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Background of the Invention PROCESS FOR PREPARINGAesters ?' as

ol yors. They have many 10 WAGRGEYGEIC  HOFYESTER, RIS LG T

t oughness, high gl oss and sol ve@LIGOMERSe. Linear polyesters are
conventional |y prepared by the reaction of a diol with a functi onal
derivative of a dicarboxylic acid, typically a diacid halide or ester.

Further, the abqrjeidestthécthventiow©! Yesters may be fabricated into
articles by a nunber of well knomm 15 techni-ques including injection and
Do, X1 e 2" ey eatss Al SEBReeY B nolBBeCLc ©
uni que propert i a@nacrocyclidpolyesteroligoaverst tMoret particalariypthe invention igol yner
conposites. Suchyean [ el t eSSt o f t _
macrocyclic pol @e‘?setcéerd g¢8§ 5’@??5%@?@’%@%‘?@;%@%%&% @gg,ggl | owi ng them
to i npregnat® a oligomersriyesubjseiing pplyestaringesss tg organic iseivants hayingn

macrocyclic orﬁah&!ﬁﬁbﬁfal t5 PRE8St thBtdinand pol ynerize at tenperatures
wel | bel ow the nelting point of the resulting polyner. Thus, nelt
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Linear polyesters such as poly(alkylene terephthalates)
are well known commercially available polymers. They have many
10 valuable characteristics including strength, toughness, high gloss and
solvent resistance. Linear polyesters are cbnventionally prepared by
the reaction of a diol with a functional derivative of a dicarboxylic acid,
typically a diacid halide or ester. Further, the above-described
_ polyesters may be fabricated into articles by a number of well known
15 techniques including injection and roto molding and extrusion.

: In recent years, macrocyclic polyester oligomers have -
been developed and desired since they have unique properties
-which make them attractive as matrices for polymer composites. Such -
desired properties stem from the fact that macrocyclic polyester

20 oligomers exhibit low viscosities, allowing them to impregnate a
dense fibrous preform easily. Furthermore, such macrocyclic
polyester oligomers meit and polymerize at temperatures well below

~ the melting point of the resulting polymer. Thus, melt flow,
polymerization and crystallization can occur isothermalily and,

25 therefore, the time and expense required to thérmally cycle a tool is
favorably reduced.

Previously known methods for producing macrocyclic
polyester oligomers typically employ amine catalysts and corrosive .
acid halides such as terephthaloyl chloride. Such methods are often



Previ ously known net hods for prdducing macrocyclic pol yester oligoners

t'ypi cally enpl oy ami ne catal ysts and corrosive acid halides such as
t erepht hal oyl chloride. Such nmethods are often undesi rabl e
since they require environnmentally unfriendly halides and expensive
recyéling steps associated with the formation of bypr oduct am ne
sal ts. . The instant inv@ntion, therefore, is directed to-
a novel 5 process for producing nacrocyclic polyester oligoners, wherein
t he met hod ucidegitablessinbe thaye requiires ahyiearimergafly lunéidredly Ihatides s t o
organic SO - | ' ' Wels i n.

" Description of t Egﬁ%fpoé}éﬂdsl%&élﬂ@%bg éé%h&aYé& é’“ﬁr@%i@ﬁ%@ﬁa prepari ng

pol yesters have bygrodm(amise@ama in the art. In commonly assigned U.S.
Patent 5, 039, 783, rmacrocyclfyg instantirﬂ@nﬁﬁﬁ}ﬁ\'éﬁgbié!gérﬁfréc@mopéﬁB@éPd via
t he condensatjon of diols wth, racl d chlorirdes I n.the presence of
non- st eri cal 1% hPFRRSSJI05 Rreducing macsaeyaligpolyester oligomers, wherein the

Additional Iy, i netAEamsrsdsane étdp S shbjeetitg pblyestbr iAarHib omas hod I or
converting linear Fol e_Et ers to brtanche cg olréesters I s descri bed.
In said method, 38"?{%? gyiag erganotin F%'F&ﬂ‘ﬁ ER 9‘? Monbined with a

m xture of phenol and tetrachl oroet hane and a branchi ng conponent in

" order to pr oduce Description 0f thefriorArdte bl end. The solid particul ate
bl end is subsequently 20 heated in the presence of an inert gas in order

to produce the desired Pr hy Féﬁé?‘ I hav n discl Still
ot her i nvest i(gatprﬁJ have focﬂés%‘%ggnsﬁﬁe r ?%%ters a egfeepoqil%g?_%?s. I n

