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5 Background .Information [0002] Linear polyesters such as poly(al kyl ene
terephthal ate) are generally known and comercially available ﬁhere t he
al kyl ene typically has 2 to 8 carbon atons. Linear polyeépéky Qvgméany
val uabl e characteristics including strength, toughness, high gloss and
sol vent W@e¥984fice. Linear pol yesters are conventi onXCIPSREHWEr ed by t he
reaction of a diol with a 10 dicarboxylic acid or its functional
derivative, typically a diacid halide or ester. Linear polyesters nay be
fabricated into articles of manufacture by a nunber of known techni ques

i ncluding extrusion, conpression nolding, and injection nolding. [0003]

Recently, macrocycli cCoPDUYESTERESAWE FONEVERDREOWMEh have uni que
properties. These propert; t cLive as matrices for

engi neering thernopl astic W&Iﬂﬁﬁ@b@ﬂ% irabl e properties stemfrom
the fact that macrocyclic oligoesters exhibit low nelt viscosity, allow ng
themeasily to inpregnate a dense fibrous preformfoll owed by

pol ymeri zation to polyesters. Furthernore, certain macrocyclic oligoesters
melt and polynerize at tenperatures well below the nelting point of the
resul ting polymer. Upon nel ting Beshnicdl Hielé presence of an appropriate

catal yst, polynerization and crystallization can occur virtually
i sot he{®801] y ThOnyediougenBelypictates tddemimplastict @sdanitlefopnaitberefiras. Mot ot her

dvant f t.h | ti I t. d f i
o1 1 goe SHaRaili P Pueial e oot el Beif bRRUER RGPV i i i shes
the fayppaBlets, properties including the polynmer's ductility. Thus, methods

are needed for preparing pol Eest ers with favorable crystallinity and
ducbility while retaining theBagkgs 0 usi ng macrocyclic oligoesters

AT EORITICH (e T At

as pre rs.t | ters. 25 L0D05] |n {tion he requised vol une

ot o T3P T BsER s Gs plEOREE eroaBBER s Rier Bl (C o

non- pokyiikikictal§agaRble wheRARDOKIS tRfically h@iTobh @ cBdbRatShs] BinVapylyBites,
typically greater than 100:1 in order to attain_ a satisfactory nol ecul ar
wei ght hete many yeiughig charactistics anclndingyrengll.dophipessdigh elospanbsobeab e

PCT/ US Ty = 2 - +al.q Sophi sti cat ed
and cog%fsgle r@r%tlélrnﬁgbig%tdp rﬁléé%ge&@aﬂlﬁpﬁ%%&fbg ﬂte;}g%\ﬁ?%&laﬁ (r)lo uthcag and di sperse
pr aper dicatbbeylicedcnk dr\its functional derisativentypiodllycatiaidimtide o €36f) Glindan polgesteror e,

typi cal non_pol ric organotin conpounds_are volatile enough to raise

heal 1 h 8 Re EAEReeEol Ario b mpe meng’yapglahat koo tgehpiques igelidiggeded. 5
Sunmmar X}&Q.fsic}nb@oﬂlﬁ}&%fbhinﬁﬂﬁiﬁgoQQ%%jeQ@dlﬂhM@ﬁlg.er5 of high nol ecul ar weight are
prepared from necrocyclic ol goesters an cyclic esters in the presence of
a tranfé8kr Recandy. mavracpdlialoligdesteifiveere dgyelopabyiscishave upiqepanpatiah These

oape Fedeh ) ket el e e L 5 12
Pr @sur gQiiable b9 §bm GORChY RS 1Bt SndeRIAY e lipsbsRfs@RINBE 1dw ABl OfstRftyal so are

prepared from macrocyclic ,
allowing them easily fo impregnate a dense fibrous preform followed by polymerization to

polyesters. Furthermore, certain macrocyclic oligoesters melt and polymerize at temperatures
well below the melting point of the resulting polymer. Upon melting and in the presence of an
appropriate catalyst, polymerization and crystallization can occur virtually isothermally.

20 ]oob4] Despite the above-described properties and other advantages, some of the resulting
polyesters prepared from macrocyclic oligoesters may display a high crystallinity that invariably
diminishes the favorable properties including the polymer's ductility. Thus, methods are needed
for preparing polyesters with favorable crystallinity and ductility while retaining the advantages
of using macrocyclic oligoesters as precursors to polyesters. .

25 [0005] Inaddition, the required volume ratio of a macrocyclic oligoester to a conventional
catalyst (e.g., non-polymeric organotin compounds or titanate esters) is very high, typically

greater than 100:1 in order to aitain a satisfactory molecular weight of the product. See, e.g.,



ol i goesters and organotin conpounds. The organoti n-copol yesters so prepared
can be used as polynerization catalysts. The organotin-copol yesters are
non-vol atile onol ecul es and contain less tin per ' 309an t he
ori gi nal “@@Qﬁ%ﬁ%n conmpounds. Thus, it requires subsf Paft | ower vol une
rati o of macrocyclic oligoester to the polynerization catalyst. 15 [00091
In one aspect, the invention generally features a nmethod of naking a

copol yester. In one enbodi nent, the2mrethod. includes the steps of

provi di |- ' S FoNAMl ' r other than a
macr oc%g'i%teo |g§?516;8g fﬁ to%@%%r??’%@?ﬁ%&ﬁgh&%g r@%’%’q’!l%&gﬁigfggst er and the
cycl i cegsip@entiisused & ipraRenas didpese propeilyeisd reladifelycamaliamonag dflcpslystat  an

el evated tenperature to produce a copolyester wherein_the nolar ratio of
the cyd9Q0§] gg‘%henpewt Ricalpep-pelympricorgnplip eamnepndsiaze volatils epoughtoggiser: 1. The
macr oc | .00 k [ &H:Cr nit of formula (la): EOO
20 O-ﬁgh%%egﬁgj%ﬁsgngﬂégh@se%%ﬂal )? r‘“i‘ré,%gé%:dfg'| oal kyl ene, or a nono- or -
pol yoxyal kyl ene group; and RA&unusarpofthl medntioh aromatic or alicyclic group.

[ 0010) In._angf her aspect, the inveniion generally featyres a method of
meki ng (4043 ogepﬁwﬁe& s %aeca F i .r_g%ﬁedcﬁ)@ BABI i oot Bt hod
i ncl Udg?ch%%ﬁ% 108 PreBerdB 61 PEMSestetification e&mgﬁ.eﬂ@c{c,pa&?skt&s L RORRALRGY f 1 cation

cataly at an el evated tenperature to forma firsft polyneric segnent.

Subs eq frenetable crysiallintyianddudibityrwhilstretgining niber desigablprpseperties of padyasersest er that i s
not a _nmacr cl ié: O%I iI%o Ste%[rs and the transesterification catalyst at an
el evat BE?P?IS&rﬁéPéP&FeY? e R IR ORI PSI yneri ¢ segment. The above steps

t hem af@o8eaaspdliedictyconti@a dghndtitiRsieli@Also uriRdpartl ffoniMBeré@clicdr m a bl ock
copol yester having additional first and second polyneric segnents. 30

[ 0011] oligpesiatsahd preanis spmaeinds. hBie argaefinseapplyestashsogirenaresl cabe/esedes hod of

Ki bl | _a fi | ' is f d i
o oy pametiatiof AR s oPerhii epBOakT e Bord S brBme TR s02) 1 7607
- 3-  magsAgN tdst Bn périvgd eslunk tiandheorigial@gaioth tdnmahd0 IThagiakytls at an

el evated tenperature, Subsequently  contacting this first polyneric
segnensubsinidly ey velume satiqeidaacecyclis qHgaenter to thgpobaesizatincalelyshh  cat al yst at

DL ol 05 BOBRERAR U8 s 0hi ot RnBEs KRR br ARERF Lo DR ORRYS 51 Cok

I
n a equential Ty repeat ofma bl ock

copol yoiy enitwdinmat, dktinéthadhiatIndésrtkd stepa nfiprewiding d npotogyatic ioligeeegrproviding [ 0012]
In yet angther %%Ect, the i _\/eﬂtionfetures a co osih[onthat IS a
copol y@&Yip estpnp SMASTRCHRSolEqenter. e enmipstaedhe masrpeycheoligpesienand, ¢ s

pol y mee Gy liRCkEORRhe Rsch&Aith tARGsEHAURIM Ryt Rizh elePbted RIMbRAdhP) O O

produce a copolyester wherein the molar ratio of the cyclic ester to the macrocyclic oligoester

is from 0.1:1 to 1:1. The macrocyclic oligoester has a structural repeat unit of formula (I,):
C

O

20 0—R—O0 Il Ry u: @
where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkyiene group; and Ryis a
divalent aromatic or alicyclic group.
[0010] In another aspect, the invention generally features a method of making a block
copolymer of polyesters. In one embodiment, the method includes contacting a macrocyclic

25  oligoester and a transesterification catalyst af an elevated temperature to form a first polymeric
segment. Subsequently contacting the first polymeric segment, a cyclic ester that is not a
macrocyclic oligoester, and the transesterification catalyst at an elevated temperature forms a
second polymeric segment. The above steps then are sequentially repeatéd a desired number of
times to form a block copolyester having additional first and second polymeric segments.

30 [0011] Inanother embodiment that is a variation of the above method of making a block
copolymer, a first polymeric segment is formed by contacting a cyclic ester that is not a



O-RXO- - RY (Ib) where Rx is an al kyl ene, a cycl oal kyl ene, or a nono-
or pol yoxyal kyl ene group; and Ry is a divalent aromatic or _alicyclic
group; and at |east one structural unit of formula (11) GONOVPmMbFREPE RS
and Ri, are independently an organic noiety with the proviso that Rg is not
-0- Re- i fwolozodys6- C(0)-. Rx' is an al kyl ene, a cycl oalscuiusm#t760dr a nono- or
pol yoxyal kyl ene group. Rye is a divalent aromatic or alicyclie group.
[0013] In yet another aspect, the invention features a block copol yner of
pol yesters. A first block unit of the copolymer has, within its polymeric
backbone, at |east one first structural unit of fornmula (1), as defined
above. maswecystid oligasstkr and atrabresterifivation oatalystsit potigvated itempssaticb oBabsequentlyeast

tryctaral it of f | | def,i,ned above. .[0014] | t
oot her Sasstng S HEFondEp sSmer R FitiBatle dhepflre o/t R bR ganot i n
copol yegdtayst at doelévard eapRehtIE Rims 4 ftorl@RiolyaRrit Rphidate The HRove bRPSh& ar®r OVi di ng

an oligoester, providing a non- catalytic amount of an organotin conpound,

and consegEentiagy fepeated 3 dpsisask numbgerf timea todprgamblosk rorelgmpthaving additionabfust at ed

t enpera I@E rganoti n-copol yester. In one enbodi nent, the

ol i goes%%a;ﬁﬁ%lgpgfyﬁﬁgg rgﬁg' repeat unit of formula (Ib): 00 o0--R, ORu-J
~a)  WhpoE2]R. In yet amvtiel kpedt1Be infentiys featatels ¥ bamigosition that FROpol@ster. In one

pol yoxyal kyl.ene group; and Rb, is a, divalent_ aromatic or alicyclie, group.

\ a
30 Nove%‘é‘?dn_ﬁ% mmbﬁﬁgﬁmmmmG?backwumﬂ% Opg ANBther
aspect ,oitﬁa&m%lﬂgsnt i on features an organotin copolyester. In one

enbodi nent copol yester includes, within its polyneric backbone, at
| east one structural unit of forlula (I 00 O-RXO0-- --1~--W-R J where
R, is an al kylene, a cycl oal kyl efle, or nono- or pol yoxyal kyl ene group;

and Ry is a 5 di valer—aRprai0-c— Rj,—ech—i—_e group; angb)at | east one
struct uggal. g istan%j]q’ie%,rgl@yaoe(ﬂc}lén)e, dr afdno: é’bbﬂzoxﬁﬂ(ylene group; and Ryisa

divalent aromatic or alicyclic group; and at least one structural unit of formula (I0)

\J

Ry
(1D

where R, and R, are independently an organic moiety with the proviso that R, is not ~O-Ry- if Ry

is—Ry-C(0)-. Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group. Ryisa

divalent aromatic or alicyclic group. |

[0013] Inyet another aspect, the invention features a block copolymer of polyestérs. A first

block unit of the copolymer has, within its polymeric backbone, at least one first structural unit

of formula (I}, as defined above. A second block unit has, within its polymeric backbone, at least

one second structural unit of formula (If), as defined above,

[0014] In yet another aspect, the invention features a method for making an organotin copolyester.
In one embodiment, the method includes the steps of providing an oligoester, providing a non-
catalytic amount of an organotin compound, and contacting the cligoester and the organofin
compound at an elevated temperature to produce an organotin-copolyester. In one embodiment, the
oligoester has a structural repeat unit of formula (I,):

oot @

where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ryis a
divalent aromatic or alicyctic group.




(I} where each of Rl, and Rg independently is a hal ogen atomor an al kyl
group. 100161 In yet another aspect, the invention features a nethod for

pol ynerizing a macrocyclic oligoester. In one enbodi ment30 Nay

i ncl udes the steps of providing a macrocyclic 10 ollgoester, provi ding a
pol ymeri zagh palegik al yst, and contacting the nacrocycli gcpié@fas er and the
pol yneri zatl on catalyst at an el evated tenperature thereby producing a
copol yester. The nacrocycl ic oli goester i ncl udes a structural repeat uni t
of forrrulaé] - - . Where R .is a | ene,

cycl oal kipp elnyswngth%?ﬁaectofhe B’BF‘WR YA AT RLEARP R FOPO aFefRi(I“?nf 2 15

di val ent o3¢ QiR GhEopBlyef¥Ghé16de8 VAR itd Ry R IIIBEB A At RAstGAé atithkall NCl udes
at | east one conponéent conmpound each of which has a fornula that includes
(i) at leaseffermalasfuctural unit of fornula (Ib) f0O 0 OR-0---c R.

y'--" (In) where RX is an alkyleng, a cygj oalkylene, or a nono- or

pol yoxyal kyl ene group; and Ry is 20 di Yal ent aromatic or alicyclic
group; and (H) at |eas uct%ral uniff of formula ( RO --0-Sn-Oi R4
(111) 30 Novenber 5092 O BeT 00861 P& U0 1 7607 - 5. \ﬂnre each of R and
Rq |ndep@%lﬁynPlkylanmmj@lkmp@memomom;quyglkﬂwgr?m@ﬂﬂylimayet anot her

ﬁ:gf?c:yc+?a§ I(t)P[\égoes@‘rehrh g&g%&goﬁymrl zéelﬁl on Ca t ?&‘Hfﬁgmﬁ] Tt ﬁf’ gr ?sOf :

substantially free from water. In one enbodi nent t he net hod includes the
steps of mxing an oligoester and®an 5 organotin corrpound heating the
m xture of the oligoester and the|organot| n conpound at an el evated
t enperature, renovi ng wat er gedrer <uring the heating step to obtain a
dried reaction mxture of oligoegter and organotin conmpound, and m Xi ng
the dried reaction mxture of ol Rgoester and the organotin conpound wth
the macrocyclic oligoester. The oligoester has a (ﬁf)ructural repeat unit of
formula (la): 10

where each of R, and R, independently is a halogen atom or an alkyl group.

[0016] In yet another aspect, the invention features a method for polymerizing a macrocyclic
oligoester, In one efmbodiment, the method includes the steps of providing a macrocyclic

10 oligoester, providing a polymerization catalyst, and contacting the macrocyclic oligoester and the
polymerization catalyst at an elevated temperature thereby producing a copolyester. The
macrocyclic oligoester includes a structural repeat umit of formula (I,):

oo b
where R, is an alkylene, a cycloatkylene, or a mono- or polyoxyalkylene group; and Ry is a
15  divalent aromatic or alicyclic group. The polymerization catalyst includes at least one
compopent compound each of which has a formula that includes (i) at least one structural unit of

formula (Iv)

O—R¢ 0-——l Ry (L _ )
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a
20  divalent aromatic or alicyclic group; and (ii) at least one structural unit of formula ()
I
—0——Sn—Q——

R,
m



15 0 0 Rte-- Rr--- (la) where Ra is an al kylene, a cycloal kyl ene, or a
nono- or pol yoxyal kyl ene group; and R b is a divalent aromatic or . ‘
alicyclic group. 10018] The foregoi ng and ot her objects, 383ywember 2004t ur es,
and advantages of the invention will beconme nore apparent fromthe

f ol | owi nWaie®esdidt i on and cl ai ms. Description [00191PCHESEASHENt i nventi on
is related to the surprising discovery that copol yesters having favorable
crystallinity, ductility, non-volatility, catalytic activity, and/or tin
content can be prepared from macrocyglic oligoesters, organotin conpounds
and/or cyclic esters with or without the presence of a transesterification

cat al ySvherogeinef RgndiFg irdepaudendly ismbalogsn pion) o gn alkWerIp- def i ni ti ons may be

hel pf ulgaad3y U i . i gﬂg EFM@ﬁgﬁqs 4 inh this
speci fi[g%{)’i]oﬁﬂ%@%@@%%cﬁggﬁééﬁ%@g%%r oc;r/c Ic no ec%&g&?r%fadqns a

cycl i c makegelioolipasstan gndd pdlpasizativheeatalyisth Fhevriittise is dubstamiatie ftbedromt r uct ur e
that contains 8 or re atons cqval ently coog,nec_ted to form 25 the ring.

100221 Vet Syepefaphoftiment, themeihad dngludes the Siees of msing aypkgoesiegnand 8ht ai ns 2 or
nore i [ [NV : I i.f4f nt

for Fgrul %gg%g%%gﬁh@smﬁgg%ﬁ%gﬁnﬁwﬁﬁ%% %%Sgegtgié‘irﬁlgsrn@ans a‘t’g{r%ﬁg{(:iu {g?t hat

cont ai rievaied termprature,dendiilg wiitreenesedduring thetheativgl step dpelitin aniried reaétionhe sane

di f f t . | j.goest er .t ypi cal | fers to 30 Noyenber 2005 WO
051 Gop e P DI msPesighogruskts ot piche s ESSTHRHMEBPIE o ot o of

t he nuppgsesttt aRbthe brghitialcbRPdind VAMSRS mbidbdySlicdligsQRE. THe oligb&stdrmherul e.
However, "an oligoester also may include nolecul’es that contain |arge

nunber stragturabrspent unitpfdomadedlr epeat units such that they may be classified
as polyesters. In certain enbodigents, ap oligoester may refer to a
macrocyclic oligoester as definedjbel OW.Cl [ 00241 As used herein, a
"macrocyclic oligoester” ans a é’acr cy Ei c oligoner containing 2 or nore
i ddftifiable ester Tu ctlgga repsat units of the sane @& different

f or mul avher Rede poalindeneca cysidaliplens. or a mppe-ca polyorvelkeess groupmand Rpilse nol ecul es
of one specific formul a.having varying ring sizes. However, a macrocyclic
oli goegf@%ﬂhﬁr mg{’cs %cglﬁﬁrgu?ml tiple nolecules of different fornulae

havi ng oGSy Me forogpipSana bthbhebjdotRspedts, dahial idtadsdntaged 4R inv@ieatvillni ts. A
macrocyclic 10 oligoester may be a co-oligoester or nulti-oligoester, i.e.,
an ol i §eEEIPOTGADPAR froiy the folewiag description and claims.

15 Description
[0019] The present invention is related to the surprising discovery that copolyesters having
favorable crystallinity, ductility, non-volatility, catalytic activity, and/or tin content can be
prepared from macrocyclic oligoesters, organotin compounds and/or cyclic esters with or without

the presence of a transesterification catalyst.,

20  Definitions
[0020] The following general definitions may be helpful in understanding the various terms
and expressions used in this specification.
[0021]  As used herein, a "macrocyclic” molecule means a cyclic molecule having at least one
ring within its molecular structure that contains 8 or more atoms covalently connected to form
25  thering.
[0022] As used herein, an "oligomer" means a molecule that contains 2 or more idenﬁﬁable
structural repeat units of the same or different formula,
[0023] As used herein, an "oligoester" means a molecule that contains 2 or more identifiable

ester functional repeat units of the same or different formula. An oligoester typically refers to



different structural repeat units having an ester functionality within one
cyclic nolecule. [0025] As used herein, a "cyclic ester" neans a cyclic
nol ecul e having at |east one ring within its nolecul ar $0Navewbe 20Qat
contains an ester functionality within the ring. A cyclic ester typically
refers tWwonHwsmt e nol ecul es of one specific cyclic eBEBUSZAT®Yclic ester
as used herein is not a 15 macrocyclic oligoester as defined above. [0026]
As used herein, an "organotin conpound” nmeans an organi ¢ conpound t hat
contains one or nore tin atons covagently bound to at | east one carbon
atom 100271 As used herein, an "qQrganotin ester" neans an organgtin
conpoumalesHes thetew ifermaedigtein derms of the Tpmber 9% catrs FANSHNZLISLE Hks Presontipn028] As
used ' g | : ' 3 ' hat

cont ai e ieeog®, FOYEIk Endfgase: i Bp) EinefRARA MPLARNGILE ARRSRE

or ganotster fmstienal repyat onits sacnthetrtbeyamayerctassifisdras palyeptars. clarckitain bonds t hat may

or may not _be part.,of the cyclic structure. [0029] _As,.used herein, a
" non- %@?‘%H@E?ﬂ‘ig&? ﬂ]ilgﬁ’ﬁSt‘??ﬁaryir e’é@taé’r‘a’cr%é&‘ié’ﬁﬁoeéfffcﬁsid?%‘?t‘?f‘w?_hat does not
cory al o34 0Mks ﬁgedggi%ﬁ! :i‘\'}\%10?&c?éﬂ?:g)thgoes[%g'olgi&?%aﬁcy@ﬁ@ﬂiéﬁﬁfe?édﬁtaiﬂi@ al kyl ene

group” neans -C,,H2,;, ere'n ? 2. used herein, "a cycloal kyl ene
gr oup" ommam $deatifishid dster Hinkfanghuspept waits of thesins or diffantrd famule. repaweeyalics t he

nunber .of H s r.epl aced b li zatjonfs). used: ein, "a nono-
o "ol 9By ey FRS A G AR RPE Gt Pt R | o

I Nt egegiydll eRWeYer! Ndatrdeydiitthligobster day alRb BGRe BORPleiolbdudds o diffdfint 00331 As
used herein, "a divalent aromatic group” nmeans an aromatic group with |inks

to ot feemulpyhavingsraryingaumthersof thelspme piplierent strughgal repeahiglils. Adnagragselisnt

ar tisc ou | t a- r ' , lic. aromatic

ar o, DecBa R oo Bl e Bloc Oy 3 e S H BRRR RS S0 - 7
L0834] -difﬁgreuﬁmﬁicﬂﬂﬂl pént unidyhating ey eétérd"mg:tll ionafity vaittdn Sneﬁ:ynlmm' aeanat i i: .
ydrocar bon grou containing g cyclic structyre therein. [0035] As use

her ei nl0085]" %E%@Ré?fﬁ’&i"yr?é(?hc qﬁ@gﬁgeaa%@fsﬁv Wéfnﬁﬁ Rt %f@g Jthipwo or

nor e | 4 D& RoTa ﬁ,ﬁh]-gq&q.gw s it 1 onal |y
di ffe&gn%ggélﬁadct ur al tﬁagcum t%@%%lg}e%“égﬁ%lmstggnent s (1 .'e.(,: %iégsgéggﬁﬁdggﬁt ain

st r uct refeas tounmiltisle deleculesloffane spedificfogelertter Hacyalit entirss beeddiprei iegotaf nononer

or_fromstrugtural re jts with different conposition or sequence

di]s{rilﬁﬁ?rP‘é’ﬁﬁc-fL’ﬁfﬁ?%?”gg%ggthr ein, "a polyester polymer conposite" means

a pol y@%ﬁ@r RQhééHﬁléreiﬁﬂﬁi "ok ghnotASGRHoAL® thodhslaR 0ARAIBpSHaShA 3bRaifiiCh as a
)

fibrou particulate material. I'llustrative exanples 10 of particulate
mat er i ale cnwretimpgpasicdvalselisbougt dee leastone spybayadem. and crushed stone. Certain

filler [%027] As used herein, an "organotin ester" means an organotin compound that contains one or

more tin-oxygen-carbon bonds.

