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Li near pol yesters such | : e) are generally known
aﬁ??v%é?ﬁ%@%ﬁ@?%al ly has 2 to 8 carbon

and commercially availa
atons. Linear polyesters have many val uabl e characteristics including

strength, toughness, high gloss, and sol vent

Technical Field

This invention generally relates to catalysts. More particularly, the invention relates to
organo-titanate catalysts useful for preparing macrocyclic oligoesters.
. Background Information
5 ~ Linear polyesters such as poly(alkylene terephthalate) are generally known and
commercially available where the alkylene typically has 2 to § carbon atoms. Linear polyesters
have many valuable characteristics including strength, toughness, high gloss, and solvent
resistance. Linear polyesters are conventionally prepared by the reaction of a diol with a
dicarboxylic acid or its functional derivative, typically a diacid halide or ester. Linear polyesters
10 may be fabricated into articles of manufacture by a naumber of techniques fncluding extrusidn,
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 least one 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 (DABCOQ). The reaction
usually is conducted under substantially anhydrous conditions in a substantially water immiscible




resi stance. Linear polyesters are conventionally prepared by the reaction
of a diol with a dicarboxylic acid or its functional deri ' pically
a diacid halide or ester. Linear polyesters 10 nay be fab&ﬁgﬂﬁgkié%%
~articles of manufacture by a nunber of techniques including extrusion,
conpression nolding, and injection nolding. Recently, macrocyclic

ol i goesters were devel oped which are pgecursors to |linear polyesters.
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amine of a mxture thereof with at | east oneﬁﬁﬁerﬁf ertlaJF am Hato'Such as
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chlorjde, chlorobenzene, or a mxture thereof. See, e.g., U S Patent No.
5,231,161 to Brunelle et al. Another nethod for preparing macrocyclic

di5i goest er s Tobe usefdleBPI Pripadfioh bPERErocyclic ol igoesters, the organo-titanate catalyst
should be soluble in the solvent of the depolymerization reaction, should be in a physical state
that allows it to be readily added to the reaction, and should be an active catalyst capable of
establishing the desired equilibrium 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 glycol. See, U.S. Patent No. 5,710,086 to Brunelle et 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




pol yester polyners in the presence of an organotin or titanate conpound. In
this nethod, linear 10 polyesters are converted to nacrocy?hh%ngﬁbaggsters
by heating a m xture of a linear polyester, an organic solvent, and a
trans-esterification catalyst such as a tin or titanium conpound: The

sol vents used, such as o-xylene and o-dichl orobenzene, usually are
substantially free of oxygen and wateB- See, e.g., U S. Patent Nos.
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from macrocyclic oligoesters) that 1s nolded nee o crystallize rapidly.

H gh purity is thu ir § . ing @ part .24 . March 2006 -3- by
autonotive pai rﬁ&%ﬁﬂ%&%ﬁ ﬁ%ﬁ&%@@?&%ﬁ{ﬂr‘g’%ﬁ@@t(qut he materi al
(e.g., polybutylene terephthal ate polynerized from macrocyclic

ol i goest giczhixki2e béin sotiedhially oS Bf ditindRIARPd; gei o, hi gher
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resi st aneBeretiFur t her more, enpl oyi ng pure macrocyclic oligoesters (e.g.,

- macroeyell GadiRY s Shdependeify & €1 alkyi 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

oT; i-(OR_')g) +@n-m)((HO-R™OH) + m((HO)-CR*)RY)-W-CRHRH(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; | '




sinplifies the manufacturing and product-recovering process as there is no
contam nation with other diols (e.g., diols derived from %gjghgl Zﬂ%
glycol). Methods that |lead to pure macrocyclic oligoesters aé-]% S
desired. Summary of the Invention It qfjas been discovered that
organo-titanate catal ysts of the invention are useful for 10 preparing
macrocyclic oligoesters that are substantially free from nmacrocyclic
co-oligoesters. Further, the organo-titanate catal ysts of the invention

may be ed t e r .cli€£ co- oligoesters. In first,aspect, the
pr )ésent uiS nver?t(3 ?%%P%?gw%sg’g“@% ffid‘éPeél%S'f‘thr I Mﬁs’%ﬁ’? %8&%?‘%’%@@‘%&( OR ) 4)
+ y(HO R2 @hdeptihat ( HO) - C( R3) CR4) - W C(RS) (R6) - (OH)), the nixture being _

substantially free from di -f&gncti nal dials other than HO-R2-OH, wherein
each R is indeperid&agstopegf B andRGsalGyCq dfkdgpoup, Badis a. C27-C6 al kyl ene