pr oduct
commonl y asdi®nelh thexan, i eammonly assigned W r%&?em 5,039,783, macrapycic s, a
net hod for produpbly@stdreslioniers dré ppeparedtva thd coh@éngation sfediels Wel and t he

b ecur sors to- i nPlc ShBMRs if o Presetite of nppsFedcafy hinderéd aifing ' O™
catalysts.
Additionally, in commonly assigned U.S. Patent
15 4,132,707, a method for converting linear polyesters to branched
copolyesters is described. In said method, poly(alkylene
terephthalate) is combined with a mixture of phenol and
tetrachioroethane and a branching component in order to produce a
solid particulate blend. The solid particulate blend is subsequently
20 heated in the presence of an inert gas in order to produce the desired
branched copolyester. :
Still other investigators have focused on the production
of polyesters. In commonly assigned U.S. patent application Serial
No. 08/181,944, a method for producing the'rmoplastic polyester
25 foams is described and the method comprises the step of subjecting
macrocyclic ester oligomer precursors to initiators and blowing
agents.
Finally, in commonly assigned U.S. Patent Application
07/702,577, a method is disclosed for producing linear polyesters
30 from macrocyclic polyester oligomers with a tin containing catalyst.
The instantly claimed invention is patentably
distinguishable from the above-described since, among other
reasons, it is directed to a novel process for producing macrocyclic



Finally, in commonly assigned U. S. Patent Applicati on 07/ 702,577, a
‘met hod i s disclosed for producing |linear polyesters 30 from nmacrocyclic

pol yester oligonmers with a tin containing catalyst. The
instantly claimed invention is patentably di stingui shable fromthe
‘aboveé- descri bed since, anong other reasons, it is directed to a novel
process for produci ng macrocyclic -3- _

- 3- pol yester oligomers by subjecting polyester linears to organic
sol vent s havi ng psiygester oligaress by subjecting polyestercinears to orgardarmary of t he
I nventi on solvents having or ahBfin 'c!&?élgé'i% orB¥érithgreihS directed to a novel
process for 5 produci ng“nmacCrocycl 1 c polyester oligoners. The novel

process C ri ses the. st of .heating a m xture of:

(a) pol yester | %rggry °q the ?quntlon (b) organic solvents; and
(c) tin catalysts. 10 Mor eover, the instant invention unexpectedly
results in the conversion The instart im@ntiontis directezhiosa novelgmocess forc

Poadt about SavpyvaviRathecEzéic potvesBEBoomBr. )R afisto0, )i Gl

and it does not comprises thastep of beéating a mixturea®f: and corrosive acid halides

I ncl udi ng terephthal oyl ct ' tail ed Description of the
Preferred Enbodi nments '(h?bb@%sterjiﬁearé?el n the instant invention,

pol yester linears are defi(Rbarganic solvents;i@ggdners and pol yners and they have
the formla (c) tin catalysts. [err]

10  Moreover, the instant invention unexpectedly results in the conversion
of polyester linears to macrocyclic polyester oligomers in at least
about 50% yield and preferably at least about 75% yield and most
preferably at least about 90% yield, and it does not require the use of
amines and corrosive acid halides including terephthaloy! chioride.

15 Detailed Description of the Preferred Embodiments

In the instant invention, polyester linears are defined as
oligomers and polymers and they have the formula

O—'(CHg)r-n O-E-A-E]—- )

wherein m is 2 to 10 and preferably 2 to 4 and n is 20 to 500 and

20 preferably 50 to 300 and most preferably 100 to 200 and A is a mono-
or polycyclic divalent aromatic radical and preferably a 1,3- or 1,4-
divalent aromatic radical and most preferably a 1,4-divalent aromatic
radical when A is monocyclic. Additionally, when A is a polycyclic
divalent aromatic radical, it is preferably a 1,4-, 1,5- or 2,6-

25 naphthylenic radical. Moreover, said polyester linears may have
branched side chains.



wherein mis 2 to 10 and preferably 2 to 4 and nis 20 to 500 and 20
preferably 50 to 300 and nost preferably 100 to 200 and A is a nono-

or polycyclic divalent aromatic radical and preferably a 1,3- or 1, 4-

di val ent aromatic radical and nost preferably a 1, 4-divalent aromatic
Yadi cal when A is nonocyclic. Additionally, when A is a polycyclic
divalent aromatic radical, it is preferabfy a 1,4-, 1,5- or 2,6- 25
napht hyl eni ¢ radi cal. Mreover, said polyester linears nay have

branched si de chai ns. The polyester linears employed in the instant invention -4 -