20 [0028] As used herein, a “cyclic organotin ester" means an organotin ester that contains a
cyclic structure. It should be understood that a cyclic organotin esterrmay contain one or more
tin-oxygen-carbon bonds that may or may not be part of the cyclic structure.

{0029] As used herein, a "non-metal-containing cyclic ester" means a cyclic ester that does not
contain atoms of metallic elements.

25 [0030] As used herein, "an alkyleﬁe group" means -C,Hzqo-, wheren > 2.

[0631] | As used herein, "a cycloalkylene group" means a cyclic alkylene group, -CyHan.x., Where
x represents the number of H’s replaced by cyclization(s).

[0032] As used herein, "a mono- or polyoxyalkylene group" means [-(CHy)p-0-Ja-(CH2)m-
where m is an integer greater than 1 and 1 is an integer greater than 0.

30 [0033] As used herein, "a divalent aromatic group" means an aromatic group with links to
other parts of the macrocyclic molecule. For example, a divalent aromatic group may include a

meta- or para- linked monocyclic aromatic group (e.g., benzene).



and additives thus can be used to prepare polyester polyner conposites. A
fibrous material neans nore continuous substrate, e.g., fiberglass,
ceranic fibers, carbon fibers or organic polymers such 38 Ngvamber005pers.
[ 0037] As used herein, "a divalent organic noiety" neans any organi c group
so | ong MOPYIZYeEs 15 not interfere with the pol yneriB£AUSBLTRact i on of a
macr ocyclic oligoester and a cyclic ester. The organic noiety can be
saturated or unsaturated. The organic noiety can be a hydrocarbon group or
in addition can contain one or nore eteroatons. The organic noiety can be
| i near or branche& or contain one or nore cyclic or heterocyclic

st r uct ul0R3dlc ohs weh herging aa aligyclifograuny megps a ngp-atymatis ydroearboRerolipy di val ent

or gani ¢ cﬂ%@hﬁ ' i: Lyal ent nmono- or polyal kyl ene groups 20

cont ai ni ng ﬁéﬁéyggg on attgérrrél?" cyclicallcyl ene groups containing 1-20 carbon
at ons, [085]sulsised hereid, 0'fblack sepadynier'Uments acopalyaret haignspmentgefdwpsr such as
phenyl groups or aligyclic grou ont ai ni 1-20 car.bon. .at ons.

Pr epar a'gf”i?ri’c’g’f"e@c}wl(lﬁ‘iéé’f’% i’%"%?efo‘ﬁﬂ%mig P f Eg@%p@gﬁﬁﬂﬁﬁ SR Esters
25 [50038lits Hiagfhcd beaiehtd (i Vel ddke) coRma & hi-aRfitd @YRePR6m difenar ed from
macrocyclic oligoesters and cyclic esters in.the presence of a

t r ans estheractetigtistspenies o8 mahgmer or FodIoTchinal repret unitp adth diffarent compostivnar general |y
features a meéi?o ,&or maki ng a copol yester. In one enbodi nent, the nethod
i ncl udeSWHE® ¥ providing a macrocyclic ol igoester, providing a
cyclic [as3ar A4 dxed hdrkiaMapoliesérQelalet Sonflobitt® BRhda polRsteSUNNRS tHal t he
macrocyclic oligoester and 30 the cyclic ester in the ﬁlrsgsence of a

t r ans esaseqoiatgdouith Bathensubstate sugh asgiitsous\pa petculaseipeictely dbustrgive sraaiese a

copg|l ye . ' ' fer ha s r r |t of
Foriul coLpenth GG AE XSO SSRGS Bl tReR Al i s CRER! oty |

O - R 0-dndRddifivdsitags cambeeuised teoprepireapoly@bisyjobynesr campositésoa Kyroesrestertl a nono- or
pol yoxyal kyl ene group; and Rb is_a . divalent_aromatic_or alicyclic group.
10040] “TRE39S MPHRSPHHOIHH! & Pio ADFk TR %rﬁcg%%%bsrémrgﬁu‘m i goest er
and a %&Sﬁﬁhggﬂmﬁ -Hag pol ynmerization typically is conpleted within

m nut es. e duration of% the pol ymerization reaction depends on many

f act or 083G h Asusehberemn) "adivakni agafic meictyb myadsiaty aigagjogipso loog asjitddes  est er,

o bl ok Bt o TR E s RSP R B s o o
reacti Qpudnke zﬁai%fy: cﬁl‘i‘bé’é&hr%téch& WethhRd THRremw xﬁéieeff,vgwm a Rfdrdch®oRprlogpict . and

the choice of sdlvent. The polynerization is preferably "10 condlct’ed under
an i neror impdditiosreae pentais orsorarnrehelerpatos. r Bigargapic regigfpnen bylingarder a vacuum

[0041] t%%}%h%f laﬁ‘é%[a?%cim% of fmo?é’ (%zlcflé: orq%e(r:"orcyéh% sHRE 3 é’e%jta'incmgo (l)rile%? %Eeeé, l&,a n vary

froma

or S atoms. Exemplary divalent organic moieties include divalent mono- or polyalkylene groups
20  containing 1-20 carbon atoms, cyclicalkylene groups containing 1-20 carbon atoms, and
substituted or unsubstituted divalent aromatic groups such as phenyl groups or alicyclic groups

containing 1-20 carbon atoms.

Preparation of Copolyesters from Macrocyclic Oligoesters and Cyclic Esters

25 {0038] High molecular weight copolyesters have been prepared from macrocyclic oligoesters
and cyélic esters in the presence of a transesterification catalyst.
[0039] In one aspect, the invention generatly features a method for making a copolyester. In
one embodiment, the method includes the steps of providing 2 macrocyclic oligoester, providing
a cyclic ester other than a macrocyclic oligoestet, and contacting the macrocyclic oligoester and
30  the cyclic ester in the presence of a transesterification catalyst at an elevated temperature to

produce a copolyester. The macrocyclic oligoester has a structural repeat unit of formula (I,):



10:1. I.n one enbodinment, the nolar ratio of cyclic ester to macrocyclic
oligoester is between about 0.1:1 to about 1:1. In another enbodi nent, the
nol ar ratio of cyclic ester to macrocyclic oligoester i 30Bavmber 2098ut
0.1:1 to about 0.5:1. The nolar ratio of ester nononmers 15 (macrocyclic

ol i goest &¥O B8YWGcl i c ester conbined) to the catal yst PEENSPZANIGE fr om about
20:1 to about 500,000:1. In one enbodinent, the nolar ratio of ester
nononers to catalyst is fromabout 20:1 to about 10,000:1. In another
enbodi nent, the nolar ratio is about.g30:1 to about 5,000:1. In yet another
enbodi nent, the nolar ratio is fr(s)m about. 200:1 to about 500: 1. 100421

Yi el ds of copol yesters depend on,jj anong Cﬁher factors, the precursor
nmononers 20 (macrocyclic_oli oeJ er andlcyclic ester) used, the reaction
condi tions, and thrw&"k—ﬁp—grmé'dmpﬁ—éprc al yields @Gange from about 90%
t 0 abouthef3% is dalkylems,) b tydl@lighpg by esibad-2r pbly@iyelidlere diounpeadtiR denl ar wei ght's

from abgut 90, 00Q to ,about 150,000. The tenperature range of nelting
endot hekypluharomaticer Jligyelis @oBout 145C to about 180C for high cyclic ester
cont ent Lgh i . s er

cont ent[@@keq%}ég %g@%?&&%g@%ﬁ%&%@vs d r%%agg%él?éoi%ﬁgmt?%w%gﬁt&%20C. The
heat5 ofThapblynrgzatien dgtieilyiscedplbipd dithhaniauts. aihesiomion ofghe mdynmarizathdr y  ( DSC)

to be f t.10 t bout 50 Jpul . .| 00431 Copol.: t g d
L cor OB e sy T sui 1B BRC O] AT eVEHE CEPHEr 1 PRES o and
duct i | ickidy, e SIEIRES 5BEEE: R Yaohdifers ERPBARSMER: SIRDERrOhd MR dyHIRG:sRRJRS her m and

the heat of nmelting of the resulting copol yesters. Copol yesters having a
40% capsetelysicthe rmpesaiure at whigothe polyrosrizeiiorereaction isxiarried oty the desiradl | y | ower ed

meltin oint r nd reduc eat of .meltin i ndi.cative. of, | ow
Cryst afru v e et Er AR o s o Feksba 68 ARk
PCTipUSQ2hdhéRA tnddan 2E4AYirohRRntdakl ARkidéadiiredtn o &b, 0FudiiBYya WRmEA! i ed out
with or without a solvent. A solvent nmay be used to dissolve one or nore

of the [P4aLt dihe golgsatiorof crpligesierinmarraeyeliapligoestn capyaypiemighgut Odllsldobe used
as a um | ' ' i ' J 14 ' | vent s

t hat ﬁg'lbeIﬂl b%s%@oﬁﬁg%nﬂgtéé’ﬁ@glﬁ%%f:c?ﬂ%ae%%@%% syglﬁghg%ééﬁg g(lyté%ﬁﬁér?or obenzene
and netaboit rlphierapbut 1k Ianndthe embodimixacthemoiar ratio of olcliesster temugedclian t he

pol ymerj.zation_reaction. [Q045] lic esters enployed in various

P b RFESteDR bEEoh A o Pt Q. ih@rne Fefig of LY BOWORS react with a
MaGikOC | 2 : bk gat i on
Cor T by Pl ARG ol By o R A B S A AR AR RO TG Rave
any nurber 560,060 bnin one tinbedimdr®, the inelar ratid nfiestdr mooorecre tratdiyyiis from abottones  of

4-10- red ri r sed. The | actone. can. he stituyt r
Subst 1 o dereboh W0 Foff e iissho S b Aot StcdS stoHELY Ruabbiedtedh pe
subst i e dnothdr RmbolifieRi, B hidhr $466Hs #6m @bolN20®1 tcubofd¥0Qr nore hydrogen
atons in the basic |actone structure can be substituted with a hal ogen

at om ( §0042] [ jeldy of cppolyssiers depanel on: ameang fothse feictorsathe precursor monomers

20  (macrocyclic oligoester and cyclic ester) used, the reaction conditions, and the work-up
procedure. Typical yields range from about 90% to about 98%. The resulting copolyesters
typically have molecular weights from about 90,000 to about 150,000. The temperature range of
melting endotherm can be as low as about 145°C to about 180°C for high cyclic ester content to
as high as about 200°C to about 230°C for low cyclic ester content. The peak temperature ranges

25 from about 165°C to about 220°C. The heat of melting is determined by differential scanning
calorimetry (DSC) to be from about 10 to about 50 Joule/g.
[0043] Copolyesters prepared according to methods of the invention show improved
crystallinity and ductility as demonstrated by the temperature range of melting endotherm and the
heat of melting of the resulting copolyesters. Copolyesters having a 40% caprolactone content,

30 for example, exhibit a drastically lowered melting point range and reduced heat of melting,
indicative of low crystallinity and high ductility. |



groups including al kyl groups (e.g., nethyl, ethyl, propyl, butyl), a
hydr oxyl group, al kyloxy 15 groups, a cyano group, am no groups, and
aromati c groups. The | actone can contain one or nore adégﬂﬁbﬁﬁbﬂﬂﬂﬁés.
Exanpl es of | actones include |actide, glycolide, dioxanone,

1, 4- di ox&@0209846 di one, c-caprol actone, [i propiol act ®#6EUSP2ET60G et hy|

gl ycol i de, P-butyrol actone, y-butyrolactone, and pival ol actone. [0047]
Catal ysts enployed in the invention are those that are capabl e of

catal yzing a 20 transesterification.palynerization of a macrocyclic
oligoester wwth a cyclic ester. As wth state- of-the-art processes for

pol yel§0dh g The pplymorzation wsaqtign sy be earriest b b phwidieyt dydesabid selwent o

compou t.hea: r t al y be
e o S b M R
as pol yhwibe nsddiasn needbual insthich@elredction isl casied attl Vitustatiya selvérts hatmourds | ncl ude
1,1,6,6-tetra . n-butyl-1,6-di stanna-2,5,7,10 25 tetraoxacycl pdecane,

n- but y!uﬁqdrm@%er}gg‘r@@%cowﬂw _ 9-%11%%8%% efamzﬁ@yf speroti di n-

but ¥l t'eﬂl%&{ﬁleﬁf(hgﬁ'oé@éﬁgis%éd@ﬁ@lﬁbwyﬁ Ro5h fcticand acyclic and cyclic

. 2 . . .
monoal kyl'tin (V) derivatives such as n-butyltin tri-n-butoxide,

di al ky[@448] | Cycliki esteksosmpieyed Buetiowssmbiodimeptstof the inventidn hatilude-anpoyadixi de and
2,2-di -n-butyl -2-st.anna- |, 3: di.oxa | ohept an and,trial kylL.tin al koxi des
such. a&%eR Al Fch TR BRI Bty b 001 s AN LR ICA8, 05 1 o
Pear cecgididns. | N addition, tin 30.catal ysts described in commonly owned

U S. S.N 09/754,943 (incorporated by reference herein in its entirety) may
be used004f] t keclpoisiendineludetlactones. cEistlactones oy My embaimtzooitons Withino8946

PCT/[,USQ24 17607 -10- Olp 4tint a t tS, tetra lsopropyl
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cat al yshsubitiided desubstitid. 20:@tda yohesiylioh atdnistin edactdne bihadngopdndRy| titanate,
tetrabutyl titanate, and titanate conpounds described in, conmonly owned

U. S. S. Rubstigpedomithonheterpators sichas Qs Mooty Qneras morscydrogensatoms in the Basint j rety). 5
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range groops mblading h0QTErows dbpumetBAOEylogropyl fhotyabbydroxyDEGu, elkgloayt  260C, or
frqom about 150C to about 210C, oy from aboutéJOCto aboyt 200C, or from
abdut F9HPS AGYHRSRUPY YBEO SHPEP PIRFH RO lafions PR PRI BRT RRIEMBCy cl i ¢

ai goeaacﬁﬁ&aﬁ?g%]sm'eﬁﬂum&@uﬁe%eﬂae 1aE AR5 8LcoBaR Aok ARhE! B4 aloRleugding | ow

;
medi um and nol ecul ar wei ght copol yesters, have 'been prepared from
macr oc givne,c-@profpstme.df-propinkdctone tetratmethyleglynobide fi dntyralactdne, powpelacengr
absence ﬁf' transesterification catalyst. [00511 In one aspect, the

i nvent 1533?4 P4y features-a nmethod for making a copol yester. The .15

o oAl R | e R "t e
ol 2foetensesterHipatiorepadyryeriratianrof e orastoaylic aligeesterwidlvaeyshc ester. As with state-
of-the-art processes for polymerizing macrocyclic oligoesters, organotin and organotitanate
compounds are the preferred catalysts, although other catalysts may be used. For example, an
organotin compound, dibutyltin dioxide, can be used as polymerization catalyst. Other
illustrative organotin compounds include 1,1,6,6-tetra-n-butyl-1,6-distanna-2,5,7,10-
25  tetraoxacyclodecane, n-butylin(IV) chloride dihydroxide, dialkyltin(IV) oxides, such as di-n~
butyltiﬁ(IV) oxide and di-n-octyltin oxide, and acyclic and cyclic monoalkyltin (IV) derivatives
such as n-butyltin tri-n-butoxide, dialkyltin(IV) dialkoxides such as di-n-butyltin(IV) di-n-
butoxide and 2,2-di-n-bufyl-2-stanna-1,3-dioxacycloheptane, and trialkyltin alkoxides such as
{ributyltin ethoxide. See, e.g., U.S. Patent No. 5,348,985 to Pearce et al. In addition, tin
30 catalysts described in commonly owned U.S.S.N, 09/754,943 (incorporated by reference herein

in its entirety) may be used in the polymerization reaction.



tenperature to produce a copolyester. In one enbodi nent, the oligoester has
a structural repeat wunit of fornmula (la): 20 25 30 OO0 OR--O1 R6-J
where Rx is an al kyl ene, a cycl oal kyl ene, or a nono- or ﬁgﬂyﬁﬁVQﬂﬁypéne
group; and Rb is a divalent aromatic or alicyclic group. [0052] A

pol yner i »a2@8%@acti on occurs between an ol i goest er ERTUSR13Ganot i n
conpound. The polynerization typically is conpleted within about a few

m nutes to about an hour. The duration of the polynerization reaction
depends on many factors such as theygalar ratio of oligoester to the
organotin conpound, the tenperature at which the pol ynerization reaction is
carri e048} ,Aﬁfﬂ@tl@@@ﬁercéfalywt@@cwcmromemwe,m@me§w§§ bdhgipvemiebnce of a

cataly i ) [ ] F), i ce of

sol venptiet e Blss bEnkd etk ORARMe Pf SERANRGD 3Rl does B Bali] |

envi r oferEity] tisdnats, @l titagR compbundgdacrived & @amnondy ovared &7.5.8. Nv a8/a54®43 [ 00531

The organotin corrngand | s pr.ovi ded 'Sn a non-catalytic anount, which is an

- anount (ngprrozated b ligengm BereiybiteaeY)i s used when the conpound is enpl oyed

as C VS ' j react ant,
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al thou SO serve as a.catalyst at 0 Novenber 2005 WO
02/ 0988ABodRaH UBORMpEARAiTe is hzintdinedevithitherangd from ik H003E tadbiogi®diGror t o

one onbEisRBRH 00 Fiie AW 2P0 Chon G o (sf T B30, aetibr el o "
bet weepyqueRRRt, ok @8mlatolt APt Mer180°cl N anot her embodi ment, the molar ratio

of oligoester to organotin conpound is between about 50:1 to about 1:1. In
yet anot her enbodi nent, the nolar ratio of 5 oligoester to organotin

gg F;E@d gi @s %egtoé gﬁanolagﬁgbqgllg #;100%: ﬂ’lgtﬁ_oro gac}ﬁg ﬁli_ggiés}e'rs %151(9 Bﬂ‘%anzitiﬁ lc%ﬁlg%&nﬁshgst ers and
or ganofeose)c Oﬂﬁﬁ?’&ﬁkars?iﬁbluamg Gow, hik@iuing el HighmeleAidirtviedihs copalyestémichaver k- up
procedure.” Yields range from about 85%to about 99% based on nononer
uni t s. beppprepated from ecTqyelicolisagsisesantd CEEHOtNFOMPOYSIS, i e BEERce 9995 10 [ 00551
The regylti L cally have wei ght average nol ecul ar wei ghts
from a%b%grkceﬂ%ﬁ%@%{%ﬁ?%ﬁéfea%&.000' In one enbodi nent, the resulting
copol ypesHr lnase aspeet e tinveutunagserallyfbatared @unethed fiib inaking meayiadyested, THRO t 0
about 150, 000, In_ another enhodi r&_nt, the resultin copol yester has a
wel yht mathed mgldpihe SEPHRT ARSEGME AlIgPRSIeh HRVIGPSBEPY HABE HRYPOT8B0. I n yet
anot he | tthel Wi GERP AL Sk cBmPEind A arPiISVaRE e
ol coo Biaar SApo e i ohB5ig he a6 et oA .

temperature o produce a copolyester. In one embodiment, the oligoester has a structural repeat

unit of formula (I,):

0] 0
| O—R—O- u: Rs U; | @©
20  where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a
divalent aromatic or alicyclic group.
[0052] A polymerization reaction oceurs between an oligoester and an organotin compound.
The polymerization typically is completed within about a few minutes to about an hour. The
duration of the polymerization reaction depends on many factors such as the molar ratio of
25  oligoester to the organotin compound, the temperature at which the polymerization reaction is
carried out, the desired molecular weight, the presence or absence of a catalyst (other than the
organotin compound itself), and the choice of solvent. The polymerization is preferably
conducted under an inert environment, such as under nitrogen or argon, or under a vacuum.
[0053] The organotin compound is provided in a non-catalytic amount, which is an amount
30  greater than what typically is used when the compound is employed as a catalyst. The organotin

compound here is employed as a reactant, although it may also serve as a catalyst at the same



15 2,000 to about 50,000. In yet another enbodi nent, the resulting

copol yester has a wei ght average nol ecul ar wei ght from about 50,000 to
about 120, 000. [0056] Copol yesters prepared according t o 3RNeysaber sy i bed
here have several advantageous properties. As will be nore fully discussed
| ater, tNeO QPG esters can be transesterification cRAVPYEHhensel ves,
and may be used in the polynerization of macrocyclic oligoesters. As 20
stabl e polynmers, these nacronol ecul ar catal ysts have essentially no vapor
pressure. Thus, they do not raise hgal.th concerns as do conventional non
polyneric catalysts, In addition, the tin concentration of these

macr omdiee ufhermelanratie afodigggsier fergazetin ennoped typipdlyampesfron pbouh 30 htet  needed
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t he i nvabotii160;1 tb abmw A5rladh ancthdr embaiiBént,ihd inclandtiasf dliggbstaso drgdddtiho 1: 3. The
hi gher ratio of catalyst to macrocyclic oligoesters allows, easy
int_rodmpawddﬁaewe%%’Q“b#mrt@ég?'ﬁﬁﬁs.hﬁt T FHPC & the moky elio skt eri ng
€quisP MedHaodshor tdoBidBh SombGFH GEBknRen SVGR 18} td¥bBAL e, 100571 The

pol ymeri zation reaction nmay be carried out wth or without a solvent. A

sol vent[005#y Yelds sEilie tepotfiestens ldupend ny avongrothe fadftors,Hise precugtonnligoesierslimt t o ni x
the reactants. A soal,ven Y. 30 al so bhe used.as medi um.in l,ch the
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anot her ‘enbodi nent, no solvent is used in the polynerization reaction. 30
Nov e mb eabow§0%: tp@botP8%8946 PCT/ US02/ 17607 -12- [0058] Organotin compounds

th I i rJ . ' he,l.nvent.i I n de an

or ot ot B el o it i TR Bl Wi o Btk PRIk T b PO or
under  1Lo08Ns ebdve 200,000 Th o ebvdinidng At reduGRp dpoBegarioiawaihipatugds t hat may
be used in the | nvg_ntion i ncl ude or_gjanoti n esters. anotipn esters nay

ve cycimelols aa fom g (it B000.o1r spotbcrsribadionnt degt i hahave
1 . : RI
Che T ke ot B R o Bl o

pendent ['y~i's an a group; and ‘e

and Rémnbiheisqmebodbmdnt, \the esutidyycdpagester hisarwaght average mdicogtao wpighidronR&sofit and
R4- O t gken toge | s an 10_oxygen. ato or. R3 and R4 taken, together form
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group. average molecular weight from about 50,000 to about 120,000.

