30 Novenber 2005 WO 02/098946 PCTI US02/ 17607 COPOLYESTERS AND
POLYMERI ZATI ON OF MACROCYCLI C OLI GOESTERS Techni cal Fiel d 01] This
invention generally relates to thernopl astics and articl é8 QH gF 2005
therefrom Mre particularly, the invention relates to copol yesters and
their pr&yae29846 from macrocyclic oligoesters. 5 Badkgl§ldids0?| nf or mati on
[ 0002] Linear polyesters such as poly(al kyl ene terephthal ate) are generally
known and conmercially avail able where the al kyl ene typically has 2 to 8
carbon atons. Linear polyesters have nmany val uable characteristics

i ncluding strength, toughness, high gloss and sol vent resistance. Linear

pol yesters are conventopOBYESTERSANTEPOMYMEREZ AHOStoPN of a diol with a 10
di carboxylic acid or its f i i i typically a diacid halide
or ester. Linear poIyesteréﬂ“ﬁﬂgﬁqﬁglﬁgghéggﬁigRﬁnto articles of manufacture
by a nunber of known techni ques including extrusion, conpression nolding,
and injection nolding. [0003] Recently, nacrocyclic oligoesters were

devel oped whi ch have uni que properties. These properties nake them
attractive as matrices for engineering thernoplastic conposites. The 15
desirabl e properties stem from tBechigaltFiglhat nacrocyclic oligoesters

exhibit low nelt viscosity, allowng themeasily to inpregnate a dense
fi br oud0q9dpf dihim ifvedntiomgsderoly relatey !Ieirhi:mwplastr'mstaud arpicles/fophelthereffomt Meraror e,

bl ow ERECHEIE i RSk fobe et RRGBEPRERoR BBt DRy and i n ¢ he

presenglgsihted) appropriate catalyst, polynerization and crystallization
can occur virtually isothernall y 20 l 0004] Despite the above-descri bed
properties and ot her advant ag fen resul ting pol yesters prepared
from yI I goest er inity that

| var § 0B Fiieis RS8R o 20 %%leagber%r}@rf@ e BRI 4 poryrrer - s

ducti | icépmertilly aviiRbledSreakicnlReaE @fbicallp hag ©BRILEYatERk Y ERES é}‘ély‘éétérb
favorable crystallinity and ductility while retaining the advantages

usi ng RereTByiyYaluab lsrchfgmmssn%@%%r@mdw@hws &@;&i@ﬁ andssolvegt [0005] In
addi t | ?éélstahpée TifiEHy ;pﬁlggst ¥§)Aréjggivé1ﬂfoh (ﬁlyre é&%%%%&h{)&oﬂ didgE £r to a
conveniional  ‘cata g., non- ric organoti n conpounds or titanate
estiér sjlicarboxdicyacki cglnts ftmszlpnnabdehyatwgngpmﬁly at diaeind HaliBe dr dster. drinkear polgessdrt ai n a
sati sfact nol e ul ar .wei ght o pr oduct ... See, ., 30 Novenber 2005
WO 02/ 39589 Ebpes magy a@ﬂs Y BAPRRET ofknove taghpiapasinelydipg ans et al |

Sophi stiaRiedes s%R)ﬁterYd L&l iGN Holligsi N0 equi pnent is used to
i ntroduce ao%(’jccil%gger se prnrg)%er yﬁt he r% FI vely small amount of catal yst.

[0003] Recently, macrocyclic oligoesters 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 ]oob4] Despite the above-described properties and other advantages, some of the resulting
polyesters prepared from macrocyclic oligoesters may display a high crystallinity that invariably
diminishes the favorable properties including the polymer's ductility. Thus, methods are needed
for preparing polyesters with favorable crystallinity and ductility while retaining the advantages
of using macrocyclic oligoesters as precursors to polyesters. .

25 [0005] Inaddition, the required volume ratio of a macrocyclic oligoester to a conventional
catalyst (e.g., non-polymeric organotin compounds or titanate esters) is very high, typically
greater than 100:1 in order to aitain a satisfactory molecular weight of the product. See, e.g.,



[ 0006] Furthernore, typical non polyneric organotin conmpounds are volatile
enough to raise health concerns. Stable non-volatile organot ie%b%?zto%lsyst S
are needed. ry of the Invention [00071 Copolye ,@Eglg’[ﬁ"

nol ecul a?"(?,d&?"a%?gg?e prepared from macrocyclic oli goeg{: 2378 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 polyesers prepared from macrocyclic

ol i goe r r r S . I I Ni.0Q9 _organotin

noi et i z'fégaﬁsd gegl?g?'efﬁéépagoe v#gkgon%iygcy%?i%f&gﬁ %St%lg’?é%g %ﬁ%gor ganotin
colrrpouaqﬁipm&“ﬂftés mga:lrintrdadmc@mﬂmh igpessé prbﬁersvmhqaﬁlaxbml yedinatiamdast dfsaﬁlyﬁls -

pol ymeri zati gn catal ysts. The organoti n-copol yesters_are non-volatile

macr omiPe];| durtharmoreetypicalingn-pelyer granatin eaypnougds|aggolatiesronghdo &iseyi nal

or ganot.j H%b?&éf‘@%blm Srolaki b & UhRstaqegi al Iy 1ower volune ratio of
macroc;l(% ?121:‘30 |goest<-‘?r tﬂé’otaﬁigoé%ﬁ%n&lg%i on catalyst. 15 [00091 In one .
aspgct, the invention gener alJumviarpofithelavantiolet hod of nmaki ng a copol yester.

In one enbodjnment, the.pethod, inc]judes the steps of pravidin
macr oci‘&qoi[}t %ﬁ&%ﬁ%&?ﬁ%@?ﬂiﬂﬁ&%ﬁf %@FP%E@’FE a@?W@ﬁc? Fﬁtﬁgﬁ@cr ocyclic
ol i goegl@icest@fGn &8 Predbick Bl kdiGeFERGEROY intél?st.o*ﬂ:l&?)ﬁéﬁi@srter%reﬁafb@ shyw! 1 ¢ ester

in the presence of a transesterification cata i/s at an el evated

t enper &vorabletcgystabliniiyasdductibityptile eetaining viher dssirabletpzopentiea of palyastorsof t he cyclic
ester to th rr]%cra%c%clicc .olé gester is from0.1:1 to 1:1. The macrocyclic

ol i goeBIeRFeH Fommacy Tl L?!hﬁ? BFER UMY of formula (1a): 0020 -O1I;

La§> Lfooog] ( CapoMirtess doataintngtiigambiityin6ifes alio @eGrapated ogacrédycld NONO- or

pol yoxyal kyl ene group; and Rhis a divalent aromatic or alicyclic group.

[ 0010] oligoestarstand preangiis compeunds.i Fheonganefin-eppakyesiars so freppresroas baussdenod of

maki ng bl o¢ ol r. of polvesters, on nbodi nent ..t he net hod

"ol uqeaviaiielion EARRLY TG offen b BB EHE ant Borbfiloe AR RBRhN Al o T 1 00t on

cat al ygéntih lastiepe\ial @oluine BRa R dtgial Rgdmotimtandoundd Thab,YiTeqiies segnent .
Subsequentlé contacting the first polyneric segnent, a cyclic ester that is

not a syhsteplalydower velumgaatia fimacgasyrlic Rligqestanis dirnobmerizationsatalysli al yst at an

el evat e d i (o] st eps
G iB0bE REBalf, 183 ARG RSl PRl AR, o cobfBof0XE ok
copol yesd eribddandnt ghedethéd invlallesfthe $dps afistosiding a dhaprolcyotie oligoester providing 30
[0011] In_another enbodi nent that is a yariatiopn of the above metgod of

maki nga SYhe SR ?}}agmcm&yqlqc,o goesigr, ghsantac mecpeychg plgossteAtd ont act i ng

a cycl g GeifcRktet dhe proseR ord traRse MO GIRGH catfifiPat WPl ¢4 0P RAPEfleHL I S02117607

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

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

O

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

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

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



-3- macrocyclic oligoester and a transesterification catalyst at an

el evated tenperature. Subsequently contacting this first polyneric

segment, a macrocyclic oligoester, and the transesterifi é&tYopmbea08yst at
an el evated tenperature forns a second pol yneric segnent. The above steps
then are woegusmnsi al | y repeated a desired nunber of tipcasvmi766r m a bl ock
copol yner having additional first and second polyneric segnents. .[0012]
In yet anot her aspect, the invention features a conposition that is a

copol yester. In one enbodinent, the gopolyester contains, withinits

pol yneric backbone, at |east one structural unit of formula (1b) 0 0 O-RX
O - - Rmwero¢ychy oligdestereanta tiagsesterifivhtion catalyst shacsgiolated itdmypesaters. Subsequemilyo- or

| | kyl.eng. - and i di val ent ' l.i.cycl i ;
od” o Putiriv e Xebt R bt et = Brerbiyt it fbordthy g St Bbcote b o R
i ndepe n@e@ﬂ%rét)ﬁt alelevafd ingpefiBir€ foymyd $edoddiRlyRieaY bepehth ahe Bebve Stepherfe Re- i f

is Ry.-C(0)-. Rx'" is_an alkylene, a Cfvog oal kyl ene, or a nono- . or

pol yoxyegareatiafrregeaiedn desiyed qumbgr of gimeajodprm & blaskeaopelymer havingpdditienabfisstp.

[ 0013] %@E-D t, the invention features a bl ock copol ynmer of
pol yest%@s&%‘%ﬁ%ﬁgg c'zﬁ'uni t of the copolyner has, within its polyneric

backbonpe12tt Ine@sinotiReaspedt the idvdntich featates 8 Bohposiion tak K14 cdpdliaster. 18 odlef i ned
above. A se(;ondctgl ock unit has, within jits pol Kmeri c_backbone, at | east

one sec@Rbpdipenidhe FopolygHeTcontring, sithin iis polymeric backbone; s dastope vamctyrdoait] | n yet
anot her ,a8pgat qythe invention features a method for making an organotin
copol yester. fl one enbodi nent, the nethod includes the steps of providing
an ol igoester, providing a non- c&alyti@amount of an organotin conpound,
and contacting the oligoester and||t he orq notin conpound at an el evated

tenperature to producd)-arR~garot- Bpoelgester. In oneabgnbodi ment, the

ol i goes a t ' £ . :Q--R, 0 Ru-J
O 2 anize R A ol Uy BLalIBR ey ool ok bl g, i

pol yoxydivipiterenatic orficyelivcerddp; arl st leasdtionadtemturah it formda (181 i cycl i e group.
30 Novenber 2005 WO 02/098946 PCTI US02117607 -4 [00151 In yet another
aspect, the invention features an o(f]anoti n copol yester. In one

n
Hh

R—0C
m

where R, and R, are independently an organic moiety with the proviso that R, is not ~O-Ry- if Ry
is—Ry-C(0)-. Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group. Ryisa
divalent aromatic or alicyclic group. |
[0013] Inyet another aspect, the invention features a block copolymer of polyestérs. A first
block unit of the copolymer has, within its polymeric backbone, at least one first structural unit
of formula (1), as defined above. A second block unit has, within its polymeric backbone, at least
one second structural unit of formula (If), as defined above,
[0014] In yet another aspect, the invention features a method for making an organotin copolyester.
In one embodiment, the method includes the steps of providing an oligoester, providing a non-
catalytic amount of an organotin compound, and contacting the cligoester and the organofin
compound at an elevated temperature to produce an organotin-copolyester. In one embodiment, the
oligoester has a structural repeat unit of formula (I,):

oot @

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




enbodi ment, the copolyester includes, within its polyneric backbone, at

| east one structural unit of formula (Ib) 00 O-RXO0-- --1~--W-R J where
R, is an alkylene, a cycloal kyl ene, or a nono- or pol yoRPaNegmbae2i@soup;
and Ry is a 5 divalent aromatic or alicyclic group; and at |east one
structuralywypdesak formula (111) I -O--Sn-p Rg (111} peosnR@Ach of Rp
and Rq i ndependently is a hal ogen atem or an al kyl group. 100161 In yet
anot her aspect, the invention features a nethod for polynerizing a
macrocyclic_ oligoester. In opne epbodi ment, the.nethod includes the steps
of provi 80K TaYﬁgfewH)@yequ%%mamt@ag%apg?ﬁawwpﬂ?ﬁgm ST JHEEi zat i on

cat al y st gyt &0 th&&dpb@stb 1Rc1BRE AT 1t ol @héritskiihe a0 taitRfe stRRtuydIer i zat i on
catal yst at an el evated tenperature thereby producing a copol yester. The
macr ocy ciuiicofderingdeedder i ncl udes a structural repeat unit of fornula (le): 0
00R 0--1 Ri--C . where R is amal kylege, a cycloal kyl ene, or a nono- or
pol yoxyal kyl ene group; and Rb is <'1 15 di Y§al ent aromatic or alicyclic
group. The polynerizatipn gata y_gié:i n udg“s at | east one . conponent
conmpound each of whi ch"has&é formuta tHat 1ncludes (i) 4b) | east one

st r uct urwhere i is ap alkyleng, pgydoaiifyispe, ope mone oRpolpoxyalkylgne grqup; and Rylisd  where Rz
Is an al : . [ - I ene group; and
Ry isrs a &g%&g%gﬁiéﬁ{ﬂg?@#g#@ﬂ%?da 1?"a%tyc i@%ucé@él u'%;ﬁ %gﬁ%ﬁjﬁ)@t | east one
structural unit of formula (M --0-Sn-Oi R4 (111) 30 Novenber 2005 WO

02/ 098946 PCr/US02/ 17607 -5- wher&each of R and Rq independently is a

hal ogen atom or an al kyl group. [(0171 In yet another aspect, the invention
features a nethod for manuf act@r+¥g—©Onixture of a

|
R,

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

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

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

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

formula (Iv)
' 0] 0
O—Rg 0-——|l Ry I(L _ )

where Ry is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group; and Ry is a
20  divalent aromatic or alicyclic group; and (ii) at least one structural unit of formula ()

I
—O—S1—0——

R,

()



macrocyclic oligoester and a pol ynerization catalyst. The m xture is
substantially free from water. In one enbodi nent, the nethod includes the
steps of mxing an oligoester and an 5 organotin conpound0 Nevamber200he

m xture of the oligoester and the organotin conpound at an el evated

t enper at WMO02088M®OVi Nng wat er generated during the heat PAFUSH28@0fo obtain a
dried reaction mxture of oligoester and organotin conpound, and m xi ng
the dried reaction mxture of oligoester and the organotin conpound with
the macrocyclic oligoester. The oligogster has a structural repeat unit of
formula (la): 00 o- ~ 10 ~-O Rr--- (la) where Ra is an al kylene, a

cycl oalwigresaeh obRe and e inslepedentiyiisphaleger plorms agplkylgownd R b is a dival ent
aromat i ' ' . i ' S,

2spoct J00PL A yEkhb: S5k B SGH i d ALERERP AR RIS mBRL PR
appar enhackdopelid dligodstdr bndrd podynikezationahtalyst. dhelmistade issubstintiatig fied fibthon [ 00191
The present _inventiqQn is related to, the surpri,sing discovery that

copol y&&ier & prasngdiment, dieaisthod dpshudes fhe siepy of mivag i phigogstenti avol ati i ty,
cat gl ytdr%maﬁﬁ bdﬂﬁﬁdﬁnd,%@&ﬂngrthetﬂﬂ ORI %%ﬁm@&@&?&ﬁ%&&&fﬂm&{ ocyclic

ol i goesters, ordanotin conpounds and/or cyclic esters wth or wthout the
pr esencteveikd Enipemhse stmovifg watr gonerated diripg the I2@irPestepho obtains driedRBttichhe

foll owi n eneral definitions may be hel pf.ul . in.under.standi ng.the various
erme. BaTC s Rse A SRR soea st et fit FrbOR P BE theed herein. a
" MBCT OGYigbdster aktPine ExghitiiRaMPordd With! thémaRbS i ddiphadiek. "Bhedligh@Ag haPNe  ring
within its nolecular structure that contains 8 or nore atons covalently
connec tseuctugl fepeatimibef formanly lakg. 100221 As used herein, an "ol igomer" neans

a nol ecule that contains 2 or rg identidiable structural repeat units of
§231 Asl sed herein, an "oligoester"” neans
i t

no
the sane or different formnula. [OI
norig i dentilfiable ester functional repeat

a nol ecul e that contajns g or
unitfs of the sane or QI FTRFent Tormil 5 ol'i goest er tQapi cally refers to
30 NovavhsterRAeemalinderson cobolkglerspr ys02¢-17 g0lyoxysikyland mou esd Rhiste ar e

i nter g‘}aﬁetng inaﬁ%rrggc%iicthe nunber of ester functional repeat units
present TRe e SPokever, an ol i goester also may include nol ecul es

t hat c@oUIB] N Tha fgegotipHae btheOdbjects, aspects, features, and advantages 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 idenﬁﬁable
structural repeat units of the same or different formula,
[0023] As used herein, an "oligoester" means a molecule that contains 2 or more identifiable

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



ester functional repeat units such that they nmay be classified as

pol yesters. In certain enbodinments, an oligoester may refer to a
macrocyclic ol i goester as defined bel ow. 5 [00241 As used0Movemher 2905
"macrocyclic oligoester” neans a macrocyclic oligonmer containing 2 or nore
i denti fi 360 «/088er functional repeat units of the sanBCHUSE{f§@r ent

formula. A macrocyclic oligoester typically refers to nmultiple nolecules

of one specific formula having varying ring sizes. However, a macrocyclic

oligoester may also include multiplegool ecules of different fornulae
havi ng varyi ng nunbers of fthe sane or different structural, repeat units. A

macr ocYelerdlestbatarg '6’@@%%‘3&13 inderms of the spmbgriofestes fumetional repeat Pm@ﬂnrﬁe@g% er, i.e.,

an ol i N R0 LA, Qﬁsﬂﬁn S havi ng

an estglrg%}soun@u?r{l}al try WI |s£ngpé1§°em%ﬁl%|§£ﬂrr§ %%%Lﬁ%w?%%%f use her ein, a
"cycl |est@ﬂmﬁbnﬂhmeﬂumtmchmthmﬁm@ﬂe@ldsmﬁadmgpalbrcdmasmmr| ng within its
nol ecul structur t hat con alns an e i}functlo alltYWthlntherlng A

cycl i c®® e”_ctilﬁ?e opsfer maypreieE oAy slis oliersiRas feted eloste specific cyclic
ester. @ﬁz@y CAéﬁ.eaﬁéleﬁl @qnmgcﬂ&edlfgbéatemnaﬂéaﬁa&&mémﬁﬁ% tdnidlihgpest er as

defi ned above. 026] " As used herein, an "organotin conpound” nmeans an
or gani ¢ wospdEntii ﬂabtlt‘rmter Bmctiauiahrspeabntsof thesaree aridifferens & maarbgycliound to

an or gt SBIBA PR R AR BREE Rk P e B BB on “honas.