The pol yester | hng¥fescABBY AbBe dtet SS:H(?!%?% didh‘fﬁ?iﬁ&l‘&s) andot]yBlE&IIS’esc” bed

above are poly(a | ene, di car hoxyl at n I cal | the"famly
consi sting of pB* @?eém'ymaﬂ?m&féﬂx 8f’§t@¥g‘§ﬁereph¥ha'?’§§[ﬁﬂ hal ates and

m xt uhr ﬁsl t her epi&obhma!at'es@nldamtumtmeseaﬂinchﬂing eopm;zéétle_\'é of and | _
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pol y(1,4-butyl clinears empioyied in te {MeBaNt iawention are polydll Pesthyleneconpr i si ng -
e one e ot STOPNERISY (PETPIS b1« AR S o} (PR, 2%
preferred pol yeeQralyestawsseemprisingdae same. Saig copolyesteys gmca"y
poryeera: " ocsimenbelods el dbGaesasy \iight PET but reoraby s fan e
Vel able A0 oot Trobbirwaitnh PET. Blieroresered polyesterears ahusd on hai i ¢
acid with a gl ymly(iz2ethylene @8-maphthaleredicatboxylaté) (REN} landsthaclikeeved by
ot Yo e “vescts o O PR ol n s g ochanor
above- nent i onedcqmampscially availahle @ @ preparedi by thenaleoholysis of assi gned
oy rof o cngg SgeRS phAICIaSE A gpEobihg Suptenen paipeatRags o 1o
in the ich is achieved by heating the resulting mixture in the presence of
an ester interchange catalyst. Other descriptions for the preparation
of the above-mentioned polyester linears may be found in commonly
assigned U.S. Patent 4,126,592, the disclosure of which is
incorporated herein by reference.
20 - The organic solvents that may be employed in the
instant invention are well known and commercially available and they
include those having a boiling point of at least about 110°C.
llustrative examples of the organic solvents that may be employed in
the instant invention include xylene, chlorobenzene, naphthalene,
25 toluene, tetramethylbenzene, methylnaphthalene, o-dichlorobenzene
and mixtures thereof.
There is no limitation with respect to the tin catalysts
which may be employed in the instant invention other than that they
are organotin compounds having at least one tin atom bonded to two
30 carbon atoms and one or two oxygen atoms.
The above-mentioned tin catalysts employed in the
instant invention include organotin compounds such as dialkyltin
catalysts inciuding dialkyltin oxides and dialkyltin alkoxides.
The dialkyltin oxides have the formula



instant invention are well known and commercially available and they
i nclude those having a boiling point of at |east about 110[err]C.
II'lustrative exanples of the organic solvents that may be enployed in
the iinstant invention include xylene, chlorobenzene; naphthal ene, 25

't ol uene, tetranethylbenzene nethylnaphthalene o- di chl or obenzene and
m xt ures thereof. "~ Ther®-s no linmtation with respect to
the tin catalysts whi ch nmay be enployed in the instant invention
other than that they are or géRlrPA=Gonpoulids having at |east one tin

atom bonded to two 30 carbon atons and one or two oxygen atoms.

The above- ment i gR@thé kﬁhlﬁﬂlﬁ'dﬂ@d)&d@@ﬁléﬂf’ G Haﬂetthé formula | Nstant invention
i ncl ude organotin conpounds such as di catal ysts including

di al kyl tin oxides and dial kyltin xi de . The
di al kyl ti n oxi des have the for rru@ e '545‘)2 , b
-5- [err] and the dlalkyltln al koxi de
cat al yst s have wherdineachaR is mdependently a Ci-10 alkyl groupeand preferablywher ei n
each Ris i degﬁﬂ? 1 but yl
groups or o?tyl FQ@S%SE%Cﬁ&Peg |s n ege(rj\} CHK &)ﬁ -10 br nched
or unbranched @ﬂ@bﬁﬂtﬂfrﬂﬂh’aﬂ hydrocasen er Qgﬁi GMQC@rfPf]thetWO oups

ol el & whor efén'wﬁg"bﬁ“wﬂmiﬁﬁ it Onssdmitsttgrshbstitutotlyd” ocar bon
radi cal s and t M%B%WWM%‘SC%%‘Y'&%(PQ‘ E’%hvﬁ@%@ﬂ {gg&aﬁ '"C'%

