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| PROCESS FOR MAKING POLYESTERS 5 Field of the Invention The
present invention relates to novel process for preparing polyesters. Such
polymers are useful in compositions in the coatings, adhesives, sealants,
elastomers, and photolithography fields. 10 Background Polyesters with
terminal reactive groups are widely used in thermosetting coatings and
articles. To achieve high crosslinking density, low molecular weights 15
are preferred for such polyesters because high molecular weights lead to
insufficient reactive groups. Low molecular polyesters are usually oily
oligomers which might not possess desirable properties, e.g., glass
transition temperaty ili ine ificati

reasonably high molecular weights and high crosslinking 20 density are

iy gui{ d. ||:or e>t<ample, when used in antireflective coatings in
Fie e Invention ; . .
—;m%lﬁ?wgra&fwrpolyesters are required to have relatively high molecular

weights for high thermal stability. In the meantime, high contents of

reaCye R IS RINRALELS R568585ABATIPHALI polvesters. Such

Cross g density to prevent intermixing ' with photoresists.

pQjumersl, RiehigaefbsdinkeagrRostiiansin BontfRsieeatingsmiaadhgsives, sealants,
eIBQMﬁ%%?aH@'Mﬁé{SﬁW%ﬁ?|Mé?@é’.e pendant reactive groups. The
eacti

number of pendant r ve groups in such a polyester can be easily
adjusted to obtain desired crosslinking properties. The number of pendant

Bé@g{ﬁpmroups is independent of 30 the molecular weight of the
polyester. 2 Reactive groups in polyesters suitable for crosslinking

chemistry are usually
Polyesters with terminal reactive groups are widely used in thermosetting

coatings and articles. To achieve high crosslinking density, low molecular weights
are preferred for such polyesters because high molecular weights lead to insufficient
reactive groups. Low molecular polyesters are usually oily oligomers which might not
possess desirable properties, e.g., glass transition temperatures, thermal stability,
easiness of purification, etc. These types of polyesters are not suitable for
applications where both reasonably high molecular weights and high crosslinking
density are required. For example, when used in antireflective coatings in
photolithography, polyesters are required to have relatively high molecular weights
for high thermal stability. In the meantime, high contents of reactive groups in the
polyesters are needed to achieve a high crosslinking density to prevent intermixing

with photoresists.

In general, for high crosslinking to occur in compositions containing
polyesters, polyesters preferably have pendant reactive groups. The number of
pendant reactive groups in such a polyester can be easily adjusted to obtain desired
crosslinking properties. The number of pendant reactive groups is independent of

the molecular weight of the polyester.
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hydroxyl, carboxylic acid, etc. However, polyesters are normally prepared

by condensation polymerization using monomers bearing the same

reactive groups. This usually makes it very difficult to prepare high

molecular weight polyesters with 5 igh contents of reactive groups. For

some applications, e.g., powder coating, both high molecular and high

contents of reactive groups can be achieved by preparing branched

polyesters which are partially crosslinked. Those patrtially crosslinked

polyE&RFE\Rs GEAYRSA L RRIMPRIR TR SURISIG FEORRINGRY IGRRMEIStRy are usually
hyarRigatisdiB oIy eerly esters Merevierbepdiyeeters! iarsolnenisllygphepared by

branched polyesters are 10 ysually not very useful. The present invention
°°%’|%'EE§‘E8'£H \Yé‘?%’&?&%r‘ﬁ‘@ﬁa?i‘h'aﬁrﬂ?é BaaN9e R RANTRRRIVE groups.
Thisaleatlyr malkest ipelyastifiicuithd e paretdridh ohotemilae Weghpolyesters with

. Polyesters prepared by this method can be linear and/gr pr 0

NGRS Bl e oA S SO e PSS b aiet SB8fg, both
higloivelesulaednd thigleednpeotiuof ireadtive groyrsyeatebés actvevaiimnrigparing

y&] %S&%%‘E‘e?@ Whichr RENbUNET OB bRaiARS. a‘ﬁ{8§§_SEJH a’l(])}f‘ﬂF&ainked

[
brép%%nest e process comprises reacting a dianhydride with a diol,

polysstersiyisnaly aveamiy mitedtaglubiliyaimetganihielvieshsddn applications
whRl PR MbE R Rel YRS g s RsCiH B VBRI diguY R Aakb B SliRdsters are

being present in substantially stoichiometric 25 amounts. The polyester
usHAMEPLRAbEsEither processed by either (A) partially or fully esterifying

carboxyl groups on the polyester with a capping compound selected from

monghydric alcohols and mixtures thereof optionally in the Eresence of

catal\3¢ FESPRLIERHGS SRRIRS 10 Aanoys RNGS IS PIRR B {lefhiod that
caR)geRkKYd bighpsoycidacivighiepuiyestersowitkphighiticenterteonyréaictiveg groups.

ompound selected 30 from aromatic qxide, aliphatic oxide, alkylene .
PR T SRa i P 0 B, R A S, gl B gartialy
cradstinked artdnvavei goatb sohlbiity tin £pmoess doganekswjvenis|yesdrin the end
préMHS{‘in which the polyester is used.

Summary of the Invention

The present invention relates to a process for making a polyester.

