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(57) Abstract: Macrocyclic oligoesters and compositions comprising macrocyclic oligoesters are prepared from intermediate molec-
~~ ular weight polyesters. In one embodiment, a diol is contacted with a dicarboxylic acid or a dicarboxylate in the presence of a cat-
alyst to produce a composition comprising a hydroxyalkyl-terminated polyester oligomer. The hydroxyalkyl-terminated polyester
oligomer is heated to produce a composition comprising an intermediate molecular weight polyester which preferably has a molec-
ular weight between about 20,000 Daltons and about 70,000 Daltons. The intermediate molecular weight polyester is heated and a
solvent is added prior to or during the heating process to produce a composition comprising a macrocyclic oligoester. An optional
step is to separate the macrocyclic oligoester from the composition comprising the macrocyclic oligoester.
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METHODS FOR CONVERTING LINEAR POLYESTERS TO MACROCYCLIC
OLIGOESTER COMPOSITIONS AND MACROCYCLIC OLIGOESTERS

- [0001] This application claims priority to provisional patent application U.S. Serial No.

60/229,894 filed on September 1, 2000, the entire contents of which are incorporated by

reference herein.

Technical Field

[0002] This invention generally relates to macrocyclic polyesters. More particularly, the
invention relates to a method for preparing fnacrocyclic oligoester compositions from

intermediate molecular weight polyesters.

Background Information

[0003] Macrocyclic oligoesters, also called macrocyclic polyester oligomer compositions,
can be converted, often under isothermal conditions, to linear polyesters of high crystallinity and

solvent resistance.

[0004] One method for preparing macrocyclic oligoesters is accomplished by the reaction of
diols, such as ethylene glycol or 1,4-butanediol, with dicarboxylic acid chlorides, such as
terephthaloyl chloride or isophthaloyl chloride, under specifically defined conditions. Other
methods of preparing macrocyclic polyester oligomer compositions include the reaction of a
dicarboxylic acid chloride, such as terephthaloyl chloride, with a bis(hydroxyalkyl)
dicarboxylate, such as bis(4-hydroxybutyl) terephthalate.

[0005] Another macrocyclic oligoester preparation method is catalytic depolymerization of
linear polyesters such as poly(1,4-butylene terephthalate) (“PBT”) and poly(ethylene
terephthalate) (“PET”). Catalytic depolgfmerization macrocyclic oligoester preparation methods
require that linear polyesters be purchased or manufactured prior to macrocyclic oligoester
production. Producing macrocyclic oligoesters from high molecular weight linear polyesters
necessitates handling of a high molecular weight material. The high molecular weight linear
polyester material typically has a high viscosity, which requires costly equipment. In some

instances it also requires many expensive finishing steps.
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[0006] For example, prior art methods employ melt reactors that are capable of generating
surface area in high viscosity high molecular weight material. Where poly(butylene terephtalate)
is reacted with 1,4-butanediol, it is necessary to generate surface area to enable the diol to diffuse
to the surface so that the reaction may proceed to build the molecular weight of the polymer.
When high viscosity high molecular weight materials are prepared, diffusion of the diol from the
polymer matrix is rate limiting and generating surface area by employing a melt reactor increases
the reaction rate of the process of building the molecular weight of the polymer. Such melt
reactors are highly engineered, energy intensive, and are run under relatively high vacuum

conditions (e.g., 0.5 Torr) that are necessary to handle the high viscosity material.

[0007] Further, U.S. Patent No. 4,590,259 to Kosky et al. describes a method for preparing
poly(alkylene terephthalates) of blow molding grade in which a final step is conducted under

conditions necessitated by the high melt viscosity of high molecular weight polyesters. A

prepolymer preparation step is described in which, for example, a poly(butylene terephtalate)
undergoes reaction with 1,4-butanediol. The resulting prepolymer undergoes reaction further
with the diol in the presence of an inert gas to reduce the number of acid end groupé, for example
carboxylic acid end groups, to a desired level. Thereafter, solid state polymerization is
conducted whereby the molecular weight of the polymer is increased under high vacuum

conditions.

Summary of the Invention

[0008] The invention generally relates to methods for depolymerizing linear polyesters to
macrocyclic oligomer compositions. In one aspect of the invention, an intermediate molecular
weight polyester is employed to prepare a composition comprising a macrocyclic oligoester. In
one embodiment, a diol is contacted with a dicarboxylic acid or dicarboxylate in the presence of
a catalyst to produce a composition comprising dﬂ}i‘f'cifo')'(yalkyl-terminated polyester oligomer.
Thereafter, the hydroxyalkyl-terminated polyesterh oligomer is heated to produce a composition
comprising an intermediate molecular weight polyester which preferably has a molecular weight
between about 20,000 Daltons and about 7 0,000 Daltons. The intermediate molecular weight
polyester is heated and a solvent is added prior to or during the heating process to produce a
composition comprising a macrocyclic o}igoester. The composition comprising macrocyclic

oligoester includes, for example, a mixture of macrocyclic oligoesters and linear oligoesters. An
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optional step is to separate a macrocyclic oligoester from the composition comprising the

macrocyclic oligoester.

[0009]  Methods of the invention minimize operations and eliminate the need for costly
equipment. Of the steps used to manufacture linear polyesters, only those steps necessary for
ultimate recovery of macrocyclic oligomers are employed and integrated with the operations
necessary to recover a macrocyclic oligomer composition. For example, the use of costly melt
reactors is unnecessary. Later steps in prior art polyester preparation, in particular steps
necessary to produce a high molecular weight product are eliminated thereby providing a

product adequate for conversion to macrocyclic ohgomers without significant loss in yield.

[0010] Methods of the invention also permit the use of equipment that transports low
viscosity materials, whereby these methéds are less expensive than prior art alternatives.
According to the invention, low viscosity intermediate molecular weight polyesters are employed
to make macrocyclic oligoesters. Howeyer, compared to the above-described methods
employing high molecular weight polymers, methods of the present invention employing
intermediate molecular weight polyesters have an increased number of linear polyesters with
uncyclizable end groups remaining after cyclization. To promote further reaction to form
macrocyclic oligoesters from intermediate molecular weight polyesters, it may be desirable to
remove an uncyclizable end group, e.g., a hydroxyalkoxy group, from the linear polyester to
create an intermediate molecular weight polyester capable of forming a macrocyelic oligoester.
Removal of an end group results in a by-product dial, which may be the starting material diol,

i.e., the first compound.