group; each of RS, R 3 §S I p ently a hydrogen atomor a
Cl-C4 al kyl group atgé%%te%ofﬁa?n llsé”zgg‘?@baﬁ%' @im"]% and R4 is a C-C4 al kyl
group, and av id @pctygen atotl, aRRifaN R0 hﬁog?lgcoﬁémﬁgr%rh%& %giﬁgﬁ)ho d-S an

oxygen atom a sul fur atom a nitrogen-containing osphor us-
cont ai ni ng geeRfpNINgrgreupOor £7:-6) Witylemegronpiup; each of x, y and z is greater

than 0; and .. .l a second as t,..the. present inventi provi des a
mxture of ré"‘e{’g‘t"?&ha‘b‘irq%ﬁ%?a e"g}a“ﬁ(%%?‘("éﬁlﬁ‘ﬁaﬂgﬁ a(f?}&erﬁ"(‘( ﬁbt‘hg-gm) + m( (HO)
Cg)(R")-W)(R6)-(OL-1)), the mxture being substantially free from

di - functiona lﬁ‘aléélgs;ed\)\gﬁﬁreéif%eafazeﬁermoniagnmﬂdep‘éwaetmn roducBlefC10 al kyl group;
R2 is a C2-C6 al kyl ene group; 24 March 2006 3a 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 CI-C4 alkyl group, and




at least one of RS and R6 is a Cl1-C4 al kyl group; Wis an oxygen atom a
sul fur -atom a nitrogen-containing group, a phosphorus- COQ%%}IHI ng oup,
or a Cl-% ﬁl@ll ene group; each of mand n is greater than }6 nis
within a Yo% m 0.1 to 0.5. It is disclosed in the p gﬁ‘tls"izﬁ%’ﬁtlon a
m xture of reaction products of 24 March 2006 WO 031031059 PCT/ US02/ 31733
-4- n(Ti-(OR) 4 + MHOR2-OH). Each R is independently a Cl-Cl10 al kyl

group. R2 is a C-C6 al kylene group. Eath of mand nis greater than O
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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
%(Ti-(ORY)) + y(HO-R%-OH) + 2((HO)- CRAR) W-CRIRI)-(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




containing group, or a Cn-C4 al kyl ene group; each of x, y, and z is greater
than 0; and y>z; and wherein the m xture of reaction prod§%é3%¢ﬁ2 06
substantially free fromdi-functional diols other than HOR2-COH ?n a

si xth aspect, the present invention paovides a nmethod of depolynerizing a
pol yester conprising the step of contacting, in the presence of heat, a
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of mand n is greater than Q, and min > 2. In a seventh aspect, the present
i nvention provi dedchofpanda if greates Humyapd iVmg Za pol yester to produce
macrocyclic oligoester substantially free from macrocyclic co-oligoester,
the method conprising the step of contacting, in the presence of heat: a
pol yest er; a asayenth aspsds the present imyention provides acoethod Bi depohywaarizings pohesact s
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present invention relates to the preparation of organo-titanate catal ysts
that are usepelyestesr catal yzi ng depol ynerization of polyesters to produce

macrocyclic ' rs.. bstantially free fromnacrocyclic
co- ol i goest e@sérgﬁ(fs%oﬁ‘fe F’gilild; The foll ow ng general definitions nmay be

hel pful in uneiémet andpiing fegctioA bicdusts bEaBrgarNEaRidnd acle@fionedell i n this
specification. As used herein, a "macrocyclic" nolecule neans a cyclic
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contains 8 or nore at (%ms ovall ently connected to form:
become more apparent from the following description and claims.

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




the ring. As used herein, an "oligonmer"” nmeans a nol ecul e that contains 2 or
nore identifiable structural repeat units of the sane or 24 Maeche2i06 ‘
formula. As used herein, an "oligoester” neans a nol ecule that contains 2
or nore identifiable ester functional repeat units of the sane or
different fornmula. As used herein, a "macrocyclic oligoester” neans a
macrocyclic oligonmer containing 2 or -ifore identifiable ester functional

r epeat ' : | fferent fornula. A macrqcyclic oligoester
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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).




Ol 0O 0O AOCI11 B Cwhere Ais an alkylene, or a cycloal kyl ene or a
mono- or pol yoxyal kyl ene group; and B is a dival ent aromat2€Marchal06ycl i c
group. Illustrative exanples of macrocyclic oligoesters include macrocyclic
ol i goesters of poly(1,4-butylene terephthalate), poly(1, 3-propylene
terephthal ate), poly(1,4 25 cycl ohexyl enedi net hyl ene terephthal ate),
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15 0, andy is greater than z. Thus, there is more HO-R*-OH than (HO)-C(R3)(R4)-W-C(R5)(R6)-
(OH).

