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commercially avail abl e where the al kylene typically has 2 to 8 carbon
atons. Linear polyesters have many val uabl e characteristigspiag] 2dsno
strength, toughness, high gl oss, andlsolvent resi st ance. Llnear pol yesters
are conventionally prepared by the réaction of a diol with a dicarboxylic
acid or its functional derivative, typically a diacid halide or ester.

Li near pol yesters 10 nay be fabricated into articles of manufacture by a
nunber of techniques including extrusion, conpression nolding, and

i nj ection nol ding. @%Gemo-mmmmﬁmemnsmpaﬁm\mm devel oped whi ch
are precursors to linearp goesters exhibit |ow
melt viscosity, which can IM%Vantageousbﬁﬁﬁiggﬁ%ﬁgppl|cat|ons
Furthernore, certain nacrocycllc ol i goesters nelt and polynerize at 1.5
tenmperatures well below the nelting point of the resulting polynmer. Upon
melting and in the presence of an appropriate catal yst, polynerization and
crystallization can occur virtually isothermally. One nethod for synthesis
of the macrocyclic oligoesters ikechnieal Fisld step of contacting a diol of
the formula HOOA-OH with a diacid chloride of the formula: 20 CI1--C B CC
C where A Biginventioplgenarallprelates toyatalysts k Mced Barticular YIRRCmvEtion relates to

pol yo u Bis, .a divalent aromatic or alicyclic group.
The ré@b?ﬁrﬁﬁ}g (%@&SFSWS%?%ﬁM'E@WﬁWMCQhMW of at 25 |east one
anmi ne that has substantially BQ.Sk&inHGnfl ngfgnce around the basic nitrogen
atom An illustrative exanple 0o arn S S
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ter ep gael of {is functiona derwatlve typically a diacid halide or ester. Linear polyesters

10 may be fabricated into articles of manufacture by a naumber of techniques mcludmg extrusion,

compression molding, and injection molding.

Recently, macrocyclic oligoesters were developed which are precursors to linear !
polyesters Macrocyclic oligoesters exhibit low melt viscosity, which can be advantageous in
some applications. Furthermore, certain macrocyclic oligoesters melt and polymerize at

15 - temperatures well below the melting point of the resulting polymer. Upon melting and in the
presence of an appropriate catalyst, polymerization and crystailization can occur virtually

- isothermally,

One method for synthesis of the macrocyclic oligoesters includes the step of contacting
“a diol of the formula HO-A-OH with a diacid chloride of the formula:
20 |

I

Cb—C— B——C—Cl

where A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group; and Bisa -
. divalent aromatic or alicyclic group. The reaction typically is conducted in the presence of at
25 leastone amine that has substantially no steric hindrance around the basic nitrogen atom. An
.illustrative example of such amines is 1,4-diazabicyclo[2.2.2)octane (DABCO). The reaction

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




5 presence of a highly unhindered am ne or a m xture thereof with at |east
one other tertiary amne such as triethylamne, in a SUbsﬁfﬂ&ﬁ@Hidbé nert
organi ¢ solvent such as nethylene chloride, chlorobenzene, . Oor_a . Xture
“thereof. See, e.g., US. Patent No. 5,231,161 to Brunelle et al. Another
met hod for preparing macrocyclic oligoesters is to depolynerize |inear

pol yester polyners in the presence of _@p organotin or titanate conpound. In
this metho near, 10 pol yesters are converted to macrocyclic oligoesters
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macrogyclic oligoesters. Unfortunately, it is desirable for certain
applications such as autonotive paint oven or rapid nolding and cycle tine
tlé enpl oy pTo®e WBFHIIfo fheipfe 30 Ql i ters
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_from Gl.i oI| that is nolded needs to crystalllze rapidly.
High ' HBV)‘Q fido ﬁé‘ﬂ he spacgion,apd shauléh §e an petive catalyst capable of

establishing the dcsnred equ:llbrlum in a reasonable time. Catalysts prepared from tetraisopropyl

titanate and two equivalents of butanediol, for example, tend to polymerize and gel from
20 solution. To circumvent this gelation, diethylene glycol was used to substitute part of the
butanediol. One technique for preparation of organo-titanate catalysts uses butanediol together
- with diethylene giycol. See, U.S. Patent No. 5,710 ,086 to Brunelie e al. Catalysts prepared
according to this method contain moieties of diethylene glycol, which are later incorporated into
the macrocyclic oligoesters prepared using the catalysts. The incorporation of diethylene glycol
25 moieties causes deleterious effects on the mechanical properties (e.g., modulus) and thermal
properties (e.g., melting point and heat distortion temperature) of the polyester prepared from the
macrocyclic oligoesters.
Unfortunately, it is desirable for certain applications such as automotive paint oven or
| rapid molding and cycle time to employ pure macrocyclic oligoesters, i.e., macrocyclic
30 oligoesters substantially free from macrocyclic co-oligoesters. To conduct molding at high
speed, the material (e.g., polybutylene terephthatate polymerized from niacrocyclic oligoesters)
_ that .is molded needs to crystallize rapidly. ‘High purity is thus required. Also, in making a part




24 March 2006 -3- by autonotive paint oven, the part is less likely to
deflect if the material (e.g., polybutylene terephthalatezggkﬁgﬁﬁ?&§d from
macrocyclic oligoesters) has a high heat distortion tenperature. "In

addi tion, higher crystallinity generally |eads to higher nodul us-and better
creep resistance. Furthernore, enploying pure macrocyclic oligoesters
(e.g., macrocyclic butylene oligoestes3) sinplifies the manufacturing and
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oligoesters.

In a first aspect, the present invention provides a mixture of reaction products of
x(Ti-(OR )s) + y(HO-R™-OH) + z((HO)-CR)R)-W-CRRH-(OH)),

the mixture being substantially free from di-fimctional diols other than HO-R-0H,
wherein

each R! is independently a C,.Cyq alkyl group;

R?is a C,-C; alkylene group;

each of R, R, R, and R® i independently a hydrogen atom or a C;~Cy alky] group

except that
| at least one of R® and R* is a C;-C, alkyl group, and
at least one of R® and R® is a C;-C, alkyl group;

‘W is an oxygen atom, a sulfur atom, é nitrogen-containing group, a phosphorus-
containing group, or a C;-C, a]kylené group; each of x, y and z is greater than 0; and y>z. -

. In a second aspect, the present invention provides a mixture of reaction products of
o(Ti{OR )9 + @u-m)((HO-R*OH) + m((HO}-CR)(R')- W-CRHR)-(OH),
the mixture being substantially free from di-functional diols, wherein

each R is independently a C,-Cy alkyl group; R?is a C,-Cy alkylene
group; ' |




the m xture being substantially free fromdi-functional diols, wherein each
R is independently a Cl1-Cl10 al kyl group; R2 is a C2-C6 al n up; 24
March 2006 3a each of R3, R4, R5, and R6 is independently gxh}?ﬁ&b%@%oatom
or a O-C4 al kyl group except that af, | east one of R3 and R4 is a C-C4

al kyl group, and at least one of R5 and R6 is a C1-C4 al kyl group; Wis an
oxygen atom a sulfur atom a nitrogen-containing group, a phosphorus-
contai ning group, or a Cl-C4 al kyl ene group; each of mand n is greater

t han 0; and i it d.an from O. 0 0.5 It i i sclosed in the
present inve %lgfg(r)lﬂga’ gq’xf{ntj&@éflg?@g%%%@yp? %%{58%? agqm ha @frcg ﬁﬁ‘é'k)é@ulj WO
031031059 &XsEptiBaR/ 31733 -4- n(Ti-(OR) 4) + m{(HOR2-OH). Each R is

i ndependently a C1-C10 al kyl ,group. R2 is a C2-C6 al kyl ene group. Each of m
and n is greater & st ame ofReandiRy is adfi-Gh alloyligroup, gnébat er than 2. In a third

aspect, the prese i.nvent i.gp yi de thod for depolynerizing a

pol yester conpri sg‘ﬂ%st 8°§ﬁeﬁ&iﬁ 'éggflé@{aﬁﬁﬂ,gr‘?‘ﬁ”t he presence of heat, a

M xture conpiwss ftoxyieR ot alsBlfur #6m, LHHRD E&c&rﬁhﬁﬁi‘g ' | stantial l'y
free of oxygen and V\)gt er, and the m Xxtur egas defin ﬁ?ﬁﬂ%ﬁ)@bﬁ%@?@ﬁf aspect,
to produce nEeR@EReE greupodt 2oe€s elkglesagreupintially free from nmacrocyclic

co-ol i goester I ourt h aspect he present inventigon vi des a net hod
for depolyne?%?fﬁ%léx%%F ‘?F%ﬁﬁmgbﬂﬁﬁpéPﬁﬁwﬁﬁBa§?§5%gplﬁéﬁ$égting, in the
presence of heat., .a m xture conprising: a polyester, an organic solvent
which is subSt¥ ?laﬁegynﬂ?eége%?fltlax%@ﬁaamump reactiongprofiectnofkt ure as defi ned
in the second aspect, to produce macrocyclic oligoesters substantially
free fromnmacrocyclic co oligoesters.