20 [0038ds. foweseth MRt @iytlic digoEaydE nia§ al2b HaRed ndltipkislecul dP SifRfnOr ganot i n
ester that contains a cyclic structure. It should be understood that a

cycl i cloonylanbaving woingnusbyrs o6 thearme oy different syciiralireneatyi§e A magrassslichonds
th t d h in,
o Thord b TRy R on et ot bkt 16, B GBI RS beatlle V300 Tt

C ont ai cﬂiﬁafeﬁmwﬁnalhmpedt buhigs lﬁivﬁg’m ESer fﬁﬁn{;ﬁﬂl@@z}qﬂﬁmmgfdhdmolewhe "an al kyl ene
group" neans

h | Kyl
gr oup' lﬂmnsAaueQéPrPea aaTquereﬁﬁ@r gfm]f)a 010 qulg ﬁ%‘%éﬁe' g §eﬁe§at he =ne
nunber;af f 'E%@arrsﬁﬁéta@ Bt DoidieSnl aét?i ?ﬁa@n@ﬁ@%ﬂ“ﬁ% %@5@11@85&&' call? ono-

or pol yoxy yl ene group” neans wher e |
| nt egerefegs teamuinple hatecdleseithng spemmmycplmteesgle rA gycbatstar ab heed hereirde nc[>t(31033 1 As
use herein Shdl val en t.ar ogat ic group” neans an aromatic group with links

t ol otW@?"oﬁ’&]ﬁ‘f BIFSHTAR ?ﬁ?@flé‘ ¢ ic ol ecule. For exarrpl e, a dival ent

ar ormat r(oﬁzgr OHQusréﬁlierbﬁCéd’@ afotiTEhfoul" nR#hiseS ok miBERIAN A cbiftaigé OBt i C
group benzene). 30 venber 2005 WD 02/ 98946 PCTI USOZ/ 17607 -7-

[ 0034] onk=or oeeitihapes eovalegily bdund yedtileastpme ggsbonaderns a non- aronati ¢
hydr Ocmﬁ)ﬂn $ Bseh hergl'%,néna"o?glagghn stV Fihnbeis 25 Srlotth Gorh %mﬁ bt contains one or

more tin-oxygen-carbon bonds.

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

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

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

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

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

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

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



[ 0035] As used herein, a "block copolynmer” nmeans a copol yner having
segnents of two or nore polyners |inked to one another. A block copol yner
has constitutionally different structural 5 units. Adj adéhioveabereidO
(i.e., blocks) contain structural units derived fromdifferent

char act erW@0¥¥8%peci es of nononer or from structural EEFERP2IMts with
different conposition or sequence distribution. [0036] As used herein, "a
pol yester pol yner conposite"” neans a pol yester polyner that is associated
wi th anot her substrate such as a fibrpus or particulate material.
[llustrative exanEI es, 10 of particulate material are chopped fibers, glass
mi cr osplf83ds, Anpgd bereian @l AlgyBlaSrow: Megns R foparaanadic REHOGHRANEIMPs t hus can be
used tocoﬂfa‘fcﬂﬁé@cﬁﬁ Yeste mBghymer conposites. A fibrous material neans
nore contl nuous ‘substrate, e.g., fiberglass, ceramc fibers, carbon fibers

or or gajidas] pAd ywedhaeisirc'blak copolyme hedne a sopolyiRBE3vivkssepmeards dfaweon, " a
di val ent organic I ety" neans rgani c group sq. | .as it doe 15 not
I nt er 1 PRSP PRE Rt Arblock sehai s cabyiioae b een e o and
a CYCl i @riRS h@facent B@meRts G ifock)icBhtin SRLHRA vBRS drRbEHoRdifRgAat ur ated. The
organi ¢ noi ety can be a hydrocarbon group or.in addition can contain one
or nor echawcierigiistspenies of renemeyen fromrsthehurg! repeat units withdifferent composidinear  or
contain one Ok .npre cyclic or heterocyclic structures containing one or
more O, %™ SYstEbUOR < Exenpl ary di val ent or gani ¢ i eti es include
dival e n[]bm] NOAs W¥ed H&Eiﬂ,a‘alf))ﬂy@ﬁ@_pﬁfﬂiép&)glpgﬁiteﬁ e A pol@stér pilyneea kPR at ons,

a

cyclicallcylene groups containing 1-20 carbon atons, and substituted or

unsubstdssasiated withanoler substeriuri asy Bupns of peficuaie pasHel Idusbeiye esammles cyclic

gr S |_ni : - t] I 3 rom
ity Rt oftl o8 SARPE, B il B b Blo e, URBERTd (0T
copol yestledditihaveuskaebe yweé papreprd golyestemmlynsy cdmposisl gofibesmaterdahd cyclic
esters in the presence of a transes erific_agrﬁ'éon catal yst. 10039] In one

aspect ,¢3E MOER ROHHRYOHS ﬁ‘éart%tleigy%i’@“& ERTAIRIC HBPTR. T B[ﬁ%FFéP?-T?Féa%C copol yester.
In on oﬁﬂ@é?g%mﬁﬁ%armhﬂ%ﬂéﬁt hod i ncludes the steps of providing a
59 Ic olig

macr ocyc oester, providing a cyclic ester other than a macrocyclic
ol i goedD837] atsiusedhdreins iamvalehiborpate maipiy!' ineams langagatie groapeb Bg ¢tiedaeycl i C
ester in the.presepnce of a transesterificatigon catalyst at an el eyated

F erider A nEETIES S B pedma B Ry dnat ML P eyar R gt e et has o

St r uct Wradnid ReRflcatiBi danRited S uRbAtArateli.aThe c3phnONSIBR REn BOPRydWB2A PRBP46
PCTIUS027 17607 ©.g_ OO0 O-RO-L Rs-A (la) where Ra is an al kyl ene, a
cycl oaldtyn adigtionean gontaim one @masohsierestemk yTherpegagicangisty apmbeinearora  di val ent

aromat 'vanthed? lo} g{)ﬁ(t:allﬂ SneDr Ridhe cyclic or heferocyclic structures containing one or more O, N,

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

containing 1-20 carbon atoms.

Preparation of Copolyesters from Macrocyclic Oligoesters and Cyclic Esters
25 {0038] High molecular weight copolyesters have been prepared from macrocyclic oligoesters

and cyélic esters in the presence of a transesterification catalyst.

[0039] In one aspect, the invention generatly features a method for making a copolyester. In

one embodiment, the method includes the steps of providing 2 macrocyclic oligoester, providing

a cyclic ester other than a macrocyclic oligoestet, and contacting the macrocyclic oligoester and
30  the cyclic ester in the presence of a transesterification catalyst at an elevated temperature to

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



10040] A polynerization reaction occurs between a macrocyclic oligoester
and a cyclic ester. 5 The polynerization typically is conpleted within

m nutes. The duration of the polynerization reaction dep8 R

factors such as the nolar ratio of macrocyclic oligoester to cyclic ester,
t he nol arwe g/098946f t he ester nononers (the nmacrocycl i FCHUSHEHMENer s and t he
cyclic esters) to catalyst, the tenperature at which the polynerization
reaction is carried out, the desired nolecular weight of the product, and
the choice of solvent. The polynerizat.ion is preferably 10 conducted under
an inert environment, such as under nitrggen or argon, or under a vacuum
[ 0041] The nolar ratio of cyclic jster tq nacrocyclic oligoester can vary
fromabout 0.01:1 to 10:1. In orl enbodifjrent, the nolar ratio of cyclic

ester to nacrocycltt—8tgBest@r—&—ndk bout 0.1:1L}o about 1:1. In

anot herwlerRks aealkyleiid) @ cyaidatitylens b ®moiho-@y pbliyexyalkilete graupmaeimdyeal i ¢
ol igoester is between about 0.1:1 to about 0.5:1. The nolar ratio of ester
monomerdévalant premalicenalicydic grupoest er and cyclic ester conmbined) to the

catal y ﬁggaﬁ)j‘gtﬁl[ g&%ﬁeﬁzfaﬂéﬂ R0GMh o&lrshetvRen 2 !:i%cﬁlﬁgolggg@s'té’f 'a.B% % %ﬁﬂg 8§%b°di ment,

t he nol ester nononers to catal yst om a "t o about
10, (G00:The pblynenizdtioe typéralip thicompleted witkinmnhates. rBeidoration eftiinolifkrikatian about
5,000:1. .In.yet. another. enbodi ment, the .nolLar ratio.is fromapout 200:1 to
about - 38619 dSFEHIERR BVRR Tl Gyt elt BHE OHBRR U PIERSSRE GEHEr f act or's.
the pr gy, SRmMIIRNAHATHShe dtbr HIIRGARS Hid tforflytBORRbeterPRd teXGtlicesREH & ) used,
the reaction conditions, and the work-up “procedure. Typi Cal yields range

f r om atsetalystothederepezdive et wigioh thypalymesization negction prodayrisd vely the desjpsii cal | y have

nmol ecul ar i ght m about 00 t bout 150, 000. ..The te ature range
of o e el GTRARRY aod e Pitvelsd sERG, TR R G PrS B o 1 o
CycClgi C cBdueted @Addr@f incit@nviddhnidhiodhch 8s widetitrdied Gr &@om bostdeZ3eund@r | ow cyclic
ester content. The peak tenperature ran?es 25 from about 165C to about

1

220C. THW1hedibe golareatiojod gyqlis evistemasraeglio gligorstercar ity Bpmabenifitigl to

cal ori ngiyr 4 d . t .

Copol yggtlé)rt%g%r%%bfr e gé%@%gt%c%@{chegﬁggg@fﬁgmﬁﬁ%%ﬁ%&ﬁ k)s gvf)é\%} i mproved
cryst alabom0tlyl @rabloutuct. i Tniahgthen smbleiimeanst] theimethr yio ofieyclieesee tamagrecycinge  of
mel ting, endot hermand th heat o ing of the resulting copol yesters.
Copol yQHgeser ﬁ%?t"ﬁana %&Jééﬁhﬂl&@%gﬁﬁ%@%’fﬂéwwo Bl Bonmetipl e, exhibit a
dr ast i [ ' ; fing,
o cat s Rl Lt Bl o P oS A oS St 20 560
02/ 098 gH4@1t PATLISD 2Ih b6 embedimerft Gixddplaitatio pHésyameronaradrs treatatyaics from abayt be

carrie t W W thout a sol.vent A solvent be use dissolve
one orgR;gg%aIEﬂuE P%géq}(ya A geﬁlﬁﬁélglremt %‘em‘%’f‘ﬂj@ l %@g%nf@.agwtgoqt@e‘nt may

al so by % eRotRs embbEBiteHi e Mol k4 if e BBAR RO®N td MoBO0Ied out. |llustrative
solvents that may be used include high-boiling conpounds such as

o- di chl[#0d2bb Figldsref caprlyasistsadepend pheamyang ofhsr felorshe PBRCERBOLINABATS, no sol vent
IS 24S e?méc?oc%‘l?c &Péogg{grrai:l& @}c‘hg Qsterrfl%%&itﬁéqfeacﬁon 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. |



[ 0045] Cyclic esters enployed in various enbodi nents of the invention

i nclude any cyclic esters that react with a macrocyclic oligoester to form
a copol yester under transesterification conditions. [0048NaEpEbpi2088ters

i nclude | actones. The | actones nmay have any nunber of atonms within 10.
their ri N0 0¥98MMe enbodi ment, | actones of 4-10- menbeP€dUSINIGe7ar e used.
The | actone can be wunsubstituted or substituted. One or nore carbon atons
in the [actone structure can be substituted with a heteroatom such as 0, N,
or S. One or nore hydrogen atons in.ghe basic |actone structure can be
substituted with a halogen atom(e.g., F, C Br, or I) or other functional

1l ogen a _F. a. Br

gr oups [904d] udihagolameszation weqsien may e caried g with ex wishout psckyspt. A pelvent) | a
hydr ox r , r ] r —and
o ot piey 3o 3o UOIK of ool R TeoclnfSKADG G5tk Re rBNS HsONERdl
Exanpl elo bt uedet ameedivimiowhibh theareddtideis cgirded olti ditustrative selnattethat may be

1, 4-di oxane-2, 3-. dj ape, c-caprol actone, [i B propiolactone, tetranethyl

gl ycol P ,mﬁudfﬁvglrh?@e& mpoutgs pichyes gidighlrgiobenzens gad petprrghenst JRenotpes047]
Cat 31 ShiboRO WS ot sfiGed gt PblyRiizHiBn IAQRA, Lhat are capable of
catalyzing a 20 transesterification polynmerization of a macrocyclic

ol i goe$dMS] wiQybliceestoyodnipdoyes nemriowssmbiotiimests af the inybationdndmde apy opdisses f or

pol ymeri,zi macracyclic oligoesters,, organotin an r ganot.i.t anat e
Porou g AR RARA Y Spado i e o th A BRSSP e e my be
used. Ekgrdigmepl e, an organotin conmpound, dibutyltin dioxide, can be used
as polynerization catalyst. OQher illustrative organotin conpounds include

1, 1, 6, 60046} r §y¢lif-bf|t§tepﬂ in¢luds-loptapes nﬂzf-laqtcg;es mmllaaws amemmﬁ@m%a}@nwmane, .
- in(l ' ' i ' in(l ' - i n-
MR T R T e R G e g e Sy

nmonoal kydubbtiuted W) sueititedt Oneas moseieiboasatdindib thellidtde bikctute bast i de,
dialkyltin(l\V) dial koxides such as di-n-butyltin(lV) di-n-_butoxide and

2, 2-di S¥pstiuegwith aheisrpaiom sushas Oxblegrcl dPrsse aives hygrogen atpmp lnthe basical koxi des
such a [MelVIAVINN j -%&i el B 85 to
Pear Ce?ag%otngh I nleg Iefs PE%&%S%% c%egﬁetsnt(g'gag’s%lmggbiow%%%‘%%i}aovmed

U. S. S. Broup®indlading 4Eyl groas () methyl, diyly eyl dntyd), hbydedxyl giotp, alkyloapt i rety) may
be %Jsed in the ola/msrlzatl on reaction. 30 Nﬁl/enber 2005 WO 02/ 098946

PCH USEIRS 66 YArOE50UD; AR ErORRS, fift arpticeseupsc Bielpsfaneccan CoMAIm ORS ofIpospy |

ti t anabgyifishal Bfese MRhAYRLLA 1A dnBEinb RYEREERNelycofid) @lox oAl £8i0Rdnel 3-anat e
catal ysts include tetra(2-ethyl hexyl) titanate, tetraisopropyl titanate,

t et r abdiopeé, stdaprtestone, faprdpibiattames tetramettpioglyrd Edegl f dutyrddastbricny-owynebaoioye,owned

U S. S N, Q9/754,943 (incorporated by reference herein inits entirety). 5
[00491%"?}6]1&?}%% zation reaction is carried out at an el evated

t enper glodtEe. ChialysRe E)?&Hﬁitlﬁ'iﬁkt tibife HRBPRLALEaBatiS ffbﬁta%tzé' ged within a
?jrogm]eabouty@ﬂiorélg o about egooc,eor fromaa%utoloo tg about 260C, or

range
fr 881 atyensestarpetionpaynaizationeCa macrocydimolipesster witlporychic ester. As with state-

of-the-art processes for polymerizing macrocyclic oligoesters, organotin and organotitanate

compounds are the preferred catalysts, although other catalysts may be used. For example, an
organotin compound, dibutyltin dioxide, can be used as polymerization catalyst. Other
illustrative organotin compounds include 1,1,6,6-tetra-n-butyl-1,6-distanna-2,5,7,10-

25  tetraoxacyclodecane, n-butylin(IV) chloride dihydroxide, dialkyltin(IV) oxides, such as di-n~
butyltiﬁ(IV) oxide and di-n-octyltin oxide, and acyclic and cyclic monoalkyltin (IV) derivatives
such as n-butyltin tri-n-butoxide, dialkyltin(IV) dialkoxides such as di-n-butyltin(IV) di-n-
butoxide and 2,2-di-n-bufyl-2-stanna-1,3-dioxacycloheptane, and trialkyltin alkoxides such as
{ributyltin ethoxide. See, e.g., U.S. Patent No. 5,348,985 to Pearce et al. In addition, tin