[0011]  In one embodiment, one or niore solvents are employed for removal of by-product
diol(s) by distillation, as the by-product diol(s) should be removed before cyclization takes place.
The distillation may be, for example, aze::otropic distillation, or distills or co-distills of the by-
product diols may distill off at a temperature below the boiling point of the solvent. Thus,
energy- and equipment-intensive methods, for example, melt reaction, necessitated by the high
melt viscosity of the product are replaced by a simple distillation. In addition, the use of solvent
reduces the viscosity of the macrocyclic i)olyester product, which enables the process to employ

less costly equipment that is capable of transportin‘gra low viscosity material.

i



10

15

20

25

WO 02/18476 PCT/US01/27332

-4

[0012] Thereafter, the removed end groups, which typically result in by-product diols, may
be transported and purged as waste froni the process. Alternatively, a recycling step may be
employed to reuse the by-product diol as a reactant in the process. Likewise, the volume demand
on an existing recycling step may increase n ordérto transport the by-product diol created during
the process. Despite the addition of such a recycling step or the additional volume demand on an
existing recycling step, methods of making macrocyclic oligoesters from low viscosity
intermediate molecular weight polyesters can be more cost-effective than prior ‘methods. The
cost benefit is due in part to the ability té employ simple distillation in place of expensive
finishing steps. Also, transporting low \;iscosity polyesters is less costly then transporting high
viscosity material. Macrocyclic oligoester production methods according to the invention can be
conducted continuously, semi-continuously, according to a batch methodology, or a combination
thereof. .

[0013] In another aspect, an embodiment of a method for preparing a macrocyclic oligoester
composition includes providing an intermediate molecular weight polyester, a solvent, and a
catalyst. The catalyst may comprise, forE example, a tin compound or a titanate compound. The
intermediate molecular weight polyesterl, solvent, and a catalyst are heated to produce a
composition comprising a macrocyclic oligoester. The method may further include separating

the macrocyclic oligoester from the composition comprising the macrocyclic oligoester.

[0014] The foregoing, and other features and advantages of the invention, as well as the
invention itself, will be more fully understood from the description, drawings, and claims which

follow.

BriefDescription of Figures

[0015] FIG. 1 is a schematic flow diagram of an embodiment of a method of the invention

for making a macrocyclic oligoester.

[0016]  FIG. 2 is a schematic flow diagram of another embodiment of a method of the

invention for making a macrocyclic oligoester.

Description

[0017] In one aspect, a method of the invention for preparing macrocyclic oligoesters

generally includes contacting a first compound having a structural formula:
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HO-R-OI—% O
where R is an alkylene, a cycloalkylene, or a mono- or polyoxyalkylene group,
with a second compound having a structural formula:

BOOC-A-COOB (II)
where A is a divalent aromatic group or \'an alicyclic group, and B is hydrogen or an alkyl group.
The compounds of formulas (I) and (II) are contacted in the presence of a first catalyst to produce
a composition comprising a hydroxyalkyl-terminated polyester oligomer. Heating the
composition comprising the hydroxyalkgfl-terminated polyester oligomer at a reduced pressure
produces a composition comprising an intermediate, molecular weight polyester. Heating the
composition comprising the intermediate molecular weight polyester in the presence of a solvent
produces a composition comprising a mécrocyclic oligoester. Optionally, the macrocyclic

oligoester is separated from the composi%tion comprising the macrocyclic oligoester.

[0018] Referring to FIG. 1, in which a flow diagram depicts an embodiment of a method of
the invention, an intermediate molecular weight polyester is employed to prepare a composition
comprising a macrocyclic oligoester. A 'first compound 10 is contacted with a second compound
14 in the presence of a first catalyst 18 (STEP 80) to produce a composition comprising a

hydroxyalkyl-terminated polyester oligomer 90.

[0019] The first compound 10 has the structural formula HO-R-OH. The substituent “R”
may be, for example, an alkylene, a cycloalkylens}of 2 mono- or polyoxyalkylene group. The
mono- or polyoxyalkylene group may include between about 2 and about 8 carbon atoms. In one
embodiment, the polyoxyalkylene group includes a polyoxyalkylene radical. In some
embodiments, the alkylene is ethylene -(CH,CHy,)~, tetramethylene —((CHy)4)-, or a mixtire
thereof. 1,2-Ethanediol (R= ethylene) may be employed when producing the homopolymer,
poly(ethylene terephthalate) (“PET”). Alternatively, to produce poly(butylene terphthalate)
(“PBT), 1,4 butanediol (R= tetramethylehe) may be employed. A mixture of these compounds
may be used to produce a copolymer, for example, the copolymer poly(butylene
terphthalate)/poly(ethylene terephthalate) (“PBT/PET”).

[0020] The first compound 10 may be an aliphatic diol. In another embodiment, a mixture of
or may additionally include ether diols such as diethylene glycol, the product of which is
employed to produce a macrocyclic copolyester oligomer.

4

t



10

15

20

25

WO 02/18476 PCT/US01/27332

-6-

[0021] In one embodiment, the second compound 14 has the structural formula
BOOC-A-COOB. The substituent “A” fnay be, for example, a divalent aromatic group or an
alicyclic group. The alicyciic group may be an alicyclic radical, for example, a meta-linked or a
para-linked monocylic radical. In one embodiment, the para-linked aromatic group is a para-
linked benzene group. In another embodiment, the'substituent “A” is a meta- or para-phenylene
or a mixture thereof. The substitutent “B” may be, for example, hydrogen or an alkyl group. The
alkyl group preferably has from 1 to 6 carbon atoms. Commonly used alkyl groups include

methyl and ethyl.

[0022] In an exemplary embodimen‘@, the second compound 14 includes one or more
aromatic dicarboxylic acids or alkyl estérs thereof. The dicarboxylic acid or acids may be
employed in their free acid form or, preferably, in the form of an alkyl ester, most often in the
form of a diester, for example, a di-(C1.4i‘ alkyl) ester such as dimethyl terephthalate. Thus, the
preferred polyesters are poly(butylene te?ephthalate) (“PBT™), poly(ethylene terephthalate)
(“PET™), the correéponding isophthalates, and cqg?lyg§ters thereof, i.e., PBT/PET.