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.




15 0, and y is greater than z. Thus, there is nore HO R2-OH t han
(HO-C(R3) (R4)-WC(R5)(R6)- (OH). The reaction of the titakhMaren2006he
dial (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 m xture of reaction products.
II'lustrative organic solvents that nay7be .20 used include, but are not
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nmol ar &Jnt of the titanate, Tl-S1
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")-




I n anot her enbodinent, z is zero and the ratio of y to x (i.e., the nolar
ratio of HOR2- OHto Ti-(OR1)4) is greater than 2, thereb4 Maosh 2{l06g
excess diol in the reaction starting 15 materials. In this enbodi nent,
(HO-C(R3) (R4)-WC(R$) (R6)-(OH) is not present. In other enbodinments, the
ratio of y to x is greater than 3, greater than 4, or greater than 5. In
certain enbodi nents, Wpreferably is adc1-4 al kyl ene group, such as a
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e

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




10 butyl ene group. Thus, one of the diols is 1,4-butanediol. In yet another
enbodi nent, R is an isopropyl group; R2 is a butyl ene grodpMaeec?006f R
R, and Wis a nethyl group; and R6 is a hydrogen atom In this enbodi nent,
the titanate oxide is tetraisopropyl titanate, and the diols are

1, 4- but anedi ol and 2-nethyl -2, 4-pentanediol. In certain enbodi nents, the
ratio of mto 2n, which is the nolar r&tio of starting diol .15

(HO) - - . - t |1 starti.n i ols (HO R2- OH and . _
(1O - Rl e it ibaciohlradtoR miay HIdl it Sofoins Ansgampis s apolationgasivout
0. 5, farsotid Gieout précipildic fronpde vlufforSor as hilligiigabout 0. 15 to about 0.35, or

from about O.TéS_to about 0.25. The m xture of reaction products may further

i ncl ude an orl§&MvEnteN manbe digpatedhtomeamixtise ofikdetipragroducts ¢fe reaction. In
certain enbodi nents, the reaction of the titanate and the diols is 20
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i ncl udi n& t he ,f;tarti ng titanate, the starting diols, the ratio of
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br oduct s ey eaidt ehBpAett s riio SHrb 1St 8 Thatmoler SR THHORI . a sof i d
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be directed to a m xture of reaction products o
mifio- rrange)frons alp B. 5o abeut 5.3 dsenatent 3 (o aboGi 5,@r 4rom Khydut §5aopbowgdch as a

methyl grou Rexcéhs I-F(S-Wloﬁ rn(lja%e rgmg\rfe%%)ﬁler 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




group, an isopropyl group, a butyl group, a pentyl group, or a hexyl group.
R2 is a C2-C6 al kylene group, such as an ethyl ene group, 24 plaogh20H0e
group, or a butylene group. Each of mand n is greater than 0. The ratio
of inton (i.e., the nolar ratio of (HOOR2-OH) to Ti-(OR) 4) is greater
than 2. 10 In one enbodinment, R is an isopropyl group. Thus, the titanate
is tetraisopropyl titanate. |In anothdf-enbodinment, R2 is a butyl ene group.
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t &brper at ur e Zanergpnie selver ietypicalle dsed e Mepélymerigdtiohgartiben Anyelehsthiake
di ffereent for le,.,as a solid or a liquid. The invention can

al so Hgespot ggé}gq’ge {Ngtil éhfﬁéq%ﬁ anarigptiusentippamayieriged, 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




pol yester (e.g., polyester linears). The nethod includes the step of
contacting, in the presence of 5 heat, a mixture contai ni A§Manchppest er,
an organi c solvent which is substantially free of oxygen and water, and
one or nore of the above-described m xtures of reaction products, to
produce mnmacrocyclic oligoesters substantially free from macrocyclic
co-oligoesters. The reaction tenperatggies that may be chosen in the
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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-




every pol yester nononer unit. In another enbodi nent, the anmount of catal yst
enpl oyed is from about 2.0 to about 3.0 nole percent for 2¥daychp0pest er
nmononer unit. There is no limtation with respect to the apparatus or

equi pnent that may be enployed to conduct the depolynerization reaction

ot her than allowi ng the depol ynerization of the 5 polyester. Polyesters
that may be depol ynerized to produce_gacrocyclic oligoesters according to

t he ne@hod of the invention include, but not limted to, poly(alkylene

di car be&kiorbengens ig-ensues thyithisaprapyb alcghal vas remeysdt Rlyoatcedlingaht yéselting! ene

terep t.€)e - QQl yesters thereof Macrocyclic oligoesters prepared
accorg%o%io?'oﬁgﬁeat 0 sﬁglpqﬁﬂé&?lhventi on typically are 10 substantially free