30 catalysts described in commonly owned U.S.S.N, 09/754,943 (incorporated by reference herein

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



about 200C, or from about 180C to about 190C. 10 Preparation of Co

ol vesters from Macrocyclic Aigoesters and Organotin Conpounds _[0050]
Copol yesters, including |ow, medium and hi gh nol ecul ar WiNg¥ember 2005
copol yesters, have been prepared from macrocyclic oligoesters and

or ganot i Wwa@piddmds, in the presence or absence of  aPCTAREESEErification
catalyst. [00511 In one aspect, the invention generally features a nethod
for maki ng a copol yester. The .15 nethod includes the steps of providing
an oligoester, providing a non-catalyti c anount of an organotin conpound,

and contacting the oligoester and the.or?anoti n conpound at an el evated
t enper H048le £dicsfipaate satalyslsieiayicoprapy] titpnalegpey hermpinyadixthe ipyatighi goest er has

a stru r . ' ] ; ey == O R6-J
wher e é&(ﬁé{ %aglﬁ) %gﬁ@ff%%g ?&tg?%i/%@g@k%(%h@m%)éﬁﬁ%gﬁb? anlrgp f)"g’)r‘f %%aa’ kyl ene
gr oup; teaishiyRbitdnate fandditatatesotnpaumdsddstribed in @ninoonty dvened TOHRIBN. PHUSLP43A

pol yneri zation reagti on, occyrs bet \égen an oligoester and an organotin

~ conpoufiacorporaied by ¢ berpinamits Pl |y i s conpleted within about a few

m nyt e &Pgéjs fatal I :QLrsad | L ZRlohN reaction
depgnd@ogﬂ man thgzcg:lnfrors Hsrﬁ%gﬁg%lssgt 12&%{%5@&‘?%\{3?39%#& 0 Jfglges‘t?er to the
or ganotmbodimenahempeiatire Bmeintznadrvethit 2 sshgecfiorn hlsvup H00jGHir dboatt 3061C, oeacti on i s

cat al y BomeBp AP EHa AL G50y HGE PR E oo AOR LT 5t Sam P EREHE co of
S0l Ve g e OB dteat 190°C towbhitab@eabl y  conduct ed under an inert
envi ronnment, such as under nitrogen or argon, or under a vacuum [00531

The organotin conpound is provided in a non-catalytic amunt, which is an
AMPN pr Sl o BN ARk A PMARl Yotk DIS&TYER oL B ERGHAnS STP! oved
as oy S 3 ' o fret © eTrpT

al t houmpse)t OBYbIRbES, BEkERe iy, Med@inaindtigttholetidarsaight Sépolyest %e 2005 WO
02/ 098946 PCTI US02/ 17607 -11- time. The nplar ratjo of oligoester to

or ganobéen peeppise ffee mypecyalic glisoeiereand PrgIRetIROmPow,; i thepresgis @ 0.5: 1. I n
one e ' 1.0 of oligoester to organotin conmpound is

bet vveg%o%gljécgggéuf&%&iﬂ?égﬁé%%%?}gg. 5:1. In another enbodinent, the nolar ratio

of ol i PosH! e dne agpegathe inventichqeallydedtaredeiethod foa miing 2 Gopbltesteatichet 1: 1. In
yet anot her ephodi ment, the polar ratio of 5 oligoester to or?anoti n

cokpoutrathpd inskigien stapRfwroiiine A0 ligesisr PIOviding HBEuP TS BHOUHO: fhe
copol &35 &k HRPGRM, MY coREPRY 1 HgesleR GRS orghRBinROAGHTA Y arld @RSt €rs and

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

unit of formula (I,):

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

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



organoti n conpounds enpl oyed, the reaction conditions, and the work-up
procedure. Yields range from about 85%to about 99% based on nononer
units. Typically, the yield ranges from about 90%to abd@NaompenPd500551
The resulting copolyesters typically have wei ght average nol ecul ar wei ghts
from abo®0 0209893@© t o about 200, 000. In one enbodi ment PATRBOYIEEN| t i ng

copol yester has a wei ght average nol ecul ar weight from about 1,000 to
about 150, 000. In another enbodinent, the resulting copolyester has a

wei ght average nol ecul ar wei ght fromijgabout 2,000 to about 120,000. In yet
anot her ,enbodi nent, ;the resulting copol yester has a wei ght average

mol ecultipe. weiegnelarratinelaligaesicr b organotn easipgped ypisalyortes frem ghout 96l tRer

enbodi .n d4.he ' y ' i ar

ver ont "Eog0 o H ARk BheERg KR B, ARyl Sbnat BN BRI TRERTT
accor diabgutt1G0sTed hbms 0 dds dn adatitkr babelinent ghsavler mtio afiy ot st &odtganofin operti es.
As will be nore fully discussed |ater, the copo sters can be

t r anses{OBPPYR Prigier @atﬁa?c%&osagwﬁﬁﬁséa%@}of%am%ms% {he Balr Feio g

POl WTBTd155Lskd? R SipatBRG cOMYSING & RIWARBER 181 1¥bod0: Bt DI e pol yners, these
macr onol ecul ar catal ysts have essentially no vapor pressure. Thus, they do

not r ai[§@54heaYields obthe eopodyesters depend nw,emohpefhtr fagtors,jlod yprewndor olbgresitry snds. | n
addition, the tin oncentration of these macronbl.ecul ar catal.ysts are
Feduce PrEPTR arnRrpICHERI T S dn bttt e SRS EoR PRl ditie ¢
cont entrahgs fHone AIRAE BT td oSOV RsbDiAhorfoyRel §TB, Thpitallaihe Eﬁéﬁi_traﬁgés frpmnomer
ratio is typically 1:100 or |less. The copol yesters of the invention, in
cont r agbout APl akoutd9%%at i o of as high as 1:10 to 1:3. The higher ratio of

¢ oo abes? AR G R T AL e I 2B s ek BB 9
r educed],@0 16 ¥eout 200,0000 dh 66k endtddintht, Theaeling o8folyeskt 043 arviipht ivefageny be
carried qut with or without a saolvent. A solvent _may be used to dissolve

one or MYpalasmveighbipm abeut 1,000 igahout 150 900 Ip apgtbereabediment the sesglibgent may 30
reob actiar . I . MY .
2 o1 v ant R hadh Gl MGl Wifhl £ kbA2,000 EALbLAT0 B, ybe UStrative

sol vents that may onpounds suc
o- di c¢hlanothetsmodimeens rikk rewtiing copqlixstey has al weight atdnene modetntad waighit froomabosb| vent

is used in the rization reaction. .30 Novenber 2005 WO 02/ 098946
perbusas0h s B ST a8 aneer iy M SeHALe CoRRlyeREs 58 REHBBl oyed i n
vari Ou%yﬁﬁﬁ@ﬂbﬁ&ﬂéﬁvéi’%ht%ﬁ: dbB¥S0L000 B abbikCoy@60.any organotin conpounds t hat
react wth an oligoester to forma copolyester under transesterification

condi t i[08f8] [BPBEBEsier grnatd arcodingdumethodsizscriveyd hive havsadveral advaetagsouent i on
i ncl ud I n.est ) ' t b lic.or.. lic. |
Sone. e TBREREn (S Wi e R0 AR TSRl e B b SRl e RO or i 2

(1V): {cBalysts themselves, and may be used in the polymerization of macrocyclic oligoesters. As

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

25  ratio of as high as 1:10 to 1:3. The higher ratio of catalyst to macrocyclic oligoesters allows easy
introduction and mixing of reactants. A need for sophisticated metering equipment is therefore
reduced or even eliminated.

[0057} The polymerization reaction may be carried out with or without a solvent. A solvent
may be used to dissolve one or more of the reactants and/or to mix the reactants. A solvent may

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

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

embodiment, no solvent is used in the polymerization reaction,



| R3- OSn-0 R4 R2 (I1V) where each of Rl and R2 independently is a

hal ogen atom or an al kyl group; and each of R3 and R4 independently is a
hydrogen atom or an al kyl group; or R3-0 and R4-O taken £8 vgebe; 2008n 10
oxygen atom or R3 and R4 taken together forma cyclic group. A cyclic
group hemQ w/98ers to any cyclic nol ecul ar group. [ ®EBFSFFETexanpl e,
each of R and R2 independently is a halogen atom a nethyl group, an

et hyl group, a propyl group, a butyl group. R3-0 and R4-O t aken toget her
may be an oxygen atom such that theipol ecul ar structure becones

Ri -Sn(=0)-R2. Additional IX, R3 and R4 taken 15 toget_her may forma cyclic
st r uct JP@S8 | Pregnotia cpmpaundgthatanay beemployedin vagioys o Wﬂaﬁntwvé%wvgﬁb@m -and a
tin at r - 1 | I

6. 0- ¢ cpiii @Plolgatlin /8 pbiidh el o AR Fgocder & orm o copofyesterundey

pol yneriranessterifibatian vaciitony.cl i ¢ butyl ene terephthal ate oligoester (2) to

give a copolyester, (3) as.shown helow., f A 20 Cyclic butylene terephthal ate
o1 | GondBOR)) *Sipanintprhronnas Brimiote voRdin e GrERBATRGR PR G- By M (3) 30
Nov T scaQRh ek 02 89 84S oPIEPI4SAR bl Mibothbnts] 80Bikdndih oA ik Bive

organoti i conpounds”such as (4) and (5) can react with oligoesters to form
a copolthedillewingdgmsiteoi): bel ow, conpounds (4) and (5) are readily prepared
fromthe diacid (7) and the appropki ate diols. Bu OH Cl /S OH +
HOCH2CH2CHOH 5 (7) 1

Ry—O—S8n—0—R,

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

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

to give a copolyester (3) as shown below.

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

20

Cyclic butylene terephthalate oﬁgomer (2)

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

3



Buw OH Cl OH + HOCH2CH2OH ------------ ) O Du Snh >+ H2O C/ p (4) O
Bu, / C1 " n D+ HO O 10 [0062] Organotin conpounds havi n%{ﬂtwo hydr oxyl

groups can al so dehydrate and pol ymerize with macrocycl 3@
produce stannate copol yesters as shown below. Bu | HO Sn-OH +

vegbersA08Ps t o

a (7) 0

11 CH2CH®@HROPR4©O- C 11 H2O Bu | fn-0 CHZCH2CH2CH2 CPAQI/US8Y1780 HO_ i

n--OH+ Cl (7) 15 DD

-13-

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

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

and the appropriate diols,
OH 0
B Bu, / >
“‘3,1/ + HOCH,CH,CH,0H —>» /‘s:\l + H0
a” \OH a4 o
5 7 @

Bu, /OH Bu, /o

St + HOCH,CH,0H —— » Sn + 10
SN
C OH

Y )

10 [0062] Organotin compounds having two hydroxyl groups can also dehydrate and polymerize

with macrocyclic oligoesters to produce stannate copolyesters as shown below.

Bu

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

a
@

Bu
H;0 ]
————

0 0

fm-o CHZCHICHZCHZ-——O-C—Q— c-0

Cl i k
(8

Bu

o} O

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

| n

cl (1

M

Bu
H,0 Q T
I - -ISI'I." O CH;CH2CH2CH2_ o~ C'cﬁgcﬂchchf c-0
m
15 al 1
@



11 CH2CH2CH2CH270- UCCHZCH2CHZCIiz G0 n H2O (11) Bu O OCI1 00 -' n-O
CH2CH2CH2CHz 0- CCH2CH2CH2CH2 C.O Cl 1 m (9) 30 Novenber 2005 WD 02/ 098946
-14 octyl \ Sn=0 octyl, Bu + HOCH2CH2- N- CH2CH2- OH oct y[30Rlpvemhei28sp CH2- N
CH2CH2-0 octyl n (10) octyl .1 Sn= O+ octyl 5 10 HO (CH2)12-OH -1420 I1
I n- O ( CHAyA@/08%ectyl n PCT/US02/17607

-14-

octyl Bu
LS50+ HO-CH,CH,~N-CH,CH,-OH

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

octy!

(10)

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

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

containing copolyesters such as copolyesters 13, 14 and 15.

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

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

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



(12) PCT/U802117607 [00631 The polystannate esters (e.g., conpounds (10)
and (12)) may be incorporated into various poly(carboxy ester)s via a self
catal yzed ester interchange reaction to form organotin- S@d¥aiembex2005

copol yesters such as copol yesters 13, 14 and 15. (10) + pol ycaprol actone 15
octyl Baw® 02legages Sn- O CH2CH2- N- CH2CH2- O G- - (CH2) 5- - 0) PCHUE8A17@7 P (13) heat
0 0" odyl CHCH C52C%4 o-C CG-o (CHO12-0-sn--0 ouyl s F (14) 20 (12) +
(11) heat b. O Ooctyl CH2CH2ZCH2CH2-O C-(CH24- C- 0 (CH2)12 O Sn-O octyl
(15) [00641 The organotin-containi ngigopol yester products are useful
ester-interchange polynerization catalysts for the production of high

nol ecul ar wei ght pol yesters. 25 100651 In other enbodi nents, cyclic
organotin esters that are useful ip pQQctlce have the formula (V):

(12) +(2) 30 Novenber 2005 WO 02/098 4@ PCTIU802/17607 -15 R R

R
5>s{1 }(\ / \ Sn< &
V)

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

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

group, or an octyl group.

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

formula (VI):
O
Re\ / 0\ P
a A
Ry D 0o R
(VD

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

Ryo

—Q—8n—0—Re——

Rip
(VI)

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

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

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



OOR /Sn~ Rb 0 (V) where each of R5 and R6 independently is C 1-C 10
al kyl group, and R7 is a C 1-C4 primary al kyl group. For exanple, R7 nmaybe
a methyl group, an ethyl group, a prinmary propyl or butyBOd¥xember20Bach of
R5 and R6 may be a nethyl group, an ethyl group, a propyl group, a butyl
group, awieepsdgroup, or an octyl group. [0066] |n y&CTESRE760@bodi ment s,
cyclic organotin esters that may be enpl oyed have the fornmula (VI): OO0

R8 Sn O-A-0 RO (VI) 10 where each of R8 and R9 independently is a Cl-Cl10
al kyl group. Each of R8 and RO may bgga nethyl group, an ethyl group, a
propyl _group, a butyl group, a hexyl group, an octyl group. _[0067] In yet
ot her dnisg@hetberembodimgainthe oligessiereraployed is haanshesaih 15 @nothes embedimant. ¢ ganot i n

“or e RBSIREndIBY s bilferit MG B GRER, alDhden iy SRR Y T 0, g
al kyl  @rguptirogster.Rn dilser Chbédifdersth, kiyd aigsestba ttiagdcrocldo@ipodserandthet he or ganotin
conpounds and their_anal ggues and honpl ogues dgqsé‘ﬁssed herein, are

di scl o SEEANPTN ¢ampoppd is 6Wﬂ’§ °W#r-a@ﬁ%@ﬂe s, thapligaesisr is ngka eby
i ncaqr : I r. i ' i ' ; t.an )
5. 395, SurESlc el SCE AT ol bolhoiath R ChotcShdinath St R SRS
d i goesheslizotdtatimayiby a biveae oigw@yter] anditht oganotin coroponni] isca lidehgmesbtn ssferl | near or
br anch i , d 1 f ' I I i ght. |
B L
anot hergoprbials "embl st%hg ?Qi bedRESIIVecRNhAY Rebahstin dobPRimdsIbnidelverraer 2005 WO

02/ 098946 PCT/ US02/ 1
serve as transesterification catalysts. However, catalysts may be employed in applications where

10  the organotin compound employed does not exhibit the desired reactivity, and/or a faster reaction
is desired. As discussed above, organotin and organotitanate compounds are the preferred
catalysts, although other catalysts may be used.

[0071] The polymerization reactions between oligoesters and organotin compounds are carried
out at elevated temperatures. In one embodiment, the temperature is maintained within a range

15  from about 100°C to about 300°C. In another embodiment, the temperature is maintained within
a range from about 100°C to about 190°C. In another embodiment, the temperature is maintained
within a range from about 120°C to about 170°C. In yet another embodiment, the temperature is
maintained within a range from about 140°C to about 170°C.

