentynyl

i sonefr. kyn ama ona
o SRR R RS SR TSP BB Y g e cact
indepeicntigafidyied . gréipsal fig %’dst 87 bR bR Yt oBRTRIr XAl AKPRAe having
to carbon trlgle bond and an al kynyl group may

ab o] t9eaboui 3 mmoat@@fs,bmﬁfea@mb|a8<mdha(vnngeab@é two to about 12
cm%@hhﬁﬁm@ne yne or yne-ene groups) 20 As used herein,

the term"aryl" (or "carboaryl)" denotes any of

S|ngle polynuclear conj ugated and fused residues of

aro f dr arb n r|n systenB Exanples of ar
Expmp eﬁd% ﬁﬁéh olyagndese hoser Spramgl by qthst esaphiemyef one or more
alkgaﬁﬂhﬂé‘sl and 6hd @PYﬁUrQ 'E‘l%h&l'ﬂ %oxy?lﬂ:t Q&fl@& &RY linclude poly(tetramethylene

dr oant hracenyl, benzant hracen
adl@amedei &nlom &;ﬁénmly(hpmnahyhne agip ami&ﬁe) (thylon 616y poly(hexamethylene

Aol SR S naBRYRERRVERY  sPbipTIY banVion 610

poRMdpQitadthylesel BirhdlhmicRy (Byloﬁn”? 7Prp (BtaBRiNAAR! suberamide) (nylon

substituents as herei n def
8 8209@1/@%@3}9@@@%@@@9}@@@@@1 9 )2 poly(decaurhetiylene azelamide) (nylon

lfe on "optionally substituted” is taken to
loh@%&d h&?ﬁ% group may or may not be substituted or

fused (so as to forn1a condensed pol ycyclic group)
Wi t ? tmo ee or nore of organic and |jngrganic
Exgmplss O (§uck po Sﬁgﬂ Mg rrdso these fermesnby pphansudRtiol ohglkeyl amino
sel ected from alkyl, alkenyl, alkynyl, carbocyclyl,
aryl, heterocyclyl, heteroaryl, acyl, 5 ar al kyl ,
al karyl, al kheterocyclyl, al kheteroaryl,
al kcar bocycl yl, hal o, hal oal kyl, hal oal kenyl ,
haloalkynyl haloaryl halocarbocyclyl

. - - - 1 . S - o




10

15

20

25

- 13 -
acyl acyl , acyl aral kyl , sul f oxi deal kyl , sul f oxi deal kenyl , s
W kdooszeal kynyl , PCT/AU2009/000478
sul f oxi decar bocycl yl , sul f oxi dearyl, sul f oxi dehet er ocycl
yl, sul f oxi dehetero aryl,
sul f oxi deacyl , sul f oxi dear al kyl , sul fonyl al kyl ,
sul fonyl al kenyl, sul fonyl al kygiyl, sul fonyl car bocycl yl,
sul fonyl aryl, sul fonyl heterocyclyl,
sul fonyl heteroaryl, sulfonylacyl, 5

ac}l%'? gﬁgﬁ%hgéﬁ%ﬁ%mo # do§ ﬁbg@ﬁéég&g@ gr(l)lfanloll()gt%c a01d) (nylon
4) Sﬁdlﬁ(@%‘ﬁh@l@é’l{aﬁbm atid) trgmmﬂ 95@(ﬁﬁﬂﬁ¥&héﬂtanow acid) (nylon 7); poly(8-

fonani dohet er oar y! f onam doac
aﬁ%chéﬁamcd @aidal @Wﬂon nS)t rmly@ymmnnouamaick ewid), (nylon 9); poly(10-

c%cfe&%l STer ocx}c(irr]l?/' rkf%ﬁ?e@ Je%@%?{]ﬁnhr%%%oﬁ%% (nylon 11); poly(12-

anmmddoaacsaanbicydmd)c(meﬁ ,12)5 uhd &egtil@nd phosphate groups. 10
In sonme enbodinents, It may be desirable that a group
is optionally substituted with a reactive functiona
BIEHRUR Qo BPL&¥ - algﬁ {)&garﬁfdeg' lfﬁal Eﬁﬁ%t Y df iH" CE%)L%anéC with the
groups or noieties inc e epoxy
inwegtien. (e. g. | actone or higher cycllc ollgoester)
cyclic amde (e.g. lactamor higher cyclic
ol i goam de), oxazoline and carbodi m de. 15 In sone
TheRPEH EBedHuSed inl acEBak® V@ﬁ?ih%@ﬁ’\be%ubﬂ a oiegrt]aﬁél‘apﬁ)rfnﬁla O:
optionally substituted with a polyner chain
exanpl e of such a polynmer chain includes a pol yether
chain. Preferred optional gsub stituents include the
af orenenti oned reactive fyjnctional groups or 20
noi eti es, polynmer chains and al kyl, (e.g. Cl1 6 alkyl
such as nethyl, ethyl, proRyl, butyl, cycl opropyl,
cycl obut yl, cyclopentyl r cloh?xyl), hydr oxyal kyl
(e.g. hydroxynethyl, hy&%ox Ihydroxypropyl)
al koxyal kyl (e.g. nethoxynethyl nethoxyethyl
met hoxypropyl , ethoxynet hyl, ethoxyethyl ethoxypropyl
Whétﬂ:?( Bl Mbﬂythr@llg Sublitltﬁtedla&phytlcs hycﬂroaabmeﬂuhmg twet trompre carbon
£ QX cycl opropoxy, cyclobutoxy), halo, 25
r|§?%%Hﬂ##ﬁ¥ & trichloronethyl, tribrononethyl
hydr oxy, phenyl (which itself may be further
substituted e. by C1.6 al kyl, hal o, hydroxy,
hﬁﬁﬂé@@;@@ﬂeg@wﬁ( mc&enerablfkma (Balsof@l ophonaly’ s@y@n@d ahphatlc

BB ThSihy AL TTLIR) OS2 g0, g

hy@kgﬂ(ajﬁn gsahrla:antm/domxmmalmy dwdmc@)boﬁalBiﬁ }gifo lthToﬁe abﬂbeﬂ ¥Ytoms being
a r a and

OISR G The clS TR The (i AStar o8 gPeraofofaylofth s at loast a four

tonEVNE (1.8

A SE, L B B K4 o cton

atogiskipl the ¢yelero Tha |110’d1§)0@()@)>m1a§ aﬂoklyivp aamuntsemiofic)rbon atoms that do

ol SR 5 B dm L Bygenion o whbncrty e

acylibStydfdéb@®dn&i.€ a ncﬁhy Ké’ﬂbon)h ahdne @Mﬂ%@?ﬁ’l@nt the hydrocarbon
hydr oxyC1-6 al kyl koxy, hal'oG .6 al kyl, cyan,

STHPLF & TRy enbl@n%qdwﬂkylmalamm)e onalicprylend ggtmni no
(e.g. Cl1l-6 al kyl, such as nethyl ani no, ethyl am no,
propyl am no etc), dialkylamno (e.g. Cl1_6 al kyl, such
Thaélydrdmtbhyjl @oim X nﬂalydtdﬁydtﬁﬁteﬂoor tﬁis@ﬁl%t&& anyRé&E the hydrocarbon is
aEIM)(e g. NHC( enyl am no (wherein
A it frag) e lﬁa@o (9% PPIYF‘E#?@W@%@W%RI@@ lothy cis- ayd rnsgisomers.
Th@' kocalifin®; r y
Paleee R, MO SRR R Sa o cbn et A he oy
amno), nitro, fornyl, -C(0)-al kyl (e.g. Cl 6 aIkyI,
such as acetyl), O-CXO)-aIkyI (e.qg. Ci6a|ky|, such as
acetyl oxy), benzoyl (wherein the phenyl group itself
nmay be further substltuted e.g., by Cl 6 aIkyI hal o,

et ~A ”~ o o  ~A ~
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25 R(0)2SC1-6 al kyl - such as Cl-6 al kyl (0) 2SC1-6
al kyl -), sul fonam doal kyl (e.g., 2HRN(O0) SCI 6 al kyl

W@y 18Alkyl ) N(0) SC1_6al kyl -). I n sonme enbodi neCE/8P2G0/000478
may be preferable that the aliphatic hydrocarbon group
X is optionally substituted wth a cyclic ester,
cyclic am de, or polyether chain. WO
2009/ 127010PCT/ AU2009/ 000478 g _15 - The term "hal ogen"
("hal 0") denotes fluorine, chlorine, brom ne or iodine
(fluoro, chloro, brono or iodo). Preferred hal ogens

e.chlorine, . bromne or io . The ter
b 4 Siro i PSP F R 2 EEn FiSHiSc e gcocarbon
X pRlyweyeabstiutell Wﬁﬁﬂolft[onﬁl ﬁﬁ‘;@ﬂltﬁ%ﬁ @@ﬁﬁ%&jﬁ&ﬁﬁr BRRome embodiments the
resi dues, preferab g. C3_10 or Cm. The
hygyasgonay wo@ots%roatrtateéd Eetlgt owctmarmdwcarbﬂn grayp X is preferably a

oS RCURRUAPTE AOHD g BB, (cvcl ool keny!) ancor

preferred carbocyclyl nDieties are 5-6-nenbered or
Sui t abl e exampl es_ i ncl ude

Wg nbered ring zgqsten‘aI

FEI eﬁ@w incgraeEh ffula @Y is wgwseipratedginhghe ygrocarbon group or

an@Yip fl&Rﬁ arﬁiiﬁc%/r&ﬂ? dﬂstlt %ﬁﬁ' J)r mS%qpﬁgﬁﬁ%hbstﬁlgents as herein
cyclope enyI 0 exeny oocten

defiped mepradmtemydaa,ctmry cﬁllrwltlemdogreuy,lthe alycoﬂlﬁﬁtbmmwﬁn)@o,lymers in

accqrg o\%’)}b ﬁgﬁ?ﬁﬂvg\%té and | dené%)ualr hl].ll‘H{ Wﬁw theough the reactive

fuhdtiohald@susd Within @@@&ﬁﬁhé& on RBY ¥§dekrbon HUS ¢¢r ‘%kample where the
conj ugat ed hi(dr ocar bon residues, preferably -

hyggocarbon graup X1is ugsataraedabher wisatueaied bendsonay r:aéqermrt in crosshnkmg
re%})lgﬁ% p%r %(fdgﬂlruggxeogslgﬁmgjg % gaLh g{ag%é(r)s Cﬁﬂﬁ&cg pamts or free

radibal SredPrtechebaSonsi,adntdi fede! radikat r@edlﬁﬂe@ @Ehft‘ﬁlg Whetichs! \Bro&linking and
re carbon ato are replaced, this my bhe by two or
gf%ﬁ%fwﬁwrén%ﬁg o RecergKtS LD jeastive mnpnal group substituents on
ﬂgmgé%&ﬁg&mgf %&@ het erocyclyl group may be saturated
or partialTy unsaturated, i.e. possess one or nore
doubl e bonds. 20 Parti cul arI y pref erred het er ocycl yl

9- 10 menber tao | . Suitable,
Pf%‘ézglﬁﬁr tgsa‘ar%l yﬁ 910 hagagHEe grgrlrtwrlﬁly proups can

ad @it 4RI érﬁbler Q%hlc ?F QEbl%hﬂ)é| mofXiet aBYbe tebRHAY khe polymer
2H-pyrrolyl, pyrrolidinyl, "‘pyrrolinyl, piperidyl,
baglkbeae dongh regebiop o] ﬁhﬂ)ITIOleththhrﬂ)ﬂlC groinsadbkiatgani¢ or inorganic

mddg%eg gﬁ@* BQ%J}I{Nreg%engz Q.%thgrg% %ﬁ’ ’thet gt %(;)l‘gll?é/ gf %‘Sy(ryéh?/ Fster prior to it being
md:ltemb&hyxdiﬂ@}ﬁyd’ iilQﬂM‘uc cbedenadtiod I ilihen be Eéthere@@o the X group after the
yrazolln di oxal anyl, thiazolidiny

cy¢ é?o%@%?i &Pt %qupeu BIFSAIV D We@hyhatl%@aérwtwn POIYBIEE-Ny | |
t hi onor phol i nyl, oxathianyl, dithianyl, trioxanyl,
t hi adi azi nyl , dithiazinyl, trithianyl, azepi nyl ,
In mep@nﬂ;ddjmem éhx'r r§§llgrou'pn dfigymherall fm‘mmde (I8l ian dadip}&ht;lc hydrocarbon

i sai.ndol in azr I menyl., chronma
Coﬁrlglagﬁg 8&5}.]1%,1%6(1 }5%9%9855 pﬁyege%lply, s% conJugaﬁon is in the
foraD @9/ ah2 &Tén%Lé%QO 09Q4(R -

aronatr%&%ggldue Prgﬁegged he?iﬁggry have 3 oﬁﬁmeeneyne
maetyns, e.g. 3-10. Particularly preferred heteroaryl

are 5-6 and 9-10 nenbered bicyclic ring systens.