[0056] Copolyesiers prepared according to methods described here have several advantageous
properties. As will be more fully discussed later, the copolyesters can be transesterification
catalysts themselves, and may be used in the polymerization of macrocyclic oligoesters. As

20  stable polymers, these macromolecular catalysts have essentially no vapor pressure. Thus, they
do not raise health concerns as do conventional non-polymeric catalysts. In addition, the tin
concentration of these macromolecular catalysts are reduced so that the amount of catalyst
needed to achieve the same tin content is increased. In conventional systems, the cafalyst to
monomer ratio is typically 1:100 or less. The copolyesters of the invention, in conirast, allow a

25  ratio of as high as 1:10 to 1:3. The higher ratio of catalyst to macrocyclic oligoesters allows easy
introduction and mixing of reactants. A need for sophisticated metering equipment is therefore
reduced or even eliminated.
[0057} The polymerization reaction may be carried out with or without a solvent. A solvent
may be used to dissolve one or more of the reactants and/or to mix the reactants. A solvent may

30  also be used as a medium in which the reaction is catried out. Illustrative solvents that may be

 used include high-boiling compounds such as o-dichlrorobenzene and meta-terphenyl. In another

embodiment, no solvent is used in the polymerization reaction,



[ 0060] For exanple, each of R and R2 independently is a hal ogen atom a
nmet hyl group, an ethyl group, a propyl group, a butyl group. R3-0 and R4-O
taken together may be an oxygen atom such that the nol edfl veabe 00y e
beconmes R -Sn(=0 -R2. Additionally, R3 and R4 taken 15 together nay forma
cyclic stWQexa8dé such as a five- or six-nenbered ring BEIUSHET6GIxygen at om
and a tin atomas part of the ring. For exanple, 1, 1,

6,6-tetra-n-butyl -1, 6-di stanna 2,5, 7, 10- tetraoxacycl odecane (1) can
polynmerize with a macrocyclic butyleng-terephthal ate oligoester (2) to

gi ve a copol yester, (3) as shown helow f_ A 20 Cycli¢c butylene terephthal ate
ol i gondP038}) “Organotimgorpaunds thet npaspbe employedin pppqusipmbedimenis ofdheinvention’ By m ( 3)

30 Nov %F&an% s &Iétgé@% ﬁgﬁ& -td Forml BB Yestd n! L1 ON,
or gano?ﬁ%ﬁ%eo%gg% S suénﬁ as %3? an %c n ?reactmva tﬁ %Tslkegoesters to form
a copolt;eas@&ri_ﬁcaébnsbmﬁﬁonmel ow, compounds (4) and (5) are readily prepared
fromztc:lrig gl ac(gr% (Zggwggd Shtgjﬁa rb%prllatg di ol s@_iﬁéﬁ@%&,«;&bﬁéﬁsﬂ% J[r)u o > s
H2O5 C'drg&no@iﬂ)esters may be cyclic or acyclic. In some embodiments, the organotin esters that have

the following formula (TV):

Ry

Ry—O—S8n—0—R,

R,
vy
where each of Ry and R, independently is a halogen atom or an alkyl group; and each of R3 and

R, independently is a hydrogen atom or an alkyl group; or R3-O and R4-O taken together is an
10  oxygen atom, or R; and R4 taken together form a cyclic group. A cyclic group herein refers to
any cyclic molecular group.
[0060] * For example, each of R; and Ry indcpendentlﬁ is a halogen atom, a methyl group, an
ethyl group, a propyl group, a butyl group. R3-O and R4-O taken together may be an oxygen
atom such that the molecular structure becomes Ry-Sn(=0)-R;. Additionally, R; and Ry taken
15  together may form a cyclic structure such as a five- or six-membered ring with an oxygen atom
and a tin atom as part of the ring. For example, 1,1,6,6-tetra-n-butyl~1,6-distanna-2,5,7,10-
tetraoxacyclodecane (1) can polymerize with a macrocyclic butylene terephthalate oligoester (2)

to give a copolyester (3) as shown below.

Bu 0. Bu EI’ (l!)
,\Sn(gc//\/\p\s“/ N CHz'CH2CH2-CH2~O-C‘QC-O
Bu “Bu
i

20

Cyclic butylene terephthalate oﬁgomer (2)

1
T 0 o
e CHyCHy0-310 CHZ-CHZ-CHZ-CHZ—O-EIJ-@-E-O
. Bu /i n

3



O Bu, / C1 " n D+ H20 O 10 [0062] Organotin conpounds having two hydroxyl
groups can al so dehydrate and polynerize wth macrocyclic oligoesters to

produce stannate copol yesters as shown below. Bu | HO S30&Kvember 2605(7) 0
11 CH2CH2CH2CHZ O-C 11 H20 Bu | fn-0 CHZCH2CH2CH2 C1 J (8) Bu HO_ i

n--OH + WELo29§94d5 D D 11 CH2CH2CH2CH270- UCCHZCH2 CHZ@ATASG/st H2O  (11)
Bu O OC

-13-
[0061] In addition, organotin compounds such as (4) and (5) can react with oligoesters to form

a copolyester. As shown below, compounds (4) and (5) are readily prepared from the diacid (7)
and the appropriate diols,

Bu /OH Bl.l\ /0
gt + HOCH,CHCH,0H -——» /Sx\l + B0
a’ \OH a’ %

S Q] Q)

Bu, /OH Bu, /o

St + HOCH,CH,0H —— » Sn + 10
SN
C OH

Y )

10 [0062] Organotin compounds having two hydroxyl groups can also dehydrate and polymerize
with macrocyclic oligoesters to produce stannate copolyesters as shown below.

Bu

0 0
I _“ _@_u-
Ho——ISn—on + CH,CH,CH,CH,——0-C c-0 |
|

Cl
(M
Bu
-H,0 | Q Q
—_— fn"—o CHZCHICHZCHZ-——O-C—Q— c-0
cl '

i k

(8)
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HO—S8n—O0H 4 CH,CH;CH,CH;— O~ 1C CH,CH,CH,CH, P:' 0)—'
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cl (1

M
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H,0 Q T
I - -ISI'I." O CH;CH2CH2CH2_ o~ C'cﬁgcﬂchchf c-0
m
15 al 1
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| 00 -' n-O CH2CH2CH2CHz 0- CCH2CH2CH2CH2 C. O Cl 1 m (9) 30 Novenber 2005
WO 02/098946 -14 octyl \ Sn=0O octyl, Bu + HOCH2CH2- N- CH2CH2- OH octyl Bu
Sn- 0- CH2CH2- N CH2CH2-0 octyl n (10) octyl .1 Sn= O + 3€Navembap2005

HO (CH2) 12-CH -1420 11 in-O(CH2)12-0 octyl n (12) PCT/US02117607 [00631
The pol ys¥@sessds esters (e.g., conpounds (10) and (12)BCTiEg2/15é07 ncor por at ed
into various poly(carboxy ester)s via a self catal yzed ester interchange
reaction to form organotin- containing copolyesters such as copol yesters
13, 14 and 15. (10) + polycaprol actQpg.15 octyl Bu O ~hnot

Sn- O CH2CH2- N- CH2CH2- - O C. - ( %—lH) S O-

octyl ;
“sn:0  + HO-CH,CH,~N-CH,CH,~OH

octyl
L0 cl}ctyl Bu
—2 ISn" 0-CH,CH,-N-CH,CH,~0
n

octy!

(10)

octyl,
LS00 4+ HO-(CHy)p—0H
octyl
L0 petyl
e ——— ?n—' O— (CH2)12—0
octyl n
5 (12)

[0063] The polystannate esters (e.g., compounds (10) and (12)) may be incorporated into
various poly(carboxy ester)s via a self-catalyzed ester interchange reaction to form organotin-

containing copolyesters such as copolyesters 13, 14 and 15.

10
(10) + polycaprolactone
eat én—O—Cl-IzCHZ-N?CHchz-O)—é&*(CH,)S—O)—
actyl 7
P
(13)
15
(12) +(2)
h 9 9 “octyl
e <(CH§CH§CH2CH3-O-C-©-C~O (CHz)m—o—én——o}
r (Iactyl 5
(14)
20 (12) + (1)
heat 9 (.? 901:3{1 _}
—— —CH;CH;CH;CH,0-C—(CHy)g~ C- O+ (CHy)y;— 0—8n—0
\ detyt /,
(15)

[0064] The organotin-containing copolyester products are useful ester-interchange
polymerization catalysts for the production of high molecular weight polyesters.

25 [0065] In other embodiments, cyclic organotin esters that are useful in practice have the
formula (V): '



octyl 9 P (13) heat 0 0 ' odyl CH2CH C52C% o-C C-o0 (CHO12-0-sn--o0 ouyl
s F (14) 20 (12) + (11) heat a O ocy CHzCH2CHZCH O C-(CH2)4C-0
(CH7)120-Sn-0 octyl (15) [00641 The organoti n-cont ai ni nG0d4pEmpersios
products are useful ester-interchange polynerization catalysts for the
product i w0 @fosdsigh nol ecul ar wei ght pol yesters. 25 1086BUSEATSI her

enbodi nents, cyclic organotin esters that are useful in practice have the
formula (V): (12)+(2) 30 Novenber 2005 WO 02/098946 PCT/US02/17607 -15 R R
" 0O0RS /Sn~Rb 0 (V) where eachi9f RS and R6 independently is C 1-C 10
al kyl group, and R7 is a C 1-C4 primary al kyl group. For exanple, R7 maybe
a nethyl group, an ethyl group, a primary propyl or butyl group. 5 Each of
R5 and R6 may be a nmethyl group, ap et%yl group, a propyl group, a butyl
group, a hexyl group, or an octyl [ 0066] In yet other enbodi nents,

cyclic organotin esters ma be ed the
Rs
\ / Sn\
V)

where each of Rs and Rg independently is C1-C10 alkyl group, and R; is a C1-C4 primary alkyl

group. For example, Ry may be a methyl group, an ethyl group, a primary propyl or butyl group.
5  Each of Rs and Rs may be a methyl group, an ethyl group, a propyl group, a butyl group, a hexyl

group, or an octyl group.

[0066] In yet other embodiments, cyclic organotin esters that may be employed have the

formula (VI):
O
a A
Ry D 0o R
(VD)

10  where each of Rg and Rg independently is a C1-C10 alkyl group. Each of Rg and Ry may be a
methyl group, an ethyl group, a propyl group, a butyl group, a hexyl group, an octyl group.
[0067] In yet other embodiments, organotin esters that are employed include an organotin ester
polymer having the structural repeat unit of formuta (VII)

RIO

—Q—8n—0—Re——

Rip
(VI)

15  where each of Ry and Ry is C1-C10 alkyl group and R, is C4-C20 alkylene dadical.
[0068] © Some of the organotin compounds and their analogues and homologues discussed
herein are disclosed in the following commonly assigned patents, which are hereby incorporated
by reference herein in their entirety: U.S. Patent Nos. 5,348,985; 5,386,037; 5,387,666;
5,389,719; and 5,466,744.

20  [0069] Oligoesters that may be employed include macrocyclic oligoesters, linear or branched
oligoesters, and polyesters of various molecular weight. In one embodiment, the oligoester

employed is a macrocyclic oligoester. In another embodiment, the oligoester employed is linear.



formula (M): OO0 R8 Sn O-A-0 RO (VI) 10 where each of R8 and RO

I ndependently is a Cl1-Cl10 al kyl group. Each of R8 and RO nmay be a nethyl
group, an ethyl group, a propyl group, a butyl group, a R&NdvempberA905an
octyl group. [0067] In yet other enbodi nments, organotin esters that are
enpl oyed Wne2logd®¢s an or ganotin ester polyner having tRETASINIEE0r al repeat
unit of formula (MII) 1a -- O----- ssn--- O0----- Rce R 1 (VID 15 where
each of REa and R i is C 1-C 10 alkyl group and R is C4-C20 al kyl ene
dadi cal . [0068] Sone of the organotiggconpounds and their anal ogues and
honol ogges di scussed herein are disclosed in the foll ow ng commonly
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t hensel ves can serve as transesterification catal ysts. However, catalysts
may be cafypieyadiiongh ofhsprata sty Basbaysed-e 10 the organotin conpound enpl oyed
does n hiyhi : ' ionS RStk dii S LRk S

desi reg.bmiz (}?1 gé‘ﬁl&@gl}jﬁ gg%n\r;ag&m%? gan(%%ﬁl %lggeﬁ%&%ggﬁgﬁttﬁlaég{pg co%g%ﬁ% are the
pr ef er roatlat elevated temperatures. In one embodiment, the temperature is maintained within a range

15 from about 100°C to about 300°C. In another embodiment, the temperature is maintained within
a range from about 100°C to about 190°C. In another embodiment, the temperature is maintained

within a range from about 120°C to about 170°C. In yet another embodiment, the temperature is
maintained within a range from about 140°C to about 170°C.
[0072] Non-metal-containing cyclic esters may be co-polymerized along with oligoesters and
20 organotin compounds. Non-metal-containing cyclic esters that may be employed include
lactones. Lactones may be a cyclic ester of any membered ring. In one embodiment, lactones of
5~-10 membered rings are used. The lactone can be unsubstituted 6r substituted. One or more
carbon atoms in the lactone structure can be substituted with a heteroatom such as O, N, or S.
One or more hydrogen atoms in the basic lactone structure can be substituted with 2 halogen
25  atom (e.g., F, Cl, Br, or I) or other functional groups including alkyl groups (e.g., methyl, ethyl,
propyI,' butyl, etc.), a hydroxyl group, allyloxy groups, a cyano group, amino groups, and
aromatic groups. The lactone can contain one or more additional rings. Iustrative examples of
lactones include lactide, glycolide, dioxanone, 1,4-dioxane-2,3-dione, g-caprolactone, B-

propiolactone, tetramethyl glycolide, B-butyrolactone, y-butyrolactone, and pivalolactone.



catal ysts, although other catalysts nmay be used. 10071] The pol yneri zation
reacti ons between oligoesters and organotin conpounds are carried out at
el evated tenperatures. |In one enbodi nent, the tenper atur 80iNovembat 2003ed
within a range 15 from about 100C to about 300C. In another enbodinent,

t he tenpe¥api498%ps mai ntai ned within a range from abolRCTABOATY about 190C.
I n anot her enbodi nent, the tenperature is maintained within a range from
about 120C to about 170C. In yet another enbodi nent, the tenperature is

mai ntai ned within a range from about 1340C to about 170C. 10072]

Non- et al -contai ning cyclic esters may be co-polynerized along with

ol i goesters and 20 organotin conpounds. Non-netal -containing cyclic esters
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propert&gﬁnﬂﬁh > final copolyester product, the appropriate oligoester(s)
can be selected Tor use in its manufacture. [0074] Many different
macrocyclic oligoesters readily can be made and are useful in practice.
Thus, depending on the desired pr@pertieQof the final copolyester polyner
product, the 10 appropriate macrofyclic i goester(s) can be selected for
use g n its manuf actur-@—18Q7/50-MacrocysH i goesters Rat may be enpl oyed
a

in thisj [ ' r [War! | §
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[0076] Preferred macrocyclic oligoesters are macrocyclic oligoesters of ethylene terephthalate,

propylene terephthalate, 1,3-propylene terephthalate, 1,4-butylene terephthalate, 1.4-

20  cyclohexylenedimethylene terephthalate, ethylene isophthalate, propylene isophthalate, 1,3-
propylene isophthalate, 1,4-butylene isophthalate, 1,4-cyclohexylenedimethylene isophthalate,
1,2-ethylene 2,6-naphthalenedicarboxylate, and macrocyclic co-oligoesters thereof.

[0077] Synthesis of the macrocyclic oligoesters may be achieved by contacting at least one diol
of the formula HO-R,-OH with at least one diacid chloride of the formula:

25

where R, and Ry, are as defined above. The reaction typically is conducted in the presence of at
least one amine that has substantially no steric hindrance around the basic nitrogen atom. An

30  illustrative example of such amines is 1,4-diazabicyclo[2.2.2Joctane (DABCO). The reaction
usually is conducted under substantially anhydrous conditions in a substantially water immiscible



or pol yoxyal kyl ene group; and Rb is a divalent aromatic or alicyclic
group. [00761 Preferred macrocyclic ol igoesters are nacr @y¥Iverben 308est er s
of ethylene terephthal ate, propylene terephthalate, 1, 3-propyl ene

tereplit Ve 8298944 4- but yl ene terephthal ate, 1,4 20 cyclPeRERN/ENEdI et hyl ene
terepht hal ate, ethyl ene isophthal ate, propyl ene isophthalate, 1, 3-

propyl ene isophthal ate, 1, 4-butylene isophthalate,

1, 4- cycl ohexyl enedi net hyl ene i sopht hgg ate, 1, 2-ethyl ene

2, 6- napht hal enedi car boxyl ate,_ an crocyclic co-oligoesters, thereof 10077]
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condensiad depolymedeationof lirsargoiyastet dyners ia tishstmetof at brgaiatiant ti@tigani c
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See, e [¢080] Ulshoutdbewnderstnod e it Gsrwitigu the scape ghtk invertiongp employ co-
oligoesters (e.g., macrocyclic co-oligoesters) to produce copolyesters. Therefore, unless

otherwise stated, a composition, article, or process that refers to oligoesters (e.g., macrocyclic

20  oligoesters) also includes co-oligoesters (e.g., macrocyclic co-oligoesters).

Copolyesters Prepared from the Polymerization of

Macrocyclic Oligoesters and Cyclic Esters
[0081] In another embodiment, the invention generally features a method of making a block

25  copolymer of polyesters. Specifically, contacting a macrocyclic oligoester and a
transesterification catalyst at an elevated temperature forms a first polymeric segment,
Subsequently contacting the first polymeric segment, a cyclic ester that is not a macrocyclic
oligoester, and the transesterification catalyst at an elevated temperature forms a second
polymeric segment. The above steps are then sequentially repeated a desired number of fimes to

30  form a block copolyester having additional first and second polymeric segments.

[0082] The above method of making a block copolymer may be modified in its sequence to
begin with a cyclic ester. The polymerization may begin with a formation of a block of cyclic



and 5,668,186 to Brunelle et al. [0080] It should be understood that it is

within the scope of the invention to enploy co- oligoesters (e.g. ,

macr ocyclic co-oligoesters) to produce copol yesters. TheB8MNavembend08ss

ot herwi se stated, a conposition, article, or process that refers to

ol i goest 8¥@0Xa98%¢ , macrocyclic 20 oligoesters) al so | METAEEA17603- ol | goest ers
(e.g., macrocyclic co-oligoesters). Copol yesters Prepared fromthe

Pol yneri zation of Macrocyclic G igoesters and Cyclic Esters [0081] In
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and t heottectingedhd finsi folynairic segneat, amestocydic aligoeitey atddbe transiatrification f orns a

s r G RTTARD HEvaHBEP s GO AR D PORRe SR BoT B SIS R | onal
first apdiaganeheRH ¥ ABiks neAELTBMifes th ARH%A bidhRopIANG HIRhYMHiRhal Bk N9 a

bl ock copol ymer nmay be nodified in its sequence to beginwith a cyclic
est er . anhgecpnd prtERericaegotnitmy begin with a formation of a block of cyclic

ool yren DBt i irte Bachh e bk o el b R kv Bl £ ot

Macr oc Ydctoyéiel oligsiee indod Weli: dsted ABLHA@SdyElicCligbediir Gl 1Bt Yklic adterare el evat ed
tenperature. Subsequently  contacti n&%he. first polyneric segnent, a

macr ocyeacied sequerlintly insiead ghwimpkianequsly dependingron therapplications; BpgPe at an

el guat ed.. r I i eps are
LR T A R b R S S T
copol y repeliclester. MHnadhe methodof thakimda blacktopelpraardapipbmdes step sbgnacdrg.a [ 0083] In
one enbodj nent, to prepare.a bl ock copol yester having bl ocks derived froma
macr ocﬂﬁ}c@S@W"&&é@ céqcygmhgowémtbe plorea qof@welyw&%?gpemﬁw %§8ést er and

t he cygls r tih adtidbe | 'ﬁﬁfnatw%%% y.
Dependi%rl]% %fﬁdéocgbgﬁgrgtgf’?gﬁg?é@? gﬁrf%;}b g%lﬁ%@g'ﬂ%?g?lr%ggﬁﬁeolfég ave a bl%%)ck

copol ymere didferentpblbtksc ksaddition tbelsamemidiffstent prdumesizstiini catabisis gue e @sedamd

CYSb' SA5ab aedGrub By L8Rl PRRE bk B5puRRRs R hub3l: ' T2 Ve @
presen@ga_ggtﬁaymleﬁ{ﬁ{ykgﬁtdag{bm@mﬁgﬂzh@nfs%gn a third type of block. A .

protocol can_be designed to achieve the desired co&ml yester having two or
nmor e dil§684} edn yab pepthes asneef, the dnvepting, featpres seampogitioniols eopeliestasolngner i zat i on

| ) s _ it ks |
or epar ehaoSRs e AR OuER )P Bt 4R Rhe B b BRI LT 0"
each oforidaéx @Y! yneri zati on steps.