In a fifth aspect, the present invention provides a nethod for

depol yneri zing a polyester conprising the step of contact bg | nzé&e
presenceﬁg& :Qeat a polyester, an organic solvent, and a _m

conpri si NP PHEBPI%n products of x(Ti-(OR )4) + y(HO R2- QHPCEUS02/51733
Z((HO-C(R3) (R4)-WC(RS) (R6)-(0OH)), wherein 'each R is independently a
Cl-Cl10 al kyl group; R2 is a C2-C6 al kyl ene group; each of R3, R4, R$ and
R6 is independently a hydrogen atom or-4- Cl-C4al kyl group; Wis an oxygen

ato a | fur ato a nitrogen: i hosphorus- containin
gI‘OlTp, ofqa lén-C4 g]lkyl elne g?ouﬂﬁqgg%gﬂ;%%@%égg)g i:pgregtser thanI OI; )
and y>z; and wherein the m xture of reaction products is substantially

free fBach R isfindegiehaanly HCpCs allofl pesup IRfnis W@, R2; 4hkdlendkrausi Ridh #5AGA4 n i he
present invention provides a nmethod of depol ynerizing a polyester
conpr i §realsr thad Gst Bis 1gtio @b Wavis gepatarthane presence of heat, a pol yester, an

i ¢ sol vent,.. and i xt f. ti duets, of n(Ti.-(OR )4
mPo. Ro- oy, TaAdhiel ibsd tEpichens Gugrinn TRvHTa P B0 s Bt Breod AP Bery any)
group; cbmptisingelstdptorabitidtRgeindhdpBsend®of IRAE B nfiktufd @AthriRinkSa P619ad&@! anf han 0,

and mn > 2. Tn a seventh aspect,” the present invention provides a nethod

for depegapicssolventighish orpsiantely freeofrgae sndrweten eyd e srighiepselstiaed in the
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sol vent ; andn a fourth aspect, the present invention provides a method for depolymerizing a polyester
comprising the step of contacting, in the presence of heat, a mixture comprising: a polyester, an
organic solvent which is substantially free of oxygen and water, and the mixture as defined in the
second aspect, to produce macrocyclic oligoesters substantially free from rr'lacrocyclic co-
oligoesters,
In a fifth aspect, the present invention provides a method for depolymerizing a polyester
comprising the step of contacting, in the presence of heat, a polyester, an organic solvent, and a
mixture comprising reaction products of
x(Ti(OR")y) + yHO-R®-OH) + z((HO)-CR)R')- W-CR*}R")-(OH),
wherein
each R! is independently a Cl”Cm alkyl group;
R?is a C,-Cy alkylene group;
each of R3, R*, R® and R® is independently a hydrogen atom or a C-Cyalkyl
group;
W is an oxygen atom, a sulfur atom, a rﬁtrogen-containing group, a phosphorus-
containing group, or a C;-C; alkylene group; each of x, y, and z is greater than 0; and y>z;
and wherein the mixture of reaction products is substantially free from di-functional diols
other than HO-R*-OH.
In a sixth aspect, the present invention provides a method of depolymerizing a polyester
comprising the step of contacting, in the presence of heat, a polyester, an organic solvent, and a
mixture of reaction products of ,
a(Ti(OR’))) + m(HO-R-OH),

wherein




|

a mxture conprising reaction products of an organo titanate and at | east
one diol. The foregoing and ot her objects, aspects, featurgg 2

: . . M‘ 2?g6 :
advant ages of the invention will becone nore apparent from the 10l 1Tow ng
description and clains. Description #ae present invention relates to the
preparation of organo-titanate catal ysts that are useful for catalyzing

depol yneri zati on o E%:@ﬁ&nfl Qdu _l,{racrocycl I c oligoesters
substantially fre%htl?{ommﬁa rocycflagf‘gg’?gﬁ‘ goesters. Definitions The
fol | owi ng gener al grota;iRfiis 4 OPS; atyledregbap;phdl i n under st andi ng the vari ous

terms and expressions used in this specification. As used herein, a
"macrocycl i c" nolt@ehpEmpadmds grealee than Grend BV & Znavi ng at | east one ring
within its nolecular structure that contains 8 or nore atons covalently
connected to form the ring. As used herein, an "oligonmer" neans a nol ecul e
t hat cont ai nin @seyenthraspect; the presént atyentiongirovidesaméthedfordepolymarizingfa fohyesten e

diff f | a... d h A ‘ol ter” I t hat
cont ai nb 13oee AP s et S o gy, P Bt OGP EearEIFE BPRHe same
or di ff@j@ﬁsﬂgqhéméﬁofoaﬁta@tﬁ@gmhﬁézﬁ@mc@ofmr ocyclic oligoester” nmeans a

macrocyclic oligomer containing or nore identifiable ester functional
repeat unitsapelyesss sane or different formula. A macrocyclic oligoester

typically re&e&rgaégs%{,iagde nol ecul es of one specific fornmula having
varying ring sPzes. wever, a macrocyclic oligoester may al so include

mul tipl e nol esiktes corhpihidg resitioh prddctof atorgans thghawaind iahigasioi®@ios of t he
sane or different structural repeat units. A macrocyclic 24 March 2006 - 5-
ol i goest er nije feegoinpaml otheredjeets, aspetts) featuek, @dedvaitages ofthe inventibh 9GRSt er
having two or nore different structural repeat units having an ester
f unct | BIFAIF IPTHARRAENL Sog ths dollawing deseription aud ¢laigy: herein, "an al kyl ene
group" neans -C,,H2n-, where n z 1. As used herein, "a cycl oal kyl ene group”
means acyclic al kyl ene group, -C'H2,,.x., where

Description

The present invention relates to the preparation of organo-titanate catalysts that are
useful for catalyzing depolymerization of polyesters to produce macrocyclic oligoesters

substantially free from macrocyclic co-oligoesters.

Definifions |

The following general definitions may be helpful in understanding the various terms
and expressions used in this specification.

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
the ring. |

| As used herein, an "oligomer" means a molecule that contains 2 or more identifiable
structural repeat units of the same or different formula,

As used herein, an "oligoester" means a molecule that contains 2 or more identifiable
ester functional repeat units of the same or different formula.

As used herein, a "macrocyclic oligoester" means a macrocyclic oligomer containing 2
or more identifiable ester functional repeat units of the same or different formula. A macrocyclic
oligoester typically refers to multiple molecules of one speciﬁé formula having varying ring
sizes. However, a macrocyclic ol?goester may also include multiple molecules of different

formulae having varying numbers of the same or different structural repeat units. A macrocyclic




5 X represents the nunber of H s replaced by cyclization(s). As used
herein, "a nono- or polyoxyal kyl ene group" means (- (CH2) m 2 MardiCH®pm |
wherein mis an |nteger greater than | and n is an integer greater than O.
As used herein, a "mxture of reaction products” neans a m xture of
corrpounds resulti ng froma chem cal reaction. Thus, a "m xture of reaction
products” nmay refer to a mxture 10 ofS<conpounds resulting froma chem cal

reacti olvents and/or any sjde products (e.g.,
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si de product sAs Bgederein, {'aneallgdene gronp ofeam eCgH,,-, e sl lvent s or addl t | ves
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this inventi o’lﬁé Eseﬁgf’% Wﬁfoah?yiem?(ﬂg% mraeaya exslic glkyleng erapper(@Hanx., Where

di cr betgpmicniis tﬂagﬁ,ﬁw@ﬂfzs @Blﬁg@%gc?lz& ng structural repeat unit of

the forrmula: 20 0 |1 A is an alkylene, or a
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refertoa mlxturc of compounds resultmg from a chemical reaction and after removal or

separation of one or more solvents or one or more side products, or with the addition of one or

more solvents or additives.

