WO 02/ 098946 PCT/ US02/ 17607 COPOLYESTERS AND POLYMERI ZATI ON OF MACROCYCLI C
OLlI GOESTERS Technical Field [0001] This invention generally relates to

t her mopl awoiccsImne articles forned therefrom Mre parti earardoyi7eohe
invention relates to copol yesters and their preparation from macrocyclic

ol i goesters. 5 Background Information [0002] Linear polyesters such as

pol y(al kyl ene terephthal ate) are generally known and comrercially

avai |l abl e where the al kylene typically has 2 to 8 carbon atons. Linear

pol yesters have many strength,

t oughness, high gl oss g%g%gg?ggﬁﬁﬁg?@iﬁgkiﬁbgﬁR@agigﬁqggiyesters are
conventional |y prepared by tMACREAYCDIC OLIGOHESIERS th a 10 di car boxylic
acid or its functional derivative, typically a diacid halide or ester.

Li near polyesters may be fabricated into articles of manufacture by a
nunber of known techni ques including extrusion, conpression nolding, and
injection nolding. [0003] Recently, macrocyclic oligoesters were devel oped
whi ch have unique properties. Thesg. . ioRfldd es make them attractive as
matri ces for engineering thernopla STTC—CUﬂpUs ites. The 15 deS|rabIe

ropert St & f.romithe fa ic oli st.ers e wrrelt
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ol igoesters nelt and pol ynerize at tenperatures bel ow the nelting

poi nt ofligoRsdersesul ti ng pol ymer. Upon nel ting and |n the presence of an

apprsoprl ate catal yst, polynerizati.on a r s%.al | i zati on can occur
virtually isothermally. 20 [OOOM%M@%C ove-descri bed properties
and ot hgpoAdV aicAHES ek Buchas bb@(erue}%ﬂettb&ghthafa{eyafetg%hérang RRGFEGnd r OM

macrocyclic ol goesters may displlay a high crystallinity that 1nvariably
di mi ni stvesmererllyavailad wher dparkyles typichllidhasd tolSecapminyaens. sLniamtpdlyd‘s’gers
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t he reqwred volune ratio of a macr ocycl i C ol goester to a conventi onal
catldl ysdicgrboxylic ashenpitsl fynetional deriyatie, rtypmadimpcdmnthzdrdetom estemtlgnes pehysjteiss
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uU. S Paéx%ﬁ!l%mﬂ%oépé@@omﬂfhdﬁr% EY@ﬂl?ecﬁBngloldl phi sti cat ed and costly nmetering

and mixing equipnent i's used to introduce and di sperse properly t he
r el at i viD93]s nRetentlypmnatroofclic atigbastetrs were developed which have unique properties. These

properties make them attractive as matrices for engineering thermoplastic composites. The

15 desirable properties stem from the fact that macrocyclic oligoesters exhibit low melt viscosity,
allowing them easily to 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 [0004] 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] In addition, 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 attain a satisfactory molecular weight of the product. See, e.g.,



[ 0006] Furthernore, typical non-polyneric organotin conmpounds are volatile
enough to raise health concerns. Stable non-volatile organotin catal ysts
are needewo ig/0Serary of the Invention [0007] Copol yest er #cafusaz/gtso?

nol ecul ar wei ght are prepared from nmacrocyclic oligoesters and cyclic
esters in the presence of a transesterification catalyst. The copol yesters
so prepared show favorable crystallinity and ductility while retaining

ot her desirable properties of polyesters prepared from nacrocyclic

ol i goestUdy. Patat Io.eC46E Didsto Bxding 8OMABSofld pridayedsind esstyomtiiing agd df-ganot i n
noieties also are gr epared from macrocyclic oligoesters and organotin
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macrocyclic oligoester to the polynerization catalyst. 15 [0009] In one
aspect, the invention general | ySuBmaiyofshednyentiond of naking a copol yester.
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t enper ataypiablesrystadlinibeand dushbitywhiletetaining othacdesigele ipronsttiagod polesteras a
structu t i f . I 0020 ORa CRs (la where Ra is
an al ky‘?rgh%rl,éggrglgly%%%3§3f?§fzgglg?ggegggsfﬁg%}ugor%r pol yoxyal kyl ene group; and Rb
is @ djoeasentCopslosadrs comthindlg GrgeAdte 85i6MR aldodRd Plephried Fdat RAtroagumect , the
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pol yest @igpesteis apd erganbbial compeunds hd hererganetin-erpoligsisrscomrepsrehepnderaed acycl i ¢

25 ol igoester_and ransesterifj.cation catalyst at .an el evated tenperature
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and the transesterification catalyst at an elevated tenperature forns a
second psiandallydowegnanme ratheofabasrecystie pgaehientoathe pelymesiaetical dayalysepeat ed a
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produce a copolyester. The macrocyclic oligoester has a structural repeat unit of formula (I,):

0O 0
I I
C —C (1)

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

20 0 R—0O R

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 at 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



contacting this first polyneric segnent, a macrocyclic oligoester, and the

transesterification catalyst at an elevated tenperature forns a second

pol ymer i cweagiesyic The above steps then are sequential |y Pcapsat/emon

desired nunber of times to forma bl ock copol yner having additional first

5 and second pol yneric segments. [0012] In yet anot her aspect, the

invention features a conposition that ? a copolyester. In one enbodinent,

t he copol yester contains, within its pofyneric backbone, at |east one

st ruct umad:louydlic ol'rgbesftﬁ‘ramd laarapbds}erific@ion tatdRydt aOuRe@ted tempbiaiurd.0 Su\mq&edﬁy i's
or a nono- Qr pol yoxyal kyl ene group; and
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polyoxyal | en r oup , s a 15 divalent aromatic or alicyclic group.
[ 0073 é?n‘gﬂ‘%m‘é?lc SEEFELS. the invention features a bl ock copol yner of
pol yest Oizl II1flg £iSthothih %?)EC’[%%HH\%B b aﬁ%% ;J[ é’d@osﬁ%?%&ﬁ” id % 'f:?po'htééteg eH/ meric

backbon st one rst struc ur ai
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one second structural unit of forrmula (I1), as defined above. 20 [0014] In

yet anofhiermgledlet ;| the invention features a method for making a

copol yester. In one enbodinent, thg nethoddncludes the steps of providing

an oligoester, providing a non-catallytic anmount of an organotin conpound,

and contacting the oli qges'zﬁ and tl'(l:e ocrﬁgangl n conpound at an el evated

tenperature to produce Janot i n—copovyester.. I n one enl&di ment, the

ol i Yoeswhere Rues aaa&tvleu@tamyaloa}i@baa,torwrrnonmfor polyoxpakyldne)growp; @n&Ryti}eRa Ol
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pol yoxyé{‘l %GP HemaHe Bp? lcé{ﬁbc ¥€8u?’sang at a%ﬂngﬁp%{ ﬁﬁ‘iﬂf efﬁrma{;ﬁ@w i c group.

WD 02/ 098946 PCT/ US02/ 17607 -4

Rg—O R;

dn
where R, and Ry, 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. Ry isa

15  divalent aromatic or alicyclic group.

[0013] In yet another aspect, the invention features a block copolymer of polyesters. 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 (IT), as defined above.

20 [0014] In yet another aspect, the invention features a method for making a 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 oligoester and the organotin compound at
an elevated temperature to produce an organotin-copolyester. In one embodiment, the oligoester

has a structural repeat unit of formula (Ip):
o)

I

25 0 R—0O C Re—C (T
where R; is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a

divalent aromatic or alicyclic group.



[0015] In yet another aspect, the invention features a copolyester. In one
enbodi nent, the copolyester includes, within its polyneric backbone, at
| east onewstoewogdows al unit of formula (Ib) 0 0O 1l RI O Rec@usot/itsh7 wher e

R, is an al kylene, a cycloal kyl ene, or a nono- or pol yoxyal kyl ene group;
and Ry is a 5 divalent aromatic or alicyclic group; and at |east one
structural unit of formula (I11) RP -08n-O | Rgq (I11) where each of Rp

and Rq i ndependently is a hal ogen atom or an al kyl group. [00161 In yet
anot her [%Bfa]eciln yéthaeothay aspeeipthe fimentioe fatureset dupdlylester. dalopeembadingng the

macrocycl i I ster. .In ong ertb di ment , e nmet hod includes the steps
of pr oz?‘&ioﬁ’ﬁmﬁr @@%&mﬂve itg QOWG&S agkbpne, 3t i?@?tcﬂnﬁdtr%tk}@ll yib o Sosmple(lo)

catal yst, and contacting the macrocgclic ol igoester and the pol ynerization
catal yst at an el evated terrper aturelther eby ”pr oduci ng a copol yester. The
macrocycllc ollgoester n des Lruc urall, repeat unit of formula (la): O
0 O-R Ia)% Rals n a ylé% a cycloal | ddene, or a
nono- owhgr@ﬁsxos@laa yleapea @pb@ﬁtylean,cprram@ ar palyoxyaligilensteroun red R isor

al i cycl [0 rlzat at.al i.ncludes one
conp%ne?\&a@%tﬁﬁgﬁlﬁt § ﬁcygﬁe anﬁa?éfgﬁ o%ﬁ%\‘%mi gt P%@Pﬂﬁ%ﬁﬁ{i) at | east
one structural unit of formJIa(Ib) OO0 Il R ORKOy (Ib) where R, 1is
an al kyl ene, a cycloal kyl ene, or aRgppno- or polyoxyal kyl ene group; and Ry
is a 20 divalent aromatic or alicy|clic group; and (ii) at |east one

structural wunit of formula (I4+9p—RBh—O-Skr-p | Rq

Rq

(IIm)
where each of R, and Rq 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 embodiment, the method includes the steps of providing a macrocyclic
10 oligoester, providing a polymerization éatalyst, and contacting the macrocyclic oligoester and the
polymerization catalyst at an elevated temperature thereby producing a copolyester. The
macrocyclic oligoester includes a structural repeat unit of formula (I,):
o) O
R—0 ul Rs I(IJ (1)
where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry, is a

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

o) o)

O—R—0 ICII Ry |(|3 (Iy)
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ryisa

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

II‘p
—O0—Sn—0——

Ry

(1)



(rrr)y WO 02/098946 PCT/US02/17607 -5 where each of Rp and Rq independently
is a halogen atomor an allcyl group. [0017] In yet another aspect, the

i nventi orwbhaamesves a nmet hod for manufacturing a m xture ofPca/usomcrsoTyclic
ol i goester and a polynerization catalyst. The m xture is substantially fee
from water. In one enbodinment, the nethod includes the steps of m xing an
ol i goester and an 5 organotin conpound, :heating the m xture of the

ol i goester and the organotin conmpound at” an el evated tenperature, renoving
wat er gehereataeld ofiRy ambR{ indepeadentiyois athapgtwatoht @ian adkydwiag. reacti on m xture
of olig eséer and orﬁgnotin conpound, and m xing . the dried reaction m xture
of ol E}Wé 1 e yeipnpfier awgetntieilnveagap Sagesy mathof dormanufeciuring 2 slixtyeeaficer .
The ol i : : i . I Y 10 D Ral
R 1 °C EREPESicofuort iyt da B Bl @il i ol bt RS o

pol yoxywaiateyl BnenegntudimenmtgthRinetlsodeinclditisethe slepasfaniingarOsligekteysld 4 gr oup.
[0018] The foregoi ng and other objects, aspects, features, and advantages
of the PSRN epmRAUDA, hagting Hhe ke aphaodispestar ahdl theeorg@iotiiomporied erdnpt i on

d cl aj Lption. 9 ‘ tion | lated to th
curpri obiRated RaERELEDEL Y ind SO0l R ARLERE Me ST NER T babrd tiipdgioh ™
duct i | i ffxturest-otigbestirl antl Yroanatimkythbeurd bid/inting MOAkeH rédefok @k@A ofcan be

prepared from macrocyclic oligoesters, organotin conpounds and/or cyclic
esters HHEIPSEF and g Grganotim eoppeswidh B macrqeypliceeligacster. cBhg oigoesterlagst . 20

Def i ni t] 98& HRG general definitions nmay be hel pful in
understg[n mépl([%ﬁggt\l/%?;agﬁoglﬁlug%’@ and expressions used in this

specification. [0021] As used herei® a "nma€ ocyclic" nolecule neans a
cyclic nol ecule having at |east onell ring within its nol ecular structure

EBS font aLnsthce); i an "ol j e\éﬁjér" rr%Rans a m)Fg Lloef?[]zr;a (SJnE gien;i ggbr
ror 61 dBRERTB AL ATka Ehe, e e PR A HPac o6 poR e Aot FRA o &

for mul agivhJA23bnAg: HSALyDRE Bblly. @an "ol i goester” neans a nol ecul e that
contains 2 or nore identyifi able ester functional repeat units of the sane
or diffHO0d8} flhedodegoin@dandbihgoalsieas, asygeiss fdatuyest addad/ahiages of the invention will

become more apparent from the following 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 identifiable
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



WO 02/ 098946 PCT/ US02/ 17607 -6 nolecules that are internediate in terns of
the nunber of ester functional repeat units present in the nol ecule.
However, WO olopgyeest er al so may i ncl ude nol ecul es that comCaIusod/arege
nunbers of ester functional repeat units such that they nay be classified
as polyesters. In certain enbodinents, an oligoester may refer to a

macr ocyclic oligoester as defined bel oW _ 5 [ 0024] As used herein, a
"macrocyclic oligoester” neans a macrocyclic oligonmer containing 2 or nore
i dent i imdéduéesabatare intanoediateah terepedithamiriser of edttrefusetivmabrepeatfuhis prekent in

formula. A macrocyclic oljgoester typically refers to nmultiple no]ecules

of one%@e@% Plaa%al}g%ate\t; 3{59 inﬁ'ag ipglpge melegies thapgRnfein Lo §Eli ¢

ol i goe B [WeTels j : £ G t .ar mul ae

havi ng%\gltg{yl ngor?}ah? géﬂslﬁ{l)t?qtﬁ%ﬂemg%w §1ra 93% ? %ggrlgencdt é%sqo?%%{eggr'a Cre ret%gat units. A

macr ocyalbodinidhty lhn gtigsdster magyefoetea maeotydjioelipesstarns definddllavgoest er, i.e.,

an ol i goester havi rfq% two or nore. different structural repeat units_ having
I

an est 80024 A3 wied iherepn. g mmcrpcyHie Qlgopster” mefans & macrqeyelisqligemey sepfainiizel n, a
"cycli [ ' : j n i thip. . its
oy S RARAE nTIBIE Rt TR, DSt ORI ORI ORI 1
cycl i c otigb&terttypitaiplrbiers toahwltipletmolatulés ¢fl ode spdcifidfoemufha® iy wpdag fihg cyclic
ester. Acyclic ester as used herein is not a 15 nmacrocyclic oligoester as

def i nedZghollaweyaopBpcagyhiscignetiantpay alsp nghide Audtinie swissalas o dHEae an

or gani : ' r [ val.ent,l to
ot T oS TRy NG AL G or e sl LA R BRNAETA haPBURRC 0
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20 [0028] As used herein, a "cyclic organotin ester” neans an organotin
ester grericugiui repeatcyitsihavingagestigr Binclignabifoyithinpae gxelis welsewet hat a

e i s ) anisee gielés nat
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t hat of ructar erein,

a " nonimBhdtctantatitd Bacoontdis eﬁﬁés%r'ﬁlﬂwiaﬂﬂit?wﬁthﬁi the ri@gt & cyichiatst icHIof
contain atons of metallic elenments. 25 [0030] As used herein, "an al kyl ene
gr oup” refsesrie mudtipleanolecyirsrad ope speciiic ¢ygia efteras pidig eHist as wsed'haregyisineak kyl ene

group" neans cycli | epe oup, -C'H2i , , where x represents the
nuiger RGNS 1?%%@53%%@%@%%??%“ on(s). [0032] As used herein, "a nono-

or pol yeoRr! kxs 88 HatedhlRn "oRANSt cdrighitdnd! nefid am dr&itdd aa)mgouﬁa&h@t doftalirs an
integer greater than 1 and n is an integer greater than 0. 30 [0033] As
used heneonmoretinplpgiseavalantieaund tgeblgpst opeearBomatony onati c group with |inks

0ol G628 o TSRS SRS 5o R B B B RV S0 o
group (xford tin-dX§B&eB/ben 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 ester may 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 alkylene group” means -C,Hy,-, where n > 2.

[0031] As used herein, "a cycloalkylene group" means a cyclic alkylene group, -Cp,Hypx-, Where
x represents the number of H’s replaced by cyclization(s).

[0032] As used herein, "a mono- or polyoxyalkylene group" means [-(CHj)yn=O-]1-(CH2)m-,
where m is an integer greater than 1 and n 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).



WO 02/ 098946 PCT/ US02/17607 -7 [0034] As used herein, "an alicyclic group”
means a non-aronmati c hydrocarbon group containing a cyclic structure

t herei n. WO02598946 used herein, a "block copol yner" neansPETASODIIGNET
havi ng segnments of two or nore polynmers |linked to one another. A bl ock
copolymer has constitutionally different structural 5 units. Adjacent
segnents (i.e., blocks) contain struct l_Jr7qI units derived fromdifferent
characteristic species of nmononer or fromstructural repeat units with

di f f er ejdd3d¢pnpasistd hereia "ansagyeivcgroahp 'shedns utnofarorh&3IGdrAsrbonadolier ein, "a
pol yester pol yner conposite"” neans a pol yester polyner that is associated
with antAMERIgRsyehasticlise esana i brous or particul ate material .