O

20 O—Rgr—0 U: Ry UJ | Iy

where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ryis a

divalent aromatic or alicyclic group; and at least one structural unit of formula (IT)

Q
1|
Rz—0O R
D
where Rg) and Ry, are independently a divalent organic moiety with the proviso that R, is not
25  O-Ry- if Ry is ~Ry-C(0)-. Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene

group. Ry is a divalent aromatic or alicyclic group.
[0085) In another aspect, the invention features a block copolymer of polyesters. In one

embodiment, the block copolymer contains at least a first block unit and a second block unit.



[0084] in yet another aspect, the invention features a conposition of a
copol yester. In one enbodinent, the copolyester has, within its polyneric
backbone, at |east one structural unit of formula (Ib) 20Npvember2003=- . Q)
Ry .(Ib) where Rx is an al kyl ene, a cycl oal kyl ene, or a nono- or

pol yoxyaMmaé2mgs4gr oup; and Ry is a divalent aronmatic PSI/UMAIGHE] | c group;
and at | east one structural unit of fornmula (11) (Il1) where Rgl and Rh are
i ndependent |y a dival ent organi c noiety with the proviso that Rg is not 25

OR - if Rhis Ryy-C(0)- Re is an-20 kyl ene, a cycl oal kyl ene, or a nono-
or pol yoxyal kyl ene . group I's,a divalent aromatic or aI|c clic group.
[ 0085] yﬁ%ﬁ%%&ﬁ’épma% ﬂunftﬁgolmwrha?@ﬁnffaéhmﬁ@?%s ymer of

pol yesighiia dif). PhEsecGACITRR Y &%g least a
first bl ockadtljbnlt asr% a second I’olg%nun?t&&mglg ve %%WZI 098946
PCTI USGigtwalomhit-afforniBteg(IH.i r st bl ock unit has, withi n its polyneric

b1 ook _UEET I SRt ol S el iiened ot adBionat Riaeks gt bt ="
struct %@étrdéﬂirﬂ uﬂ:ft of Mh@bjdnﬂkent&ﬁﬁéﬁﬂledsﬂo&@&u&mﬁw Prmufalt). bl OCk

copol ymer contains additional blocks containing at |east 5 one structural
uni t ofThipapidek copalymermepycomaia blockssetived feops maenaeychie pligoesikralblagks t of fornul a
(rn) t ed f.rom macrocyclic
o1 1 goe AR i BeE s iERR HgBl dBRea TER Bl i iforStame S vea 11 om
bot h maste:ecYh legthlof gie istivithial Blocks aidihe @eque@‘e BlicBoof Iéiﬁaeldesigieb tdderdehe

I ndi vi dual bl ocks and the sequence thereof can be designed to serve
parti c PREFuEAPPleiPRHNs. 10 Copol ymers Prepared fromthe Pol ynerization of
Magipocyclic ol i goesters and Organotin Conpounds 100871 In yet another
aspect, the invention features a copolyester. In one enbodi nent, the

copol y@p@zmem:l’;@ E_E,gfmmlﬂleri’aumer@ iywef i ¢ backbone, (a) at | east one
struct y 0~ 0 5R 5 %rr (Ib) where R, is an

al kyl eReler RS &, Sanctin Comy S pol yoxyal kyl ene group; and Ry is a
[0087] Inyet another aspect, the invention features a copolyester. In one embodiment, the

copolyester includes, within its polymeric backbone, () at least one structural unit of formula (I,)
O O

15 O-—Ry——0 L Ry g ()
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry isa

divalent aromatic or alicyclic group; and (b) at least one structural unit of formula (II)

R,
I

_O—Sn._o._

Ry
I

where each of R, and R, independently is a halogen atom or an alkyl group.

20 [0088] Insome embodiments, Ry is one of an ethylene group and a 1,4-butylene group, and Ry
is a divalent benzene group. In other embodiments, each of Ry and R is a chlorine atom or a
butyl group.

[0089] In some embodiments, the molar ratio of structural units of formula (I) to structural
units of formula (TI) is from about 500:1 to about 0.5:1. In other embodiments, the molar ratio is

25  from about 100:1 to about 0.5:1. In yet other embodiments, the molar ratio is from about 50:1 to

about 1:1. In yet other embodiments, the molar ratio is from about 10:1 to about 1:1.

3



di valent aromatic or alicyclic group; and (b) at |east one structural unit
of formula (11l) I -O-Sn-p | Rg (I1l) where each of Rp and Rq

i ndependently is a hal ogen atomor an al kyl group. 20 [0683Novembeif®s
enbodi nents, RX is one of an ethylene group and a 1, 4-butyl ene group, and
Ry is awvwexigsmé benzene group. | n other enbodi ment s PCEASHR/IGHTRr and R2 is
a chlorine atomor a butyl group. [0089] In sone enbodi nents, the nolar
ratio of structural units of forrmula (Ib) to structural wunits of formula
(11r1) is fromabout 500:1 to about Qg%.1. In other enbodinents, the nolar
ratio is 25 fromabout 100;1 to about 0.5:1. In yet other enbodinents, the
nol ar rl8994 | Bheryeight ayseage molpeylat weighipefithe copolyesters Epicg s femplea®t nent s, t he

I iQ. b pr : i 02/ 098946
e usoa st SO0, Bttne ehibbal RuC R hpchyetes il MUEPRRFacERSR D2
copol yesdightdrotygbontel, 000 tastout 159008b tiknothds @ddineeng BRltopcl{EieDRK3 a viciginne
b EBbte Fca S BoRnbe. Al DB e Bt o1 et o
wei ght cogﬁlgés‘?éi’ﬁaé %ﬁ@ﬂ'a%raé@%&@ﬂul&%&h@ﬁ%ﬁ&'&bc%t PO t%%b&ﬂ@@,boé%ggoo- I'n yet

he 5 Topol yest

anot her odi ment , er has a weight average nol écul ar wei ght
f r om atzootherdgnit@diment, diecopolFGied 8. a weight everagamunldenlar weipldiomeationt 10,00
copoly;stgr 98@%@ wei ght average nol ecul ar wei ght from about 10,000 to
about ~ 28 2888 2ol yesters as Pol ynerization Catalysts 10 [0091] In yet
anot her aspect, the invention features a nethod for polynerizing a
macrocyclic oligoester. In certain enbodinents, tin-containing

copol ydsopolvestersas Folymprigntion-Caalystie enpl oyed as transesterification
cataly i, N i.Zat I i ] . . et hod
ncuaauoute 1y sBt oteit Bleitafitn BRGECE B LR USREIR SradBBeicC ]

pO: y Mergligaésted.nin ueﬂﬁllabmsédimamsl tﬁfb@h’@mﬂgmgpdly@tefmgcmmuoﬁe mhy‘blgpest gr and the
pol yneri zation catalyst at an el evated 15 tenperature thereby producing a
copol ye@u%wedmanﬁ%?&r%w@rlicetabfﬁtﬁ & plymerizatiop %fﬂaﬁ@@zﬁhaloﬁwﬁterat it of

f or mul : 5 T RS A %ﬁ [ I I
cycl oalafﬁé/ @%?lg%érgﬂagﬁ ?188”(%1 aé"‘%ﬁ‘/’%aﬁya Iglog%gbtgrr’ g‘&b’ﬂ%%&% %mlngmgn di val ent
ar onmat icatalyst, ahd @ptbiing the megocythieoligobserand tha polymerizatioh yesalyst atcinctiysicdt | east

one . -
15  temperature thereby producing a copolyester. The macrocyclic oligoester has a structural repeat

unit of formula (L)

Y9

0 Rye—0O i Ry (ll (I
where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is 2

divalent aromatic or alicyclic group. The polymerization catalyst includes at least one
20  component compound each of which has a formula that includes (i) at least one structural unit of
formula (I)
L

O0—Ry+—0 JI Ry—C (I)
where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ryis a

divalent aromatic or alicyclic group; and (ii) at least one structural unit of formula (11T}
i

_O_._Sn_o..__.

Rq
25 1y

where each of R, and R independently is a halogen atom or an alkyl group.



20 component conpound each of which has a fornmula that includes (i) at
| east one structural unit of formula (Ib) 00 O-Rx OJ-RCy Ig’) wher e
R, is an alkylene, a cycloal kyl ene, or a mono- or pol yoX9aiavgmberel09soup:;
and Ry is a divalent aromatic or alicyclic group; and (ii) at |east one
struct ur Y0 03M98946f forrmula (111) RP -O-Sn-p | Rg 2PCUUSIY1760Fher e each of
Rp and Rg independently is a halogen atom or an al kyl group. 30 Novenber
2005 WD 02/ 098946 PCTI US02/17607 -22- [0092] In sone enbodi ments, R, is
one of an ethylene group and a 1, 4-hgpyl ene group, Ry is a divalent
benzene group, and each of Rr and R2 is a chlorine atomor a butyl group.

I n one 08X odnsene embadinenss Ry isone phansthylene gioupisngd a Lifnbuiylens gow, Mullsa (1 b) to
struct uf | 0 I I g ,f , 0.5:1. In
anot he;m@n%%g%ﬁnzg%%m%ém#g aéfllirla ?I(I){z%écyr%gmm@%g%bﬁ%g%&#%ﬁgga out 0.5:1.

I n yet embatineont,ddyoclameii of striveturabDirats of fatrivda (19 td startedl alits Glorimd0{@oout 1: 1.
n 10: 1 to about

In et. anot her odi nme t he lar ratio i,s from about
1: 1. y[ G&)g'g}ﬂ 2Pl %HHWFE@\? %EW&”&J&T ?%I{Oawt’ Fbr‘?(ﬁ“ﬂ%?_éa%ﬁ Is %@@sﬁbo‘ﬂt\woﬂonponent
CONMBOURGsH&AALS: NN GetBAnothiebbaiRME. ﬁﬁ%%o@a&i%q@ m W5dud98:1 96 afolum afout 1, 000

to about 200, 000. T'n one enbod nent, copol yesters have a wel ght
aver ageehaiofienbmbodiveenglthe hplamatid utord ab®00L & ltoabawifl: 1150, 000. I n 10 anot her

nbodi t .vest have. i ght | | i ght f
Sbout 100k 5 pRRBRIHE0 S B e i B RS s ou i by o er s
have a wé&iahveraatah ARl WeiRbtdfdom MUIN000fts HBuIII002 PR chbodlek theO, 000.

In yet anot her enbodi nents, the copolyesters have a weight average

nol eculcapolyrsigghirave p sisichbryaragsmolbodan wrigh Som abow 1690 to $toodlFP,0ppeln

polyymer | ' Leal |y | . v LR £ 1.N about a
Rodd™ a6 b RaE Ble pdifes R Eh SRl el RO SRR AR08y
fact or g0 abuis 1260000 &n 6 keuther 8inbediMEnt, MR8 CopBx L Bavalal bedrage@ndldt@lapr ganot i n
copol yester catalyst, the te%erat ure at_ which the polynerization reaction

i s car FesEht oM abpie.09049 shoyt HHI00c dn vt angthey pnbodiments, e conelyesteriave sl vent .
The POl bfdbdeIbikcHPHELAI AR IockPBINRMS hiPERogAn [ ner L environent, - such
or argon

as under Titrogen rgon, or under a vacuum [ 0095] The
pol ynei{009%d] i drke pelyotization typically is ecinpleted svithianbait e faw adhutasnpelsoat ahawr. | n one

15  The duration of the polymerization reaction depends on many factors such as the molar ratio of

macrocyclic oligoester to the organotin copolyester catalyst, the temperature at which the
polymerization reaction is carried out, the desired molecular weight, and the choice of solvent.
The polymerizaﬁon is preferably conducted under an inert environment, such as noder nitrogen
or argon, or under a vacuum.

20 [0095] The polymerization reaction is carried out at an elevated temperature. In one
embodiment, the temperature is maintained within a range from about 100°C to about 300°C. In
another embodiment, the tempetature is maintained within a range from about 100°C to about
190°C. In another embodiment, the temperature is maintained within a range from about 120°C
to about 170°C. In yet another embodiment, the temperature is maintained within a range from

25  about 140°C to about 170°C.

Mixtures of Macrocyclic Oligoesters And Catalysts
{0696] In yet another aspect, the invention features a method for manufacturing a mixture of a

macrocyclic oligoester and a polymerization catalyst. The mixture is substantially free from
30 water. The method includes the steps of mixing an oligoester with an organotin compound,
heating the mixture of the oligoester and the organotin compound to an elevated temperature;

. removing water generated during the heating step, thereby obtaining a dried reaction mixture of



enbodi ment, the tenperature is maintained within a range from about 100C to
about 300C. In another enbodi nent, the tenperature is maintained within a
range from about 100C to about 190C. In another enbodi meftNovemder 2005
tenperature is maintained within a range from about 120C to about 170C. In
yet anot [Vé@ 02¢9BYdi nent, the tenperature i s maintai ned BMT{U2A7607r ange from
25 about 140C to about 170C. M xtures of Macrocy clic O iaoesters And

Cat al ysts [00961 I n yet another aspect, the invention features a nethod for
manufacturing a mxture of a macrocyglic oligoester and a pol ynerization
catal yst. The njxture is substantlall free from30 water. The nethod

i ncl ud@beqester ardoreansfin cpmpeigd;and wixipmiae frisd ractan mictye ﬁ%ﬂtﬁ?i’ﬁtpf@%ﬁ’éund,
heati ng &ﬂ%&fﬁaﬂ{&ﬁd %ﬂzftﬂé‘%nzﬁa}ohﬁ%ﬁﬁ est@NGvin E 5!% tlﬁg%ﬁmqlat 0 an

el evate t emper removi ng vvat r gener eating step,

t her ebyl,pbt ai ning a dried reaction nixture of 30 Novenber 2005 WO 02/ 098946
PCTI US02/ 17607 23 ol igoester andoorganotd n conpound; and m xing the dried
reaction m xture of oligoester agg t he ganotl n conpound with the
macrocyclic oli goester hayi ng a ructur repeat unit of formula Q 00O
O --RHO C Rob--C 5 wWelks ;—a cycl oal kyl(Bhe, or a nono- or

pol yoxyal Y3 ' I ,bcyclic group.
The %ol @OQ%E%M&S%@% ihe Pﬁ%@% S RboBRRIEM Folti pR R,

O - RR- Q@tvaleht Romati€ bdylicyalib groap. Rlhe dligodster hhé@/duaaﬁral fepey ahipe fiaythln@,): or a

nono- or pol yoxyal kyl ene group; qid Ry |§?a di valent aromatic or alicyclic

group. 10 [0097] In one enbodi ne t he I goester is a macrocyclic
orga %tln conmpound is an organotin

ol i goester. In one enbodlnent
ester. In one suc TTester is glp)cyclic organotin

est er . where@ds aualhylemdp@dydm&tylené, bea Mbh@@e polgsxyalkylRnd@mou eytR s a0l | goest er,
and the or anotin ester, is a cyclic organotin ester. [0098] The oli goester
(e.qg., 9@P‘F‘b°fcﬂh%°§§§{°é?) and the polynerization catalyst (e.g., 15

or %”0:[0@7? Eﬁ%eéﬁ%ﬁ%nﬁ‘éﬂﬁéﬁg&e%ﬁfs@%&%ﬂ@ dB e%%ﬁ%erﬁ%duﬁéﬁriﬂ% ,any

convent onal be enpfoyed™to mX the macrocyc
pol yesbmpaneiin gmpeundistah otgasotinebtyrrdn baeduch ambatihentythd orgmhmgstdsr& aon at

o1 1 Gongielc POt B e ETOBHETES B8 RIS HA THHEFIC I HRSHReRY such as a
Ni tr og@ ALRBERBSESS a cyclic organotin ester.
[0098] The oligoester (e.g,, macrocyclic oligoester) and the polymerization catalyst (e.g.,

15 organotin ester) may be mixed together by various means. For example, any conventional mixer
or blender may be employed to mix the macrocyclic polyester oligomer with the polymerization
catalyst via agitation at temperatures below the melting temperature of the macrocy¢lic polyester
oligomer. This process may be conducted under an inert atmosphere such as a nitrogen
atmosphere.

20 [0099] A solvent may also be employed to assist in the uniform mixing of the macrocyclic
oligoester with the polymerization catalyst. Various solvents can be nsed, and there is no
limitation with respect to the type of solvent that may be used other than that the solvent is
substantially free of water. Ilustrative examples of solvents that may be employed in the
invention include methanol, ethanol, isopropanol, acetone, methyl ethyl ketone, benzene, toluene,

25  o-xylene, chlorobenzene, dichloromethane, and chloroform.

[00100] The mixture of the oligoester and the organotin compound is heated to an elevated
temperature. In some embodiments, the mixture of the oligoester and the organotin ester is
heated to a temperature from about 100°C to about 190°C. In other embodiments, the mixture of
the oligoester and the organotin ester is heated to a temperature from about 120°C to about



20 [0099] A solvent may al so be enpl oyed to assist in the uniformm xing of
the macrocyclic oligoester wwth the polynerization catal yst. Vari ous

sol vents can be used, and there is no limtation with r 39ptvember 298 type
of solvent that may be used other than that the solvent is substantially
free of waoeyw9sMé| ustrati ve exanpl es of sol vents that peEUSE 76| oyed i n
the invention include nethanol, ethanol, isopropanol, acetone, nethyl

et hyl ketone, benzene, toluene, 25 o-xylene, chlorobenzene,

di chl oronet hane, and chloroform [004p0] The m xture of the oligoester and

t he oragnooti n compound is heated to an el evated tenperature. In sone
“enmbodi ERCs In yeicother smbedimets, theaniniurejs begiadrio a trnpetsireirem abaut A4EEter i s

heat ed t F 0 : I a

empod i 36 pf el b Aol bl o el BRSSP HRE 5

heat ed t6 ghoat 1650 Ths ternperbiucrand kieluralidh 6F Heatingreaptmaybe Melsctstath 280 WO

02/ 098946 PCT/ US02/ 17 817? -24- 170C. In yet other enbodinents, the m xture

i s heatBeptanHaldy Soh fhgoliegesishecsWdut 145C to  about 165C. In yet ot her
enbadi , ] | ggcpﬁgﬁ% to
abogt gg‘%lgﬂ %%&trgér%ﬁgt%ﬁeﬁé@ gﬁﬁ“ﬁ%ﬁ%&?ﬁ%i on .of he%%J %ﬁg%?%gﬁg%@ sel ected
such t menssuch sidostiensetionlof mpiktund heugh @ tondhesendripgmeing ewayerelar sredécei00101]

Wat er maybe erated fromthe heating step.and be remmqved by anyone of
oy e SR B R St i el e o R RSP aeaeein oY St ng
avay URGeI s AiXeRAdMELImadbSeBddlRoest thiroddE a hBAGLIPR AktydliSoligoedbi £, the

reaction mxture of oligoester and organotin ester is mxed wth a
macr oc peplymenratigagsteldt. t o produce ‘a m xture of a macrocyclic oligoester and

a paly heation C L,y st 01021.Ln so odi ments, .the nolar ratio
o e TOA0 L R Pl Dol 020t 1P o R P aR Bt el ¢

about  Gobx about 30041t th@bout 0361 i BihESembobitneAR3] thé mbRE tafio isSfrdni SvuabEt t0100: 1 to
about 0.5:1. In yet other enbodi nents, ratio is fromabout 50:1

t he nol ar
to abogbout 05:1. | Inygicnther gmbediments, disimelpriratio is FomabpuSOlde plpuf &:1f Ibyetabout 10: 1
to abo‘d{he}ér&bodkrggﬁsoﬂeJa&rgﬁ(?(i%%ﬁa%ut%clrtgﬁ%%hgﬁ ol i goester and .
pol ymerizatron catalyst Is substantral free fromwater. Substantially
free f f@E103jatThe mistanf Maabceycheolijoxdistrand pelgmerizatidreratabyatis eibistandsisreehan  about
2%_ 1 n_one enbqdj nment he water content is |ess than about 0.5% In yet
andf he OB Sohtels beian vesrmeRs ﬂ?a_éﬂnc&ngm{eﬁ%a HHBLIONELISE B 1 n yet
anot he gy, gRbadineid emﬁcﬁ!ﬁnen‘ﬂ@ﬁﬁat&%ﬂﬁt@ﬁtis ey thmoﬁtw.g@%aﬁmgpo ppm 1In yet

anot her enbodi ment, the water content 1s less than 500 ppm In yet
anot heemborimeitythn water hentem isdess donabot 21080 pps.sintyetanotboenbodtGem e 20

1001041 f i.ment h t hods.. of duci i xt f
et oo JEH RS FJ5S BAOSE 000 b, N Suafet AE A S SR SRR g the
bul k ofhah BEouiB00 P .C il yet [lotHEPEREAIMANS, the \RAter contBivt if1ed thah 4b66t 0alpkmof t he

macrocyclic oligoester (e.g., with organotin esters) after ]
20 00104} In preferred embodiments, these methods of producing amixture of a macrocyclic

oligoester and a polymerization catalyst avoid exposing the bulk of the macrocyclic oligoester to
Water.. By mixing the bulk of the macrocyclic oligoester (e.g., with organotin esters) after
removal of water, only small portion of the macrocyclic oligoester is exposed to water.
Hydrolysis of macrocyclic oligoester is therefore minimized.