of macrocyclic co-oligoesters. "Substantially free" in this context neans

that  Ebenyeirghti. BRE&RMABeMPlAPGLARYCE e co-oligoesters is less than
about 10% and preferably I ess than about” 5% of all macrocyclic oligoesters

pr épar ed. \WhEhe priaparpiidiyis o5 eutlinkd mtExamptebeatogprthitaie diod i Gistasawaga pol yi ner,
e.g., 1.4-butyl ene terephthal ate) coptainin pol y(et hyl ene

ter epr{ﬁﬁ‘bﬁéf’g ,m°l1'%fLPBE‘§ Eﬁtﬂ‘%ﬂ?‘ﬁ “Qﬁé'é@lail?i‘“t‘ﬂ?@ﬂé%q@é%[ Peeaalar parkof t he wei ght
- per centwdprdpy) ffanSRC AORYIEb ' ! i ' i

ol i goest er g rc(i);?r et hyl ene, Mgh%}?anvg%%%qéé’%% églﬁ%‘ﬂ‘g@g&%@gﬁ‘%% tEsulted.

butyl ene/ ethylene is greater than 90% and preferably greater than 95% of

al | xangdy £ iT4- @icgedisl: eiahbee p= fEyanpl es  The fol | owi ng exanples are
pnovided to further illustrate and to facilitate the 20 understandi ng of

the i nvent | ofhe RRSRER) i AERLAE T eI ol b st v, O

the invention. The products obtaine rom Y& 2confi r med
by comiwtutd afflamolar parh bitgnieliolsnd h neclaryaet didthyléde diydol pBEmoRF pafof3 (13 Q

nucl ear _nmagnetic resonance (NVR) _spectroscopy, nmass spectroscopy, infrared
spect &6@@8 PY /RS- eftY bf@’é%ﬁiﬁowowﬂﬁam@mrﬁiuﬁmsulw- per neati on
chromat ogr aphy anal yses. 25 Exanple | - A 100 nL flask equi pped with a

nef i ar L1.f L.e ith a,septumwas flame dried under vacuum
tnﬁgn F?‘f’r’g%‘\rﬁi?’ﬁ(%"29’?"65&’1d’ﬁg‘gw”“r%@f"ér‘s@%opw titanate (15 mml) is added

followed by _diols (30 mmole) then dry o-dichlorobenzene (25 nL). After the
addi ti on of '&f preparapan asoytlingd it Examplod exedpt thatithaidiel in thihease waat h

di sti Hik@l&lﬁﬂ@ ghedde ma:he%%}v%fienb% ?e?ra?s'o})rq%?lt tﬁ}aﬁa?e).l%?;og 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 : di et hyl ene gl ycol = 3:1)-18-The preparation is as outlined in

a8 U i s ) OO RSBl R 1 P

tetrai act;;wdoqsyng atsiytingeatThe reaoneh hwab Bilbatwdat rsmhx{tmﬂ@ ﬁxﬁugequ:liwuﬁewaé #c@fHedOf
reacti 10 Exanple | b Ti- (butanediol: diethylene

n ctsre { ed
gl ycol F51}'1"}" m?h%utjugblﬁ%ﬂf@t iTh4 r?@“‘é%Wé%uﬁ"?ﬂi%?tﬁﬁdrdl@@drﬁﬁlﬂbtelfa@%&fp{ant(ﬁat t he

~di ol |ﬂugyn ylxﬁéT I .ol ar
part diet hylgagﬁngé%r co Qgtgghgﬁh ég gfé?'{a"o "%fc’?r?gltg"% é@ ﬁb?’m’gﬂ “IS

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

Exanpl 84§ %X?@%BF ‘%Effs hdil qu"Hlﬁqdn MW@Y@&‘S‘@‘%@&Béﬁoé‘t’ct%ff@méiegﬂ’lym@tlzqt@nrml ar
equi valksh r d .titanate

pr eci pi taﬁé%?%ﬁﬂﬁh E@o‘ﬁ%ﬁ %vggm@ﬁ%%vag%%%g%l Pé’p’%ﬁgy ’é'ge as a neat
sol i d.chiridexBASCA T 10l froftb Atavhent) and polj&néﬁ:eﬂ lay | 902C fér PheiraSdinplesof thel) The
preparation is as outlined in Exa except that the diol in this case
was 47 ﬁ%‘"é“gRfiY‘P%r%ﬁftﬁﬂéﬁﬁlﬂedahﬂdhfferﬁﬁif’éSWNB#W@W 2, 4- pent andi ol