15 . Macrocyclic oligoesters that may be prepared using the catalysts of this invention

include, but are not limited to, poly(alkylene dicarboxylate) macrocyclic oligoesters having a
- structural repeat unit of the formula;
I

B—C

=0

. O0—A—0
20
' where A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group; and B is a
divalent aromatic or alicyclic group.
[Hustrative examples of macrocyclic oligoesters include macrocyclic oligoesters of
poly(1,4-butylene terephthalate), poly( 1,3-propylene terephthalate), poly(1,4-
25 cyclohexylenedimethylene terephthalate), poly(ethylene terephthalate), and poly(1,2-ethylene
2,6-naphthalenedicarboxylate).

There is provided a mixture of reaction products of
x(Ti-(OR')s) + y(HO-R%-OH) + z((HO)-CR})(R*)-W-C(R*)R%)-(OH)).

The mixture of reaction products can be substantially free from di-functional diols other than HO-
30 R*OH. That s, the mixture is substantially free from (HO)-CRY)RY)-W-CR®)(R%)-(OH).




24 March 2006 -6- "Substantially free" in this context nmeans that the

m xture of reaction products is at |east 90% and prefer ab4 Magd02006r ee of
all di-functional diols other than HO R2-OH, which is determ ned by the
anount of diols originally present. Referring to the above formula, each Rl
I's independently a CI-CI0 al kyl group, such as 5. a nethyl group, an ethyl
group, a propyl group an isopropyl grgup, a butyl group, a pentyl group,
or a hex gr.oup is a C2-C6 al kyl ene group, such as an ethyl ene group,
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tertiary al cBﬁf?Fﬂﬂaﬂplthe ahove ki G}l'gnﬂxa,aaahﬂvylamcbpéﬁdant[)aa OMCiqalkyl group, such as

0t o e B90R 8 il BB Zoloyt St bivionlrzbRourh ey ot peri hgyrgéigen
- - P(R&ra I@RMou;y\he’f @Ial'CgF@ éiﬁyl@ne 1565, 308 a3 UMy ¥ neErédp, (a:? cﬁ:’g@ﬁg g é’@hy éne

preferuy a CI-C4 aI %aoup ﬁuch as a net’hyl ene
group, YewpgrowmeE R/l ie redegeralaptly &hydrogdn ato:am:d ayC)i& itgat er

th ' . Th th HO- R2-OH. th
(hoy- &k E%%W&@ﬁ? @z%? b33 oo & Oy R, 5 SPHTBPY! 8 bUith BrouRe
d| al ( SHoWGWr bﬁleﬁs?t l&ﬂel Gf RaaﬂdWR’iithHt%@ SnePR QR Reis a OF i at@?%rgﬂ%g?ﬂﬁs

é 'ﬁ R? éyflis it does not interfere esired
HQ) RcD(R eWp(E@pK Difs atsheondanyton a certifry bbb, ON :pamdwfg*eﬁ atom, a

III olvents that ma 20 ed incluy but are not
¢ SoRrat6in Y SRR SNk BeoubTe " BONIR DY Eoup oMBreia yeis BdioBeaom, 0. g
di cbt Up.hztj, . 1L PGh 8 h. as vvat er
Sr ey O Gloup SO coRRIBA L ln APETS ORI MR RESE 1T 6
of rehxdrpgen qjamdmat(‘a G&ll@dgpwp@,obrxprefembﬂymt@,t—@ﬁ&lkﬂend ?@Qp EwWoh. as‘Ehﬁethﬁe,fg i on
o]

may b ndu d at any te erature and pressure as ng as it yields the
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The reaction of the titanate and the diol(s) may be conducted in an organic solvent or
neat. Any organic solvent may be used as long as it does not interfere with the desired reaction
and the properties of the mixture of reaction products. Iilustrative organic solvents that may be

20 used include, but are not limited to, chlorohydrocarbons such as chloroaromatic hydrocarbons
(e.g., o-dichlorobenzene). Preferably, no proton donating compounds such as water or acids are
present during the reaction.

In one embodiment, the mixture of reaction products is piepared via a metathesis
reaction. The reaction may be conducted at any temperature and pressure as long as it yields the

25. desired mixture of reaction products. For example, the reaction may be carried out at a
temperature at about 25°C to about 190°C. In one embodiment, the reaction of the titanate and
the diol(s) is conducted at about 120°C to about 180°C. In another embodiment, the reaction of
the titanate and the diol(s) is conducted at about 140°C to about 170°C. Further, the reactibn méy

be carried out in an inert environment, such as a nitrogen environment, but such conditions are

30 - not required.




the dial(s) is conducted at about 120C to about 180C. In anot her

enbodi ment, the reaction of the titanate and the dial (s) 24$Mahdi{fbed at
about 140C to about 170C. Further, the reaction may be carried out in an
i nert environnent, such as a nitrogen environnent, but such conditions are
30 not required. 24 March 2006 -7- The reaction is not limted to any
particul ar apparatus or specific proce%sing steps. In one enbodi nent, the
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15 materials. In this embodiment, (HO)-C(R*)(R")-W- C(R*)R®)-(OH) is not present. In other
embodiments, the ratio of y to x is greater than 3, greater than 4, or greater than 5.
In certain embodiments, W preferably is a C(-Cy alkylene group, such as a methylene
group, an ethylene group, a propylene group, or a butylene group. In other embodiments, R' is
an isopropy! group; R? is a butylene group; each of R*, R*, and R%is a methyl group; and R®is a
20 hydrogen atom. In this embodiment, the titanate is tetraisopropyl titanate, and the diols are 1,4-

butanediol and 2-methyl-2,4-pentanediol.

The invention can be directed to a mixture of reaction products of
n(Ti-(OR')q) + 2n-m)HO-R*OH) + m((HO)-CR})R")-W-C(R*)R®)-(OH)).

The mixture of reaction products is substantially free from di-functional diols, such as HO-R%-
25 OH)and (HO)-C(R’}R*)-W-C(R*)(R%)-(OH). Each R! is independently a Cy-Cy alkyl group,
~ such as a methyl group, an ethyl group, a propyl group, an isopropy! group, a butyl group, a
| pentyl group, or a hexyl group. R?is a C,-Cg alkylene group, such as an ethylene group, a |
propylene group, or a butylene group. Each of R%, R%, R®, and R® is independently a hydrogen
atom or a Cy-C4 alkyl group, such as a methyl group, an ethyl group, a propy! group, an isopropyl
30 group, a butyl group, except that at least one of R? and R and at least one of R® and RS isaC-