Sui tabl e heteroatons include, 0, N, S, P and Se,

Aspaed hé:rleirﬁltlhalteﬁn "dikatduSed i¥her gloh¥ver B cd}Hﬁcﬁmﬁf’W&@Q denotes straight
atons are replaced this may be by two or nore of the

chaiphrapehedr Jatvshe skoy fos cpmpler Gne aletleorobt-oner. Cio.  Examples of
strég %}a}ﬂﬂaﬁm}gﬁﬁ% ﬁﬁ%ﬂﬁ&ﬁfi& yé,gétfgﬂ -p'lT&%L’}zl' ﬂ%r%gﬁ n-butyl, sec-

pyrro i eny
benzothlenyl, |sobenzoth|enyl benzofuranyl
i sobenzof uranyl, indolyl, isoindolyl, pyrazolyl,
pyrazinyl, pyrimdinyl, pyridazinyl, indolizinyl,
qui nol yl, isoquinolyl, phthal azinyl,

1 5 naphthyrldlnyl qurnozallnyl qurnazollnyl

o o o - o
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10 The term "sul fonyl", either alone or in a conmpound

word, refers to a group S(0)2-R3" , wherein RY is
w@edoeae®a from hydrogen, al kyl, al kenyl, al k3npCT/AEROPP/000478

heteroaryl, heterocyclyl, carbocyclyl and aral kyl.

Exanpl es of preferred RY include G _20al kyl, phenyl

and benzyl. 15 The term "sul fonam de", either alone or

in a conpound word, refers tgpga group S(0)NR3'R3

wherein each RY is independently selected from

hydr ogen, al kyl, al kenyl, al kynyl, aryl, heteroaryl

I
oGRS BB oy LB oG ATBLES, Ry, 1
m@hm@ﬁ{ﬂh g?d?tﬁﬂfpeﬁhymtneaiyhb@mﬁl lpﬂﬁrédr?i&u%ﬁtgnym@gﬁemﬂbmyl, 3,3-
ano

RY
dimefhylRBtyL,i s1 a%@eﬁ’é(?@tyln |1t%dﬁ¥%léﬂb‘étb’1sseh§@ tggrgethylpropyl 1,1,2-

he @ clyu S . -
HRISHUS B SRR LR MRS 2 blnypers, >
dimhetbplpensl nt 4,¢-dmkthyipedtyiy ommghmaﬁgépﬁntjdl kyl,3-dah&ibplpentyl, 1,4-

R SR S LAl oo o

mé@h}tlﬁé}ﬁﬁnlhﬁeth\&!h% hey3@tt@tr§&&tﬁ9mﬁ%a1 mal-se-farmas. 6. or 7-
nmohocyclic, of clic ring systen1e g. a 3-10

cy
maﬂgﬂ@@yled - 2y 4'p91T%/ thyﬂmw 15260ra3~rgr09y1hr@ylnémé,r ked2-, 3+, 4-, 5,

LA BRI 0% LR, A8 W pontns

un(l&yg 1-NHbsnzy) 3-, 6N\HacsA or(%nﬁthywlo)lgh _,2@§\|4K)5 6- or 7- ethylnonyl
0) phenyl ), NaI kyl al kyl (whereln each_al ky
e?x freorcr Py ylassy). fr 2t pi3-bafyihegtyl @op@}tyﬁl@ﬂémigdeahldls 2-,3-, 4-,
onal cant r
B e e R T ke
5- zﬁoemmmpr:n-Ammg/@oazbﬁsylectyjs 1—2 "ph&tyﬂmptyl mnderdyl tetradecyl,

Peletﬁ%&sﬁ?l%#& R 35%%@?{% RGFTRAd e e, Bxamples
&)cl\ﬂeﬁanclﬁ@@h@ne- é‘l C( & ﬁﬁ Hf@éugggs;ubl\lliﬂ_glg ﬁgcl%lﬁ*éﬁyle cyclobutyl,

anpl es of am do inc

cygdepayel k:yc_ﬂphexyé,omﬂrahqpltyl( eygoodylC(cyyippidnyglglodecyl and the like.

W%g%ﬁ%ygfﬁpéégﬁ icgo(% NH%?&%)"EBOQ%' ;ﬂll\p-l?,c‘%c 1{ vv11‘i‘J be understood

thaC{RE} ISah kﬁ}ibraiokaﬂy dfvel @it braadird ahl lyelid ﬁbm%i@am‘idne appropriate. An
Cl-20, may_be the sanme or d|fferent) and 5 or

allyb @ERBPABAY b gBtionslly batimieddonens on mgreoprtional ﬁmsétt@aws herein
defhe cpllfferent heteroatons (e.g. 0, N and S). 10 The

term "carboxy ester” is used here in its broadest

sense as understood in the art and includes groups

havi t.he wher ein Rz e. cte
As ?saﬂqq%r%ptgn?n%w@%am Brougs ermAd amy]ksmg tcgl %ranched or
cyQRy m&abeaﬂsbn REHBEO DN ainid L e 104 Cdn>é| ear%@'ttsy&arb@m dioume bond
| es of carboxy ‘ester include CO2C1_20al kyl

ac
mcrl]@égg ye|th3(1@mgally copehedly| 9r, papRBsatirkipd a(llgylg or cycloalkyl groups as

et er oat.omt' o ero"
PrLSSha et o8 T Epls e alEn gL REE Rty | by lighShis intended
to OfnbRbe t frdperdyl,C dubAehyaL gﬁhﬁéﬁylc hhdxayn e h@pt@@ﬁ?} elocBlend, nonaenyl,
cyclic organi roup ticul ar exanples o
depraybr Bedesemyli ré@%e%f@yhu tridsgenyl, dstyadesenyk up¢ruadeceny1 hexadecenyl,

r o 0 nd
heﬁ%r ftgf:’tgd ﬂonc?érc%féﬁh Ql’cgs)s(eglgleﬁﬂ' da?'% o %19 y%ah{fln}me or more
carblon ltd eairbbm dbi]ﬂde (hohdsml Ekaiaplps ef a&bﬁyltlhdtld@vﬁ@n\&llyl dnfnethylvinyl,

nt het i o formng cyclic esters of formula
bute%y )i SIS P@Bg]h a§ T?S]a%@&%, r dznentegul, of cyclopentenyl, 1-methyl-
QPR AT eyl C 3atkds, ThHa ﬁe)s&h 1¢ f 2 9epR! t
y o?énu l3‘;19?0) m gyht the?@?or e co%velﬁlﬁép% y$ ég%@ Bgi d1 octenyl,
as a condensation residue of a hydroxycarboxylic acid
of general formula (I1): 0 HOXH WO
2009/ 127010PCT/ AU2009/ 000478 - 19 - The group X' in

general fornmula (I1) is a hydroxylated optionally
substltut ed ali phatl C hydrocar bon haV| ng tvvo or nore

oy o, e " o,
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Where the hydroxyl group is located at the end or

term nus of the aliphatic hydrocarbon 20 and the
wa@ekiophzon@c hydrocarbon is not substituted, allPCI/AUR®I000478

hydr ocarbon group will formpart of or be present in

the cycle as shown below in fornmula (1V): WO

2009/ 127010PCT/ AU2009/ 000478 -20 - (I1V) In sone

enbodi ments of the invention,jthe hydroxyl group is

| ocated at a term nal position of an unsubstituted

acyclic hydrocarbon, and the resulting cyclic ester is

refore al so unsubsti t ute e, g. as,in fo .
ox b EuStr @S HHBRSR hitelin, e Boniensh 4 Rupcionyt, 1.4
pehifadienyl; | B3 alep@ftadier¥,Cl BheradichiylOfl, HRH@HRy 38l @ohexadienyl,
%%) w || vary depending upon the type of )
Ltrgysleberadiendxy | .i: -cxelofent e0yls ubBd:-cyvlebepiplionyl esandr  1,3,5,7-
a e . n
ey IRERARAlR AR SKULE i hE WpyiGiily SpRhEG P he or more
opsipzd substieentyasl lieceiedéfmedused i n accordance with the
i nvention may conveniently be described in terns of it
bei ng forned of a condensed residue of a particular

ANYSH R FHRAX M i'ﬁkﬁ?l‘?deri’o@es-@kﬁps fogn;&[‘ Frof B '}H‘Eﬂﬁin,o‘{%anched or

the invention the cyclic ester ‘'used I n accordance W
cyelie hydipesrbpw mesidies contating et laastsombuearbén-earbon triple bond including

hydr.oxycar boxyl.i c_aci.d general formula (ll). Suitable
eth&%“n%%%’smgfmhy%? o%{y}%oa}V‘g%%{}‘f{i‘tE & Yo fY gt lagmf“_B? | Breviously
defihéd, fonedantige, HAp @R¥nAUbY Ch & ACTHy. MALE MMynyRieintéhded to include
acid, hy caproic acid, hydroxy caprylic acid,

dr ox
prw@wbxwwtyé aegonve hexamyhybewsynybamciayngli donaynyl, decynyl,
. sve e . ’
B MABHE B oy S LRI S hepdsny
oc‘ﬁdzmnyhymwr@ﬂ,aeibb@mgl aﬁﬂﬂ),caﬂbyd r grsipsd eitan bt(ije aﬁi %ore carbon to
r,ox I ghoceri c_ acl d, r.o cerotic acild, I ox
carb R Rk ’é’?&“ ci KA %’S@lkb%ﬁtlaa%ée sdvayl H;A:apwlay%pmp)@nyl, and

bufflyl &8hersahdpentfil f¥¥hekaCkR ﬁﬁ‘gﬁylagﬂ)ﬁb dmgﬁgé ?ggc))/nally substituted by

ceronel i ssic acid,” hydroxy geddit —acl
ong ef Bvrashtianabyibgtitubnis pokerembiefised.i ¢ aci d, 25 hydr oxy
caprol eic acid, hydroxy lauroleic acid, hydroxy
linderic acid, hydroxy nyristoleic acid, hydroxy
Arplikef] @rdp @ey domPHy H¥bbS WY trBordfiple bENHAERXM alkynyl group may
palmtoleic acid, hydroxy WO
conpes 3 97N AL RG] Do (8e-soxalled enpayiestime £k groups).
hydroxy petroselinic acid, hydroxy ol eic acid, hydroxy
el ai dic acid, hydroxy vaccenic acid, hydroxy gadol eic
Asaosad, hergilr, aky tgandaiyd” doi dearbyay)x efiete®laa Cofagingle, polynuclear,
q%droxy Srucic agi d, %groxy nervoni ¢ aci d, hydroxy
copiuggirediapd fpsed, reresoxy Argmaliy SydrcarbaB iting Fypkentsx yExamples of aryl
i ; . . yd hi L oo
%%h?ggl;%?i’nm}%?g ’ a?%’?m ’hygr oxgﬁésn?gr ir%gﬁﬁh l,agtlbtga}hydronaphthyl,
anthyabeoyly dibginoantheeceny], alrohzinytbiraostyyl MatibenAeanttirac@iyie rphenanthrenyl,
exanpl es _of. hydroxycarbgxylic agids, that may. undergo
G AP SR o Ao DG o Byl ¢ Taeteged BY] (RHae refenyl and
nay 1N &g CALHaRGSH Whdyh bk hﬁpticﬁh‘éﬁ?télﬁ@tiﬁﬁéﬁ! Hfl€one or more optional
3- hydr oxypr opanoi ¢ aci d, 4-hydroxybutanoi c” aci d,
subgtifeatsasiseait gefdned- aci d, 4- hydr oxyhexanoi ¢ acid, 4- 10
hydr oxyhept anoi ¢ aci d, 4-hydroxyoctanoi c acid,
4- hydr oxy- 4- net hyl pent anoi ¢ aci d, 4-
Ashysdd dieyeid -the tdnplsHakagtumiet, 'aliiedylenc”, and "arylene" are intended to denote
4-hydr oxy- 4- et hyl hgxanoi ¢ aci d, 4-hydroxy-4- )
then%tfﬁwtré%?% pYhe i dkenyl hyaad Gaty 4reéP?F)WIVﬁ]g’pF5a1PR§P1@ dgfined.
4- hydr oxy- 4- propyl hept anoi ¢ aci d,
4- hydr oxy- 4- net hyl oct anoi ¢ aci d,
4- hydr oxy- 4- et hyl oct anoi ¢ aci d, 4-hydroxy-4-
propyl oct anoi ¢ aci d, 4-hydroxy-4-butyl octanoic acid,
5- hydr oxypent anoi ¢ aci d, 5-
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15 hydroxyhexanoi ¢ aci d, 5-hydroxyheptanoic acid,

5- hydr oxyoct anoi ¢ aci d, 5-hydroxy-5- nethyl hexanoic
w@eiod/ 12816 hydr oxy-5 - et hyl heptanoi ¢ aci d, PCT/AU2009/000478