25 [00105] Further, the reaction mixture of the organotin compound and the oligoester is an active
catalysf. The tin content of the mixture may be controlled to allow easy mixing of the dried
reaction mixture with the macrocyclic oligoester.

[00206] The compositions and methods of the invention may be used to manufacture articles of
vatious size and shape from various macrocyclic oligoesters, organotin compounds, and cyclic '

30 esters. Exemplary articles that may be manufactured by the invention include without limitation

automotive body panels and chassis components, bumper beams, aircraft wing skins, windmill



removal of water, only small portion of the macrocyclic oligoester is
exposed to water. Hydrolysis of macrocyclic oligoester is therefore

m ni ni zed. 25 [00105] Further, the reaction m xture of tR&Nsvgamhen30Q5
conpound and the oligoester is an active catalyst. The tin content of the
m xture Weyoi8dontrolled to all ow easy m xi ng of thePGIriUge/17§08act i on

m xture with the macrocyclic oligoester. 1001061 The conpositions and

nmet hods of the invention maybe used to manufacture articles of various

si ze and shape from vari ous macrocycpy £ ol i goesters, organotin conpounds,
and cyclic 30 esters. nplary articles that may be manufactured by the

i nvent ittades, fui dlﬁéma&qu&ﬁactor fﬁlﬂezi% F@WSM@WQHWWI@SENQY% hassi s
compon cr.af wi ndm || 30 Novenber 2005 WO
02/ 0983%%@@%%?%2@018%& éﬁC%Q?? %pstorage tanks, tractor fenders,
tennis [0(H®R]9ﬂ1$thegmhﬁfasﬂlmfdf$n antitladatiodsityy@s aﬁﬂless mzh}CheSncludeddA fillebbfedm, bars

st ock, .bj c Ie f nd .machi ne housi ngs. [00107] .In the manufacture of
an art |1%:‘|1181 WP i@ %Ve@)f%%‘?d@PrPPFq qr groperish gidyaay hedirengidn the respiting polgestesn i s

| nclsuded by aeie@¥Enl8 HERIHRE oAHE HRS G fha be a&&ﬁ&é afabﬂﬁ?%uéﬂ% cﬁamg-aese“t in

the resul'ting pol yester -~ 5 pol yner. he”purpose of the filler
may be tl&e@nﬁray\hghl‘estabﬂﬁmltd) thbﬂvlendmhma@r &:h@nbrmdrpolyherpmﬂummndlmght stability,

to the.bl end ter r ol yest er. roduct .. and/,or t i ncrease
the st iBABEHEEF BT B ol S R o preidedr By Ry v e or
reduce pedfidweight bpmmala:. a@ﬁiegéli pticube Hénsit® pﬁﬁfﬂe%e@esﬁ%&é %b" Bafl@hsity,

providé flame resistance (i.e., be a flame retar dant), be a substitute for

a nor e Exgan) by a sehstitaie far a mpreekpansise matgria daeilitateprocessingomdfor pravitle 10 ot her

oAl B Pl bRt AT B it WG TE @i B AR ot e

cal ci ugmeng &hﬂ@,tf&mectkiﬁm@ﬁtafzﬂmismda‘ talcitng Rarb@hads shopptd:ﬂmdpﬂs? bgs glass
m cro- bal | oons, crushed stone, nanoclay, |inear poly and nmononers. A

fil| er TUEFASPhEIES. JRfgrechaliams, Gushedstpnsguengslay, fipcar p@lmerﬁmng ﬁ@.ﬂ?@@tﬁ Sifilleract i on
bet wee 088 an be used to
prepar g‘“ag yesetag)}éﬁéo aulﬁl@\eér’ corr%o%é Fcﬁgﬂe&f@ﬁ[“ﬂ%@%?& 3 t I:Iallr‘ér]ﬁ)Lr é:l n the

manuf aoligrestendndarcyealict aswt eF iHlekd icni bervadd to «prepam olyestdr@olymer whpomteses ) nay be

added. S tive additives include ¢ .an nen n

S ; 400005 Fiadhent o B e il b S BNl o RetEReto 5 BN ar dant s,
lubri capl e adied, MRkEatfRlLEARRS incia BRbBsts, fi Ot c bleiowi fg. exanpl es. are
provided to further illustrate and to faC| itate the 20 under st andi ng of
t he i nosidaitsAlV Steldlzers plastidizers, Gseaniptdants, dubaiconts, andimdldireletes.i | | ustrati ve of
the invention. The products obtained fromthese exanples may be confirned
by confﬁgﬁl ﬁpal techni ques such as proton and carbon-13 nucl ear nmagnetic
resonarrce—ép-ectroscopy, mass spectroscopy, infrared spectroscopy,
differ ﬁmow]l The foliowing egahgled Aepoyidedd faeier HRsiRaindas facilivtomat ogr aphy

anal yses,
20 Y understanding of the invention. These specific examples are intended to be illustrative of the

invention. The products obtained from these examples may be confirmed by conventional
techniques such as proton and carbon-13 nuclear magnetic resonance spectroscopy, mass
spectroscopy, infrared spectroscopy, differential scanning calorimetry and gel permeation
chromatography analyses.

25 :
Example A

[00110] The macrocyclic oligoesters used in the following examples are the macrocyelic
oligoesters of 1,4-butylene terephthalate. The macrocyclic oligoesters were prepared by heating
a mixture of polyester linears, organic solvents, such as o-xylene and o-dichlorobenzene, which
30 are substantially free of oxygen and water, and tin or titanium compounds as transesterification
catalysts. See U.S, Patent No. 5,668,186 (incorporated herein by reference in its entirety).



25 Exanple A [00110] The macrocyclic oligoesters used in the foll ow ng
exanpl es are the macrocyclic oligoesters of 1,4-butylene terephthal ate.
The macrocyclic oligoesters were prepared by heating a @OXNavemberf2005

pol yester linears, organic solvents, such as o-xylene and

o- di chl ovobbean2eade, whi ch 30 are substantially free of PEXf§e7édd water, and
tin or titanium conpounds as transesterification catalysts. See U S.

Pat ent No. 5,668,186 (incorporated herein by reference in its entirety). 30
Novenber 2005 WO 02/ 098946 PCT/ US02[34607 -26 Exanple T [00111] A small

vial (21 x 70 mm 4 drum), equipped wth a 2.5 cm magnetic stirring bar and
an argon/vacuum adapter, was charged with 2.0 g of macrocyclic oligoesters
of 1’4‘%}&#!@1‘9 5 terephthal ate. The vial was then connected to vacuum and
imersed 1 hto an oil bath at 190C. Upon nelting, the nolten liquid was
dried f[60113] M smdlbwal @be 70 fonnyvh drna)iequippddeitly a215wm meghetid stieingrtat #gised wi t h

argon. Under,h argon,. predeterm ned anount (51.9, to 415 ) of c-
capr ol é’@ﬂﬁ‘?@j"@ﬂﬁpﬁﬁ!a %P”%&%EWPZ i é‘??rmcgg@?gﬂeﬁoﬁlag%g‘?@ﬁge. The
mi Xtsur %er\gaﬁha&n%rgmﬁl%as ﬂﬁﬂ%oﬂe&bﬁfov@éuu&%@hﬂfﬁgﬁ%d Rl b fbecer m ned

anount .30 le %9 of tin catalyst 10 Fonmrez(r 11A was then added as

a sol utUpen melting, te otvlton Hgad wendried EondrouiBs Sider 1 b vaswan. Thelvacwemrivaon

duct, of dibutyltin dioxide/ Dl OP plastjci ilable f W t
Chon o refPestd bl tade i b recebaiidsbatl TS Rae h Sl it ur o becane
Vi SCOUSaprofatiohd ([@eied ba BRIEcuME didled) vk Bdlfed DialaQyikeS TRO Bihdure Vat §frrel FosM NUt €S,

the vial" was renoved fromthe oil" bath and was imediately cooled with
i ce- watose mimieatPRIC under dspask enpredetarmined ameund (G3hmble Yofof tiheatdpstyner . 15

f ' | Ugi ' % hexf,l ' | /,chl |
I e e R
shown 171 rEadiog plodudialf ibudyltinCho R/ MIOPpl&aize AvilabYBOROWYE Chentitdlgoest ers CBT

Wth c-Caprolactone_ Using A Tin Catal yst s-Caprol actone/ CBT ~o Pol yner a
Tenp. Kemgetay Capemigmy FmgRACHOT TINUET beaagie iseysh SHmnepfoprrdg)

within about 5 to 10 seconds. Afier 15 minutes, the vial was removed from the oil bath and was

immediately cooled with ice-water. The vial was broken to retrieve a sample of the polymer.
15 After dissolution in 15% hexfluoroisopropanol/chloroform, the sample was analyzed by gel
permeation chromatography (GPC). The test results are shown in Table 1.

Table 1. Co-Polymerization Of Macrocyclic Oligoesters CBT
With e-Caprolactone Using A Tin Catalyst

Temp. Range Of -
E-C?I\I:Iro(ﬁ;c:::g)?BT % Polymer| Mw® | Tm (°C)" Meltinpg(loﬂglftherm AH* (J/g)
00/100 94 132,300 221 198-230 49,7
05/100 96 140,180 214 200 - 220 43.9
15/100 .96 139,680 196 175-220 23.1
20/100 98 121,850 190 175-220 247
25/100 97 134,490 185 160 - 220 19.8
30/100 97 130,400 177 160 - 190 17.8
- 35/100 98 128,800 170 150-180 144
40/100 92 136,000 164 145-180 11.8

20 *Molecular weight (by GPC relative to polystyrene standards)
b Peak temperature of the melting endotherm (by DSC with heating rate of 20°C/min)
® Heat of melting (DSC with a heating rate of 20°C/min.

Example 2
25 [00112] A small vial (21 x 70 mm, 4 drum), equipped with a 2.5 cm magnetic stirring bar and

argon/vacuum adapter, was charged with 2.0 g of macrocyclic oligesters of 1,4-butylene



y (oc) 00/10094132,300221198-23049. 7 05110096140, 180214200 - 22043.9
151100. 96139, 680196175 - 22023.1 20/10098121, 850190175 - 22024.7
25/ 10097134, 490185160 - 22019. 8 30/ 10097130, 400177160 - 1§01¥ovember 2005
35/10098128, 800170150 -18014.4 40/ 10092136, 000164145 -18011.8 20 ' Mol ecul ar
wei ght (BYO @AE8Hel ati ve to pol ystyrene standards) b PEERUSEMFENat ure of the
melting endotherm (by DSC with heating rate of 200 mn) 'Heat of nelting
(DSC with a heating rate of 20C/ m n Exanple 2 25 [00112] A snall vial (21 X
. 70 nm 4 drum), equipped with a 2.5 _emnmagnetic stirring bar and
~argon/vacuum adapter, was charged with 2.0 g of nacrocyclic oli gesters of

~ 1, 4- putiephfaalalg. Nps walies thep gennpgted oy posTEdmmmerssbijomedtbathoar 190°C,
t er epht : ' : dr ed into an
of 1Dt e g (B 48T Wl BT RER RS uhite 1 AL AR ThETRESF el T 0, 0
under ZIhemseleassdowith affoe. Vadararpongsedetdngined ahamsed.owhg fo 446 g of 4nder ar gon,
predeterm ned anpunt (51,9 ng.to 415 ). of s-, caprol actone (dried over
ol ecu|%r°@°mz¥lea£§ef§@&f@alma@§) Wasaidegaia apgyeings; b raxtyggavas siredder f or 5
one g : bejtyaeilale Ve r WAL e % of
1t anatae aufte SO GOEESor o Ayt g oo (650 AR B il ol
0- di chlTyzoi® TP Ewas thety aded asa SHRTion $n. o-dichlardbsmrpnco (Tykor® TRBis tatadsawapyl abl e

Feoul + SR B BN P e PR g B h SSA dE by n about 5
to 10 se&MbfSeactibh ixturd Beddind YisSsus. BhRnY if%b ARAthIEFBYNS o 10 QEBoRAd. A¥REh, and

was i medi ately cooled with ice-water. The vial was then broken to
ret ri evé naingtgsthesvigiwag pranoyed frem oil baghy and whis dmobdiately godled wi4ce-water.

hexf.l [ | d.by.PC. Th
T R e O T
A i goegikeeflsor&iEdpropahblvhivrdlend, Heaainplaavasandlgzedbyl GPON Theestabsalty gt sHdwn

s- Capr gl act.one/ CBT% Pol ynmer MvaTm ( C) bTenp. Range O M1t (J/g) Melting
Endot hd fable 2.

Table 2. Co-Polymerization Of Macrocyclic Oligoesters CBT
With e-Caprolactone Using A Titanate Catalyst

15
|
Temp. Range Of
e~-Caprolactone/CBT 5
&olar Ratio) % Polymer| Mw" | Tm (°C)b Meltmg(f‘.g)dotherm AH® (J/g)
25/100 98% 95,600 190 170-200 13.0

*Molecular weight (by GPC relative to polystyrene standards)
® Peak temperature of the melting endotherm (by DSC with heating rate of 20°C/min}
°Heat of melting (by DSC with heating raie of 20°C/min)

Examples 3

20 [00113] A 100 mL 3-necked flask is charged with 1,1,6,6-tefra-n-butyl-1,6-distanna-2,5,7,10-
tetraoxacyclodecane {0.733g, 0.0025 mol tin; .10 mol%), macrocyclic oligoester composed of 95
mol% butylene terephthalate and 5 moi% ethylene terephthalate structural repeat units (4.923g,
0.0225 mol repeat unit; 90 mol%), and 20 mL of dry o-dichiorobenzene. The mixture (a
solution) was stirred under nitrogen blanket and was heated in an oil bath. The viscosity of the

25  mixture started to increase when the temperature rose to about 160°C. On heating at about
170°C for 15 minutes, the mixture became very viscous. Further heating at about 170°C for
additional 60 minutes was followed by cooling the mixture. When the mixture was cooled to
about 130°C precipitation (due to polymer formation) started to occur. The mixture was diluted

with 20 mL of toluene and cooled to room temperature. The precipitate was filtered, washed

30  with toluene and dried under vacuum at 60°C. The yield of the polymer, a white powder, was



(Mol ar Ratio)(C 25/10098%95, 000190170-20013.0 a Ml ecul ar wei ght (by GPC
relative to polystyrene standards) b Peak tenperature of the neltin
endotherm (by DSC with heating rate of 20C/ min) ' Heat of30r?é¢‘ftembgri(‘%§ DSC
with heating rate of 20C/ mn) Exanples 3 20 [001131 A 100 nL 3-necked fl ask
is chargeWO0/Q98%4¢ 1 6, 6-tetra n-butyl -1, 6-di st anna- 2, FCI/UB02/17667

t et raoxacycl odecane (0.733g, 0.0025 nol tin; 10 nol %, macrocyclic

ol i goester conposed of 95 nol % butyl ene terephthal ate and 5 nol % et hyl ene
terepht hal ate structural repeat unitgg¢4.923g, 0.0225 nol repeat unit; 90
mol % , d 2 f.dry ,0-di chl orobenzene. The m xture (a solution) was
stirred- ﬁ&égo‘ﬂ%tcﬁ)gg@ﬁl{'ﬂﬁ %?H?i{atgﬁ&m@%@m%ﬁ”ﬂﬁh‘éﬂ‘&%qwﬁ%Hpo%ﬁéd vi scosity
of the mZQalimeideuRr SEidhtved 4v 000 Bgase when the tenperature rose to about
160C. On heating at about 170C for 15 ninutes, the mixture became very

vi scous. Further heating at about 170C for additional 60 m nutes was

foll O‘Mi{,j\: [t;%ec‘?ol ing the mxture. Wien the m xture was cooled to about 130C
pr eci pi 4 {)n (due to polyner formation) started to occur. The m xture was
di | gt eqoorai} A POD L 3afecked!Ndeiie cldmgtdeaml 18T6,6- 8108 PEk@dares, 7. 10e
precipitate was filtered, washed 30 with toluene and dried under vacuum at
60C. THaragxasyelodscan{d 468, Oy mobting20 mol%) wmieiocydliaeligestrispappied of 85 WO

02/ 095945 REUIALHONT: 3 o VP16, SRS aRARRY b ERNORTE | o

converSion off macrocyclic oligoestéer was al ar
wei ght 0WRS rabl r3@ak wiét] $0omel%)Fand 2P ind. of dby §-Giohibebberede0 Uhamnixdara ¢rdohdioh) ask i s

et 1 2086 SR BE iy MBS e Wikherl i o bt Vjoositael be gl
ol goeshet GITBESE Sl by TRTG R 608 BRI NEhE!R oA R TmbPhet Y1 ene

tereph ate structur "€peat units repeat unit; 80
mol % , ndndheMiitirebbcattewery-vikcolsl Gunbs heating at abbet 1M0°Q faf eddiionsiodOuhinoey was
stirred under nitrogen bl anket and was_heated in an oil bath. The viscosity

of t he Y#s fallomed by cedling thegnixiyrs. WWhendhemien waneooled toehont L30EC pesipitaipnahout

i scouiedl Ryl RimBRydreocclt B8 it wh Mot Witof R S
f ol | owedbléd/tocoahitengpetdnae.nThe precdpitadiveds filteredmvashed withéahienomidekiied andebout 130C

precipitation ue to _polynmer, formatjion) started to occur. The m xture was
di ot edagHmpt f@g(gtﬂ@fﬁﬁl‘gﬁfg?@lﬁﬂﬂ: a WBi RVdeh Wap AT Eifp & SAR( analysite

preci pi Lt ! i ied. | . acuum at
Boc.  TreE e Bpadk SR bkt s U I pesk e g

anal ysi3,000 éalteab.ed t hat conversi on of nmacrocyclic oligoester was 94% and

t he peak nol ecul ar wei ght was 43,000 dal tons.

Example 5

20 [00115] A 100 mL 3-necked flask is charged with 1,1,6,6-tetra-n-butyl-1,6-distanna-2,5,7,10-
tetraoxacyclodecane (1.465g, 0.005 mol; 20 mol%), macrocyclic oligoester composed of 95
mol% butylene terephthalate and 5 mol% ethylene terephthalate structural repeat units (0.875g,
0.004 mol; 16 mol%), e-caprolactone (1.826g, 0.016 mol; 64 mol%)), and 20 mL of dry o-
dichlorobenzene. The mixture (a solution) was stirred under nitrogen blanket and was heated in

25  anoil bath. The viscosity of the mixture started to increase when the temperature rose to about
160°C.' On heating at about 170°C for 15 minutes, the mixture became very viscous. Further
heating at about 170°C for additional 60 min was followed by cooling the mixture. When the
mixture was cooled to about 130°C precipitation (due to polymer formation) started to occur.
The mixture was diluted with 20 mL of hexane and cooled to room temperature. The precipitate

30 - was filtered, washed with hexane and dried under vacuum at 60°C. GPC analysis revealed that
the peak molecular weight was 19,000 daltons,



Exanple 5 20 [00115] A 100 nL 3-necked flask is charged with 1,1,6,6-tetra
n- butyl -1, 6-di stanna-2,5, 7, 10- tetraoxacycl odecane (1.465g, 0.005 nol; 20
mol %, macrocyclic oligoester conposed of 95 nol % butyl é%eNQVémbmﬁQQél ate
and 5 nol % et hyl ene terephthal ate structural repeat units (0.875g, 0.004
nol ; 16 V0 0%/098%6 capr ol act one (1.826g, 0.016 nol; 64 mEIERIEMd 20 nL of
dry o- dichlorobenzene. The m xture (a solution) was stirred under nitrogen
bl anket and was heated in 25 an oil bath. The viscosity of the m xture
started to increase when the tenperapgre rose to about 160C. On heating at
about 170C for 15 m nutes, the m xture becane very viscous. Further

heating at about 170C for additional 60 ruin was followed by cooling the
mxtur%x%%the m xture was cool ed to about 130C precipitation (due to
pol yrmer flo mation) started to occur. The m xture was diluted with 20 nL of
hexane [8#1d6L dol @dnl. §-medmd lagiip eliagged math 1THE 6 etmai-lnityledt RdiSthnaedss, T,10-t er ed,

that . tFoR o Rar e, A905 HPE A6} Boeracm SHaoSISsoRBVERBRS 2005 VO

02/ 398Y4H - flask i
O 80036 TSR o2, AT SO A0 hpuiBhon | o 1

istanna 2,5, 7,
t et r a0X29% hotteld amed %), le-chpipctofs (FOH8gl0223 tolieb Imal%), and@tmbofdiyice ol i goest er

f .95 5 nml % but vyl R ht.hal at d 5. ol % et hyl ,
Cor epnditiiongtenede e ity RGHbD B aa §5%,un pBBk h b 1E oy
S- capr ghafl beme The viEdkty oPhd AburdBlastedd if¥Ral whedthk #RpéftuRirofdiy alfut

di chl orobenzene. The m xture (a solution) was stirred under nitrogen
bl anketl68%d Qmbeating atedontrd 70%hion] I minwtek, theThixtwe besowie very giscauseFarthet ur e

started to ingre Jhen the erature_rose 1o ahout 160C. heati ng at
2l ot e iborE T et aattbrm SRR s b Eied berep e e sdt-WieRor 10~
heatin aqwl,ﬁg Jog+1 l %Q ling the
m xt ur gl..l ené)%ée%?ncg;{) g[?oéﬁlggsék%g&gﬁﬁ@ (g&%ét}gg?&%%%r%dr%ﬂglél pI tgta?/ %érel&(()due to
pol yne The arixtatei was Kilsted mith@0td. afdhexane andidveleditx toonetempesatdic] Thepreoipitdte 20 nl of

hexane and cogled to roomte ratfure. The precipitate. was fjltered,
nashed i PHORG e rBsnd i Yhgar HERHTA R Ghtie, CRpenalty rsgﬁaisdﬂ@&eal ed

t hat eg@ﬁ%lemgleﬁﬁ Fwadgh 860 da@ss, 69, 000 dal tons. 15 Exanple 7 [00117] A
10 nL test tube is charged wth a mxture of the tin copol yester powder

prdpared from Exanple 3 (0.093g, 0.041 mmol Sn) and macrocyclic oligoester
conpos of nol % butyl ene terephthalate and 5 not % et hyl ene

Hrafied

[

t er epht structural repeat units (3.00g,13.71 20 nmol). The m xture
was drijgrd 17t ALOOGT wiebe iaeHitpel iith a 3GxifieifURinaRfoly@t: pbvader prpdredl at  190C

under nitrogen for 20 m nutes. The resulting polyner had a conversion of
95% Gfiom Example 3 (0.093g, 0.041 mmol Sn) and macrocyclic oligoesier composed of 95 mol%
butylene terephthalate and 5 mol % ethylene terephthalate structural repeat units (3.00g, 13.71
20 mmol). The mixture was dried at 100°C under vacoum for 30 minutes and was then heated at
190°C under nitrogen for 20 minutes. The resulting polymer had a conversion of 95%, GPC
peak molecular weight of 256,000 daltous, and a weight average molecular weight of 339,000

daltons.