[0072] Non-metal-containing cyclic esters may be co-polymerized along with oligoesters and

20 organotin compounds. Non-metal-containing cyclic esters that may be employed include
lactones. Lactones may be a cyclic ester of any membered ring. In one embodiment, lactones of
5-10 membered rings ave used. The lactone can be unsubstituted 6r substituted. One or more
carbon atoms in the lactone structure can be substituted with a heteroatom such as O, N, or S.
One or more hydrogen atoms in the basic lactone structure can be substituted with 2 halogen

25  atom (e.g., F, Cl, Br, or I) or other functional groups including alkyl groups (e.g., methyl, ethyl,
propyI,' butyl, etc.), a hydroxyl group, allyloxy groups, a cyano group, amino groups, and
aromatic groups. The lactone can contain one or more additional rings. Iustrative examples of
lactones include lactide, glycolide, dioxanone, 1,4-dioxane-2,3-dione, g-caprolactone, B-

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



-16- In yet another enbodi nent, the oligoester enployed is branched. In yet
anot her enbodi nent, the oligoester enployed is a polyester. In sone

embodi ments, the organotin conpound is a cyclic organot i3f Noyember 30950t her
enbodi ments, the oligoester is a macrocyclic oligoester, and the organotin
conmpound W8 0240983461 i c organotin ester. In yet other enta/upIt767 t he
oligoester is not a 5 nmacrocyclic oligoester, and the organotin conpound is
not a cyclic organotin ester. For exanple, the oligoester may be a |inear
ol i goester, and the organotin conpoung.is a linear organotin ester. [00701
Catal ysts may al so be enployed in the copol yneri zation of oligoesters and
organotin conpounds. Catal yst may not be needed because many organotin
conpoungs, JLReRVDIEStG@n Serve as transesterification catalysts. However,
catal ys ed in applications where 10 the organotin conpound
enpl oy e@0@] e sOmouf tieegréduisprstemplayed inrap émbedimentwil the imentdmoo pepérast er reacti on

0oL el SRS AR ORISR, GLAESEL SRR G RBITSS e
pol Y§Ter jngiald AkylERWdatbRylate HYRRRs Kh %Ole,ﬂ)@cgrﬁn@t@%gﬁhﬂﬁt@ QlijohepOFROUNdS are

carried out at elevated tenperatures. In one enbodi nent, the tenperature
i s mai nethylensderephihalate olicometye Depanding omithesissited poperticpoktbofinal 8g@Festtn anot her

enbodi nen e tem re i i i.n w thin ar e fromabout 100C to
Shout 1Bt T REPREL Sl oAb G REAT o M p R, [ O ad i thin &
range fmomajabaudy d886at bcrRRAlE ofigddbiers hdadiPéan 8 diade hnded¥d Q@RI B Yractich e

tenperature is maintained within a range from about 140C to about 170C

10072] New-depensingoytbedeosiredprenpetics of bs fiagl sopplyestseradvngsargduely theed al ong with

ol i gpes . | - P ining cyclic esters
t ha rra{.ﬁ{@ngt@rr%agégycfﬂ? g@ﬁ%@ ﬁ%&%@%ﬁd {og'g%%ﬁ‘g% mﬁa%@%grga cyclic ester of
any nmenjoeTsid Madgrycliovligoesteenthadhaytetemploged innids invéntion iddndepvbare@dt ri ngs are
used. The lactone can b ubstituted or, substituted. One or nore. carbon
atoms i Hmitsddo; mastesc ool d&aﬁwgﬂaﬂs’g{mﬁa g AR EPEAtaRt i such as
0, N, %eﬁ,rmulglm:or nore hydrogen atons in the basic |actone structure can
be substituted wth a hal ogen 25 atom (e.g., F, d, Br, or 1) or other
functional groups including alkyl groups (e.g., nethyl, ethyl, propyl,
butyl, etc.), a hydroxyl group, aPkyloxy @Qroups, a cyan group, am no
groups, and aromatic groups. TheII- actonel can contain one or nore
addjstional rings. H--gst+ative-exgrplr —l-actones | nfgl[;de | acti de,

gl ycol i 9&{ i &5,1%3 - - di ﬁ,aﬁg K -

pr opi ol ac %%%l,géﬁgtﬁggnﬁé%ﬁ@ g yggl%lr%g%n 30(%%51?’%0 %P%%%ﬁ y %1&? %?raol act one,
and pi whvadnaafoantc oiflicpddicgrdnpr 2005 WO 02/ 098946 -17 PCTI USa2/ 17607
Macrocvelic Qi guesters [001_3] One of the precursors_enpl oyed. in_an

ermbodi riB#6] oPreffged mareger sl igpesprepamactocyclic oligoesters of ethylene terephthalate,
propylene terephthalate, 1,3-propylene terephthalate, 1,4-butylene terephthalate, 1.4-

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

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

25

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

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



copol yesters is an oligoester such as a macrocyclic oligoester. Aigoesters
that nay be enployed 5 include al kylene dicarboxylate oligonmers such as

1, 4-butyl ene terephthal ate ol i gomers and et hyl ene terephﬁﬁgﬁaﬁébgﬁﬂﬁéners.
Dependi ng on the desired properties of the final copolyester product, the
appropri A@oxBYeester (s) can be sel ected for use in RCIUSBTFECt ur e.

[0074] Many different macrocyclic oligoesters readily can be made and are
useful in practice. Thus, depending on the desired properties of the final
copol yester polynmer product, the 10.gppropriate macrocyclic oligoester(s)

can be selected for use in its nmanyfacture, 10075] Macrocgyclic oligoesters
that Ve selyentsydpsmethylsne lopien i be fFrpRa ,theo%%chap iyprcaly st o to,

nmacr oc ' I i I ' ' tur al
Fepeat iSRRG Hlebli ) 4 S, Y S FAERI o 8079 bl
an al kyllene, a cycl oal kyl ene, or a nono- or pol yoxyal kyl ene group; and Rb
Is a | val ent aronati.,c or alicyclic graup. [00761 Preferre cr.ocyclic
o1 1 goe0ERL Riesmrsiit ligessier B R bemabisd ghe wb FRpleietoncat Sebre abiaride

propy! e 4 &LaRAS ﬁgi%m@xﬁau&)reg@psﬁhﬁ&eoﬁ@h bityblgl) drSphithiafe ey | ene

terephthal ate, 1, 4 cycl ohexyl enedi et hyl ene terepht hal ate, ethylene
i sopht tpsgsence of phighly uakindsrednsinhen sanixturelthgreofvidaf leasiony ghptettiatyarane

1, 4- butyl . - A I | at e,
T 5 et AT SRR AR Suedat B0 RS EOEL EIBROR WRARME 0 2 o1
t her eofgoR 8 &uddh Syttt shiofide] HidordbaEaeydaintixmtd taes es epaW.SiParahi eved by

cont acti ng at | east one di ol of the fornmnula HO-Ra-CH with at | east one
di aci d Nenp321.4& tleBrensle efgmula: 25 0 0 11 C - R5--1 O where Ra and Rb

ar e ,as i n ny [ ' ' . ' resence
of Eigt [@Lt %glﬁ%gg%&ﬁ%d @ﬁ%{cﬁ %glg su{?tscfggkltg | cie%{tglllsﬁaﬁlgé}g%%g%é\%og%%%gar ound
t he bashedepblymegatiombiimeardsly@ed golyustyia thepeesenanp hieorginotinohtiatdtanes i s

1, 4-di azabi cyc The reactio suallg i.s conducted

o[ 2. 2. 2].o¢t ane ( DABCO) . )

under SEBRPUR }fna%yn S Deleating
| m sc 'a%ﬁuf@omﬁé!&?@@ést&%ﬁ oM 201088946 B%Emaﬁgr@&ﬁﬁ@ﬁth & DRI C
sol vent such as nethyl ené chloride. The tenperature of the reaction
t ypi calok fitanmmmionipound. {The solseneused, sichancatytsue and @dichlpwbeiiyens, upslly argee, e. g.,
U ?'5 P%al%%ﬁ% ﬁ'GSG ’09 g’:%}ggg gncf v(s?atg;:r lé_g_g, le!g.e, Ueé Pa?elnf Nos. 5,407,984 to Brunelle ef al.

and 5,668,186 to Brunelle et al.

[0080] 1t should be understood that it is within the scope of the invention to employ co-

oligoesters (e.g., macrocyclic co-oligoesters) to produce copolyesters. Therefore, unless

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

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

Copolyesters Prepared from the Polymerization of

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

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

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

[0082] The above method of making a block copolymer may be modified in its sequence to

begin with a cyclic ester. The polymerization may begin with 2 formation of a block of cyclic



[0078] Macrocyclic oligoesters also can be prepared via the condensation of

a diacid chloride 5 with at |east one bis(hydroxyal kyl) ester such as

bi s(4-hydroxybutyl) terephthalate in the presence of a RAPgfvgmberi0R8er ed
amne or a mxture thereof with at | east one other tertiary amne such as
tri et hyl av® opg8989Fhe condensati on reaction i s conduct ed BCHUSO¥ITEHSt antial |y
inert organic solvent such as nethylene chloride, chlorobenzene, or a

m xture thereof See, e.g., U S.,Patent No. 5,231,161 to Brunelle et al. 10
[ 0079) Another nmethod for preparing.-nmacrocyclic oligoesters or macrocyclic
co-oligoestersib% t he depol yneri zation of |inear polyester polyners in the

pr esenc&cbf LI dirgnobmeric stement ia fuemed by enssting cyplie esier Sakigppicd, * | i near
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of linear pblyesfers, an organic solvent, and a transesterificatio
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within the scope of the invention to enploy co- ‘oligoesters (e.g.,
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Pol ymeri zatl1 on of = Macrocyclic G igoesters and Cyclic Esters [0081] In

anot hereasivl sevgiially insirad p @Hlﬁqnwsgeﬁbpww opherapplicstionsa i p¥dE of nuking a

bl ggk r her. - NG cyclic

ol Ha0e e B e R Y o

f or ns  @ydlicrester. fituy,the methsdofimraking a iSodkepplentricym molntlas stemef doh®actirigrast

pol ymer i (i segnent, a cycli Icﬂi‘ ester that is not macrocycl.i c | i goester,
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second 43 11&clS : ' eated a
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desire er of ti a bl ock copol yest'er” havi ng "aadi ti onal
first amde difemntblpasy nmdditiosghesntesf diffeGaPjolymizatinmoataiysts g befusadiki ng a

bl qck I b difi .n its, begi i th |
L3Sy SRRl BB Rl weboh SRR bR SRt o Cy o
30 Noveahmkt & Wfdldved RABEAS T JiRBZhtloneRps.- 19- ester. Thus, a first

pol ymeri c segnment is formed by contacting a cyclic ester that is not a
macr ocJRA84L & yajseothes esngefethy invealinndeateres ¢ cammopiten efa eopglyestess Ingpee| evat ed

macr ocgbp st B8 SRRl ey PRLRE} bl @uleSbitold e SR B RR S, .

el evat ggmiubn@@rature forns a second polyneric segnent. The above steps are
t hen
O

20 O—Rgr—0 U: Ry UJ | Iy

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

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

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

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

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



5 sequentially repeated a desired nunber of times to forma bl ock copol yner

havi ng additional first and second polyneric segnents. [0083] In one

enbodi ment, to prepare a block copolyester having bl ocks 3@d¥aveaber 3095 a

macrocyclic oligoester and a cyclic ester, the macrocyclic oligoester and

the cycl Mo @gweMre are reacted sequentially instead of PETANAIGMNEOUS] y.

Dependi ng on the applications, it my be 10 desirable to have a bl ock

copol ymer havi ng bl ocks derived from both macrocyclic oligoester and

cyclic ester Thus the nethod of makdng a bl ock copolymer can include a
clic ester and a nmacrocyclic oli %oe_ster in the

ot c5endBE S RSk e TP oh PRaREI: S voE, PPt S HF Rt
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prepari ock copol ter. More than ane at lLysi may, be epployed in
bach ofl DA Tttt ek Eovoimess apnenh yofu ks Rbindea
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copol yester has, within its po&gerl C backbone, at |east one 'structur aI
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with the provisg that Rg is not 256 OR, - if Rhis Ryy-C(0)-. Re is an

al ky| emparticgarappliesioRy| ene, or a nono- or pol yoxyal kyl ene group. Ry, is a
di wgl ent aromatic or alicyclic group. [0085] In another aspect, the
invention features a bl ock copol yner of polyesters. In one enbodinent, the

bl ock @g]gml’mmtmﬁfmﬂe]?@mﬁénoi‘st bl ock unit and a second bl ock
unit. Nov t 20 > WO 02/ 098946 PCTI USOZ/ 17607 -20- The first bl ock
uni t hﬁ—eﬁxﬁﬁﬂeﬂ“ fers qng v : Sat least one first structural unit
of for(msly fﬂi?&ano-{ﬁh‘% aﬁ:%@toﬁh@ 1@%&[&5 féh'ﬂh&s i@%@ly&!térhlﬂbﬂete&bmln)ﬁﬁfeﬂhbc backbone,

at Ieast one second structural unit of formula (I1). [0086] 1n one
enmbodi wepvlyestehiwchtlese withio fts ipolymericmnithone a)ad tiastico struchirad okisofcformnda (bng  at
least 5 one structural unit of fprnula (b) and containing at |east one
structural unit of formula (I11). J Thus bl ock copol ymer may contain
bl ocks derived from n8cr0ﬁycléc il g%est%s, bl ocks

15 L (Is)

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

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

R,
I

_O—Sn._o._

Ry
I

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

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

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

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

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

3



derived fromcyclic esters, and bl ocks derived from both macrocyclic
oligoesters and cyclic esters. The length of the individual blocks and the
sequence thereof can be designed to serve particular appPiNaembas20050
Copol yners Prepared fromthe Pol ymerization of Macrocyclic oligoesters and
Or ganot | waoovnegdéids 100871 | n yet anot her aspect, thePCHRESHITE features a
copol yester. In one enbodi nent, the copolyester includes, withinits

pol ymeri c backbone, (a) at |east one structural unit of formula (Ib) 10~ 0

15 R 5 $rr (Ib) where R, is an al-kylLene, a cycl oal kyl ene, or a nono- or
polyoxyalﬁﬁlene group; and is a_ divalent aromatic or alicyclic group;
and (b)[08? |é'al§tweeﬂhéa\@tagaemlﬁcdm Vigights offthe eopplypstery pipally. acs Spmpbqut Rg (111)

where e bdﬁ?zﬁﬂﬁ%)'?%; 6&%‘5&&:‘8@%&% g chéolﬁ#&?‘ﬂa?% e f?&e ém%ﬁmﬁéuky' group.

20 [ 00 In sone roup
1, 4- butwdightdrogr abom, 1,E00do Byout 130,0d invabthet enlﬁﬁ)ﬂme t}grceptﬂyesieflhastahmight

enbodl ment s of .Rr an hl ori ne om or roup. [0089]
I'n son@VéWswPﬁ@HWe%@owb% 1.@9 %t%‘t 1509@8% &) a0ghex %nhtwf‘mea e a (Ib) t
Struct yf ngblges%ﬁ?'hﬁssa@&%ﬁ %éﬁﬁe@n&lédula}w'e%hﬂ‘ ﬂdhﬁrhl?dﬁppbocﬁ%b&tts@oé@% e0-5:1. In
other e I ments e nolar ratio is from’about 100:1 to about 0.5: 1.

In yet anbﬂﬁmendnﬂ@mhﬂhﬁhﬂasp0hm$§wh@ﬂaaweuﬂaaya&@ssndHGthvﬂ@ghﬁﬁd§0abbuth9Qﬂﬁout 1:1.
In yet Eeg @g@pdlnents the nolar ratio is fromabout 10:1 to about 1:1.
30 NovdRBEut3 WO 02/ 098946 PCT/ US02117607 -21- 10090] The wei ght average
nol ecul ar wei ghts of the copol yesters typically are fromabout 1,000 to
about 200, 000 I n one enbodlnent t he copol yester has a wei ght average

nol eculfd petiersias 1) arigpiden Catalysts t o about 150, 000. In anot her enbodi nent,

LB?&E"E’@WSH% ye%aé“%c,?ﬂ%r e T R
aver ageligoeéste Uinavertaig legbédlﬁlemﬁptabmﬁamiag%ﬁﬂy@te&bmms&hbewmaj e yet anot her

enbodi ment, the copol es;er has a ht avera nol ecul ar wei g from
about ROUBeNsd 2t Ang ‘@H’p‘@e ypezat %{%0 gqeétﬁrscg' &l yst's

method includes the steps of prowdmg a macrocyclic oligoester, providing a polymerization

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 (L)

0 Rye—0O & Ry I(ll I
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)
L

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

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

_O_._Sn_o..__.

Rq
25 1y

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



10 [0091] In yet another aspect, the invention features a nethod for

pol yneri zing a macrocyclic oligoester. In certain enbodi nents,
tin-containing copol yesters discl osed above may be enpl (39@%9"8%1531’2005
transesterification catalysts in the polynerization of macrocyclic

ol i goest 8¥@02/0pBd6 net hod i ncl udes the steps of provi diR6F/URMWE ocycl i c

ol i goester, providing a polynerization catalyst, and contacting the
macrocyclic oligoester and the polynerization catalyst at an el evated 15
tenperature thereby produci ng a copahyester. The macrocyclic oligoester has
a structural repeat —upit of fornula (1$): Ol 0 ORHOC Ru-A | where Ra is
an al kyP&d, Ta see prabadiyanis By isepe af leng gropp idadsAbyleangow, 8uiga and Rb
is a c: qr t cat al yst

et udch e BerrBh AR, e s BB AR PELUIELLERILER: O R I

t hat i reedhodbsent,ithe mblad retiséf strn&umlutmmsbﬂfoahulmm)tto stfuctuiral iuaitd ¢f forntula @O O-R O

\[])oﬁyl)xﬁ%li{@’i %ﬁ@%ﬁé&%g&aﬁ@ I]?yﬂ%aé‘ogm?ﬁ QP%‘?{:%‘& o rr%/tléf’elg oB) 5}b8€‘clrl(]}830;]r oup;
and 5( i) aBdutloSas tIn?&%n&Eér‘éﬁfbH&Jﬂenﬁ’ﬂﬂetmo%r (R aﬁr#t Fd 1 B aboud: PP RA 25

(I'11) where each 0f Rp and Rq I ndependent y 1s a ogen atom or an al kyl
group. ysbamdthee abbediBG0,53ha 100601200 BEten MOH WI0R/EBABA7. - 22- [0092] In sone

nbodi R f th d 4- but :
is a '&Wienﬁeegh%e, g b Bl sk et ool SR B oy
butyl avérﬁlgeQﬂ(ﬂecuﬁﬂ%@h{@Hom 4Hag: NB00as aticat m 00D, & sreGhibb@meMhes Of

forrrula( b) to structural units of formula (I Is fromabout 500:1 to

about GoBelyestarnhayp atMgighat @ﬁﬁs@mﬁbﬂﬂm weight from outétqoa tg abofrt HH08Bolm 100:1 5

bo about
5010 abaBerdpaltin) e SRBIERIPR YR beal o BRIR el b ol pB 700
about 1§aBout G2@HUTN et &noﬂ[ldi)eﬁadadlﬂihﬁ mebqpas@estaamwa wagmwaégemewml ude at
| east two cqnponent corrpounds t hat have a %g%t average nol ecul ar wei ght

of frorfiexEddiomabawd.408 tesheut SGYE, dopst pqics b g fRopolyesters have a

weight average molecular weight from about 50,000 to about 120,000,

[0094] The polymerization typically is completed within about a few minutes to about a hour.