(Rexyl ene glmgsghg Q?ﬁbu’ig?écfiﬂel&?” of 25, tetraisopropyl titanate. The

sol ution was ?l 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
inthis case was 2 Xkadlel: Vield agd D pof Depolvmerizations)| (hexyl ene
glycol) per nolar part of tetral sopropyl tltanate A wel |l -behaved thin

sol uti ONExferitienf |- ':Xééwls( 218 Rﬂmﬁ ¥ level Ol (Macrocyclic Macrocyclic Co-
(mol %) Oligoester, %of PBT) oligoester
{% of Macrocyclic
oligoesters)
a Ti-(BD:DEG=3:1) 40 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-butanediof
15 DEG: diethylene glycol

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




.35 Poly(1,4-butyl ene terephthal ate) solutions were prepared at 0.07 M by
di ssol vi ng poly(1,4-butylene terephthalate) (PBT) in o-di é¢hMardb2iene 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 reflux (184C) until equilibrium was
reached (usually within about 1.5 haugs). The reaction was sanpl ed and
diluted with rhydrofuran 5 rﬂ) contal ni ng an |nternal standard (e.qg.,
phenant hr ene £883 gperiies of P P 1 R ic Oliggeste

then filtered and i nj ect ed on HPLC grad| ent program where the [ nd| vi dual

PP W S WZ-

macr oc J.gogster ab.uu,u geesters—+solat ed
from d-po;l)glr@? "z at|i on (?ag ¢tiofs Q/\EPQOIPS'ET])OJH d Mqlﬁssdl*rgnsm | Gpystpllinity

commer gi al ly avai ljalpk aﬁubyl%l di r oxi ge | of i de(JFASCATT" ' 4401 firom
At ochep)—and_pol y1 H@Pd at” 19QC frc}?/gl ho (Tﬁ?\ es féft he res(u1])t|nc

pol yrel ar é’Bﬂhen clrﬁ‘iay‘mé&jICbQ“/dl fferé)nt i aI s’lﬁam‘\Cng c46.8%C net[ry. 46@ Reqults
Y-et-g-and—{epegiil-ehr—oi—Depglynmerizatijons

ar e taputat betpw—Fable—

BD: 1. 0- but&tedi o CXREPSE. 7% b hyl ;ne gl 1 ll\ﬁcrocﬁ‘t‘:ﬁl(é cp-~ 398

EXperlrngaﬁ Pl a (1 7/ T ester |
M@?X? %ﬁgffgf Bz\é:rocvgl ic o ?gg'gs ers)&’M%) 33

Bampk. 13, 6% | ( BD: EG=1: {1221 8%2.[211497°C 383

: 2N Al gg2 021 1 dT BDHG=4-11)2 851 [8Nd<Q 5
eTi-( BD: HG3 ) obe 1 4npedens tepephthalaie) hyl - 2, 4- pent andi ol (hexyl ene gl ycol )
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




Nd.: Not detected. 24 March 2006 -14- Table 2: Properties of Polyners
Prepared from Macrocyclic A igoesters PBT: poly(1,4-butyl edéMackedithal at e)
PET: pol y(ethylene terephthal ate) 5 PET/PBT: co-polyester containing both
pol y(et hyl ene terephthal ate) and poly(1,4- butylene terephthalate), the

per cent age being the percentage of ethylene units over the total units of
et hyl ene and butyl ene. Exarrpl e 3a Ti —I(Sbut anediol) 4 eq. 10 A 100 nL round
botto q hanlc sti.r bar was charged, under argon
at nosp err%%\‘/’u%t l#h%ﬁt aa??in‘&i"’&ﬂ (1”‘@%36; 146 it gydinhlorobeszene ( (@raimers pregeared

t et r ai indiNaaYe 3a£ddﬂ£5941§so(v%d%73 ,f%’e“@m dy! {itted
wth a shgﬂp path distillation %gad and hbrrr%breg% ’izng-g%/oﬂ%?%g&ﬁ (1700

to rerfsided.; %‘bﬁore@ptwn wwmlmat lﬁommumcmlmt h\iﬁéouxtdm al ® hdiustté Fdlkmi on of
ceas to 1OQC. Vacuum was applied

| o OP L RO RS G e A iRbertors; Sl B e BHMIRE hEorte vahs
Vi $COus, 5%@{1334%@&%&0 2%3&1@ hoi’tgﬁjyst h%hgggﬂsysw{vé@b‘&a ggooling to

room tenperature. 20 Pol yner Cat - nono ass Trans.
Crystdﬂlgocﬁtmﬂcwrémﬁaﬁm %% (TN (Tg) (% PBTExarrpI e Id,

3%9232. 2C4A6. 8C46. 4 PBTExanple | b, 7%223. 1C44. 5C39. 8 S%DET/ PBTExampl e | d,
505226. 0C46. 1 C43. 3 10%°ET/ PBTExanpl e 1d, 5%10221. 8C43. 7C38. 3 Exanpl e 3b

Ti - (but anedideh)of theffhtent 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.