25  Example 8
[00118] A 10 mL test tube is charged with 0.3 g of a mixture of the tin copolyester powder
prepared from Example 4 (0.016g, 0.0137 mmol Sn) and macrocyclic oligoester composed of 95
mol% butylene terephthalate and 5 mol % ethylene terephthalate structural repeat units (1.00g,
4 44 mmol). The mixture was dried at about 100°C under vacuum for about 30 minutes and was
30  then heated at about 190°C under nitrogen for about 20 minutes. The resulting polymer had a
GPC peak molecular weight of 151,000.



peak nol ecul ar wei ght of 256,000 daltons, and a weight average nol ecul ar
wei ght of 339,000 daltons. 25 Exanple 8 [00118] A 10 nlL test tube is
charged with 0.3 g of a mixture of the tin copol yester pd@d¥avempeeiiised
from Exanple 4 (0.016g, 0.0137 mmol Sn) and macrocyclic oligoester conposed
of 95 mwWaoddegsMet yl ene terephthal ate and 5 nol % et hpPC@#w8021860¢pht hal at e
structural repeat units (1.00g, 4.44 mol). The m xture was dried at about
100C under vacuum for about 30 m nutes and was 30 then heated at about 190C
under nitrogen for about 20 m nutes.zglhe resulting polyner had a GPC peak
nol ecul ar wei ght of 151, 000. 30 Novenber 2005 WD 02/ 098946 PCT/ US02/ 17607
-30 Exanple 9 [00119] Tin copolyester obtained in Exanple 5 (0.018 g,
0.0216#9% ) was dissolved in toluene (1.5 nL). The tol uene solution
was coibi ned it h macrocyclic oligoester conposed of 5 95 nol % butyl ene
ter epht[mﬂtm]t E‘lmmiboljfeml obfdiret yixamelet5q0OPH £ RO 6 enrbdl SUEasidadsolveP@at units
(1.58 72.0 grﬁg )l'hgThe resultl ng paste was dried_ under vacuum and

Xi

pul veri @E‘H‘e (% fodyepe gplugion @’aﬁo‘#lﬂ’éﬁdﬁﬁ’ﬁhlm‘-‘éo% eersisrcqposed i t est

tubg k}ﬁ@?r 90 utes The
pol yrrer bl %e ecuujg#o??\;olaﬁﬁfl IQQQ‘#{&M A O%ltugﬁjftofgns m%g (ﬁl‘g?grrpl e 10
(00120]g, 2.Camtnol). l’hemmltlng pm«iuetbmﬂdr vacmlnn ani}aﬂvanﬁedarA@pmn:dﬂdy 613 was

charged with but droxi de, (12.26 g,

1,3-pré Hhschizor @a%ral@ceﬁ ghﬂﬁ; hl?fﬁn eﬁlﬁawwaﬁ(s'?%ﬁ@iat?a@tﬂ«?&ﬁue was

heat ed g,qp5@bb i) FLYBsIGhaaR S BRLSHRSIcES t O¥R0,000 Bffongd of  about 3

hours. The Dean- %t ark %\g‘%}g%?\ser vvas%t hen Fepwﬁ% Qf/%ﬁ’gogn%oggul ar sieve

trap, and the 15 systemwas dried for additional 3 hours of reflux. The

e:}gl ti@g’r’c) ??r reaction solution was evaporated under vacuumto obtain a
aving the following formula (4). The yield was 13.6 g or

95%% fa0120) @256 iQGHREIA4fbedGrith a3t $tAR conidenddr wibbhirgbd withiBiyltel~ b (4)
chloride dihydroxide (12.26 g, .05 mol}, 1,3-propanediol (3.81g, 0.05 mol), and 50 mL of

toluene. The mixture was heated to reflux, and water generated was removed over a period of

about 3 hours. The Dean-Stark condenser was then replaced with a molecular sieve trap, and the

15 . system was dried for additional 3 hours of reflux. The resulting clear reaction solution was
evaporated under vacuum to obtain a glassy solid having the following formula (4). The yield
was 13.6 g or 95%%.

Bu /OH B“\ /0
;Sn 4+ HOCH,CH,CH,OH —— Sn + H,0

a OH
(7 C)

20
Example 11
[00121] A 250 ml 3-neck flask equipped with a Dean-Stark condenser was charged with butyltin
chloride dihydroxide (12.26 g, 0.05 mol), ethylene glycol (3.10 g, 0.05 mol), and 40 m1. of
toluene. The mixture was heated to reflux, and water generated was removed over a period of

25  about 3 hours. The Dean-Stark condenser was then replaced with a molecular sieve trap, and the
system was dried for additional 1.5 hours of reflux. The resulting clear reaction solution was

evaporated under vacuum to obtain a crystalline solid having the following formula (5),
m.p.~138-141°C. The yield was 12.77g or 94%.



Exanmpl e 11 [00121] A 250 ml 3-neck flask equi pped wth a Dean-Stark
condenser was charged with butyltin chloride dihydroxide (12.26 g, 0.05
mol ), ethylene glycol (3.10 g, 0.05 nol), and 40 nL of B8INsymabertHgS

m xture was heated to reflux, and water generated was renoved over a period
of 25 aboao@9weérs. The Dean- Stark condenser was the®CIAPP2ZIGed with a

nol ecul ar sieve trap, and the systemwas dried for additional 1.5 hours of
reflux. The resulting clear reaction solution was evaporated under vacuum
to obtain a crystalline solid havingsihe follow ng fornmula (5),

m p. =138-141C. The yield was 12.77g_or 94% 30 Novenber 2005 WD 02/ 098946
PCT/ USG8a/ 1 7 -31- Bu\ / H BuU ﬁ\s‘ﬁ HOCH2CH2OH Sn | + RO O~ SCH A" a
Exanpl e I8 5 [OOHEHCERE ] 00Tm3- n,eﬁﬂk fll adk*has charged with the cyclic tin
conpourtd (E?Hfrom Exanpl e 10 (0C71 g, 2.5 mmmol), nmacrocyclic oligoester
conposed of 95 nol % butyl ene ter epht hal ate and 5 nol % et hyl ene

t er epht h&lat e structural repeat uni 633 (4.923g, 22.5 mol) and 10 nL of o-
di chl orobenzene. The solution was stirred under nitrogen and was heated at
about ﬁg éggr about 15 m nutes. The conversion of nmacrocyclic oligoester
was 100% peak nol ecul ar 10 wei ght was 15, 000 dal tons. The sol ution was
f ur herfogie2l adld0anL a-vieck fRdsk oks e;]liatgdﬂ wi‘ltg(ﬂ]dﬁyﬂiﬂtﬁﬁcomﬁh@dcmp@dry E&im}vlﬁw i sol at ed
by preci |tat| n in pentan The yie was 5. 41 96% C.pea

ol bcul(Griie ﬁ mfasoea@g © glgopsiFrsompased of 25 @slgfq@évﬂmterpp tegndss neck

fl ask d i Elmg e 11 15
(0. ms%’i{%ﬁﬁ&% eﬁéb%%%%%{/@ﬁﬁa&%e%té%g@ er %ggggr?édl ?ﬁ?ﬂ?/o butyl ene
ter ephtdibaloadbenmd Bhe gohitioforas ktitted nader ait@pdt dndlvas Beasddrat aiout B80°Cdpeat units
(4. 9239 22.5 mol ) _and 10 nml ,. of o-_dic¢hl orobenzene. The m xture was

sti rr ed@oUhdemingES J&sﬁmafﬁﬁm@é@éﬁrowl%&kﬂws 795 1990 FBE peslemolkei¥. The
Pr qgucty, §w&r OG0 dabRd The s&lﬁﬂdﬂ% s ?egﬁh%r%%taﬂ_&%b&ﬁ WYEhahes, of

macrocyclic goester was 93% The yie . or 95% The GPC peak
mol eculThe cwpai}gmr wnaasomkglb@@recmﬁatdmlm pansane EXbayitld wﬁa5{4®g)c1129£]'7 AGRG peakl

culture tub vacuum adapter was charged with a powder of
nmacr ocy¥ tl f%ﬁgﬁﬁ@ﬂﬁ“““@@ﬂﬂﬁg@d of 95 nol % butyl ene terephthal ate and 5
nol %emu lgq_;ZS terepht hal ate structural repeat units (10.00g, 45.45 moi
repeat units). The Eowder was dried under vacuum at about 100C for 0 5

hour arféP133l AekPOupl Bawek fagk sas ehigeagd with die qyelic tibeegwous (S) from Example 11
15  (0.678g, 2.5 mmol), macrocyclic oligoester composed of 95 mol% butylene terephthalate and 5

mo! % ethylene terephthalate structural repeat units (4.923g, 22.5 mmol) and 10 mL of o-

dichlorobenzene. The mixture was stirred under nitrogen and heated at about 170-175°C for one

hour. The product was precipitated in toluene and isolated. The conversion of macrocyclic

oligoester was 93%. The yield was 4.93g or 95%. The GPC peak molecular weight was 27,400
20  daltons.

Example 14
[00124] A 130 mL culture tube equipped with a vacuum adapter was charged with a powder of
macrocyclic oligoester composed of 95 mol% butylene terephthalate and 5 mol% ethylene
25 terephtﬁa.late structural repeat units (10.00g, 45.45 mmol repeat units). The powder was dried
under vacuum at about 100°C for 0.5 hour and melted by heating at about 160°C for about 12
minutes. A finely pulverized butyltin chloride dihydroxide (7; 0.67g, 2.73 mmol) was added
with stirring to the above molten macrocyclic oligoester. Water that was generated was removed
under vacuum. When the resulting intermediate product was further heated at about 190°C for
30  about 20 minutes a white crystalline solid was obtained. The solid (a copolymer) had a weight
average molecular weight of 39,1 00 daltons.



m nutes. A finely pulverized butyltin chloride dihydroxide (7; 0.67g, 2.73
nmmol ) was added wth stirring to the above nolten nmacrocyclic oligoester.

Water that was generated was renpved under vacuum Wenwﬂﬁ)vﬁ@bmﬂmﬁg

i nternedi ate product was further heated at about 190C for 30 about 20

m nut es AVQWHW¥4Erystal line solid was obtained. The s&CTASPA76Gpol ymer) had
a weight .average nol ecul ar weight of 39,100 daltons. 30 Novenber 2005 WO
02/ 098946 PCT/ US02/ 17607 -32 Exanple 15 [001251 A 50 nL cul ture tube

equi pped with a vacuum adapter was charged with finely pulverized

pol y(1, 4-buty] ene adi pate) (11; 3.00g,13.6 mnol repeat units) and butyltin
chl ori de#mg Hfdroxi de (7; 0.372g, 1.51 mmol, 10 nol% . The m xture was

dried quLAamcme%%r@;@{sg -ﬁ%%&&fﬁae@wdéﬁ%ﬁ@%ﬂ{ ut 0.5 hour

during which tinme water ge was renov acuum “Vi scous cl ear

mat er i ghilvedzd ipokdl, dbirylene adipaie)l(11 §.00g S teahholzepkat it pandhbatyltinpblpride Whi t e

solid. [Th i el th rod cqpol yester, 9).was 3.21 or 96% The

copol y r‘ijéhryﬁm%’(ﬁlﬁ l(gl (ﬁ@&gofﬁgmm?gﬁb&(@@ ?]ff’ﬁ Hél‘t&'f%” asﬁﬁ)ﬁd sler vagwiTy g‘i‘dsw‘ﬁf t he

copal Y §fd@ats R WBHnA 45 Pfor Wout B.F hard BTRLE w]a%r %&1@%&9 ]waé‘bén'ldﬂgé y
I ate copo uct descri bed |

pul veri zed powder of 1nterned ester pro n Exanpl e
14 (0. 268y, va@ud6 Viswos clfmmaerthl radicdphchion calling onstBizedo fipasacbpajued5 nol %

butyl ene. ter t hal ate and,5 | %.et hyl ene eph | ate structural repeat
ani £ s (Ritsatid She R Boack Bopoivelel sfamed FH e Printe: Tosioneibe A part o
the bl QpfiRded .43 Hinfl/g@f &n Gomb. F& DIOhnlRARRIhcWBpJITtel ShoWeda b} Rf heat ed and
pol yneri zed at about 190C. The resulting pol yester showed conversion

yi el ds 38£5°@0. 0% and 92.7 % and wei ght average nol ecul ar wei ghts of 104, 800
dal éon and 1%08,800 daltons, at reaction tine of 20 and 40 m nutes,
r espec x\%ﬂ‘/’ Exanple 17 [00127] A 30 nL culture tube fitted with a vacuum

adapt ernpo12s] mmfeg,qsmwrizbd PowlleX buht8midtiate? @poly e pRodRct @BRAbMSA EREmpIE epar ed in
Exanple 15 (9; 40 ng, 0.018 nmmol Sn) and macrocyclic butyl ene
t er ephtlh40-203¢. 9-96%memol Bnsnd magterychie pligsestersompypsed PHES molebuiglencheat ed under

. ; I e ¢ q
g;ﬁﬁﬂ%&hﬁ@@%ﬁ%ﬁ%ﬁ% %3%3%%9% I%h esn:[lgil%faa g?e P Erragl en()anngg’tez' e V\gltsrle’%e%gn heat ed
under Rinits)p@gera imimandlp blended0 @ pafifo thatblended miixkire! (063 ¢, AB6IBOlirZpat wiits)

solidified wthin 10 mnutes. After total heating time at 190C of 40
ni gt e gvas tsn heptedrndipripmegiged & abaut HP05qd Thpwpyltrgipdiyesiorowstheonyergigiict showed'

;‘/‘i ‘g’leijg elcgé&? &@ae{r{;ig :92.‘5/%,%d WithBfkrafd miRAnAALiHM §110%, 360 6hiBne AV Er S ON

108,800 daltons, at reaction time of 20 and 40 minutes, respectively.
Example 17
{00127] A 30 mL culture tube fitted with a vacuum adapter was charged witha mixtﬁxe of

20  organotin copolyester prepared in Example 15 (9; 40 mg, 0.018 mmol Sn) and macrocyclic
butylene terephthalate (1.45g, 6.57 mmol repeat units). The tube was heated under vacuum in an
oil bath at about 165°C. The molten mixture was stirred magnetically for about 5 minutes. The
clear molten mixture was then heated under nitrogen at about 190°C. The molten mixture
polymerized and solidified within 10 minutes. After total heating time at 190°C of 40 minutes,

25  the polymer was cooled and analyzed by GPC. The product showed a weight average molecular -
weight of 192,000 daltons and a conversion yield of 69%.
Example 18
[00128] A 30 mL culture tube fitted with a vacuum adapter was charged with dioctyltin oxide
(3.79g, 10.5 mmol) and N-butyldiethanolamine (1.69g, 10.5 mmol). The tube was heated under

30  vacuum in an oil bath at about 130°C for about 1.5 hours. The resulting clear viscous liquid was
further heated at about 155°C for an additional hour and was allowed to cool. The yield ofa

waxy semisolid polymer was 5.22g or 98% with a melting peak of 76°C.



[001281 A 30 nL culture tube fitted with a vacuum adapter was charged with
dioctyltin oxide (3.79g, 10.5 nmmol) and N-butyl di et hanol am neMQO% 10.5
mmol ). The tube was heated under 30 vacuumin an oil bat3QNave 30

for about 1.5 hours. The resulting clear viscous liquid was further heat ed
at about MBEHBYP an additional hour and was al |l oned tESTAFI1760Fhe yiel d of
a waxy sem solid polyner was 5.22g or 98% with a nelting peak of 76C. 30
Noverber 2005 WO 02/098946 PCT/ US02/ 17607 -33 Exanple 19 100129] A 30 niL
culture tube fitted with a vacuum adgpt er was charged with a m xture of

di octylél n gexi de (3.61g, 10 mml) and 1, 12-dodecanedi ol (2.02g,10 nmol).
The tu heat ed under vacuum at about 130C. The tenperature was

gr adual [py120pisSS0mE QEre VR fRteDRTth Qdacﬁmﬁfada?ptéa s ShargtdSyifh@Sikdutd g Vi Scous

cl ear I|qU|d was allowed to cool. The yie of the"white <crystalline
pol yerdiegsiltihedde(34de, Wrmmobend 1.12- @dn@ncdmigz 02gemanal). dhetub8Mad C.  Exanpl e

20 [ 00130 0. . t fitted with t d
i th ¢ RER) Ryl SR 130 E e R e Pt e 180 Gt g v
tin) aQﬁBH&Q&r&'C'ﬁﬂéﬁkﬂ&ﬁg)ﬂ%oﬁpclgv@ii%ud VraPallobd m&ol FERSAA $¥thd wilite The tube was

heat ed under vacuum at about 140C and the tenperature was gradually raised
to aboutystiiBEpolyeer weighed Hébgol 99% withnueding tippeatoeaif 8H.4°C.a whi t e

crystal(é,xl ne pol yester (10 nol % st annate) was obtai ned. The yield was
1.21g 670 ith a tin content of 0.65 nmmoUg and a nelting tenperature of

45. 8C Hnap) aﬂﬁmmu&ﬁea%lﬁuedmﬂvdeu@ﬂlaam@v&ay%@d%a%w&ha@ vacuum

adapter was charged with the stannate dprepar ed in Exanple 19,

pol y(dd’@b’@&h@iﬁpa{e inXxgmple 1&@%%&8%@1@1 ﬁ@l wl9axelactanedd 821mBL2 r epeat

R e R

t ube WarsadigBlreided tBAB6uL 15T o4t Aperid 6ELS th5RteS Ugapcdonﬁg b YRS E3thilige WaS
gradually increased to about 205C over a 20 period of 16 m nutes. The

pr oduc tcopadyesiepdOyea tosstannoigkwas dbigined The ddadwas b2 penRStewiges én content The  yi el d
of the |te tal l,j.ne_co e 20 nmol % st annate) was 2.36g or 98%
yi el d A ﬁ%%ﬁﬁ”ﬁ%*‘%ﬁ%@?%‘ﬁ%"zaﬁ daac Exanpl e 22 25 1001321 A 30 ni
cuI tur@xb Wpr Aritted with a vacuum adapter was charged with the stannate

repared in Exanple 19, poly(dodecane-1, 12-diyl dioctylstannate)
0225 1ofisy A 3l i b e Vi e ey iy bhesiaorpal o)

(1. 436¢ T L umat
about %R]éf]é %ﬁég{%ﬁnt e nl%ﬁ%exl tlé {}éot%ﬁaddecagg ] bd?)(l d%é?%% 5@3]#@ cbgg%:/}taé‘gu 170C over
a peri etngdieptit untits)ing sacrogtlic hﬁgdeﬁ&tdotﬂpﬂ@d\of 851001 thityleHederyyhhatitd sided to
cool 't %mf)l%) gnthylene phthalate units (1.485g, 6.75 mmol repeat units). The tube was heated under

vacuum at about 150 °C, and the temperature was gradualiy increased to about 205°C over a

20  period of 16 minutes. The product (a copolyester) was allowed to cool to room temperature. The
yield of the white crystalline copolyester (20 mol% stannate) was 2,36g or 98% yield with a
melting temperature of 188°C.

Example 22

25 [00132] A 30 mL culture tube fitted with a vacuum adapter was charged with the stannate
polymer prepared in Example 19, poly(dodecane-1,12-diyl dioctylstannate) (12; 0.978g, 1.79
mmol repeat units) and poly(1,4-butylene adipate) (1.436g, 7.17 mmol repeat units). The tube
was heated under vacuum at about 110°C. The molten mixture was gradually heated up to about
170°C over a period of 15 minutes, and the resulting viscous liquid was allowed to cool to room

30 temperature. The yield of the waxy product (a2 copolyester) was 2.34g or 97% with a melting
temperature of 34°C as measured by DSC.



30 tenperature. The yield of the waxy product (a copolyester) was 2.34g or
97% with a nelting tenperature of 3 4C as neasured by DSC. 30 Novenber
2005 WD 02/ 098946 PCT/ US02/ 17607 -34 Exanpl e 23 [00133] PRNGEEEyE5er
prepared in Exanple 20 (13; 0.052g, 0.034 nmmol Tin) was dissolved in

t ol uene (WOPYY8Paced in a 30 nl jar. The sol ution wadc@ampy/iey with a fine
powder of rmacrocyclic oligoester conposed of butylene terephthal ate
structural repeat units (2,49g,11.3 5 nmol repeat units), and the resulting
white paste was dried under vacuum ag480C. A portion of approximtely 0.3g
of the resul t'! Nng one-part mxture was then subjected to test polynerization
at ab under nitrogen. The results are sunmarized in Table 3.