[0023] When contacting the first cormpound 103"§and the second compound 14 (STEP 80), any
conditions may be employed so long as fhey promote the reaction. Such conditions may include,
for example, providing the first compouild 10 and the second compound 14 in a molar ratio
between about 1.05:1 and about 1.5:1. An amount of catalyst 18 in the range of from about 0.1
mole percent to about 5 mole percent based on the first compound may be provided to promote
the reaction conducted in STEP 80. In some embodiments, the amount of éatalyst ranges

between about 1 mole percent to about 5 mole percent based on the first compound.

[0024]  When an ester such as dimethyl terephthalate is employed, it is preferred to employ a
temperature at which the displaced alkanol will be removed by distillation, thus driving the
reaction toward formation of the desired hydroxy#ikyl-terminated polyester oligomer
composition 90. In one embodiment, th@ first compound 10 contacts the second compound 14
and the temperature is held between about 140°C and about 200°C. In another embodiment, the
first compound 10 contacts the second compound 14 and the temperature is held between about
160°C and about 180°C. In yet another embodiment, the first compound 10 contacts the second
compound 14 and the temperature is held between about 180°C and about 200°C.

{
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[0025] The catalyst(s) employed in the practice of the invention ;cu'e adapted to polyester
preparation. More specifically, catalysté employed in the invention are those that are capable of
catalyzing a transesterification polymeriiation of a macrocyclic oligoester with a dihydroxyl-
functionalized polymer. Numerous such catalysts are known in the art. The catalysts may
comprise a tin compound or a titanate compound. As with state-of-the-art processes for
polymerizing macrocyclic oligoesters, organotin and organotitanate compounds are the preferred
catalysts, although other catalysts may be used. One or more catalysts may be used together or

sequentially.

[0026]  Illustrative examples of classes of tin cé)‘mpounds that may be used in the invention
include monoalkyltin(IV) hydroxide oxides, monbalkyltin(IV ) chloride dihydroxides,
dialkyltin(IV) oxides, bistrialkyltin(IV) oxides, monoalkyltin(IV) trisalkoxides, dialkyltin(IV)
dialkoxides, trialkyltin(IV) alkoxides, tin compounds having the formula (III):

(IID)

3 Hzc Sn
R R, O—Sp—0 o/ \R3
\/ /]
CH2 R

/\

and tin compounds having the formula (IV):

1)

\V4 \/ N\
ANANAN

wherein R; is a Cy4 primary alkyl group, and R; is 01 10 alkyl group.
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[0027] Specific examples of organotin compounds that may be used in this invention include
dibutyltin dioxide, 1,1,6,6-tetra—n-butyl-1 ,0-distanna-2,5,7,10-tetraoxacyclodecane, n-
butyltin(IV) chloride dihydroxide, di-n-butyltin(IV) oxide, dibutyltin dioxide, di-n-octyltin oxide,
n-butyltin tri-n-butoxide, di-n-butyltin(IV) di-n-butoxide, 2,2-di-n-butyl-2-stanna-1,3-
dioxacycloheptane, and tributyltin ethoxide. See, e.g., U.S. Patent No. 5,348,985 to Pearce et al.
In addition, tin catalysts, and other catalysts including titanate compounds described in

commonly owned U.S.S.N. 09/754,943, may be used in the polymerization reaction.

[0028] Titanate compounds may be used in the invention and illustrative examples of titanate
compounds include tetraalkyl titanates (e.g., tetra(2-ethylhexyl) titanate, tetraisopropyl titanate,
and tetrabutyl titanate), isopropyl! titanate, titanate ester, titanate tetraalkoxide. Other illustrative

examples include (a) titanate compounds having the formula (V):

M

wherein each R4 is independently an alkyl group, or the two R4 groups taken together form a
divalent aliphatic hydrocarbon group; Rs is a Cs.19 divalent or trivalent aliphatic hydrocarbon
group; R is a methylene or ethylene group; and nis 0 or 1, (b) titanate ester compounds having

at least one moiety of the formula (VI):

(VD)
z —7

[ { '
TN
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wherein each Ry is independently a C,3 alkylene group; Z is O or N; Rg is a Cy.¢ alkyl group or
unsubstituted or substituted phenyl group; provided when Z is O, m='n=0, and when Z is N, m=0

or 1 and m+n = 1, and (c) titanate ester compounds having at least one moiety of the formula

(VID):
(VID)

wherein each Ry is independently a C,.¢ alkylene group; and q is 0 or 1.

[0029]  Referring again to FIG. 1, as described previously, the first compound 10 and the
second compound 14 are contacted (STEP 80) in the presence of an above-described catalyst 18
to produce a compound comprising a hydroxyalkyl-terminated polyester oligomer 90. The
condensation reaction which takes place in STEP 80 can be considered complete when no
remaining alkanol, usually methanol, is found in the distillate. It is usually found that some diol

is removed with the alkanol, but diol removal is primarily the function of the later heating steps,

(e.g., STEP 100 and STEP 120) described below.

[0030] The hydroxyalkyl-terminated polyester oligomer 90 is heated in a first heating step
(STEP 100) to produce a composition comprising an intermediate molecular weight polyester
110. In one embodiment, the hydroxyall?yl—terminéted polyester oligomer 90 composition is
heated under reduced pressure (i.e., pressure less than atmospheric pressure) whereupon further
condensation takes place with removal of diol by distillation, producing a composition
comprising an intermediate molecular Wéight polyester 110. Temperatures in the range of about
180-275°C and pressures in the range of about 5-625 torr are typically employed in this heating
step (STEP 100). |

[0031] In one embodiment, the one or more solvents are employed for removal of by-product
diol by distillation, where the by—producf diol should be removed before cyclization takes place.
The distillation may be, for example, azeotropic distillation. Alternatively, distills or co-distills
of the by-product diol may distill off at a temperature below the boiling point of the solvent.
Preferably, the boiling point of the selected solvent is higher then the boiling point of the diol
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that is being removed. Thus, energy- and equipment-intensive methods such as, for example,
melt reaction, necessitated by the high melt viscosity of the product are replaced by a simple
distillation. The added solvent reduces the viscosity of the macrocyclic polyester product, which
enables less costly equipment, which is capable ofitransporting low viscosity product to be

employed in this process.

[0032] In some embodiments, during the first heating step (STEP 100) a second catalyst is
added to the composition comprising hydroxyalkyl-terminated polyester oligomer 90. One or
more of the above-described catalysts may be employed. In one embodiment, the second catalyst
that is added in the heating step (STEP 100) is identical to the first catalyst 18 that was
introduced in the prior step (STEP 80). The second catalyst may be added, for example, to speed

the rate of reaction or to replenish inactivated catalyst.