The process comprises reacting a dianhydride with a diol, optionally in the
presence of a catalyst, in a media which includes a solvent in which the polyester is
insoluble, the dianhydride and the diol being present in substantially stoichiometric
amounts. The polyester formed can be further processed by either (A) partially or
fully esterifying carboxyl groups on the polyester with a capping compound selected
from monohydric alcohols and mixtures thereof optionally in the presence of a
catalyst or (B) converting some or all carboxyl groups on the polyester to hydroxyl
groups by reacting the carboxyl groups with a hydroxyi-forming compound selected
from aromatic oxide, aliphatic oxide, alkylene carbonate and mixtures thereof

optionally in the presence of a catalyst.
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comprises: (i) reacting a dianhydride with a diol, optionally in the presence
of a catalyst, in a media which includes a solvent in which the polyester is
insoluble, the 5 dianhydride and the diol being present in substantially
stoichiometric amounts; (ii) separatifg the polyester from the media of
step (i); and (iii) partially or fully esterifying carboxyl groups on the
polyester of step (ii) with a capping compound selected from monohydric
alcohols and mixtures thereof optionally in the presence of a catalyst. 10
The present invention also relates to a process for making a polyester

WhiCWh@%ﬁ@é@ﬁl&r&bfﬁmﬂa@@ tﬁmés'dd@pmidfeasifol' oatkimgléy polyester which
resence of.a ca st in.a rﬁ){ala whi |nc des a solvcﬁnt %ﬁhlch th

c B&?y@&%r |§]n§cﬁﬁ ﬁled' r'&Fd‘é’ nt?t e dIC())PE) |ng resen Rresgnce of a
caﬁallystamlalImema:lwblmuncladmatsommﬂrsmmtm thelyasiarsieirtsoitible, the
sl 08 SR AN ST SRSl SR s

sepavatisgvithea pytmdﬂtfdrmgm)rﬂpﬁﬂiﬂd@e@@@d(&omwommummw or fully
esHURRA 85%89(9’% SUSscﬁwmé‘tﬁcﬂ’y’&foXBfr@%m‘i’r?%lﬁptéoeﬁﬂblﬁbt%mpound

presen catalyst. 20 The presént invention also relates to a process
S@@ﬁ?ﬂ@ﬁft@@h’ﬂ@ﬁ@ﬁf@ﬁwméﬁhel%métlx’('ﬁ’?éa'&%@% ariianAilyde e, resence

ofti¥a nally in the presence of a catalyst, in a media which includes a
solvent'in which the polyester is insoluble, the dianhydride and the diol
being present in substantially stoichiometric amounts; and 25 (ii) partially

or fulfhe prsifindmashiuyl as nsatsstine a@kesies dbstrpKingVipalyester which

ca co poun selec monaghydric. glcohpls and mixtures
co[ﬁ@) % ﬁﬁﬁﬁ IR ée@éé}‘fg]édgf 3& AnLp al RBP resP |n)\(pen TOR RIS0: of a
cdﬁl&ﬁislmammmﬁi@hm@a@sbisetwlwhvbicrsmecpntyw’er {® insoluble, the

dlan%c%ni%ad'é~I dr gl\%é igll%sg t'ﬁpg% am?a re%”&%(% Eﬁ%"ﬁ({ ets; (i)

ane Gncitae vent In whi e po ester is mso
separating the polyester from the media of step (i); and (iii) converting some or all

carboxyl groups on the polyester of step (ii) to hydroxyl groups by reacting the
carboxyl groups with a hydroxyl-forming compound selected from aromatic oxide,
aliphatic oxide, alkylene carbonate and mixtures thereof optionally in the presence of

a catalyst.

The present invention also relates to a process for making a polyester which
comprises: (i) reacting a dianhydride with a diol, optionally in the presence of a
catalyst, in a media which includes a solvent in which the polyester is insoluble, the
dianhydride and the diol being present in substantially stoichiometric amounts; and
(i) partially or fully esterifying carboxyl groups on the polyester of step (i) with a‘
capping compound selected from monohydric alcohols and mixtures thereof

optionally in the presence of a catalyst.

The present invention also relates to a process for making a polyester which
comprises: (i) reacting a dianhydride with a diol, optionally in the presence of a

catalyst, in a media which includes a solvent in which the polyester is insoluble, the
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4 dianhydride and the diol being present in substantially stoichiometric
amounts; and (ii) converting some or all carboxyl groups on the polyester
of step (i) to hydroxyl groups by reacting the carboxyl groups with a
hydroxyl-forming compound selected from aromatic oxide, aliphatic oxide,
alkylene carbonate and mixtures thereof 5 optionally in the presence of a
catalyst. The present invention also relates to a process for making a

_polyester comprising the steps of: (i) mixing together a dianhydride, a _
TN GRP ARSI RAIG AL TR AR e s agiounts; and
(iipiphesainy donadkyieat carborpiteyrdlpsndrixupedydetezabfustdpr (i) to hydroxyl

reaction condlitions to react the dianhydride with the.diol. the dianhydri
or SRR CRARTEH T SEERP Y SRRl SRRl CRbid Serectea
frowacnogttie nixides @lifhaticleoxidaditadideneaecathnnaiexyangomixturethghereof

op‘ﬁ%W&?% ‘fﬂﬂ‘ﬁb%@%@é‘%l Yot

g& compound to convert carboxyl groups
to~ hydroxyl groups; and (ill) separating the polyester from step (ii).