1] ust r g - 100 | a [ f ' s,. gl ass
i or ospeeL, AR fieine " Bbab Baiteahtaf RipBlnd S RARRSE! boflSw 21 B2
used t omprepaieRtinkes tctinerbiheer AdleRaDbbEmer Rasfdobkitugonmlyaliffeknt siwatugal
nore continuous substrate, e.,g., fiberglass, ceramc fibers, carbon fibers
or Or gaWs. 43@5ﬁ%?%ﬂ@a@r{l-aﬁbgﬁlaﬁicanﬁmrb?éwt.urqlel%s’}iem@dm dffrettn, "a

il val el RLAGNE BRAEI SRS oF R LABALE AL ANRIS ORG-S blrnfRfR0 & ot
interfere w TR pol yierization reacti on a macrocyclic ol'igoester and
a cycl i geqashdrdistlibgionor gani ¢ noi ety can be saturated or unsaturated. The
organi c noi ety can be a hydrocarbon group or in addition can contain one

or nor el0986kr detusas hergine " opesesics pebines powapsitse meppepolyesternatensdhat dy

cont ai n_one 0Or,. re cli.c.or heteroeyclic structures cont.alni.ng one_or
more 0, “Rporea L gfeF sussuBls sl L bioun b Sl Rl B DR oS
di v engf pmieate iRt atekhopp&l fbeds) %%ss Afcro etk NMndGrdshd® soak bOBrtah Filkss
cyclical kyl ene groups containing 1-20 carbon atons, and substituted or

unsubst dndadskifivs vauseoan bansrdeioinee R OPPEesEu Phlyamer porangsitegr Sufpgowy mafetialycl i ¢

groups _containing.l-20 carbon at . Preparat i.on of esters .from
hor boyBERE B fogRRupuds s e heiaeh Bkt 685 Lol GRS Gt biet g
copol yegsiomerJruve adaemidfiesar ed from macrocyclic oligoesters and cyclic
esters 1n the presence of a transesterification catalyst. [0039] In one

aspect , [008&] i sewsed bereige frediahleyt drganic mesety’ medrl edy brganivegtdwyselong poltyest er .

In ne_enbodi men t he. met hod incl udes. t he steps pof ovi di ng.,a

mcFocy B BEGFGBE e PO R RPh (eI Pecrbe DT o DB FhaR e Tas i
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ester in the presence of a transesterification catal'yst at an el evated

t enper atwingdtgionmpan doweingpne op vioyebeteroatonise Theorgoychpistiotandedsearothas a

structugal r%peat nit of fornulﬁ g'ﬁQ3 VM)0240%8946 PCT/ US02/ 17607 FP
ranched, ic or hetérocyclic struc O, N,

Or confain one or more cyc ures containing one or more
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 Macrocyelic Oligoesters and Cyclic Esters

25 [0038] High molecular weight copolyesters have been prepared from macrocyclic oligoesters
and cyclic esters in the presence of a transesterification catalyst.
[0039] In one aspect, the invention generally features a method for making a copolyester. In
one embodiment, the method includes the steps of providing a macrocyclic oligoester, providing
a cyclic ester other than a macrocyclic oligoester, 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 (Io):



OO ORaO R5---1 (la) where Ra is an al kyl ene, a cycl oal kyl ene, or a
nono- or pol yoxyall cyl ene group; and Rb is a divalent aromatic or

al i cycl i cwgroetps94¢ 0040] A pol yneri zation reaction occurs [PETESEN 107
macrocyclic oligoester and a cyclic ester. 5 The polynerization typically
is conmpleted within mnutes. The duration of the polynerization reaction
depends on many factors such as the nmolgr ratio of macrocyclic oligoester
to cyclic ester, the nolar ratio of the ester nononmers (the macrocyclic

ol igoesters and the cyclic esters) Yo catalyst, the tenperature at which
the pol ynerization reaction is carrjjed out, |the desired nol ecul ar wei ght
of the product, and—<the-chdtsce-0f—sOlveRl— ol yneri zat i(pap is preferably

10 Cond\”ﬁ&g ﬁé%ﬂleéllcﬂﬁﬂ%%%&l?ﬁlgwﬁ%«% %?‘35% nos 4 olg(?/)g{iﬁ fhe %oralrpo%%-'Ror argon,

s a .
or under a vacuum 0 O I'c ester-to ma‘?:rsocycl iC

ol i goesdieslegtanomatiyyoff dlRpled@otp.0. 01: 1 to 10:1. In one enbodinent, the
molar ratio of cyclic ester to macrocyclic oligoester is between about
0.1:1 t804Houdr pelymenizatign seastien eqebesdiciwenn a maeroensligoligeasies and a gydiciastegst er

t lic .oli | t bout .0, 1.1 b 0.5: 1, .Th |
ot o offeuperi o ARnatal i RunPi SRR Bt stk A ERRY lnd it ™ &
conmbi ne@ictiod dePendsainahySl fabfs Juol 8etht ey bf Berboydlic oﬁF@éﬁer WWPydR0: 1. In

one enbodi nent, the nolar ratio of ester nononers to catalyst is from about
20: 1 t cestgsdhe modargate of thegsighmonemers fihe anaseasyclia oligossbraand dhei ayclisederslito
50:1 to t.5,000:1.  1n t.. anot her. enbaodi nent, the lar .rati.o is from
about - 00T B et Mg B pREr ORGP TBR 6 AR, e gEirCn. *among
ot her f@aeleeiilss wkizht &F tB6 YRkt BRNBBBhSice 80sdivare Tﬁé’gdlyxﬁen%dtigﬁ espeteral{l
cyclic ester) used, the reaction conditions, and the work-up ‘procedure.

Ty piG al copidedted undanga iferbenvaloomentp9whtas uade itreRmor Ttgeny erguidel mgacuum.

copol ye S ically have .nmol ecul ar weightss from about. 90, 000 to about
56, 0000 b BieTrile SPRHERUE 8 hlierd Ry TR HE ol B 2T EL Bbou
145C t 01@POH onkBbdddheit B fol& thiGo B5&RYic 688t BHadiébycRSolli BheAS R 200C
to about 230C for low cyclic ester content. The peak tenperature ranges 25

f r om ababgut Q.45Cotaboubblit ipawther Tmbodiowent, dic melar iatip dfsydistesteniaumdcioyyclic
differential, scannin cal ori met.r C) it O from.about 10 to about 50
Joul e/ g&lgloﬁﬁﬁ%lf%eg’ﬁegﬁ%g‘%e(f@ Bt %bﬁi‘f" ég : )cjéllfrIBP 13618 Of SPRFYLOYR S he i nvent i on
show | NpERNRGcliCHYEIedel hitl Ey6lie Berdagibindd) Yo @8 cAaRRNGh AR abhiR 20:1 10

tenperature range of nelting endothermand the heat of nelting of the
resul t i abgucdPH000ekt brene cBdpdingestbe molavatigokestd Wwanapen tace@lyst isdroneabqut 30

R R TR R R AP R
02/ 09894G/eP %nldthéPRA{bbARRNL, the molar ratio is from about 200:1 to about 500:1.
[0042] Yields of copolyesters depend on, among other factors, the 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.



-9 [0044] The polymerization reaction may be carried out with or without a
solvent. A solvent nmay be used to dissolve one or nore of the reactants
and/ or t owmioz/0p89d6 r eact ants. A solvent may al so be used @€TaISeBticomM i n

which the reaction is carried out. Illustrative solvents that my be used
i ncl ude hi gh-boiling conpounds such as o-dichlrorobenzene and
net a-terphenyl. In another 5 enbodi nents no solvent is used in the

pol yneri zation reaction. [0045] Cyclic esters enployed in various
enbodi ri@éd4 oTh¢ pelymeriestidnoeaction nagédeanntiedyont ivith oe stithost 4 dvdktent.eAchlwint h a
nacrocycllc ol i %oester to forma copolyester under transesterification

condi t i'B#%sPe psd A8 Fiseglve pae pispee of thieadants ard/oinie mix therepgiarisn Asohpt mave
any nu nﬁ% bePlised b TndMfidR v 5&9{]&&%?&1&1‘ i98arritl ogtre]qllﬁmﬁﬂgé % ts gﬁ’tf:fn%?%g of

4-10- nme red rings are use actone can unsubs

subst i tusté thehideehigh-boidihg compbaids shicha d- dillchh@robﬁﬁbﬁélﬁxd&hétuﬁéﬂph@ﬁ am &dther
substituted with a heteroatom such_as 0, N, or S. One or nore hydrogen
at ons | SRRasEmeRisne solyentibpred & the Pplimesricationeagtitist i t uted with a hal ogen

2t om ( qpgas) FeyGhq s efpiobda LML THNGLRR N e EAURS 1GR9l !

groups propy group, oxy 15
gr oups, es&rsmamaqrmlpa nﬁamuasaclgro@gpssteraa dorad @a@idly‘esgf ORtRs traddestelifichdie can
contain one or nore additional rings. Exanples of |actones include
|aCtIdémné“V@@|Ide di oxanone, 1, 4-di oxane-2,3- dione, s- caprolactone

(3o AREL PO LELE I YR a0 kS 005: o0M Wil o

t hato art@eie ﬁﬁgbheo&f erBBd Ayt AGtoBes2dY 4-1 R RRERMeedd drgsatd @8d PThy MBfdné@hh @8 of a
macrocyclic oligoester with a cyclic ester. As with state- of-the-art

pr oc es sEKubsitutpd py srbstititady chqr@w@ parbon) plogwds the lectons sjmetire parmbrl
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di oxi dgacteadsthRtuseth BS smhwtearwlﬂa& hﬁlﬂgé‘rﬁét@ﬂm/(@ le., P,OCD &, ort I bk §theAkinBonal
organotin conpounds include 1,1, 6, 6-tetra-n-buty 6-di sfam a- 2,5, 7, 10 25

t et r aoxeieyRs iscladingelkoh gtavpy (a2 netlyl, @th[vb irejeyls dqutbgm lachyﬂmyl gowp, mglmlmxx 1 V)

OX|§ such as di-n- but ltin I\/ll)1 OXI and_di H %% oxi.de

acycl | I 8%?90&%%&8}1 hank ic GEUPSe I he gaﬁ éi%n fie %}WF’? ﬁmore

tri-n- ygdaiinderingh. ﬂi}iﬁﬁ{;ﬂésﬂ{fﬂé&on@s ﬁich@élléiﬁﬁlezgl?éblﬂé dHbxanoRs!tyd-Hiokbhdsd 3di - n-
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but oxi de and 2, 2-di -n-butyl -2-stanna- 1,3 - oxacycloheptane and

trial kydiena sabwlacies, Byrepialsctons, iteseamyathyl glysolidy iBdentySiaetone, gbytytolBitorRat ent
No. 5,348,985 to Pearce et al. In addition, tin 30 catalysts described in
comonl 3 6ﬁﬁgﬁaﬁ°§38 N. 09/754,943 (incorporated by reference herein in
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20 transesterlﬁcatmn polymerization of a macrocyclic oligoester with a cyclic 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-butyltin(IV) chloride dihydroxide, dialkyltin(IV) oxides, such as di-n-
butyltin(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-butyl-2-stanna-1,3-dioxacycloheptane, and trialkyltin alkoxides such as
tributyltin ethoxide. See, e.g., U.S. Patent No. 5,348,985 to Pearce ef 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.



[0048] As for titanate catal ysts, tetra-isopropyl titanate nay be enpl oyed
in the invention. Qher exanples of titanate catal ysts include

tetra(2- ewbybiogsoyd ) titanate, tetraisopropyl titanate, tecTasor/yico7
titanate, and titanate conpounds described in commonly owned U. S.S. N

09/ 754,943 (incorporated by reference herein in its entirety). 5 [0049]
The pol ynerization reaction is carried;qut at an elevated tenperature. In
one enbodi ment, the tenperature is naintained within a range from about
100C t q0@d8put ASORGtamate catalgos, adiomiso kO titmatdauy b &fifloyed infthomvahdad, 150C

to about  210C, or from about 170C to about 200C, .or from about 180C to
about 1gber exmpfﬁs@5M%t%ﬁt%ystscaﬂaﬂwérﬁ@r%tiﬂh@m? {apaie,etraisopeenyd HEeelss s and
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ol i goegimeoposatell by glsnrohdeheeinpoiineliretyyy t he presence or absence of a

transesterification catal yst. [0051] In one aspect, the invention generally

f eaPur 90491 metioieplyerigaiionsepchior Brsmisdut pt amylevatadiemperge.i Mangdes t he
steps Qf,Ruoyd g egéthlgeolg Hofltaindf Rithl d1nd Honah oghe o &%‘ﬁ%’?éo@j of!"
or ganotin conpound, and contacting e ol goester an e organotin

conpourfebhnabbai 100 €Y@t Mdut 26070 esEtdh ebdd 190 oat TIWPO! yeEdre bbout N 70%Eto
enbodi ment, the oligoester has a struc%éral repeat wunit of formula (la): O

0 11 [apowy20R°Q ar frem aboyt|189°C ahRer WO i s an al kyl ene, a cycl oal kyl ene,

or a nono- or pol yoxyal kyl ene group; and Rb is a divalent aromatic or
alicyclic group. [0052] A polynerization reaction occurs between an

ol ilgoeFheparditidnaT CUPII S tdrs PRty clid Oﬁgp@tmmumg@r?ﬁh Yong@undsi S
conpleted wthin about a few mnutes to about an hour. The duration of the

pol ynerlPO¥Mi dropdgsstars indediag tpy, sredismyentiddglomelesulanwaight eppolyestars, hamei o of

25 ol i %est%r tﬁ t he or %na}iog. cosnénou?r}fmthe[ilt eré%)eraaur.e at_which the
pol ymeri o RPTegRref! fEos Pgsrocyctic oliedpsids A OrepRuineOUIRONRISAY RSP Felght , t he
pr esenG®sdice 8Ps aRsRsefifidattdt @tarwt. (ot her than the organotin conpound
itself), and the choice of solvent. The polynerization is preferably

conduct[8@Slindarongraspasérthe mwentiangenereally Sabhessmgiivd fornalring enomnlyestegodhe or

053] T . ti d,.i i ded i
norScacarthit Beludt e s LR L bR R ot G uag aPoRkafiiabobyiatan 1y i s
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here is enployed as a reactant, although it may al so serve as a catal yst at
t he sarfempIROR ©IZOAECRCDPLSOstE] 1607e embddiment, the oligoester has a structural repeat

unit of formula (1,):

I
O R—0O C Re——C (1)
20 where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry, is a

—CQ

divalent aromatic or alicyclic group.
[0052] A polymerization reaction occurs 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



time. The nolar ratio of oligoester to organotin conpound typically varies
from about 500:1 to about 0.5:1. In one enbodinment, the nolar ratio of
ol i goest ewotoe/og89g@not i n conpound i s between about 100: 1 tPeTASOVUL7607 5: 1. |In
anot her enbodi nent, the nolar ratio of oligoester to organotin conpound is
bet ween about 50:1 to about 1:1. In yet another enbodinent, the nolar ratio
of 5 oligoester to organotin conpound |$, between about 10:1 to about 1:1.
[ 0054] Yields of the copol yesters depend on, anong other factors, the
pr ecur stimeo[Tihg ossaremtio afidligaestgatvodrpmotiarpopoas] ©piehlly ediestfiten bleas 500N to
conditions,ggﬂﬂ %ﬂf wor k- up procedure. Yields range from about 85%to

e

about 99U NeSHIEHNER the mofargatiaed gligoesig tgoagagotn ﬁ@'@@lﬂfﬂddmbeté}{%@t
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enbodi meshpounkdds beisweki dgt S0{1ab ybsiitelr: 1. hisyetanstheg Rinbaveiagahe folLeatlR6f
wei ght from about 1,000 to about 150, 000. |In another enbodi ment, the
resul ti AgocsisHEN Qreanatin qepapornds bekteenabprigd: hist abeut k- wei ght fr om about
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copol yeSter has a wel ght™ avérage ecular I rrom

about 50;2A&kin éomp@indeB@pleed, eRddititindondiiidgs, A8s td WHd-§opetitRsd. eVielRs a
wei ght average nol ecul ar_ wei ght from about 50,000 to about 120, 000. [0056]
Copol yeknge §0pt eiout 82pode abelidHY basedan mpaemerwnitsi Hemicaby.dhezigl! rangasfegm
advant a <RH§O%H5%§8&R@@§' As will be nmore fully discussed later, the

copol yesters can be transesterification catalysts thenselves, and nay be

userh i n [aohs]h P athy el Rt doPblyedterdBEHi 04l Uak € welghOBRSi R MBoleAfardReifhtd Blog) about
pol ymers, these nmacronol ecul ar catal ysts have essentially no vapor
pr essur &00Gabout BRY.00Q olnre emdiodimens.ahe reselting epprdyester des & visighh avaagsl

non- pol rig.catalysts,, | i tl.on i\n _concentration.of these

mer ool Rst Gy DLl L3k 18 L0 fohR e R S R B e
to achi eypijdstr ha®wkight SRMRRholeSlANSE SRTRMN abdht CDVIEH hbARAR0 HYS! BIfet t he

catalyst to nononer ratio is typically 1:100 or |ess. The copol yesters of

t he i nvarthesrembodimaenis the sesultig|copolaestd haga ivsight averags mbleaslan weight Hom:aBoutThe

hi r j f st ¢t rocyclic qligoesters allows . easy .
el e BPbie Heat 3 b s tnote? pRBED SRt bl RE R pRr T ARRR W ng
equi pegerage thbREEAOKSight BEH GBS0, 08D aBbitTbMgd@d. [ 0057] The

pol yneri zation reaction nmay be carried out with or without a solvent. A

sol vent [0048) K®pakestersprefiassivicoerdirgoonethwlseestiibed bercdave sevesl adebhoigeows m x
(e ok, A PR L BE e R st S
hi gh- botdthipés eRmReIas nd wedy Rused t b poRI-APANASTnARSEYRRL SHdRERACY - In
anot her enbodi ment, no solvent is used’in the polynerization reaction. WO
02/ 4D 898blp@vlyuses/theps orcromdlecular 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 catalyst to
monomer ratio is typically 1:100 or less. The copolyesters of the invention, in contrast, 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 carried out. Ilustrative 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.



[ 0058] Organotin compounds that may be enployed in various enbodi nents of
the invention include any organotin conpounds that react with an

ol i goest ewotoe/09896n a copol yester under transesterificati @cTamsadditedoNs.