The procedure of Exanple 3a was repeated except that the flask was charged
with butanediol (12.60 g, 139.8 nmol, 3 eq.) and tetrai sogaﬁ%l E(ﬁ?anate
(13.25 g, 46.6 mmol, 1 eq.). This material was extrenely Jé en at
120C, inpossible to punp into reactor. 25 Exanple 4 Depolynerization A 250
.mL 3-neck flask was equi pped with a nechanical stirrer, a short path
distillation head, a receiver, and a Claisen head fitted with a
thernometer and an inert gas inlet. THe flask was charged with

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

pl ast i iAf[&{ﬁDEI | ets VALOX 315T" from General Electric Plastics Co., M.
Vernoﬁ, ana) and was heated in an oil bath to dissolve the plastic
pellets. The distillate (22 g) was renoved overhead to dry 24 March 2006
-15- the r damixintesof rFmdion produstsudfi on of Ti (butanediol) 4 eq. in

o- di chl orobenzene (272 ny as prepared in Exanple 3a and was dissolved in 3

g of ICDCodlchI . nzZene 8 | % d, The reaction
was held at 180C* %ngép?g@ég @h+?@b?%ﬁ@y\gfﬁgﬁa€& GJIfIBJ | ow

equi libration to macrocyclic butylene oligoesters. Yield of nmacr ocycl iC
butyl ene ofhk aaeBtSHEngRibstantPaltlyToeet h

Macr ocyclic oligoesters shomeg\:ﬁrfo t?@?&a%ﬁgﬁla{)&ﬂ% (ggggt%{aerfﬁzg%%or I ng to
HPLC. Eachwhbdreinhe patent docunents disclosed hereinabove is incorporated by
reference herei,n,i | n {heifr ariations, nodifications, and ot her

i npl ement at i 8?\"31 © d§ EV @F&Ué’g{y EWBrein will occur to those of

ordinary ski IR idaC L) ,eall%’]éne dugout departing fromthe spirit and the scope
of the inventi ona{%s c ai mag- gCCOI’dI ngly, the invention is to be defined

not by the pachod® Ry, Rl landRF istindepentienty & hydrogertnmions Cpal alkyl groep Spi r i t
and scope of t e followng clainms. 24 -March 2006 16 CLAIMS 1. A m xture of
reaction of x(Ti-(OR)4) + y(HOR2-OH) + z((HO-C(R3)(R4)-W

C(R5) (R - (C]—I)) tgqeé{gtgﬁégfq{:‘* e fromdi-functional )
di ol s other than HO R2 ﬁg?gﬁﬁygigﬁawﬁ?n gpendently a C1_do alkyl
group; at least one of R’ and R® is a C-C; 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; |




R2 is a C2-C6 al kyl ene group; each of R3, R4, R5, and R6 is independently a
hydrogen atomor a O -C4 al kyl group except that at Ieastz%ﬁ%gﬁ (Il’?%yand R4
is a Cl-C4 al kyl group, and at least one of RS and R6 is a“Ct™- A I
group; Wis an oxygen atom a sulfur atom a nitrogen-containing group, a
phosphorus- containing group, or a Cl-C4 al kyl ene group; each of x, y and z
is greater than 0; and y > z. 2. The mxture of claiml| whereiny = 2x -
z. 3. The mixture of claim1 wherein ¥/x > 2. 4. The mixture of claim1l
where Wis a Cl-C4 al kylene group. 5. The m xture of claim4 wherein Rt is
an i sopropyl HOMIR3 i5 : A, RS is a

met hyl gr0up;egéand Réﬁ;g’g ?nﬁ%?%%&%?%{# Pﬁg&%}% %}gs%?g%éf%‘%&ﬂ%m\?%erei n

t he m xt urexceptthatacti on products is substantially free fromall nono- and
di-finctional alcohpls. 7. m xtyure of reaction products of n(Ti-(ORi)4) +
(2n-m ((HO- R2- O 1)atPﬁaﬁPPﬁ6ﬁac}¢é§}‘*(Jlﬁz4)Cnﬁ4@élﬂégmp,M), the nixture being
substantially fre hf RUAGEE l~ rein each Rl is