Cq4 alkyl gropp. W is an oxygen atom, a sulfur atom, a nitrogen-containing group (e.g., a ~-N(R")-




n(Ti-(OR)4) + (2n-m (HO-R2-OH) + n((HO - C(R3) (R4)-WC(RS) (R6)-(OH)).  The

m xture of reaction products is substantially free from di 24 Mucth 2048l
diols, such as HOR2- 25 OH) and (HO-C(R3)(R4)-WC(Rs) (R6)-(OH). Each R
i s independently a Cl1-C10 al kyl group, such as a nethyl group, an ethyl
group, a propyl group, an isopropyl group, a butyl group, a pentyl group,
or a hexyl group. R2 is a C2-C6 al kyl ehe group, such as an ethyl ene group,
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wherein R 7 _is a hydrogen atomor a C1 -Cg al kyl group), a
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from about 0.15 to about 0.35, or from about ¢.15 to about 0.25.
| The mixture of reaction products may further include an organic solvent, which may be
added after the reaction. In certain embodiments, the reaction of the titanate and the diols is
20  conducted in an organic solvent. Any organic solvent may be used as long as it does not interfere
with the desired properties of the mixture of reaction products. Iilustrative organic solvents that
may be used include, but are not limited to, chlorohydrocarbons such as chloroaromatic
hydrocarbons (e.g., o-dichlorobenzene).
Thus, the mixture of reaction products can be prepared by adding a pre-determined
.25 amount of each of Ti-(OR")s, HO-R*-OH, (HO)-CR*)(R*)-W-C(R*)R®)-(OH), and a solvent if
used into a reaction vessel and mixing these reagents at a pre-selected temperature and pressure.
Distillation is Aconducted to remove R-OH. The reaction may be followed by the amount of R'-
OH (e.g., isopropy] alcohot) liberated from the reaction. Thus, when the reaction is heated to the
boiling point of R'-OH, the reaction is complete when no more R'-OH can be distilled off,
30 Alternatively, the reaction may be monitored using NMR on samples periodically taken from the
reaction. Depending on factors including the starting titanate, the starting diols, the ratib of diols

‘and their ratio to the titanate, what solvent is employed, and the reaction temperature and




The m xture of reaction products may further include an organic solvent,
which may be added after the reaction. In certain enbodi nBhiMarch 296
reaction of the titanate and the diols is 20 conducted in an organic
solvent, Any organic solvent may be used as long as it does not interfere
with the desired properties of the m xture of reaction products.

Il lustrative organic solvents that nmaf-be used include, but are not

limte - s such as .chl.aroaromati.c hydrocarbons (e.g.,
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(HO-AR(W-WC(W(R-)-(OH), and a solvent if wused into a reaction vessel
and m xi ng t H88&veateremay ba directest to-agmixtusre efireactiqrepradustsofand pressur e.
Distillation is conducted to renove R 2 -OH The reaction may be foll owed

by the amount of R- OH (e.g., J-$0 I | berated fromthe
reaction. Thus, when the react |d6§1&wﬁézﬁr§m@§gf§@ boi l'i ng poi nt of
R1-011, the reaction is conplete when no nore R -OH can be distilled off,
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direct®#¢0 a nixture of reaction products of n(Ti-(OR) 4) + mHO R2-OH).
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15  arange from about 2.5 to about 5.5, from about 3 to about 5, or from about 3.5 to about 4.5,
Excess HO-R-0H may be removed after the reaction, and substantially ali of the
residval HO-R?-OH is separated from the rest of the mixture of reaction products. Removal may
be effected by conventional techniques such as precipitation, filtration, distillation, and/or
vacuum evaporation.
- 20 ’ The reaction between the titanate (i.e., Ti-(OR*) 4) and the diol (i.e., HO-R"-OH) may
- be conducted without a solvent, i.., neat. Thus, the mixture of reaction products does not
include any solvent. However, a solvent may be added to the mixture of reaction products.
| In one embodiment the mixture of reaction products can be prepared by adding a pre-
determined amount of each of Ti-(OR'); and HO-R2-OH into a reaction vessel and mixing these
25_ reagents at a pre-selected temperature and pressures. Distillation is conducted to refnove RZ-OH.
. The reaction may be followed by the amount of R'-OH (e.g., isopropyl alcohol) liberated ftom
' - the reaction. Thus, when the reaction is heated to the boiling point of R'-OH, the reaction is |
complete when no more R'-OH can be distilled off, Alternatively, the reaction may be
monitored using NMR on samples periodically taken from the reaction. Depending on factors

30 including the starting titanate, the starting diol, the ratio of diol to the titanate, and the reaction




anot her detail ed enbodinent, R is an isopropyl group; R2 is a butyl ene
group. In certain enbodinents, the ratio of mto n, which 24Maneh 2afk6ar
ratio of Ti-(OR) 4to HOR2-OH, is within a range fromabout 2 to about
6. In other enbodinents, the ratio is within 15 a range fromabout 2.5 to
about 5..5, fromabout 3 to about 5, or fromabout 3.5 to about 4.5. Excess
HO R2- OH nay be renoved after t he readli-on, and substantially all of the
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_ figes 1ol mterfere wgtﬂ the (?epolymerlzauon reaction may be used. Illustrative examples of such

solvents include chlorohydrocarbons, such as o-dichlorobenzene. The solvent generally is

substantially free from oxygen and water. "Substantially free" in this context means a

concentration of oxygen less than about 50 ppm, and more preferably less than 10 ppm, and a
20 concentration of water less than about 50 ppm, and more preferably less than 10 ppm,

There is no limitation with respect to the amount of solvent present in a
- depolymerization reaction other than the amount results in the dissolution and subsequent

depolymerization of the polyester. The concentration of the resulting sotution often is less than

about 0.5 M. In certain embodiments, the concentration of the resulting solution is less than
25 about0.3 M, less than about 0.2 M, or less than about 0.1 M.

The depolymerization reaction is typically conducted under ambient atmospheric
pressure and does not need to be conducted in an inert environment. However, the reaction may
be conducted in an inert environment, such as a nitrogen or argon environment.

| The amount of catalyst employed in the depolymerization reaction is typically from
30 about 0.5 to about 10.0 mole percent titanate for every polyester monomer unit. In one

embodiment, the amount of catalyst employed is from about 1.0 to about 5.0 mole percent for




The reaction tenperatures that may be chosen in the depol ynerization
reaction are unlinited. That is, any tenperature that resi#iMarém2eDs

pol ynmeri zati on of polyester in the solvent 10 may be enpl oyed. However,
t he depol yneri zation reaction often is conducted at an el evated
tenperature. The depol yneri zation reaction may be conducted bel ow, at, or
above the nelting point of the polyegter to be depol ynerized. In one
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ol yhbstansia ¢roeYelic so-oligoastery telly dreghinethisgantestmeans g pher i ¢

ress . an.ine enyi rennent .
Finey ore ERE 19RERaRELr REARc}Re 4B oHRRRHE Sless i ob Bl AR MEBREY i as a
ni t r ogem abouteitg oNalemeatroopotiznligodshs od. Whefi el pdsted RIS 1 n the
depol yneri zation reaction is typica !Eé from 30 about 0.5 to about 10.0

mol e HepdBngrized captams arcgrpolyrasryc.popslad idbutidene tasephihalate) containieg  enbodi ment ,

for oHORnins i RAhK ek RSl el AR Eabhord s 08 R Wsjab pfpertage™ ©°™
ehdodofimatrocyclie oBFcustr 0P butgRhé | nvetocH BN} AipREstes of E@Mend Rl madrdiydif @bout 3.0

nol e percent for ever K pol yester nonomer unit.
.. -..oligoester of butylene/ethylene is greater than 90% and preferably greater than 95% of all

macrocyclic oligoesters produced.

Examples
The following examples are provided to further illustrate and to facilitate the

20 understanding of the invention. These specific examples are intended to be illustrative of the
invention. The products obtained from these examples may be confirmed by conventional
techniques such as proton (*H ) and carbon-13 (**C) nuclear magnetic resonance (NMR)
Spectroscopy, mass spectroscopy, infrared spectroscopy, differential scanning calorimetry, and
gel permeation chromatography analyses.