TABLE | olefinic radicals and the substituted tradicalst cary iriclude fused rings. -
10 TABLE |
Dialkyltin Catalysts
' CoHs CaHs
Bu, OCHCH-CH, N ocn,cu—c.ﬂ,
n
By’ OCH;CHCH, OCH¢CH-C4H,
Csz Cz s
Bu Snf:> . Oyl .Sn":>
Bu . Octyl”
Bu Me Octyl. Me
s St
Bu’ M Octyl’ '::>(M°

Y e
S n,Z}Me | .~ Oeyl .Sn,DMe
15 Bu | Et : oayl® ' Et



-6 - [err] Addi ti onal organotin conpounds which may
be 5 enployed as catalysts in the instant invention include stannoxanes
such as those having the formul a R3

[err] 10 wherein each [err] is independently a [err] al kyl group and
each R3 is I ndependently a [err] alkyg group or hydrogen and t is a

nunber from

5

10

15

Octyl

Bu, ’ - S .
Sn, cis s, cis
Bu’ Octyl
a0 D
n trans n, trans
Bu” Octyl”

Additional organotin compounds which may be
employed as catalysts in the instant invention include stannoxanes

~ such as those having the formula

and

wherein each R2 is independently a Cy.1g alkyl group and each R3 is
independently a C1-4 alkyl group or hydrogen and t is a number from

1 to 5 and preferably 3.
Still other organotin compounds which may be used as

tin catalysts in the instant invention include spiro tin compounds

having the formula



1 to 5 and preferably 3. StiII ot her organotin conpounds

Whi ch may be used as tin catalysts in the instant invention include
Spiro tin conpounds 15 having the fornula .
-7- [err] wherein each R2 and R3 are as previously defined
‘and each p is I ndependently O to 3 and Z is a tetravalent atiphatic
hydr ocar bon, a tetraval ent carbon at@m or [err] ' wher ei n

each [err] and [err] are as previously defined and each q is
i ndependently 1 to 4. I't is oftﬁg preferred that $e conpound
represented by formula Vis 3,3 tetrabutyl , 8, 10-t et raoxa- 3, 9-

di stannaspiro[ 5. 5] - undecane T al kyl tin al koxi des
catalysts enplquﬁzln t hi //// A

7 \4:;/\ WA

wherein each R2 and R3 are as previously defined and each p is
independently 0 to 3 and Z is a tetravalent aliphatic hydrocarbon a
tetravalent carbon atom or

h

R®
‘\‘/ R Rz 3\\ //

4 O-Sn—-01-C N\
\tit ) H’

wherein each R2 and R3 are as previously defined and each q is
independently 1 to 4. It is often preferred that the compound
represented by formula V is 3,3,9,9-tetrabuty!-2,4,8,10-tetraoxa-3,9-
distannaspiro[5.5])-undecane.

10 o The dialkyitin alkoxides catalysts employed in this
invention are the reaction product of, for instance, (alkyl)2SnO and
monofunctional and polyfunctional alcohols including diols, triols and
tetraols. A non-limiting illustrative list of dialkyltin catalysts is provided
for hereinbelow in Table 1.

15 The stannoxanes described above may be prepared by
reacting dialkyltin oxides with alkylene glycols under reflux
conditions. A detailed description of the preparation of the
stannaoxacycloalkanes employed in this invention may be found in J.
Bornstein et al., J. Org. Chem., 24 (1959) 886 the disclosure of which

20 is incorporated hereby by reference.



I nvention are the reaction product of, for instance, (alkyl)2SnO and

nonof uncti onal and pol yfunctional al cohols including diols, triols and
tetraols. Anon-limting illustrative list of dialkyltin catalysts is
prOV|ded for hereinbelowin Table I. 15 The stannoxanes
descri bed above may be prepared by reacting dialkyltin oxides with

al kyl ene gl ycol s under refl ux condi t-igpns. A detailed description of
the preparation of the st annaoxacycl oal kanes enployed in this

i nvention may be found in 'Fhe spnro tlBQfdmﬁtﬁjﬁdse@tIl&led mlhe@‘nﬁanﬂ?ﬁ@htloﬂ4
(1959) 886 the daﬁq) S, hcorporat ref erence.
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tin 10 conpoundeferémge.may be enployed in this invention are described in