[0033] In another embodiment, the first heating step (STEP 100) is accomplished in multiple
stages. For example, first and second stages may be employed. In an exemplary embodiment,
the first stage includes heating at a temperatiite BAWASH about 175°C and about 200°C and a
reduced pressure of between about 550 torr and about 625 torr. Thereafter, the second stage
includes heating at an increased tempera_fure between about 225°C and about 275°C and a

decreased reduced pressure of between a;bout 5 torr and about 15 torr.

[0034]  In yet another embodiment, the heating step (STEP 100) is conducted until
polymerization is about 95-98% complete, e.g., as estimated by the proportion of diol (i.e., the
first compound 10) removed by distillatibn. In one embodiment, aliphatic diol is removed via
distillation. In the first heating step (STEP 100), it is not necessary to remove all traces of diol,
as any remaining diol is efficiently removed in the second heating step (STEP 120) as described
hereinafter. The product of the first heating step (STEP 100) is a composition comprising
intermediate molecular weight polyester 110.- Theintermediate molecular weight polyester 110
may be predominantly linear and in some embodimients it may contain hydroxyalkyl end groups

in minor proportion.

[0035]  Inone embodiment, the molecular weight of the intermediate molecular weight
polyester is between about 20,000 Daltops and about 70,000 Daltons. In another embodiment,
the molecular weight of the intermediate, molecular weight polyester is between about 30,000

Daltons and about 60,000 Daltons. In yet another embodiment, the molecular weight of the
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intermediate molecular weight polyester is between about 40,000 Daltons and about 50,000

Daltons.

[0036]  The intermediate molecular weight polyester 110 is heated and a solvent 114 is added
(STEP 120) to form a composition comprising a macrocyclic oligoester 130. In one

embodiment, the second heating step (STEP 120) is employed to remove remaining hydroxyalkyl
end groups creating one or more appropriate reactive sites to cause cyclization to form
macrocyclic oligomers. The method employs a solvent 114 for three purposes: to lower the
viscosity of the mixture, to aid in the removal of by-product diol by distiallation, and to provide
high dilution conditions which promote cyqlgizatign;wfgl}‘e hydroxyalkyl end groups that were
converted to by-product diol may be recycléa Wit];_li;“tfle process by adding the by-product diol to
the first compound 10 in STEP 80. Alternatively, the by-product diol may be removed as waste.
The intermediate molecular weight polyester 110 may be heated to the reflux temperature of the

added solvent 114, for example, a temperature between about 150°C and about 200°C.

[0037] In some embodiments, a dioli i.e., a by-product diol, is produced in the second heating
step (STEP 120). The solvent 114 that 1§s employed is capable of forming a mixture with the by-
product diol, and removes the last traces of the by-product diol by distillation to afford a

macrocyclic oligoester composition 130.

[0038]  In certain embodiments, it may be desirable to add the solvent in two stages. In a first
stage, solvent is added to assist in the removal of b‘y._-product diol that results from the removal of
uncyclized end groups from linear polyesters. In the first stage, the amount of intermediate
molecular weight polyester in the mixture may increase. Also, the molecular weight of the
intermediate molecular weight polyester:may increase. In a second stage, more solvent is added
to provide dilute conditions that promoté cyclization and may increase the yield of macrocyclic

oligoesters.

[0039] Solvents that may be used may be capable of forming an azeotropic mixture with the
by-product diol to be removed, for example, with 1,4-butanediol in the case of PBT processing.
Alternative solvents may be employed so that the distills or co-distills may distill off at a

temperature below the temperature of the solvent.

[0040] In one embodiment, the solvent ‘114 §6§§iﬁ%ises a halogenated aromatic hydrocarbon,

for example, ortho-dichlorobenzene. Ortho-dichlbf?)ber;zene is particularly useful for treatment
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of PBT. In another embodiment, the solvent 114 is added in an amount to produce a mixture
containing from about 5% to about 25% solids by weight, that is, about 5-25% of linear and
cyclic polyesters. The mixture may be a solution. In yet another embodiment, the solvent 114 is
added to dilute the composition comprising interm?diate molecular weight polyester 110 to about
one tenth normal (0.1 N) concentration. Thg édd{éci »s:’(r)‘l‘{/ent 114 provides dilute conditions that
promote cyclization. By cyclizing interthediate molecular weight oligomers rather then high
molecular weight oligomers, the method avoids reaction kinetics that require large sized reactors

(i.e., second order kinetics or higher).

[0041] In some embodiments, the ACyclization yield is generally dependent upon the dilution
of macrocyclic oligoester. More dilute conditions typically provide a higher yield of cyclics in
the composition comprising macrocyclié oligoesters 130. Table 1 illustrates the relationship
between dilution conditions, i.e., the molar concentration of macrocyclic oligoesters based on a
monomer molecular weight of 220 Dalt(;ns PBT where a terephthalic acid derivative solvent is
employed, and yield (see e.g. Table 1). In Table 1, the percentage yield of macrocyclic oligoester
was analytically determined using HPLC arialysis:',‘%fs‘v's'iir'ning a molecular weight of 220 Daltons.
Suitable HPLC equipment is available from I—Iewie_tt Packard (Palo Alto, CA).

' (TABLE 1)
Experiment Number Molar Concentration Percentage Yield

| M) ()

1 l‘ 0.049 72

2 - 0.06 65.6

3 0.076 . 66.6

4 ’ 0.‘.091 ! - 54.1

5 i 0.125 42.7

6 - 0.195 27.9
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[0042]  In some embodiments, a third catalyst is added in the second heating step (STEP 120)
to the composition comprising intermedliate molecular weight polyester. The catalyst may be any
compound catalytically effective for depolymerization of a linear polyester to macrocyclic
oligomer species. Also useful are catalysts effective for polymerization of macrocyclic
oligomers to linear polyesters, since this reaction is the reverse of the depolymerization reaction
and employs the same catalysts with chahges in other conditions such as dilution. Numerous
compounds with such activity are known in the art, for example, the titanium and tin compounds
described in U.S. Patent Nos. 5,407,984; 5,668,186; 5,389,719; 5,466,744; 5,527,976; 5,648,454;
5,661,214; and 5,710,086.