i ndependently a O%t%?%mal?tg%& gro%?;ggl%q?%hgd% al kyl ene group; 24 March
2006 17 each Véfis #30xyRdn atBn, a anidurfforhsa hitdggeasitiiing gtodpy 8 pREGRALOM Or a
Cl-C4 al kyl group., except that at |least one of R3 and R4 is a C-C4 al kyl
group, and NI EroiReorH Ciros alkyenesepupia ¢l - 4 al kyl group: Wis an
oxygen atom h bl AR6R5 L AkiR! osphor us-

cont ai ni ng gf%&?fhg%{daﬁgg- %éft 3131291 ene grﬁgup; fe}gg%gg?i%#ﬁo'é?lod@ﬁ' is greater
than &; and rih2mikrswbf dlaih Awherd® it a@NO, alkflendrdup 8. The mixture of
claim?7 where Wis a Cl-CA4 al kyl eng, group- 9." The mixture of claim?7 wherein
RL i< an i sog‘rhﬁﬁ‘w{t”@? aim 7 wherein R" is an isopropyl 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 h.ydrogen 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),




- organic solvent. 15. The m xture of c

10. The m xture of claim7 wherein R2 is a butylene group. 11. The m xture
of claim7 wherein R is an isopropyl group; R2 is a butyl QH?VI%-EHE!G% each
of R3, R4, and R5 is a nethyl group; R6 is a hydrogen atom and Wis a
nmet hyl ene group. 12. The m xture of claim7 wherein ml2n is within a range
fromO0.15 to 0.45. 13. The m xture of claim12 wherein nMf2n is within a
range fromO0.15 to 0.25. 14. The m'x%ure of claim?7 further conprising an
aim7 wherein the mxture is obtained
froma reaction conducted in an organic solvent. 16. The m xture of claim

15 whkr ei n t Aemethgddbcdepolyveeiizingsa po196Htt§trdéhﬁﬁirsﬁ(gﬂh@ﬁép_oﬂaontﬂaﬁﬁg{lﬁhﬂélr e of

claim 16 wherein the_ organic solvent is o-dichlorobenzene. 18. 'The m xture
of clai m7 whESaIGs of heaing SLXHES IprERe: i @olyssior @b osganic solvent shickels| y free
fromall nong- i mfunetional alcohols.,19. A od r_depol yrmeri zi ng
a pol yest er %gﬁ%@ﬂ%ﬁ%gegﬂgﬁgﬁgﬁa%&“@%ﬁi%%¥$%5¥mPﬁﬂ§%£ﬂnﬁiS%Bﬁggc%f heat, a
M Xt ure conphiasiodgclicolipRkstesisabstaalle iR Tdm SRLNRPEINY-6lzdesteaubst anti al |y
free of oxygen and water, and the m xture of claim1, to produce
macrocyclic oligoesters substantially free from nmacrocyclic co-oligoesters.
20. The nethod of claim 19 wherein the polyester conprises

poly(1, 4-buty-lene terephthalate). 24 March 2006 18 21. A nethod for

depol ynmeri zi ng a pol yester conprising the step of contacting, in the
presence of heat, a m xture conprising: a polyester, an organic sol vent
which is substantially free of oxygen and water, and the m xture of claim
7, to produce macrocyclic oligoesters substantially free from macrocyclic
co-oligoesters. 22. The m xture of claim1l wherein Wis an oxygen atom a
sul fur atom a nitrogen- -containing group, a phosphorus-containing group,
an et hyl ene group, a propylene group, or a butylene group. 23. A nethod
for depolynerizing a polyester conprising the step of contacting, in the
presence of heat, a polyester, an organic solvent, and a m xture conprising
reaction

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;




products of x(Ti-(OR)4) + y(HOR2-OH) + z((HO-C(R3)(R4)-W
C(R5(Ro)-(OH)), wherein each R is independently a C - é@%&ybo oup;
R2 is a C2-C6 al kyl ene group; each of R3, R4, R5 and R6 is independently a
hydrogen atom or a Cf-C4al kyl group; 24 March 2006 19 Wis an oxygen atom
a sulfur atom a nitrogen-containing group, a phosphorus- containing group,
or a Cl1-C4 al kyl ene group; each of Xj9y, and z is greater than 0; and y>z,
and wherein the m xture of reaction products is substantially free from
di -functional diols other than HO-R2-CH 24. A nethod for depolynerizing a

pol yester cOMY arsoy@eid Bons beBlfa at6aN4 aftideBl cohtfiniFoll, 8380 RoRfs- heat . a
pol yester, an organic solvent, and a mxture of reé&action products of