Optionally, a 15 catalyst can be added to the mixture prior to step (ii). In

the ahQYERERERBSTRefbIPTHISS PONRRISCH PREIRS IBPARARMY AN polyester

the reaction media and further used in formulating various products. 20
comprisingdhs siersobingarxnategehana diamhytside: el pagishadrydroxyl-
folAMREPESAPLUNE WaRetels HPaImatiB Skide? AiiRaw. ckidist Bty rohéasitbonate,

3- methyl-11 -butanol, tertiary butanol, cyclopentanol, cyclohexanol, 1. i
and isHEa TREBEL 100 HERELRD ConiRasdP tendi hinginniaiids fith the i,
thandidheydfid—aao fesdibitiveingdpeaseirinisgenamialpdioidhidenstyierenounts;
..oxide, propylene.oxide, ethylene, 25 carhanate and the like. For the above
e B R AT A b e S TTR A2 O PRy SUBS o the
polyester with the hydroxyl-forming compound to convert carboxyl groups to
hydroxyl groups; and (iii) separating the polyester from step (ii). Optionally, a
catalyst can be added to the mixture prior to step (ii).

In the above processes, the formed polyester can be then separated from the

reaction media and further used in formulating various products.

Examples of the capping compound include methanol, ethanol, propanoal,
isopropanol, 1-butanol, isobutanol, 2-methyl-2-butanol, 2-methyl-1-butanol, 3-
methyl-1-butanol, tertiary butanol, cyclopentanol, cyclohexanol, 1-hexanol, 1-
heptanol, 2-heptanol, 3-heptanol, 1-n-octanol, 2-n-octanol and the like. Examples of
the hydroxyl-forming compound include styrene oxide, propylene oxide, ethylene

carbonate and the like.

For the above processes, the dianhydride can have the formula
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O O (1) where A is a tetravalent radical selected from the group consisting
of unsubstituted or substituted aliphatic, unsubstituted or substituted
aromatic, unsubstituted or substituted cycloaliphatic, unsubstituted or
substituted heterocyclic groups and 5 combinations thereof. Tetravalent
radicals A can be selected from (R30)n (R30)nl (R30)n1 30)n Yi (R30)n
R2/1Y z Y3 (R30)r0 (R30)n2 Y4 where R30 is identical or different and
is selected from hydrogen, unsubstituted or 10 substituted hydrocarbyl
oup,oor halogen; Y1, Y2, Y3, and Y4 are each independently selected
fpgm hydrogen and unsubstituted or substituted hydrocarbyl group; n =1
oo A nlelto6,n2=1to8,n3=1to4; and R20 is selected from a
ifectyyond, 0, CO, S, COO, CH20, CHL, CL2, CH2000, SO2, CONH,
NLANH, NL, OWO, OW, WO, WOW, and W, where L is unsubstituted
or substituted hy(ﬂbcarbyl group and W is 15 unsubstituted or substituted

whBrac by lenaHrRNe rSaE SERABEHohTRe oWy dofHétag vl ansubstituted

include6 OO0O0OO0OO0O(R30NOR oitoitogio and (R30)n .
or substituted aIiphatic,(unsejbstitutedIor SIUbSt(I)'[LIJted arom(atic,)unsubstltuted or

substituted cycloaliphatic, unsubstituted or substituted heterocyclic groups and

combinations thereof. Tetravalent radicals A can be selected from

WS PP B

(Rao)n1 (R3o)nt
(Raoln i
O.Q . T
=W IgNE

(Rao)s \ /

(Rao)n2
Ya

where Rsg is identical or different and is selected from hydrogen, unsubstituted or
substituted hydrocarbyl group, or halogen; Y4, Y2, Y3, and Y4 are each independently
selected from hydrogen and unsubstituted or substituted hydrocarbyl group; n =1 to
4,n1=11t06,n2=1108, n3 =11to4; and Ry is selected from a direct bond, O, CO,
S, COO, CH,0, CHL, CL,, CH.COO, SO,, CONH, CONL, NH, NL, OWO, OW, WO,
WOW, and W, where L is unsubstituted or substituted hydrocarbyl group and W is
unsubstituted or substituted hydrocarbylene group. Some examples of the

compound of formula include
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adRY"IdingaRynad:; tetiasesi wyimanik s

(R30)rP Examples of the dianhydride include pyromellitic dianhydride,
3,6- diphenylpyromellitic dianhydride, 3,6-bis(trifluoromethyl)pyromellitic
dianhydride, 3,6- 5 bis(methyl)pyromellitic dianhydride,
3,6-diiodopyromellitic dianhydride, 3% dibromopyromellitic dianhydride,
3,6-dichloropyromellitic dianhydride, 3,3',4,4'-
benzophenonetetracarboxylic acid dianhydride, 2,3,3",4'-
benzophenonetetracarboxylic acid dianhydride, 2,2',3,3'-ben6%8henone