[ 0059] Organotin compounds that may be used in the invention include
organotin esters. 5 Organotin esters may be cyclic or acyclic. In sone
enbodi ments, the organotin esters that_frave the following fornula (1V): ni
R3 OSn-p RA R2 (1V) where each of R “and R2 independently is a hal ogen
at om or[0858%hl Qrgargntmupmpamﬂsem mayfbel%&?n;ﬂmcbd iRfaiidependeneity of the &mfeynidsmg en
atom or, aI Kk rou or Ré %@and R4- ken together is an 10 qxy

atom ofC N RPROYY ?reﬁefrw}amb@eﬂorsﬁtergtgé%n 2 FORYLYPSIE ugfl%fup
herein ¢ s@§t 1f'1<9at1 AYndiMGls ¢ nol ecul ar group. [0060] For exanple, each of
RI and epen ent]ily I's a hal ogen atom a nethyl group, an ethyl group,

a pr opy[00§9pumrgalohntcyinpgm(dsphat oayCbeansdd RO itvekion inolide beganoty eélersan
oxygen _atom_such that the_ nol ecul ar. structure becones R -Sn(=0) -
Addi™t | oHESangtin pefers mppyre cyeliedr aeBclico Jasaae cpiydimsath ﬁle@}%ﬂqoémﬁtﬁi}dbﬁrl@"% uch

as a fi d ring with an oxygen atom and a tin atomas part
of the t\rﬁlgr%%@gfexarrpﬁw 1,1,6,6-tetra-n-butyl -1, 6-di stanna-2, 5, 7, 10-

t et raoxacycl odecane (1) can poI ymeriz& with a macrocycl iC butyl ene

terepht hal ate oligoester (2) to give a copol yester (3) as shown bel ow. Bum
"0 Bu CCBt CHZ CHZ CHZ CHZ{O- C & O o} S SQ%O I§p+0v, Bu 20 (1) Cyclic
butyl ene terephthal ate ollgonér % CHZ CHZ O i n-OCHz CHz
CHZ CHzZ-O-C GO Bu m(3) WO 02/ 098946 PCT/ US02/ 17607 - 13 [00611 In

addi ti on, organotin compounds such asR4) and (5) can react with
oligoesters to form av)

where each of R; and R; independently is a halogen atom or an alkyl group; and each of R; and
R4 independently is a hydrogen atom or an alkyl group; or R3-O and R4-O taken together is an
10 oxygen atom, or R3 and Ry taken together form a cyclic group. A cyclic group herein refers to
any cyclic molecular group.
[0060] For example, each of R; and R, independently 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 R;-Sn(=0)-R,. Additionally, R; and R4 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 Bu (l? (I?
Sn_ /\/O\s s + CH, CHyCH,-CH,~0~C C-0
Bu

Cyclic butylene terephthalate oligomer 2)

-— —<CH2 -CH,-0- Sn O>—<CH2 -CHyCH,-CH,— O~ CO >~

20




a copol yester. As shown bel ow, conmpounds (4) and (5) are readily prepared
fromthe diacid (7) and the appropriate diols. BumOH O S\ +
HOCH2CH2GMR@RIoBB9UESN > + HRO G OH A 0 5 (7) (4) BUN, HPBO/UGOBN7667
HOCH2CH2OH ~Sn I + RO d \OH A 0 (7) (5) 10 [00621 Organotin conpounds
havi ng two hydroxyl groups can al so dehydrate and polynerize wth

macr ocyclic oligoesters to produce stan]]@ate copol yesters as shown bel ow. Bu
0 O HO Sn-OH + [_(CH2CHzCHzCH2 O-'C TGO C1L (7) Bu -H20OO11 i n- O
CHZCH2 48962 - IrGrd i@, ofga@btik corifdunBs suchlak (4) AN SHRnSRaDith cﬂ}gaaﬂa@te Cigx

0- t CCH2CH2CH? 1 --Sn-0 CH2CH2CH2CH2-
cchz mz@di?fg}%eb §_i§ O‘X%b%PW% C%féﬁgua% @F@géig@ée meglli/lwemrﬁ gom the dlad?lfb(?r)yl \

Bu and the appropriate diols.

Bu N /OH Bu /
S + HOCH,CH,CH,0H ———» Sn + H,0
\ /

a’
5 (7 C))
OH
B B
u\SD/ + HOCH,CH,0H —— > u/‘sﬁ :I + H,0
Cl/ \OH a’ \
(7) )

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
l _u n
HO— ISn— OH + CH,CH,CH,CH,——0-C c-0

cl
™)

Bu
-Hzo ] 9 )
_— ?n~0 CHZCHZCHZCHZ-—O-C—@— c-0
k

Cl i
)]
Bu
| Q Q
HO—Sn—OH + CH,CH,CH,CH,~ O~ C:CH,CH,CH,CH,* C-O

| n

cl (11)

Y]

Bu
H,0 | Q ?
—2 -—-Lle,n—o CH,CH,CH,CH,~ O~ C-CH,CH,CH,CH, C- O
m

1 5 Cl 1

®



, SN=0 + HOCH2CH2- N- CH2CH2- OH octyl octyl Bu -H20 n-O CH2CH2-N- CH2CH2_0

octyl n (10) octyl octyl Sn=0 + HO- (CH2) 12-OH -H20 | ctyl --~-

Sn- O (CH2WD2209%9¢¢ yI Yn 5 (12) [0063] The pol ystannat e e®CENES0L/€7607 ,

conpounds (10) and (12)) nay be incorporated into various poly(carboxy

ester)s via a self-catalyzed ester interchange reaction to form organotin-

cont ai ni ng copol yesters such as copol yesters 13, 14 and 15. 10 (10) +

pol ycaprol actone octyl Bu heat | Sn-O'CH2CHZ- N- CH2CHZ- O C- (CHZ)5-0 octyl

q P (13) 1%%d2)+(2) heat 0 %'cf%yl 101 11 3 CH2CH2CH2-CH,-O-C G0

(CH2) 12- O Sn; Q PTGt yi S IR NEEL(RAH(11) heat 0- Ooctyl C 4

H2- CH2- CI—|ZCH§-(50(CHZ)4 CO( ?yll ao Sn-lg) octyl¥
| u

—tho, ISn—O-CHZCHz-N- CH,CH,-0
octyl n

(10)

octyl
. Sn=0O + HO- (CHZ)IZ_ OH
octyl
-H,0 octyl
— ISn— O=—(CH1,—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
bt [ Bu %9 |
————>  1-Sn-0-CH,CH,-N-CH,CH,-0—-C—(CH,);—0
(13)
15
(12) +(2)
heat 9 9 (l)ctyl
—_— CH2CH2CH2CH2-O-C-®—C-O (CH);,—0—8n—0
. cl>cty1 s
(14)
20 (12)+ (@11
heat Q Q octyl
——— —{CH;CH;CH;CH,~0-C—(CHy)y-C-0 (CH,);,—0—Sn—0
; c')ctyl u
(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):



(15) [0064] The organotin-containing copol yester products are useful
ester-interchange polynerization catalysts for the production of high
nol ecul arwesRgbr4pol yesters. 25 [0065] I n ot her enbodi menPEI/usSyzioce7
organotin esters that are useful in practice have the fornmula (V): WO
02/ 098946 PCT/US02/17607 -15 RS R OSn ORs 5j) Sn\ \Sn~ R7T 0O R6 R6 O
D</R7~0 (V) where each of R5 and R6 i_n%ependently is C1-C 10 al kyl group,
and R7 is a C 1-C4 primary al kyl group.” For exanple, R7 may be a net hyl
group, an ethyl group, a primary propyl or butyl group. 5 Each of R5 and R6
may be a nethyl group, an ethyl grou a_propyl group, a butyl group, a
hexyl group, or an octyl group. [00 yet ot her enbodi nents, cyclic
organotin esters that may be enpl oyed e the for la (VMI): 0 0 R8\Sn
Sri RB R9 0 0 RO (VIR 5%8 /0\R8 RO hnde Rgently is a C 1-C
| 0 al kyl group. Each o be thyI gnadup, an et hyl group,
a propyl group, a butB( ghoup, aI@exyI gr pR oct/l grayp. [0067] In
yet other enbodi nents, orglnotin e€sters that are en%l oyed include an
organotin ester polyrrer havi ng the structural repeat unit of fc(NhuI a (V1)

Al k1 P Bl ahlioks 1 e ibashgertRySTRE YRR gfou ok B 410! Byl

group. For example, R; may be a methyl group, an ethyl group, a primary propyl or butyl group.

5  Each of Rs and R¢ 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)
R8\ / \ /R8
a 7
RS o 0o R
(VD

10 where each of Rg and Ry independently is a C1-C10 alkyl group. Each of Rg and Ro 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 formula (VII)
Rio

|

—O0—Sn—(0—Rc—
Ry
(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.



[ 0068] Sone of the organotin conpounds and their anal ogues and honol ogues
di scussed herein are disclosed in the follow ng commonly assigned patents,
whi ch ar ewbaereisp4é ncor porated by reference herein in theiPCTarso2/tmsbdy: U. S
Patent Nos. 5, 348, 985; 5, 386,037; 5,387,666; 5,389, 719; and 5, 466, 744. 20
[0069] A igoesters that nmay be enpl oyed include macrocyclic oligoesters,
l'inear or branched oligoesters, and poJyesters of various nolecul ar

wei ght. I n one enbodi ment, the oligoester enployed is a nacrocyclic

ol i goesheyet atatharaifodimanpihdolipodsier emplagtd gdesiched elipleoyesthérenbodaadnt, tHO
02/ 098946 PCT/US02/ 17607 _-16 In yet another enbodi ment, the oligoester
enpl oy efl§osstsr emplogef isapofysstern b Jo8te wrndinerinfhe erganotisl Gomnesne is anslioyed
is a po n i t . i IS clic

or ganot T ESg Lot LF O SAURRLERS, & oheeR BANOADERERRUIRL SR 6T

ol i goesbdganothAncbnigvaind & Heyrlit organotipestad Th Fetavtigsr @hibd didnaad) did dligdséteris nbia yet
ot her enbodi nents, the oljgoester is not a 5 macrocyclic oligoester, and

t he Sor gaaeoryFlicohigeertal. augl the pragnelje FerapQing aneatiaryek¢ engangtiy esgfbtaﬁﬁl exampltye

o 300y ey L Iy B SREL Sh POO R LSO SR

copol ynggo7ept iCamiwts @hy 906 ¢ employsd irthg @g@ﬂjnﬁeri@ﬁﬂﬂ 008liSoestert AldyeanaEy not
be needed because manémorganotl n _conmpounds thensel ves can serve_ as

t r ansest@RpaUndat Catalysbinay petbe nepdedehaspuse granyoyganetinympeinssphamsstycs pan
applicagi ] N rganoty n ot. exhi bi,t the
e S R B A S RN

abone, ik btif camfoidgansibyddadut o CaNathe desied rédtavizy eefor 8 dastdatatiyst S,
al t hough other catalysts may be used. [0071] The pol ynerization reactions

bet weenisalepigrse sAediscugsrdl ahoyarraganetio grp otzatelitanase eenpuads arsthe prefastedvat ed

t enper at yr.es. one .enbodi nent he t.enperature is maintained within a
range (iagal?"%firﬁlltg%%%}c’t_ ﬂ(fégat% Sa%%%%e 356C. In another enmbodi ment, the

t enper ajgore] | ThEBbRERYREGoMhEtidhs BetBA 8]ifdeidt AR g chMpahistard fed | N

anot her enbodi ment, the tenperature is naintained wthin a range from
about 190Gt Elsvaibdiampera@es, n gt enabgtithent, bheiroeienainte is magnteisedwit Bngs

mai Nt ai ped withjboa. ran bout 140C to about 170C. [0072] . s
Norinot Bt e figb AR b0 LS BR8 ey Biod e Ro R PP B i aingd within
ol i goes} edne Fdeh abtfit POEENBLabHutCIROUR hotHdP BmBEdiAlent e BhPbAtir€ kGhiiftagRHer s
that nmay be enpl o¥ed include ||actones. Lactones nay be a cyclic ester of

fr

any nenbiéthisch rangeyfromrmbene] 2076 del pbatitl 701Ca dnorteanotfer embadinreshites tethpeiatiys isar e
used. The. |l actpne, can _be unsubstit ut r ituted. One or nore carbon
at oms i Wa{rﬁaén?cg%{ﬁglﬁea rg{tgq#?rgla O‘état%b(gg%%é’gf r?ﬁ{:ed with a heteroatom such as
0, N, 0[0_052{ - Eta B Ra NG YR e @ TRy bB cb-PElyRR$IZEd hIBAE VAP oHohesedrihfd can
be substituted with a hal ogén 25 atom(e.g., F, d, Br, or |I) or other
f uridt i ooknefiroemspaunds. N pmgretdliophtaipingipelic esters tharendyye, engiloyed, 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 or 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 a halogen
25 atom (e.g., F, Cl, Br, or I) or other functional groups including alkyl groups (e.g., methyl, ethyl,
propyl, butyl, etc.), a hydroxyl group, alkyloxy groups, a cyano group, amino groups, and
aromatic groups. The lactone can contain one or more additional rings. Illustrative examples of

lactones include lactide, glycolide, dioxanone, 1,4-dioxane-2,3-dione, g-caprolactone, -

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



propyl, butyl, etc.), a hydroxyl group, alkyloxy groups, a cyano group,
am no groups, and aromatic groups. The |actone can contain one or nore
addi ti onaworo2sg®46 | | | ustrati ve exanples of |actones incl eda/usaziicoe,

gl ycol i de, di oxanone, 1, 4-di oxane-2, 3-di one, c-caprol actone, (3-
propi ol actone, tetranethyl glycolide, (3-butyrolactone, y-butyrol actone,
and pi val ol act one. WO 02/ 098946 PCT/USQ@/;?GO? -17- Macrocyclic

A igoesters [0073] One of the precursors enployed in an enbodi nent of the
invention to prepare copolyesters is an oligoester such as a nmacrocyclic

oligoesier. Ajgoesters that may be enployed 5 include al kyl ene
di car bM&%sych as 1,4-butylene terephthal ate ol i goners and
et hyl enfigir8] CRINR KR el HOBRD Ry PRSI bR tredfddditd @&g&@l es of

the fin copol yester product, e appropriate oligoester(s an be
sel ect ecbrfobyestessis an oligeestensuthastaunacro¢ydla 4ligddbtey. Olifdeateenthatmay be yaplioged

| il b d ful i i ce. . Thus,
depend HEUER 1o S ey e GOmegsioh ot b TAHENC tepBI I Sheopuryins:
duct - e . ¢
s i oL KLABRLREEA R rOpRREls & Bt LRRE bR P Bl I ER | O1 e
i Nt hi sploduéenthc@ppiopribty dtigoddttr(shtan beodelectddrfot wd if @ts nimaafaeayxel i C

pol y(al kyl ene _di carboxyl ate) ol igonmers having a_structural repeat unit of
the for 074l ( Many diffgrentpsacepeglie pliggestas readity cap beypasie anfkarg usenwh impigticene, a

cycl oal s I . I di val ent
o ommt 1 6155 O8ar e TREes 81 oREH RS CE o DR SE po B Wl B, or o are
maci(ocyappropridté grestwilie obibostidis) enebd silapdit hahwtia its nphafichese

terepht hal ate, 1, 3-propyl ene terephthal ate, 1,4-butylene terephthalate, 1,4
20 cycl BNER)| Mrsmarelingiiaasstersdhatphashha arloyedtinfhis e entaespimevde.dwé aregiobpy | ene

14" oycl Bresy S RURRA AR AERGAR Ih obyoloHghbyRER o OB REC e of

2, 6- naptielfain@iigedicar boxyl ate, and macrocyclic co-oligoesters thereof.

[0077] Synthesis of the macrocyclic oligoesters nmay be achi eved by

contacting at |least one diol of the fornmula HORa CH wth at | east one

diacid chloride of the forrmula: 25 O d OPRe- (I ClL where Ra and Rb are

as defined above. The reaction typigally is“conducted in the presence of at
15 0O R—O C Ry—C (I)

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

divalent aromatic or alicyclic group.
[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

@)
@)

Cl

@
@

Cl

Rs

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[2.2.2]octane (DABCO). The reaction

usually is conducted under substantially anhydrous conditions in a substantially water immiscible



| east one am ne that has substantially no steric hindrance around the basic
nitrogen atom An 30 illustrative exanple of such amnes is

1, 4-di azawDagobsy4¢ 2. 2. 2] octane (DABCO . The reaction usuaCnuseyiwonduct ed
under substantially anhydrous conditions in a substantially water

i mm sci ble WO 02/ 098946 PCT/ US02/ 17607 - 18 organi c solvent such as

net hyl ene chl oride. The tenperature of §he reaction typically is within

the range of from about -25C to about é C. See, e.g., US Patent No.

5, 039, 7@gatio s@ven eldleasgnethglene {0078 Nedempgreture oihe gmetiortypically s w'ﬂhinbe

pr epar via t condens id ch Wi_t | eas

bi s( hy&gswgwg ToMAbOR}— %ﬁ@ﬁoa Oqﬁéﬁ ﬁs;@d? gxiﬁé»tl%fﬁnt% &39%@5& 1 e
presencg of a highly unhindered amine or a mxture thereof with at Ieast
one other tertiary amne such as triethylam ne. The condensati on reaction
is cono[&)ﬂv&]d Macacgeliesdlmotitalslajsoicar bt prpgradivia the obivkntat®u e aalﬁac[tbctmmwle
chl qri de, Iorobe{; (:1‘1 or._a mxturg t&leqreof See S.,Patent No.
5. 231, TN floewt QRePRAD BRI 6SEOBFh S @rlw&row#véhtef%htha}a@plaﬁh%g

macr ocy, rg‘kéeﬁcé)!)f egﬁgﬁlgi%ﬁnﬂ@re RE YL It tﬁ’érémﬁ ﬁtr 1Sast Sne bRE: telf‘tlaray amine
depol yrreri zat I on 't near polyester polynmers in the presence o n

or ganotsuch as trieith}dmmhe Tieorgpdensetion n:atthjnSS netduottd ih hsebstarpially @stterrgarde e
converte crocyclic oligoesters by heating a m xture of |inear

pol yest %en seh @ g&ﬁw&e@ lgate, UARPDEZ P RE & USRS THEEROF oRe% §al3tPAeh as
atin a The sol vents used, such as o-xyl ene and

o-di chl oro %:If\lzgr%gg]g&gﬂggﬁ%gglare 15 substantially free of oxygen and water.
Sed,0 e. [9079]U. EnotBat @etholids:: prépaAhg, Bfidodyclidsligeebtes o2 tmaatocyclideh-bligieedd6 t 0
Brunelle et al. [0080] It should be understood that it is within the scope
of the thadepplymerizaion of linsar pelyesier prbuaers insthe @resencepiangaganotia or titanate
co-oli )

ot at ed- SRt BB SR B AR BB coreRE RN Ber b E g LA b Bfing
(e.g., amixtoeytlincarzdl@iicgneas beagic salvféﬁ)t hmta u&@esteﬁﬁcdtiog@e&het such@s gtin

macrocyclic co-oligoesters). Copolyesters Prepared fromthe Polynerization
of Macr@dijenpe cgnp@%%t EP%SOAY@’EW&M pelay exyleng ot 9-dichlorpbrngene. Bisddiakent |

th 5 nv e I mer
o o A BSRE o tud SOAMIRE, S B s baRIAD0 Dt EHe0ElY
t ransesgmrs 56&m@t@r13rq1aélﬁleyax at an el evated tenperature forns a first

polymeric segment. Subsequently contacting the first polyneri c segnent, a

cyclic 988¢ tisheuld be w@deratowéhaé@y&whm tht 5o9pe of the inggmgion feemploy co-

por yroreokiah: PRS- SlafRef) B AR ERRERT Tyo PR AR 2 tes ¢ oo

nunber @hertiisBgatéd) a?d@nfpﬁﬁllﬂibﬁ 4tiele korgeieby st eferdi@\Vilipdcaedi(é.p omatrotydlzt and

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

Copolvesters 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 times 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



[ 0082] The above nmethod of making a bl ock copolynmer may be nodified in its
sequence to begin with a cyclic ester. The polynerization nmay begin with a
f or mat i orwofozasshe©ck of cyclic WO 02/ 098946 PCT/ US02/ 1760 PCTARI2/EBOET .