U S. Patent application Serjal : / t I.scl.osire of which
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for producit®y meompoyadsdthabmaysheemployed il thisinventian atexdascibediim t hi s
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order to produce e desire her e
are no limtati &@Cﬂmqfat%be(ﬁmlbb‘ refarence.  anpunt of sol vent enpl oyed

~other than said amount resyg fovel b@ess for p rédﬁéﬁb%a%c?éhd)?blyé&b?r

I Ot | ut
e hanegbeﬂﬁgﬁgﬁéﬁ&wﬁﬁéf% B8 igvantian swrisiigl’ 4088 M0 rogHIfe and <

nmost pref erthl y ekiremelyhdilutelooriditiorislin\drden se pproduce respectable yields of

the desired products. There are no limitations with respect to the
amount of solvent employed other than said amount results in the
dissolution of polyester linears. Often, however, the concentration of
the resulting solution is less than about 0.30 M and preferably less

20 than about 0.20 M and most preferably less than about 0.10 M, based

" on the structural unit of the polymer.
The reaction temperatures (presence of heat) that may

be chosen in the instant invention are also not limited. Typically, any
.temperature that results in the dissolution of polyester linears in the

25 solvent may be employed. Often, however, the temperatures chosen
are from about 140°C to about 240°C but preferably from about 180°C
to about 230°C and most preferably from about 190°C to about 215°C.

~ The amount of catalyst employed in the instant invention

is usually from about 1.0 to about 5.0 mole percent tin for every

30 polyester monomer unit and preferably from about 2.0 to about 3.0
mole percent tin for every polyester monomer unit. '

When conducting the instant invention, the polyester

linears are added to the solvent. Stirring may be employed to induce
solution formation and pressure may be varied to optimize reaction

35 conditions. The catalyst can be added as a solfid to the mixture



on the structural unit of the polyner. The reaction
‘tenperatures (presence of heat) that may be chosen in the instant
inventiqgn are also not limted. Typically, any t enper at ure that
results in the dissolution of polyester linears in the 25 solvent my be
‘enpl’'oyed. Oten, however, the tenperatures chosen are from about
1l40[err]C to about 240 C but preferably tgam about 180[err]C to about
230 C and nost preferably fromabout 1 90 C to about 215[err] C.
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separ at ed fliQom évapagration of the resulting filtrate 4d iregovei ahyprerdainings sblventon
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The recovered nmc i'C pol yester ol goners are substa pur e
and often at | Morequasuthesmasseeysiic peolyestaneligemers Rrduced ceniain lassut
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The following example illustrates and facilitates the
production of macrocyclic polyester oligomers via the process steps of
20 the instant invention. The product obtained may be confirmed, for
instance, by high performance liquid chromatography (HPLC) or
mass spectroscopy and molecular weight and cyclic to polymer ratio
was confirmed by gel permeation chromotography.

EXAMPLE 1

25 A 50 mi round-bottom flask was charged with 880 mg of
poly(1,4-butylene terephthalate) (My = 105,000 based on
polystyrene) and 40 ml of o-dichlorobenzene to produce a (0.1 M)
solution. The solution was heated to 190°C and 35 mg of a
stannoxanes catalyst (3.0 mole percent tin for every polyester unit)

30 was added (as depicted by formula lll, t = 2, R2 = butyl, R3 = H) to
produce a product solution. Equilibrium was reached after 1 hour.
The product solution was cooled to about 75°C to induce precipitation
of the linear polymer which was removed by filteration. The cyclic
oligomer was subsequently recovered from the resulting filtrate by



about 0.5 percent polyester |inears. The fol |l ow ng

‘exanple illustrates and facilitates the producti on of -macrocyclic

pol yester oligomers via the process steps of 20 the instant invention. The
product obtai ned may be confirned, for i nstance, by high perfornmance
l'i quid chromat ography (HPLC) or mass spectroscopy and nol ecul ar

wei ght and cyclic to polyner ratio -fges confirnmed by gel perneation
chr omat ogr aphy. EXAMPLE 1 25 - A50 mM round-bottom