3 y

A

i€ acid 0
pliapbgacidey 10 2,3,3'4MiphenyltetqcarOoxylic acl '
02,2 piph@nyltetragarb diarﬂ1ydride¢
N2 Ble asfd diaQhydmde, bys(2,
cdicargx phéhyl) methane digy r)mydride, bs(2,5,6-@ifluoro-3,4-  (Ry)e o
dicarboXyphenyl) methane diar%"ydride, :
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-bis(3,4-dicarboxy heny_l)-l,1,1,3,3,3-hexaf|uoro€§i9gp ne 15 ,
dianfy@RRIeis @ 4-thearsti)PHEnTR etNS! N DY up_odifibwalide. 3.6
di%bww&dmelhiﬁi@iérmyarmsm_taemsr()ﬂﬁliormﬁmvnmdméaiﬁ@@iﬁnhyqride, 3,6-
o R R e rbea e ek it AR PSR, a6
dittdd P yirchoaltitioxy dramyighiden etByBadivhiordpynbyailits;  dianhydride, 3,3',4,4'-
bis(3,4-dicarboxyphenyl)diethylsilane, dianhydride; 2 naphthalene g
betré%r chaef 89(?/%'5%? r%?axr)?l%dride, 1,Z%g@naphthaleﬁéﬁyg@boxylic aci 3,34
baﬂja@ly%@eetmtmsalbmyﬁmalen@@uracamwkdddm dianBylriti8 -be;zophenone
8 Eahiladietasabouihenihdiararoific acid danhydria
te&%@qr@%ﬁ?& totra arr_E{)XyIEﬁl’: dcid diél{brtlhh_y ride, %_ﬂlc acld diannydr (_3’
2,@ﬁé&h@@@yﬁ%rmmub&ylﬁp&idibnah}ﬁ%ﬁae, 2,2' 3,3'-biphenyitetracarboxylic
M&ﬁiﬁ' ic2,%aBidO-RpanigREide, bis(2,3-
_tetracarboxylic 25 acid dianhydride, 4,4'-(1,4-phenylene) bis(phthalic acid) (
diggsbexyrirnvhmetianenenylene) b‘?é?ﬂﬁwﬂ acid) dianhyd?Igg->,6-trifluoro-3,4-
diéaf'fr@k@)%’i%n?l‘)%ﬁ?ﬂhﬁé‘e)bisdlﬁ?fﬂ‘mﬁﬁdépid)dB,Mﬁ(w,ardicarboxyphenyl)propane
4,4'-methylenedi(1,4-phenylene)bis(phthalic acid)dianhydri 7
digghydgdfionediether d%ﬁ@&#ﬂjé‘i%’%%@ﬁ%hgwiﬁ hﬁ,é&-%%&aﬂuoropropane
diatywaleitR 2. 2]asie(3,4-dicarboxyphenyl)ether  dianhydride  (4,4'-oxydiphthalic
dianhydride), bis(3,4-dicarboxyphenyl)sulfone dianhydride (3,3',4,4-

diphenylsulfonetetracarboxylic dianhydride), 4,4'-[4,4'-isopropylidene-di(p-

phenyleneoxy)]bis(phthalic anhydride), N,N-(3,4-dicarboxyphenyl)-N-methylamine
dianhydride, bis(3,4-dicarboxyphenyl)diethylsilane dianhydride; 2,3,6,7-naphthalene
tetracarboxylic acid dianhydride, 1,2,5,6-naphthalene-tetracarboxylic  acid
dianhydride, 1,4,5,8-naphthalenetetracarboxylic acid dianhydride, 2,6-
dichloronaphthalene-1,4,5,8-tetracarboxylic acid dianhydride, thiophene-2,3,4,5-
tetracarboxylic acid dianhydride, pyrazine-2,3,5,6-tetracarboxylic acid dianhydride,
pyridine-2,3,5,6-tetracarboxylic acid dianhydride, 2,3,9,10-perylene tetracarboxylic
acid dianhydride, 4,4'-(1,4-phenylene) bis(phthalic acid) dianhydride, 4,4'-(1,3-
phenylene) bis(phthalic acid) dianhydride, 4,4'-oxydi(1,4-phenylene)bis(phthalic
acid)dianhydride,  4,4'-methylenedi(1,4-phenylene)bis(phthalic  acid)dianhydride,
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7-ene-2,3,5,6-tetracarboxylic dianhydride. For the above processes, the

diol can have the formula 5 HO-B-OH (2) where B is an unsubstituted or

substituted hydrocarbylene group. Examples of B include unsubstituted or

substituted linear or branched alkylehe optionally containing 10 one or

more oxygen or sulfur atoms, unsubstituted or substituted arylene, and

unsubstituted or substituted aralkylene. Additional examples include

methylene, ethylene, propylene, butylene, 1-phenyl-1,2-ethylene,
ysiogHRRDadeierSrRIEE; 44rBRReBREAIATTYIE, AR cyclol2 2 2loct
7-épid 208 5 6-tefrdbaldidr{dic dfphydried12CH2SCH2CHz-,