Exanpl j, 5L e j NEm . pared in
Seampl o o7 e $0ho) oitimGhrlh PHARDIE 10180004 RobNnEPRY) VEISEIBIRRG S 1 0
di ssol vielueted2 edp placediner30 riljer. dhb soluton wea sombioewittedfind fidwder 4fi ne powder of

macrocyclic qligoester co sed of butyle er.epht hal at.e r ural units
a7 g Syl ARERIE borBBOTR iinfenn Broohu SR shbeeiRtensat BuS padfee s Gr i eq
undey  MAGLepBatiniff) end the Pos@Bin Ahitd Pite Was BRI WS WabiliDat RO, p&%&m@hwf ure was
then subjected to test polynerization at 190C under nitrogen. The results
are surapproximsiely 0.3% abihe regulting omepanphistuRswseiEn3shiected0 tost payrosizafieratwas

char ged,w t e copolvester prepared in Exanpl.e.22 (15; 0.089 g, 0.0688
mmol  Ti gtl%"}(ﬁgfgr@%p nmﬁeﬁggﬁw ‘gggll"l?é'the copol yester. The

sol uti M?kzﬁonbi ned with a fine powder of macrocyclic oligoester

conposed o but(%ll ene terephthal ate structural repeat units (5.05 g, 22.9
nmol r dBeEH] UndQ wf jaraves chateed-withithe Fapglyesiertneeppred irebxeawlaR ikl 0248 gnder vacuum

at 80C. j1 961 5O - ] , t hen subjected 1o test

pol 13) rrerﬂl'(?g?%g}\dl g&)lgB%Qﬁen@M?‘%a%ggaee)é.w%%sé’%géeﬁop@y%f‘?eél iﬁ?ﬁ?glﬁ‘)%v&si n Tabl e
3. Exanpibiedtith @@ih3 gdwder 3Dmatroghhcsligoester vaapssbasiinblae idteghiRlfopol yest er,
pol y(N-but yl - 3- aé p]eni Ele-| ,5- diyl dioctylstannate), prepared in Exanple

18 {( 10;Strjefurgl ypgfs %@3 g FRmnl repeat unifsy g e resplting ywhito asigwasdagd andes di ssol ve

the co o T | ToJag ol i f4 ne
mer ooy A B07C A0 B Yol S R AT BMER P A BRI B 1 1 epea
units (plyfRgzatibh aB19070Rhd® hitfopee dlthe tedukSare subiRariz86ih TabRkB. Whi t € paste was
dri ed and pul verized. A portion of the one- part m xture was then test
pollynedix#e@le5 190 C under nitrogen. The results are shown in Table 3. 30
Exanpl - i i ) nate),
e Jossl %X%@@anp gﬁ%ﬁﬂ% Y5d18hed R e ABIRFARE prpatér i kbl 95 136; 21088

g, 0.0688 mmol Tin). Toluene (4.5 mL) was added to dissolve the copolyester, The solution was

corabined with a fine powder of macrocyclic oligoester composed of butylene terephthalate
structural repeat units (5.05 g, 22.9 mmol repeat units), and the resulting white paste was dried
20  under vacuum at 80°C. A portion of the one-part mixture was then subjected to test
polymerization at 190°C under nitrogen. The results are summarized in Table 3.
Example 26
[00136] A 30 mL glass jar was charged with the copolyester, poly(N-butyl-3-azapentane-1,5-
diyl dioctylstannate), prepared in Example 18 (10; 17.1 mg, 0.0339 mmol Sn). Toluene (2 mL)
25  was added to dissolve the copolyester. The solution was combined with a fine powder of
macrocyclic oligoester composed of butylene terephthalate structural repeat units (2.48g, 11.3
mmo} of repeat units). The resulting white paste was dried and pulverized. A portion of the one-
part mixture was then test polymerized at 190 °C under nitrogen. The results are shown in Table.
3.
30  Example 27
. [00137} Copolyester, poly(dodecane-1,12-diyl dioctylstannate), prepared in Example 19 (12;
-18.5mg, 0.0339 mmol Sn) was placed in a 30 ml jar and toluene (2 mL) was added to dissolve



18.5ng, 0.0339 mmol Sn) was placed in a 30 m jar and toluene (2 nL) was
added to di ssolve 30 Novenber 2005 WO 02/098946 PCT/ US02/ 17607 -35- the
copol yester. The solution was conmbined with a fine powder303foveabendipd i c

ol i goester conposed of butylene terephthal ate structural repeat units

(2. 48g, 1W@BAMRM6 of repeat units). The resulting whi tPETRREYEMRas dried and
pul verized. A portion of the one-part m xture was then test polynerized at
190 C under nitrogen. The results are shown in Table 3. 5 Table 3.

Pol ynmeri zati on of CBT with stannate 3scopol yesters as catal yst Pol ymer
conversmn% GPC peak Mwv (x 10'3) Ti nél lymer mn at 190C/ N2m n at 190CI N2
cat al ythegop ifee5T_Lh9 selyten W@ﬂcogdv@leéma o povwrey of acrocyclic oligoester

rao7 7OAR SR D1 el Sopigt dR BB e o BEnde it o 6 5

mol / a $he keadir wiitetpastawab dtisd s euiverizeqihA lpattiah ef the bhSpartmixace wayiheid C
oligoester. 10 | 0138} Each of the patent docurrents di scl osed herei nabove
is i nc@ﬁtm?}weé‘aew 19% %P’é‘??éé‘tl}?é‘?nelmerqswst@?eﬁ pwai Tede 3. vari ati ons,

nmodi fications, and other inplenentations of what is described herein wll
occur to those of ordi nary skill in the art wthout departing fromthe
spirit and the scopeTablethBolymerinitionnf EBTovith steanatéccor di ngly, the

i nvention is to be defl ned noéophyegtheaa.&tﬂygcedl ng [ I | ust rat i ve description

but i psteadby—thp-spirit—and-scops e—follg 3G Novenber
2005 36 CLAI VS : ol yester,
t he m=t ﬁﬂ%% g the steps—of- \d) T ovT i mg—a macrocyctig ol i goest er
havi ngj a s?r al repeat unit of formulfa (la):
catalysts” min at 190°C/N, min at 190°C/N;
3 5 10 3 5 10
10 91.1 91.9 96.9 168.0 174.8 174.8
12 92.7 917 |. 986 139.6 143.7 145.4
13 92.0 96.6 96.1 143.8 149.7 141.3
14 97.7 96.2 98.0 143.5 146.9 1452
15 92.9 95.8 96.2 136.8 141.7 145.8
- Used 0.3 mol% Sn-based on total butylene terephthalate units in macrocyclic
oligoester.

10
[00138] Each of the patent documents disclosed hereinabove is incorporated by reference herein

in their entirety. Variations, modifications, and other implementations of what is described
herein will occur to those of ordinary skill in the art without departing from the spirit and the
scope of the invention as claimed. Accordingly, the invention is to be defined not by the

15 preceding illustrative description but instead by the spirit and scope of the following claims.



OO0I1l Il DRROCRe- Cwherein Ra is an al kylene, a cycl oal kyl ene, or a
nono- or pol yoxyal kyl ene group; and Rb is a divalent aromatic or alicyclic
group; (b) providing a cyclic ester, wherein the cyclic S$Novembeni05y
macrocyclic oligoester; (c) and _con;gcting t he macrocyclic oligoester and
the cyclic ester in the presence of "a” transesterification catalyst at an
el evated tenperature to produce the copol yester wherein the nolar ratio of
the cyclic ester to the- macrocycl CCAmSgoester in step (c) is from0.1:1
to 1:1. 2. Anethod as clainmed in claim1, wherein the nolar ratio of the
cyclic ester to the macrocyclie oligoester in step (c) is fromO0.15:1 to
1: 1. 3. whtiddaei@®s clained in claiml or 2, wherein the cyclic ester is a

| actone. 4. A nmethod as clained in claim3 wherein the lactone is
s- capr d act gheethgd ofangkineisapelyester. dicrragthadcompysingiae gepsiife precedi ng cl ai s,

wherein the cr o Y i : 1 I .
o1 go( 1, 4 bt eriiinge pRrb SRR BbeeP HRASRI AT QEUEM e omula T 0 4 e

precedi ng clai ns, wherein the macrocyclic oligoester conprises nacrocyclic
oligo(ethylene terephthalate). 7. met hodQas claimed in any one of the
preceding clains, wherein the trargesterif|jcation catalyst conprises a tin
conpound. 8. The sBt-hpd—-oR-cl@ WheR@-A(t-he-tin conmpoynd is a dialkyltin
oxide. 9. A nethod as clainmed in any one of the precedingﬂklains, wherein
the transesterification catalyst conprises a titanate conpound. 10. The
met hod of claim Qhskear ein the titanate conmpound is an al kyl titanate. 30
Novenber 2005 -37 11. A.nethod as clainmed in any one of the preceding
claims, wherein the e|%w@3we§ﬁﬁéwﬁ%¥y enea%a\moslﬂ*.%lﬁaw?’gﬁ@&caww:range
from about 100C to abggg 300C. 12. A nethod as clainmed in any one of the
precedi ng clains, wherein the elevated tenperature is within a tenperature
range from about 100CReds adivalent grematic ar3licyaliggowsd as claimed in any one of

oo 20eL T, b R LB s Wb
and
(c) contacting the macrocyclic oligoester and the cyclic ester in the presence of a
transesterification catalyst at an elevated temperature to produce the copolyester
wherein the molar ratio of the cyclic ester to the macrocycelic oligoester in step (¢)
is from 0.1:1 to 1:1.
2. A method as claimed in claim 1, wherein the molar ratio of the cyclic ester to the
macrocyclic oligoester in step (c) is from 0.15:1 to 1:1.
A methoed as claimed in claim 1 or 2, wherein the cyclic ester is a lactone.
4, A method as claimed in claim 3 wherein the lactone is g-caprclactone.
5. A method as claimed in any one of the preceding claims, wherein the macrocyclic
oligoester comprises macrocyclic oligo(l JA-butylene terephthalate).
6. A method as claimed in any one of the preceding claims, wherein the macrocyclic
oligoester comprises macrocyclic oligo(ethylene terephthalate).
7. . A method as claimed in any one of the preceding claims, wherein the transesterification
catalyst comprises a tin compound.
8. The method of claim 7 wherein the tin compound is a dialkyltin oxide.
9. A method as claimed in any one of the preceding claims, wherein the transesterification
catalyst comprises a titanate compound.

10. The method of claim 9 wherein the titanate compound is an alkyl titanate.



14. A nmethod of making a block copolyner of polyesters, the method
conprising the steps of (a) contacting a macrocyclic oligoester and a
transesterification catalyst at an elevated tenperature3 B(NqVGmh?faZOpﬁrst

pol yneric segnent, wherein the rnacrgecyclic oligoester has a structural
repeat unit of fornula (la): .0 0 IT°11 O-R----- 0- CR; Cwherein Rais an
al kyl ene, a cycl oal kyl ene, or a nono-or polyoxyal kyl ene group; and Rh is a
di val ent. ar @rméthccd asmlaaiaeiddg{miyicme gfﬂhelpx:ece(dhgodmmﬁ attreinghecelavyiet tempemtues , t he
first polyneri, ment, and th er tion catalyst at an

el evated t eRp¥Hy %1 E’p?rém’fecf?‘?ﬁeﬁm gﬁﬁﬁ ﬁ%‘?"i‘g&s ‘gnent, wherein the
cyclicigst e h&hdils cRinidAAE LHe bf the glleb@a%s:ua%s whBdin(iKe) iy eRipkaliy

repeati ng steps (a) and (b) a desired nunber of tinmes to forma bl ock

copol yner H’ipﬁfﬁwn%mﬁtaba‘#dog EcorbrpdtWereri c segments. 15. The
met hod9f c lA%é&Jd%ﬁ%ﬁﬁeﬁ'ﬂaWe Gy oL kn%cé?iﬁ{g%ﬁanh§ “aeﬂemﬁ%te& ﬁempé&af@é hod as

clainmed in claim1l , erein the macrocyclic oligoester
macr ocycl i CIS\Uﬂulgm(empﬂrafbmryﬂ@rﬁ@ntépdrilﬁﬁ Wb abay 2101C.. A net hod as cI aimed in

any one,of wherein t t ransgest icat.i.on.cat al yst
conpri ges ag\ r%ﬁns dojf oun gT COPOF er?tﬁm e%'f%rsgc mg[ﬂ%ifcompnsm %lﬁgte%sf(}fcl ainms 14
to 16, whergn t h@tdcnﬁg\smsdraa“yuﬁd @%bes&m aﬁraat t@dnyatenﬂmmﬂéataﬂﬁ at@ntelebaadt e

conmpound. 19. A nethod as cI ;wge one o |m; 14 %lﬁ]ﬁ8 wherein
the el evated t enffEPsPlyeofam thFI" “Pé"r%’@?taf" ?rﬁm ARFETOFY BEHET 100C to

about 300C. 20. AuyEklQGalEpdaPkiintd fadmilaQEk copol yner of polyesters, the
nmet hod conprising the steps of. 30F\bvenber 2005 -38 (a) contacting a
II

cyclic ester and a transesterificagl on catafyst at an el evated tenperature
to forma first polyneric segnent, |jwherein Ihe cyclic ester is not a
macrocyclic ol i geest@r—Rpe—b)—eQH-aeRi-rgCa—rracrocycl i{i ol i goester, the
first polyneric segnent, and the transesterification ca Al yst at an
el evated tenperature. to forma second polymeric segnent, wherein the
macrocyclic ollggg?f’é‘r has a structural unit of formula (la) 0 0 Il Il

R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;

and
R, is a divalent aromatic or alicyclic group;

(b) contacting a cyclic ester, the first polyméric segment, and the transesterification
catalyst at an elevated temperature to form a second polymeric segment, wherein the
cyclic ester is not a macrocyclic oligoester; and

{c) sequentially repeating steps (a) and (b) a desired number of times to form a block
copolymer having additional first and second polymeric segments.

15. The method of claim 14 wherein the cyclic ester is a lactone. -

16. A method as claimed in claim 14 or 15, wherein the macrocyclic oligoester is macrocyclic
oligo(1,4-butylene terephthalate). |

17. A method as élaimed in any one of claims 14 to 16, wherein the transesterification catalyst
comprises a tin compound.

18. A method as claimed in any one of claims 14 to 16, wherein the transesterification catalyst
comprises a titanate compound.

19. A method as claimed in any one of claims 14 to 18, wherein the elevated temperature is
within a temperature range from about 100°C to about 300°C.

20. A method of making a block copolymer of polyesters, the method comprising the steps of:



0 Raoc R--C wherein. Ra is an al kylene, a cycl oal kyl ene, or a nono-or
pol yoxyal kyl ene group; and Rb is a divalent aromatic or alicyclic group;
and (c) sequentially repeating steps (a) and (b) a desiréd %ﬁastines
to forma block copolyner having adg tional first and second pol yneric
segnents. 21. A copol yester conpr|5|n% within its polyneric backbone, (a)
at |l east one structural unit of formula (Ib) OO Il Il Rr-OGRy- C(b)
wherein R, (@s amomidiyg enelic estayod daddsysteifiegtion catalystotam-ciavatpdicyprytateky | ene

group; and Ry i di yval e t aronat i r_al C L oup; and t | east one
dr Pt ur al Cunye Sy BpBp N B Rl Where eyl S b bRl 1,

di val ent organi c oigdegttyadd th the proviso that Rg is not -0 R<<-if Rhis
Ry,-C(O wherein R e is an al kylene, a cycl oal kyl ene, or nono- or
polyoxyalkyﬂ@ne GPRSRFHNE HPdCragyCh Wéﬁf%ﬁ3%Rﬁ?ﬁRﬂWgFgFﬁﬂﬁmmiW@‘Hﬁ al kyl ene, a
cycl oal kyl ene, Ok@eqR RN cgﬁiy)!tc%?f)ﬁ?\l:lg\)éke@'?&npgfaﬁh'ﬁo fort¥seRhd polythert val ent
aromatic or alicyclic group; and a second bl'ock unit conprising, withinits
pol ymeri ¢ backbomegment whersinthegpasrocyelicipdipessigt hag astrucofralfupit piformyla (I) R is a
di val ent aromatic or alicyclic greup, whergin the at |east one structural
unit of formula (Ib) is contribut d by a I crocyclic oligoester, wherein
the at | east one str tur UBIt éj §§ éa(ll) is contributed by a
cyclic ester, and wh ol T Structural dgpits of fornula
(I'l') to structural units of formul a (Ib) is at least 0.1:1. 22. The

copol yester of cI%jn121 wherein the nolar ratio of structural units of
formula (I1) to

R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
R, is a divalent aromatic or alicyclic group; and

() sequentially repeating steps (a) and (b) a desired number of times to form a block

copolymer having additional first and second polymeric segments.

21. A copolyester comprising, within its polymeric backbone,
{a) at least one structural unit of formuia (I,)

I

R—O0—C—Ry—C

(To)

wherein
R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and '
R, is a divalent aromaﬁc or alicyclic group; and

(b) at least one structural unit of formula (II)

R
(I

wherein R, and Ry, are independently a divalent organic moiety with the proviso
that R, is not —O-R, - if Ry, is —R~C(O)-
wherein

R, is an alkylene, a cycloalkylene, or a mono-or pol_yoxyalkylcne group;

and



structural units of formula (Ib) is at least 0.15:1. 23. The copol yester of
claim21 wherein the nolar ratio of structural units of formula (I1) to
structural units of formula (Ib) is from0.1:1 to 0.5: 1. 30 XNovamber 2005

copol yester of claim21 wherein, the lar ratio of structural units of
formula (1) to structural units of” formula (Ib) is from0.15:1 to 1:1..
25. The copol yester of claim 21 wherein the cyclic ester is a |lactone. 26.
The copol yester of cl B}mazlﬁfamwmaﬁicmhdicb'dé:tm is a-caprol actone. 27. The
copol yester of cI 1 |s benzene. 28.
The copol yest er o erc glllem esrtlféllmlra':\’,m,]tdfé%O “L%Fgﬁgo%%“nngt%b Yi®s benzene. 29.
A bl ock copmhgtn@rch@oi[@émm wigerdiithe at 16dst G@ie sbhcmﬁkl unhloffoﬁﬁllﬂﬁ)(]l)fist sogiribvieini n i ts
polymeric b ckbog st ope structu { for[?ﬂl Sgl?.lelz.lm o1l 1l
0- RY D C R¥YE&EY 565(5”1%“‘1?(1 exgin the mpolarygfiq g S‘:‘W%rﬁ SP fo

i ndependent wtsafwﬂahgmlsgmg@m £1.hoi ety W|th the proviso that Rg is not
-0-R - if Rhis é,cl wherein R e is an al kylene, a cycl oal kyl ene, or a

nono- of2-pol VWPWW‘?@IQ #imcl prhepsinthg molgp s bytrugtgpbunits of fRgmyla (IR teli val ent
aromatic orsﬁc{ugﬂ%ks%f&%%%mgﬁgds{b {3 at least one structural unit of

formula (Ib) 1s contri macrocyclic oligoester, wherein the at
| east 3he sThaxvpolyester ufnlalmo’h‘l Wlmremjham@lat Yatip of stmmualinuﬁseﬂfonb;la dhayclic

ester, and vyne alum%o 10 Haélb{IF%f Oolf r_gujgtural units of formula (I1) to

structural uni e st 0.1:1. 30. The bl ock

copol yper ofhedopblyesd ofd1imed1 whekin tﬁ@inarar faflb bOstiRbtusl g bffoahulal)ts of
formula (I1) to structural units of formula (Ib) is at |least 0.15:1. 31.
The bl ock cEPGTARRitsef femula dois igdrlgiliodHe ol ar ratio of structural units

of formil a fhddopolyester of claim 21 wherein the cyclic ester is a lactone.

26. The copolyester of claim 25 wherein the lactone is e-caprolactone.
27. The copolyester of claim 21 wherein R, is 1,4-butylene and R, is benzene.
28. The copolyester of claim 21 wherein R, is ethylene and R, is benzene.

29. A block copolymer comprising
(a) a first block unit comprising, within its polymeric backbone, at least one structural

unit of formula ()

O—Rg—O0—C—Ry—C @

wherein
Ry is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
R, is a divalent aromatic or alicyclic group; and
(b) a second block unit comprising, within its polymeric backbone, at least one

structural unit of formula (1I)
O

|
T 0T TR m

wherein R, and R;, are independently a divalent organic moiety with the proviso
that R; is not —O-Ry- if Ry, is —-Ry-C (O)-
wherein

Ry is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;

and



to structural units of formula (Ib) is fromO0.1:1 to 0 5: 1 32 The block
copol ynmer of claim29 wherein the nolar ratio of structural unlts of
formula (11) to structural units of formula (Ib) is froRPdlovember30957. 1
33. The bl ock copol yner of claim29_wherein the cyclic ester is a |actone.
34. The copol yester of claim 33 wherein the |actone is c-caprol actone. 35.
A copol yester prepared by the nmethod of claim1l. 36. A bl ock copol yner of
pol yesters prepared b)RytimdiM@mh@@rr@ﬁcmaiib)rﬁig_smup,:%? A bl ock copol yner of

pol yesters pr epar\ﬁldrepryth% ?easton es aéglmg C all%l;?scoétgbﬁﬁif?gl e of

manuf act ure conpri'sin fre copo nposi te
material compctoeidlig ohgtestlai, @hételﬁdzmlt Lembnd)s‘truethal it fordOla (Wis ansxﬂm}mkee of

manuf act ure conpr,j sin bl.o 0 of 9. 4 hod for
meki ng an orba&"g‘flicﬁstegw e faﬁégﬁ fe@ﬁwsgf ﬁan@ﬁémé . (a)
provi di ng amnggd,fg@fgﬁﬂaq[b?ﬁaymgomstructur al repeat unit of for mula (la): O
0 V\/nerel n Ra is an al kyl ene, a cycl oal kyl ene, a nono- orquol yox al kyl ene

group; 3%and Tike blogk %PPéﬂYV’ﬁﬁ ‘Efﬁlai%?%Wh?fF’@ﬂ%?rm‘dﬁff@t}ﬁtﬂﬁs@c@}fﬂwﬁﬂs d| ng a
non-cat al ytig, ]ﬁﬁﬁwhmg f?d?ml%%rl%t‘l ép@fg_)p_und and (c) contacti ng t he
t he

ol i goester an organotin conpound at an el evated tenperature to
producélan dl‘hgblmgk cqwoltympmfy:bsn &9 whe2in thghsolangrativod sipicturilainity of forwiubr(@) n t he
ol i goest er naucgl?qm%O% gl)qogs %rl 1 %5 The net hod of claim4l wherein

t he or ganotl % corrpoﬁlhl P YA ter' 30 Novenber 2005 -41 44. The

met hod 30f clTak BlodBcapbgmer chIahﬁQ@Wﬂ&Bﬁfthd’imﬂa‘trﬁEo df Strdtfursl ngBNE o IR r

pol ynmer havi n%'l“ aT/truct r al Q§ t uniit of forrmula (VII) RO |

-0 -SI 1" O R #f P‘FISSO\RIL'JPéfP B ORE0 takd- R11 is C1-C10 al kyl group and
Re is G4- CzQ‘h@HSYﬂ &B@lyﬂl&q}ﬂelmm 4P whdrBig ¢ hadsef is aIRioae.43 wherein the
organotin ester is a cyclic organotin ester. 46. The nethod of claim 41

wher ei B4t he Tof cepobrssterof pleimy3ulearaie theldctong sispoprslaeteneand t he  or ganotin
compound 1S R G¥Glddt pREFENG} hOmERbEDE claim 1.