Thus, a first polyneric segnent is formed by contacting a cyclic ester that
is not a macrocyclic oligoester and a transesterification catalyst at an
el evated tenperature. Subsequently contpacting the first polymeric segnent,
a macrocyclic oligoester, and the transésterification catalyst at an

el evat egstareifes,atfinsepdlypmenc #gaenbis dompodybysontciggaeytlic efhethabiswet st eps ar e
then 5 se uentl.i all.l repeated a de..Iai red nunber of tines to forma block
copol ynmBfeREXANS 1§§?ﬁt‘?ria8 gfrapsesieriiicatinn cagalyyh gt aﬁ’oqlwdit‘émgéﬁﬂ’é‘?\tggbsfmﬁ}’ I n
one emeatRAk hd BsPhANRES. &eRlALk TRPALURESRocheY LAB R ek dfldYgd fom a
macrocyclic ofigoester and a cyclic ester, the maérocyclic oligoester and

t he cycddatalystst ax elavaied teametatue Semsentecanid polymediesgmeht. STt dbbeanstopssiry then
Dependi ng on. t he appl.ications, it y be 10 desirable to have a_bl.ock

coB |ynS§ﬂuﬁ‘ﬁ5 -lxﬁemﬂf?é&d%a&ﬂ? RAgper PbHNGS InioRRartbeskopelyBicr fadag additiprpl first
cyclic t T : od of making a bl ock copol ynmer can include a
step ofaq@osg%%%%ﬁ%ngﬁ@%ﬁg%yg ester and a macrocyclic oligoester in the

pr esencl@083] alpateysrmbodimeitpto repaat ¥ btock cofpelyestea hatihg bldcky faivell flnpak. A
protocol can be designed to achieve the desired copol yester having two or
mor e diPREPSYFICH lse%%%e.r andha gyictssish, the mecogydicorizaester apd Hie ¢ysliy aen aat i on
cat al 3 ' ) r frf ks in

pr epaﬁltﬁgdg@%ﬁ(fggﬂﬁ%%g%tgﬁgﬁ ésglﬂﬁl%glr@gusg ':%é%gr%gﬁlgé)at fé%?}%?m%t%n%g%n%#&%oyed in

eadlo ofdesireblpod huxerd Fatl apobhep havingGlstks Herivedtfroanbdih efiacasqyelid oligdester and
invention features a conposition of a copolyester. In one enbodinment, the

copol yeSels esigis Thys the mathod of opaking 3 blogke er cap incdylera Yeroliontrsting al
' f_f ey . [ ) .. '
ol ky1 oryHEETH fhold hhorbhfic biboes R rEMEErSehecbth dopiepeauth Gk Plo i) |

di val enhiratgredfittodks Abiotyol tah g designe@ithchievt Basdesidditedpolyesiethaling#vd o10f
formula (11) O R O-Rl >@ﬁ(1|'|') where Rgl._and R1, are independently a
di val erfRoisrtiEaicnt borkes In afldinon.Khe s oishiffensat pakgnerizatign catalysts may be used in

15 forming the two or more different blocks in preparing a block copolyester. More than one

catalyst may be employed in each of the polymerization steps.
[0084] In yet another aspect, the invention features a composition of a copolyester. In one
embodiment, the copolyester has, within its polymeric backbone, at least one structural unit of

formula (Iy)
I
20 0 R—O C Ry——C (Ip)
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a

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

O

|
R;—O \ Ry
D
where Rg; and Ry, are independently a divalent organic moiety with the proviso that R, is not
25  O-Ryx-if Ry is —Ry-C(O)-. 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.



25 ORx-- if Robis Ry-C(O-. Rx~ is an alkylene, a cycloal kyl ene, or a
nono- or pol yoxyal kyl ene group. Ry, is a divalent aromatic or alicyclic
group. [O@BIp/0PsI4@NOt her aspect, the invention features aPoirask2/cspol ymer
of polyesters. In one enbodinent, the block copolymer contains at |east a
first block unit and a second bl ock unit. WO 02/098946 PCT/US02/ 17607 -20
The first block unit has, within its pelpyneric backbone, at |east one first
structural unit of formula (I'b). The second block unit has, withinits
pol yner Tke fatkloekenit hes, vdthén itopalymedobatkberte; acleast ahe (st strfturblonmitio R (11).

ns addi ti onal bl ocks

ng? g} n%loﬁlaugglbﬁngg‘%se%gg‘%h@cgflpﬁb%gEvé Eﬁ?g %egg%‘%ﬁ%ﬁ? Ph'Fast ARe 85R84i ni ng

at | easdireftalinitFtiin@llaimy.t of formula (11). Thus, a block copolynmer may
contain bl ocks derived from macrocyclic oligoesters, blocks derived from

cyclic B68¢rsn @nmlennibaﬁhmgntd‘élelw cbp(dymbmdntams:adnhtymial blocks @amdédieg at land

| th d d bl ock d th
herbor BanRi d8it el St Gl CopsBimnagiet st cntal gAs of SImabdy rer s
Prepar eflyfsr 9B1dcR oy MEEMAY 85dAtAR bRIcks MAGFAFTh hiacRlchc lf&%ﬁ%@é&er?%o&sganm In

Compounds | 0087] I'n yet another aspect, the |nvent| tures
copol ye@:rmsd fnom cyredic eﬂvbrsdambbibckstdaeved:ﬁ)mlbpdsﬂrmrocytﬁlc wiigsesterd drtal dycht S

poI yrrerl kb one uctural unit_ of farnul 001
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group; and (b) at least one structural unit of formula (I1l1) RP -0-S n-0
| Ry (111) where each of RP and Rq i ndependently is a hal ogen atomor an
al kyl g i 20 msnts, RX is one of an ethyl ene group
ol 8lal ent benzene group. In other
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[0087] In yet another aspect, the invention features a copolyester. In one embodiment, the

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

il) lcl)
15 O—R—O0—C—Ry—C (Iy)
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a

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

—0—Sn—0—

Rq

(1)
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 R; 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 (IIT) 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.
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butyl group. [0089] In sone enbodinents, the nolar ratio of structural
units of formula (Ib) to structural wunits of formula (Il11) is from about
500: 1 to wbmadP4®: 1. I n other enbodi ments, the nol ar ratiPETIGS02/2B0T r om
about 100:1 to about 0.5:1. In yet other enbodinents, the nolar ratio is
fromabout 50:1 to about 1:1. In yet other enbodinments, the nolar ratio is
fromabout 10:1 to about 1:1. WO 02/098p46 PCT/ US02/ 17607 -21 [ 0090] The
wei ght average nol ecul ar wei ghts of the copol yesters typically are from
about  [0090D (Ihe swight aﬁﬁ@gmﬁlecuh onighim doti copolyestelseypicglyl yefbmrabbas a

wei ght age nol ec r. weight from about 1, 000 to about 150, 000. In
anot her ?bﬁégg;}f?élﬁ%@o bj‘#@ Ie&aﬁleg@gfl%?enﬁé e ePPRbIERiRY asaav‘é?labféwﬁfﬂg@@%ﬂleﬁﬂaﬁ/el ght
from ab I
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nol ecul ar &{rom pbout 10,000 to @{)out 20, 000. Copol yesters_as
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f eat ur eg, AndRhRMintdR, RO il

enbodi nent s, an 1(:ont aPn%; cégﬁ%ﬁgse@ggg{%ga%}aIggoé%p%llégovegl {%O%L%U??ép
as tranmeahoati(i,()@mu on cat aI ysts in the polynerization of macrocyclic
ol i goesters. The nethod includes the steps of providing a macrocyclic
ol i goester, providing a polynerization catalyst, and contacting the

macr OCy@'o'gﬁly?#th%%‘ﬁsﬁoﬁmgg%tid?lecgﬁll %S@geri zation catal yst at an el evated 15
t enper yester. The macrocyclic oligoester has
a st0ucfovad] bepeahothenispedf the dnvaation fdat)es a@n@thod Tor JolyRAerRidg Ruharoayclicwher e
Ra is an_al I%él ene, a cycl oal kyl ene, or a nono- (?Ol yoxyal kyl ene group;
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I 1 O h¥tiodlindRudes the $tps of providing a macrocyclic oligoester, providing a polymerization

npl oyed

catalyst, and contacting the macrocyclic oligoester and the polymerization catalyst at an elevated
15 temperature thereby producing a copolyester. The macrocyclic oligoester has a structural repeat

unit of formula (I,):
)

.

O0—R;—O—C—Rp—C (L)
where R, is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a

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,)
o)

I
O—Rr—O—C—Ry—C (Iy)
where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a

divalent aromatic or alicyclic group; and (ii) at least one structural unit of formula (IIT)
1|‘p
—Q0—Sn—Q0——
Rq
25 q11))

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



where RX is an al kyl ene, a cycloallylene, or a nono- or polyoxyal kyl ene
group; and Ry is a divalent aromatic or alicyclic group; and (ii) at | east
one strucworealosgemét of forrmula (I11) RP -OSn-p | Rg 2®CElusbhy/176éwher e
each of Rp and Rq independently is a halogen atomor an al kyl group. WO
02/ 098946 PCT/ US02/17607 -22 [00921 In some enbodiments, R 1is one of an
et hyl ene group and a 1, 4-butyl ene grou 2_Ry is a divalent benzene group,
and each of Rl and R2 is a chlorine atom or a butyl group. In one

enbodi nBAH2] t e soré amboditientsoR, Stoheof b athyléné pouphind anmibatyleh®prdug, R, is a
structut.al, units of fornmul a%ﬁglll‘% i.s from about 500:1 to about 0.5:1. In
anot her (¥RISBUPSRERIRS S1PWR aRs Pach oftiiandiRe if ¢ shioEBO MPmM@IE: buty groumbaene0. 5: 1.

In yet &HQ&&%PEM%’I@&EO otft ud 1ifsa§fif8r1ﬁlﬁa EI{E)OLH]sﬁ'thtgtatl ﬁgléslclitf?%n%gggf&{)l L

In yet anot I ment, e nolar ratiro 1s*rroma

1:1. [ 0893m dbeutpoDyneabaatlion hedndkhes tmByinient iwdtoRt rdtdds ol dboao IpmNent
conmpounds .t hat _have a weight_ average nol ecul ar wei ght of from about 1,000

h h
to aboul® 2Pout Bad. Ipaeiamethsnemliediment. theyaolag gioliy Gemeboutalb taabgat gt In
a"eragﬁéegt%&@}g} élﬁb&ﬁ{ngﬁt glfer a5ts ﬁro&%}g?&ﬂo@f%“a%m}%fiﬁgooo- In 10 anot her

enbodi e copolyesters have a weid aver age cul ar weight from

about 2j0098] (TheabBuerik2hntdhlyst hayehcladwithedst ﬁﬂ%&fﬂﬁ@ﬁt, cobiPua@p@hdiestar s
have a wej 8ht avera&g nol ecul ar.  wei ght from about 2,000 to about 50, 000.

In yet Wrighhayerageypeleerdaneeightind fivapahaps 41080 o rhope 200,09k e spdodigeent, the
| ecul i . 120,000, £0094] T
ol v el Fone o bl A0R- 18- AR noR0B0LOdERAbHLIRN, tboue

hourd  dfotHdr@entbetahdmdthetogolesRe Bave hivailit ARehgP®iblcolilaf GRRALEoAMLEBIY,000
factors such as the nolar ratio of macrocyclic oligoester to the organotin

copol yeiotadout B 00ks tIn yetrnothehpabedimest, she woippbyhsters dayot yietght 2egragsrmeleadar on

is carrj {red no | ar ight, and.the choice .of solvent.
The pol ‘b’%%ﬁ%é’ﬁ at(‘))rgﬁﬁ isjﬁ(?)dr té)fagf*)%tbioe;?&}cbo ﬁag\é\f@gﬂﬁﬁ %Boﬁﬁleflﬁe% AP FEANBAYE 2 such
as undeweight 48R mleciddrdMightFonkl BEIAT 58,0088 868ut 280,06095] The

pol ymeri zation reaction is carried out at an elevated tenperature. In one

enmbodi n9AP4] t Aée pehprerizationdypisalissis somiplesel withiniahowt arfangeinitesio aboue hv00C t o
ab 0C, | appt her enbadi ment., the t er at i S intained wi.thin a
Cande 1 Hsrauslon S8 SRt e dshe P A MR rEy alsan i € pier 6
t emper alh@él@cy@icrmi_gﬂésﬁérﬁ@%e%réﬂioﬂn@o{;@ﬁ}&@e_rfch&[ﬂsﬁ}lﬂ%%miagﬁfﬁre howRRRWe 170C. In
yet another enbodinent, the tenperature is maintained wthin a range from
polymerization reaction is carried out, the desired molecular weight, and the choice of solvent.
The polymerization is preferably conducted under an inert environment, such as under 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 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

25  about 140°C to about 170°C.

Mixtures of Macrocyclic Oligoesters And Catalysts

[0096] 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



25 about 140C to about 170C. M xtures of Macrocyclic O igoesters And

Catal ysts [0096] In yet another aspect, the invention features a nethod for
manuf act uwDrog/ogsome xt ure of a macrocyclic oligoester and &Cpaispmersdzat i on
catalyst. The mi xture is substantially free from 30 water. The net hod

i ncludes the steps of m xing an oligoester with an organotin conpound,
heating the m xture of the oligoester and the organotin conpound to an

el evated tenperature; renoving water génerated during the heating step,

t her ebyligbesemandprgardtinednmpeand; iand nixixg tireedridd r¥Rt10R /i1 ABSAEE FUGDLISAR/ALES07

- 23 oligoester and OﬂﬁﬁQOti” conpound; and m xi ng th? dried reactiaqn

mi xt ur ETENOERicgEwORRY Walhdhe mecrogyclis Rbepssies dapiBa AR FeRsatiRii dgnyle
oIigoegL%r having a structural repeat unit of formula (la) OOIIlI Il ORa
O C R5- (la) 5 where Ra is an al kyl ene, a cycl oal kyl ene, or a nono- or
pol yoxyal kyl ene group; and Rb is a Odival en© aromatic or alicyclic group.
The ol igoester has a structural repgat unit]lof fornmula (Ib): 001l Il O
RXOCRy C(lb) where®Xipamalkyleng (;¥cLoaIkerne,(pf a nono- or
pol yoxyal kyl ene group; and Ry is a divalent aromatic or al‘icyclic group.
10 [5009¥}er¢ R, onen &kjlenk, meytloalkilendlor gmesioe br palyexyatkytene godupcaml Rgzest er. I n
one enbqdi.nent, the rganotin conmpound is an organotin ester._ In one such
enbodi Y&l?nttaﬁ@n%tﬂfg%agkcgﬁwe@?m i (ﬁlgoe%q hes agigane repeaistdtof fprmyadlokuch
enbodi ment, the oligoester is a macpocyclicooligoester, and the organotin
ester is a cyclic organotin ester. [[0098] THe oligoester (e.g., macrocyclic
ol i goester) and the pokyner'zagbon @atakyst e.g., 15 organotin ester) nmay
be m xed together by various' neans. “For éxanpl e, any conve %}onal_nixer or
bl enderwhm?%bés angkplpeel aqyclepbiylene oradraney ef Pelypolalletane eraip; aahByiswi t h t he
pol ymer j.zat i.on tal yst wvia itation at tenperatures below the nelting
tenperalﬁﬁéﬁ5¥mP%%3%ﬁ%F%9§:roggpolyester ol igoner. This process may be
con@uctegondef ordenhBiflithed! 10 SHPEYRr L MadDcielRidlico&eR. &l HRSMEIEment2the
[0099] A solvent may al so be enployed to assist in the uniformmxing of

t he macredPEin comporhd iscast ergangitinigsten elnpok yuelr ¢mbadimant te prgesiptin vatel isas

solvents can be use nd there i.s . .no . . N
cycl(l:c organotin €stér. 3 Oné {1 émbodiment, the oligoester is a macrocyclic oligoester, and

the organotin ester is 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 macrocyclic 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 used, 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. Illustrative 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



limtation with respect to the type of solvent that may be used ot her than
that the solvent is substantially free of water. Illustrative exanpl es of
sol vent s wbak/opsye be enpl oyed in the invention include neCharsot/176e1 hanol ,
i sopropanol , acetone, nethyl ethyl ketone, benzene, toluene, 25 o-xylene,
chl orobenzene, dichl oronet hane, and chloroform [00100] The m xture of the
oligoester and the organotin conpound iy heated to an el evated
tenperature. In some enbodi ments, the mxture of the oligoester and the

or ganot 119°@sfreyetiother leediodunents, thetreixpee &t hentedfto anempoatire AT abautdd6q t6l90C.
In other e diments, the mxture of the oligoester and the_ organotin
ester i asboﬁtgﬁé%e{} B ye qté??ﬁé?%l]?@% RSP LHEE LS Aoge to g t%‘BB?I%mWQTQFgQWéOC
PCT/ USOR!/. o@2 : ' ' ' ted
fo a tooeyarret faeldert boiBl (R MRLRIRITRERN G bl B Red Sich Bt o8 0.
t he m xsubstentied hiyémiysts ¢fchaoligrester adcurse fr om about 155C to about 165C. The

t enper e the duration of heating step y be sel ected such that no
sub aﬁﬁ”iﬁa‘?ll hRISI)Y Re ginerated 5o derhealing siep gRdinag be grmaevefl bygne enealmaay

gener at g £ 00 JN&nEAHY 0P %ﬁg@ggﬁ@tﬁ&n&g@g&%%éggxw%ﬂaw d

means such as condensation o rou er -or punplngeamay
under apresdiec eflfterphe sautien mbftueris dfel, tleaeidtion nikkirebLoligoester £d, orpdi@tin
reaction mxture of oligoester and organotin ester is mxed with a

macr ocy Sl & Bixedosdh e macyepslisligaesierts praduee smixiurpelaoayereielioligesstsr arnd and

a poly il IO t. 10 [00102] In sone enbodinents, the nolar ratio
of ther%Fdl %Igéeﬂé?%lr()ﬁt%%ﬁ'!%g organotin ester mxed is fromabout 500:1 to

abolt 0{08102] Innscidwnhbaiiimedisnhat®lartite efthablig@ksicotd the bf@Avmbedsér M3@d s t o
about ot her enbodi nents, the nmolar ratio is from about 50:1

0.5:1, |
to aboufom ?‘li(?utIHSrQ%ie/]fattO abgrhp:le Ap gtcheRbadiments, the mplarratiq is fom ebarhladd e 10: 1
Lo ep T . o ! aoe !
ol yrrar ol 5.1t YECSnd a8 nPRE RAME ol ROSETholia, pvet |

free fraherwattedin@anshé idlartrit Wichiadubag:1 a0 wedign:icont ent | ess than about
2% I n one enbodinment, the water content is |less than about 0.5% In yet
anot her[08H5 di he mixtuhel megre¢ycliopligasster and podwmerization lsatatystis odstantiad figqr yet

an er g[’rtag i : t tent i ss_.t han, about. 1, 000 In yet
an 8{52 erTTRSE %r‘rre n E)?ta%%glywa efr%n& g}é&é A %alll‘% %e@% i 5enha:§baovtvﬁter5'{%‘%ﬁf) Eﬁ%g}hﬁny et
anot heratethzydi 1€ bhe etnbedivRhe theowmteddintdns isl I@EIhihadbuadout. 1296t fdMer 20

[00104] In preferred enbodi nents, these nethods of producing a m xture of a

macr ocy¥mhadiment; Geesatercoatrt i lpwithaneabpytd-P¥hrrrat B yai enether anhodipositnget he
bul k Ofw{itgreco Chrt?scpégg th gl')('ngcf,ef&b?hmt % g‘é‘%%nﬁﬁeég%g? iﬁeﬁ Edie:]\gat?rg(lf?g\t/egl}it isél?s%

macr ocyclTc oligoester (e.g., org
wat er, @i 3bouiB00 ppeI tth §8t Blbtteh embPHIimesY el vwated doRRBS IsEssitBantabRASEED Hyfin.

vvatzeor : I—?/dr olysis of macrocyclic oligoester is therefore mnimzed.
[00104] In preferred embodiments, these methods of producing a mixture 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
catalyst. The tin content of the mixture may be controlled to allow easy mixing of the dried
reaction mixture with the macrocyclic oligoester.