or-CH2CH2SCH2CH2SCH2CHz-. 15 For the processes of the present

invention, the dianhydride can be a mixture of one or more dianhydrides.
AdditFarate, dbevdigrogedses, thixiint cdrohaver thefermdides. 20 The
present invention provides a novel process for making polyesters using a
dianhydride and a diol as major reactants. While polyfunctional anhydrides
have beenk€edBto@Hain-extend hydroxyl-tef@)inated prepolymers to
increase molecular weights, reacting a dianhydride and a diol to prepare
polyesters is considered impractical. It has surprisingly been found by the

wherenbis anusshesiitutediar substidutedyvgroesohyiens: greipts Examples of B
intRRlY RSUBERES S1SinB it e SRBEBY RHABK A AIRPYRS IBptitaSIS R¥ntaining

reacting a dianhydride with a diol, can be further processed either by (A
oS REIFP @R MY A SO SRS S o cstibsgtask ALyicne. and
usSELIRAMGOL0Bdtitthed erakitenef a paiaitishalr ExxrpreingurRMSthylene,

eiByER5% PLHBUSE S SHHSE A, 4 SRS BBV B SE2EaiTg Jragropviene.
Z-Ukbmtimhﬂml@-pwmm, —CH-OCHo—, —CH>CH2OCH2.CHo—,
_CHQCHQSCHQCHZ_, or —CHzCHzSCHQCHQSCHQCHz—.

For the processes of the present invention, the dianhydride can be a mixture
of one or more dianhydrides. Additionally, the diol can be a mixture of one or more

diols.

The present invention provides a novel process for making polyesters using a
dianhydride and a diol as major reactants. While polyfunctional anhydrides have
been used to chain-extend hydroxyl-terminated prepolymers to increase molecular
weights, reacting a dianhydride and a diol to prepare polyesters is considered
impractical. It has surprisingly been found by the inventors that polyesters with
relatively high molecular weights can readily be prepared using the present

invention.

The polyester, made by reacting a dianhydride with a diol, can be further
processed either by (A) partially or fully esterifiying carboxyl groups on the polyester
with a capping compound in the presence of a catalyst or (B) converting some or all

carboxyl groups on the polyester to hydroxyl groups by reacting the carboxyl groups
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a linear polyester. Processing under (B) above can result in either
generally linear polyesters or partially crosslinked polyesters, depending
upon the temperature at which the hydroxyl-forming compound is reacted
with the polyester. Generally, if the $reaction temperature is about less
than or equal to 80C, the resulting polyester is generally linear. Generally,
if the reaction temperature is about greater than or equal to 80C, the

resultin pol ester generally has some partial cr King occurrin
e i e R e R T
a Npsaapylgesied datovesmmgsphdac (;B)eamwaieremmammmgepbmw linear

H f
PONET R oh PATBA PSR, B o SRRerar agB The eihderdture at
wpxdrsﬁmmydmbyd-!fmedmg&mapaumbﬁ ofabtethwithtibe PhlyesteserfGenerally, if the
reaction %ﬁﬁb@%}? %%@8&?%&(%’ {ﬁ?r% éqﬁgllyfbsgtﬁ‘?{‘qﬁe Pgmgpolyester is

preparabl process as disclose above an ow. The present

geneeaiﬁohr‘@l@b raqmauythbtbgéméepmm% ip 2behegeatprciivR or equal
10588 tn@Or B LA INY INAREY GIRROBIARIAS - cHOSSRARARS Decurring.

comprises reactmg a dlanhydrl e with a diol, optionally in the presence of
Catelysis/sanrbg Headldaanbancethr L2&iMent in which the polyester is

insoluble, the dianhydride and the diol being present in substantially

stoichiometric 25 amounts The 2gqlester formed can be fur

procdTeea 3N HBARA BhigngB1tYIgase %gﬁ:éﬁ [rb‘?ﬂﬁ&r%%ﬂﬁ% under
m@ﬂlmeéwtksprm@plH@wemoummsemmwmm@@mmmmdoma boiling
{grseenacr%ofa C ajt)( go)vent is used,

nd h Il h
chBF\\Jg’%'(tﬁlgi%t eiﬁe gc)%%?(g y%ﬁg n'the pol?/estaer rox I

ingreagsdyresaatiegahdearbedyl groups with a hydroxyl- formlng compound
selected 30 from aromatic oxide, aliphatic oxide, alkylene carbonate and
mixtures thereof optionally in the presence of a catalyst 9 The present
invention also relates to a P HkendpveptiBiester which

Dresasiptio

The presént invention relates to a process for making a polyester and a
polyester, preparable by that process as disclosed above and below. The present
invention also relates to the use of these polyesters in coating, adhesive, sealant,

elastomer and photolithography compositions.