25
Example 1

A 100 mL flask equipped with a magnetic stir bar and fitted with a septum was flame
dried under vacuum then filled with an inert gas. Tetraisopropy! titanate (15 mmol) is addéd |
followed by diols (30 mmole) then dry o-dichlorobenzene (25 mL). After the addition of all

30  reagents the flask was fitted with a short path distiliation head and heated in an oil bath to 140°C
for about 1 hour. Isopropyl alcohol liberated from the reaction of tetraisopropyl titanate and the

diols was collected and then the solution was heated in 200°C oil to strip off 15 ml of the o-




There is no limtation with respect to the apparatus or equi pnent that may
be enployed to conduct the depol ynerization reaction othek4Muach 20060wi ng

t he depol yneri zation of the 5 polyester. Polyesters that may be

depol yneri zed to produce nmacrocyclic oligoesters according to the nethod
of the invention include, but not limted to, poly(alkylene dicarboxyl ates)
such as poly(1,4-butylene terephthal.ghe), poly(ethylene terephthalate),
and co-,pol yesters thereof Macrocyclic oligoesters prepared according to

met hod$icliorabenzene yeensuenthatali iserony! alcehol ¥@s seetedn Upahicpolingsthe edsulting

Macr oCyfiidh ﬁé%'a%{ltgpﬁffﬁft%g%" Substantially free" in this context neans that

t he wel ght percentage of IFabcycl I c co-oligoesters is |ess than about 10%
and preferably less than about 5% of all macrocyclic oligoesters prepared.

Wien tEeariaell Y@ STIEb:MeGldl | BedigloR) Y& =Z£4) contai ns a co-pol yiner, e.g.,
pol y(1, 4- but yl enerbt er epht ha‘l2 a’tﬁ’g) ‘%[gar?\{ ai nl?])ng pol y(et hyl ene terephthal ate),
"sdbst ant i al The prepasatiomisab detlicehindktamplahexdepethat the diokirpthis casy €&y age 15

| gfng”ﬁééﬁﬁif%% § a5 ARS bapsiol A rlmech i By e ot Goiatpes of Laﬁ;%%:”e’
Beanpl oo P} QAT Vo Belne S e G e P BRBRITER BRETS

facilitate the 20 understandi ng of the invention. These specific exanples

are i ixangalld di@uidnkdisl: dedthplene@lycbhe :i)jnvention. The products obtai ned
f1om t hese exanpl es may be confirnmed by conventional techniques such as

proton (11-Ipk rétdh IOR dhebliflelIn B

spect r oscopy, S spectroscopy, | r}%é}ﬂgﬂreggﬂrxg%glﬁh?g?g%é@%?ﬁ?%%ﬁ%%%l

s o s O
anp - a qui pped, Wi th a_ nmagnetic stir bar and fitte
with tf’?rgbsﬁi"i?ﬁy bﬁ&%ﬂaﬁ?-aﬁﬂj@q‘?’éﬁeﬁ[jﬁqﬁﬁwﬂ\%&%n[Préd'uqts reseléedni th an inert gas.

Tetrai sopropyl titanate (15 nmol) is added followed by diols (30 mmol e)

t hen i chl ne. (25 ). ,After the addition of all 30 reagents
tﬂg fﬁgéﬁﬂl\rfgg ?}I ﬁ@%%\?\fn%ﬁh&ﬁ&%’%ﬂ?g&’ﬁ%{ﬁhbgj stillation head and heated in an
oil bath to_l40*C = | .

Tllme preparation is as outlined in Example | except that the diol in this case was

: diethylene glycol (2 molar equivalents_-_ to tetraisopropyl titanate). Upon cooling the solid titanate

precipitated from solution and was collected on a filter and used as a neat solid.
20
Example 1d Ti- (butanediol: 2-methyl-2,4-pentandiol = 4:1)
The preparation is as outlined in Example 1 except that the diol in this case was 4 mole
parts butanediol and 1 mole part 2-methyl-2,4-pentandiol (hexylene glycol) per molar part of
| 25 tetraisopmp_yl titanate. The solution was slightly viscous at I M. Titanate products gelied from

solution above 1,5M.

Example 1e Ti- (butanediol: 2-methyl-2,4-pentandiol = 0:2)

30 The preparation is as outlined in Example 1 except that the diol in this case was 2 molar
parts of 2-methyl-2,4-pentandiol (hexylene glycol) per molar part of tetraisopropyl titanate. A
well-behaved thin solution resulted, '

Example 2 Depolymerization
35

Poly(1,4-butylene terephthalate) solutions were prepared at 0.07 M by dissolving
poly(1,4-butylene terephthalate} (PBT) in o-dichlorobenzene at 180°C under inert atmosphere




for about | hour. |sopropyl alcohol liberated fromthe reaction of
tetrai sopropyl titanate and the diols was collected and tRéMartte2@08l uti on
was heated in 200T oil to strip off 15 ml of the o 24 March 2006 -12-

di chl orobenzene to ensure that all isopropyl alcohol was renoved. Upon
cooling the resulting solution was about I Min titanium Exanple la Ti-
" (bul anedi ol : diethyl ene glycol = 3:1)-13-The preparation is as outlined in

a8 U i s ) OO RSBl R 1 P

tetrai sft:hldcqsylg atsiytingea t Tthe réactioh hwab bavdat rsmuJ(th) (uﬁtlgequllfb?u.ﬂ?haé #c@fHedOf
reacti 10 Exanple | b Ti- (butanediol: diethylene

n ctsre { ed
gl ycol (¥ @ e m?h%utjugblﬁ%ﬂf@t i1b6 “‘F‘@“%Wé%uﬁ"?ﬂi%?tﬁﬁdrdl@@drﬁﬁlﬂbtelfa@%&fp{ant(ﬁat t he

~di ol |ﬂu(§yﬂ ylxﬁéT I .ol ar
part diet hylgagﬁngé%r co aagtg%mé% ég gfé?'{a"o "%foﬁ?g?"% ‘{’@ ﬁb?’m’gﬂ “IS

weld - bty dite sampltlvm theehn ﬁlmm:t aminnpctedl of H—EPDCGgrhkﬂlkﬁ(i)roér&nE%}ﬁﬁ@ih@ nicﬁvf&hal
(butanedlo | ene 0:2) The preparation is as outlined in

Exanpl Ba§¢ %X?@gﬁf ‘%Effs hdil qu"Hlﬁqdn MW@Y@&E;@E%%I&YSéﬁoé‘t’ct%ff@méiegﬂ’lym@tlzqt@nrml ar
d.tit t
proci e cioRs Wire iR oY b 2 AN o Bah SRR PR FBAR a2 "5 hea

sol i d.chiridexBASCA T 10l froftb Atavhent) and polj&néﬁ:eﬂ lay | 902C fér PheiraSdinplesof thel) The
preparati except that the diol in this case

on ig as outlined in Exa
was 47 ﬁ%ﬁ“@gRPji"P%f%ﬁt“&ﬂé@ﬁlmedahﬂdhﬁferﬁwwéSwﬂmgzammm 2, 4- pent andi ol
(Rexyl ene glmgsghg Q?ﬁbu’ig?écfiﬂel&?” of 25, tetraisopropyl titanate. The
sol ution was ?I viscous at 1 M Titanate products gelled from
sol ution above 1 5I\/l Exarrpl e le Ti- (butanediol: 2-nethyl-2, 4 pentandiol =

0: 2) 30 The preparation is s outllned.ln Exa le | except that the diol
in this case was 2 Xadlek: Yield agd D pof Depolvmerizations)| (hexyl ene
gl ycol) per nolar part of tet r ai sopropyl ti tanat e. A
Experiment Catalyst Catalyst level |  Yield (Macrocyclic Macrocyclic Co-
(mol %) Oligoester, %of PBT) oligoester
{% of Macrocyclic
oligoesters)
a Ti-(BD:DEG=3:1) 4.0 50.3 53
b Ti-«(BD:DEG=1:1) 4.0 62.2 11.9
c Ti-(BD:DEG=0:2) 4.6 82.0 21.1
d Ti-(BD:HG=4:1) 2.8 51.8 Nd<0.5
€ Ti-(BD:HG=0:2) 3.0 6.9 Nd<0.5
BD: 1,4-butanediol
15 DEG: diethylene glycol

HG:  2-methyl-2,4-pentandiol (hexylene glycol)
Nd.:  Not detected.