[0043] Among the compounds active as depolymerization catalysts, as noted in the
aforementioned U.S. Patent No. 5,466,744, are the tetraalkyl titanates employed in contacting
step (STEP 80) and the first heating steﬁ (STEP 100) of the present invention. Thus, it may be
possible to conduct the second heating step (STEP 120) without addition of further catalyst. It is
sometimes advisable to replenish the catalyst, however, since some loss of activity may occur in
the prior steps (STEP 80 and STEP 100). Whether or not catalyst replenishment is necessary can
be determined by monitoring the rate of the reaction. For example, in some embodiments,
catalyst is added in the first step (STEP 80) and additional catalyst is added in the second heating
step (STEP 120), upon reduction of the feaction rate.

[0044] The amount of catalyst, if any, added in the second heating step (STEP 120) may be
identical or similar to the quantity of catalyst introduced in the first step (STEP 80). In an
exemplary embodiment, the type of catalyst that is added in the second heating step (STEP 120)
is the same as the type of catalyst that isiadded in the first step (STEP 80). In another
embodiment, the type of catalyst added in the second heating step (STEP 120) is different then
the type of catalyst that was added in the first step (STEP 80).

[0045]  Upon completion of the seco;ld heating step (STEP 120), the composition comprising
a macrocyclic oligoester is formed. In one embodiment, water is added during the second
solvent removal. In another embodiment, water is added after the second heating step. The
quantity of water that may be added may be the molar equivalent of the total catalyst used. For
example, where a total of 10 mmol of catalyst haye been used in the process (STEP 80, STEP

'
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100, and STEP 120) then 10 mmol of water may be added upon completion of STEP 120 to

quench the reaction mixture and terminate the reaction.

[0046] In yet another embodiment, an additional step (STEP 140) is conducted to separate
macrocyclic oligoesters from the composition comprising macrocyclic oligoesters. In some
embodiments, the composition comprising macrocyclic oligoesters includes macrocyclic
oligomers and linear oligomers. In somé embodiments, linear polyester is separated from the
composition comprising macrocyclic oligester resulting in a material in which the principal
constituents are macrocyclic oligoester, normally a mixture of oligoesters of varying degrees of

polymerization where those between about 2 and about 7 are present in greatest proportion.

[0047] Separation methods employed in the separating step (STEP 140) to remove the linear
polyester may be selected from such operations known in the art as filtration, filtration at a
reduced temperature, and adsorption. F or example, the mixture may be cooled and filtered to
remove linears. The filtrate may then bé subjected to adsorption using alumina to remove final
traces of linears, alternatively, adsorptiop may bc';:‘e ggggl}}plished u§ing column chromatography
with silica to remove final traces of linears. After the final traces of linears are removed, the
macrocyclic oligoesters may be isolated by precipi£ation with a non-solvent, typically an aliphatic

hydrocarbon, and preferably a Ce.1p hydrocarbon such as heptane.

[0048] In one exemplary embodiment, a method for preparing\a macrocyclic oligoester
composition includes conducting a reaction between at least one aliphatic diol and at least one
aromatic dicarboxylic acid or alkyl ester:thereof as reactants in the presence of a catalyst, to
produce a hydroxyalkyl-terminated polyéster oligomer composition (STEP 80). The method
includes heating the hydroxyalkyl-terminated polyester oligomer under reduced pressure to distill
off aliphatic diol, thereby producing a intermediate molecular weight polyester (STEP 100). The
method includes heating the intermediate molecula}{r weight polyester in the presence of a catalyst
and a solvent that is capable of forming a m1xturew1th1the aliphatic diol. The last traces of the
aliphatic diol are removed by distillation to afford a composition comprising a macrocyclic
oligoester (STEP 120). The method includes removing linear polyester from the macrocyclic

oligomer-enriched polyester compositioﬁ (STEP 140).

[0049] In one embodiment, the reactants in the reaction (STEP 80) are ethylene glycol and/or
1,4-butanediol and dimethyl terephthalate, where these reactants yield a PBT/PET co-polymer.
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In another embodiment, 1,4-butanediol is reacted With dimethyl terephthalate to yield a PBT
homopolymer. In another embodiment, the catalyst 18 is a titanate ester. In another
embodiment, the titanate ester is tetraisc;propyl titanate. In another embodiment, the temperature
of the reaction (STEP 80) is one at which displaced methanol is removed by distillation. In
another embodiment, the temperature of the reaction step (STEP 80) is in the range of about 140-
200°C.

[0050]  In one embodiment, the solvent employed in the second heating step (STEP 120) is a
halogenated aromatic hydrocarbon. In another embodiment, the solvent is orotho-
dichlorobenzene. In one embodiment, the catalyst employed in the reaction (STEP 80) is also
active in the second heating step (STEP 120)’.' In i‘aﬁdfher embodiment, additional catalyst is
added in the second heating step (STEP 120). In aﬁother embodiment, the amount of solvent
employed is an amount to produce a solution containing about 5-25% solids by weight. In
another embodiment, the method includes a quenching operation following the second heating
step (STEP 120). In one embodiment, tﬁe separation step (STEP 140) includes filtration or

adsorption.

[0051] Referring to FIG. 2, in another aspect of the invention, a method for preparing a
macrocyclic oligoester composition includes providing an intermediate molecular weight
polyester, providing a solvent and a cataiyst (STEP 210). In some embodiments, a composition
comprising intermediate molecular weight polyester is provided. As described above, in one
embodiment, the intermediate molecular weight polyester has a molecular weight between about
20,000 Daltons and about 70,000 Daltons. A solvqpt 214 and a catalyst 218 are added.

[0052] The intermediate molecular weight polyester, solvent 214, and catalyst 218 are heated
(STEP 220) to produce a composition cdmprising a macrocyclic oligoester 230. In this step
(STEP 220), as described above in relation to the second heating step of FIG. 1 (STEP 120), the
added solvent 214 aids in the removal of by-product diol by distiallation, provides high dilution

conditions which promote cyclization, and lower the viscosity of the mixture.

[0053]  In certain embodiments, it may be desirable to add the solvent 214 in two stages. Ina
first stage, solvent is added to assist in the removal of by-product diol that results from the
removal of uncyclized end groups from linear polyesters. In the first stage, the amount of

RN

intermediate molecular weight polyester in the mixture may increase. Also, the molecular weight



10

15

20

25

30

WO 02/18476 PCT/US01/27332

-16 -

of the intermediate molecular weight polyester may increase. In a second stage, more solvent is
added to provide dilute conditions that promote cyclization and may increase the yield of

macrocyclic oligoesters.