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

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

25  about 140°C to about 170°C.

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

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

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



copol yesters have a wei ght average nol ecul ar wei ght from about 1,000 to
about 150, 000. In 10 anot her enbodi nent, the copol yesters have a wei ght
average nol ecul ar wei ght from about 2,000 to about 120, G8Novembget002not her
enbodi ment, the copol yesters have a wei ght average nol ecul ar weight from
about 2, 00Q0¥@WsHbout 50, 000. In yet another enbodi mentPET/USRRAT6Epol yest er s
have a wei ght average nol ecul ar wei ght from about 50,000 to about 120, 000.
[ 0094] The polynerization typically is conpleted within about a few m nutes
to about a hour. 15 The duration ofz4he polynerization reaction depends on
many facgtors such as the nolar ratio of _macrocyclic oligoester to the

or ganotofigoestshand Frganafin gompqupdand miving tepfusdreantion BMXtyR PESliEperer ol theer i zat i on
reacti oi ce of

ol veng B EGAY Qi il CARL bERB (3o B el @bnealf of R0,

envi rofigent, such as under nitrogen or argon, or under a vacuum 20 [0095]
The pol ynerization reaction is cah ried o at an el evated tenperature. In
one enbodi nent, the terrperature S mai nt ined within a range from about
100C to about 300C. In another odi rrerlg the tenperature i s maintained
within a range froTﬁQo_’f' I n anot HRF enbodi nent, the

t enper a i i o C out 170C In
yot SanghERed R R, e e ofs bERAS RS BRI dolirmd B 887 TP o
25 abouivalbidiomatiabailicyclié @oup Mt aligestes hasvstrcta fepeat Ghii effesiugs @)And

Catal ysts [00961 In yet another pect, ﬂd\e invention features a nethod for

manuf acturing a m xture of a naqgfocycli gy oligoester and a pol yneri zation
catal yst. The m xture |s substant all e from 30 water. The nethod
i ncl udes the steps—ofCrnix rth an orgd@pti n conpound,

heat i ngvhbRR 15 % alkgletd, abmmndyleg@esﬁ fione A pblpexyalkgenogrivp; eetRdsad to an

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

t her ebylivalsabarAmAGe of aliFYclig 8i%8Rct i on mi xture of 30 Novenber 2005 WO 02/ 098946
PCTLUS 6 Idlmgéﬁ zIaTs| e dried
reaclt:)tl i‘ﬁinf Ure cl)?% |g?zﬁsete'%lg anfdgt mp&“&g‘é’ﬁ’g In comg% di}%ﬂﬁttﬁg

macr oc ygahatimdongpoesd Bran Ior:ganm:g eate;stlnumet smnhlambc&hmatt thnorgardfin taerimba Q O 0

O--RHO?Rb--CSWhee nalk 2’? cIoaIk I,eng, or gono-
pol yox ¥R PFEaHetin P of; qudtysbadizpen ﬂ\? Hgester 5 GACIOE ol BB PRE gr oup.
'CI'}heR%I_ lﬂgq)@ gﬁngﬁﬁ@a%dhggfg%ﬁhegt&peat unit of formula (Ib): 00

[0098] The ohgoester (e.g., macrocyclic oligoester) and the polymerization catalyst {e.g.,

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

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

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

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



where R, is an al kylene, a cycloal kyl ene, or a nono- or pol yoxyal kyl ene
group; and Ry is a divalent aromatic or alicyclic group. 10 [0097] In one
embodi ment, the oligoester is a macrocyclic oligoester. BfNayemy Prent ,
the organotin conpound is an organotin ester. In one such enbodi nent, the
organot i wW@eXm98946s a cyclic organotin ester. In one ¥azhseied nent, the
oligoester is a macrocyclic oligoester, and the organotin ester is a
cyclic organotin ester. [0098] The oligoester (e.g., macrocyclic

ol i goester) and the polynerization cgfalyst (e.g., 15 organotin ester) may
be m xed to%gther by various neans. For exanple, any conventional m xer or

bl enderl 78y Inacloihsr sypberimentsithe niNwrais beagnd\ie b iampsrsiupeiomn phavt 140689 with t he
| el . Bt . o

Pomver SPSRL6ER. IR FUBEE L Mdanleh BB Al nBREL BB SRBRUT RN BT 1,00

conduc tesbountEs’Caihé weiptramiarnd flraluatisn of heatingstapirkayhg esleddssiphhere 20

[ 0099] sol,vent | so..be enployed to assist in the uniformm xing of
t he naé]%@ﬂ?ﬁﬁ’dmg‘%ﬁd’gg?toggoeﬂe%?fﬁe pol yneri zation catal yst. Various
sol wentigp 198 WeleldsRrhe eRGatt 'S tHehefifhe steb émtla @&;} w}eﬁﬂbééa b&%ﬁyﬁgqg%ghe type

of solvent that may be used other t e solvent is ubstantially
free ofmeanss sach ad ¢andertsatianiof emostanibtoagh @ tomsletserortpamping awaypyndeea edpdedyed i n

oyl RO AnbSeectol i disd 8ot Bie g AlgsdRg otbon
et hyl , ; , * 0° , ,
di chl oreqams AR witHWmedb e RS Mpbester RkORke 4 nfxiHe %t b bRcrBéyclibfligledtsiopat er and

the organotin conpound is heated to an el evated tenperature. In sone
enbodi seabyseriegiiengrtalyelr e of the oli goester and the organotin ester is

criba RRAPD, R iuclsy B BRE byod 80 bR AR R iptloBirABheas, |

heat ed fiiofh aboliie00Ertatabisu 0f5¢10 Th afhersmbbaiientspthe ol ra80 id¥eone sk 100k VO

02/ 098946 PCTI US02/ 17607 -24- 170C. In yet other enbodi nents, the m xture

i s heattbeit P3:1a fpypinthes embedimentsytherppler ratiosie fiom abaw Sl ta gbput 11 Iget ot her
enbodi ' | S . ure from about 155C to
about ?@@%&%@%@ﬁ@%ﬁcgﬁ%ﬁg%B@%g&gl}?gﬁ?gﬁo%g?"tlheati ng step maybe sel ected
such t 1§e003jo The mivettnaof matrotyele digpsita apd pélir@eriraiignaslet is eattantal ffee[ 00101]

Wat er ybe generated fromthe heating step.and maybe renoved by anyone of
marly Al oSl e PeiT B 2 themixiprrhgsg iatgr airablesebator * punpi ng
away URGRE 2%, rlﬁ@h@éiﬁbod?ﬁ&ﬁ,%@ater’%gﬁt@ﬁt id fasstthﬁaa%ﬁt%%r! il dholpy dr i ed, the

reaction m xture of oligoester and organotin ester is'mxed with a

macr oc ypmbediment] the sates content prlesd thee abour2 X0Uppm.oh yat amethenaytmidingent|thggoest er and

POl b 8y bR Gk bR BB R B ol LT T

than about 500 ppm. In yet another embodiment, the water content is less than about 200 ppm.

20 [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
catalysf. The tin content of the mixture may be controlled to allow easy mixing of the dried
reaction mixture with the macrocyclic oligoester.

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

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

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



from about 500:1 to about 0.5:1. In other enbodinents, the nolar ratio is
fromabout 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 enbodi ment3® Naveebesd09% ratio
is fromabout 10:1 to about 1:1. [00103] The m xture of macrocyclic

ol i goest &0 ed8%®| yneri zati on catal yst is substanti al PCT&E02/1I@7f r om wat er .
Substantially free fromwater neans that the m xture has a water content

| ess than about 2% In one enbodinent, the water content is |ess than
about 0.5% In yet another enbodi menjs.the water content is | ess than about

2,000 ppm | n yet another enbodinment, the water content is |ess than about
1, 000 &Eﬂ@s: ﬂﬁlc%&fa@ﬁwac@ﬁf?@@ifmﬂlﬁ rackets, gal shafis grindsyefinganastssioys, t han about
500 pp I i . r content is |ess than about
200 pp?ndeQ@jbé{sgBﬁfggl@&?ﬁ{%‘?g%g%%ﬁgr}%a o%iﬁorru\éﬁ Sg t hese net hods of producing a
m xt ur g0@07h Inthe maayiatine of ah agjolestadousayds of fikvkyrm®rbedndluded. iRt yfdn avoi d
exposi nég, thg‘ﬁﬁgl gtéOf t(ge crocyclic oligoester to water. By mxing the
bul k ofts REdGTHR AEHGHEIE deSTERd RO & ProperTy a0d 1ps be RepsgatiB thencsulding palyestert er
remgval et L L Vi dse BOGL § [ [ er is
expose O?ED wat ere).mﬁ)ﬂlzllydro ysisg of ﬁrrﬂag(i:]%l%%;%fbﬁ)é -oﬁ%%bgs ’esgcggc'?ﬁgiréééf ore

m ni mi Aedmal2s liphiGddity, Futhe hiend metedal oe the tpolyesteriprlymeeprofud, laed/artganot i n
conpound_and.t he oli ster is an actiVv talyst. The tin .content of the
it o AR B e RSN SR Bty 4 RIS P B ok ISR o

M Xt ur erovidelwdigte of Bk RCAklev€a Piriic@REe Sériity, pﬂ&m@@ﬁ&eﬁwﬁ_@é@@.%é 4 fige and

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

si ze amfardm)be f i boymoregEpasiyempterial fejbitatnsecsssings apdfspravidsonpounds,
i . : . h b fraGt d by th
SR e R e O

conponeibsg othersjfamed sitivame, titinfued dibtidapcalgius khbonatahchubped fibe) fiNasteglagr 2005 WO

02/ 098946 PCTI US02117607 -25- bl ades, fluid storage tanks, tractor fenders,
t enni s THEFEbELSS, Rjgiorbalipgnsy arushed sieps.manpsley, Haser rolymerysmd mogemers: Mddler par s

st ock, D i {{;dm%géd f?& ' j ufacture of
an art%g;x%%ri g%’s’typ 2% Ptlhﬁﬁ%l S&%@&ﬁrga#ﬁg%%g%fﬁﬁ#ﬁy er often is

i ncl udetigdestenanidi ayeliceestbe sFitlerd cpuepssido prepae pplyedtar polymer compokitespr esent i n
the_resyl.tin ol yester, 5 | ymer. For. e | e, the purpose. of the filler
rraﬁ%eﬁi’&b@r g%%beé‘)‘ggrf"alﬂiﬂll‘? @9‘?"9@@%"% aﬁﬁ@ﬁﬁ@g&ﬁ POTEROPETS {5781 30vesd ¢ abi | i 1y,
to theqplepdddeat ﬂ[ds@étiv@%d&ﬁ@es%dd@E&l@xramﬁﬂi(ijgfﬁ@?ﬂs,Hf (lAE nateRRE/ - L O I ncrease
the strength of the pol ggt.er pol ymer product. "ATiller also nay provide or
r educe oxidéngs, UV gehilizeds plestiaiders, Gre-rotatdants, dulaichnts wed mojslaeleisesl ar density,
provide flame resistance (i.e., be a flane retardant), be a substitute for
a nore ive material, facilitate processing, and/or provide 10 other
desi raggé%perti es as recognized by a skilled artisan. Illustrative
exanpl @910§] Thd followingfegamplaymegrooidédto frtetiistrad dridaa tRilitdté thani um di oxi de,
cal cium car bo_natog Qhopged fibers, fly ash, glass. mcrospheres,

m &P o- Baderswding of hedmvegrian. oHhese sRerirgsarples i dnfendsd o bratestratiyepitisnoners. A

Fil1er jvention. The products obtained from these examples may be confirmed by conventional

techniques such as proton and carbon-13 nuclear magnetic resonance spectroscopy, mass
spectroscopy, infrared spectroscopy, differential scanning calorimetry and gel permeation
chromatography analyses.

25 :
Example A

[00110] The macrocyclic oligoesters used in the following examples are the macrocyelic

oligoesters of 1,4-butylene terephthalate. The macrocyclic oligoesters were prepared by heating

a mixture of polyester linears, organic solvents, such as o-xylene and o-dichlorobenzene, which
30 are substantially free of oxygen and water, and tin or titanium compounds as transesterification

catalysts. See U.S, Patent No. 5,668,186 (incorporated herein by reference in its entirety).



may be added before, during, or after the polynerization reaction between a
macrocyclic oligoester and a cyclic ester. Fillers can be used to prepare
pol yester pol ymer conposites. 15 [001081 Furthernore, i n30R¢oviember ure of
an article additional conponents (e.g., additives) naybe added.
[11ustratwoe/esdéti ves i ncl ude col orants, pignments, n@gRASI2EITéML eri al s,
anti- oxidants, UV stabilizers, plasticizers, fire-retardants, |ubricants,
and nold rel eases. Exanpl es [001091 The foll owi ng exanples are provided to
further illustrate and to facilitatesghe 20 understandi ng of the invention.
These specific exanples are intended to be illustrative of the invention.
The products obtained fromthese exanples may be confirnmed by conventi onal
techni gyes, sHgh as proton and carbon-13 nucl ear magnetic resonance

spect roscoﬁ?}, mass spectroscopy, infrared spectroscopy, differential

scanni rf6011a] ok smadl visl (Ahel 79 &im, deirneatduipped wiik o 2Btcagmagmblic dindigtaeand 25

Exanple A [00110] The macraqcyclic. qligoesters used in the fol]ow ng
exanpl é‘&aééo@'g'f”ﬂ’é‘l"rféi@?tﬁby’@? MEEGW%B@&%P@@FM? h%ﬁ?ﬁ‘?’lsé’ﬁb_“tbéﬁff@ﬂﬁt hal at e.
The sMaGLaeNEAIS. Phe g% Rl WBledb SRR YmMERL 1R an%il?afﬁta*:’fﬁ)"@.f

pol yester  linears, organic solvents, such as o-xylene an
0- di chlUpooimsitingnte melfex iquBd was dried dtrtraintiesiiddgr I meevastiumox Yipencamdwasat er, and

ti i tani t terificatj talysts.. S u. S

bt ent. (e R ARRH T HRed SRR atd rri OF oo d 1Y Rl steent 1+ oty) . 30
Nov e mb @3 fA0nd \Bried b9 @RALuIRE s VeS Ak 408 ViaadPrifpea MRL Ruixkurdke W4 dited oS Ml |
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the vial was renoved fromthe oil bath and was 1 mediately cooled with
i ce-wat er. The viTEdblehLbPdymarizasionfNiaorecyslic Bligbestens CBEe pol yner.
With e-Caprolactone Using A Tin Catalyst

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

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

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

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



15 After dissolution in 15% hexfl uoroi sopropanol/chloroform the sanple was

anal yzed by gel perneation chromatography (GPC). The test results are
shown in Table 1. Table 1. Co Pol ynerization O MacrocycB0dNaembest0érs CBT
Wth c-Caprol actone Using A Tin Catal yst s-Caprol actone/ CBT ~o Pol yner a
Tenp. Ravg@0198¥6 (Mol ar Rati o) %8vMWTm ( C) Mel ti ng Endot h&CHUSM/A7INg) (oc)

00/ 10094132, 300221198-23049. 7 05110096140, 180214200 - 22043.9

151100. 96139, 680196175 - 22023.1 20/10098121, 850190175 - 22024.7

25/ 10097134, 490185160 - 22019.8 30/ 19997130, 400177160 -19017.8

35/ 10098128, 800170150 -18014.4 40/ 10092136, 000164145 -18011.8 20 ' Mol ecul ar
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titanate catalyst Tyzor(r) TPT was then added as a solution In

o- di chll§rebeissdhrevialWes samovd frem oil datheandawas dromedigggly cooled with ice-water.
10  The vial was then broken to retrieve a sample of the polymer. After dissolution in 15%

hexfluoroisopropanol/chioroform, the sample was analyzed by GPC. The test results are shown
in Table 2.