wel | - behaved thin solution resulted. Exanple 2 Depol ynerization 35

Pol y(1, 4-butyl ene terephthal ate) solutions were prepared a84M@¢hMQﬁy

di ssolving poly(1,4-butylene terephthalate) (PBT) in o-dichlorobenzene at
180C under inert atnosphere 24 March 2006 -13- (84.8 g of o-dichl orobenzene
per gram of poly(1,4-butylene terephthalate)). A catalyst was added using
a syringe. The reaction was heated at. gefl ux (184C) until equilibrium was
reached (usual W|th| n about 1.5 hours) The reactlon vvas sanpl ed and
diluted with £8%¥% B ef Palymers Propared lia Qligocstexndard (e. g.,
phenant hr ene from Si gma Al dr| ch Corp , St. Louis, 5 M. The sarrpl e was

then f{1T plemim| o P Cgrati-emt—pregagrwhere—the+nAdv-dyal
macr ocycl ?8 e?goe st e\rt;a% i(;ﬂ Fﬁpg@er I oRyc ,Q}ag"‘l‘rwe tg‘Fyéta Ligity ot ed
from dgpol ynmeri zatf]i (P[-bpafaﬁaﬁ.t% compo d imt h( 3 ml % ctf.

commer grally availlahl e but V| tin dibydroxi fe " chlofide (FASCATT" :BO]. fifr om
At ochefn n\’@'fbol y reinampde b, 3%00C f o0 1 ho{ir23298@p| es468°C he | red6lat i n

f-ereptiatl-seanpin ults

pol yme ren—ana-yzed-by—eiF-ereptitat Ap-AE—6a-o el
are tapul a?‘?d‘* bel G 0:17% | vi o d and CAAdsE | ondbP ‘®epgl ymdP#zat ifons
BD: 1, A-sotprypgITOl Exkmpldd, 56 FTNYT 6Ne GTyGaE oMECIOCyE e g
Experijpent Catal ys Cz;{ta yst F vel Y gld (I\/B.C%I?g'((:];gllc (xj ;lgq’)est er f‘%‘gl

WA i ola@tGBET/PEﬁ manpls ldf S¥MaEr ocymic o izgo.esrters)43 7C 383
aTi - ( BB: =314 050-35-3-b L (BD-DEG-1:11) 4 062 211

BT: poly(T 4-bufylene terephthalate)
PET: poly(ethylene terephthalate)
5 . PET/PBT:  co-polyester containing both poly(ethylene terephthalate) and poly(1,4-
‘ butylene terephthalate), the percentage being the percentage of ethylene units over
the total units of ethylene and butylene.

0 Example 3a Ti- (butanediol) 4 eq.
' A 100 mL round bottom flask equipped with a mechanical stir bar was charged, under
argon atmosphere, with butanediol (11.76 g, 130,5 mmol, 4 eq.) and then with tetraisopropyl
- titanate (9:27.g, 32.6 mmol, 1 eq.). The flask was fitted with a short path distillation head and
submerged in a hot oil bath (170°C) to remove isopropyl alcohol from reaction. When the
15 distillation of isopropy! alcoho! ceased the flask was cooled to 100°C. Vacuum was applied to
strip out any residual isopropyl alcohol. The titanate material was viscous (honey like) at 100°C

and became extremely viscous upon cooling to room temperature.

- Example 3b Ti- (butanediol) 3 eq.
20

The procedure of Example 3a was repeated except that the flask was charged with
butanediol (12.60 g, 139.8 mmol, 3 eq.) and tetraisopropy! titanate (13.25 g, 46.6 mmol, 1 eq.).

This material was extremely viscous even at 120°C, impossible to pump into reactor.

25  Example 4 Depolymerization

A 250 mL 3-neck flask was equipped with a mechanical stirrer, a short path distiilatioﬁ

head, a receiver, and a Claisen head fitted with a thermometer and an inert gas inlet. The flask

| was charged with o-dichlorobenzene (173.8 g), poly(1,4-butylene terephthalate) (1.81 g, plastic
30 pellets VALOX 315™ from General Electric Plastics Co., Mt. Vemnon, Indiana) and was heated

in an oil bath to dissolve the plastic pellets. The distillate (22 g) was removed overhead to dry




cTi - (BD: DEG=0: 2) 4. 682. 021. 1 dTi - (BD: HG=4: 1) 2. 851. 8Nd<0. 5

eTi - (BD: HG=0: 2) 3. 06. 9Nd<0.5 HG 2-net hyl - 2, 4- pent andi ol ( hé4Mace2@fioycol )
Nd.: Not detected. 24 March 2006 -14- Table 2: Properties of Polyners
Prepared from Macrocyclic O igoesters PBT: poly(1,4-butylene terephthal ate)
PET: pol y(ethylene terephthal ate) 5 PET/PBT: co-pol yester containing both
pol y(et hyl ene terephthal ate) and pol y(1%,-4- butylene terephthal ate), the
perce i NGt he rcent of ethylene units over the total units of
et hyl g%gggaﬁg‘% i °Bn%s%?‘é§é’é‘rﬂfla"2?bs‘éanfﬁlo%o€& ahedihiorobenzgene (262 mgps preparedound
bot t oninfEasipleTamPes ddbived iNTERRN06d o.aid n@r argon
at mosphere, Ww th butanedi ole (111.§76 g, 1030%1‘05%%%*@?%% I%ﬁlﬂtatnﬁ{é!ﬂwﬁth

t et r ai 249pd.0ph¢ reactionawiast keld &, 130°@and3@ntplethailhalf howopni.at Theukhasdlomas fitted

W th rt,.path distillation head and_ sybnerged in a hot @il bath (1700
Fo rerssBlbsith boferdylia Gl ipreHeDeuEs: Sicld ohensorilis bugtegeiongassiar ey

| s@pr g1y3%at BAPRbureRa 8999 1 Hours vi¥Gscyeh s applied
to strij poout any residual isopropy a?)%oﬁtlgﬁgo# égstglagg%g@grg%f\é@i al was

vi scowdigpesierapconding)to IPLLDOC  and becane extrenely vi scous upon cooling to
room tenperature. 20 Pol ynerCatal yst Co-nononer m p. d ass Trans.
Crystallinity '

Each of the patent documents disclosed hereinabove is incorporated by reference herein
in their entirety. Variations, modifications, and other implementétions of what is described
10 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

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




Preparation, %% (Tm (Tg) (% PBTExanple Id, 3%9232.2C46.8C46.4 PBTExanpl e
| b, 7%223.1C44.5C39. 8 5%ET/ PBTExanple | d, 5%226.0C46.1 gﬁg %ﬁ

109%PET/ PBTExanpl e | d, 5%40221. 8C43. 7C38. 3 Exanpl e 3b Ti- (Butshedf ¥ 3 eq
The procedure of Exanple 3a was repeated except that the flask was charged
~with butanediol (12.60 g, 139.8 mvl, 3 eq.) and tetrai sopropyl titanate
(13.25 g, 46.6 mmol, 1 eq.).- This material was extrenel-y viscous even at
120C, inpossible to punp into reactor!® 25 Exanple 4 Depol ynerizati on A 250
m. 3-neck flask was equi pped with a nmechanical stirrer, a short path

di stllw head, a receiver, and a Claisen head fitted with a

t her nfs and an inert gas inlet. The flask was charged with

o- di chil orobenzene (173.8 g), poly(1,4-butylene terephthalate) (1.81 g,

pl astilc 30Ppmllxtetesof\t9as:®xn3atﬁlﬂbtsfofom General Electric Plastics Co., M.
Vernon, Indiana) and was heated in an oil bath to dissolve the plastic

TR TR L N R TS T R T OV

o- di chl or obenzene (272 ng as prepared in Exanple 3a and was dissolved in 3
g of | C0C e ghigfbbRMEADSIARal R @eel"ﬁ%n{@ﬁhﬁﬂéﬁﬁhldm&heﬁﬁﬁﬁﬁo Yyl B.eact hon
was held at 180C and sanpled at half hour and at hours to foll

equi | i br atWhereino nacrocycl iC butyI ene ol i goesters. Yield of nacrocycl iC
butyl ene ol i g{i Srgﬁrg,tig@ If hour and 60.2% at 2 hours.
Macrocyclic ér?];% H-h 5‘%‘9’ co- ol igoester -according to
HPLC. Each oR2iheCpalani ?;ents di scl osed herei nabove is incorporated by
ref erence herein Ln thelr entirety. Variations, nodifications, and ot her

i npl enent at | canh SR> RIAR’, iasd BE isdndepentiently hbydbgenitoth 008 CC, tlkyt froge of

ordi nary sKki Il(l}l%lpn the art without departing fromthe spirit and the scope
of the i n/&ft as clainmed. Accordingly, the invention is to be defined
not by the precegjags bhd Ul iGs §€5.¢L W1 Bufiihal NSt ead by the spirit

and scope of the followng c
at least one of" R5 and R6 is a C,-Cy alkyl group;

W is an oxygen atom, a sulfur atom, a nitrogen-containing group, a phosphorus-
containing group, or a C;-C4 alkylené group; each of x, y and z is greater than 0; and y > z.
The mixture of claim 1 wherein y=2x —z.