[00106] The compositions and methods of the invention may be used to manufacture articles of
various 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



25 [00105] Further, the reaction m xture of the organotin conpound and the
oligoester is an active catalyst. The tin content of the m xture may be
cont r ol | eaotoe/ogdoho©w easy mi xing of the dried reaction m PCarnsomiehr t he
macrocyclic oligoester. [00106] The conpositions and net hods of the
invention may be used to manufacture articles of various size and shape
fromvarious macrocyclic oligoesters, c&rg_anotl n conpounds, and cyclic 30
esters. Exenplary articles that may bé rranuf actured by the invention
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b b , aj f M i dm |1 WO 02/098946 PCT/ US02/ 17607
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shafts, o) MSH{ fnle B! Wafb%%ﬁ 8}}%)/ iclel @Bus | t@? f ﬁﬁ&E?n gtb%qllﬁ.‘tlu&%ldc yA?hﬁer QK.

and machi ne "housi ngs n the nan ure o , various

ty pes oi‘s ifidlbdedrts anlmyvde déshel pdadse & gropdret aIQi' henbe pesémich thdeekultthgasdlyedwe a
desi qurpoa; or property, and nmay be present in the resultin poI ester
Oé
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mat eri al or t yner produc dse the strength

of the poleyeshestraaly obthe @blyéstelt polmdrigroditct. A Slenayo PP piohede®t réR@Ye6lor,
color, provide melght or bulk to achieve a particular density, prOV|de
flame re8Videarrehtor bulk togehigve ¢ pariculredensiianiovideiarse pulsianee (e be érflamaror e
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desirable pr bert|es as recogni zéd by a's

exaltpl esthafdebirdbiepropatties as eatopgzat B}&r skillddrashns iTiHgRtiGe etdnifey srflrPxEb e,
cal cium carbonate, chopped fibers y ash, glass mcrospheres,
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Fill t
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pr epar emppby ediedbefab YiRingCONaTRS t}ie@%lynﬂe@zb@&ﬂ&&tlmehh@ernrmh@ero¢yaht: he
nanufacture of an article additional conponents ge g., additives) nmay be
added. ¢ligogsiey and; a,eychig gster. ialens gan briescd & prepmedo Sﬁﬁfgﬁmh’@er W@@W@ﬂ?%

matesi a n | J pl i zers rd

I ublﬁslr ca{rqﬁmss} Fgﬁheqﬁlagr’ 1%leases géxﬁl&é %flﬁ@ﬁ%}o hcém¥p8p?rb aéigat s are
provi deday be ddidelih €Nustdative édcﬂtlﬁesaﬁtduéecboicﬂﬁxhtls Jpighents, hﬁag%@tlélﬂﬁ%hﬁlsaﬁﬂi-ng of
the invention. These specific exanples are i ntended to be illustrative of

the i nwadantehV viabilietsdplesticizsss, Arqsthrdansimlethisgnts condrmoldgelaasgs.be confi r ned
by conventional techniques such as proton and carbon- 13 nucl ear nagnetic

resona troscopy, mass spectroscopy, infrared spectroscopy,
di ffer%—@@gcanm ng calorinetry and gel perneation chronmatography

anal yse@010% The following examples are provided to further illustrate and to facilitate the
20 undefstanding 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 macrocyclic

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).



Exanpl e A [00110] The macrocyclic oligoesters used in the foll ow ng
exanpl es are the macrocyclic oligoesters of 1,4-butylene terephthal ate.
The macr owpakiogsdad i goest ers were prepared by heating a nipxrurse2/ofeo7

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

o-di chl orobenzene, which 30 are substantially free of oxygen and water, and
tin or titanium conpounds as transestqgéﬂication catal ysts. See U. S

Pat ent No. 5,668,186 (incorporated herein by reference in its entirety). WO
02/ 098946 PCT/ US02/ 17607 -26- Exanple 1 [00111] A small vial (21 x 70 mm
4 drun)E eauj&ped with a 2.5 cmnmagnetic stirring bar and an argon/vacuum
adapt ertX €¢dharged with 2.0 g of macrocyclic oligoesters of 1,4-butylene

5 terep a Vi al : into an
oi 1 “bar p VR Gmall aloR x ifal ARG CORBREF e o2 U ERCC SRR GR i P 2
under Jlamargu@eammom ddaptey,acasiimmged withteh g béleaserklisi digoesigonf 1 Yraeylerd gon,
predeterm ped ampuynt (51.9 ng to 415 ny) of s- caprolactone (dried over

nol ecul @FGPBM)%Qa%W%HGWFWC@gFQ Yigeum-pRd igynersed antpas odtbatydd 99§ one
m nut e : . gelet ' Eelaeer | @ 9 t]

cat al ys?ﬁ%%%ggm ggil %r&[ﬂ(ﬁ{ggﬁﬁﬁcﬁvﬁs t té%\%ﬁge as gﬁgg‘-ﬁ th ?%#Ri ﬁhe@acﬁﬂm wab

o- di chl thew bdewmedieith hagohe 2(dder Sidon Ykéddt@minedaindoun€ st O toHOS UEh opf-

di butyl tin di oxide/ Dl OP plasticizer available fromWtco Chem cals

( Cr onpt FRrdacipey @ripdayer mrplecyassigvehyayadded viem Syrirgsr Bhepmibdwe Was stioed for

Stirring s e it hij t 5.10.10 .seconds. er. 1 i.-nutes. the vial
w1 enasIRRRRCH 1M (b AN wCpfefeiREE ARy (£50 Foid 2 T kel Loy or
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di ssol ution in 15% hexf| uoroi sopropanol /chl oroform the sanple was anal yzed
by gel l:peeasiian pesuetoishentplginalionidg/BiQY plastieizar ayeilabésfibmsWiee Chemisalsi n
Tabl e 1, e - Po| rization Macrocyclic O igoesters T . Wth
s- Capr oqcar-grlf%gkoél (%%rpc%g%u&r%ﬁ nocat a 1%rteac pae ?"15? g%‘\tag}?evll%@%‘%é tém’ng S%R%d Range

O ¢ ( Meltai 4Batii Plo HoseBoddsmentidvvs T es, ey ihl Wk Erdotdabm Rl Jh@and (vas
00/ 100 94 132,300 221 198-230 49.7 05/100 96 140, 180 214 200 - 220 43.9

15/ 100 ggnadigielygooledavitlyge-wapero Thg vial vag biagen ggretryvegsempioofiispoly@eq 24. 7
25/ 1]500 gzter]'(%é}SOﬁ%%n]ig ? 5‘%Sf(x)ex_ﬂu%1‘2095o:lpsradpéémoI?’c%o:lr'c(>)1£<))rr£1r91,7 th% %Qmﬁ' eowa]s7aZ1a ygeod by él'e?o 17.8
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
S—C?I{)/Irooll;cg:t(;g()?BT % Polymer| Mw* | Tm (°C)" Meltinpg(g(rjl)dgtherm AHE (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 24.7
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 14.4
40/100 92 136,000 164 145 - 180 11.8

20  *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 (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



35/100 98 128,800 170 150 - 180 14.4 40/100 92 1136,0001 ' 164 145 - 180
11.8 20 a Mol ecular weight (by GPC relative to polystyrene standards) b
Peak tenpepavus4©f the nelting endotherm (by DSC with hea&Cirngor/atee7 of
20C/mn) 'Heat of nelting (DSC with a heating rate of 20C/ m n Exanple 2 25
[00112] A small vial (21 x 70 nm 4 drum, equipped with a 2.5 cm magnetic
stirring bar and argon/vacuum adapter,,sas charged with 2.0 g of
macrocyclic oligesters of 1,4-butylene 02/ 098946 PCT/ US02/ 17607 -27

t er epht lesdphthalatd@hEhevial wasthen bemected ne edcadnt mdvimeised amd anroiEsasiest 1900, an

oil bath at 190C. . Upaon ltjng, the molten liquid was dried for 3 ninutes
under 1YRMR Wi“ﬂwhe'lfﬁ%lte?g@&dﬁ" drieq foen ni*@]“é&%’%@fl’\}\ﬁnﬂlﬁ vapyen. Thp dequuay yen,
pr edet ] FoLt 1. . - t dri ed over
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o- di*ch| YedBEnEeHe 9076 prger pigomp A predetermied awpins K980 male % of dtanetgidatalse f r om

renct | oD LR b ik e Btafih DB ERp R PR Tl e

secondstitafédtt @vailable b .1 8u PohENMhahrs WA CopRMEAVIIA@Bten, IDIRVAe). K Was
i mmedi ately cooled with ice-water. 10 The vial was then broken to retrieve

a sanpl Esyfing Frachen jrpre bepamae vigreuso | Siiriiegstpppedswighin about 5 to 10 seconds. After

hexf | uoyQj |.or of o tk anple was _anal yzed. b C. The test
resul 1o SrRRRO AT SRR B! G g gith-38 TR Siad EomETRAE Rt e i b o

A i goesTiey Bialas théh bioken taihvactsanpld i tﬁgpﬁ?ﬁei anfasedishdionsh 13% Tenp.
Range O (Ml a E-C stone/ CBT % Pol ymer Mva Tm (C) b Mel ting Endot herm OH
(J/g) lewblugroiseprorspol/ dyorpfymg thegempbnwarmalyged by OPL0(Thr3ew resulip hrscshben

wei ght ﬂlbﬁ/a %3% relative to polystyrene standards) b Peak tenperature of the
mel ting ené’o 'erm (by DSC with heating rate of 200 mn) 'Heat of nmelting

(by DSC wi th heati Tgbleat €oHolymetiFAtion O MRr6&yclic Oligoesters CBT

With e-Caprolactone Using A Titanate Catalyst
15

Temp. Range Of

% Polymer| Mw" | Tm (°C)° Melting Endotherm | AH® (J/g)

(°C)
25/100 98% 95,000 190 170-200 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 rate of 20°C/min)

e-Caprolactone/CBT
(Molar Ratio)

Examples 3

20 [00113] A 100 mL 3-necked flask is charged with 1,1,6,6-tetra-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 mol% ethylene terephthalate structural repeat units (4.923g,
0.0225 mol repeat unit; 90 mol%), and 20 mL of dry o-dichlorobenzene. 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



20 [ 001131 A 100 nL 3-necked flask is charged with
1,1,6,6-tetra-n-butyl-1,6-distama-2,5,7, 10- tetraoxacycl odecane (0. 733g,
0. 0025 nowoto409891® nol %9, macrocyclic ol i goester conposedPaf/1EB2/11601 %
butyl ene terephthal ate and 5 nol % et hyl ene terephthal ate structural repeat
units (4.923g, 0.0225 nol repeat unit; 90 nmol %, and 20 nL of dry

o-di chl orobenzene. The m xture (a sol utigon) was stirred under nitrogen

bl anket and was heated in an oil bath. The viscosity of the 25 m xture

st ar t edb-@&g srfle.a &P Gurnalysisheveaatedphatapnvarsion sEmacrogpdigtoligét@r v@as 106% amlg  at
about 70C.f or nut es, I Xxture becane very viscous. Further

heati n iL%Peaé%ﬁ]tec‘%‘?bﬁe%fwa%%ﬂﬁmrﬂm '60 minutes was followed by cooling
the m xture. Wien the m xture was cooled to about 130C precipitation (due

to polynmer formation) started to occur. The m xture was diluted wth 20 nL
of toI Uswendad cool ed to roomtenperature. The precipitate was filtered,

por ymer 9041k B Beshes witeshul Tt B bbb o-dngms S5 0F oo

GPC an%ﬁ@dxaqs&a&%hﬁ@(1tmtg @mﬁbﬁﬁmoqﬁol hfaeab%&afc o@ilgb&@é?%b oS, 130 %
and the peak nol ecul ar wéi ght was 47,000 daltons. Exarnple 4 5 [00114] A

100 nl Belffebitatent rt@csp(hthda‘r@ land § eabl¥4 d:thylene terephthalate structural repeat units (4.376g,

1,1,6, 6 ra: n- b n 5 et raoxacygl odecan
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bl anket and was heated in an oil bath. The viscosity of the m xture 10
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formation arted to occur. The mixture was diluted with 20 nL of toluene
and cowobkd to goerdempaaiyes: akherpeeciflitase Wa@ﬁltpﬂedawhmwhiwlumee@d driedhademi t h

tol.uene and dri u er. 5 vacuym at 6 i el po a white
boter vagaen gt 6B o PhSHiel SR RS o e apBAPL RS RavE b ATS L ity
macr oc 098 WS 0
dal tongebé%%%cpn%h grEelg oon%fo/ 10‘(’)1":‘%’%St neci@é%?? e:‘ﬁgh% 5?‘3??%&4‘%“%9
1, 1, 6, 6B3t@&0rdeltonbut yl - 1, 6- di st anna-2, 5, 7, 10- tetraoxacycl odecane (1.465g,
0.005 mol; 20 nol %, macrocyclic oligoester conposed of 95 nol % butyl ene
terephthal ate and 5 nol % et hyl ene terephthal ate structural repeat units
(0. 87595xa,9p19(34 nol; 16 nol %, c-caprolactone (1.826g, 0.016 nol; 64 nol %,
and 20 nL of dry o-

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.



di chl orobenzene. 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 twoimoswasce when the tenperature rose to about 1®QCT/USGn1tsenti ng at

about 170C for 15 m nutes, the m xture becane very viscous. Further

heating at about 170C for additional 60 m n was followed by cooling the

m xture. When the m xture was cool ed t about 130C precipitation (due to

pol ymer formation) started to occur. e mxture was diluted with 20 nL of

hexane and cooled to roomtenperature. The precipitate 30 was filtered,

washed wh hexane and dried under vacuum at 60C. GPC anal ysis reveal ed

that t &R nol ecul ar wei ght was 19, 000 dal tons. WD 02/ 098946
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The preci pi iltered, washed w th hexane and dried under vacuum at

ate was fi
60C. GRfie atistuyesvss cavlebloadothE0°C tpheeigi@dkin (hlego pbBmendirglatiomjassarted, t6 00cur.

dal tons, 15 Exanple 7 [00,117%J A 10 nL test tube is charged with a m xture
of the thisnesysasstted uifuad iy dhgrans andicgpietia o temperiygosdhe pragpitatp|

antl 5 et SRR rfaf ISR R el BERE AR Dhouls FRUCT, R v BN BHERMAR 11

mol ) . thbeedk mblecalanasight vadcadodl@densinder vacuum for 30 minutes and was
then heated at 190C under nitrogen for 20 m nutes. The resulting pol yner
hadl®a conversion of 95% GPC peak nol ecul ar wei ght of 256,000 daltons, and
a wei ght Mﬁéa;ge nmol ecul ar wei ght of 339,000 daltons. 25 Exanple 8 [00118]
A 10 m’ & tube is charged with 0.3 g of a mixture of the tin copol yester
powder [00117] A 10 mL test tube is charged with a mixture of the tin copolyester powder prepared

from Example 3 (0.093g, 0.041 mmol Sn) and macrocyclic oligoester 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 vacuum 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 daltons, 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.



prepared from Exanple 4 (0.016g, 0.0137 nmol Sn) and nmacrocyclic oligoester
conposed of 95 nol % butyl ene terephthalate and 5 nol % et hyl ene

t er epht hawetoe/osgonact ural repeat units (1.00g, 4.44 nmol) PCTHSM16DUr e was
dried at about 100C under vacuum for about 30 m nutes and was 30 then

heat ed at about 190C under nitrogen for about 20 m nutes. The resulting

pol ymer had a GPC peal -, nol ecul ar wei,ght of 151, 000. WD 02/ 098946

PCT/ US02/ 17607 -30- Exanple 9 [00119] “Tin copol yester obtained in Exanple
5 (0.018 g, 0.0216 mml Sn) was dissolved in toluene (1.5 nL). The tol uene
sol utiop was, conbined with macrocyclic oligoester conposed of 5 95 nol %
butyl e ‘W@#@%hthalate and 5 nol % ethylene terephthal ate structural repeat

units ( o713/, The: i i er. and

pul ver | SUEPI TTinICpBEREl gpig Rl Rk, 3% BAFE D, BT Al FSup IR AR PO,

t ube. Polugne(l.z atli)o Theasluemrsblitioadvasicombingt wiOGacrboyclialotipbes®O coinpodedf The

pol ger had a GP? peak nol ecul ar. wei ght of 160,000 daltons. 10 Exanple 10
0]9 bpﬁy ene