The process comprises reacting a dianhydride with a diol, optionally in the
presence of a catalyst, in a media which includes a solvent in which the polyester is
insoluble, the dianhydride and the diol being present in substantially stoichiometric
amounts. The polyester formed can be further processed by either (A) partially or
fully esterifying carboxyl groups on the polyester with a capping compound selected
from monohydric alcohols and mixtures thereof optionally in the presence of a
catalyst or (B) converting some or all carboxyl groups on the polyester to hydroxyl
groups by reacting the carboxyl groups with a hydroxyl-forming compound selected
from aromatic oxide, aliphatic oxide, alkylene carbonate and mixtures thereof

optionally in the presence of a catalyst.
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comprises: (i) reacting a dianhydride with a diol, optionally in the presence

of a catalyst, in a media which includes a solvent in which the polyester is
insoluble, the 5 dianhydride and the diol being present in substantially
stoichiometric amounts; (ii) separatifg the polyester from the media of

step (i); and (iii) partially or fully esterifying carboxyl groups on the

polyester of step (ii) with a capping compound selected from monohydric
alcohols and mixtures thereof optionally in the presence of a catalyst. 10

The present invention also relates to a process for making a polyester
whimémmymsnaémﬁantmsmrdlamwwidemjtiwsoﬁai makmgauynolyhster which

cof i Eter BN, thaENHARdAT A S s BPRTRNp L presBhce of 2
cataltasil;amtlalmgﬂmcwmmtnclwmsmspl(nernfmswpmhﬁhg pradyesigedseinsoluble, the
dla{ﬁﬁ pociiéa (?Ids Q')I’O %gr f”}g ?aﬂflgﬁb' tﬂ%}ﬁ mﬁpﬁrﬂgunts (i)

yéster o tep OXYy group y reactin e carboxyl

segaya&usg/vﬂhﬁaw@d@@r fﬁMn@@rﬂ}@éimeée%@lbdlfroﬁndrdmhtRaﬂi@HE or fully
estRIRQRS &?ﬁlggx)ﬂli@f@ur}?szcgfﬁr?é@ﬁoﬂ}é@t@%vrﬁ%ﬁhﬁf)e%tﬂoﬁoéﬁyﬁlﬁbt%mpound

resence of a Catalys resent invention also relates to a process
se ?tﬁ%&!ﬁg‘M%¥$F%W@§rﬁﬁﬂ§@§dw%éeﬁ®°é‘Eﬁ‘&'ﬁﬁ?ﬁMdB {fRenrgesence

of dightapenally in the presence of a catalyst, in a media which includes a
solvent in which the polyester is insoluble, the dianhydride and the diol
being present in substantially stoichiometric amounts; and 25 (ii) partially

or fMM@WMgm@mlaggoummma)pm torsteak(gnaipalyester which

pound selected fro hydr Icohols and.mi ture
coEIGEP oof et vt AL LIS 1o BPALd Rl s ©f @
catalyseamoaammd&esﬂﬂoh mak:dgsaqns@teelﬂnmvwmchane@dgastﬁr i8)insoluble, the
react n a d| nhydr tion
AT A e ek e S A 0
separatmg the polyester from the medla of step (i); and (iii) converting some or all
carboxyl groups on the polyester of step (ii) to hydroxyl groups by reacting the
carboxyl groups with a hydroxyl-forming compound selected from aromatic oxide,
aliphatic oxide, alkylene carbonate and mixtures thereof optionally in the presence of

a catalyst.

The present invention also relates to a process for making a polyester which
comprises: (i) reacting a dianhydride with a diol, optionally in the presence of a
catalyst, in a media which includes a solvent in which the polyester is insoluble, the
dianhydride and the diol being present in substantially stoichiometric amounts; and
(i) partially or fully esterifying carboxyl groups on the polyester of step (i) with a
capping compound selected from monohydric alcohols and mixtures thereof

optionally in the presence of a catalyst.

The present invention also relates to a process for making a polyester which
comprises: (i) reacting a dianhydride with a diol, optionally in the presence of a

catalyst, in a media which includes a solvent in which the polyester is insoluble, the
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10 dianhydride and the diol being present in substantially stoichiometric
amounts; and (ii) converting some or all carboxyl groups on the polyester
of step (I) to hydroxyl groups by reacting the carboxyl groups with a
hydroxyl-forming compound selected0from aromatic oxide, aliphatic oxide,
alkylene carbonate and mixtures thereof 5 optionally in the presence of a
catalyst The present invention also relates to a process for making a

dla%%y ' C%Bﬁrlsdn& heelnSte r%s%n( n& rﬁcte@iﬁ h%t&cq'l g@féd%n%unts and

roxy orming compoun om aromatic Oxi
(i) mmmmmmmbmnwthowsam rmgtmcdsaﬁ@re@f atefefi) to hydroxyt

t
oS5 AR SRR S o
froraaateigatie mxitee @lmnasﬁdexaﬂadﬁllswgrf@ r6aRIRRRIRING r SRSt HBereof

opﬁg,l,\gﬁtﬁ{ mglbpggéﬁgygxg-égfg%g compound to convert carboxyl groups
to hydroxyl groups; and (iii) separating the polyester from step (ii).

Optionally, a 15 catalyst can be added to the mixture prior to step (ii). In
the a'la@%wmsmrm@rfoamedr@mwtw Qarphscten mpmamgfranpolyester

th t di th f lati duct
OB B P Bt CONPSIRHSIIE o U oo AU, BTSDa pycromy
forisirm@pmpﬂuﬂld)smubdsfodmtarmhélmmtm leiphahob)ﬂdaeﬂﬁwwmmrbbnate
f :
oSS R PR O ERE A v o i
theadcatthwdikée Brahibredliof tvmwmexynfomm@&iﬁmﬂmﬁ%m@maﬁ@oums;
%Q&.Rge MdeAG e £ 1Y 6RGe 2R GRiRRIMR G e 4BE @5&)(52& gu%gg@% the

processes, the dlankg/drlde can have the formula 11 O O OA
polyester with the hydroxyl-forming compound to convert carboxyl groups to
hydroxyl groups; and (iii) separating the polyester from step (ii). Optionally, a

catalyst can be added to the mixture prior to step (ii).