36. A block copolymer of polyesters prepared by the method of claim 13.

37. A block copolymer of polyesters prepared by the method of claim 20.

38. An article of manufacture comprising the copolyester of claim 21.

39. A composite material comprising the block copolymer of claim 29.

40. An article of manufacture comprising the block copolymer of claim 29.

41. A method for making an organotin copolyester, the method comprising the steps of:

(a) providing an oligoester havmg a structural repeat unit of formula (Ia)

il Ii

(L)

wherein
R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
Ry, is a divalent aromatic or alicyclic group;
) providing a non-catalytic amount of an organotin compound; and
(c) contacting the oligoester and the organotin compound at an elevated temperature to
produce an organotin copolyester.
42, The method of claim 41 wherein the oligoester is a macrocyclic oligoester.

- 43. The method of claim 41 wherein the organotin compound is an organotin ester.



47. The nethod of claim42 wherein the macrocyclic oligoester are selected
fromthe group consisting of macrocyclic oligoesters of ethylene

terepht hal ate, propyl ene terephthalate, 1,3-propylene tdP&svembéra2087
1,4-butyl ene terephthal ate, 1, 4-cyclghexyl enedi nethylene terephthalate,

et hyl ene isophthal ate, pr opyI ene i sopht hal ate, -1, 3- propyl ene i sopht hal at e,
1, 4-butyl ene isopht hal at e, cl ohexyl enedi net hyl ene i sopht hal at e,

1, 2- et K enél“ hgnﬁﬂlﬂﬁefmfﬁnﬁéﬂ é«rhe@i Wresngiimester isangrarnelingsigepdlone avvd foest er s

t her eof . 1 wherein the cyclic organotin conpound
has the for nhr;%q%ﬂeg%gl g@%@lgl R2 wherein each of Rl and R2

i ndependently is a hal ogen atom c1rm an al kyl group, and each of R3 and R4
i ndependently is a hydrogen_afomgpr %n alkyl group, or R3 and R4 taken
together forma cyclic group; or |R3- nd R4- O taken together is an oxygen
atom 49. The nethod of claim43 erein the cyclic organotin ester has the
formula (V) RER6 Sn R R'O f™ sCl SR-\ RV} p R/ Q( ) wherein
R7 is a Cl-C4 primary al kyl group and R5 and R6 is C 1-C 10 al kyl group.
50. The net dereahichaif Bigand 8,,ihE1-Eil Gralkyl g'r@lpanuhﬁd:h)ﬂ4 -Paligleangrospch of R5 and
2005 he nmet hod of claim 43

oer i 45 tb e s e B i 40 P SRR G863 Al R B 6B o Y /R
RO

The method of claim 41 wherein the oligoester is a macrocyclic oligoester and the
organotin compound is a cyclic organotin ester. |

47. The method of claim 42 wherein the macrocyclic oligoester are selected from the group
consisting of macrocyclic oligoesters of ethylene terephthalate, propylene terephthalate,
1,3-propylene terephthalate, 1,4-butylene terephthalate, 1,4-cyclohexylenedimethylene
terephthalate, ethylene isophthalate, propylene isophthalate, 1,3-propylene isophthalate,
1,4-butylene isophthalate, 1,4-cyclohexylenedimethylene isophthalate, 1,2-ethylene 2,6-
naphthalenedicarboxylate, and macrocyclic co-oligoesters thereof.

48, The method of claim 41 wherein the cyclic organotin compound has the formula (IV)
Ry |

R,—O0—Sn—O0—R,

Re avy

wherein
each of R, and R; independently is a halogen atom or an alkyl group, and
cach of R; and R, independently is a hydrogen atom cr an alkyl group, or R; and
R, taken together form a cyclic group; or R3-O and Ry4-O taken together is an
OXygen atom,

49, The method of claim 43 wherein the cyclic organotin ester has the formula (V)
Rs

0O Sn
AN \
- Sn
R\
o V)
wherein R; is a C1-C4 primary alkyl group and Rs and Rg is C1-C10 alkyl group.

50.  .The method of claim 49 wherein Ry is 2 methyl group and each of Rs and R s a butyl
group.



R9 o Q 11\ wherein each ofRg and RO is a Cl1-Cl10 al kyl b oup. 52. The net hod
of claim51 wherein each of R8 and RO is a butyl group. 53. The nethod of
claim 46 wherein the macrocyclic oligoester conprises macfd¥ayemper 20go( 1,
4- butyl enet erepht hal ate) and the cychpc organotin ester is selected from
the group consisting of a conpound havi ng the for mula of (VIIl), Bu Q Bu

, Bu a conpound having the formula of (IX), ra~ OD and a conpound
havi ng dhe fi&¢msthad ef clfiz3phereinghe ayghe ‘EI’S‘P]IOP? eit‘)()ha%the foprda 9 hod of claim 41
conprising the step of providing a non-netal -containing cyclic ester,
wherein step (c) Comrlﬁl\rf t ghe ol i goester, the organotin ester,
and the non-netal-contairng cYcl i csgster at an el evated tenperature to
produce an organotin ci%p’ol\ges ek. 5B.>ghe nethod of claimb54 wherein the
non-net al - contai ni ng cy ester |§3aifgactone(w56 The met hod of claim 54
wherein the non-netal -containing cyclic ester is s-caprolactone. 57. The

met hod of Clv&iefﬁrfbhcﬂ\diﬁ{g%hd\RH@@@Kﬂ‘@aﬂ@ﬂorb@meratUl’e is within the range of
about 100C to about 300C. 58. The nethod of claim41l wherein the el evated

t enper Lur e |h§mﬂh91’tP$F1’t“Wé1r"%§él"ét’h%f%ﬁt‘dRﬂ’ée@‘ﬁ’WQ‘Bbut 190C. 59. The

met hod s@f Ch@l Methdd WHELiRI48 v&h'éf%nﬁh@%éér@d}cﬁ@d@@ésﬁe}bﬁ risés M‘Ac&d&&dﬁcbhé‘o fange of
about 120C to about 170C. 30 Novenber 2005 - he net hod of claim
46 wher ei n tHetylecigrephthalite) apd thetteclmegao@ytﬂSietlse@ﬁcg@efetrreﬂw ZIOUP $rasising j c
organotin e ut 500:1 to about 0.5:1. 61. The

met hod of Cﬁg?%@%&ﬁ;‘@;ﬁ%d@@%la{ atio of the macrocyclic oligoester to

the cyclic organotin ester |s |n the range about 50:1 to about 1:1.
Bu

Sn'"—O /\/

(VD)

a compound having the formula of(IX),
Bu, /
/S‘{
(IX)

and a compound having the formula of (X)

BU/\SO
ct
X)

54. The method of claim 41 comprising the step of providing a non-metal-containing cyclic
ester, wherein step (¢) comprising contacting the oligoester, the organotin ester, and the

non-metal-containing cyclic ester at an elevated temperature to produce an organotin

copolyester.
55. The method of claim 54 wherein the non-metal-containing cyclic ester is a lactone.
56. The method of claim 54 wherein the non-metal-containing cyclic ester is e-caprolactone.

57. The method of claim 41 wherein the elevated temperature is within the range of about
100°C to about 300°C.

58. The method of claim 41 wherein the elevated temperature is within the range of about
100°C to about 190°C.

59. The method of claim 41 wherein the elevated temperature is within the range of about
120°C to about 170°C.



62. An organotin copolyester conprising, within its polyneric backbone,

(a) at |east one structural unit of formula (Ib) 0 O Il II ORX DC1t7 G
wherein R, is an alkylene, a cycloal kyl ene, or a nmono- oBOp¥YWERGANY| ene
group; and Ry is a divalent aromatigzor alicyclic group; and (b) at |east
one structural unit of fornmula (i) R -a-1n-o- N wherein each of Rp and Rq

i ndependently is a hal ogen atomor an al kyl group. 63. The organotin

copol yé8t er T methed of daimgbarhsicn the molasratip af th¢ magrogyelipligprstegtochecyahel a 1, 4
butyl ene gr Y p. 64. The organotin
copol yester%@jn thﬁsﬁygfﬁ\}\lﬁ %lﬁlagéa}%ﬁ&g?%%&gg}dﬁg% i ndependently is a
chl ori red. at dite orcthad biktlyin 6§rvdurin tbdSmolihmtio pfhambdrocyclopdigystt trthofychi¢ ai m 62

wherein the no tio of structural units of formula (ly) to structural
units of for ﬁ%ilf"%m(elsﬁﬁs% efaﬂbeteﬁ’gu@glgtga%fu&zﬁbut 500:1 to about 0.5:1. 66.
The or ganot |Aﬂ1&§@6‘1ﬂ&@b@éﬂ@ﬁmﬁﬂrﬁiﬂ@ ffhivepdifercackbehear ratio of structural
units of formula y) to structural units of fornmula (Ill) is in the range

about 50:1 t@® abdh asioﬁeSt‘BWaWéoéFﬁ%‘H]@thh copol yester of claim62 wherein
t he organotin copol yester has aOwei ght O average nol ecul ar wei ght of from
about 1,000 to about 200,000. 6f. The dirganotin copol yester of claim 67
wher ei n t he or ganet+p—ecefeiyester—has—a-wet ght aveg@ge nol ecul ar wei ght of

from about 2,000 to about 50,000. 69. A nethod for | ynerizing a
macrocyclic oligqQgster. the nmethod conprising the steps of: (a) providing
a macrocyclic oligoester having a structural repeat unit of forrmula (la):
30 Novenber 2005 -44 @Q)s aDalkyler€ aRpeltalkyiee airn nikao-ospayvxsdlkyléremequpa
cycl oal kyl ene, or a mono- or pol yoxyal | yl ene group; and

R, is a divalent aromatic or alicyclic group; and

(b) at least one structural unit of formula (TII)

By
|

—_— S ——

Ry

wherein
each of R, and R, independently is a halogen atom or an alkyl group.

63. The organotin copolyester of claim 62 wherein R, is one of an ethylene group and a 1,4-
butylene group and R, is a divalent benzene group.

64. The organotin copolyester of claim 62 wherein each of R, and R, independently is a
chlorine atom or a butyl group.

65. The organotin copolyester of claim 62 wherein the molar ratio of structural units of formula
(I,} to structural units of formula (IIf) is in the range of about 500:1 to about 0.5:1.

66. The organotin copolyester of claim 65 wherein the molar ratio of structural units of formula
(1) to structural units of formula (IIf} is in the range about 50:1 to about 1:1.

67. The organotin copolyester of claim 62 wherein the organotin copolyester has a weight
average molecular weight of from about 1l,000 to about 200,000,

68. The organotin copolyester of claim 67 wherein the organotin copolyester has a weight
average molecular weight of from about 2,000 to about 50,000.

69. A method for polymerizing a macrocyclic oligoester, the method comprising the steps of:

(a) providing a macrocyclic oligoester having a structural repeat unit of formula (I):



Ro is a divalent aromatic or alicyclic group; providing a polynerization
catal yst conprising at |east one conponent conpound, wherein the at Ieast
one conponent conpound conprises: (i) at |east one st r uc 8AMNAvemher20

formula (Ib) OO Il I ORA OCRy C.¢gq46) wherein Rx is an al kyl ene, a
cycl oal kyl ene, or a nono-or pol yoxyal kyl ene group; and Ry is a divalent
aromatic or alicyclic group; and g(ii) atpleast one structural unit of
formula (111) wherein each of Rl jand Rqg ilhdependently is a hal ogen atom or
an al kyl group; and éc) ontéctlgq t Agcrocyclic ol i goester and the

pol ymeri zation catal yst at” an“el evated tenperature. 70. IJhe nethod of
claim 69 wherein Rx is one of an ethylene group and a 1, 4-butyl ene group,
Ry is a divalent henzene group, and each of Rp and Rg independently is a
chlorine atomor a butyl group. 71. The nethod of claim69 wherein the
rati o of structural um,issnaikyleoe,mehcoalltyiidnetop a stonerot prlwixyalkyletegrab; f or nul a
(I'1r1) is in the range qfout 500:1 to about 05:1. 72. The nethod of claim71
wherein the ratio of uctural units of formula (Ib) to structural units
of formula (111) is imR,ihadivadmgaonhticdalidycBdsrdugd; 0 about 1: 1. 30 Novenber
2005 -45 73. The nmethod of claim 69 wherein the polynerization catal yst
conprises at®) eaBRVid{lg a PelRSHFUIAR ctalysh sRmRISing ﬁfalﬁaSh%émapmpmqtnpa%r age

nol ecul ar melghtWﬁ&ﬂgmgn&ﬁgggﬁegm&&mhﬁgxmﬁgﬁggngggﬁooo 74. The net hod of
claim 73 wherein the polynerization catalyst conprises at |east two
conponent comnpoufitls t Abieashenestiuctypel upiitof oravladle nol ecul ar wei ght of from
about 2,000 to about 50,000. 75. The method of claim®69 wherein the
polynerization cat al yst consists dP one cdiponent conpound. 76. A nethod
for manufacturing a m xture of a nfpcrocycllic oligoester and a

pol ymeri zation catalysi —ghe gixtgre pei _substantiaIIY free from water
the nmethod conprising the steps L)

wherein
R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
R, is a divalent aromatic or alicyclic group; and

- (1) at least one structural unit of formula (IIT)

R,
I

—O—SQ_O_

% (I1I).

wherein each of R;, and R, independently is a halogen atom or an alkyl group;
and

{c) contacting the macrocyclic oligoester and the polymerization catalyst at an elevated
temperature.

70. . The method of claim 69 wherein Rx is one of an ethylene group and a 1,4-butylene group,
R, is a divalent benzene group, and each of R, and R, independently is a chlorine atom or a
butyl group.

71. The method of claim 69 wherein the ratio of structural units of formula (I,) to structural
units of formula (I} is in the range about 300:1 to about 0.5:1.

72. The method of claim 71 wherein the ratio of structural units of formula (I} to structural

units of formula (III) is in the range of about 50:1 to about 1:1.



of (a) mxing an oligoester conprising a structural repeat unit of formnula
(fa): 001l Il OROCR T--C wherein Ra is an al kyl ene,_ a_cycl oal kyl ene,
or a nono-or polyoxyal kyl ene group; and Rb is a di val ent30NORaPFLZ
alicyclic group, with an organotin c ound; (b) heating the m xture of
the oligoester and the organotin cohg und at an el evated tenperature; (c)
renovi ng wat er generated during the heating step, thereby obtaining a dried
react i d. m Xhe etholl ofDdliigasitercimhcpdyraaizaiintanlysgomptses arlebs(tebp m xi ng t he
dried reaction m xture of oljigoester and the organotjn _conmpoun ith the
nacrocyclic°8@?ﬁﬁ@§?€??m§%&wﬁ$&F%@Fﬁ%&“ﬁﬁﬁﬁWﬁ? gmﬁhéngWagﬂﬁqémﬁﬁbester
i's a nmacrocyghd: combdogoester. 78. The nethod of claim 76 wherein the
organotin ester is a cyclic organotin ester. 79. The nethod of claim 76

wher ei 4t he TorF mythed phlaims3avhereey e palymerizafingaielyslepmaniys eHeast 9Pganot i n ester
Is a cyclic c&hﬁcg{é&téoﬂlp&ﬁh?{hat lﬁgea gg?t'z@é Gnlcufal @kiBht oF RGh&k 5,0?61%

macr ocyclic olTgoester are selecte romthe group “consisting o
macrocycl i c abdut §aedt ers of ethyl ene terephthal ate, propyl ene terephthal ate,

1, 3-prapyl e terepht hal ate.. 1.4:butyl ene.terephthal at

T 4 bydbonensr BRLER AL IRpReRp R bORNRE P b SRR opssarmara e

propyl ene i soppdual ate, 1, 3-propyl ene i sophthal ate, 30 Novenber 2005 -46
1, 4- butyl ene isopht hal ate, 1, 4-cycl ohexyl enedi net hyl ene i sopht hal ate,

1! 2 et M ené ‘2?‘895{] fqaﬁﬁrelﬁ%q“&%a PUHPBS 9ma?r_eeycgﬁ@fgﬁa%?a&@%@z‘sﬂ%_@f&ﬂi goesters
t her eof . 81cﬁ$§&ﬂﬂ€h@@@eB&n&&ﬁhﬁhﬁﬁ&ﬂ@ﬁ&ﬁh&m&hﬁm%%ﬂhﬂ%m%g d fiepsOmpound
has the formula (1V), (V), or (M) RL | RRB-O -OR4 I wher ei n each
of Rl and R®findependently is a hal ogen atomor an al kyl group, and

(a) mixing an oligoester comprising a structural repeat unit of formula (I,):

O
I |

—O0—Ri—O0—C—R¢e—C

o

(L)

wherein
R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
Ry, is a divalent aromatic or alicyclic group, with an organotin compound;
(b} heating the mixture of the oligoester and the organotin compound at an elevated
temperature;
(©) removing water generated during the heating step, thereby obtaining a dried
reaction mixture of oligoester and organotin compound; and
(d) mixing the dried reaction mixture of oligoester and the organotin compound with

the macrocyclic oligoester.

77. The method of claim 76 wherein the oligoester is a macrocyclic oligoester.
78. The method of claim 76 wherein the organotin ester is a cyclic organotin ester.
79.  The method of claim 76 wherein the oligoester is a macrocyclic oligoester and the

organotin ester is a cyclic organotin ester.

80. The method of claim 79 wherein the macrocyclic oligoester are selected from the group
consisting of macrocyclic oligoesters of ethylene terephthalate, propylene terephthalate,
1,3-propylene terephthalate, 1,4-butylene terephthalate, 1,4-cyclohexylenedimethylene
terephthalate, ethylene isophthalate, propylene isophthalate, 1,3-propylene isophthalate,



each of R3 and R4 independently is a hydrogen atomor an al kyl group, or R3
and R4 taken together forma cyclic group; or R3-0O and R4-0O taken toget her
is an oxygen atom (V) wherein each of R5 and R6 indepeﬁgé\IﬂVFS’/lerszo@sl-C 10
al kyl group, and R7 is a C 1-C4 pripggy alkyl group, and wherein each of %
and R9 independently is a C-C10 al kyl group. 82. The nethod of claim79
wherein the cyclic organotin conpound is selected fromthe grou

eﬁlﬁﬁ-., ' %<6 n,

consi sti ng of4-butgerpistphtalaisyi heycldhexyiedimethylshe isapbibpipte, BRrethy!

Bu a conpou i r mul f o . y;ﬁfga r 2005 -47 and a
conmpound ha\r}gﬁlgﬂ%{%dé&f;%?%ﬁ{a%’o §5<c§ cy%ﬁi&glﬁg&g%g 53. The met hod of claim
79 wher&8i n tThe metiod of slai 0 Werejohs tyetic ogamitin sespavad has ehedbinmula (IV), (V),

ol igo(1, 4-but )({,ﬁne terepht hal ate) and the cyclic organotin ester is

sel ected frdhtHe group consisting of a conpound having the formnula of
(M11), o Bu" 0 'BU (VIII) a conpornpd having the fornula of (IX), 0 and a
conpound having the fornmula of (X |Bum Cl Sn 84. The nethod of claim 76
wherein the heating step (bryisce @®d—Rl, a tenperature in the range of
about 100C to about 190C. 85. The ngthod of claim 76 wherein the heating
step (b) is conducted at a tenperatgye in the (Irvgnge of about 120C to about
170C.

wherein
each of R, and R; independently is a halogen atom or an alkyl group, and
each of R; and R, independently is a hydrogen atom or an alkyl group, or R; and
R4 taken together form a cyclic group; or R3-O and R4-O taken together is an

OXygen atom,

%

Rg
\Sn
—O
/SH Q 0 /Sl.l\
V)

wherein

each of Rs and R¢independently is C1-C10 alkyl group, and R; is a C1-C4 primary

alkyl group, and
Q Q
Re / \ Rs
/% A |
Ry o o %
(VD
wherein

each of Rg and Ry independently is a C1-C10 alkyl group.
82. The method of claim 79 wherein the cyclic organotin compound is selected from the group

- consisting of a compound having the formula of (VIII),

En N o Bu
Nope— O
B“/S“\%/\/ xSn'iB“

(VLD

a compound having the formula of (IX),



86. The nethod of claim79 wherein the nolar ratio of macrocyclic
oligoester to cyclic organotin ester in step (a) is fro out .500:1 to
about 0.5:1. 87. The nethod of claim 79 wherein the nol a?o?\g{vp@bgp%o%
macrocyclic oligoester to cyclic organotin ester is fromabout 50:1 to
about 1:1. 88. The nethod of claim79 wherein the dried reaction m xture of
ol i goester and organotin ($orrpound has a water content of |ess than about
2000 ppm 89. The net h&d, gf chai m 88 wherein the dried reaction m xture of

ol i goester and organoti Iysﬁco ound has a water content of |ess than about
ct ‘
500 ppm ' ax)

and a compound having the formula of (X)

Bu\
30
Cl

83, The method of claim 79 wherein the macrocyclic oligoester comprises macrocyclic

X).

oligo(1,4-butylene terephthalate) and the cyclic organotin ester is selected from the group

consisting of a compound having the formula of (VIII),

Bu\ ;/\/O Bu
SuC oN, /
By \o/\/ Sn\B§

(VIID
a compound having the formula of (IX),
5
/Sn
a1 \0
(IX)
and a compound having the formula of (X)
Bu
N
(X).

34, The method of claim 76 wherein the heating step (b) is conducted at a temperature in the
range of about 100°C to about 190°C. '

85. The method of claim 76 wherein the heating step (b) is conducted at a temperature in the
range of about 120°C to about 170°C.

86. The method of claim 79 wherein the molar ratio of macrocyclic oligoester to cyclic
organotin ester in step (a) is from about 500:1 to about 0.5:1,

87. The method of claim 79 wherein the molar ratio of macrocyclic oligoester to cyclic

.organotin ester is from about 50:1 to about 1:1.

88. The method of claim 79 wherein the dried reaction mixture of oligoester and organotin
compound has a water content of less than about 2000 ppm.

89. The method of claim 88 wherein the dried reaction mixture of oligoester and organotin

compound has a water content of less than about 500 ppm.