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

15
Temp. Range Of
e~-Caprolactone/CBT 5
(l\%olar Ratio) % Polymer| Mw" | Tm (°C)" Melﬁng(iﬂg)dotherm AHE (J/g)
25/100 98% 95,600 190 170-200 130

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

Examples 3

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

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

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



titariate available fromE. I. du Pont Nemours and Conpany (W I m ngton,

Del aware). The resulting reaction m xture becane viscous. Stirrin t opped
within about 5 to 10 seconds. After 15 minutes, the vi al3omeméﬁb??®é from
oil bath, and was imredi ately cooled with ice-vvater. 10 The vial was then
broken t VO 8¥BHee a sanple of the polyner. After di sFSITMHSPBE6EIN 15%

hexf | uor oi sopropanol / chl orof onn, the sanple was anal yzed by GPC. The test
results are shown in Table 2. Table 2. Co-Pol ynerization OF Macrocycfic
ai goesters CBT Wth c-Caprol actone28sing A Titanate Catal yst 15
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mel ting endotherm (by DSC with heating rate of 20C/min) 'Heat of melting
(by DSC with heating rate of 20C/ m n) Exanples 3 20 [001131 A 100 nL
3-neck>e{id fl SJ‘ Is charged with 1,1,6,6-tetra n-butyl -1, 6-di stanna-2,5, 7, 10-
tetrao gg odecane (0.733g, 0.0025 nol tin; 10 nol %, macrocyclic
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60C. The ¥| eld of the polyner, a white powder, was 30 Novenber 2005 WO
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charge doulbd to rborh i€in@rdtat. Thaprévpiate Wasdildted] washat wiftbtolieddand dried under
15 vacuum at 60°C. The yield of the polymer, a white powder, was 5.33g or 91%. GPC analysis
revealed that conversion of macrocyclic oligoester was 94% and the peak molecular weight was

.43,000 daltons.

Example 5

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

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

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



t et raoxacycl odecane (1.465g, 0.005 nol tin; 20 mol %, nmacrocyclic

ol i goester conposed of 95 nol % butyl ene terephthal ate and 5 nol % et hyl ene
terephthal ate structural repeat units (4.376g, 0.020 nol30MNqgyembendfiod; 80
mol %9, and 20 nL of dry o-dichlorobenzene. The m xture (a solution) was
stirred Welex9sHdér ogen bl anket and was heated in an oiHCTBEE2760The vi scosity
of the mxture 10 started to increase when the tenperature rose to about
160C. On heating at about 170C for 15 mn, the m xture becane very
viscous. Further heating at about 1794 for additional 60 m nutes was

foll owed by cooling the m xture. When the m xture was cool ed to about 130C
precipitation (due to polyner formation) started to occur. The m xture was
di | ut edg O nmL of toluene and cooled to roomtenperature. The
precipitate was filtered, washed with tol uene and dried under 15 vacuum at
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02/ 09894he oigggg;‘;,gigmmg%@m{,s@ 6 [001161 A 100 nL 3-necked flask is
char ge th 1,1 ,6,6 tetra n-butyl-I,6-distanna 2,5, 7, 10-

t etlSaoxacycl odecane (1.465g, 0.005 nol; 10 noll'/o0), macrocyclic oligoester
corrposﬁ of 5 nol % butyl ene terephthal ate and 5 nol % et hyl ene
t ereph 51”5? structural repeat units (4.923g, 0.0225 nol; 45 nol %,

s- capr paeagyonel (B ¥aBabe Qs Ehdrded With a nfthudRIf We, tinddfoléteibovafer fieyared
di chl orobenzene. The m xture (a solution) was stirred under nitrogen

bl ank efromféirampe heA%8e, 0-0#1 ramoldin) anskimasrocyelic aligaesiss remypased afifs mel%t ur e
starte i %) I . heati ng at
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20 mmol). The mixture was dried at 100°C under vacoum for 30 minutes and was then heated at
190°C under nitrogen for 20 minutes. The resulting polymer had a conversion of 95%, GPC
peak molecular weight of 256,000 daltous, and a weight average molecular weight of 339,000

daltons.

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



10 heating at about 170C for additional 60 m nutes was followed by cooling
the m xture. When the m xture was cool ed to about 130C precipitation (due
to polynmer formation) started to occur. The mixture was 38iNavemdesdG08 20 niL
of hexane and cooled to roomtenperature. The precipitate was filtered,
washed wwaodeage and dri ed under vacuum at 60C. GPCPemaRe#i’e7r eveal ed
that the peak nol ecul ar wei ght was 69, 000 daltons. 15 Exanple 7 [00117] A
10 nmL test tube is charged with a mxture of the tin copol yester powder
prepared from Exanple 3 (0.093g, 0.&441 nmol Sn) and nacrocyclic oligoester
conposed of 95 nol % butyl ene terephthalate and 5 not % et hyl ene

terephthal ate structural repeat units (3.00g,13.71 20 mml ). The m xture
was drlﬁ?g 91000 under vacuum for 30 mnutes and was then heated at 190C
under ni gen for 20 mnutes. The resulting polyner had a conversion of
95% G11edkn copblyesbrabtaiveil §i Hxamble350.0098, (1361 16 @risol Samiasahsaslwahin aver age
nol ecul ar wej ght__of 33 000, daltons. 25 Exanple 8 [00118] A 10 nlL test
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20
Example 11
[00121] A 250 ml 3-neck flask equipped with a Dean-Stark condenser was charged with butyltin
chloride dihydroxide (12.26 g, 0.05 mol), ethylene glycol (3.10 g, 0.05 mol), and 40 m1. of
toluene. The mixture was heated to reflux, and water generated was removed over a period of

25  about 3 hours. The Dean-Stark condenser was then replaced with a molecular sieve trap, and the
system was dried for additional 1.5 hours of reflux. The resulting clear reaction solution was
evaporated under vacuum to obtain a crystalline solid having the following formula (5),
m.p.~138-141°C. The yield was 12.77g or 94%.



15 systemwas dried for additional 3 hours of reflux. The resulting clear
reaction solution was evaporated under vacuumto obtain a glassy solid
having the following fornula (4). The yield was 13.6 g 3P NseshberBl905 / OH +
HOCH2CH2CH2OH C /Sn\OH 20 (7) 0 Bu'S D + H2O Cl~ b (4) Exanple 11
[00121] Aweedsté 3- neck fl ask equi pped with a Dean- St RCH/US@IAdEser was
charged with butyltin chloride dihydroxide (12.26 g, 0.05 nol), ethylene
glycol (3.10 g, 0.05 nol), and 40 nL of toluene. The m xture was heated to
reflux, and water generated was renpyged over a period of 25 about 3 hours.
The Dean- Stark condenser was then replaced with a nol ecul ar sieve trap, and
t he syageyﬁﬁlvas dried for additima? .5 hours of reflux. The resulting
clear reg¥li on* sSHIHTGH mva$9§§at d ditkr vacuumto obtain a
crystaldineotsol i d having the folfowwhg formula (5), mp.=138-141C. The
yield was_12.77g or 94% 30 Novenber 2005 WO 02/098946 PCT/ US02117607 - 31-
Bu\ / HED P Sn + HOCH2CH2OH Sn | ® H2O O~ SOH O " a Exanple 12 5
[00122] A 100 nL 3-neck flask was charged with the cyclic tin conpound (4)

from Ewl £ 750 (0.7134g, 2.5 mmol), macrocyclic oligoester conposed of 95
mol % but'y Bie terephthalate and 5 nol % ethyl ene terephthal ate structural

repgat {60122)s A( 10970 §-nedfldsk mapiharpad dhith hedyclitftimvom@bedd (@) e Bzansle 10he
sol ution S sém under _.ni trogen and vvag heg]tg{ed t abouyt, 180C for about
15 ni nd$-@5%4eth Blagtogyelip plignsisrseyppsed ob? yelesbutylensdercnliendate egded peak

| a7t A, ot S RAPRIER RUEACT LERL
i N pentdichrobEheeny. Ehakoluion Svad diiyred un®H HitroGE2Gngd eak heatad ae abounl 80REIfgt was
14,000 aggllt tlf? Q‘z?xiutg %[Tlg lcgnv%%ion of macrocyclic oligoester was 100%. GPC peak molecular
10  weight was 15,000 daltons. The solution was further heated for a total of about 120 minutes.
The copolymer was isolated by precipitation in pentane. The yield was 5.41g or 96%. GPC peak
molecular weight was 14,000 daltons.
Example 13
[00123] A 100 mlL 3-neck flask was charged with the cyclic tin compound (5) from Example 11
15  (0.678g, 2.5 mmol), macrocyclic oligoester composed of 95 mol% butylene terephthalate and 5
mo! % ethylene terephthalate structural repeat units (4.923g, 22.5 mmol) and 10 mL of o-
dichlorobenzene. The mixture was stirred under nitrogen and heated at about 170-175°C for one
hour. The product was precipitated in toluene and isolated. The conversion of macrocyclic

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

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



100123] A 100 nL 3-neck flask was charged with the cyclic tin conpound (5)
fromExanple 11 15 (0.678g, 2.5 mmol), macrocyclic oligoester conposed of
95 mol % but yl ene terephthalate and 5 mol % et hyl ene t er S9R¥GYamMEereZ005
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m nut esmderwhiupie. cYigwus bleanmeateml ieshlied whichtba codihg cifliallized uodor(maramaqneyrrer) had

a weight . .average. npl ecul ar ht o , 1 al t venber 2005 WO
02/ 0oadie sttt (18 el °P’§§“%B‘PI%"S%§§? géggﬂf mT_hecPGP‘E YR t ube

equi pPeEntiinéd0.45 MamleIBE 86 aidhl! THESSC ARBRGT WeldBpdiidirt howtdh ¥ES.be ed _
poly(1, 4-butyl ene adipate) (11; 3.00g,13.6 m no]i) repeat units) and butyltin
chl ori #é.5°@i hydroxide (7; 0.372g, '1.51 mmol, 10 nol % . The mi xture was

dri %d der vacuum and was 5 then heated at about 145C for about 0.5 hour
durl ng ﬁ ime water generated was renoved under vacuum Viscous clear

mat er i 3901265 Wl iRty MNGRe®PovidPbf iBrmfetistd bl fo@uétqe.%h@éazﬁm white
solid. q")l'heeggel d 01¥i4]ﬂ{ he pir%oduct (a copol ygs? p was 21 g %iriﬁgG% The

copol yré0.28enk-80Saenod Semngmsctogychie ohaonstmc@mosetmé%s@i‘yahaﬂ ef s of the
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14 (0. 26%4) w&e ﬂﬁﬁnamlpbleﬁulb)d anshrirofl die blyiddd wixalré (P0RE 11636 neasipaRacmitk) 95 nol %

butyl ene terephthalate and 5 nol % et hg{_hene ter epht hal ate_ structural repeat

unilds (s Bgg heasecsand priymerigpia tabou& KOGy Yhevspultingpalypsiceshpwed eosyeision A part of -
the bl gfﬁi?ej %89&?9%&&1?% egﬁr esuéf ﬁ%&%&@&&ﬁw&%e ohdi6} heated and.

pol yne bout I'ng pol sho conver si on
108,800 daltons, at reaction time of 20 and 40 minutes, respectlvely.

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



dal tonsand 108, 800 daltons, at reaction tinme of 20 and 40 m nutes,
respectively. Exanple 17 [00127] A 30 nlL cul ture tube fi t30¥p%gbEr 2005acuum
adapter was charged with a m xture of 20 organotin copol yester prepared in
Exanpl e M0PH098UH ny, 0.018 mmol Sn) and macrocyclic P&Iﬂi}l’%ﬁ@"

terephthal ate (1.45g, 6.57 mMmaol repeat units). The tube was heated under
vacuumin an oil bath at about 165C. The nolten m xture was stirred
magnetically for about 5 mnutes. Thgl-clear nolten m xture was then heated
under 'trogﬁe at about 190C. The nolten m xture polynerized and

sol i di f88PHKhin 10 ninutes. After total heating tinme at 190C of 40

m nut ep029] 150 ROJ ifRE R THEO MBS vAlSh ABFN 3RS cYecdRfh 4 gduct shoved

a wei ght average nol ecul ar weight of 192,000 daltdns and a conversion
yi el d dlioctdin oxie@pile, Wgmmol) andh 1 2ad@ecantdiol(R-02g, 8 0 ). fThe tubd wakt h a vacuum

adapt er. charged wi th dioectyltin oxide 3. 79qg, 10. | ) and,

N bt y B HERE AR £t fepubbRRG Y e dingiiseS vat el aeisa oy ondoiod 30
Vacyumgrn hafrs OThe RithngisdBoslbar iGBEWhLA0HR8 W cobl. %@&H&efﬂ%&esu' ting
clear viscous liquid was further heated at about 155C for an additional
hour aretystadline ablymee weighedcodig or 9904 withelmklidg tempevaiuge f 80H#YEDI i d pol yner was
5. 229 % 98‘?&?;th a nmelting peak of 76C. 30 Novenmber 2005 WD 02/ 098946
PCT[ USTZ/ %607 - 33 Exanpl e 19 100129] A 30 ni culture tube fitted with a
vacuum[gaiapl &/ 30MaE, colhat e fitkd Witlta Mclird b@apRl wad tiReded it TheXdndge (3. 619, 10
nmml ) and 1, 12- dodecanedi ol The tube was heated under

_ 2.02g, 10 mol ) .
vacuumpabmspprgparedipdixample ]tgéiﬂi@ﬁﬁggs P80 ypiaol ginhendolygaprelagiens (6.8, 32er a

iod f WS, | 1] i Jqui Ll d t
P ool Sl erdp L Tl Whe' i3 Heddladt Ry B 140 C Bt he Bl B 0000 i 1 1
a mel t ighgulBTRIsERlowbeutA758ovein peried 8 ﬁin%ﬁs.LQ?&f’&ﬂoh 1ify, BWhith-SMthiliyg © t ube

po

fitted with a vacuum adapter was charged wt e stannate yner
pr epar éapalyesiexdfpnad¥isanpate) wo ohpdgd. Thegdeldwas 1.21mor SQPewitnd reequtent of t one

(0.821qg,,.7.2,,10 .mmol,..r epeat uni The tube was heated under vacuum at
about %ﬁ@%ﬂj&%q@n?%ﬁ%dﬁﬂffﬂm\égg'grcadual ly rai sed to about 175C over a

peri od Bmple 211 nut es. Upon cooling, a white crystalline copolyester (10
nol % st annate) was obtained. The yield was 1.21g or 99% with a tin content

of 150. 4801&Ho B Gk cultyre fube figed wilbevagmun edapter 255 Sargedavifhites stnnats [00ﬁ31] A
30 nil . ) .
st annaf bbb RobbEo ol el BE IR A AR REBR 1R BT Yo | ¢

di oct y nshcd pepastadnité)lail nikictdidic oliglefler 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 gradualiy increased to about 205°C over a

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

Example 22

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

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



mol repeat units) and nmacrocyclic oligoester conposed of 95nm01% butyl ene
terephthal ate and 5nl% et hyl ene phthalate units (1.485g, 6.75 mmol repeat
units). The tube was heated under vacuum at about 150 CZ30d¥yepther 2005
tenperature was gradually increased to about 205C over a 20 period of 16

m nut es. Wa82/¥EW¥eluct (a copol yester) was all owed to cdII/USH/¥76m
tenperature. The vyield of the white crystalline copol yester (20 nol %
stannate) was 2.36g or 98%yield with a nelting tenperature of 188C.

Exanpl e 22 25 1001321 A 30 nL culturg4tube fitted with a vacuum adapter was

char ged vvitﬁ ; e stannate polyner prepared in Exanple 19,
pol y(d *’1,12-diyl dioctylstannate) (12; 0.978g,1.79 nmnmol repeat

uni ts) Rok3pakcdpdydiet yephE iﬁ(ﬂxag%lsio 61%1g.g%;r%gszﬂnré?atme"gih%&s‘s%%lv@&‘int s). The

tube was heat ed ‘under vacuum at out Xture was
gr adual olpetedd ndg plgsed ip asldoultjar. Tho Slatioarwaa cprebinativit a fite puwdet &fs, and t he

resul ting viscouws |iquid wa | lowed to.cpool tao room 30 .t r re. The
yi el d OIP&I“H: e O%Fegﬁm?osf‘goﬁ’étg&nﬁgeéﬁpg‘ﬂlfpa%égu%é Gt %@W% ﬁ nel ting
t enper ahmbEreftht iy aAEheRAGMLS d«hﬁé'%aa@@as AedNRME RGP A 3B\ ggfuﬁ%ﬁ 8946

PCTI US02117607 - 34 Exanple 23 [00133] The copol yester prepar I n Exanpl e
20 ( 13;approgizmiely 0.3 8fitharesnltimg ene-pastaniyiueswisiin sibjectedib destpolyBerivationdtaced in
a 30 m ,jar...-he sol.ution ) nbi ned wit fipe powder of macrocyclic
ol i goes”}bh{i‘t lggy;%%%amggg%ﬁgﬁ@%%qmqﬁpg‘a@? Suct ural repeat units

(2, 499, Bdampicn4mol repeat units), .and the resulting white paste was dried
under vacuum at 80C. A portion of approximately 0.3g of the resulting

one- parlP0Bk I empdar wasshargeibyidche eppplyesterpreppistl ymBraimple 2161 81048 gbout  190C

i | Z i_n,. Tabl . Le 24 100134] A
30 15 {U07EER ] TRE S RE RS I SRR B0t ERERBIBnSe 14 0. 045
g, 10 RmB33d withalfin®ipoyder bOnta e clioliposdiar comaposadlattihityidhe dirgdalge t he
copol yester. The s Iu“gn s conbined with a fine powder of nacrocyclic
ol i goesTEFURIYS 24 2ot 1-h Al srpeat Uaitgine Hisirastulting tbite paste was diad iadep 47° g,
11.2 int i i 3 i d
B S R e R e R T ST e e Mg

subj ectmpbiniefizdtidftat 1999C Y@ intfdlbr0 'Tha teshBddze MibdiR4ri-08 inRGRB. The results are
sumari zed in Table 3. 15 Exanple 25 [00135] A 30 nL glass jar was charged

wi tif t HeeegfeASyest er prepared in Exanple 22 (15; 0.089 g, 0.0688 mml
Tin). . i o n ol ution
wns " cdIELR (b ol b e GRS whR DRI b OB B 150 0088
but yl eree0.0688epinbhEinat Eoluesit (4IE tnll) ovbs addpbmtdiuoive the copolyestgr. T2 sSiutioiivas epeat
uni ts) ,COI%Qi?IGC{ Qaeth I::l%sﬂg lpéévc?e% omlaérgcygﬁcsglfgogs\%sr cgrglllaoesgd of butylene terephthalate

structural repeat units (5.05 g, 22.9 mmol repeat units), and the resulting white paste was dried