[ 00 ok Aeerhthplgteand §unelye gthyicons teepiibalatesipaturabrepes dmits (had

char ged .Rﬂna | ] i i roxi ) 5 | )o:

1, 3-pr o%\g%é I o%b)(/ Sfﬂg%emﬁ%h%@ Sfrét)e‘Iw%é (maégé]ﬂ g%q%f&%% aﬁ?gﬁla/ gﬁzee_%. fﬁg)rgrﬁﬂ&ntaherlyeo'\%/as
heat ed § of the bdixtre dasiplwaéEin HENAT a&sethbea PolyaieivaibrOWel coadh&ed achbeht 19@bout 3
hours. The Dean- Stark condenser was then replaced with a nol ecul ar sieve

trap, aieabayvé29migyiss cthemedyraerihed afGHC peplimolosidar weibliafd 681000 daltens. The
resulting clear reaction solution was evaporated under vacuumto obtain a
gl assy solid having the following formula (4). The yield was 13.6 g or
95980 BBXarplkliBuUl , / /Sn,\+ HOCH2CH2CH2OH S\ + 1120 Cl1 Oy C1 O (7) (4) 20
Exanple 11 [00121] A 250 ml 3-neck flask equi pped with a Dean-Stark )
condenséP12( sActrargbitnask Rask payiprpedhwith giRsnanddaryichpdinest wes chazed avith butylos

m)i(% ur :éh@\(éksa%@lgg eréﬁ? %’) (ﬁf’e’??lgx(?‘”a‘%'éiﬁah?"é)’?‘gp&& %@glaégg(} réf/L\/g@g %%%@9(2981 th peri od

of 25 afohidhe.SThOBHGureMgs Haamd 1Stellul, HRANVABSEeMAs WSRO aked Pé’rib@ oft
nol ecul ar sieve trap, and the systemwas dried for additional 5 hours of

r ef | ux. 2bPHES hewsi ThnPean-stark cendsnseivas danrppcaresith e wabsnlse sigvardmrand dogium
to l%bt aéyrs]tel% wad érfieadl flolr Qc?diisigrllallg h%ﬁr\élo?geﬁugg h%lrles%\f%ir{]ggcléa?rr&na%ltign goﬁzlﬁon was
evaporated under vacuum to obtain a glassy solid having the following formula (4). The yield

was 13.6 g or 95%%.

OH Bu 0
Bu\ / N4
s + HOCH,CH,CH,0H —w> /SI{ + H,0
Cl \OH o

() @

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 mL 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%.



m p. =138-141C. The yield was 12.77g or 94% WD 02/098946 PCT/ US02/ 17607
-31- Bu/ HBu O ~Sn ~ + HOCH2CH2CH ~Sn | + RO d OH A 0 (7) (5)

Exanpl e 1w092/009122] A 100 nlL 3-neck flask was charged wi tPaTiuse2/ex60tic tin
conmpound (4) from Exanple 10 (0.7134g, 2.5 mmol ), nmacrocyclic oligoester
conposed of 95 nol % butyl ene terephthalate and 5 nol % et hyl ene

terepht hal ate structural repeat units_(34}._923g, 22.5 mol) and 10 nL of o
di chl orobenzene. The solution was stirréd under nitrogen and was heated at
about 1§LOC£Hr about 15 m nutes. E.h\e/o ver si on of macrocyclic oligoester
was 100% s(GPC pealodisle@ul ar—318 wei gmte:v‘vas%@ 000 daltons. The sol ution
was furtiher daeated for a total of @bowt—120 nminutes. The copol yner was

i solated by precipitation in pentane. The yield was 5.41 g or 96% GPC peak
mol ecul ar(Awi ght was 14, 000 daltons. @xanple 13 [00123] A 100 nL 3-neck
flask was charged with the cyclic tin conpound (5) from Exanple 11 15
(0.678g, 2.5 mmol ), macrocyclic oligoester conposed of 95 nol % butyl ene

t erephtB¥mnleIdnd 5 nol % ethyl ene terephthal ate structural repeat units

4. 92309, 5 I n of .0- dicl,-Aorohenzene. Th I xXture wa

St or oo ou kR AT bt ek ot nBeefieedi (R ESORISE R rngung ) Ao a0
pr oduct (\ES4BET hithd IR tesbrddycliOblRRScAenpoRed 8t $Imoh %ug@éh\éeé@rmﬁala{e and 5
macrocyclic oligoester was 93% The yield was 4.93g or 95% The GPC peak

ol ecul mpl keilyhenotarsphthalaGostriedurd atneotianitsE4 QapeE, 2214mpred)fd] 10Anil 86 onl

|t tub i ith t. h d with f
mmcr ooy HEBRTTESd B Seb uEe STt agt B JHoNe Herca gl AEE g ©
mol % et fhereminyte raRMAE R 8 éxr??r%gf&&lﬂ |olfg€9§é}1wé§nl'0r0§/.éé?@%g%%m?(%cﬂ mol

repeat units). The powder was under "vacuum at abou .5
houlr0 andeighd wasdl H,90dedtonng The saioun wastiEhédreamd dort a tbal ofrelout €30 mAndtenel y

| verized butyltin chloride di hydroxide (7, Q 679, 2.7 | dd
Wt st TR soRgte o TS O piee BN Gepiont.c 107 Vbt 4 e kivbt NRC Hids

gener at ggdieW@as: WEXRVESs 14068 Haasuum  Wien the resulting internediate
product was further heat'ed at about 190C for 30 about 20 minutes a white

cryst al ExampledBi d was obtained. The solid (a copolyner) had a wei ght
aver age[OH%f]‘ CX' 1aor0 r\lll\fi?:grrl]éck?{asl?%ag' 919211'86 lv%i?l?ﬁie cyclic tin compound (5) from Example 11
15  (0.678g, 2.5 mmol), macrocyclic oligoester composed of 95 mol% butylene terephthalate and 5
mol % 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  terephthalate 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 39,100 daltons.



WO 02/ 098946 PCT/ US02/17607 -32- Exanple 15 [00125] A 50 inL culture tube
equi pped with a vacuum adapter was charged with finely pulverized

pol y(1, 4-Wwotogiogsves adi pate) (11; 3.00g, 13.6 mmol repeat umcrg)Soanmobutyltin
chloride dihydroxide (7; 0.372g, 1.51 mml, 10 nol% . The m xture was
dried under vacuum and was 5 then heated at about 145C for about 0.5 hour
during which tinme water generated was rgnoved under vacuum Viscous clear
material resulted which on cooling crystallized to forman opaque white
solid. Fwenpledbd of the product (a copolyester, 9) was 3.21 g or 96% The

I ' : I f h |y f th
o SR A B e 4 v,
I [ 5 I
R B £l A S BT
but y| endihydr exidpm hrars mge mndmaol 10n3%1%).hYhe pgxthes wahdrivall vadder ol tad aas

repeat units 3 repeat units)) were intimately blended. A
par t° oft 1?%@‘3%?%(3@611%4)& erf@1 ‘”(IT@HBOQ hoyr %ummller tpearaterrgensipted Svagaemovesh

heat ed e {esul tl er. showed
conver sIIIIIcIIrgr Q%Iue ?%%Iﬁg/% 3 1%;9&%\915% OII\/(SI’%IIII cégsg?’léﬁ%hﬂg?%ﬁ‘? gpaque
wei ght swhite dolid, mﬁﬁﬁﬂbﬁ 8duct (5 @ﬁeﬂéﬂ HPREs 32l S RBGU, thetdoﬁglyﬁferzo and
40 mnutes res ectively. anple 1 00127I)A30 m. culture tubé fitted

with a ataiahGdnprer/aelditctemngedhaDBR aaalysistolithe wpolyegenshgunde inmp. of
copol yei 5‘; prepared in Exanple 15 (9; 40 ng, 0.0 18 nmol Sn) and
macrocy TC” butylene terephthalate (1.45g, 6.57 mmol repeat units). The
t ubg) wapxhippkgg under vacuumin an oil bath at about 165C. The nolten
m xture was stirred nmagnetically for about 5 mnutes. The clear nolten
m xt ur e[0A&26]t Adimdhe prlecdrizaddemwder of iopemedisteabpulyet@QEduthdesenbadein Bxaxiple e

ol rrer i difi thin 10. nutes After_ total ting tinme at
o0t or 68 aRa B8 udiishd bl b lis DBt somna e i Shel b b | The
pr OdUCtte&IpH%Qt@aﬁ@S &pr%eweeeee@{tﬁa%ermaﬁer aQfnitd 920090 BaLhense [pggtd a

conversion yield of 69% EXanple 00128] A 30 nmlL cul'turg tube fit
with a watshomeradspnaelydendetadgedt qﬂthmbldlndBdtIyMurn (Q)Sugdh% (8nal3epeal Onifs) ol )

o bk B e 0 A bl S RS
hour anoré@gEP%I A R L R R TR
5.229 otomdaitbhs,at imbﬂmmgmp ®8R0 afd #BMinutes, respectively.
Example 17
[00127] A 30 mL culture tube fitted with a vacuum adapter was charged with a mixture 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 of a

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



WD 02/ 098946 PCT/ US02/ 17607 -33- Exanple 19 [00129] A 30 nL culture tube
fitted wth a vacuum adapter was charged with a m xture of dioctyltin

oxi de (3.w0 0g/0980@ nmol ) and 1, 12-dodecanedi ol (2.02g, 10 maoiyso2/Tise7 t ube
was heated under vacuum at about 130C. The tenperature was gradually

rai sed 190C over a period 5 of 3 hours. The resulting viscous clear liquid
was allowed to cool. The yield of the ite crystalline polynmer weighed
5.46g or 99% with a nelting tenperaturé-of 80.4C. Exanple 20 [00130] A 30
mL cul tBxanplad8 fitted W|th a vacuum adapter was charged with the stannate

pol ynmer mple 18 4039 80 mmvol tin) and

pol ycapmﬁ g"ﬁ %2) 1(18 08‘ tul?‘i? éﬁe‘i(lﬁlthﬁdﬁcqugb@%?ﬂ’teﬂ HYatSQlargqfhé’ﬁflG@élXM% Oﬁeat ed
under v, 1 r I

Upder VgRUm S e LD,k LATRERANI G o8 AT he SRR 10,
copol yelsdard vpdér vaehiiinst abnatl8)°CvaBhobinperattde whf gradugilytrainas 1902lowr aheA8do
wth a tin content of 0.65 mml/g and a melting tenperature of 45. é)

Exarfpl eofBthopss. [H@Pl@i‘}ltmg 3cons cdear figvid wagisHomved taeepali The sieldafiimwhidapt er was
charged W, I §,s5l.anna P are Exanpl e o

pol y(dod&St%%Eg i’l?eﬁliw & Sflgglt%logﬁ%’r%ﬁg %gxg%l E?fﬁlre ‘1%4 Gmol repeat
units) Eﬁgnﬂagnocycl i c oligoester corrposed of 95npl1% butyl ene terephthal ate
and 5nol % et hyl ene phthalate units (1.485g, 6.75 rmmol repeat units). The
t ube waldOhEHt AP Oumbenltusedybrifiited wabewacwaoactaptea wehs chagedwpe tlze tarmateas

graduall i ncrease abqu riod. of 16 nute

pr oduct? gn%rdaﬁm?%‘gfneﬁ)ia“@égﬁgﬁfﬂs&e@gg’ 0. d?gi #%C}TWIEWE‘%A 81&% 73iel d
of 1tme ol RepAtRi@). | TREEORAL M@ﬁéﬁndez@acﬁe}n%t aB amfﬁl atife WA
yield wth a” nelting tenperature of 188C. 2 25 [001 A 30 nm
cul t ur egrhdibdly fraisdceid abnh’hl%%aﬁ/aumpadﬂpif a5 rmaateg hETngﬁdodlllﬂgha whéte siyanatlaice

pol ymer prepared in Exa lﬂ%ol y(dodecane-1, 12-d di octyl stannat e

(12; 0.%pglyester 2§ m%«ﬁﬁtmﬁr@é@a’t’% faingfl. e vidd yfea_lzlaef 9%@‘%11@9@1@?11’[0
(1.436 r ni t Lrbe was heated under vacuum at
about %%g%n%y%d]atﬁgﬁ?#;g nﬁ?ergtlvb%eso gsagdgal Iy heated up to about 170C over
a peri ofx@fpld31m nutes, and the resulting viscous liquid was allowed to
cool to room 30 tenperature. The yield of the vvaxy@ﬁroduct (a copol yester)
wasl52 3WB1TH 43D mLtqulturerﬁBbq fitied witk Ayauamuadaptst VR Chargedrwifh theetdarimgteDSC. WO

02/ 098940%&9;&%%%& in xample ?6 poly(dodecane-1,12-diyl dioctylstannate) (12; 0.921g, 1.69

mmol repeat units) and macrocyclic oligoester composed of 95mol% butylene terephthalate and
5mol% ethylene phthalate units (1.485g, 6.75 mmol repeat units). The tube was heated under
vacuum at about 150 °C, and the temperature was gradually 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 (a copolyester) was 2.34g or 97% with a melting
temperature of 34°C as measured by DSC.



Exanpl e 23 [00133] The copol yester prepared in Exanple 20 (13; 0.052g,
0.034 mmol Tin) was dissolved in toluene (2 nL) placed in a 30 ml jar. The
sol uti on we2008%é ned with a fine powder of nacrocyclic @Crgses1mn7
conposed of butylene terephthalate structural repeat units (2.49g, 11.3 5
mmol repeat units), and the resulting white paste was dried under vacuum at
80C. A portion of approximately 0.3g ofs the resulting one-part mxture was
then subjected to test polynerization at about 190C under nitrogen. The
resul t sEzergpleddmari zed in Table 3. Exanple 24 [00134] A 30 nL jar was

O S o el D TERLR, B A B85 o™
20t 98 ST DB Upf 15O RGRRE phngele

repeat wacmsyclic aligo¢dter compobdd afhutyiidrtcaerpplsha ateasuchui= depeaiderits (¥.42gUmat
80C._ A 0.3g portion_of the resulting one-part mxture was then subjected to

test® p taintish 2nd thegseulipg ahiie pasioendriefhmder cagupm a 88° G uiAREE GRS i n

Tabl e 3 : 3 3 . i i .

Copol yoREEimiRIPY e 5P uciiuitte Shyhilihin @ B35 Rl MR AEHR0 RSHodlirhlidalBn o
Tol uenealioht H0TC)undesnidddesl The fvd&sehy unidigifdaeiTyBRtzer . The sol ution was
conbined with a fine powder of macrocyclic oligoester conposed of butylene

t er epht Rs¢raple 24st ruct ural repeat units (5.05 g, 22.9 nmol repeat units),

d th | t,i it t i ed.20 und ti
of “t he. TR iy el e Rt g o e 8Pl 8 SRl 10K 0B ' 180
undey nP.DEITRMol TS, MeSktnk$2 3 MEL SWAFHREZ®MHissalvEahé BopdlyesteX AR @1wfor] WL 36]

A 30 nL glass jar was charged with the copol yester,
pol y( N- eueinedwith afmetnenaler obmaetpgicligipbgaegies bempesed of bpiytepa tesephthmlEg anpl e

18 (10; .17.1 . 033 | Sn). . Tol.uene, (2 nl). 25 .was added, g di.ssol ve
the copSMtdits S8 d e eeet i Ak GeRttper I Do friR pped uhud

Macr ocyGdcmQk BOAES A& 3£ PoRiR 88 iR irefiing RSatGhRRNE BAk &l sibjetted W @kt r epeat
units (2.48g, 11.3 mol of repeat units). The resulting white paste was
dri ed apdypetdizetionzed90°F ywoter ndroged. Thearennw-arpamimatizddin &ables. t hen t est
polgtsr'zed t 190 C under nitrogen. The results are shown in Table . 3
30 Bxanfk@mp? 2500137] Copol yester, pol y(dodecane- 1, 12- di

yl
0 0Ly RSl P SR S SHBTRR 10 oLl 1 PEEARR: Ml S
PCT/ USOg/M(IE88 inmeBBin). Toluene (4.5 mL) was added to dissolve the copolyester. The solution was
combined 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 (2.48¢g, 11.3
mmol 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



t he copol yester. The solution was conbined with a fine powder of

macr ocyclic oligoester conposed of butylene terephthal ate structural

repeat urwoD202948g, 11.3 mmol of repeat units). The resw®Coiusg2/wsdt e paste
was dried and pul verized. A portion of the one-part mxture was then test
pol ynerized at 190 C under nitrogen. The results are shown in Table 3. 5
Tabl e 3. Pol ynerization of CBT with s'gigpate copol yesters as catal yst

Pol ymer conversion (% GPC peak Mw (X -3) Tin polyner catalystsa mn at
190C/ NZhewopobtstd® OTHd\dIRidn Wik cdnibiddd willDa e poWderSf AactockOif Slighéde8 174. 8
12 92.7 97.7 98.6 139.6 143.7 145.4 13 92.0 96.6 96.1 143.8 149.7 141.3

14 97. PoBposdes bytylens terephtbalgteisimctpral yepeatunts 62,482,904 . muwé ofrepaat Upityds5. 8 a

- Used 0 7 t ne | at e i Ln

rmcr ooy P S B i SR b sl s % R SR e bt Ve o ea
her ei nageyelymsriaCar 190 rat eliePyitlogé MERGEsUN8 a8 shownntMagler3.entirety.

Vari ations, nodifications, and other inplenentations of what is described
heréin will occur to those of ordinary skill in the art wthout departing
fromthe spirit and th cqpg ©of the.inv ron. as, claimed. Accordingly,
the invention is to bee]&‘élfslfge Ow&er%ﬁt‘?%%ﬁ@g pvf"é]géfﬁ“ﬁ‘ﬂ%q | lustrative
description but instead by the SOROMeHteE A <Y¥Y¥ of the fol | owing clains. WO

02/ 098946 PCIT/USUZ[ 176 = oyiat {s cli 11 A  hod of
maki ng a copol yest er, ?ﬁgmmtﬁ?%ﬂéé\és%p )I.!ys.ll ng|the (?t’gg’ga%?ﬂ‘ﬁbfg? )pr ov(ding a
macr ogycTinpobimheggoest er having a structural fepeat unit of forrmula (|a): O
0 311 a OR-- I Cj(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 97.7 98.6 139.6 143.7 145.4

13 92.0 96.6 96.1 143.8 149.7 141.3

14 97.7 96.2 98.0 143.5 146.9 145.2

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.