5- hydr oxy- 5- et hyl hept anoi ¢ aci d,

5- hydr oxy- 5- net hyl oct anoi ¢ aci d,

5- hydr oxy- 5- et hyl oct anoi ¢ aci d, 5-hydroxy-5-

propyl oct anoi ¢ aci d, 6-hydroxyhexanoic acid,

6- hydr oxyhept anoi ¢ aci d, 6- hydroxyoctanoi c acid,

6- hydr oxy- 6- nethylheptanoic aci d,

- hyd eth
in i ip e Rty aharietedt muRot io memn e pesste pay or may not
be Sfstitutdd BY eliseX YRL4siddbfin aCdoHdenbed IEOI cychc group) with one, two, three

hydr oxy- 7- met hyl oct anoi ¢ aci d, ocCt anoi c aC|d
or gpde Of EsarHe japf dnprgamy @@Wc(’i@b@?@ypp‘féo |sulsstlumoé)g@nl®mg those

t f & I
solSPL PORY PR RERAE BE CoBOoctB BT} MG B Hetoroaryl, acyl
arabkyilr oxljcamy, bolz'(ﬂdleteroawlyﬂs aﬂlﬁlegmm?}‘;ll I@tkcaﬁidcykllynwriadl@ haloalkyl,
t art ic esters_ suitable i n accordance
halgglfpyin et aleawlaag‘elaﬁ%rg | Jafibeisr eyl T lphgteroaryl,
| a c b
hal%!;.ég?l - g%ﬁﬁ?ﬁﬂ’(&rl se Flgferg)%&anmy@ro Xﬁ( i, Iﬁﬂg&gy%ll{eﬁ %ydroxyalkynyl,

met hods déscribed
hydrpxﬁlaalmsl:welyl (h]xﬂnoxwkylohy@poﬁmhroarclwlahgdnoaylmt@emh righiroxyacyl,

oy o BBV ) Geiag Rl y Al By salbpggarbocyelyl
a1k6>4§ar§10 él%bxy}ﬂe@&é&yclyl%ﬂ?&%ét&%&%iwFésﬁird;&h%ﬂogilﬁ&@éia&cyl alkoxy,
- In accordance with the invention, an aliphatic
alk@loﬂq@ns atilomylsey nearylosynel carbrcyelylonyt h araliyloxyc ebstesparyloxy,
hetQJochQI%&?h %gfo\?\(g’ é}%km% : lﬁ%l%lﬁé%ﬁnhﬁg%gﬁﬁl&w Hiﬂtoaryloxy,

halﬂtarbmd\yi@bqb hakatillenedy, halongerarntoxy (huEheﬁefd’cysllyHﬁy, haloacyloxy,
t. such }zzs twin screw extruders, single sc

mtr@xtl}l&a%lpgl r&a%rﬂ@ ety BitioREyayl etwrsaréfktm&raa?tgroamylpalmafﬁheteroayl
e in b pr SI
Rl RS THRar kol G155°" 18RS Y otamine,
alksuydmemui plidgnylaini, uaite'lampe,otdmylamiw derakyl@airoyr fiaralkylamino,
acy Xl%rgfg%ngl pat ng gi(y%%nﬂn lﬁltéurg Xgﬁgﬁ garb%xyestter amido,
alk Eﬁ@ﬂﬁﬁﬁbkﬁn RPLYIPBEn YRR, tﬂkyﬁﬁl%hé@lesér?fsulphénﬂ asthiReenikylthio,
ound 10 that the cyclicC ester can undergo reaction

alkgpylthie.he alkynriétieat potthissl y%lkylst,mas ceboryadplilper ahetergsgclylthio,

h
het%fog%relﬁlgcgp Iﬁ%ll{hg d{nﬁ‘?f‘g‘”‘t@ ac%%)hlgf %ﬁlf’o% ?@eﬁg%{lfglggn%gfg ?mlnoalkenyl

amimylkghsh canpoeaBodchil,opamindarylof atrh@l&wtd)dy@l}&St @fmnoheteroaryl
t hat has not‘%Bdergone reactjion wi th the aliphati

amingRedn SatipeaTalsyl y alietha fepalisyntioaligiylh #30qspqsaelyl, thioaryl,
thloﬁbrté%H@ﬁl i ng%cgfeé tdl,??ll, P 1@@3%' ﬁﬁoér?ﬂk%f)f cﬁﬂ%@x?&fﬁ%ﬂ' Ccarboxyalkemyl

ester. the ar
carbh}@tallnyylyl rcarhomygprbcmnbﬁ ohr]rmlxyarbrl tcbﬂ)oxy]nﬂterocmylecarbmyhgteroaryl
‘i ncor t of  t o%%ner bqﬁgbo e 8; t he
corp AL CE CE SIS S PoIGHEHY FbREser D Loy erallynyl

carbyRydster&@sbddyciyl,Ng opensca@m( §6RrAS coval epbibyxRatigkt -
to};nd forﬁ@pggt of the pol )yener @ckbone Wthogé% eroeyeiyh

carppyestegheateropal,| qaanxefdst@ycxlh ea:byxyesterarslkbleIarredc@dksﬂoarmdoalkenyl

S GesSa Iea l ves n pene
am%:({/b%fkywiem%flﬁgel ngcycg’\l/’al ent )? ’ouﬁﬁ“‘ﬁ gwgmi’ é’g}}{? laméc}]oéleteroaryl
amufoawle apidoarElkylD d6iboslRyl, PSS Skynyl OFdrawediaiyl,i Pt@ficarbocyclyl,

&‘or intra oI yner chaip rearrangenent of the rin

mﬁh@ egach/aiyLs (e yisteroaryl. Hepurieeyl| dommdaraliplaacylaliyl,
I
a"}?%ﬁﬁtr HORIARGE, LA, tRGIA YIS InRASKRARS acylncteroaryl,

wor ds, aIthough the ring opened formof the cyclic
ester may initially attach to a 25 term nal section of
the aliphatic condensation polynmer, it nay
neverthel ess rearrange its position within the polyner
backbone through a transesterlflcatlon process. For

o o . a
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particul ar, dependi ng upon the nature of the aliphatic
hydr ocarbon group X, the 20 hydroxycarboxylic acid
wo e@odemican in effect extend the chai n | engt hPGF/AUR®I/000478
pol ynmer backbone by the nunber of carbon atons that
formpart of the cycle of the cyclic ester, and nmay
al so introduce a pendant hydrocarbon chain to the
pol yner backbone derived frogya portion of the
hydr ocarbon chain that does not formpart of the cycle
of the cyclic ester. Wthout wishing to be linmted by
it is believed that this " c ext ensi_on
ac%ll"w ’and 92%'135?113 gendé‘H O’Ea%ﬁ laddi f‘*lg\’f CPe@ikeP}ﬁle poFyifRzidealkynyl,
sull@GURANRCPEIVES T e ' | €S
condensat ?o\z pol ﬁﬁ)ﬁ&% ZSggI/f ﬁiég%f%%@%&&Oogﬁffoyhh&etemaryl
sulfoxideacyk ap S‘éilffa@d@m@kylb n sdboyhinte wutfhnylhkenyiyen$ulmny1alkynyl

s R RN NR IR T

sulftrserakiil, | | ecsulfondiRloalklyl, W | IsuBpRmeidbalkenyihat §Lhﬁ)nam1doalkyny1
ester of general faornmula (1) will be 5 selected

|
Su&?f?aélklg‘?‘@rbwgﬂl new andf#fonappdesydd proper tﬁué@n{ﬂéldph%temcyd}’l
s e T —

tmeﬁmnbfb agpreatbacycdyl Bﬁroar}d,y (Ihtlr@hewb@yclylp wivdhdtyroaryl, nitroacyl,
prol ac ndensati on catal yst nay al so be
it %@eﬂyﬁnﬂ %ﬁg‘g‘?m’ﬁdﬁ@ P nelt reaction 10

between the aliphatic condensation pol ynmer and the

cyclic ester. Typical condensation catalysts include
In |seie srehodigentscih reay bedesitable thet o)groiep ist optamallmsu]xsthed with a

i ndil aur at.e.
rea%pge hal%ﬁtélg%%lo%ré’ SR %t F9A Yol Wplg%gl" tsﬁ‘gg EWPV% %g%(‘tt’é’f“al groups or
mdi&)esahﬁlﬁdé)epd;@ eaRglitdeedydliz dshe (@ rgeﬁa%ﬂﬁﬁ fhighe® Stlic oligoester),
more additives such as fillers, ?rrents stabilisers,

CY‘B‘FCOW“P@ (agdastam o hisheneydis oélgewpsie aazelmgiand caberinrige.
and/ or branchi ng agents. Chain coupling and/or
branchi ng agents may be used in accordance with the
In isome remibodirhentpyr io nn)d}ebaﬂeélmbteemaeaigﬂoﬁm& omtiealll atbstituted with a

of ,and/or . c n bra h|n in the res It|ng 20
poliGuat fhelh A WH{P&%O@%%@@QQ@ 8|1@%fes aqiebypteg EheiE-
i ncl ude pol yfunctional acid anhydrldes epoxy

conpounds, oxazoline derivatives, oxazolinone
Prefored, apiionsd subsiduents inshulertbe afwdmslpimeésrcamletfhbcttmnal groups or

o OB B SN A TLR o BEAHIC BT B v
cycklbﬁlbﬁyﬂ -c@@lﬁbw@’y chyeipemtylet h:yblbh@@}lp Eﬂyﬁro@am'yﬁ |(§1 by ﬁyd}}ékymethyl

benzam de (and rel at ed di epoxi es);

hydierysthy. aﬁ’d’ sRaPaRyy e slkonyplkal gI(‘}’;l%l dmmame&mh methoxyethyl,
megkéc?(?ba .gz&gﬁc){dfﬁt@@%{ﬂxg&w&z %ﬁ}/o@(g]g@p%l\l% dallfoxgl yg Ci6 alkoxy

sudhmi dazobthory,; @hoxy @mpoky,ksbut@t}e n)ébrclgbmbﬂyl @bhﬁutoxy) halo,

mf?' e héﬁgaﬁl e g?r dls&%yﬁﬁl'@%@% Yi- rrewE,gl? {}%ﬁémch itself may be
furfler %Uﬁ[tﬁ’eed MQ U ]52271 ORGIY, % é‘%%%&jcl 62a':_fk}71 Cis alkoxy,

Pol yoxazol i nes/ Pol oxazg:fllones >such
halpCa. sﬁkﬁ( Oy Aitro| Q@()Q)CM sikghend hmnﬂ)),tbméﬂ (Wherem benzyl itself may
et.h

be %ﬁ%ﬁ% %% tlz%p'do% g? ol?b}} ﬁ‘és aﬁéf?zl?'c{lc g)%y, hy: oxyC1 salkyl, C; alkoxy,
hal%C?s alldyE (cyafio, dhﬁ*&l GOEICLs §H<9P( %ﬁ@'ahﬁﬁa) phenoxy (Whlerem phenyl itself

- hexanet hyl enebi s écar anoy 2-oxazol i né;

map/é)@zfﬂﬁtheréié‘aitguf@ﬂ@)g i S ek, llaé@ﬁwdmm hydrowy@)salkyl, C1.¢ alkoxy,
e PR Vs BT GETRIG < DB ). wpiots Culiein et s

i de, benzophenonet et Tacar boxyl i ¢ acid di anhydri de,

cycl opent anet et racar boxyl i ¢ di anhydri de, di phenyl

sul phone tetracarboxylic dianhydri de,

5- (2, 5-di oxot et rahydr o- 3-furanyl) - 3-

nmet hyl - 3- cycl ohexene- 1, 2-di car boxyl i cdi anhydri de, bi s(3
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It is also possible to use acid anhydride containing
pol yners or copolyners as the acid anhydride
w@ovporni . 25 Suitabl e pol yfunctional acid ankGOADZI®S/000478
i nclude pyronellitic dianhydride, 1,2, 3, 4-
cycl opent anet et racar boxylic acid di anhydri de,
1, 2, 3,4-cycl obut anetetracarboxylic acid di anhydride
and tetrahydrofin-ah-2,3, 4, 5;4etracarboxylic acid
di anhydride. Mst preferably the polyfunctional acid
anhydride is pyronellitic dianhydride.

mag BRSO ek P 1Y i PR

halbQY.galklyD ﬁtreoo@@omrta Arj1ednd AndnSU RERAY ENkyIERIAFA (e.g. Cig

state con ensatl on pol ymer| sation process. Thl S

alkylyspete ps pre@oé@mmnge @pnnorpraeﬂammw\r:tch dinlkyleininp (@ Cis alkyl,

sudonf By R Rl T AR E B yg (e NEC(O)CHS)

pheﬁ@tmtﬁb govheeim gh@rgrn\ieeltflr@@abe Foithe! ﬁbﬁtt&ted Osn@le B$ atOdlkyl, halo,
ymerisation techni gues and_equi

hy ew awrtﬁormctm@kweﬂmé gy, haleCi. «n%ﬂt Ptsq«rlo rlttrq@g?(%cl s alkyl, and
e
SRS PR DIOVARRLICE (RLR, SR sPBh) PBLOKal s .
6alky1 tstndl fam rawetnytoxa) ;Bcrxzoybowhd:remhtltehp]newhrgrmp utseldl they be further
so i GEeE e R i G BBV WP vt PSS Gy AbfoRa, RaloC ally,
cyar?hyﬁm%ad)c{tb)@t Qanaﬁ hAE ahB RN SehIa¥En &R P CIBRYith @rd), @O, H) CO,alkyl
forma I't processed product The invention

(e. g h@r eﬂlkbfla smhs@s predivyl chster a ctbhresiet, trepy] fester.nbatyt ypitag, COzphenyl
hat G ensati o 5 po t he ,coppos]
(wﬁaere% n 1 %eg o?? rlr)Der guré-tar ke ert{{ﬁtgfi en% ; S%’ oSS A allg t'i]lalo hydroxy,

hycﬁekﬁrclogalmher Aalkdoy, maloaC {{ alkyla@%o,r ni&o rmt@O)ml%emyl and amino),
roduct of one or more carrier ynmers and a cyc

CORH» COXHplset érhqrep@ér@yl(ltsylf m%yé%faﬁhrreﬁubﬁaptﬁﬁ&g n‘%sycl s alkyl,
halb”h{é&%%tlﬁg%&@ ££1r?§1' 0%6 P%ﬂ&%gsﬂélb P ﬁgﬁkyr gaﬁoh Hitrd %)(:(0)(:1 6

ance wth ntron.
alkyh ahd cAasKo)} ﬁé)lﬁdilmmay]r (twtra:reumynzgnl mtpd:lf staiy bl ﬂuythbxesubstltuted e.g., by

B ey ot PyeRSy] e ainEnCre Sl Lr i Au ARG vano, nitro

Owcpcgalkﬁaﬁnd:ﬁﬁﬁ@?@@ﬂﬂalkyl td.g.r@Y; :ﬁll;yﬁ‘%ug? aéjﬁl%ﬂfy@ Q;J.;t@r bfhyl ester,

prOVI | east he cyclic ester in the form of
propyt esierb htlfo'h agpde) @QNHd@ﬂityl &¢.8. Ghi dhylk aminnalkyl (e.g., HN Ci alkyl-,

CrgRDRRY e o FE e, TGE vl ey abnreL By Ty 3% o,

carbﬂﬂﬁmtqu% g. AHOQSG% hﬁ{y@-l) ncarbdib@/eht%faﬂkyl f(@':‘gt eCP@hIId?TOz@'Cl ¢ alkyl-),

concentrate 8 nousl herein) has t
aﬁamﬁ 3Crol karl-b@(énd DR oAl Lk pregaliy! (..
O Mo ey R 08 H A ORCLAARIRTRRLR [ Qagos o,

sultfcmdmﬂ{yl ée g. oRp(o}SCtlmoﬂqd o;utp]n BS cmammeoys(cltﬁr atky@ 9t erdfoagtlkyl (e.g.,

R(OGS6H s Sl GBI UBNIBaE 5 180, S gRamidaalicy (5.8 SHRN(OISC.