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



20 under vacuum at 80C. A portion of the one-part m xture was then
subjected to test polynerization at 190C under nitrogen. The results are
summari zed in Table 3. Exanple 26 [00136] A 30 nL gl ass J0aNovgabecH¥)dged
wi th the copol yester, poly(N butyl-3-azapentane-1,5- diyl dioctylstannate),
prepar ed WheHRMol e 18 (10; 17.1 ng, 0.0339 nmol Sn). PEAGSEMEAT2 nl) 25
was added to dissolve the copol yester. The solution was conbined with a
fine powder of macrocyclic oligoester conposed of butyl ene terephthal ate
structural repeat units (2.48g, 11.3%s5.mmol of repeat units). The resulting
white Egste was dried and pul verized. A portion of the one- part m xture

vvazl t hihg coralyestsn| Thesplutiay was copthiped with @ dine nwcie@g‘éwacdrwyéﬁq eligogstes a(rj e lshown in
T . - , i
0 oct y PR SRR bbb e PRSI 2 A0S ARSI ) s

pl aced Thewesuliiy wiitejpaste swasl dtiel ané pelvépzedil A posisn afithe dnd-parthnikant was théh Novenber
2005 WO 02/ 098946 PCT| UB02117607 -35- the copolyester. The solution was
combi n&at Rbmeriged gt 0 Howadsr nitgogera dhe reyelisiare Hpwasekable 3. conposed of butyl ene
tergphthal ate structural repeat units (2.48g,11.3 mmol of repeat units).
The resulting white paste was dried and pul verized. A portion of the
one-part m xture was f{able 3. Pelymerigdtionef CBA0vith sta@iht€ under nitrogen. The
results are shown in Tabl e 3.cdpolyaditre aScathlodtymeri zati on of CBT with

-

st annate—copolyesters_as catalystPolympr conversion 3G agak Mv (x
10' 3) | Ti n pol yner| ni n"Pdymeneavapiond¥a: ~ 1900 (EPpealiNwi(x10735103510
1091. lQémgg(gy@e}GS. 4817481292797 7986139 614371454
1392. p96. . 1143[ 8149. 7141. 3 1497. 796. 298. 0143. 5146. 9145. 2
1592. P95 .cAgipst?136| 8141. 7kt 8o@CAN,Used 043 nol mansntdpagsey on tdtal butyl ene
tereppt hal ate uniks_in macrocvelic _oli ghester
3 5 10 3 5 10

10 911 91.9 96.9 168.0 174.8 174.8

12 92.7 917 |. 986 139.6 143.7 1454

13 92.0 96.6 %6.1 143.8 149.7 141.3

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.



10 [00138] Each of the pat ent docunents di scl osed herei nabove is
i ncorporated by reference herein in their entirety. Variations,
nodi fi cations, and other inplenmentations of what is descri0dderentber 2005 wil |

occur to those of ordinary skill in gﬁe art without departing fromthe
spirit and the scope of the invention as clained. Accordingly, the
invention is to be defined not by the 15 preceding illustrative description

but instead by the spirit and scopeLaiMBhe followi ng clainms. 30 Novemnber
2005 -36 CLAIMS What is clainmed is: 1. A nethod of nmaking a copol yester,
the nethod conprising the steps of. (a) providing a macrocyclic oligoester
havi ng Whsitdydushed @ repeat unit of formula (la): 001l Il DRROCRe- C
wherein Ra is an al kyl ene, a cycl oal kyl ene, or a nono- or pol yoxyal kyl ene
group; 1-and /Retbad af rygking acgpolygsisalic rectind campesieg the stgpsedip; (b) providing a
cyclic ester,, wh ks b I 2 d i ster;
and (c) cont(aa)cti ﬁ%&{lﬂ%‘% %g‘%%%glkzcﬁl%§%ﬁ 8%"3“51’ Ce%mgt}l\ t%%{:%rgﬂcqfi?%ﬁggggf in the
presence of a transesterification catalyst at an el evated tenperature to
produce the copol yester wherein e molarQratio of the cyclic ester to

t he- macrocyclic oligoester in st4 (c) i from0.1:1to 1:1. 2. A nethod
as clainmed in cl am-1Q-—WaRES-D-t-ha_hBt Rg—Fgii-o-0of the cy%fic ester to the
macrocyclie oligoester in step (c) is from0.15:1 to 1: 13 A nethod as
claimed in claiml or 2, wherein the cyclic ester is a lactone. 4. A

met hod as cl ai nedvliefeircl ai m 3 wherein the |lactone is s-caprolactone. 5. A
met hod as clained in any on f the preceding clains, wherejn the
macrocyclic ol i goestéﬁa%ﬂaﬁﬁvfeg%ﬁcmqﬂaiw qré “EﬂnP'g‘H(PTI,YB,’BB{W PRFTEuP;
terephthalate). 6. A ngghod as clainmed in any one of the preceding clains,
wherein the macrocyclic oligoester conprises macrocyclic oligo(ethylene
terephthal ate). 7. A Aeitiodivaent gpmptinas aligyciogrosnie of the preceding cl ai ns,

wher o1 0 L1 & anSE ST LERLLRD w SR By cORE P BCmAIT. o The
and
(c) contacting the macrocyclic oligoester and the cyclic ester in the presence of a
transesterification catalyst at an elevated temperature to produce the copolyester
wherein the molar ratio of the cyclic ester to the macrocycelic oligoester in step (¢)
is from 0.1:1 to 1:1.
2. A method as claimed in claim 1, wherein the molar ratio of the cyclic ester to the
macrocyclic oligoester in step (c) is from 0.15:1 to 1:1.
A methoed as claimed in claim 1 or 2, wherein the cyclic ester is a lactone.
4, A method as claimed in claim 3 wherein the lactone is g-caprclactone.
5. A method as claimed in any one of the preceding claims, wherein the macrocyclic
oligoester comprises macrocyclic oligo(l JA-butylene terephthalate).
6. A method as claimed in any one of the preceding claims, wherein the macrocyclic
oligoester comprises macrocyclic oligo(ethylene terephthalate).
7. . A method as claimed in any one of the preceding claims, wherein the transesterification
catalyst comprises a tin compound.
8. The method of claim 7 wherein the tin compound is a dialkyltin oxide.
9. A method as claimed in any one of the preceding claims, wherein the transesterification
catalyst comprises a titanate compound.

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



A nmethod as clainmed in any one of the preceding clains, wherein the
transesterification catalyst conprises a titanate conpound. 10. The net hod
of claim9 wherein the titanate conpound is an al kyl tit3Rdevember 208%enber
2005 -37 11. A method as clained in y one of the preceding clains,
wherein the elevated tenperature is"Wthin a tenperature range from about
100C to about 300C. 12. A nethod as clainmed in any one of the preceding

cl ai ms 11 wherenethddw chindah ad dne oPide pletidéng cladmy)iwhbriein tike d@npé raaipaaaire ange
from about 100C.to about 260C. 13. A nethod as_clainmed in any one of the
precedi ng cf‘sa‘i”ﬁbé‘}a%ﬁ@?@?‘ﬁ@%@%ﬁ‘ﬁég&f‘gﬂﬁ%{’%@ is within a tenperature
range fipom ab@sthodla@faintidd iRB8Wne 3ABEpredellingAl4vRe, RBckeRfthd BN RE tenpliaffek

copol ynmer of polyesters, the nmethod conprising the steps of a) contacting
a macrocycl FSCWIBM@Eﬁé‘ﬁﬁféﬁ‘ﬂf‘dmeémﬁ’raéﬁ%fégﬁl@r"PP‘i’f&lg%Oo(ﬁ catal yst at an el evated
temper gEur e A e O dcRirhddli? hnyRAE YFRE blec@BHTRRs, whbiehthd ibhRd RRefREY ¢! | C

ol igoester has a structural” repeat unit "of fornmula (la): .0 I 11
0-R----- 0- @ wRthin Qewhentieraigea fiom abputd SR tepbqut A10§.cl oal kyl ene, or a nono-or
pol yoxyal kyl,en roup;. a Rh is a divalent aromatjc or..alkcyclic group;
(o) cottac PR Biine R8sk Sorp s Mt REAFR gBlnfh M .
transest eri {d)cat caitactif@d mhorsdyclid olizbesedr andd wthsdseifiGitiath catatyst & sheleatad Second
pol ymeric segnment, wherein the, cyclic ester is not a rnacrocyclic

ol i goester; and Ee&pe?ﬁfﬁ‘if@rﬁl?rf% first HobpRsEE PRTCEl QE%rel(ig)e maqEpeY i OHEQSEEs 1 e
number of tinmes hg feuMudl Bkt FERRMTEY: havi ng additional first and
second pol yneric segnents. 15. The thod of, claim 14 wherein the cyclic
ester is a lactone. 16. A nethod ay cl ai medyin claim14 or 15, wherein the
macrocyclic oligoester is macrocyclfic oligf(1,4-butylene terephthal ate).
17. A nmethod as chair@e-i-Ra0ere (B—Rpt-rs 34—t 0 16, rein the
transesterification catalyst conprises a tin conpound. . . A nethod as
claimed in any one of clainms 14 to 16, wherein the transesterification
catal yst conpri g’g?elg titanate conmpound. 19. A nethod as clainmed in any one
of clains 14 to 18, wRekehblkylbe, &brkalkEiint, @D /bAG-OH @lyosyalkidnb izibup;

t enper at ure range frog;lldabout 100C to about 300C.

R, is a divalent aromatic or alicyclic group;

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

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

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

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

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

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

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

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



20. A nethod of making a bl ock copol ynmer of polyesters, the nethod
conprising the steps of. 30 Novenber 2005 -38 (a) contacting a cycllc ester
and a transesterification catalyst at an el evated tenper &0JNevember 309 m a
first polyneric segnent, wherein the ycllc ester is not a macrocyclic

ol i goester; and (b) contacting a nac%ocyclic ol i goester, the first

pol yneric segnent, and the transesterification catalyst at an el evated

t enper at ur e ()0 f(oontmingecxwﬁdemla;tdmtrmmstsiﬁgafﬁnbatalydnermeﬂevatla@tenmemtcumycI iC

ol i goester has a struc ural unit of fornul é 0 0.11 OCR--C
(la) wherein. Ra'Q¥™aANLH RW‘E%“ Se%n?%yé‘fh&&"f‘%{? A ‘Sa{mﬁ%ﬂ‘BCfB‘%y" ic
polyoxyalkylene @higiefter; aNd Rb i s a dival ent aronatlc or alicyclic group;
and (c) sequentially repeating steps (a) and (b) a desired nunber of tines
to forma bi®ck cewngmAchelingisaeir hofat pobmicse seermynistddhel pol yneri c
segments. 21. A gopelyRb&h c‘a@pwdt a&agvatewt&ﬁyeﬁtdrm fa%m%ﬂdfpo%ﬁgh@one (a)
at |l east one structural unit of fornula 00 Il - C (b
wherein R, is aﬁ%ﬂkﬂ&h@ﬂ@mﬂaﬂm¥&WMdhwywﬁﬁ@rm@ﬂS%mmnﬁ@mmpfbcmﬁmﬁyalkylene
group; and Ry is a divalent aromgjic or ahicyclic group; and at |east one
structural unit of fornula (II) erein RI and Rh are independently a

di val ent organic nni%ﬁy i ﬁéOVI o] ihat Rg is not -0-R << - if Rhis
Ry,-C(O wherein Re yI [ Tyctoal kyl ene, or g nono-or

pol yoxyal kyl ene group; and 30 Novenber 2005 wherein

wherein
R, is an alkylene, a cycloalkylene, or a mono-or polyoxyalkylene group;
and
R, is a divalent aromatic or alicyclic group; and
() sequentially repeating steps (a) and (b) a desired number of times to form a block

copolymer having additional first and second polymeric segments.

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

I

R—O C Ry——C

(To)

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

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

(I

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

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

and



R, is an al kylene, a cycl oal kyl ene, or a nono-or pol yoxyal kyl ene group;
and Ry is a divalent aromatic or alicyclic group; and a second bl ock unit
conprising, within its polyneric backbone, at |east one 38Noyembera008nit of
fornula (1) R is a divalent aromat{ig_ or alicyclic group, wherein the at

| east one structural unit of formula (Ib) is contributed by a macrocyclic
ol i goester, wherein the at |east one structural unit of formula (I1) is
contributed by a cycRibadswlnt argmadicwhalogtlie gréwe, nol ar ratio of structural
units of formula_(l1.) 0 ructural -~ units of formula.{] i.s at |east
0113 %22, e o8Bl RGP B i3 B’ R bRt ey o
structural matrbsychid oligoestat) whetdin the hideasSdne ¥ tdniral unitf fogmulh (H)as codlribuetib) 1 s at

| east 0.15:1. 23,  The c | yesier of clajm21 wherein the | ar ratio of
structural %Ph‘i‘ ?EIIBFS*?&“%%S%PI‘%MEI@ ratig of srpqival “&ﬁ?‘lt‘gm&la F%H‘F‘%t“’(ai b) is
fromO. 111 {9isQf orhula 28 is dN&scRRO! yester of claim 21 wherein, the nolar
ratio of structural units of formula (I1) to structural units of fornula

(1b) i 32 r olthdcopelyaster ef daim 21pshereiyige melgprajie of wuctyral wnilgoffopmulpBrei n t he
cyclic esteg jofrfubids la (B pppl yester of claim 25 wherein the

| actone is a- 8apr 3{"act gdr}lgl}l aé?ﬁs%ﬁgh%tc(gg%?yest er of claim?21 wherein R, is
1, 4- bu¥}| en€&hegogolRystar of damzd rvdhereirBe midlaerato pHitypetatabunity bf folraila(ID 1o wher ei n
R, is ethyl.en nd i S ene. 29 )] ock copol ymer conprising (a) a
first bl ock i ﬁ%ﬁp@@"&“ﬁ%%Bﬂ?’r?'zli']t%’%p%*yrreri ¢ backbone, at |east one
struct p4.al Thedopol9éstelr Of dathneR 1 (WHepeilthOmblar tatio OF stfddfuldl ¢aitkof fordlly (10w |1 Rg O - -
C-39 R; wherein It. ?nd Rh are independently a dival ent organic noiety
with the pr¥vreslupisef fogguiadhsfrom@.lx 1ol gn’js Ry, -C (0) wherein Re is
an al ky3 eneThdeopMGL-RAbKIARNG wiRfeirthdRREe Sker R HQX¥A! Kyl ene group;

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

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

unit of formula ()

o

0

I
Ry—C (&)

O—R+—0

"

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

structural unit of formula (1I)
O

|
T 0T TR m

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

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

and



and 30 Novenber 2005 -40 Ry is a divalent aromatic or aI i cycl ic group,
wherein the at | east one structural unit of formula (Ib) is contrlbuted by
a nmacrocyclic oligoester, wherein the at |east one st r udPdYoyrmie

formula (I'l) is contributed by a cyghic ester, and wherein the rml ar ratio
of structural units of forrmula (I11) to structural units of formula (Ib) is
at least 0.1:1. 30. The bl ock copolyner of claim?29 wherein the nolar ratio
of structural units ofR ﬁmdimlaltéllom)itic@r@ﬁsstf:iiqg@w,al units of formula (1b) is
at least 0.15:1. I |, aj n the nol ar
ratio of structura erehnnl atl?ea gﬂ%%%%?ﬁoﬁul%l bscct%ﬁt\#\lg umts of formula
(Ib) is f ronmeﬁro]:ydlctoﬁg&st& ﬂzheraﬁ the Bhzady bﬁac:d(ructmpbduytnﬁlformﬁla((lmk; por2@burdder ei n
e a1 b olepb it P bl S CPLTEAR bk bR LS B m 55
wherein the lﬁﬁgd,ﬂfgm@g(gylslaﬂe@,tb@qtone 34. The copol yester of claim 33
wherein the |actone is c-caprolactone. 35. A copolyester prepared by the
net hod 38f cITar flogk copglymar oficlsir 22 wherriptameler rpfs) of spcara upitefforagladil t he

met hod of C't@&tfﬂcih?alum?é ffd%nﬁlh?lc)‘is?tqpa‘gﬂd’fg?f_ of polyesters prepared by the
met hod of claim 20. . An art manuf acture conprising the

copol yédt er Tthfs bbblacqwl’a"mcr &@laind22 whyreisitheonolatratid eflstnetomprungs efdortula (H) ock

copol yrer | aj m . An_ar.ticl f facture conprising the block
copol yner of g a%'“rﬁlﬂlé‘tsoﬁ%mﬁa@l h 101 tr?xraé%nﬁg an organotin copol yester,
t{le W;EBDO? d(hﬁbfo::l&tdp@lyﬁzbﬁof&la&@w Wherem(ﬁ&)nécﬂmo diif:ﬁi@uoiﬂ.ﬂ?lfhhi\}\%ﬁe&hﬁ[a F\()lI;iVI ng a
structural repea ; ~~0 erein Ra is an

al kyl ene, a'3ryR R’%‘Tség@mblﬁ(le) ‘ﬁgﬂlﬁoc}ls ‘g lYoxyal kyl ene group; and Ro is a
di val eng_ ar @E@B]o@kwpo%bﬁdf%iahﬁzﬂﬁﬁ&ant eb%,cmr&eéfmmtoae non-catal ytic amount
of an organotin conpound; and contacting the oligoester and the

or ganoBfn C(T#?ﬁmnﬁhfeﬁﬁrOéﬁla@ﬁ/‘aheéﬁnthém@ﬂatslfr%mpbmm oduce an organotin

copol ygster (gg, wherein the oligoester is a
macr oc?/’gl [ cAﬁOIXesng%&rg @%%I&!Prgt?ﬁgo f claim 41l wherein the organotin
conpouid. is Aabioakrogm‘lymerl’ofp@y‘iaters p3épaidd \be reenctiR@@b claim 13.