The mixture of claim 1 wherein y/x > 2.

The mixture of claim 1 where W is a C,-C; alkylene group.

A ST VE R N

The mixture of claim 4 wherein R' is an isopropyl group; R*is a butylene
group; each of R?, R*, and R’ is a methyl group; and R® is a hydrogen atom.
6. The mixture of claim 1 wherein the mixture of reaction products is

| substantially free from all mono- and di-functional alcohols.

7. A mixture of reaction products of
n(Ti-(OR)y) -+ (20-m)((HO-R*-OH) + m((HO)-CR*)R‘)- W-CR*)R)-(OH)),
the mixture being substantially free from di-functional diols, wherein
each R is independently a C;-Cyg alkyl group; R?is a C,-C alkylene
group; |




24 March 2006 16 CLAIMS 1. A mixture of reaction products of x(Ti-(OR)4)
+ y(HO R2-OH) + z((HO-C(R3) (R4)-WC(R5) (R)-(OH)), the mx %th:e 5‘5\%
substantially free fromdi-functional diols other than HO R2-'CH, erein
each R is independently a C1_Co alkyl group; R2 is a C2-C6 al kyl ene
group; each of R3, R4, R5, and R6 is independently a hydrogen atomor a

G -4 al kyl group except that at |east one of R3 and R4 is a Cl-C4 al kyl
group, and at least one of R5 and R6 1%s a O -C4 al kyl group; Wis an oxygen
atom a sulfur atom a nitrogen-containing group, a phosphorus- containing
group, or-a | f%/ . | e han 0; and
S O I RIS A e s RAtng of ECHLERAGT ablFT O
claim1 whexceptithgt/ x > 2. 4. The mixture of claim1l where Wis a Cl-C4

al kyl ene group. 5. The m X e of,claim4 wherein Rt is. an isopropyl group;
R2 is a butylene §flsagiongg I%ﬁd 2 s af)-Copileyl gpupsangd et hyl group; and R6 is
a hydrogen atom ' £, ofp@l aiAm rejn. the mxture of reaction
products is substag%tgslta ?éfﬁr%@gﬁg%@%%ﬁgﬁd@hd di -finctional alcohols.
7. A mixtur e Voifis areag/gtioatop; aduitirntah, aiffogdd-Bintdhing gtaliy, BphodpRofig- O 1) +
n((HO)-C(RB)ﬁ%,—WC(RS)(R)-(G—i)@J# the m xture being substantially free
fromdi-func SFHWPsOT ddhetetlkyleas@AumR i s i ndependently a G -Clo al kyl

ar ou.p; R2 i s egchletnthdd %ﬁe%&?thaﬂ DOMRY m /24 iMBHiGh a%&%@ from 0.1 to 0.5.

81 The mixture of claim 7 where W is a C,-C; alkylene group

9. The mixture of claim 7 wherein R! is an isdpropyl group.

10. The mixture of claim 7 wherein R? is a butylene group.

11. The mixture of claim 7 wherein R' is an isopropyl group; R? is a butylene group; each

of R%, R, and R® is a methyl group; R® is a hydrogen atom; and W is a methylene
group.

12. The mixture of claim 7 wherein m/2n is within a range from 0.15 to 0.45.

13. Themixture of claim 12 wherein m/2n is within a range from 0.15 to 0.25.

14, - The mixture of claim 7 further comprising an organic solvent.

15. The mixture of claim 7 wherein the mixture is obtained from a reaction

conducted in an organic solvent.

16. The mixture of claim 15 wherein the organic solvent is a chlorohydrocarbon.
17. The mixture of claim 16 wherein the organic solvent is o-dichlorobenzene.
18, The mixture of claim 7 wherein the mixture of reaction products is substantially free

from all mono- and di-functional alcohols.
19. A method for depolymerizing a polyester comprising the step of contacting, in the

presence of heat, a mixture comprising: a polyester, an organic solvent which is

substantially free of oxygen and water, and the mixture of claim 1, fo produce

~macrocyclic oligoesters substantially free from macrocyclic co-oligoesters.

20, The method of claim 19 wherein the polyester comprises poly(l.4-butylene
terephthalate),




17 each of R3, R4, R5, and R6 is independently a hydrogen atomor a C-C4

al kyl group except that at |east one of R3 and R4 is a Cl 2@418Lk¥bogr oup,

and at l|least one of R5 and R6 is a Cl-C4 al kyl group; Wis an oxygen atom
a sul fur atom a nitrogen-containing group, a phosphorus- containing group,
or a CI-C4 al kylene group; each of in and n is greater than 0; and m2n is
within a range from0.1 to 0.5. 8. The mxture of claim7 where Wis a

- Cl-C4 alkylene group 9. The mixture of" claim7 wherein RL is an isopropyl

group. 10. The m xture of claim7 wherein R2 is a butylene group. 11. The

m xt2t.e of claamsihéd dhedepblyniRrizirg £polyshaIcdmPrisBiEIPstefRaE Edntatbg! MlBhe
group; each of R3, R4, and RS is a nmethyl group; R6 is a hydrogen atom and
Wis a net hyPesencgosligat, a mpxtumeompnieing: @ potyesteniamorzanbesodvent mbdeh iss wi t hi n

a range fro . .4 . .The m xture of claiim12 erein m2n is
withinar a%&eijsgar% ‘rgnﬁ%ﬁi%g’f%"yé.%%%?‘dw B e iy ot iy LGPt her

conpri si ng- afmaefog@tlicColizkstentisubstintiallygradifdny hiRcRcySliAddbilgodiefei n the

m xture is obtained froma reaction conducted in an organic solvent. 16.
The m xture of claim 15 wherein the organic solvent is a chlorohydrocarbon_
17. The m xture of claim 16 wherein the organic solvent is

o-di chl orobenzene. 18. The m xture of claim7 wherein the m xture of
reaction products is substantially free fromall nono- and di-functional

al cohols. 19. A nethod for depolynerizing a polyester conprising the step
of contacting, in the presence of heat, a m xture conprising: a polyester,
an organi c solvent which is substantially free of oxygen and water, and the
m xture of claim1l, to produce macrocyclic oligoesters substantially free
from macrocyclic co-oligoesters. 20. The nethod of claim 19 wherein the

pol yester conprises poly(1, 4-buty-Iene )

22. - The mixture of claim 1 wherein W is an oxygen atom, a sulfur atom, a nitrogen-
containing group, a phosphorus-containing group, an ethylene group, a
propylene group, or a butylene group.

23. A method for depolymerizing a polyester comprising the step of contacting, in

the presence of heat, a polyester, an organic solvent, and a mixture comprising reaction
products of .