6M§§I§H@§§ﬂkﬁﬂﬁk»8t§%a§9 in an aliphatic condensation

ynmer in order to pérformthe nethods of the
|nvent|on The mast er bat ch may be forned by nelt

in e SRutedp @S i S p b el etase o e BBl DRy fowe X i

optiGilallysupstiuted tithta Bt bRBAt|diceAdE s @blyeﬂlep ehaiAer
that is to be nodified. The carrier polynmer may be an

al i phati c condensati on pol yner, for exanple an

al i phatic condensation pol yner of the sane type as the
one that is to be nodified. 10 Where the carrier
polymer is an aliphatic condensation polyner, it wll
be appreciated that the process of making the
masterbatch in effect enploys the nethod of the
|nvent|on However, by qualifying the product a
nasterbatch it mrll also be apprecrated that the

o, = - L_.. " . o, o o
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Ali phatic condensation polyners that may be used as a
carrier polynmer in the conpositions of the invention
WO pba2i®1G@ hose described herein. Preparing a PCT/AU2009/000478
masterbatch by nmelt mixing the cyclic ester with an
al i phatic condensation 30 polyner and then
subsequently nelt m xing the nasterbatch with an
al i phatic condensation pol yngr_ is believed to provide
a nore efficient and effective nmeans of incorporating
the WD 2009/127010PCT/ AU2009/ 000478 - 28 - ring

oo PRERIFgHE) (TR R g TR BRI, e

broinb%raédo)m@kéfe@tﬂplﬁﬁ@g'@ﬁ @rel d‘hﬂdnﬂd,‘lbroaﬁﬁé OpfoldﬁIGE
tenperature at which a given 5 polyner is to be nelt
m xed with the cyclic ester will vary depending on the

The Y0, QaREATP nPElA0aGBE B¥ron RChBhocEmbdlydfetibMhsed or

conjl(éa;ﬁdﬁlﬁy&ir@dalrbonbﬁsmom pedfedbbt Caot(egp€s.at arr €s. gr)ariﬂierng;ngs may be
from about 1 to about 240C. 10 Pro \thed tgat t 1) and/

sanyspgs £ LIk 1oE T ISHEASS EP B BSHIAY enyl) and/or
e"&drht)feeglp'lé"b@l{dsl(gfc?&l@ﬁ% VBt tich 1Ry %réf&*r&?czﬁ%éycﬁmlﬁ&etles are

limtation on the amount ‘of cyclic ester that i's to be
5-6rmatmberiest o i membered |ringhsiisiemse o tabiaeyamplgsoinghide cyclopropyl,

t he cl.i nesher nerally.b hn
cyel T v rosfngRun o I TG Rissly Sutfthyh "o Rodeeyn
cycwpf%ﬁ%hﬁlm ycelttextaylp abielbocByt . yclominddiengl,t O chtlehexadienyl,
total mass of the cyclic ester and the aliphatic
cyctenstrsiagnylotndemylpdicphipyl andedeayt he cyclic ester is
conbined with one or nore carrier polynmers to forma
mast er batch, the cyclic ester will generally be used
The'b rtedm &mmdychﬁﬂh giteg fisedmalbeudr 30 compruhd whwlst inglides any of

0/ relati he tat al ss of the cyclic ester
mOBgRY b OIYeE P o5 EOREERPE TS SrEN oo et G (e
C3.H3&ACL ) REGEARCE Mbidcdion TRLOSE Bhlabdieby AVRArbABm so as to

can inpart to the resulting nodified aliphatic
proyisied e risat- aromapgllyméue pr Sitabld é@tesmcbmasnﬂn@? d%elf, S, P and Se,

XI. Di n |on in it dness
pargFHn . dV oo o R e BErisEs it P AohRcB? rbladsds s pe be by
twe2r RioRY bEigd s@ﬂle%@%r@étcﬁﬁ@ﬂ By cﬁffeﬂeﬁﬁlie&ét‘é@@nish miég{bterocyclyl group
crosslinking induced fromreaction of functional
mayjr b petuiatedhi a7 prrtiplin diseturateshn i t%ep%swoelm or gppore double bonds.
Pal%l 1'%.{1%1{1 thé)gfénje{i' Hett ([jyrl g 50§ '18%@1?b&e? theterocyclyl Suitable

I Cl rou
exaﬁqgéﬁdﬁﬂiemﬂodydm Sgrélqjst hey 1ddude asadinyh reodaghylekiingyl kectidinyl,

olyner, .o eraII nor e ophohic (e.qg. _.hydro
oxGeybi RREERIE heERG ) PRGBS 6 YpHEe PPRAYL Biperazinyl,
molytiiiaky t hﬂoﬁﬁ%lacllfmd&rohﬂ e%ﬁﬁz&'ﬂ{ u%a{zlaﬁdl%gl thlgrlnorphohnyl

I'nt roduct 1 on of hy yti cal
diogamyip settabydrofushmli mﬂaby@DQMaaylp dstt;almrdl)omanlyé.l te@nhydrothwphenyl

v e e S L P S

tm@rw@hahhylm dKathiat, dRBTGHS egiokhiyUahia@la0mSl,| Bithiaginyl, trithianyl,
i nduced from reaction of functional roups within or

azepern@,awepm’yérthtenmyk igdenyp)indanyl Fhirpe dISﬁmdphwls éYsquigolazinyl,

| regt e presence

chr%%ne{r{ﬁ E‘%%% Es'acﬂr‘sfrﬁhgl ggr ﬁgl and drgé{(fr&g%hﬁhl iol

i nduced fron1react|on of functlonal groups within or

pendant fromthe X group and the 5 base polyner. Using
The Hermethsbaarygy' tnq@dgwélm P AROnORYEG, ;wim&hc fused or conjugated
hy(ﬁﬁ@&ﬁ&? f’ésicﬁlréf RLFER onBRY ntrs QarBEn & seﬁrte ‘f%)l?&ﬁoo heteroatom S0

ernoset pol'yner via reactron o nctlo
wi thin or pendant



10

15

20

25

30

fromthe X group (e.g. oxidative crosslinking of a
coati ng product produced fromthe 10 nodified pol yner,
w@erooenz®sld i nki ng reacti ons where the nodified PCI/AU2009/000478

condensati on polynmer is included in the fornmul ati on of

a thernoset resin such as a unsaturated pol yester,

vinyl ester resin, epoxy resin etc). The stability

(e.g. W) or colour fastness 1gf. a nodified aliphatic
condensati on polynmer 15 prepared in accordance with

the invention may al so be inproved by tethering an

LLate nmoiety to t u e..0. nhojeties such
BB bR Yostdher dp 5% MefuteEy Sy e 2 g ioms, e.g. 3-10.
Patitw&ly ifgbferred aititéroSST Ste 526 k@nly 91T MESbAME Bicy?l€ ring systems.

active materials). The nodified condensation

bi . :
S%@gkﬁﬁ@ownﬁﬁn@u%\%ﬂﬂ i DrP eath Spepasticylpds @, M apd SduWhsre two or
' £ . j | i-cation
R A ST LR By SRR AR LR s o
difrest hpteosttiorhs,  Shiesbi fepamplds fokeroaryl cgratipsN @iy include pyridyl,
iyes _fibres, ffolds for nedical applications

adhesi C )
YO udiHg Y 4 ZPlé(Eai raivld Rsoggthérayly diqpenzothienyle benzofuranyl,
isdHeBBE IFank )V GRHIAN Mbihbiol)er §iRadiEr t el 4 o
descri e With "?efer_en%g tgitﬁe&goﬁ)?%vz\nn% E‘?ﬁmdmyl, pyridazinyl,
indedizinylii giinglydx akoreisolyl,Wphthalazinyl, 1,5-naphthyridinyl, quinozalinyl,

. 127010PCT/ AU2009/ Q00478. - .30 -. MPLES General 5 .
asB B ABSTRg SRt Bl oris B FRED b AVGE ARG tiszoly
oxBdidleelyl A2H0-9PeC tiRiEl, ehd f@Refml.i Nng at 400 M-z and
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Bi onol I e, Showa, Japan Commerci al Lactones Used
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deg"@?ﬁ%&%@ Fuder having a L/D of 40:1 fitted with
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egner (see Sche 2). WD
Th 6579y ?ﬁ@fﬁbﬂ?lﬂwﬁ@m%m compgund g, pefprs to e grosg) —S(ORY
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Screw Vent Port (Seal
heterocyclyl, carbocyclyl, and aralkyl Examples of preferred R include C;.palkyl, phenyl

5L]

and benzyl.

The term "sulfonyl", either alone or in a compound word, refers to a group S(O)-R’,
wherein R¥ is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, carbocyclyl and aralkyl. Examples of preferred RY include Cy.yalkyl, phenyl
and benzyl.

The term "sulfonamide", either alone or in a compound word, refers to a group S(O)NR’RY
wherein each R’ is independently selected from hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocyclyl, carbocyclyl, and aralkyl. Examples of preferred R” include C;.
20alkyl, phenyl and benzyl. In a preferred embodiment at least one RY is hydrogen. In
another form, both RY are hydrogen.

The term, "amino" is used here in its broadest sense as understood in the art and includes
groups of the formula NR*R® wherein R* and R® may be any independently selected from
hydrogen, alkyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl, heterocyclyl, aralkyl, and
acyl. R* and R®, together with the nitrogen to which they are attached, may also form a
monocyclic, or polycyclic ring system e.g. a 3-10 membered ring, particularly, 5-6 and 9-
10 membered systems. Examples of "amino" include NH,, NHalkyl (e.g. Ciaoalkyl),
NHaryl (e.g. NHphenyl), NHaralkyl (e.g. NHbenzyl), NHacyl (e.g. NHC(O)C;0alkyl,
NHC(O)phenyl), Nalkylalkyl (wherein each alkyl, for example Cj.50, may be the same or
different) and 5 or 6 membered rings, optionally containing one or more same or different
heteroatoms (e.g. O, N and S).
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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)NHalkyl (e.g. Ci.20alkyl), C(O)NHaryl (e.g.
C(O)NHphenyl), C(O)NHaralkyl (e.g. C(O)NHbenzyl), C(O)NHacyl (e.g.
C(O)NHC(O)C;q0alkyl, C(O)NHC(O)phenyl), C(O)Nalkylalkyl (wherein each alkyl, for
example Ci3, may be the same or different) and 5 or 6 membered rings, optionally

containing one or more same or different heteroatoms (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
including alkyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl, heterocyclyl, aralkyl, and
acyl. Examples of carboxy ester include CO,Cipoalkyl, COsaryl (e.g.. CO,phenyl),
COsaralkyl (e.g. CO, 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
examples of heteroatoms include nitrogen, oxygen, sulfur, phosphorous, boron, silicon,

selenium and tellurium, more particularly nitrogen, oxygen and sulfur.

Those skilled in the art will appreciate that a convenient synthetic route to forming cyclic
esters of formula (I) is through a condensation reaction of hydroxycarboxylic acids. The
cyclic ester of general formula (I) might-therefore be conveniently described as a

condensation residue of a hydroxycarboxylic acid of general formula (II):

O—0O

HO/ \xH (I

where X" is a hydroxylated optionally substituted aliphatic hydrocarbon having two or

more carbon atoms as hereinbefore described.
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Suitable examples of hydroxycarboxylic acids of general formula (I) include hydroxy
butyric acid, hydroxy valeric acid, hydroxy caproic acid, hydroxy caprylic acid, hydroxy
pelargonic acid, hydroxy capric acid, hydroxy lauric acid, hydroxy mytistic acid, hydroxy
palmitic acid, hydroxy margaric acid, hydroxy stearic acid, hydroxy arachidic acid,
hydroxy behenic acid, hydroxy lignoceric acid, hydroxy cerotic acid, hydroxy carboceric
acid, hydroxy montanic acid, hydroxy melissic acid, hydroxy lacceroic acid, hydroxy
ceromelissic acid, hydroxy geddic acid, hydroxy ceroplastic acid, hydroxy obtusilic acid,
hydroxy caproleic acid, hydroxy lauroleic acid, hydroxy linderic acid, hydroxy myristoleic
acid, hydroxy physeteric acid, hydroxy tsuzuic acid, hydroxy palmitoleic acid, hydroxy
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sapienic acid, hydroxy petroselinic acid, hydroxy oleic acid, hydroxy elaidic acid, hydroxy
vaccenic acid, hydroxy gadoleic acid, hydroxy gondoic acid, hydroxy cetoleic acid,
hydroxy erucic acid, hydroxy nervonic acid, hydroxy linoleic acid, hydroxy <y-linolenic
acid, hydroxy dihomo-y-linolenic acid, hydroxy arachidonic acid, hydroxy linolenic acid,

hydroxy steridonic acid, hydroxy nisinic acid, and hydroxy Mead Acid.