L 105, 000 bageq! aouurnfevEplrationd | The dosired iidrotycte!bliglee Srelthamte! &), (M
produce a (0.1 Rﬁgomer W@JP&Y%%@’ (gﬁeé ¥@?%PP§W ﬁ/&gnﬁi@g?wl{”&o 90[err] C and
.35 ng of a polyesterdineagsanchthal glijoniér Wasgreatpe titaan95% pufeowithvery

pol yester unit) as depicted by formula Ill, t =2, R2 =
"butyl, R3 =H) {e%g thaw%?ﬂ&%%@ ‘a product solution. Equilibriumwas reached

after 1 hour. The z;q)roduct solution was cooled to about 75 C to induce
precipitati & Example the |inear pol ynmer which was renoved by filteration.
The cyclic ol i gomer was subsequently recovered fromthe resulting
filtrat te_ by The desired Example 2|was a’ﬁpalred in a man?]erhsipilth?’to vacuum
evapor at i on. esir macy Qcyc ene tere al.at e . 0] i gomer
was recovered (é’ﬁm"eﬁ&xﬁﬁgé@'agﬁ éﬁﬁ ution, was qjﬁpfoyed and WSX'@% | i near)

and the ol i goneof masrapyelic butyldvanterdphihalate wligpmer was 06% based @n5%

| i nears. 5 I . . Exanmple 2 was prepared in a
manner siml ar EI?@EE? a?n&g!é)rfqﬂogleft%rx'{:nee “that a 0.05M sol uti on was enpl oyed
and the yi dld of ‘macTbegeata in the: Vaklaavhich dpllaws: has degni epmpiledvas 90%
based'on . i Yoy g ?f?’é\% Yol i ; ; ~ The data
in the Table m@cﬂé@gp 0WS rlhgs %eggh _pon%ﬂéé'ig'??@éult.sl&tamed via the

process steps of the instant invention. All entries have been prepared

in the manner similar to those described in the Examples.

Table
15
Percent
Solvent Macrocyclic
" Entry* Concentration Catalyst Oligomer
1 0.05 organotin 96
2 0.075 organotin 90
3 0.10 organotin 82
4 0.15 organotin 75
5 0.20 organotin . 66
6 0.30 organotin 42
7 0.10 organotin 62
8 0.075 organotin 50

*Entries 7 and 8 were prepared with the polyester linear poly(1,4-
butylene terephthalate) (My = 85,000) and o-xylene in lieu of o-
dichlorobenzene. Additionally, the percent macroacyclic oligomer is
based on isolated yields.



to denonstrate the unexpected superior results obtained viathe — — .
process steps of the instant invention. Al entries have b ar ed

in the manner simlar to those described in the Exanples. ﬁﬂmmmﬁwuu Il“m
Tabl e 15 P

Sol vent ' Macr ocycl i c © Entry* Concentration
Cat al yst . A i goner 1 -11- 0. 05 organotin
96 2 . . 0. 075 organotin 90 3
0.10 or\Yhabis olaimed is: 82 4 0. 15

organotin 75 5 0.20 organotin
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0. 075 - or éﬁjj{mm?rs compnsi&%w stepspafiheatiog 2 mduee Qkr e prepared with

the polyester |inear poly({a)4polyesterlinbatsgne terephthal ate) (Mv = 85, 000)

and o-xylene in lieu of O- e e ne. Additionally, the percent
macroacyclic oligonmer is (b) 0’@5&%&1{’)&5‘?@0?@&% yi el ds. What
is clained i8: (c) tin catalystsA process for produci ng macrocyclic
pol yest er ol i gonmers conprising the steps of heating a m xture of:

(a) polyester linears; im@l | arand 5
(c) tin catalysts, 2. A process forzpmgaémgc@é@b%émprr@%%t%g

* » . r . - .
macrocycl i c pol yaligogiers in aceprdanes, with ﬁ'aé@cgwﬂ%@'é sAid polyester inears, ei n
sai d polyester ldreqssigmers or oligomers.

3. A process for producing macrocyclic polyester
oligomers in accordance with claim 2 wherein said polyester linears
have structural units of the formula '

| o—(CHg)r-n O-E-A-E]—~

5 wherein mis 2to 10, nis 20 to 500 and A is a mono- or polycyclic
divalent aromatic radical.

4. A process for producing macrbcyclic polyester
oligomers in accordance with claim 3 wherein m is 2 to 4 and n is 50
to 300.

5. A process for producing macrocyclic polyester
oligomers in accordance with claim 3 wherein A is a monocyclic
divalent aromatic radical.