In the above processes, the formed polyester can be then separated from the

reaction media and further used in formulating various products.

Examples of the capping compound include methanol, ethanol, propanol,
isopropanol, 1-butanol, isobutanol, 2-methyl-2-butanol, 2-methyl-1-butanol, 3-
methyl-1-butanol, tertiary butanol, cyclopentanol, cyclohexanol, 1-hexanol, 1-
heptanol, 2-heptanol, 3-heptanol, 1-n-octanol, 2-n-octanol and the like. Examples of
the hydroxyl-forming compound include styrene oxide, propylene oxide, ethylene

carbonate and the like.

For the above processes, the dianhydride can have the formula
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15

O O where A is a tetravalent radical selected from the group consisting of
unsubstituted or substituted aliphatic, unsubstituted or substituted
aromatic, unsubstituted or substituted cycloaliphatic, unsubstituted or
substituted heterocyclic groups and15 combinations thereof. Tetravalent
radical A can be selected from (R33)n (R30)n1 (R30)n1 O)n Y1 (R30)n
R/1Y3 (R30)r0 (R30)n2 Y4 where R30 is identical or different and is
selected from hydrogen, unsubstituted or 10 substituted hydrocarbyl
or halogen; Y1, Y2, Y3, and Y4 are each independently selected
m drogen and unsubstituted or substituted hydrocarbyl group; n =1
o to 1to6,n2=1to 8, n3 =1to4; and R20 is selected from a
rec ond 0, CO, S, COO, CH20, CHL, CL2, CH2000, SO2, CONH,
NH, NIL, OWO, OW, WO, WOW, and W, where L is unsubstituted
or su stltuted h{(bl)rocarbyl group and W is 15 unsubstituted or substituted
wh@ﬁ@@@@Y&%ﬂ@H%ﬁ%%@qu R ﬁfﬁ'ﬂﬁ%ﬁilgﬁﬁﬁ Bi{fhsubstituted

include 12 OO O OO (R30)n0 00000 and O (Rao)re (Ral)n
or gubstfiuted aliphatic, unsubstituted or substituted aromatic, unsubstituted or

substituted cycloaliphatic, unsubstituted or substituted heterocyclic groups and

combinations thereof. Tetravalent radical A can be selected from

AR PR B

(Rao)n (Rao)m
Y
(Raon
. o g N
LY,
\/ =
(Rso)s \ /
(Rao)n2 Y.

where Ry is identical or different and is selected from hydrogen, unsubstituted or
substituted hydrocarbyl group, or halogen; Y4, Yz, Y3, and Y4 are each independently
selected from hydrogen and unsubstituted or substituted hydrocarbyl group; n =1 to
4,n1=1t06,n2=11to08, n3=11to4; and Ry is selected from a direct bond, O, CO,
S, COO, CH20, CHL, CL,, CH.COO, SO,, CONH, CONL, NH, NL, OWO, OW, WO,
WOW, and W, where L is unsubstituted or substituted hydrocarbyl group and W is
unsubstituted or substituted hydrocarbylene group. Some examples of the

compound of formula include
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Examples of the dianhydride include pyromellitic dianhydride, 3,6-
diphenylpyromellitic dianhydride, 3,6-bis(trifluoromethyl)pyromellitic
dianhydride, 3,6- 5 bis(methyl)pyromellitic dianhydride,
3,6-diiodopyromellitic dianhydride, 3% dibromopyromellitic dianhydride,
3,6-dichloropyromellitic dianhydride, 3,3',4,4'-
benzophenonetetracarboxylic acid dianhydride, 2,3,3",4'-
benzophenonetetracarboxylic acid dianhydride, 2,2',3,3'-berL<o henone

i'l ic acid deanhydride, 3,3',4,4bbiphenyltetracarboxyiit acid 0

drgje

2.8,6™-bipenyltetragarboxiAiC actd dignhydride, prs(2;
odicarlpoxyphenyl)metbane dignhydride, bis(2,5,6-ifluoro-3,4- (@&, °

dicar%?ZS/phenyl)m ethane dla:ﬁ)ﬁydride,
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane 15

diarkyampesises 48R ardERfskidR) cinciudenmanmeliia digahydrde. 3.6-
dipHemnpgrisiabiRie @dnaipdige xsrherybadtremetpphygrairciftid didihydride, 3,6-