Other examples of hydroxycarboxylic acids that may undergo cyclic condensation to form
cyclic esters suitable for use in accordance with the invention include 3-hydroxypropanoic
acid, 4-hydroxybutanoic acid, 4-hydroxypentanoic acid, 4-hydroxyhexanoic acid, 4-
hydroxyheptanoic acid, 4-hydroxyoctanoic acid, 4-hydroxy-4-methylpentanoic acid, 4-
hydroxy-4-methylhexanoic  acid, 4-hydroxy-4-ethylhexanoic acid, 4-hydroxy-4-
methylheptanoic acid, 4-hydroxy-4-ethylheptanoic acid, 4-hydroxy-4-propylheptanoic
acid, 4-hydroxy-4-methyloctanoic acid, 4-hydroxy-4-ethyloctanoic acid, 4-hydroxy-4-
propyloctanoic acid, 4-hydroxy-4-butyloctanoic acid, S5-hydroxypentanoic acid, 5-
hydroxyhexanoic acid, 5-hydroxyheptanoic acid, 5-hydroxyoctanoic acid, 5-hydroxy-5-
methylhexanoic acid, 5-hydroxy-5-methylheptanoic acid, 5-hydroxy-5-ethylheptanoic
acid, S5-hydroxy-5-methyloctanoic acid, 5-hydroxy-5-ethyloctanoic acid, 5-hydroxy-5-
propyloctanoic  acid, 6-hydroxyhexanoic acid, 6-hydroxyheptanoic acid, 6-
hydroxyoctanoic acid, 6-hydroxy-6-methylheptanoic acid, 6-hydroxy-6-methyloctanoic
acid, 6-hydroxy-6-ethyloctanoic acid, 7-hydroxyheptanoic acid, 7-hydroxyoctanoic acid, 7-
hydroxy-7-methyloctanoic  acid, 8-hydroxyoctanoic acid, and other aliphatic
hydroxycarboxylic acids.

Reagents, equipment, and conditions for manufacturing cyclic esters through the cyclic
condensation of hydroxycarboxylic acids are generally well known in the art. Cyclic esters
suitable for use in accordance with the invention can advantageously be prepared in a
similar manner. For example, cyclic esters can be prepared using several methods
described in the literature. (Journal of Biomedical Materials Research Part A, Volume
80A, Issue 1, pp 55-65, Polymer Preprints 2005, 46 (2), 1040, Polymer Preprints 2005 (46
(2), 1006).
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In accordance with the invention, an aliphatic condensation polymer is melt mixed with a
cyclic ester of general formula (I). Melt mixing can be performed using methods well
known in the art. For example, melt mixing may be achieved using continuous extrusion
equipment such as twin screw extruders, single screw extruders, other multiple screw
extruders and Farell mixers. Semi-continuous or batch processing equipment may also be
used to achieve melt mixing. Examples of such equipment include injection moulders,

Banbury mixers and batch mixers. Static melt mixing equipment may also be used.

By melt mixing the aliphatic condensation polymer and the cyclic ester, it has been found
that the cyclic ester can undergo reaction with the condensation polymer so as to
incorporate the ring opened form of the cyclic ester as part of the condensation polymer
backbone. The polymer composition may also comprise a proportion of the cyclic ester
that has not undergone reaction with the aliphatic condensation polymer and/or polymer

that has formed through ring opening polymerisation of the cyclic ester.

Those skilled in the art will appreciate that by the ring opened form of the cyclic ester
being “incorporated” as part of the polymer backbone of the aliphatic condensation
polymer is meant that the cyclic ester ring opens and becomes covalently bound to and
form part of the polymer backbone. Without wishing to be limited by theory, it is believed
that this process at least involves the ring opened cyclic ester being covalently bound to a
terminal end of the polymer backbone, possibly followed by inter and/or intra polymer
chain rearrangement of the ring opened cyclic ester such that it becomes located at a non-
terminal position within the polymer backbone (e.g. through a transesterification process).
In other words, although the ring opened form of the cyclic ester may initially attach to a
terminal section of the aliphatic condensation polymer, it may nevertheless rearrange its

position within the polymer backbone through a transesterification process.

For example, an aliphatic condensation polymer modified with a cyclic ester of general
formula (I) in accordance with the invention may comprise within its polymer backbone
the ring opened residue of the cyclic ester as illustrated below in Scheme 1. The modified

polymer will of course generally comprise within its polymer backbone a number of such



10

15

20

25

Bionolle CL 50 EL 16 Nil CL O EL 17 N 11 CL 5 EL 18
Nil CL 10 EL 19 Nl CL 15 EL 20 Nil CL 20 EL 21 Nl CL
W@ 009/127010 PCT/AU2009/000478

-23 -

ring opened residues.

ﬁ

A C 0)
\05/ \X / \tB )

Scheme 1: An illustration of an aliphatic condensation polymer modified in accordance
with the invention using a cyclic ester of general formula (I), where X is as hereinbefore

defined and A and B represent the remainder of the condensation polymer.

With the reference to Scheme 1, the aliphatic condensation polymer can be seen to
comprise the ring opened residue of the cyclic ester as part of its polymer backbone (i.e.
the moiety not within parenthesis). The ring opened residue of the cyclic ester itself can be
seen to be formed from a condensed residue of the hydroxycarboxylic acid of general
formula (I1).

Accordingly, the modified condensation polymer may be described as comprising

hydroxycarboxylic acid residue within its polymer backbone.

The hydroxycarboxylic acid residue that forms part of the polymer backbone of the
modified condensation polymer is believed to modify the properties of the polymer. In
particular, depending upon the nature of the aliphatic hydrocarbon group X, the
hydroxycarboxylic acid residue can in effect extend the chain length of the polymer
backbone by the number of carbon atoms that form part of the cycle of the cyclic ester, and
may also introduce a pendant hydrocarbon chain to the polymer backbone derived from a
portion of the hydrocarbon chain that does not form part of the cycle of the cyclic ester.
Without wishing to be limited by theory, it is believed that this "in-chain” extension of, and
any pendant chain addition to, the polymer backbone gives rise to the modified properties

of the condensation polymer.

For example, aliphatic polyesters (e.g. polylactic acid, polyhydroxybuterate, and

polybutylene succinate adipate) modified with cyclic esters of general formula (I) (e.g.
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caprolactone) in accordance with the invention have been shown to exhibit improved

flexibility and softness and in some cases increased tear resistance.

Those skilled in the art will appreciate that the cyclic ester of general formula (I) will be
selected so as to impart new and/or improved properties to the modified condensation
polymer. Accordingly, there would generally be no practical use in selecting for example

caprolactone as a cyclic ester to modify polycaprolactone.

A condensation catalyst may also be employed in order to enhance the melt reaction
between the aliphatic condensation polymer and the cyclic ester. Typical condensation
catalysts include Lewis acids such as antimony trioxide, titanium oxide and dibutyl

tindilaurate,

Melt mixing of the aliphatic condensation polymer and the cyclic ester may also be
conducted in the presence of one or more additives such as fillers, pigments, stabilisers,

blowing agents, nucleating agents, and chain coupling and/or branching agents.

Chain coupling and/or branching agents may be used in accordance with the invention to
promote an increase in the molecular weight of and/or chain branching in the resulting
modified aliphatic condensation polymer. Such agents include polyfunctional acid
anhydrides, epoxy compounds, oxazoline derivatives, oxazolinone derivatives, lactams and

related species.

Suitable chain coupling and/or branching agents include one or more of the following:

Polyepoxides such as bis(3,4-epoxycyclohexylmethyl) adipate; N,N-diglycidyl benzamide
(and related diepoxies); N,N-diglycidyl aniline and derivatives; N,N-diglycidylhydantoin,
uracil, barbituric acid or isocyanuric acid derivatives, N,N-diglycidyl diimides; N,N-
diglycidyl imidazolones; epoxy novolaks; phenyl glycidyl ether; diethyleneglycol
diglycidyl ether; Epikote 815 (diglycidyl ether of bisphenol A-epichlorohydrin oligomer).
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Polyoxazolines/Polyoxazolones such as 2,2-bis(2-oxazoline); 1,3-phenylene bis(2-
oxazoline-2), 1,2-bis(2-oxazolinyl-2)ethane; 2-phenyl-1,3-oxazoline; 2,2'-bis(5,6-dihydro-
4H-1,3-oxazoline); ~ N,N'-hexamethylenebis  (carbamoyl-2-oxazoline;  bis[5(4H)-

oxazolone); bis(4H-3,Ibenzoxazin-4-one); 2,2'-bis(H-3,1-benzozin-4-one).

Polyfunctional acid anhydrides such as pyromellitic dianhydride,
benzophenonetetracarboxylic acid dianhydride, cyclopentanetetracarboxylic dianhydride,
diphenyl sulphone tetracarboxylic dianhydride, 5-(2,5-dioxotetrahydro-3-furanyl)-3-
methyl-3-cyclohexene-1,2-dicarboxylic ~ dianhydride,  bis(3,4-dicarboxyphenyl)ether
dianhydride, bis(3,4-dicarboxyphenyl)thioether ~dianhydride, bisphenol-A  bisether
dianhydride,  2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane  dianhydride, 2,3,6,7-
naphthalenetetracarboxylic ~ acid  dianhydride,  bis(3,4-dicarboxyphenyl)sulphone
dianhydride, 1,2,5,6-naphthalenetetracarboxylic acid dianhydride, 2,2'.3,3'"-
biphenyltetracarboxylic acid, hydroquinone bisether dianhydride, 3,4,9,10-perylene
tetracarboxylic acid dianhydride, 1,2,3,4-cyclobutanetetracarboxylic acid dianhydride, 3,4-
dicarboxy-1,2,3,4-tetrahydro-Inaphthalene-succinic acid dianhydride, bicyclo(2,2)oct-7-
ene-2,3,5,6-tetracarboxylic acid dianhydride, tetrahydrofuran-2,3,4,5-tetracarboxylic acid
dianhydride, 2,2-bis(3,4dicarboxyphenyl)propane dianhydride, 3,3,4,4'-
biphenyltetracarboxylic acid dianhydride, 4,4'-oxydiphthalic dianhydride (ODPA), and
ethylenediamine tetraacetic acid dianhydride (EDTAh).

It is also possible to use acid anhydride containing polymers or copolymers as the acid

anhydride component.

Suitable polyfunctional acid anhydrides include pyromellitic dianhydride, 1,2,3,4-
cyclopentanetetracarboxylic acid dianhydride, 1,2,3,4-cyclobutanetetracarboxylic acid
dianhydride and tetrahydrofuran-2,3,4,5-tetracarboxylic acid dianhydride. Most preferably
the polyfunctional acid anhydride is pyromellitic dianhydride.

Polyacyllactams such as N,N'-terephthaloylbis(caprolactarn) and  N,N'-
terephthaloylbis(laurolactam) may also be employed.
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When performing the methods of the invention, it may be convenient to provide the cyclic
ester, optionally together with any other additives that are to be used, in the form of a
composition that can be used for producing the modified aliphatic condensation polymer.
This composition may be provided in the form of a physical blend of the respective

components and/or in the form a melt processed product.

The invention therefore also provides a composition for modifying aliphatic condensation
polymer, the composition comprising one or more carrier polymers and a cyclic ester of
general formula (I), and/or a melt mixed product of one or more carrier polymers and a

cyclic ester of general formula (I).

The carrier polymer may in fact be the aliphatic condensation polymer that is to be
modified in accordance with the invention. In that case the composition may simplistically
be a physical blend of the cyclic ester and the polymer, and the method of the invention is

preformed by melt mixing that composition.

It may also be desirable to provide at least the cyclic ester in the form of a masterbatch or
concentrate which can be subsequently melt mixed with an aliphatic condensation polymer

that is to be modified in accordance with the invention.

As used herein, the term "masterbatch" or "concentrate" (to be used synonymously herein)
has the common meaning as would be understood by one skilled in the art. With particular
reference to the present invention, these terms are therefore intended to mean a

composition comprising the cyclic ester and one or more carrier polymers, which
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composition is to be subsequently let down in an aliphatic condensation polymer in order

to perform the methods of the invention.

The masterbatch may be formed by melt mixing the cyclic ester with a carrier polymer that
is considered appropriate under the circumstance to be melt mixed with the aliphatic
condensation polymer that is to be modified. The carrier polymer may be an aliphatic
condensation polymer, for example an aliphatic condensation polymer of the same type as

the one that is to be modified.

Where the carrier polymer is an aliphatic condensation polymer, it will be appreciated that
the process of making the masterbatch in effect employs the method of the invention.
However, by qualifying the product a "masterbatch”, it will also be appreciated that the
intention is for the masterbatch to be employed in performing the methods of the invention.
In other words, it is the intention that the masterbatch will comprise unreacted cyclic ester
that can be subsequently melt mixed with an aliphatic condensation polymer so as to

perform the methods of the invention.

A masterbatch formed by melt mixing the cyclic ester with an aliphatic condensation
polymer may itself comprise aliphatic condensation polymer that has been modified in
accordance with the invention. Melt mixing this modified aliphatic condensation polymer
per se with further aliphatic condensation polymer (as will be the case when the
masterbatch is melt mixed with an aliphatic condensation polymer) can itself result in the
further aliphatic condensation polymer being modified as described herein (e.g. in the case

of polyesters, through transesterification reactions).