6. A process for producing macrocyclic polyester
oligomers in accordance with claim 5 wherein said monocyclic
divalent aromatic radical is a 1,3- or 1,4-divalent aromatic radical.



are polyners or oligoners. 3. A process yﬁ&I rodu0|ng e

macrocyclic pol yester oligoners in accordance wth clai 1

pol yester linears have structural units of the formula I’”/i/i 7}'
[err] 5 wherein mis 2 to 10, nis 20t0500andA|sarmno or

pol ycyclic di val ent aronmatic radical. : 4. A process
for produci ng macrocyclic pol yester elfegoners in accordance with claim
3 wherein mis 2to 4 and nis 50 to 300. 5. A
process for producing nmacrocyclic polyester ol i goners in accordance

with claim3 wherein A is & Aoprecess far produdingahactocychierpdlyestexdi cal .

accor fance wi t n USRS i ReBRARE WM oRft T RErein A 5 I clp o

radical is a 1, divalentawnaaticiragdicalar omati c radi cal .
- 12- 7. A process for producing macrocyclic pol yester

i val et ar omat o adi cal - A Process NIEELANG dRcRaeld BURSHEr | o
macrocyclic pol )pgi gemers m accordance with claim 7 wherein sg d pcﬁycychc divalent = 0

aromatic radical is a 1,4-, 1,5- or 2,6-naphthalenic radical.

9. A process for producing macrocyclic polyester
oligomers in accordance with claim 1 wherein said polyester linears
are poly(1,2-ethylene terephthalate), poly(1 ,4-bUtylene terephthalate)
or copolyesters thereof.

10. A-process for producing macrocyclic esters in
accordance with claim 1 wherein said polyester linear is poly(1,2-
ethylene 2,6-naphthalenedicarboxylate).

11. A process for producing macrocyclic esters in
accordance with claim 1 wherein said tin catalyst is a dialky! tin oxide
or a dialky! tin alkoxide wherein said dialkyl tin oxide has the formula

(R)2-Sn=0,
5 and the dialkyltin alkoxide has the formula
“(R)2-Sn-(O-R1)2,

wherein each R is independently a C4.1¢ alkyl group and each R is
independently a C1.19 branched or unbranched hydrocarbon or
together, each of the two R! groups form divalent aliphatic

10 unsubstituted or substituted hydrocarbon radicals.

12. A process for producing macrocyclic polyester
oligomers in accordance with claim 1 wherein said tin catalyst has the
formula



oligonmers in accordance with claim?7 wherein said polycyclic divalent

R brocess for produsi ng merocyel 1t poryestar < o fSLHﬂlﬂl AN H llll

accordance with claim1 wherein said polyester |inears

* poly(1, 2-ethyl ene terephthal ate), poly(1,4-butylene terephthalate)

copol yesters thereof. -1310. A process for producing
macrocyclic esters in accordance wth claim1 wherein said pol yest er
i near is poly(1l; 2- et hyl ene 2,6-n @hthalenedlcarboxylate)

11. A process for producing nacrocycllc ters in accordance with

claim1l wherein said tin catalyst is a yl tin oxide or a dial kyl
tin al koxi de wherein said al kyl -EECJE— s the fornmula .

(R) 2- Sn=0, 5 and the I kyM al e hax the f®ula .

[err] wherei n each R | ependen y a[er 9kal group and each
[err] is i ndependent |y SP rr] branched or un

nanched hydrocarbon or.
toget her, each of the two [gfr] oups f @& di val ent Iiéohatic 10
unsubstituted or substityged hydrosarbon | dlcibg?n R 12.
A process for producing macrocyclic ol i goners in accordance
i [ i i tt he formul a -

sn/. Fis—-'CT-Fl:3
2’ N1

wherein each R2 is independently a C.1¢ alkyl group and each R3 is
independently a C1.4 alkyl group or hydrogen and t is a number from
1to 5.

13. A process in accordance with claim 12 wherein said
tin catalyst has the formula

L
RN RN
Rz/ \O Ta \o Ts \RZ'

wherein each R2 is independently a C1.1¢ alky! group and each R3is
5 independently a C1-4 alkyl group or hydrogen and each p is



[err] wherein each [err]

wherei n each [err] TS — ——

‘independently a [err] al kyl group and each R3 is |ndepende
al kyl group or hydrogen and [err] is [err] mherel M ””w
i ndependently a [err] alkyl group and each R3 is 5 |ndepend tcy

‘al kyl group or

10

hydr ogen and each
-14 -

independently 0 to 3 and Z is a tetravalent aliphatic hydrocarbon, a
tetravalent carbon atom or

3
\ /RR3 R2 3\ /

/ Ho.f-o\tc;/ \

wherein each R2 and R3 are as previously defined and each q is
independently 1 to 4.