[0054]  The by-product diol may be recycled within the process by contacting the by-product
diol to the second compound 14 in (STEP 86). Aiférnatively the by-product diol may be
removed as waste. The by-product diol may be, for example, 1,4-butane diol. The catalyst 218
that is employed affects the rate of reaction. The type and quantity of catalyst 218 that may be
employed may be the type and quantity ?f catalyst 18 that is described above with regard to
FIG. 1.

{

[0055] Similarly, the type and quantity of solvent 214 that may be employed in this
embodiment (STEP 220) is the same as }che type and quantity of solvent 114 that is described
above in the second heating step of FIG. 1 (STEP 120). For example, the solvent 214 may be
added in an amount to produce a solutio'gl containing from about 5% to about 25% solids by
weight. The solvent 214 that may be added may include, for example, 1,4-butanediol, a
halogenated aromatic hydrocarbon, or a halogenate:d aromatic hydrocarbon comprising ortho-
dichlorobenzene. The intermediate molecular weight polyester may be heated to a temperature
between about 150°C and about 200°C. r M

[0056] In one embodiment, the method is complete v(zhen the composition comprising
macrocyclic oligoester 230 is formed, which is upon completion of the heating step (STEP 220).
In another embodiment, water is added a}fter the heating step to quench the reaction mixture and
terminate the reaction prior to solvent removal. The quantity of water that may be added may be
the molar equivalent of the total catalyst used. For example, where a total of 10 mmol of catalyst
have been used in the process (STEP 210 and STEP 220) then 10 mmol of water may be added

upon completion of (STEP 220) to quenéh the reaction mixture and terminate the reaction.

[0057] In yet another embodiment, a séﬁé{ratigﬁ'*éféﬁ (STEP 2110) may be employed to
separate macrocyclic oligoesters from the compoéiﬁon comprising macrocyclic oligoesters 230.
In some embodiments, linear polyester is separated from the composition comprising
macrocyclic oligester 230 to leave a material in which the principal constituents are macrocyclic
oligoester, normally a mixture of oligoesters of varying degrees of polymerization where those

between about 2 and about 7 are present in greatest proportion. Separation methods employed in
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the separation step to remove the linear polyester nﬁey be selected from such operations known in

the art as filtration, filtration at a reduced temperature, and adsorption.

[0058]  The invention is illustrated further by the following non-limiting examples. In the
examples, each of the steps of FIG. 1 (STEPS 80, 100, 120, and 140) is described in a separate

example. Frequently, however, these stéps can and will be performed as a single sequence.
EXAMPLE 1

[0059]  Asanexample of STEP 80, a 3-necked flask fitted with a stirrer, thermometer and
vacuum-jacketed Vigreux distillation column, charged with 100 g (515 mmol) of dimethyl
terephthalate, 72.21 g (802 mmol) of 1 4-butaned101 aid 7.1 g (25 mmol) of isopropyl titanate.
Vigreux distillation column obtained from Ace Gla}ss, Incorporated (Vineland, NJ). The

resulting mixture was heated over 90 minutes to 175°C, with stirring, as methanol was removed
by distillation. At the end of this penod some 1,4-butanediol was also removed. The product
was the desired 4-hydroxybuty1—term1nated PBT oligomer composition as analytically determined
by HPLC. The analysis employed a Hewlett Packard HPLC, Model 1110 (Palo Alto, CA)
equipped with a diode array detector set'sat 254 nM, a Zorbax C-8 reverse phase column

maintained at 40°C with a solvent gradient of acetonitrile and water.
EXAMPLE 2

[0060]  As an example of STEP 100, the pressure in the flask of Example 1 was reduced to
600 torr and distillation was continued at 195°C for 60 mmutes The pressure was reduced
further as distillation of 1,4-butanediol Was contmued at 215°C/150 torr for 45 min, 230°C/40
torr for 40 min and 240°C/10 torr for 40 min. The flask was cooled to 180°C and returned to
atmospheric pressure, yielding a PBT of intermediate molecular weight of about 20,000 Daltons
weighing 113 grams. The molecular weight of the intermediate molecular weight PBT is
determined by gel permeation chromatography (GPC) relative to polystyrene standards using an
ﬁewleﬁ Packard HPLC, Model 1050 (Palo Alto, CA). The HPLC is equipped with a fixed
wavelength detector set at 254 nM, two linear Phenogel GPC columns where each column
measures 300 mm x 7.8 mm and the Phenogel has a 5 micron particle size and maintained at a
temperature of 40°C. The solvent, chloroform (CHCI3) is passed through the GPC columns at a
rate of 1.0mL/min. : ” e
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EXAMPLE 3

[0061]  As an example of STEP 120 or STEP 220, ortho-dichlorobenzene (0-DCB), 1,300 m,
was added to the flask of Example 3 to produce a solution with 10% solids concentration.
Heating under reflux was begun and 0-DCB was removed by distillation. Samples of the product
were periodically removed and their average molecular weight were determined as described
above, by GPC relative to polystyrene standards using an Hewlett Packard HPLC, Model 1050
(Palo Alto, CA), and when the molecular weight value reached 100,000 Daltons, an additional
6.84 liters of 0-DCB was added and hea%ing under reflux was resumed for 1.5 hrs. The reaction
was then quenched by the addition of 2 ml of water and 70% of the 0-DCB was removed with
1,4-butanediol by azeotropic distillation, yielding a PBT composition enriched in macrocyclic
oligomer content as analytically determined according to the above described methods by HPLC
employing a Hewlett Packard HPLC, Model 1110 (Palo Alto, CA).

EXAMPLE 4

[0062] As an example of STEP 140 \'or STEP 240, the composition of Example 3 was cooled
to 70°C and insoluble linear polyester was removed by filtration using a Buchner funnel under
vacuum conditions. The filtrate was passed through an alumina column to remove additional
linears including residual end groups; combined linears could be recycled for conversion to
cyclics or conversion by depolymerizatié)n to dimethyl terephthalate. Suitable alumina is alumina
with Brockman Activity Grade I available from Whatman (Clifton, NJ) that is packed into a

standard laboratory column.