Aliphatic condensation polymers that may be used as a carrier polymer in the compositions

of the invention include those described herein.

Preparing a masterbatch by melt mixing the cyclic ester with an aliphatic condensation
polymer and then subsequently melt mixing the masterbatch with an aliphatic condensation

polymer is believed to provide a more efficient and effective means of incorporating the
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ring opended residues as part of the polymeric backbone of the aliphatic condensation

polymer.

Those skilled in the art will appreciate that the appropriate temperature at which a given
polymer is to be melt mixed with the cyclic ester will vary depending on the type of
polymer being employed. Generally, melt mixing of the cyclic ester and the aliphatic
condensation polymers will be conducted at a temperature ranging from about 120°C to
about 240°C.

Provided that the properties of the aliphatic condensation polymer is modified in at least
some way, there is no particular limitation on the amount of cyclic ester that is to be melt
mixed with the aliphatic condensation polymer. However, the cyclic ester will generally
be used in an amount ranging from about 5 wt.% to about 35 wt.%, preferably 5 wt.% to

about 20 wt.%, relative to the total mass of the cyclic ester and the aliphatic condensation

polymer.

Where the cyclic ester is combined with one or more carrier polymers to form a
masterbatch, the cyclic ester will generally be used in an amount ranging from about 30
wt.% to about 80 wt.%, relative to the total mass of the cyclic ester and the one or more

carrier polymers.

Cyclic esters used in accordance with the methods of the invention can impart to the
resulting modified aliphatic condensation polymer properties such as improved flexibility,
an alteration in its hardness (either decreased through the incorporation of softer segments
provided by the X group, or increased through crosslinking induced from reaction of
functional groups within or pendant from the X group), an alteration in its surface
properties (e.g. hydrophobicity provided by the X group), altered degradation rates (either
decreased through making the polymer overall more hydrophobic (e.g. hydrophobicity
provided by the X group) and so less prone to hydrolytic attack, or increased through the
introduction via the X group of hydrolytically liable groups to a relatively stable polymer),
an alteration in its stiffness (either decreased through the X group breaking up
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crystallininty, or increased through crosslinking induced from reaction of functional groups
within or pendant from the X group), and improved melt viscosity or melt strength
resulting directly from the presence of the X group, or through long chain branching
induced from reaction of functional groups within or pendant from the X group and the

base polymer.

Using the methods of the invention, an aliphatic condensation polymer may also be
converted into a thermoset polymer via reaction of functional groups within or pendant
from the X group (e.g. oxidative crosslinking of a coating product produced from the
modified polymer, or crosslinking reactions where the modified condensation polymer is
included in the formulation of a thermoset resin such as a unsaturated polyester, vinyl ester

resin, epoxy resin etc).

The stability (e.g. UV) or colour fastness of a modified aliphatic condensation polymer
prepared in accordance with the invention may also be improved by tethering an
appropriate moiety to the X group (e.g. moieties such as stabilises (e.g. hindered phenols

and hindered amine light stabilisers), alkoxy amines, dyes, and bioactive materials).

The modified condensation polymers of this invention can be utilised in products ranging
from: films for packaging applications, injection moulded articles, blow moulded
containers, sheet products, thermoformed products, coatings, adhesives, fibres, scaffolds

for medical applications including tissue repair and drug delivery.

The present invention will hereinafter be further described with reference to the following

non-limiting examples.
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EXAMPLES

General

Proton NMR spectra were obtained on Bruker AV400 and Bruker AV200 spectrometer,
operating at 400 MHz and 200 MHz. All spectra were obtained at 23°C unless specified.
Chemical shifts are reported in parts per million (ppm) on the 6 scale and relative to the
chloroform peak at 7.26 ppm (‘H) or the TMS peak at 0.00 ppm ("H). 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 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 KG60F,s, 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 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.
Monomer Synthesis and Characterisation

Generic procedure for the lactonisation of omega hydroxyl fatty acids

Synthesis of hexadecanolide from 15-hydroxvpentadecanoic acid
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DCC

0 DMAP
Ho/lk/\/\/\/\/\/\/\/o"‘ CHCls 16

A flame-dried 50 ml round bottomed flas, equipped with stirring bar, reflux condenser with
serum cap, argon inlet (through serum cap), and syringe pump inlet (vide infra, through
serum cap), was charged with 25 ml of ethanol free chloroform, 0.343 g (1.66 mmol) of
DCC, 0.305 g (2.50 mmol) of 4-(dimethylamino)pyridine and 0.263 g (1.66 mmol) of 4-
(dimethylamino)pyridine hydrochloride. The resulting solution was brought to reflux, and
a solution of 0.215 g (0.832 mmol) of 15-hydroxypentadecanoic acid in 5.0 ml of THF was
infused via syringe pump over 16 h. (A Glenco gas tight syringe with a Teflon seal and
Teflon tubing was utilized, and the inlet of the Teflon tubing was positioned in the
condensate formed at the tip of the reflux condenser.) After addition was completed, the
syringe apparatus was removed and the reaction mixture was cooled to room temperature.
The residual contents of the syringe and the Teflon tubing were rinsed into a tared flask
and concentrated to afford 11.5 mg of starting hydroxyl acid. Methanol (1.0 ml) and acetic
acid (0.19 ml, 4.0 equiv.) were added to the reaction flaskand stirring was continued for 30
min, at which time no DCC was detected by TLC analysis (10% EtOAc-hexanes). Further
TLC-analysis in two solvent systems revealed the formationof the desired lactone (Rf 0.32
in 10% EtOAc-hexanes), N-acylurea (independently prepared, Rf 0.32 in 35 % THF-
hexanes) was not detected. The mixture was concentrated to 5 ml, diluted with 25 ml of
ether, filtered, and concentrated. The residue was taken up in a minimal amount of |
chloroform and applied to a 24 x 1.5 cm column of silica gel (Davisil 60 — 200 mesh)
slurry packed in hexanes. Elution was with 20 ml of hexanes and then with 3 % THF-
hexanes; 6 ml fractions were collected. Concentration of fractions 11-13 gave 0.180 g (95
%, based on hydroxyl acid delivered to the reaction vessel) of hexadecanolide, identical in

all respects with an authentic sample.
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Polymers Used for Melt Mixing

The following polymers were used to produce the examples for melt mixing with the

lactones:

PLA = Polylactic acid - Natureworks 3051D, supplied by Cargill, USA
Nylon 11 = Rilsan BESNO TL (Check?), supplied by Arkema, France
PHB = Poly 3 hydroxy butyrate — Biomer 229, Biomer Germany

PBSA = polybutylene co succinic acid / adipic acid - Bionolle, Showa, Japan

Commercial Lactones Used

Caprolactone — Sigma Aldrich [CL]
Omega Pentadecalactone — SAFS Solutions, USA [C15L]

Catalyst

Tin (II) 2 Ethyl Hexanoate, supplied by Sigma Aldrich
Dibutyl Tin Dilaurate ( DBTDL), supplied by Sigma Aldrich

Method for Melt Mixing

(A) Twin Screw Extruder — Liquid injection of Lactone. [EL]

Melt mixing reactions were carried out in a Thermo Prism 16mm twin screw extruder

having a L/D of 40:1 fitted with segmented screws and individually heated barrel segments
(see Scheme 2).
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Prism 16mm
Co-Rotating Screw
Vent L Vent Vent Vent
Port Liquid Port Port Port
(Sealed) Feedsl_a {Sealed) (Sealed) {Sealed)
CZ C3 c4a C5 C6 C7 Cs Ca c10 Welt

15°C | 15°c [ 140°c | 190°C [190 °C | 185°C | 185°C | 180°C | 180°C Pump

Scheme 2: Schematic setup of the Prism twin screw extruder use to melt modify the

polymers with the lactone.

The lactone monomer was dried under vacuum at 80C with stirring. The lactone was
mixed with 0.1wt% of the liquid catalyst and then charged into the barrel of an ISCO 500D
syringe pump fitted with a transfer line to dispense the lactone into the barrel of the twin
screw extruder. Both the syringe pump and transfer line were heated to 80C when the

cyclic lactone was not a free flowing liquid at ambient temperature ( eg C15 Lactone).

The gravimetric output of the ISCO syringe pump was calibrated at a number of relevant

volumetric throughput rates prior to connecting to the extruder.

The polymer was dried in a small scale hopper drier using dry air at temperatures
according to the manufacturer’s recommendations. All samples were dried to < 100ppm

water, as measured using an Arizona Instruments moisture analyser.

The dried polymer was fed to the extruder via a Barrell single screw volumetric feeder.
The feeder and extruder hopper were flushed with dry air to prevent moisture ingress. The
gravimetric output of the feeder and extruder were monitored by collecting samples before

and after collecting samples.

The extruder was fitted with a 1mm rod die and operated at a throughput of rate of

approximately 25g/hour. The exact throughput rate was determined for each sample.
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The extruded samples which were subsequently melt pressed were collected in sample jars
purged with dry nitrogen. Melt pressing was carried in an IHMS melt press ( 250 by
250mm plattern) fitted with brass plates through water could be passed to cool the sample
after pressing. Samples were pressed between Teflon sheets. A 150 by 150 by 0.150 mm

shim plate was used for the melt pressing.

Extruded strand samples were also collected for each composition.

(B)  Melt mixing in round bottom flasks — method with overhead stirring [RBF]

Polymers were dried using the same methodology as was used for the extrusion samples.

The lactone samples were vacuum dried prior to use.

The 100m! round bottom flasks used for the experiments were cleaned and dried in an
oven set at 80C. Upon removal from the oven the flasks were stoppered and allowed to
cool. Upon opening the flasks to add the reagents, the flasks were flushed with dry
nitrogen. The flasks were then fitted with metal stirrers having two blades. The stirrers
were connected to overhead drive motors. The stirrers were held in place by a glass
adapter fitted with a Teflon bearing fitted with a rubber seal. The glass adaptor was also
fitted with a water cooled Leibig condenser and a separate nitrogen inlet to prevent

moisture ingress.

Approximately 20g of the selected polymer was added to each flask, the required amount
of lactone and 20 drops of DBTDL catalyst.

The flasks fitted with the adaptors, condensors and stirrers were then placed in a silicone
oil bath on top of a magnetic stirrer hotplate. The oil temperature was controlled to the
desired temperature ( 200C for PLA, 250C for Nylon 11) and monitored via a calibrated

thermometer.
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Samples were allowed to heat and stir for times up to 240min. The rate of stirring was set
between 100 to 200 rpm. The exact rate adjusted to give good mixing to best provide the

incorporation of the lactone modifier.

At the completion of the reaction the stirrers and condensors were removed and samples
were poured from the flasks under a blanket of dry nitrogen. The samples were then
allowed to cool. For melt pressing samples were reheated in a vacuum oven, subsamples
were removed for analysis from the flasks and were melt pressed using the same procedure

as was used for the extrusion samples.

Characterisation of Polymers

Polymer samples were characterised by a number of techniques as described below.

NMR- Nuclear Magnetic Resonance

Proton NMR spectra were obtained on Bruker AV400 and Bruker AV200 spectrometer,
operating at 400 MHz and 200 MHz. All spectra were obtained at 23°C unless specified.
Chemical shifts are reported in parts per million (ppm) on the & scale and relative to the

chloroform peak at 7.26 ppm (‘H) or the TMS peak at 0.00 ppm (‘H).

GPC — Gel Permeation Chromatography

Molecular weights of polymer were characterized by gel permeation chromatography
(GPC) performed in tetrahydrofuran (1.0 mL/min) at 25 °C using a Waters GPC
instrument, with a Waters 2414 Refractive Index Detector, a series of four Polymer
Laboratories PLGel columns (3 x 5pm Mixed-C and 1 x 3um Mixed-E), and Millennium
Software. The GPC was calibrated with narrow polydispersity polystyrene standards
(Polymer Laboratories EasiCal, MW from 264 to 256000), and molecular weights are

reported as polystyrene equivalents.
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~20mg samples were dissolved in 2 mL of THF, were filtered through a 0.2um Teflon

filter into a sample vial fitted with a septum.

DSC - Differential Scanning Calorimetry

The thermal transitions were characterized using a Mettler Toledo DSC 21° Differential
Scanning Calorimeter. Approximately 10 milligram sample was weighed and ran the scan
cycle under nitrogen. For each experiment, the temperature was equilibrated at room
temperature for several minutes before the scan cycle starts. The heating and cooling rate
was kept constant at10 °C/minute. At first the sample was cooled down to -50 °C, then
heated to 200 °C followed by cooling down to -60 °C and subsequently heated again up to
300 °C.