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

38. An article of manufacture comprising the copolyester of claim 21.
39. A composite material comprising the block copolymer of claim 29.
40. An article of manufacture comprising the block copolymer of claim 29.

41. A method for making an organotin copolyester, the method comprising the steps of:
(a) providing an oligoester havmg a structural repeat unit of formula (Ia)
(1)
wherein

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

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



-41 44. The nethod of claim43 wherein the organotin ester is an organotin
ester polynmer having a structural repeat unit of fornmula (VII) RO |
-O-SI1T"0O-Rc R11 (VI1) where each of R10 and R11 i s Cl- C30 Navkmbergi086p and
Re is C4-C20 al kyl ene group. 45. Thg;method of claim 43 wherein the
organotin ester is a cyclic organotin ester. 46. The nmethod of claim4l
wherein the oligoester is a macrocyclic oligoester and the organotin
conmpoutfd- i s Taec eydpd of dnigda othersingbe @eanotiry esteT ipean pegaheiih ester pdlgenbadngsher ei n

t he macrocygl| | i [ ected fromthe group consisting of
macrocycl i c%o Gl%gr%éésptggﬁg‘}tﬁfo%?ﬁ?/ e terephthal ate, propyl ene terephthal ate,
1, 3-propyl ene terephthal ate, 1, 4-| Ut yl ene t erepht hal at e,

1, 4- cycl ohexyl enedi met hyl eng_,t egepht halate, ethyl ene isophthal ate,

propyl ene isophthal ate, 1, 3-pr opyll ene isophthal ate, 1, 4-butylene

i sopht hal ate, 1, 4-cycl ohexyl enedigret hyl ene i sophthal ate, 1, 2-ethylene 2, 6-
napht hal enedi car boxyl ate, and macrbcyclic co-oligoe6frs thereof. 48. The
nmet hod of claim4l wherein the cyclic organotin conpound has the fornul a
(1V) R3 O SnhErcRedchR? Rytued Biris EBCh0 atkyligtovpndd RRisiddeddeatigiamt xoup.s a hal ogen
atom or,_an Kyl oup.. d.,each, of R3 . and R4 independent is a hydrogen
at om of>an Z[jlhf’(é’lethg{ %fti%‘,lmgg Wl%re’éﬂ]&e OFEROHN & eﬁlstaocé"ré}fché?anf)tgf ‘F#% cyclic group;
or R3- @sand TRémehbddfhih @g &hbe théol@Bested G RRraal@idoliddsterl4nd (et hod of claim
43 wherein the cyclic organotin ester has the formula (V) RS R6 Sn R
R$'O f s opggnotig cpqnpoqndﬁgqychc organotin ester.

47. The method of claim 42 wherein the macrocyclic oligoester are selected from the group

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

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

R,—O0—Sn—O0—R,

Re avy

wherein
each of R, and R; independently is a halogen atom or an alkyl group, and
éach of R; and R, independently is a hydrogen atom 6r an alkyl group, or R; and
R, taken together form a cyclic group; or R3-O and Ry4-O taken together is an
OXygen atom,

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

AN
S

/R6
1 0
RS\\ /O / \S e Rs
Yoo ® B N,

wherein R; is a C1-C4 primary alkyl group and Rs and Rg is C1-C10 alkyl group.
50.  .The method of claim 49 wherein Ry is 2 methyl group and each of Rs and R s a butyl
group.



p RT Q( ) wherein R7 is a Cl1-C4 primary al kyl group and R5 and R6 is C 1-C
10 al kyl group. 50. The nethod of claim49 wherein R7 is a_nethyl group and
each of R5 and R6 is a butyl group. 30 November 2005 - 4203Novemher #hod of
claim43 wherein the cyclic organotigester has the formula (M) 0 0 Rs,,
/"' \' /RS RO R9 o Q 11\ wherein each ofRg and RO is a Cl1-Cl10 al kyl b oup.
52. The nethod of claimb51 wherein each of R8 and RO is a butyl group. 53.
The metfhod ofhe gethedrhidaipydd mdiersin thecysheerarptn prerbps o fspdr (Wnpri ses
macrocyclic oligo(l, 4-butyleneterephthalate) and the cyclic organotin
ester is selected fromlghe/ iging of a conpound having the
formula of (VIIl), Bu QEBlgn , Buya coggound having the formula of (1 X), O

BU / :a~ OD and a co nd_hayi Rg the\l{ﬁorrmla of (X) Buu C ~sn (VIII)
(X) 54. The nethod of cPai i?ZT conpid sifg the sygp of providing a

non-netal -containing cyclic ester, wherein step (c) conprising contacting
t he ol i goestwhkreid dach ARIARORI B a €3I allgglokfle  non- net al - contai ning cyclic
ester at an _elevated tenperature to produce an organotin copolyester. 55.

The method diteBictedrSdaigrd reierrin daeh ofdh 2pbRel 208t EPM ng cyclic ester is a
| act ongs. 56.Thd hemdB bAAHmAk wHeRiNhofaMOSEIR dlighhiter BB Rlcre A Alig(NY cyclic

ester is s-caprol actone. ]
4-butyleneterephthalate) and the cyclic organotin ester is selected from the group consisting

of a compound having the formula of (VIII),

~ \
- AN
B S“\PO/\/ -Sn\Bu .
(VIID

a compound having the formula of(IX),

Bu, /0

Sn
4\ >
s N @0

and a compound having the formula of (X)

BU/\SO
ct
X)

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

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

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

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

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

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



57. The nethod of claim4l wherein the elevated tenperature is within the
range of about 100C to about 300C. 58. The nethod of claim41l wherein the
elevated tenmperature is within the range of about 100C 88 Ngysmber2§8. 59.
The nmethod of claim4l wherein the ehgvated tenperature is within the range
of about 120C to about 170C. 30 Novenber 2005 - 43 60. The nethod of
claim46 wherein the nolar ratio of the macrocyclic oligoester to the

cycl i c 60or galhemicthog of daim; 4§ vhereinHbe mglarratio pf theymetrogyeliy oligeestentoghe oolis: 1. 61.

The et hod Qle.fhdl QO BELELILLNS BB Pl £Blio.p! the macrooyclic

ol i goester to the cyc anotin ester I's In'the range about 50:1 to
about ¥11. 6he mi&thod pfduiottOrwhespohymekeratic ofthe ngironycliomlighester tatbe oliyneri ¢
backbone, a) at |east one structural unit _of formula (Ib) 0 0 Il Il ORX
DC1t7 G \Mg%%agf?tf? ,e,“sil%&gﬁméelq?)??tegﬁel?toﬁg%i‘llbal kyl ene, or a nono-or

pol yoxysal kylsiegabanfipolysstd chMprisshgpwihid @b folyméic®asidbbge, or al i cyclic group;
and (b) at |least one structural unit of formula (i) R -a-1n-o- N wherein
each of Rp 4Wd Rt leatiapretuetel yutiof fgmpla(byen atom or an al kyl group. 63.
The organotin copol yester of cl@ m62 wherein R, is one of an ethyl ene
group and a 1,4 butylene group fnd Ry ils a dival ent benzene group. 64. The
organoti n copol yesten-efRetHal-m-62—vierdi-r—each of and R i ndependently
is a chlorine atomor a butyl group. 65. The organotin copol yester of
claim 62 V\herein“;h?%-mol ar ratio of structural units of formula (ly) to
structural units of Tormla (I'11) is in the range of about 500:1 to about
0.5:1. 66. The or ganofRiis anajkyleye atcpeloaiifylale air mmpho-whgiwixpalkyienergodugr rati o of
structural units of forémla (ly) to structural units of formula (111) is
in the range about 50®1®to about 1:1. 67. The organotin copol yester of

claim62 wherein the @ ganitddit Sonsiy@sigtlid@suRamei ght

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

By
|

—_— S ——

Ry

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

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

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

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

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

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

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

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

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



aver age nol ecul ar wei ght of from about 1,000 to about 200,000. 68. The

organotin copol yester of claim®67 wherein the organotin copol yester has a

wei ght average nol ecul ar wei ght of from about 2,000 to aBARVeROFHES 69. A

met hod for polynmerizing a macrocycl igqoligoester, the nmethod conprising the

steps of: (a) providing a macrocyclic oligoester having a structural

repeat unit of forrmula (la): 30 Ngvenber @005 -44 (b) Ol O C R5-C wherein

Ra is an al kyl ene, a cycl oal kyl eng, or a no-or pol yoxyal | yl ene group;

and Rb is a dival ent 8ro ticoor glic cligégroup; providing a

pol ynmeri zati on cat al yst gghprlsing at T east one conmponentl)conpound,

wherein the at | east one conponent conpound conprises: at |east one

structural unit q%&gqrnna.(lb) (i) o0OIl' 1 ORAOCRy C(16) wherein Rx

is an al kyl ene, a cycl oal kyl ene, or a nono-or pol yoxyal kyl ene group; and

Ry is a dival ent arondisanaikybhe, @ygéloadkydaneup a menglor galyoxkyadkylére@siuppne

structural unit.- of formula (I111) wherein each of RL and Rg i ndependently is

a hal ogen atom or an yl group; and (c) contacting the nmacrocyclic

ol i goester and the polRyESdivadnt aOmetas alaiSkliddrod) el evated tenperature. 70.

The nethod of claim69 wherein Rx is one of an ethylene group and a

1, 4- but yI endPlgr oBi9Vidings polymeriggtign catalyst pRIRPFISIHE aigEastNe CORBOISEIRTBP Ry and Rq

i ndependent |y i Syfer6ilifak REst BhOBnPbnedt cdipodhd QapHRs: 71. The nmethod of claim

69 wherein the ratio of structural units of formula (Ib) to structural

units of fornul al[l || ptleast pne sirheupbimge! vowe 1600: 1 to about 05:1. 72. The

nmet hod of claim 71 wherein the ratio of structural units of fornmula (Ib) to

structural 'W ﬁ
C—RpC

Re—0 )

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

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

R,
I

—O—SQ_O_

% (I1I).

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

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

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

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

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

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



units of formula (I1l) is in the range of about 50:1 to about 1:1. 30
Novenber 2005 -45 73. The nethod of claim69 wherein the palynerization
catal yst conprises at |east two component conpounds t hat30PRN WWQOth
aver age nol ecul ar wei ght of fron1ab2§$ 1,000 to about 200,000. 74. The
met hod of claim 73 wherein the pol ynerization catal yst conprises at | east
two conponent conpounds that have a wei ght average nol ecul ar wei ght of
from alyout Zhe@iethbd of Akimed widreBe palimerikhigonratalysictombriest at least@owher ei n t he

pol yneri zati on catal yst consists of. one co nept ¢ und, 76. met hod
Por” manuf actOPPREPCPOIPRIT Bogrves REEHGEy T ROGT R BEShiel Dafidoat 1000 o

pol yneri zat iagsit 26080l yst, the m xture being substantially free fromwater,

t he net hod conprisin? the steps of (a) m xing an oligoester conprising a
struct Uftal rlapasthod af dlaigs73vdiersin the palymorizatiqn cpiplyptcomppeespidedy t¥o- C wherei n Ra
is an al kyl | it SJRRR W N gl , and
Rois a divgﬁgﬁ?égﬁ%ﬁggﬁggﬁﬁﬁéﬁ%%8%?@5 grod%?aﬁﬁ%ﬁggﬁqgﬁéaﬁggfnpg%ﬁbound;
(b) heati ngabdnme 5D ure of the oligoester and the organotin conpound at an
el evat t erature: . r.empving.wat er..generated.durdi ng the heating
Step: ther ere ot hFdah e R b R AR R e
organotin ceompadd, and (d) m xing the dried reaction m xture of oligoester
and the organotin conmpoynd with the _macrocyglic oligoester. 77, The net hod
of ol ailh 76%?#@! r@ﬁ@%iﬂ%égwwepéa&a%&xc CYHPLT GRY HRELRERAIORE.  The

et hod of cCleahifd: /e WRRKEE blint HBsAEBNRLd For Vhief, tHeSnethod¥6ipiSsi BARQLI N ester.
79. The nmethod of claim 76 wherein the oligoester is a nmacrocyclic

ol i goester &fid the organotin ester is a cyclic organotin ester. 80. The
met hod of cl.ai m : i 181 Vel ofo kN3 el ected fromthe
gr oup cons#@tinéggﬁgﬁgg#%géc??c opgéggg#gﬁggg% etﬁ%?ﬁ%@ﬁé  epht hal at e,
propyl ene terephthalate, 1, 3-propylene terephthalate, 1,4-butylene
terepht hal ate, 1, 4-cycl ohexyl ene@d net hyl ¥ne terephthal ate, ethylene

i sopht hal ate, propyl ene isophthallfate, 1, B-propyl ene isophthal ate,
Ri—O—C—Re—C @)

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

the macrocyclic oligoester.

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

organotin ester is a cyclic organotin ester.

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



30 Novenber 2005 -46 1, 4-butyl ene isophthal at e,

1, 4-cycl ohexyl enedi met hyl ene i sophthal ate, 1,2-ethylene 2

napht hal enedi car boxyl ate, and macrocyclic co-oligoesters P}%‘E}VE@PGT%)ES The
met hod of claim 79 wherein the cycl i_q60rganoti n conpound has the fornula
(rv)y, (), or (M) RL | R3-Q -OR4 R2 1V) wherein each of Rl and R2

i ndependently is a hal ogen atomor an al kyl group, and each of R3 and R4

i ndependent | y4-pyylanaigaphhglets. lat- W@FXWCW@VICWWWM‘? FBethyigne 36t t aken
t oget her forl{%ﬁhaq %E%b%ﬁ%gandgﬁ ngy‘i(ﬁc B‘ghg%stgs%l‘e%f‘ together is an oxygen

atom (V) whetein eac ently is C 1-C 10 al kyl group,
and R7 §ls a Thelne@bdof clntr 3 wietdiythe grcdlclpz;galwtld cohprued haselzcthrmod 260 VIR
independentl ]a a C-C10 al kyl group. 82. The nethod of claim 79 wherein
the cyclic o ég otin conmpound is selected fromthe group consisting of a
conpound having the fornula of (VIIR), Bu O BUI., '"%6 n, Bu a conpound
having the formula of (1X), 30 Nove||7ber 2005 -47 and a conpound havi ng the
formula of (X) Bu\ Sn Cl- RM—83—Shhe-oret-Rpd of claim 79 wherein the
macrocyclic oligoester conprises mag¢rocyclic oligo(1, 4-butylene
terephthalate) and the cyclic organgjin ester i(Isv)seI ected fromthe group

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

DNWC <

OXygen atom,

V)

wherein

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

alkyl group, and
Rs\ / > :
wherein

each of Rg and Ry independently is a C1-C10 alkyl group.

Il

O\.m /O

(VD

82. The method of claim 79 wherein the cyclic organotin compound is selected from the group

- consisting of a compound having the formula of (VIII),
Buy N\ Bu

" Sn{?g/\/oxssf
(v

a compound having the formula of (IX),



. ;
—

consi sting of a conpound having the fornmula of (MI1), o Bu" O 'BU (VIII)
a conpound having the formula of (1X), 0 and a conpound gﬁﬁ%ﬁ% he fornul a
of (X) Bum CISn 84. The nmethod of claim 76 wherein the ﬁ%m§¥98 (b)
is conducted at a tenperature in theysrange of about 100C to about 190C.
85. The nethod of claim 76 wherein the heating step (b) is conducted at a
tenperature in the range of about 120C to about 170C. 86. The net hod of
claim79 wherein the m¥bray raki o of macrocyclic oligoester to cyclic

organotin ester in step,fﬁ) ig fromabout 500:1 to about 0.5:1. 87. The
met hod of claim 79 wheFki e nolar ratio of q%grocyclic ol i goester to
cyclic organotin ester is fromabout 50:1 to g6dut 1:1. 88. The nethod of

claim79 wherein the dried reactio { xture of oligoester and organotin
conpound hagngacoIQFncaHFEHF%%PmFEQgg}han about 2000 ppm 89. The method of

cl aim 88 wherein the dmhg r tion mxture of oligoester and organotin
conpound has a water cgp;mmt | ess than about 500 ppm

(X).

83, The method of claim 79 wherein the macrocyclic oligoester comprises macrocyclic
oligo(1,4-butylene terephthalate) and the cyclic organotin ester is selected from the group

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

Bu\ ;/\/O Bu
St oN.
By \o/\/ Sn\B§

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

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

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

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

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

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

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

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

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