X(THOR'),) + y(HO-R*-OH) + z((HO)- CR*)R*Y)-W-CRI)(R)-(OH)),
wherein " ,

- athHsmmmaﬁmmyaCrCmmhﬂgﬁqx'

R?is a C,-Cy alkylene group;

each of R%, R%, R® and R® is independently a hydrogen atom or a C;-Cyalkyl

group;




t er epht hal at e). 24 March 2006 18 21. A nethod for depol ynerizing a

pol yester conprising the step of contacting, in the preseng@ ity bRt 2
m xture conprising: a polyester, an organic solvent which Is su}f)stanti ally

free of oxygen and water, and the m xture of claim?7, to produce
macrocyclic oligoesters substantially free from macrocyclic co-oligoesters.
22. The mxture of claim1l wherein Wgs an oxygen atom a sulfur atom a
nitrogen- -containing group, a phosphorus-containing group, an ethylene
group, a propylene group, or a butylene group. 23. A nethod for

depol ymer i ziwigs &n Olgyealodt, a%@!iﬁfdt&hﬂﬂniﬁb%eﬁ-b@ﬂaiﬂfng%ﬂ&ﬁ%tﬁhﬂ%howé- the
presence of heat, a polyester, an organiC solvent, and a m Xture conpri si ng

E:(eaRctS |) ?gb | ProOHrE RS SHOfp, 0f Emmalygpe _grcgaw?cﬁzaf?yb ade 7k @i‘éliﬁ))exé tﬁgﬂel) ﬁﬁ%w
. - -Wper el n cn. | I ngepende = . group;
Ris a Q%gda&?eﬁ mﬁﬁé“lﬁ‘?{?ﬁ?‘?ﬁ&ﬁwféﬁ‘%ﬂs S%Emﬁgiya%@afﬁ@ fis ﬂ%@ﬁé&i@gnt Is a

hydr ogen at@her@angddGR*CHal kyl group:; 24 March 2006 19 Wis an oxygen atom
a sul fur atom a nitrogen-containing group, a phosphorus- containing group,

or a C1-C4 al kyl ene group; each of x, y, and z is greater than 0; and y>z;
and wherein the mxture of reaction products is substantially free from -
di - f dfrct i onal Adingthed for depolsmherizitin Ralyekter inpdsimethksthpfoficoniagilgy ier i zi ng a

pol yester co i.sing t tep of contacting,.in the presence of heat, a
pol yester, an@ép geﬁﬁ‘%é’ °2§F"€7e?15?13f§%§8ﬁ an praapigSelvent prda %Wr"pﬁ’%m of
products of '

n(Ti-(OR")y) + m(HO-R-OH),
wherein

each R is independently a C;-Cyg alkyl

group; R? is a C,-C alkylene group; and

each of m and n is greater thén 0, and m/n > 2.
25.  Themethod of claim 24 wherein R! is an isopropyl group.
26.  Themethod of claim 24 wherein R? is a butylene group.
27.  The method of claipn 24 wherein R' is an isopropyl group and R? is a butylene group.

~ 28. The method of claim 24 wherein 5 > m/n > 3.

29. The method of claim 24 wherein the mixture is obtained from a reaction
conducted without a solvent. ‘

30.  The method of claim 24 wherein the mixture of reaction products is substantially
free of all mono- and di-functional alcohols.
31.  Themethod of claim 24 wherein R* is an unbranched C,-Cs alkylene group.




n(Ti-(OR )4) +m(HO R2-OH), wherein each RE is independently a CE-CEO al kyl
group; R2 is a C2 C6 al kyl ene group; and each of mand n is A58 S éhan 0,
and mn > 2. 25. The method of claim24 wherein R is an |sopropy group.
26. The nethod of claim24 wherein R2 is a butylene group. 27. The net hod
of claim24 wherein R is an isopropylyggroup and R2 is a butyl ene group.
28. The nmethod of claim24 wherein 5 > nin > 3. 29. The nmethod of claim 24

wherein tB& m Yhemexting o@braannedrhéreﬁﬁms@ﬁ@szy%e%tolﬁoerm'ﬁ} 8@miat hout a
sol vent, 30. The nmethod of claim?24 wherein the mxture of reaction

pr oduct s rllérog%rbgqr%tmargrqnp, pF @Bhosphorup-cogaminggyaumi  f uncti onal al cohol s.

31. The nethod of claim24 wherein R2 is an unbranched C2-C6 al kyl ene
group. 24 March 2006 20 32. The mixture of claim1, wherein Wis an oxygen
atom a sii.f urTl wirtura of olaim dgehereitrWak ah By Bho gioupOd pdpylene group, or
phosphorus ont ai ni ng group. 33. The m xture of claim1, wherein Wis an

et hyl ene M% ©&%Popyl ene group, or a butylene group. 34. The mixture of
claim1l, further conprising an organic solvent. 35. The mxture of claim
34, wherein the organic solvent is a chlorohydrocarbon. 36. The m xture of
cl ai m 35, 3%herBiemixtige of gain ¢, Swheemmpirsing mhwgdiiclesmwbenzene.  37. The

m xture of claiml1l, wherein the m xture of reaction products is obtained
froma reaction conducted in an organic solvent. 38. The m xture of claim

1, wher ei35.t heTHenfixtire of RInABNSARSA tﬁéf@@mﬁbwbe&@s/a Ehlordh y&%wa&' di ol s
other than HO R2-OH. 39. The mixture of laim1l, wherein the mxture

contains | ess than about 5%di -
. 36, The mixture of claim 35, wherein the organic solvent is ortho-dichlorobenzene.

37.  The mixture of claim 1, wherein the mixture of reaction products is obtained

-from a reaction conducted in an organic solvent.

--38. The mixture of claim 1, wherein the mixture contains less than about 10% di-
~ functional diols other than HO-R*-OH.

39.  The mixture of claim 1, wherein the mixture contains less than about 5% di-
functional diols other than HO-R*-OLHL.

40.  The mixture of claim I, wherein the mixture contains less than about 10%
unreacted (HO)-C(R*)(R*)-W-CR)(R%)-(OH). |

41.  The mixture of claim 1, wherein the mixture contains less than about 5%
unreacted (HO)-C(R)R*)-W-C(R*}R%)-(OH).

42.  The method of claim 23, wherein at least one of R® and R*is a C;-Cy4 alkyl
group, and at least one of R® and R® is a C;-C alkyl group.

43.  The method of claim 23, wherein the method produces macrocyclic oligoester

substantially free from macrocyclic co-oligoester.




functional diols other than HO-R2-OH. 40. The m xture of claim1l, wherein
the m xture contains |ess than about 10% unreacted
(HO-C(R3)(R4)-WC(RS)(R6)-(OH). 41. The mixture of claim 241\\//[\%8?%?916the
m xture contains | ess than about 5% unreacted

(HO-C(R3)(R4)-WC(RS) (R6)-(OH). 42. »The nethod of claim 23, wherein at

| east one of R3 and R4 is a O -C4 alkyl group, and at |east one of Rs and
R6 is a Cl-C4 al kyI group 43. The nethod of claim 23, wherein the nethod

pr oduc rocy ol jgoester substantially free from macrocyclic
co- ol |‘§ est Oﬂ/ﬁffﬁlﬂm@ Hevherein he mpdurg CompESing reacipmprducthpeitaing t he

m xt ur 5 t han about 10%
unreaclt%sesgtﬁ%ipH%O%'tC?@A Eieﬁ %ﬁ%? )w& g)@% met hod of cl aim 23,

wherein the m xture corrprl sing reaction products contains |ess than about

i B O

R3) (1640 thf £HoBP3 % diol. 47. The nethod of
(?I(al )m(46)t V\hg ei ?}%@?ﬂ&%@sﬁﬁzﬁﬂg&%rﬁﬂﬁﬁgl tgnat e. 48. A nmethod for

depol ymeri zing a pol yester to produce nmacrocyclic oligoester substantially

free fgom r i est b d._coppr t.h ep of

cont ack ng, TREHe bR 2, ARG o R DL RSt et TaPen:  ana a
mi xturCé(Ré):(Rf))%C(Igs)(rRéﬁC(DHPﬁszeﬂlyﬁlzﬂ f¥ntABdier.gano titanate and at | east one
diol. 49. The nethod of claim 48, wherein the organic solvent is

substantially free of oxygen and water.
47.  Themethod of claim 46, wherein Ti-(OR"), is tetraisopropyl titanate.

48. A method for depolymerizing a polyester to produce macrocyclic oligoester
substantially free from macrocyclic co-oligoester, the method comprising the step of
contacting, in the presence of heat:

a polyester;

an organic solvent; and

a mixture comprising reaction products of an organo titanate and at least one diol.

49.  The method of claim 48, wherein the organic solvent is substantially free of oxygen

and water,