Tensile Testing

Tensile testing was carried out using an Instron 5500R machine. Melt pressed film
samples were cut into tensile bars (Length = 31.5mm, Width= 4.2mm, Gauge length=
15mm) using a compression cutter. Samples were conditioned in a controlled temperature
and humidity room for 48 hours prior to testing. Samples were tested according to ASTM
882 at a crosshead speed of 7.5mm/min for the PLA and Bionolle samples. For the Nylon

11 samples a crosshead speed of 150mm/min was used.
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Modified Polymers
Example | Polymer Modifer Modifier Method
Wit%

1 PLA CL 5 EL

2 PLA CL 10 EL

3 PLA CL 15 EL

4 PLA CL 20 EL

5 PLA CL 25 EL

6 PLA CL 33 EL

7 PLA CL 50 EL

8 PLA CL 66 EL

9 PLA CL 80+ EL

10 Bionolie CL 5 EL

11 Bionolle CL 10 EL

12 Bionolle CL 15 EL

13 Bionolle CL 20 EL

14 Bionolle CL 33 EL

15 Bionolle CL 50 EL

16 N11 CL 0 EL

17 N11 CL 5 EL

18 N11 CL 10 EL

19 N 11 CL 15 EL

20 N11 CL 20 EL

21 N11 CL 30 EL

22 N11 CL 40 EL

23 N11 CL 50 EL

24 PLA CL 3.9 RBF
25 PLA CL 7.7 RBF
26 PLA CL 11.4 RBF
27 PLA CL 15.0 RBF
28 PLA CL 20.0 RBF
29 PLA CL 219 RBF
29b PLA CL 45.4 RBF
29c PLA CL 22.7 RBF2
30 PLA C15 7.90 RUFF
31 PLA C15 14.95 RUFF
32 PLA C15 21.3 RUFF
33 PLA Ci15 27.05 RUFF
34 PLA C15 37.05 RUFF
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ANALYSIS

NMR

NMR Analysis for Reaction of Caprolactone with Polylactic was carried out using the

method for analysing the reaction product of Caprolactone with D,L. Lactide as described

in Makromol. Chem. 194, 2463-2469 (1993)

Conversion of wt % into mol %:;

Mol % (CL) = wt % (CL)/114.14 g/mol/[wt % (CL)/114.14 g/mol + wt % (LA)/72.00

g/mol]

Conversion of mol % into wt %:

Weight % (CL) = mol % (CL) x 114.14 g/mol/[mol % (CL) x 114.14 g/mol + mol % (LA)

x 72.00 g/mol

CL = caprolactone

LA = lactic acid

114.14 = molecular weight of CL
72.00 = molecular unit weight of LA

Mol % (CL) from NMR (chloroform):

Mol % (CL) = Integral between 4.30 ppm and 3.95 ppm (CL)/[2 x (integral between 5.30

ppm and 5.00 ppm) (LA) + Integral between 4.30 ppm and 3.95 ppm (CL)
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SD 53 SD 1.3 SD 1.4 SD 51 SD 146 SD 145 6 235 13.1

19.5 238 12.4 330 SD 35 SD 2.0 SD 1.7 SD 32 SD 2.3 SD
wWa3®og2®46 6.3 9.4 356 5.8 160 SD 49 SD 0.5 SEXDAB208D000478

49 SD 0.9
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Example Composition | Melting | Melting | Melting Melting | Comments

Peak 1# |Peak1 |Peak 2# |Peak

Temps | # b 2#

© Energy | Temps (C) | Energy

Start — S Start — S

Peak —P | (J/g) Peak—-P | (J/g)

: End -E End -E
Control-1 |PLAa - - S- 96 38 No lactide
(60 min) - P- 130, residue as

- 144 Peak 1.

- E- 156 Peak 2:
double
melting peak

Control-2 |PLAa S —48 1.01 S-116 27 Lactide
(80min) P-50 P140, 151 residue as
E-62 E- 161 Peak 1
24 2.5mol% CL | S-37 S- 95 31 Lactide
P48 P140, 149 residue as
E-56 1.8 E- 160 Peak 1
25 5 mol% CL S-118 25 Peak 1 —

S—38 P-148 appears to

P-53 E- 157 have lactide

E-80 9.3 and PCL

26 7.5mol% CL | S-45 S-93 17
P-56 P-141
E—-65 0.5 E- 147
27 10 mol% CL | S-32 S- 93 21 Peak 2:
P-44 P- 138,147 double
E-57 0.6 E- 158 melting peak
29 15mol% CL | S—41 S-112 33 Peak 2:
P-46 P- 138,145 double
E-54 0.09 E- 159 melting peak
Comp Ex 1 | 100 mol% CL | S—34
P-65
E-77 103
30 2.5 mol% C15 S-93 38 Peak 2:
P- 137,149 double
E-171 melting peak
31 5mol% C15 |S-~31 S-90 26 Peak 2:
P-50 P-132,142 double
E—64 0.5 E- 151 melting peak
32 7.5 mol% C15 S- 109 21 Strong
P- 132,139 crystallisation
E- 150 peak




SD 8 9 425 6.0 7.8 67.5 5.4 100 SD 34 SD 0.4 SD 0.3
SD 6 SD 0.3 SD 6.8 BIONOLLE 10 15.3 9.8 15.7 66.4 9.4
wQe®9/1801d. 9 SD 0.9 SD 0.4 SD 13.7 SD 0.7 SD 7PQI/AL2Z009/000478

11.7
-4 -

33 10 mol% C15 S- 97 21 Strong
P- 122,136 crystallisation
E- 150 peak

34 15 mol% C15 S- 104 20 Strong
P- 131,136 crystallisation
E- 148 peak

Comp Ex 2 | 100 mol% S-53 55

C15 P- 83

E- 95

# DSC data taken from first heat cycle of sample

a — PLA and Nylon 11 controls are for samples which have been melt mixed under the

same conditions. Times represent melt mixing times.

b — Major peak in bold

=TENSILE
Example % Load at | Stress at Elongation | Load at | Youngs
Elongation | Max Max At Break | Break Modulus 3-5%
AtMax | (N) (MPa) (%) ™) (MPa)
Load
PLA
Control 7.3 31.7 55.0 11.2 24.1 1320
PLA SD1.4 SD22 |SD2.6 SD 5.3 SD 7.6 SD 150
1 7.1 35.6 45.8 7.5 33.5 1324
SD 1.0 SD6.7 |SD74 SD 08 SD 5.2 SD 341
2 3.9 36.2 37.3 5.9 36.2 1272
SD 3 SD10 |[SD10 SD 2 SD 10 SD 204
4 262 19.1 21.5 328 16.9 618
SD 171 SD1.6 |SD1.8 SD 50 SD 2.2 SD 52
5 437 9.3 18.4 440 220 232
SD 53 SD13 |SD14 SD 51 SD 146 | SD 145
6 235 13.1 19.5 238 12.4 330
SD 35 SD2.0 |SD1.7 SD 32 SD 2.3 SD 183
8 346 6.3 9.4 356 5.8 160
SD 49 SD 0.5 [SDO0.5 SD 49 SD 0.9 SD 8
9 425 6.0 7.8 67.5 5.4 100
SD 34 SD 0.4 [SDO0.3 SD 6 SD 0.3 SD 6.8
BIONOLLE
10 15.3 9.8 15.7 66.4 9.4 209
SD 1.9 SD 0.9 | SD0.4 SD 13.7 SD 0.7 SD 7
11 15.9 11.7 17.6 71.4 10.8 234
SD 1.5 SD1.6 [SDO0.4 SD 16.9 SD 1.1 SD 11




17.6 71.4 10.8 234 SD 1.5 SD 1.6 SD 0.4 SD 16.9 SD

1.1 SD 11 WD 2009/ 127010PCT/ AU2009/ 000478 -

43 -

12

wa2081801®. 7 13.2 SD 1.2 16.7 SD 1.1 103 SD 12PQRAG208D000478
1.0 227 sD 11 13 17.7 11.8 15.9 107 10.9 205 SD 0.5
SD 1.5 SD 0.1 SD 28

-43 -
12 15.8 13.2 16.7 103 12.4 227
SD 2.7 SD1.2 |SD1.1 SD 12 SD 1.0 SD 11
13 17.7 11.8 15.9 107 10.9 205
SD 0.5 SD1.5 |SDO.1 SD 28 SD 1.0 SD 4.5
14 17.9 12.0 14.0 146 11.4 180
SD 2.0 SD 0.4 | SDO0.3 SD 7.8 SD 0.3 SD 12,5
15 76.5 7.7 11.1 130 7.4 159
SD 68 SD .6 SD 0.7 SD 19 SD 0.8 SD 13
Nylon 11 Note : Faster testing speed 150mm/min
16 18.8 26.7 42.9 77.6 6.9 810
SD 2.7 SD 3.1 [SDO0.6 SD 27.1 SD 2.0 |SD 39
17 305 34 46 305 34 -
SD 20 SD 5 SD 3 SD 20 SD 5
19 353 32 45 355 28 -
SD 18 SD 1 SD 1 SD 18 SD 8
20 341 32 41 342 32 -
SD 26 SD 4 SD 2 SD 22 SD 4

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or 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 from it),
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 information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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SD 1.0 SD 4.5 14 17.9 12.0 14.0 146 11.4 180 SD 2.0

SD 0.4 SD0.3 SD7.8 SD0.3 SD 12.5 15 76.5 7.7 11.1
wWQA3D9/I2W1159 SD 68 SD .6 SD 0.7 SD 19 SD 0. 8 BIX/AB2009/000478

Nyl on 11Note : Faster testing speed 150nmmmn 16 18.8
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CLAIMS

1. A method of preparing a polymer composition, the method comprising melt mixing

an aliphatic condensation polymer with a cyclic ester of general formula (I):

0—X 0

where X is an optionally substituted aliphatic hydrocarbon having 2 or more carbon atoms

present in the cycle.

2. The method according to claim 1, wherein the aliphatic condensation polymer is

selected from polyesters, polyamides, copolymers thereof, and blends thereof.

3. The method according to claim 2, wherein the polyesters are

poly(hydroxyalkanoates).

4. The method according to claim 3, wherein the poly(hydroxyalkanoates) are
selected from homo- and copolymers of poly(3-hydroxybutyrate), poly(4-
hydroxybutyrate), poly(3-hydroxyvalerate), poly(lactic acid), poly(3-hydroxypropanoate),
poly(4-hydropcntanoate), poly(3-hydroxypentanoate), poly(3-hydroxyhexanoate), poly(3-
hydroxyheptanoate), poly(3-hydroxyoctanoate), polydioxanone, polycaprolactone,
polyglycolic acid, and blends thereof.

5. The method according to claim 2, wherein the polyesters are a reaction product of

one or more alkyldiols with one or more alkyldicarboxylic acids or their acyl derivatives.

6. The method according to claim 5, wherein the polyesters are a reaction product of
(a) one or more alkyldicarboxylic acids selected from succinic acid, adipic acid, 1,12

dicarboxydodecane, fumaric acid, and maleic acid, and (b) one of more alkyldiols selected



10

15

20

25

30

26.7 42.9 77.6 6.9 810 SD 2.7 SD 3.1 SD 0.6 SD 27.1
SD 2.0 SD 39 17 305 34 46 305 34 - SD 20 SD 5 SD 3 SD
wQ@osm®»10 19 353 32 45 355 28 - PCT/AU2009/000478
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from ethylene glycol, polyethylene glycol, 1,2-propane diol, 1,3-propanediol, 1,2-
propanediol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 1,6-hexanediol, diethylene
glycol, and polypropylene glycol.

7. The method according to claim 6, wherein the polyesters are selected from
polybutylenesuccinate homopolymer, polybutylene adipate homopolmer,
polybutyleneadipate-succinate copolymer, polyethylenesuccinate-adipate copolymer,

polyethylene adipate homopolymer, and blends thereof.

8. The method according to claim 2, wherein the polyamides are a reaction product of

one or more alkyldiamines with one or more alkyldicarboxylic acids.

9. The method according to claim 8, wherein the polyamides are selected from
poly(tetramethylene adipamide) (nylon 4,6), poly(hexamethylene adipamide) (nylon 6,6),
poly(hexamethylene azelamide) (nylon 6,9), poly(hexamethylene sebacamide) (nylon
6,10), poly(heptamethylene pimelamide) (nylon 7,7), poly(octamethylene suberamide)
(nylon 8,8), poly(nonamethylene azelamide) (nylon 9,9), and poly(decamethylene
azelamide) (nylon 10,9).

10.  The method according to claim 2, wherein the polyamides are a polymerised

product of one or more alkylamino acids and/or lactam derivative thereof.

11.  The method according to claim 10, wherein the polyamides are selected from
poly(4-aminobutyric acid) (nylon 4), poly(6-aminohexanoic acid) (nylon 6), poly(7-amino-
heptanoic acid) (nylon 7), poly(8-aminoocatanoic acid) (nylon 8), poly(9-aminononanoic
acid) (nylon 9), poly(10-aminodecanoic acid) (nylon 10), poly(11-aminoundecanoic acid)

(nylon 11), poly(12-aminododecanoic acid) (nylon 12), and blends thereof.

12.  The method according to any one of claims 1 to 11, wherein X in formula (I) is an

optionally substituted linear or branched alkylene, alkenylene, or alkynylene group.

13.  The method according to any one of claims 1 to 11, wherein X in formula (I) is an
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5D18 SD 1 SD 1 5D18 5D8 20 341 32 41 342 32 - SD 26
SD 4 SD 2 SD 22 SD 4 Throughout this specification
waewontmicl ai mrs which follow, unless the cont eRE€T/AU2009/000478
requires otherw se, the word "conprise", and
variations such as "conprises" and "conprising”, wll
5 be understood to inply the inclusion of a stated
i nteger or step or group of .yptegers or steps but not
the exclusion of any other integer or step or group of
i nt egers or steps. The reference in this specification
t 0 fro
e AR, BRI oAb Q1B élﬁgn}ﬁ%{é gt from
shoul d not be taken as an acknomﬂedgnent or

adn1 Si m of su t.ha [

i e flr%o%h%@* Sl
toE@%Sx@bnﬁfbh@br@@hﬁnﬁheb?@eﬁomn general know edge In

the field of endeavour to which this specification

relates. WD 2009/ 127010PCT/ AU2009/ 000478 - 44 -

15CLAMR mdhod ol rﬁﬁ% {of ar}Y GRAGE BFings PAbVIMBRvherein the cyclic ester of
composi t1on, t thod conprising nmelt mxing

geabrabliativta (Hridemsandawatinl yessiuevdt A lydtqzmca@OéxltCe pcigfof general

oJener ﬁ); formula (1):

O.:O

ol @

where X is a hydroxylated optionally substituted aliphatic hydrocarbon having two or

more carbon atoms.