[0063]  Further concentration to 50% solids was,effected by 0-DCB stripping which was
determined effected when a quantity of 0o-DCB was condensed off of the process. Heptane was
introduced in a threefold volume amount, resulting in the precipitation of the desired macrocyclic
PBT oligomer mixture, which was removed by filtration and dried in vacuum. The macrocyclic

PBT could be polymerized by contact with a stannoxane catalyst at 190°C.

[0064] In the following example, the steps (STEPS 210 and 220) of FIG. 2 are described.
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EXAMPLE 5

[0065] As an example of STEP 210,‘2. 15 grams of PBT of intermediate molecular weight,
42,000 Daltons, is provided. The molecular weight of the intermediate molecular weight PBT
was determined by gel permeation chrorilato graphy (GPC) relative to polystyrene standards
according to the above described methods employing a Hewlett Packard HPLC, Model 1050.

143 grams of the solvent 0-DCB was added to the 2.15 grams of intermediate molecular weight
PBT. This stirred reaction mixture was heated to reflux, where 15 grams of 0-DCB was removed
by azeotropic distillation to complete the drying ofithe 0.1 Molar mixture of PBT and 0-DCB and
to form a dry solution. Then 0.49 mmole of organo titanate catalyst was added to the dry

solution.

[0066]  In STEP 220, the PBT catal};st and dry solution was heated at reflux for a period of
30 min. to produce a macrocyclic oligoeéter. The production of macrocyclic oligoester was
confirmed when HPLC analysis assuming a molecular weight of 220 Daltons demonstrated that
macrocyclic oligoester in the form of an ’l‘oligomeric cyclic array was present at a concentration of
9.3 g/L, which is a 48% yield. The analysis employed the above-described Hewlett Packard
HPLC, Model 1110.

[0067] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregding embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes Whichl come within the meaning and range of equivalency of the

claims are intended to be embraced therein.

[0068] Each of the patent documents and scientific publications disclosed hereinabove is

incorporated by reference herein.

e
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CLAIMS
What is claimed is:
1. A method for preparing a macrocyclic oligoester comprising the steps of:

() contacting a first compound having a structural formula:
HO-R-OH (I)
wherein
R is an alkylene, a cycloalkylene, or a mono- or a polyoxyalkylene
group; |
with a second compound haviﬁg a structural formula:
BOOC-A-COOB (II)
wherein
A is a divalent aromatic group or an alicyclic group, and
B is hydrogen or an alkyl group;
in the presence of a first catalyst to produce a composition comprising a hydroxyalkyl-
terminated polyester oligomer;

(b) heating the composition compri;ing the hydroxyalkyl-terminated polyester oligomer
at a reduced pressure to produce a composition comprising an intermediate molecular weight
polyester; and

(c) heating the composition comprising the intermediate molecular weight polyester in the
presence of a solvent to produce a composition comprising a macrocyclic oligoester.

2. The method of claim 1 wherein R is ethylene, tetramethylene, or a mixture thereof.
3. The method of claim 1 wherein the mono- or polyoxyalkylene group comprises between 2

and 8 carbon atoms.

4. The method of claim 1 wherein the alicyclic group is a para-linked aromatic group.

5. The method of claim 4 wherein the para-linked aromatic group is a para-linked benzene
group. 4

6. The method of claim 1 wherein the first catalyst comprises a tin compound or a titanate
compound. : v

7. The method of claim 6 wherein the tin compound comprises a compound selected from

the group consisting of: (a) monoalkyltin(IV) hydroxide oxide, (b) monoalkyltin(TV) chloride
dihydroxide, (c) dialkyltin(IV) oxide, (d) bistrialkyltin(TV) oxide, (¢) monoalkyltin(TV)
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trisalkoxide, (f) dialkyltin(TV) dialkoxide, (g) tr1alkylt1n(IV) alkoxide, (h) a tin compound having

the formula:
(Im)
R, O\ R;
\‘ Ta H,C /Sn
Ri / Rz /O—'Sln——O O R3
S CH
/\ T
R;
and
(i) a tin compound having the formula:
1v)
wherein: 1
R, is a Cy4 primary alkyl group, and
Rj is Cy.y9 alkyl group.
8. The method of claim 6 wherein the titanate compound comprises a compound selected

from the group consisting of: (a) tetraisopropyl titanate, (b) isopropyl titanate, (c) tetraalkyl

titanate, (d) titanate tetraalkoxide, () a titanate coimpound having the formula:

wherein:

V)

221 -
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each Ry is independently an alkyl group, or the two R4 groups taken together form a

divalent aliphatic hydrocarbon group;
Rs is a Cy.19 divalent or trivalent aliphatic hydrocarbon group;
R¢ is a methylene or ethylene group; and
nisOorl,

(f) a titanate ester compound having at least one moiety of the formula:

(VD
o/
e

A

each R is independently a C,3 alkylene group;
ZisOorN;
Rg is a C1.¢ alkyl group or unsubstituted or substituted phenyl group;

wherein:

provided when Z is O, m=n=0, and when Z is N, £n=0 orlandmtn=1,

and
(g) a titanate ester compound having at least one moiety of the formula:

(VI
\/ ok /
/’:\O_Rg_o/ \

each Ry is independently a C,.¢ alkylene group;

wherein:

andqisOorl.

The method of claim 1 wherein the molar ratio of the first compound to the second

compound is between about 1.05:1 and about L.5:1.

10.

The method of claim 1 wherein the first catalyst is present in an amount from about 1

mole percent to about 5 mole percent of the first compound.

11.

The method of claim 1 wherein step (a) further comprises contacting the first compound

and the second compound at a temperature between about 140°C and about 200°C.

PCT/US01/27332
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12. " The method of claim 1 wherein step (b) further comprises adding a second catalyst to the
composition comprising the hydroxyalkyl-terminated polyester oligomer.

13. The method of claim 12 wherein the first catalyst and the second catalyst are identical.
14, The method of claim 1 wherein step (b) comprises heating at reduced temperature
between about 180°C and about 275°C.

15. The method of claim 1 wherein step (b) comprises heating at a reduced pressure between
about 5 torr and about 625 torr.

16.  The method of claim 1 wherein the step (b) comprises a first stage and a second stage.
17.  The method of claim 16 wherein the first stage comprises heating at a temperature
between about 175°C and about 200°C and a reduced pressure of between about 550 torr and
about 625 torr, and the second stage comprises heating at a temperature between about 225°C and
about 275°C and a reduced pressure of between about 5 torr and about 15 torr.