n(Ti-(OR )@n@m@wcxmwmegwpmﬁofgy;mmemmma £SO al kyI
group; R2is al.k and. each of re r. than 0,
and nfn > f“d%rel%ﬁ‘g ?:‘? ijﬁmﬁl \ﬁﬂ%'é‘r ﬂly%eqr}g“%ﬂl'&‘é‘%&“éisgr oup.
26. The netdz@&ﬂ%}@d)qq2roﬁ4 V\/nerel n R2 is a butyl ene group. 27. The net hod
of claim24 wherein R is an isopropyl group and R2 is a butyl ene group.
28. The nethod of claim24 wherein 5 > mn > 3. 29. The nethod of claim 24

wherein the mxture is obtained froma reaction conducted w thout a
sol véht, 30. ?h@eﬂ@ﬂﬁgﬁdﬁpblmn@imgapm}wstei conprésimg thi:step oficontactitg, an

products is nt i al f all nono-. and di functiopal alcohols.
31. The net hotggéﬁe%gl?c& r#é% @P’ﬁ% ’Fé‘éofg?“%ohfﬁﬁ?’éﬁ@ﬁé‘&x@@ et ene
group. 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.




24 March 2006 20 32. The mxture of claim1, wherein Wis an oxygen atom
a sulfur atom a nitrogen-containing group, or a phosphor héd Ng
group. 33. The mixture of claiml1l, wherein Wis an ethyl engﬁa&%ﬂ%?bgﬁ
propyl ene group, or a butylene group. 34. The m xture of claim1, further
conprising an organic solvent. 35. Thggm xture of claim 34, wherein the
organi c solvent is a chlorohydrocarbon. 36. The m xture of claim 35,

wherein the or Jeginixtselof elaim 15 whtleowdis 6h bRy QReR#aNEsul fus dtom B€ M Xt ure of
claiml1, wherein the m xture of reaction products is obtained froma

react i on BEHRERCEVRRINAL LFOWPs ahPlospbomesentad@ig growp.ni xt ure of claim 1,
wherein the m xture contains | ess than about 10% di - functional diols other
than HO R2-OH. 39. The mi xture of claim1, wherein the m xture contains

| ess t han3hbouTh&¥xtire of vlaih il pwhtreih Wi is an bihglent @ﬁﬂlpj‘@ﬁ%y@lb p, dhe

m xture of, claim1l, wherein the m xture contains |ess than about 10%

unr eact eda?%!l?ﬂ%?( R4)-W C(RS) (R6)-(OH). 41. The mixture of claim1,
wherein the m xture contains |ess than about 5% unreacted
(HO-C(R3)(R4)-WC(RS)(R6)-(CH). 42. The nethod of claim 23, wherein at

| east onedf REheanktrd of elaim ¢ fuBherddayirisingranupgardashlednt! east one of Rs and
R6 is a C1-CA4 al kyl group. 43. The nethod of claim 23, wherein the nethod
produces nacrocyclic oligoester substantially free from macrocyclic

co-ol i goexs, er . ThAniRire bf 8632 hyittdein ThiCordRiib 0slvadt iCh @ﬂlmo%gdro\%}% in the

m xture conprising reaction products contains |ess than about 10%
unreacted (HO-C(R3)(R4)-WC(R5)(R6)-(0OH). 45. The method of claim 23,

wherein t m S| r.eacti.on products.cont.ains,, | ess t han about
50 unr eacia (1 PR EETPAT 09 f1EESH o Bhal S SRR R igrtRect o 1 29,
wherein HO-R2-CH i s 1, 4- but anedi ol and wherein (HO) -

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.




C(R3)(R4)-WC(R5)(R6)-(OH) is 2-nethyl -2, 4-pentanediol . 47 The met hod of
claim46, wherein Ti-(OR )4 is tetraisopropyl titanate. 24MIR % 86k f or
depol ynmeri zi ng a pol yester to produce nacrocyclic ollgoester substantial ly
free frommacrocyclic co-oligoester, the nethod conprising the step of
contacting, in the presence of heat: 28 pol yester; an organic solvent; and a
m xture conprising reaction products of an organo titanate and at | east one
diol. 49. The nethod of claim 48, wherein the organic solvent is

bstapti al oxygen and water.
>4 24{ J1‘1¥e met od o% claim y 3 wherein the mixture comprising reaction products contains
less than about 10% unreacted (HO)-C(R*)(R*-W-C(R*)(R®)-(OH).

45.  The method of claim 23, wherein the mixture comprising reaction products contains
less than about 5% unreacted (HO)-C(R*)R*)-W-C(RA(RE-(OH).

46.  The method of claim 23, wherein HO-R%-OH is 1,4-butanediol and wherein (HO)-
CR*)RY-W-C(R*)(R®)-(OH) is 2-methyl-2,4-pentanediol.

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,