4 wherein 5 Ra is an al kyl ene, a cycl oal kyl ene, or a nono- or

pol yoxyal kyl ene group; 6 and 7 Rb is a divalent aromatic or alicyclic
group; 8 wWb)o2jesowé di ng a cyclic ester, wherein the cyclicPeIti®s02isonot a
macrocyclic oligoester; 9 and 10 (c) contacting the macrocyclic oligoester
and the cyclic ester in the presence of a 11 transesterification catalyst
at an el evated tenperature to produce _ts.%q copol yester. 1 2. The nethod of
claiml1 wherein the cyclic ester is a l'actone. 1 3. The nethod of claim2
wherein the |actone is s-caprol act on€LAIMS The net hod of claim1 wherein
the macgqcyclic ol igoester conprises macrocyclic 2 oligo(1,4-butylene
terephtﬁg}a F@;@lmi‘h!ﬁg The nethod of claim1 wherein the macrocyclic

ol i goesjer c i . i i t late). 1 6. The
et hod bt ol AT AGERLABGREEKEboIFud B bR MR B R 2 mor ) ses a tin
conpbund.  1(a]. Thevididochaofocgdi ohgbestdidneing atsh@ctuia) r@RapPeunst fofinda (I,):
dialkyltin oxide. 1 8. The nethod of, claim ]l wherein the
transesterification catalyst conpriges a titanate 2 conpound. 1 9. The

met hod of claim8 wherein the titangte conmpgund is an alkyl titanate. 1 10.
The 3ret hod of cl ai mri—kherdRmtRe—elevaRed—tenperature is wijhin a

t enper at ure r angewherefd om about 100 C to about 300C. 1 11. The nethod of
claiml| wherein the el evated tenperature is within a tenperature range 2
from about 100C to aboBs isze0dkylane] 2 cyciredkyfesteh oda wionet e polyoxyhlsylenagtoup;

el evated tenperature is wthin a tenperature range 2 from about 150 Cto
about 210C. WD 02/0989 PCT/ US02/ 17607 -37 1 13. A nethod of nmaking a

bl ock copol ymer oR, RO oSk FombiiCor B RAR gq&mgri sing the steps 2 of: 3 (a)
contacting a macrocyclic oligoester and a transesterification catalyst at
an & evated (b} t eprowidinga eydlio epter, wherdin thetcypldd starris sotsagamntyclinhbBgaisters he
maclré)cycl ic oli goaensdt er 5 has a structural repeat unit of formula (la): 01
0

10 © contacting the macrocyclic oligoester and the cyclic ester in the presence of a
11 transesterification catalyst at an elevated temperature to produce the copolyester.
1 2. The method of claim 1 wherein the cyclic ester is a lactone.

3. The method of claim 2 wherein the lactone is e-caprolactone.

4. The method of claim 1 wherein the macrocyclic oligoester comprises macrocyclic
oligo(1,4-butylene terephthalate).

5. The method of claim 1 wherein the macrocyclic oligoester comprises macrocyclic
oligo(ethylene terephthalate).

6. The method of claim 1 wherein the transesterification catalyst comprises a tin compound.

7. The method of claim 6 wherein the tin compound is a dialkyltin oxide.

8. The method of claim 1 wherein the transesterification catalyst comprises a titanate

1

1

2

1

2

1

1

1

2 compound.
1 9. The method of claim 8 wherein the titanate compound is an alkyl titanate.

1 10.  The method of claim 1 wherein the elevated temperat‘ufe is within a temperature range
2 from about 100 °C to about 300°C.

1 11.- The method of claim 1 wherein the elevated temperature is within a temperature range
2 from about 100°C to about 260°C.

1 12, The method of claim 1 wherein the elevated temperature is within a temperature range
2

from about 150 °C to about 210°C.



6 ORA OCR- ~C (la) 7 wherein 8 Ra is an al kylene, a cycl oal kyl ene, or
a nono- or pol yoxyal kyl ene group; 9 and 10 Rb is a divalent aromatic or
al i cycli cwgrooupgo4dl (b) contacting a cyclic ester, the fi PST/ysod/ymeriC
segnent, and the transesterification 12 catalyst at an el evated
tenperature to forma second polyneric segnent, wherein 13 the cyclic
ester is not a macrocyclic oligoester;_ @nd 14 (c) sequentially repeating
st eps (aé and (b) a desired nunber of tines to forma block 15 copolyner
havi hg &ddi t Aoneihod of srkingd ¥edosmpolyoiey nbpolgesiagtbatethodl chmprifing tinedtéyssd of
cl aiin 13 whergi n the cyclic ester is a lactone. 1 15. The nmethod of claim
13 erein tf macr ocyclic oligoester is macrocyclic oligo(1,4- 2 butylene
terepht hal at g). lcdfiactiti® MBLBORIRbIIERlFhdPa We?ﬂeﬂﬁ&ﬁfgm cptalyst at gn clevated
transesterification catalyst conprises a tin 2 conpound. . & et hod
of ctai m 13 wher etempengutertafems & first pplyateiio segradm) whdreiadhgpmiaaresyddic tolipaesadre
2 c\(ljérpound. 1 18., The rre&ho of claim13 ﬂqf{]fiei n the el evated tenperature
is within a tenpePdidstEctypyEreas upt ghfampl#(ldooc t o about 300C. 1 19. A
met hod of maki ng a bl ock copol yner ¢f polyesgpers, the nethod conprising the
steps 2 of 3 (a) contacting a cyclirlc ester |[Band a transesterification
catal yst at an el evat ed04 t gnpepat uge t(kfor a first polyneric segnent,
wherein the cyclic ester is hot a macrocyclic oli goester@a)and WO
02/ 098946 PCT/ USOPh¢tesd7 -38 6 (b) contacting a nacrocyclic oligoester,
the dirst polyneric se A nse rificatiqn catalyst at an
el evgat ed tenperature tg\gr%érnn’?lgﬂg%%g%&c%%kaﬁ%f ;%%:gngms? é%oﬁygxy\%g(gie\éie A tRe
macrdcyclic oligoesteratds a structural unit of formula (la) OO09 Oi R5-
I O-R9 (la) 10 wherein

10 Ry, is a divalent aromatic or alicyclic group;

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

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

1 14.  The method of claim 13 wherein the cyclic ester is a lactone.
1 15, The method of claim 13 wherein the macrocyclic oligoester is macrocyclic oligo(1,4-
2

butylene terephthalate).

—

16.  The method of claim 13 wherein the transesterification catalyst comprises a tin
compound.

17.  The method of claim 13 wherein the transesterification catalyst comprises a titanate
compound.

18.  The method of claim 13 wherein the elevated temperature is within a temperature range
from about 100°C to about 300°C.

19. A method of making a block copolymer of polyesters, the method comprising the steps
of:
(a) contacting a cyclic ester and a transesterification catalyst at an elevated

temperature to form a first polymeric segment, wherein the cyclic ester is not a

m-hwl\Jv—'l\)r—;l\JHl\)

macrocyclic oligoester; and



11 Ra is an al kyl ene, a cycl oal kyl ene, or a nono- or pol yoxyal kyl ene group;
12 and 13 Rb is a divalent aromatic or alicyclic group; and 14 (c)
sequent i awby2/egpea@t i ng steps (a) and (b) a desired nunber pofi/tSomeso0t o form
a block 15 copolymer having additional first and second polyneric
segnents. 1 20. A copolyester conprising, within its polyneric backbone, 2
(a) at least one structural unit of farggula (Ib) OO It Il 3 ORKOCRy C

(I'b) 4 wherein 5 R, is an al kyl ene, a cycl oal kyl ene, or a nono- or

pol yoxyal kyl @he grantgsting @ mavgocychRy oligester thedirstpol pmenmsdgment, and tteycl i ¢
group; and 8 (b) at |least one structural unit of formyla (1) 11 Rg O
PR 9 (1) 1otr%ﬂ§8$t8$’ﬁi°ailfnﬁata§/ﬁhatﬁﬁ cfsvased FF&%I&&‘&H@{PWEV%S 8?0\98?? B MSFiani ¢

moi gty Wi th the plgMieap whbfeih hﬁ&g&ﬁéodﬁli@@ﬁgo@@eﬂ%&s‘a dtfuchitalvdit-dRYornfdr,)13

wherein 14 R ,. is an al kyl ene, oal Kyl ene, or a nono- or

pol yoxyal kyl ene group; 15 and 16 , 1s a Yvalent aromatic or alicyclic
group. 1 21. The copolyester of clallm20 whgrein R, is 1,4-butylene and Ry
i's kenzene. WO 02/ 098946 P/ US02/[1(604R=3¢-122. The copquester of claim
20 pherein Rt iswﬁ%ngene and Ry is benzene. 1 23. A bl ock copol yrer
conprising 2 (a) afirst block unit conprising, within its polymeric
backbone, at |east oneRgisraaGlikiiéle, a dyclddlitylée, 6104 fidha- drl golydkyAlkylene group;

12 and

13 Ry is a divalent aromatic or alicyclic group; and
14 (©) sequentially reﬁeating steps (a) and (b) a desired number of times to form a block
15 copolymer having additional first and second polymeric segments.

1 20. A copolyester comprising, within its polymeric backbone,

2 (a) at least one structural unit of formula (I)
O O

3 < Icli Ry |<|3 (@)

4 wherein

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

6 and

7 Ry is a divalent aromatic or alicyclic group; and

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

0]
R;—0 L Ry

9 1)
10 wherein
11 R, and R}, are independently a divalent organic moiety with the proviso
12 that Ry is not ~O-Ry- if Ry, is —Ry-C(O)-
13 wherein
14 Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group;
15 and
16 Ry is a divalent aromatic or alicyclic group.

1 21. The copolyester of claim 20 wherein Ry is 1,4-butylene and R is benzene.



Il Il 4 ORk OCRy C(lb) 5 wherein 6 Rx is an al kyl ene, a cycl oal kyl ene,
or a nono- or polyoxyal kyl ene group; 7 and 8 Ry is a divalent aromatic or
al i cycl i cwgroouggo4@nd 9 (b) a second bl ock unit conpri si ngPCEUSa2/N7601 S

pol yneric backbone, at |east one 10 structural unit of formula (I1) O Rg
ORhAh 11 (I1) 12 wherein 13 Rg and Rh are independently a dival ent
organic noiety with the proviso 14 thaly Ry is not -ORx- if R, is
-Ry-C(O 15 wherein 16 Re is an al kyl ené, a cycl oal kyl ene, or a nono- or
pol yoxy2a. kyl”élmecogyobiastﬁr oficlaian2l) Wherdin R.sis athglenabediR, éxrtema¢dec or alicyclic
gr ouyp. 24 A copol yester prepared by the nethod of claim1l. 1 25. A

bl o c%%ol y@r\?ogfcoﬁ%%’%%%‘?gnﬁ?%par ed by the nethod of claimi14. 1 26. A
bl o k copol vy, I An
art el o of WaRut achf DHEE AR SoPRERAE SR it BEYHRKE Bilont A e syborifa
conmBosi t e mat eri alnicaifprmsiargl) t he bl ock copol yner of claim23. 1 29. An
article of manufacture conprising thke bl ock copol ymer of claim?23. 2 30. A
met hod for naking an organotin copoﬁyester t he net hod conprising the steps
of: 3 (a) providing an oligoester [avi ng a“structural repeat unit of
formula (la): WO 02098546 lRcTH QUSO2L+76B7—(46—0 0 4 ORa(®! R- 1 (la) 5
whersein 6 Ra i s aph&tiyl ene, a cycloal kyl ene, or a nono- or pol yoxyal kyl ene

o ou6p Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group;
7 and
8 Ry is a divalent aromatic or alicyclic group; and
9 (b) a second block unit comprising, within its polymeric backbone, at least one
10 structural unit of formula (II)
o,
11 (In)
12 wherein
13 R; and Ry, are independently a divalent organic moiety with the proviso

14 that R, is not —O-Ry- if Ry, is —R-C(O)-
15 wherein
16 Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group;
17 and
18 Ry is a divalent aromatic or alicyclic group.
1 24, A copolyester prepared by the method of claim 1.
1 25, Ablock copolymer of polyesters prepared by the method of claim 14.
1 26. A block copolymer of polyesters prepared by the method of claim 19.
1 27.  Anarticle of manufacture comprising the copolyester of claim 20.
1 28. A composite material comprising the block copolymer of claim 23.
1 29. Anarticle of manufacture comprising the block copolymer of claim 23.
2 30. A method for making an organotin copolyester, the method comprising the steps of:
3 ()  providing an oligoester having a structural repeat unit of formula (I,):



7 and 8 Rb is a divalent aromatic or alicyclic group; 9 (b) providing a
non-cat al yti ¢ anobunt of an organotin conpound; and 10 (c) contacting the

ol i goest ewoan@9sohe or ganoti n conpound at an el evated tenp@catusoz17601 t o
produce an organotin copolyester. 1 31. The method of claim30 wherein the
oligoester is a macrocyclic oligoester. 1 32. The nethod of claim 30
wherein the organotin conpound is an Qrzg)a_noti n ester. 1 33. The nethod of
claim 32 wherein the organotin ester is an organotin ester polyner having
2 a structural repeat unit of formufa (MI)ORio -0-Sn-ORc | RI1 3 (Vi)
4 where each of RO and R1 is C1-CpO al kyl lgroup and Rc is C4-C20 al kyl ene
groyp. 1 34. The methaqpl—ofRglapm-3¢-wherelic-t-he organot i n(ia ter is a

cycl§ c organotin &’ﬁ&%{ﬁ 1 35. The method of claim30 whereifthe oligoester
is @ macrocyclic ol'igoester and the 2 organotin conpound is a cyclic
orgagotin ester. 1 36. RJBenmthek, @Ey&éa@kzmrﬁ,loy\&lﬁ{oﬁbnoﬁﬁ&yd@ﬁlméﬂ&gﬂo@p;

ol i goester are selected fromthe group consi sting of macrocyclic

ol i %oest ers of ethyl enaid erepht hal ate, propyl ene terephthal ate, 3

1, 3-propyl ene terepht hgl ate,. 1. 4-butylene.terephthal ate,

1, 4-82ycl ohexyl enedi met Ef/fse%%wgﬂﬁnttaé?lg%%?{aﬁhﬁi’%l,c &P¥R/1 ene i sopht hal at e,

propyl ene i s@pht hpdodideng dnSn-BataRHL BMGUMTTRA bIAhEE comPouhdsakiit Y| ene

i sopht hal ate, 1, 4-cycl ohexyl enedi net hyl ene i sopht hal ate, 1, 2-ethylene 2, 6-
6 nHbht hal enedli casdacfingiles olwmstnia@ﬁdg@@ugmotmmpogmégt ar elevdied eofperatuig 7.
The1 met hod of clajm 3$ wher ei%éih%%%%cl '}fc organoti n conpound has the
forhula (1V) 2 WBRSTUESEAEEPEH DS ¥07 41 R1 | R3 OSN-O R4 R2 3

(1)1 43wher Bhdimethod of claim 30 wherein the oligoester is a macrocyclic oligoester.

1 32.  The method of claim 30 wherein the organotin compound is an organotin ester.

1 33 The method of claim 32 wherein the organotin ester is an organotin ester polymer having
2 a structural repeat unit of formula (VII)
Ryo

—QO—Sn—O0O—Rc—

Ry
(VIh
where each of Rjp and R;; is C1-C10 alkyl group and Rc is C4-C20 alkylene group.
34. The method of claim 32 wherein the organotin ester is a cyclic organotin ester.
35. The method of claim 30 wherein the oligoester is a macrocyclic oligoester and the

organotin compound is a cyclic organotin ester.