14. A process for producing macrocyclic polyester
oligomers in accordance with claim 13 wherein said tin catalyst is
3,3,9,9-tetrabutyl-2,4,8,10-tetraoxa-3,9-distannaspiro[5.5)-undecane.

15. A process for producing macrocyclic polyester
oligomers in accordance with claim 1 wherein said organic solvents
have a boiling point of at least about 110°C.

16. A process for producing macrocyclic polyester -

- oligomers in accordance with claim 15 wherein said solvents are

xylene, chlorobenzene, napthalene, toluene, tetramethylbenzene,
methylnaphthalene, o-dichlorobenzene or mixtures thereof.

17. A process for producing macrocyclic polyester
oligomers in accordance with claim 1 wherein said heat is from about
140°C to about 240°C.

18. A process for producing macrocyclic polyester
oligomers in accordance with claim 1 wherein said polyester linears
and organic solvents result in a solution having a concentration of
less than about 0.30 M, based on structural units of polymer.

19. A process for producing macrocyclic polyester -
oligomers in accordance with claim 1 wherein said tin catalyst is



- 14- . independently O to 3 and Zis a tetravalent ali i

* hydrocarbon, a ‘tetraval ent carbon atomor [err] vm(ﬂgz,‘m,ﬂﬂ’[“"l
each R2 and R3 are as previously defined and each q is 10 i Rde A :

to 4. 14. A process for produci ng macrocyclic polyester* -

ol i'gonmers in accordance with clairm 13 wherein said tin catalyst is

3,3,9,9-tetrabutyl-2,4,8,1 0-tetraoxa-3;98di st annaspi ro['5. 5] - undecane.

15. A process for producing macrocyclic pol yester oligoners in

accordance wi t hemployedinancarmoonistiont abayani.@ teaboens.9 mole pdérgent inboi | i ng

poi nt of at Ie%} e?@&’bol}és%féﬁdn%meru 16. A process for

produci ng macrocyclrc ‘pofyes ori"}'gomers in accordance with claim15
wherei n sai d solvents are xyl ene, chl orobenzene, napthal ene, tol uene,
t et r amet hyl benzene, 2f:t Aypragess faf praducipgdnacnosyclicRnlyestedbr i xt ures

t her eof . oligomers in accérdanCelWifis @faim P WherSiALHId thiklefs ®etbhids
pol yest er n_acgco szg d. heat is

Prom about & RIS SpIugopavich iy Coalepispyd fermperature betwesn about 15 o
pr ?ﬁezr‘af (r)nr pr BIC ﬁmgamnmmolycltbcmaoi _ita?t polyester linbargcand p_rddmogﬁga flgnce
\rMesuI t in aésol 'ﬁ)% ﬁ%ﬂﬂ%%&d@iﬁéﬁ%@t@ie%ﬁr O'isgﬂpgéggghgﬁaabout 0.30 M

based on structtheeinunits of pol ymer. 19. A process for
produci ng macrocyclic pol yester

21. A process for producing macrocyclic polyester
oligomers in accordance with claim 20 wherein said macrocyclic
polyester oligomers are recovered from said solution by evaporating
the solvents.



oligoners in accordance with claim1l wherein said tin catalyst is

© 5 - enpl oyed in an anount from about 1.0 to about 5.0 nole percent
tin . for every pol yester nonomer unit. ' 20. A process
_for ,ptroduci ng macrocyclic polyester oligoners in accordance with claim
"1 wherein said mixture becones a prgggc_t solution which is cooled to a
t enper at.ure bet ween about - 50[err]C to~about 100[err]C to precipitate-
pol yester linears and produc o] L0 j id macrocyclic

pol yester oligoners dissol veﬁﬁéqﬁrm rleéwmlﬁ& 21. A process
for producing macrocyclic poMAEGROCYCLIC i RORYESTER:ccordance with claim
20 wherein said macrocyclic - pol i@bmléﬁgmers are recovered fromsaid
sol uti on by evaporating t he sol Vents.

Abstract of the Disclosure

A process for producing macrocyclic polyester oligomers
from polyester linears is described and the process comprises the
stebs of combining polyester linears and organic solvents having tin
catalysts present therein.