18. The method of claim 1 wherein the product:of'step (b) has a percentage yield between
about 95% and about 98%. o

19.  The method of claim 1 wherein the molecular weight of the intermediate molecular
weight polyester is between about 20,000 Daltons and about 70,000 Daltons.

20.  The method of claim 1 wherein the molecular weight of the intermediate molecular
weight polyester is between about 30,000 Daltons and about 60,000 Daltons.

21.  The method of claim 1 wherein the molecular weight of the intermediate molecular
weight polyester is between about 40,000 Daltons and about 50,000 Daltons.

22.  The method of claim 1 wherein step (c) comprises heating at a temperature between about
150°C and about 200°C.

23.  The method of claim 1 wherein step (c) comprises adding a third catalyst to the
composition comprising the intermediate nivleculdt Wweéight polyester.

24.  The method of claim 23 wherein the first catalyst and the third catalyst are identical.

25.  The method of claim 1 wherein a diol is produced in step (c), and wherein the solvent is
capable of forming an azeotrope with thé diol.

26.  The method of claim 25 wherein‘the solvent comprises a halogenated aromatic
hydrocarbon. ’ _

27.  The method of claim 26 wherein'the halogenated aromatic hydrocarbon is ortho-
dichlorobenzene. .

28.  The method of claim 1 wherein stép (c) comprises adding the solvent in an amount to

produce a mixture containing from about 5% to about 25% solids by weight.
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29.  The method of claim 1 wherein the method further comprises adding water to the
composition comprising the macrocyclic oligoester.
30.  The method of claim 1 further comprising the step of:
(d) separating the macrocyclic oligoester from the composition comprising the
macrocyclic oligoester.
31.  The method of claim 30 whereiﬂ step (d) comprises separating the macrocyclic oligoester
by filtering. ' '
32.  The method of claim 31 wherein step (d) ,pol_mprjses separating the macrocyclic oligoester
by filtering at a reduced temperature. ‘
33.  The method of claim 30 wherein step (d) cdmprises separating the macrocyclic oligoester
by adsorption.
34. A method for preparing a macroéyclic oligoester comprising the steps of:
(2) providing a composition comprising an intermediate molecular weight polyester; and
(b) heating the composition comprising the intermediate molecular weight polyester in
the presence of a catalyst and a solvent to produce a composition comprising the macrocyclic
oligoester. ‘
35. . The method of claim 34 further comprising the step of:
(c) separating the macrocyclic oligoester from the composition comprising the
macrocyclic oligoester. R
36.  The method of claim 34 wherein the molecular weight of the intermediate molecular
weight polyester is between about 20,000 Daltons and about 70,000 Daltons.
37. The method of claim 34 Wherein: step (b) comprises heating at a temperature between
about 150°C and about 200°C.
38.  The method of claim 34 wherein‘a diol is produced in step (b), and wherein the solvent is
capable of forming an azeotrope with thé diol.
39.  The method of claim 34 wherein the solvent comprises a halogenated aromatic
hydrocarbon. u
40.  The method of claim 34 wherein step (b) comprises adding the solvent in an amount to

produce a mixture containing from about 5% to about 25% solids by weight.

41.  The method of claim 34 wherein the catalyst comprises a tin compound or a titanate
compound. ' a
42.  The method of claim 41 Whereir;fthe tin compound comprises a compound selected from

the group consisting of: (a) monoalkyltin(IV) hydroxide oxide, (b) monoalkyltin(IV) chloride
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dihydroxide, (c) dialkyltin(IV) oxide, (d) bistrialkyltin(IV) oxide, (¢) monoalkyltin(IV)
trisalkoxide, (f) dialkyltin(IV) dialkoxide, (g) trialkyltin(IV) alkoxide, (h) a tin compound having

the formula;

()
R, R3
K
R R, o—s—d O R
\/ /]
Sn CH, R,

R;

and
(1) a tin compound having the formula:
Iv)

_\/_O\
/\ ANIAN

wherein: ‘
R; is a Cy4 primary alkyl group, :‘and
Rj3 is Cy.19 alkyl group.
43.  The method of claim 41 wherein the titanate compound comprises a compound selected
from the group consisting of: (a) tetraisopropyl titanate, (b) isopropyl titanate, (c) tetraalkyl

titanate, (d) titanate tetraalkoxide, () a titanate compound having the formula:

Ma/ N
w\ /

wherein:
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each Ry is independently an alkyl group, or the two R4 groups taken together form a
divalent aliphatic hydrocarbon group;
Rs is a Cy.1p divalent or trivalent aliphatic hydrocarbon group;
Rg is a methylene or ethylene group; and
nisOorl,
(f) a titanate ester compound having at least one moiety of the formula:
(VD) |

-
S 6\
e

A 0
each Ry is independently a C,.3 alkylene group;

ZisOorN;
Rg is a Cy.¢ alkyl group or unsubstituted or substituted phenyl group;

wherein:

provided when Z is O, m=n=0, and when Z isN, m=0 or 1 and m+n =1,

and
(g) a titanate ester compound having at least one moiety of the formula:

(V)
\T/O_(Rg_o ET1/
/No—z—d \

each Ry is independently a Cy.¢ alkylene group;

wherein:

and qis O or 1.
44. A method for preparing a macrocyclic oligoester comprising the steps of:
(a) contacting a first compound having a structural formula:
HO-R-OH ()

wherein

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

group;
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with a second compound having a structural formula:

BOOC-A-COOB (1)

wherein

A is a divalent aromatic group or an alicyclic group, and

B is hydrogen or an alkyl group;
in the presence of a catalyst comprising a titanate compound at a temperature between
about 140°C and about 200°C to produce a composition comprising a hydroxyalkyl-
terminated polyester oligomer;

(b) heating the composition comprising the hydroxyalkyl-terminated polyester oligomer
at a temperature between about 180°C and about 275°C and at a pressure between about 5 torr
and about 625 torr to produce a composition comprising an intermediate molecular weight
polyester, wherein the molecular weight of the intermediate molecular weight polyester is
between about 20,000 Daltons and about 70,000 Daltons;

(c) heating the composition comprising the intermediate molecular weight polyester at a
temperature between about 150°C and about 200°C in the presence of a solvent to produce a
composition comprising a macrocyclic oligoester and a diol, wherein the solvent is capable of
forming an azeotrope with the diol; and = . o

(d) separating the macrocyclic oligoester from the composition comprising the

macrocyclic oligoester.
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