36.  The method of claim 31 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.

37.  The method of claim 30 wherein the cyclic organotin compound has the formula (IV)

TSR, NEER Y, SR U VO S ST N e



5 each of Rl and R2 independently is a hal ogen atom or an al kyl group, and
6 each of R3 and R4 independently is a hydrogen atomor an al kyl group, or
R3 and 7wBd2tedees t oget her forma cyclic group; or R3-0 aaa/tR2/0eaken
together is an 8 oxygen atom 1 38. THe nethod of claim 32 wherein the
cyclic organotin ester has the fornmula (VV\ RS®%6 RS 0\ ~ERs Sn OO
Sh~ 6 OR7T RT 0 R6 2 (V) 3 wherein R7Tis a C1-C4 primary al kyl group and
R5 and R6 is C 1-C 10 al kyl group. 1 39. The nmethod of claim 38 wherein R7
is a methyl group and each of R5 and R6 is a butyl 2 group. 1 40. The

met hod of claim 32 wherein the cyclic organotin ester has the forrmula (V)
RsS\SnO O Sri RS RO pp RO 2 (VI) 3 whefgin each of R8 and RO is a C 1-C 10
al kyl group. 1 41. The nethod of clai m40 wherein each of R$ and RO is a
butyl group. 1 42. The nethod qgi—cJ- -F-Sh—wirer el t he nacrocyclic

ol i goester conprises macrocycli ¢ 2 oli gq( 1, 4- but y‘1 ene terephthal ate) and
the cyclic organotin ester is selected flromthe group 3 consisting of a
conmpound having the fornula of (VIIIl), m Bu ~Sn~/,\Sri 4 Bu v 'Bu
(MI13) 5 a conpound having the formula of (I1X), WIW¥R/ 098946

PCT/US02/ 17607 42 OBuy 6 ans o D (1 X) 7 and a conpound having the
forrrul a of (%

5 each of R; and R, independently is a halogen atom or an alkyl group, and
6 each of R3 and R4 independently is a hydrogen atom or an alkyl group, or Rz and
7 R4 taken together form a cyclic group; or R3-O and R4-O taken together is an
8 oxygen atom.
1 38.  The method of claim 32 wherein the cyclic organotin ester has the formula (V)
Rs Rg

2 %)
3 wherein R; is a C1-C4 primary alkyl group and Rs and Rg is C1-C10 alkyl group.
1 39,  The method of claim 38 wherein R; is a methyl group and each of Rs and Rg is a butyl
2 group.
1 40.  The method of claim 32 wherein the cyclic organotin ester has the formula (VI)
RS\S{lo Og\n/Rg
Rg/ % > < J “R,
2 VD
3 wherein each of Rg and Rg is a C1-C10 alkyl group.
1 41.  The method of claim 40 wherein each of Rg and Ry is a butyl group.
1 42,  The method of claim 35 Whereh_l the macrocyclic oligoester comprises macrocyclic
2 oligo(1,4-butylene terephthalate) and the cyclic organotin ester is selected from the group
3 consisting of a compound having the formula of (VIII),
Bu\Sn—O/\/ 0N /B
4 Bu” “Bu (VIID)

5 a compound having the formula of (IX),



Sn 8 A~ (X)- 1 43. The nethod of claim 30 conprising the step of
providing a non-netal -containing cyclic 2 ester, wherein step (c)

conpri si nyoaesvsas i ng the ol i goester, the organotin ester pcanor/imso7 3
non-net al -containing cyclic ester at €n el evated tenperature to produce an
organotin 4 copolyester. 1 44. The nethod of claim43 wherein the
non-netal -containing cyclic ester is a lactone. 1 45. The nethod of claim
43 wherein the non-netal -containing cyclic ester is E-caprolactone. 1 46.
The met hod of claim 30 wherein the el evated tenperature is within the range
of about 2 100C to about 300C. 1 47. The nethod of claim 30 wherein the

el evated tenperature is withing range of about 2 100C to about 190C. 1
48. The nethod of claim 30 R®herei n\the el evated tenperature is within the
ran of about 2 120C to a@pﬂﬁ 170C. 1 49. The nethod of claim 35 wherein
the%mlar ratio of the macrocyc?Tc oligoester to theX2 cyclic organotin
est isin [ﬁﬂ%n f bout 0.5:1. 1 50. The met hod of
cl alqrm 49 V\he%r{ealeaé e nglhg?iggg%%gg?ﬂaotﬁgxﬁacrocycl ic oligoester to the 2
cyclic organotin ester is imut nge about 50:1 to about 1:1. 1 51. An
organotin copol yester conpri ﬁs@jthi nits polymeric backbone 2 (a) at
| eagt one structural unit of!'fo a(lb) 00 30% RII Y (1b) 4
wherein 5 R, is an allcylene, a cycloal kyl ene, n)on

pol yloxy#d.kyl "Elnﬁemgﬂhodl pf clatin 80 domhpRying shesstepi ofqir@ﬁﬂlngraﬁmtmetapéorﬁém%Q&élCc
groyp; and 8& | east one structural unit, of formula (III

02/ 398946 PCHf ﬁ?rim@(’gep C}lgompmmgjcog}ﬁacgng the oligoester, the organotm ester and the

3 non-metal-containing cyclic ester at an elevated temperature to produce an organotin
4 copolyester.
1 44, The method of claim 43 wherein the non-metal-containing cyclic ester is a lactone.
145, The method of claim 43 wherein the non-metal-containing cyclic ester is e-caprolactone.
1 46.  The method of claim 30 wherein the elevated temperature is within the range of about
2 100°C to about 300°C.
1 47.  The method of claim 30 wherein the elevated temperature is within the range of about
2 100°C to about 190°C.
1 48. The method of claim 30 wherein the elevated temperature is within the range of about
2 120°C to about 170°C.
1 49,  The method of claim 35 wherein the molar ratio of the macrocyclic oligoester to the
2 cyclic organotin ester is in the range of about 500:1 to about 0.5:1.
1 50.  The method of claim 49 wherein the molar ratio of the macrocyclic oligoester to the
2 cyclic organotin ester is in the range about 50:1 to about 1:1.
1 51.  Anorganotin copolyester comprising, within its polymeric backbone,
2 (a) at least one structural unit of formula (Iy)

) o)
3 O—R—O ﬂl Ry ﬂl (Ib)
4 wherein
5 Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group;
6 and
7 Ry is a divalent aromatic or alicyclic group; and
8 (b)  atleast one structural unit of formula (IIT)



Rg 9 (I111) 10 wherein 11 each of Rp and Rq independently is a hal ogen atom

or an al kyl group. 1 52. The organotin copol yester of claimb51l wherein RX

is one ofwarmebdws ene group and a 1,4- 2 butyl ene group amdTRS02/$7687

di val ent benzene group. 1 53. The org#notin copol yester of claim51 wherein

each of Rp and Rq independently is a 2 chlorine atomor a butyl group. 1

54. The organotin copol yester of claimb51 wherein the nolar ratio of

structural units of 2 forrmula (ly) to structural units of formula (II11) is

in the range of about 500:1 to about 3 0.5:1. 1 55. The organotin

copol yester of claim54 wherein the nolar ratio of structural units of 2

formula (ly) to structural units of formula (I11) is in the range about

50:1 to about 1:1. 1 56. The orgaRptin copol yester of claim51 wherein the

organotin copol yester has a wei ght[ 2 average nol ecul ar wei ght of from

about 1,000 to about 200, 000—b-58n—FHw—e+ganoti n copol yester of claim56

wherein the organotin copol yester has a weight 2 average nol ecul ar wei ght

of from about 2,000 to about 50,0 . 1 58. A nmethod for polynerizing a

maﬁgocycl ic oligoester, the method tonpri igﬁg the steps of- 2 (a) providing
crocyclic oligoester having a structu repeat unit of fornula (la):

0 @o(r) Ra Q11 wirein! 3 (la) 4 wherein 5 Ra is an al kylene, a

cycl oal I cyl ene, or a nono- or pol yoxyal kyl ene group; 6 and 7 Rb is a

di ¥&l ent aromatic or &BElglR; @dgl?\@méf;pead@bly ipa balogémagom qalnyalie gmapi on

Coalt” 8 cossRE R srpdiinter O FisiR ShehetiRRE i OHRie AR gty eeﬁé%ﬁnrat@@%}?n
unip of for matﬁerfelg@aumdo@y/leaa%@elmﬁzeﬁ@g{oaa.607 4400 |

1 53.  The organotin copolyester of claim 51 wherein each of R, and Ry independently is a
2 chlorine atom or a butyl group.
1 54 The organotin copolyester of claim 51 wherein the molar ratio of structural units of
2 formula (Iy) to structural units of formula (IIT) is in the range of about 500:1 to about
3 0.5:1.
1 55.  The organotin copolyester of claim 54 wherein the molar ratio of structural units of
2 formula (I,) to structural units of formula (III) is in the range about 50:1 to about 1:1.
1 56 The organotin copolyester of claim 51 wherein the organotin copolyester has a weight
2 average molecular weight of from about 1,000 to about 200,000.
1 57 The organotin copolyester of claim 56 wherein the organotin copolyester has a weight
2 average molecular weight of from about 2,000 to about 50,000.
1 58. A method for polymerizing a macrocyclic oligoester, the method comprising the steps of:
2 (a) providing a macrocyclic oligoester having a structural repeat unit of formula (I,):
o) O
R—O ﬂl Rp lé (L)

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

(b)  providing a polymerization catalyst comprising at least one component

O 0 NN N U bW

compound, wherein the at least one component compound comprises:

10 ) at least one structural unit of formula (Iy)



ORX Ol Ry I (Ib) 12 wherein 13 RXis an al kylene, a cycl oal kyl ene, or a
nono- or pol yoxyal kyl ene group; 14 and 15 Ry is a divalent aromatic or

al i cycli cwgroeiogsos@nd 16 (ii) at | east one structural unitcafushoamota (111)
RP OSIn-O Rq 17 (111) 18 wherein ®ach of RP and Rg i ndependently is a
hal ogen atom or an allcyl group; and 19 (c) contacting the macrocyclic

ol i goester and the pol ynerization catalyst at an 20 el evated tenperature. 1
59. The nethod of claim58 wherein RX is one of an ethylene group and a
1,4-butylene group, 2 Ry is a divalent benzene group, and each of Rp and
Rg i ndependently is a chlorine atomor 3 a butyl group. 1 60. The nethod
of claimb58 wherein the ratio of stgxuctural Cﬁnits of fornmula (Ib) to
structural 2 units of formula (Illﬁ) isin lI e range about 500:1 to about
0.5:1. 1 61. The nethod, of ¢l aim 60liwhereinlithe ratio of structural units
of ¥lormula (Ib) to STrieTurs —Q—unbrs—& t6&rmara (111) is @ the range of
abat 50:1 to abowherkinl. 1 62. The nmet hod of claim58 wherein the

pol ymeri zati on catal yst conprises at | east two _2 conponent conpounds that
ha\ﬁé a wei ght average #‘D}S@@@Ilkéfie%? grloadkylencs A amone- oF nodiryxyalkylsne seoup;
200,4000. 1 63. The net of claim62 wherein the polynerization catal yst
conprises at |east two conponent conpounds that have a wei ght average
mollécul ar wei ght of fr Byisahtivtle a@fiflaticortabicaddieyroy) a000. 1 64. The met hod
of claim58 wherein the polynerization, catalyst consists of one conponent

2 cdmpound. WO 02{i9goaidesstana siysruaianit of forpmla lIs. A net hod for

manuf acturing a m xture of a macrocygclic oligoester and a pol ynerization 2
catal yst, the m xture being substant{‘l’ally free fromwater, the nethod

conprising the steps 3 of __ o g og—n0u
Ry

17 (I

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

19 (c) contacting the macrocyclic oligoester and the polymerization catalyst at an

20 elevated temperature.
1 59.  The method of claim 58 wherein Ry is one of an ethylene group and a 1,4-butylene group,
2 Ry is a divalent benzene group, and each of R, and Ry independently is a chlorine atom or
3 a butyl group.

1 60.  The method of claim 58 wherein the ratio of structural units of formula (I,) to structural
2 units of formula (IIT) is in the range about 500:1 to about 0.5:1.

1 61.  The method of claim 60 wherein the ratio of structural units of formula (I) to structural
2 units of formula (1) is in the range of about 50:1 to about 1:1.

1 62.  The method of claim 58 wherein the polymerization catalyst comprises at least two

2 component compounds that have a weight average molecular weight of from about 1,000
3 to about 200,000.

1 63.  The method of claim 62 wherein the polymerization catalyst comprises at least two

2 component compounds that have a weight average molecular weight of from about 2,000
3 to about 50,000.

1 64.  The method of claim 58 wherein the polymerization catalyst consists of one component
2

compound.



4 (a) mxing an oligoester conprising a structural repeat unit of formula
(la): 005'"0CRa OIll Rb--1 C(la) 6 wherein 7 Ra is an al kylene, a
cycl oal kyWwerwe/098916 a nono- or pol yoxyal kyl ene group; 8 an@C3/URb2/1B0A
di valent aromatic or alicyclic group, 10 with an organotin conpound; 11
(b) heating the m xture of the oligoester and the organotin conpound at an
elevated 12 tenperature; 13 (c) renovigpg water generated during the
heating step, thereby obtaining a dried™ 14 reaction m xture of oligoester
and lor g#not i A nosshpdfordnanafdtutifg @ayixtirx bHig ntabecgklicadigb esatandn polpthatt-ation
ol i goester and .the,organotjn conpoun ith., 16 the macrocyclic oligoester.
1 66. The metHSEtofe @%ﬁuﬁ‘? %gng,m@ggpgﬁ{y secolitorg gudrethe paethp SRS ﬁgé steps
ol i goester. Jr67. The nmethod of claim65 wherein the organotin ester is a
cyclic organotin ester. 1 68. The nethod of claim65 wherein the oligoester
is & macrocy@) i c wixigges bbgoeatericdngrisi® ostpamatl lpes ugit of formuby@))i C
organotin ester. 1 69. The nethod of, claim 68 wherein the nmacrocyclic
ol i goester are selected fromthe gr%up 2 cﬁnsi sting of macrocyclic
ol i goesters of ethylene terephthal alje, propyl ene terephthalate, 3
1, 3-5pr opyl ene t er eptittddat R+, A=butyte érepht hal ate, (I,
1, 46cycl ohexyl eneghsetihyl ene 4 terephthal ate, ethyl ene isophthal ate,
propyl ene i sophthal ate, 1, 3-propylene isophthalate, 5 1,4-butylene
iso%t hal ate, 1, 4- cycl Bhisepladataenpeypjdalipderies ophmind-aar@olybxpalkylayd goop2, 6-
6 ngpht hal enedi car boxyl at e, and macrocyclic co-oligoesters thereof. 1 70.
The nmet hod of claim68 erein the cyclic organotin conpound has the
fgrgl! a (l\/)R,4 2 (V), Rpisadiyalént WRA{CQF3%4R1RGIHS02/ 17607 46 RL | R3
- - | n_

10 P with an organotin compound,

11 (b) heating the mixture of the oligoester and the organotin compound at an elevated
12 temperature;
13 (©) removing water generated during the heating step, thereby obtaining a dried
14 reaction mixture of oligoester and organotin compound; and
15 (d) mixing the dried reaction mixture of oligoester and the organotin compound with
16 the macrocyclic oligoester.

1 66. The method of claim 65 wherein the oligoester is a macrocyclic oligoester.

1 67. The method of claim 65 wherein the organotin ester is a cyclic organotin ester.

1 68.  The method of claim 65 wherein the oligoester is a macrocyclic oligoester and the

2 organotin ester is a cyclic organotin ester.

69. The method of claim 68 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.

70.  The method of claim 68 wherein the cyclic organotin compound has the formula (IV),
(V), or (VI) |

W N~ N W



R2 4 (IV) 5 wherein 6 each of RL and R2 independently is a hal ogen atom
or an al kyl group, and 7 each of R3 and R4 independently is a hydrogen atom
or an al kwbogigsdpe or R3 and 8 R4 taken together form a @gahuso2/greoup; or
R3-0 and R4-0 taken together is an 9 #xygen atom R S%6 (r) R Rs~sO 9\ S
\'s 6 pRfT RT pR 10 (V) 11 wherein 12 each of R5 and R6 i ndependently
is Cl -C 10 alkyl group, and R7 is a C 1-C4 13 primary al kyl group, and O
O RB\SS\R8 RO OOR9 14 (VI) 15 wherein 16 each of R8 and R9

i ndependently is a C 1-C 10 al kyl group. 1 71. The nethod of claim 68
wherein the cyclic organotin conpound is selected fromthe 2 group

consi sting of a conpound havi ng the for la of (VIIl), Bud Bu Bu Sn-O
QSri 30\Bn (MI1l) 4 a conmpound havi rr@ the formula of (1 X), Bu\Sn 0 5
Cl/ o (1 X) WD 02/098946 PCT/ US02/ 17607 47 6 and a conpound having the

fornula of (X) Bud Sn Ry R4
R,
4 (Iv)
5 wherein
6 each of Ry and R; independently is a halogen atom or an alkyl group, and
7 each of R and R4 independently is a hydrogen atom or an alkyl group, or Rz and
8 R4 taken together form a cyclic group; or R3-O and R4-O taken together is an
9 oxygen atom,

5 R6
SO

10 V)
11 wherein
12 each of Rs and R¢ independently is C1-C10 alkyl group, and R is a C1-C4
13 primary alkyl group, and
IEN /O > : B\ Rs
Sn Sn
Rg/ \0 J \R9
14 (VD
15 wherein
16 each of Rg and Ry independently is a C1-C10 alkyl group.
1 71.  The method of claim 68 wherein the cyclic organotin compound is selected from the
2 group consisting of a compound having the formula of (VIII),

Bu 0 B
\Sn—O%O\S -
By \0 o

3 © Bu (VII)
4 a compound having the formula of (IX),

Bu\ /O
e >
5 Cl 0 (IX)



7 Cl~ (X). 1 72. The nethod of claim68 wherein the macrocyclic oligoester
conprises macrocyclic 2 oligo(1,4-butylene terephthalate) and the cyclic

or ganot i nrwelkmesde sel ected fromthe group 3 consisting ectasornpound
having the formula of (M11), Bue//~A,", O\ Bu Sn~O/ \SSn 4 Bu 0 'Bu
(VII1) 5 a conpound having the formula of (I1X), 0 Bu\ 6 Cls o D (IX) 7
and a conpound having the formula of (X) Bu\ Sn 8 C .11 (X). 1 73. The
nmet hod of claim 65 wherein the heating step (b) is conducted at a
tenperature in the 2 range of about 100C to about 190C. 1 74. The net hod
of claim65 wherein the heating step (b) is conducted at a tenperature in
the ¢ 2 rangear@a@&ﬁb@unh%ﬁvﬁigttﬁ’ei%ﬁﬂﬁ{ao]fzﬁ .1 75. The nethod of claim 68
wherein the nolar ratio of macrocyclic ofigoester to cyclic 2 organotin
ester in step (a) is from am@g@:l to about 0.5:1. 1 76. The nethod of
claim 68 wherein the nolar ratdso off macrocyclic oligoester to cyclic 2
orggnotin ester is from abo{t ~+-"to about 1:1. 1 7§( The nmethod of claim
68 wherein the dried reaction m xture of oligoester r?d organotin 2
conpount®. hasThae methed of ohirei68 vdferdie e minaocyelio utigRBRO capphised nEBrocyblec met hod

of aim?77 erei e dried reacti m xture of  oligoester and organotin
2 cdénpound h&&° Fﬁf&%"bﬂe%tﬁ’%ﬂ@a]ﬁ?e F”é‘g%etcﬁ%tlﬂf’ ABBRAUNSTHIST poyeiected from the group
3 consisting of a compound having the formula of (VIII),

U

Bag NN B
S0 /\/O\ S,
Bu (o) “B

4 u (VIID)
5 a compound having the formula of (IX),

Bu /O

A :>

6 a4 o IX)
7 and a compound having the formula of (X) ’

Bu/\s O
8 “ .
1 73 The method of claim 65 wherein the heating step (b) is conducted at a temperature in the
2 range of about 100°C to about 190°C.
1 74,  The method of claim 65 wherein the heating step (b) is conducted at a temperature in the
2 range of about 120 °C to about 170°C.
1 75 The method of claim 68 wherein the molar ratio of macrocyclic oligoester to cyclic
2 organotin ester in step (a) is from about 500:1 to about 0.5:1.
1 76. The method of claim 68 wherein the molar ratio of macrocyclic oligoester to cyclic
2 organotin ester is from about 50:1 to about 1:1.
1 77.  The method of claim 68 wherein the dried reaction mixture of oligoester and organotin
2 compound has a water content of less than about 2000 ppm.
1 78.  The method of claim 77 wherein the dried reaction mixture of oligoester and organotin
2 compound has a water content of less than about 500 ppm.