16.  The method according to claim 15, wherein the hydroxycarboxylic acid of general
formula (II) is selected from hydroxy butyric acid, hydroxy valeric acid, hydroxy caproic
acid, hydroxy caprylic acid, hydroxy pelargonic acid, hydroxy capric acid, hydroxy lauric
acid, hydroxy mytistic acid, hydroxy palmitic acid, hydroxy margaric acid, hydroxy stearic
acid, hydroxy arachidic acid, hydroxy behenic acid, hydroxy lignoceric acid, hydroxy
cerotic acid, hydroxy carboceric acid, hydroxy montanic acid, hydroxy melissic acid,
hydroxy lacceroic acid, hydroxy ceromelissic acid, hydroxy geddic acid, hydroxy
ceroplastic acid, hydroxy obtusilic acid, hydroxy caproleic acid, hydroxy lauroleic acid,
hydroxy linderic acid, hydroxy myristoleic acid, hydroxy physeteric acid, hydroxy tsuzuic
acid, hydroxy palmitoleic acid, hydroxy sapienic acid, hydroxy petroselinic acid, hydroxy
oleic acid, hydroxy elaidic acid, hydroxy vaccenic acid, hydroxy gadoleic acid, hydroxy
gondoic acid, hydroxy cetoleic acid, hydroxy erucic acid, hydroxy nervonic acid, hydroxy
linoleic acid, hydroxy +-linolenic acid, hydroxy dihomo-y-linolenic acid, hydroxy
arachidonic acid, hydroxy linolenic acid, hydroxy steridonic acid, hydroxy nisinic acid,

and hydroxy mead acid.
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5 (7\ (1) where X is an optionally substituted
al i phati c hydrocarbon having 2 or nore carbon atons
w@e@saetolo n the cycle. 10 2. The nethod accorRPCTiguL@®m9/000478
claim1, wherein the aliphatic condensation polyner is
sel ected from pol yesters, pol yam des, copolyners
t hereof, and bl ends thereof. 3. The net hod
according to claim2, wherei-n7t-he pol yesters are 15
pol y( hydr oxyal kanoates). 4. The nethod according to
claim 3, wherein the pol y(hydroxyal kanoates) are
sel ected from hono- and copol yners of
pol y( 3- hydroxybutyrate), poly(4- hydroxybutyrate),
17pol yliz-hytitiodayccadiap ad eny opobflhianet 1 0 &6,ivlherein about 5.wt% to about

5 D01 S BB eR oo BT KL Lo e o b, et
to R (B maly G @ ¥DAR! &RL 288 Ble anglhgdia/éo%d-eﬁ%%ﬁ g?f%pg

ate), polydi oxanone, polycaprol actone, poly

acid, and bl ends thereof. 5. The net hod accordi ng
' i h i . .
16 ooty Meog MeERE, (T BREON BOPES: 316 Fo R b s gygic eser i

pravidyd @i terfoaxydfi e canpahstion cdnygisingioyd orlefory adrriée polynters and the
Tge neggﬁg)accqégiggg%ﬁ claim5, wherein the .
CY50¢ Gt aBor gmrodpct O BFOBGERS B LOPRYSIHPR CYRPLtipgone or more
caftidr o HntRE BaXileicGc@Céds sel ected from succinic acid,
adi pi ¢ acid, 1,12 dicarboxydodecane, fumaric acid, and
mal ei ¢ acid, and (b) one of nore al kyldiols sel ected

140 RSO, PR PO 12 LR

byl @k pmogem e dioddpositiod - coppesazetheadyclid ,eBteb whdnkelioat ,or more carrier
, 3- but anedi ol , 1, 4-butanediol, 1,6-hexanediol,
PO4Y™B¥Ry| ene gl ycol, and pol ypropyl ene glycol. 5 7. The
nmet hod according to claim®6, wherein the polyesters
are sel ected from pol ybutyl enesucci nat e honopol yner,,
20p0| yﬂl?t rypt@ﬁ@ acaqgr%mgtt@ chgﬁdﬁar A8y wherein the one or more carrier polymers

. | | e i - i.n C , . . .
O, MY R AAGT P B e BB R o e il gptensation
padyiigratsed hoeteipoll ymer, and bl ends thereof. 10 8. The

nmet hod according to claim2, wherein the polyam des
are a reaction product of one or nore al kyl di am nes

2 t hrNGe@bd laeéo@dﬁgga( bdik @b?@ﬁyﬂﬁhpabgﬁ{ ?@.wé% t&RBoBINRH % of the

according to claim3s8, wherein the polyandes are
cysht esteets mebnmixet ywitte theaatizthatit enadeaditpanpalginet, mglative to the total

il 91 A SR B @ /B AHPHRTE Eofbre o posmic?in &2 eyclc cstr

cop®oyitiagxanet hyl ene sebacam de) (nylon 6, 10),
pol y( hept anet hyl ene pi nel am de) (nylon 7,7),
pol y(oct anet hyl ene suberam de) (nylon 8, 8),

oly t . ' n n .
280Vt SEDARE Rt RO SRR o pM by tle Ry qpefstaims 110
2Iret hod according to claim?2, wherein the pol yam des

are a polynerised product of one or nore al kyl am no

acids and/or |actamderivative thereof. 11. The

th : . Lai _ . .  de

D e SR Bolitaf 0 P L FUBIAR RIS R fobmer, the
copadoyitien &ninpolsiagane ot e crrierydlpme)and palyylid esier af@en@sl formula

e noi c_Aaci | on.7)., .pol y(8-anj.noocat anoic acid .
O OBRE B R bt h PRk hifior EO RPN Fyeypigg ond St fbro camer
pddpthirs bd a@yaladaea@icenasl imdlayhon 10),

pol y(11- am noundecanoi ¢ acid) (nylon 11),

pol y(12- am nododecanoi ¢ acid) (nylon 12), and bl ends

t her eof . 12. The method according to any one of
claims 1 to 11, wherein X in formula (1) is an 30
optionally substituted |linear or branched al kyl ene,

al kenyl ene, or al kynyl ene group. WO

2009/ 127010PCT/ AU2009/ 000478 - 46 - unsubstituted

i near or branched al kyl ene, al kenyl ene, or al kynyl ene
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to 20 carbon atons present in the cycle. 5 15. The

nmet hod according to any one of clains 1 to 11, wherein
wa b@oayohe c ester of general fornula (1) is a PCT/AU2009/000478

condensation residue of a hydroxycarboxylic acid of

general formula (I1): O 10HOXH(I1) where XH is a

hydr oxyl at ed optionally substituted aliphatic

hydr ocar bon having two or noi4g-carbon atons. 15 16. The

nmet hod according to claim 15, wherein the

hydr oxycar boxylic acid of general fornmula (II) is

sel ected from hydroxy bgtyric acid, hydroxy valeric

aci d, hydroxy caproic a |d hydroxy caprylic acid,

hydroxy pel ar goni ¢ aci hydroxy capric acid, hydroxy

l auric acid, hydroxy t|c aci d, hydroxy palnitic
acid, hydroxy nargarl hydroxy tearic acid,
hydr oxy arachi dic aC| hydroxy beheg c acid, hydroxy

| i gnoceric acid, hydroxy 20 cerotic acid, hydroxy
carboceric acid, hydrod%gnontanlc acj d,

hyd
Wit Relsio OREPBALIY I BIE] AUEBRIOITaGATop ha) 4! more carbon atoms

aci d, hydroxy geddic acid, hydroxy
%%hggﬁgé?%ﬂgaC|d hydr oxy obtusilic aC|d hydr oxy

caprolelc aci d, hydroxy Iaurolelc aci d, hydroxy

l'inderic aC|d [0)4 id X .
2y o BteeraIE5E LAY b oL 208 "Dy Sne or more carrier
pdith&s S OMELhIEIRGE @ondemgdt%powrem ¢ aci d hydr oxy
petroselinic acid, hydroxy 25 oleic aC|d hydr oxy
elaldlc aC|d hydr oxy vacceni ¢ acid, hydroxy gadol ei c
£ VY SRR gL dp S 250b 8, btk e atphas
cdnﬂ@&‘laﬁdnﬁ p@l-"yn(i)er i ysdreotent ﬁ/orhlpm(bj'&mrs‘; patyathidésy d:bpcxlymers thereof, and
hono-y-1inol enic acid, hydroxy arachidonic acid,
‘ﬂwvbﬁb%?oflnolenlc aci d, hydroxy steridonic acid,
hydr oxy ni sinic acid, and hydroxy mead acid. WO
2009/ 127010PCT/ AU2009/ 000478 -47 -  17. The net hod _ )
2GCCcoTl polytmer anmposia'omiac@lrdihgﬁo any ong ®f clavas @3rio AJoutherein X in

fo%xi'n\l\%;/o ollsﬁg? %‘uﬁ% O/%%Etgi gg}?%férgﬁraggl%%bcgflegg tatlkenylene, or

ﬂk Wiegoly® the total mass of the cyclic ester and the
|phat|c condensatlon pol yner. 18. The net hod

according to any one of clains 1 to 16, wherein the

2£YCl i ﬁﬁgﬁ{er'c% Ql\flogea@cér&ng REbE élaﬁﬁéTE@Stb g0 yherein the
conpris one oOr nore carri pol’yners and the cyclic
C}Qﬂa‘lb estenofigarrad fpmada ¢ if anccmeldniatylomd:sudw ofiarlydgoxycarboxylic acid of

nq%3|t|o conprising one or nore carrier polyners

g%ﬁﬁ‘ ‘c ester. 19. The nmethod according to

cla|n118 mhereln the cyclic ester conposition is

prepared by nelt m xing a cgﬁp03|t|on conprising the

cyclic ester and the one or fjnore carrier polyners. 15

20. The nmet hod according to &ha|n118 or 19, wherein the

one or nore carrier poly T(AS an aliphatic

condensati on pol yner ofpd ~{hEthpe agim he aliphatic
condensati on polymer used in claim1. 21. The

met hod according to claim20, wherein about 30.wt%to

H f

w%?{%ﬁkt ﬁg \gfx}(drﬂ/ a}?]:\te& rbgmégall;gfxl sﬁtu@ Ql?lpeﬂaﬁc rﬁgfld}ac%clﬁ%}?gﬁ%avmg two or
nkh@cﬁbmﬁuonnss of the cyclic ester and the aliphatic
condensati on polynmer in the cyclic ester conposition.

22. A polymer conposition prepared by a nethod

290 COMHE B lrReradhinpyRRiodf acebins tolclbﬁn 23, Fherei? e Rydroxycarboxylic
ol ymer conposition for nodify an aliphatic

a@d mf@@g@nal et (eis, selq%edc%%dgf f%nb\&m wé; hydrgny valeric acid,
or nore carrier polymers and a cyclic ester of genera
formula (1), and/or a product forned by nelt mxing a
conmposition conprising one or nore carrier 30 polyners
and a cyclic ester of general formula (I): WO
2009/127010PCT/AU2009/000478 - 48 - O/C\X(l) mhere X

" "
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26. The pol yner conposition according to any one of

clains 23 to 25, wherein X in fornmula (1) is an
wopivormaid y substituted |inear or branched al kPt BAB2009/000478

al kenyl ene, or 15 al kynyl ene group. 27. The pol yner

conposition according to any one of clains 23 to 26,

wherein the cyclic ester of general fornmula (lI) is a

condensati on residue of a hydfgpoxycarboxylic acid of

general formula (I11): 20 O I HO(Il) where XHis a

hydr oxyl ated optionally substituted aliphatic

hawi s, . % 0) . .
B L B Bt Pl A8 BRI BPARIP sci yatRy capric acid,
hseﬂc%w lahsid wiﬂyhmméf hiyﬁsmmid, Hy;dcbvmq;al : lmﬂgoaio%Q giyaroa@irﬂargaric acid,

I OX capr..c, acl d, FoXy l.auripc acla, nydroxy . .
TR PG B, DR eRCHorbeific THUDaY Pyt pgicydrary dignoceri
cRL ! Kyd Sackd! c0%0fd a ! il aci
B P kRO SR AL ol acid, hydroxy
melessist paid.abydroxhyenceseic ecidbbydroxy cervintklis$iy dicti yhydroxy geddic acid,

[ i d, . hydr ox el i sSi cid, hydrox .
o B 86l i R oo 0 ki, pycony i
acyk dgideoxaciittieriey i XiydesiyonlAgblelc a5l dhyd?ey Biyseteric acid, hydroxy
obtusi lic acid, hydroxy caproleic qcyd% hydr oxy o _
tsyzafr afidi Bydiexy pamgitpleigpoidi hpdpxy: seripric anidel hystpxy petroselinic acid,
' el G ' - ' i.d, - hydr.ox . .
e A o TR EOREDS) LBt UGSV st s,
hwlzacpsiyegdmip'g:cmﬂ, Hyyldncq>¢>|¢top)ﬁ¢ aciﬂghjldibﬁy gmictb aciyy, Giy@¥0ky nervonic acid,
ei ¢.aci.d, hydroxy el aidic acjd, hydroxy vaccenic |
iy Ty asis Budove FuRalents, 25 g oemradieteats sid. hydroxy
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or nore carbon atons present in the cycle.
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where X is an optionally substituted aliphatic hydrocarbon having 2 or more carbon atoms

present in the cycle.