diphenylsulf boxylic dianhydride), 4,4'-[4,4'-i lidene-dj(p-
bis 5 e&ﬁﬁgﬁ&%@ﬁ?ﬁaﬁﬁw&%gsa‘,,g-c?i?oéop ome'lﬁﬁg ro%én %r%g) 3,6-
dibhoMdgytomietiiioxydbenydrideneggtdiviierafiswdmyeliitie, dianhydride, 3,3',4,4'-
bis(3,4-dicarbpxyphenyldiethylsilane dianhydride; 2.3.6,7-naphthalene '
be?&ﬁ%@&%éﬁ? 3%%%&g}ﬂ?h‘§/dride, 1,fg,'gé-lnaphthalgﬁaerlpé‘[%g@grboxylic acéjoe"3 4-
benzpiheshinetdtracatbarylithaleeidtracadimxyyidrided diarh@y8d-bemzophenone
ichloronanhthalene-1.4.5.8-te oxylic_acid.di ' I .
R YU Y SUAGHAAHSe acis dannyce
2,%:94iAiphery/tsacathandioxydsidcidianidyigiede 2,2',3,3'-biphenyltetracarboxylic
nyridi b.6-te XY ifetiaciisdhidfc 2 0- i -
a?‘%r%%?@é&%é% g?id%cri?:r%ﬁri e%ﬁ4‘-(1,4*§f§ecny%ﬁg§ bﬂ%mt t?’;1'%?i%ez_§10idb)ls(z'3
dicapaeryaheaylmethansephenylene) BI&EMAASE.acid) dianhyBIfi@,5,6-trifluoro-3,4-

icarb : e)bi ¥rieacid) chepipysiace dicarboxyphenyl
dféﬁﬁ%ﬁtﬁm@enféﬁgﬂtﬁ(phEhalic acid méﬁ?ée%%p enyljpropane
dianfydinonediether ReghifiA 'S’Lﬁaﬁb&w‘&%f"1ahﬂy%rﬁo%,h&ﬁaﬂuoropropane

didvinyaledd; 2. 2]ems(3 e araSoRyphieniggathexylic di@iydhidte.  (4,4'-oxydiphthalic
dianhydride), bis(3,4-dicarboxyphenyl)sulfone dianhydride (3,3,4,4-
diphenylsulfonetetracarboxylic dianhydride), 4,4'-[4,4'-isopropylidene-di(p-
phenyleneoxy)]bis(phthalic anhydride), N,N-(3,4-dicarboxyphenyl)-N-methylamine
dianhydride, bis(3,4-dicarboxyphenyl)diethylsilane dianhydride; 2,3,6,7-naphthalene
tetracarboxylic acid dianhydride, 1,2,5,6-naphthalene-tetracarboxylic  acid
dianhydride, 1,4,5,8-naphthalenetetracarboxylic acid dianhydride, 2,6-
dichloronaphthalene-1,4,5,8-tetracarboxylic acid dianhydride, thiophene-2,3,4,5-
tetracarboxylic acid dianhydride, pyrazine-2,3,5,6-tetracarboxylic acid dianhydride,
pyridine-2,3,5,6-tetracarboxylic acid dianhydride, 2,3,9,10-perylene tetracarboxylic
acid dianhydride, 4,4'-(1,4-phenylene) bis(phthalic acid) dianhydride, 4,4'-(1,3-
phenylene) bis(phthalic acid) dianhydride, 4,4'-oxydi(1,4-phenylene)bis(phthalic
acid)dianhydride,  4,4'-methylenedi(1,4-phenylene)bis(phthalic  acid)dianhydride,



10

15

20

25

30

For the above processes, the diol can have the formula 5 HO-B-OH (2)
where B is an unsubstituted or substituted hydrocarbylene group.
Examples of B include unsubstituted or substituted linear or branched
alkylene optionally containing 10 orlé or more oxygen or sulfur atoms,
unsubstituted or substituted arylene, and unsubstituted or substituted
aralkylene. Additional examples include methylene, ethylene, propylene,
butylene, 1-phenyl-1,2-ethylene, 2-bromo-2-nitro-1,3-propylene

hydraguinensdieiaeyi ianpyapgr b4 diphergxy.dizqpyeideoandbbipyslol2.2.2joct-
7-efd12.8 3 Betriddarbox@ic eadhytitie H2ZCH2SCH2CHr. 15 For the

processes of the present invention, the dianhydride can be a mixture of
one or more dianhydrides. Additionally, the diol can be a mixture of one or
morEotlibls aboviehprpcessssjnkerdiohcarohmlasthenforelydencess for making
polyesters using a dianhydride and a diol as major reactants. While
polyfunctional anhydrides have been used to chain-extend
hydroxyl-ter@irBte@hbrepolymers to increasénolecular weights, reacting
a dianhydride and a diol to prepare polyesters is considered impractical. It
has surprisingly been found by the inventors that polyesters with 25

wheritRdg) angunsignstitiiedvergsiiblitntash birdnes piapeneddieiry texamples of B
mo‘Uﬁéqmsd?)‘éﬁm'l% INRPSINGRIS rllﬁaﬁpSrt{yréﬁéﬁ%gaﬁ(ﬁ@ﬁ@l’ﬂ'ﬁ@ﬁéﬂwb@ntalnlng

diol, can be further processed either by (A) partially or fully esterifiyin

ongaREoMATG YR fle PifpEMOMD WRAUPSHIYRS Xofiiotiittadasylene, and
unSiBSaRRBPI %Mﬁ@e(ﬁ}awélngwtﬂ)ﬁéna@wésl @i6luBg Qfiethylene,

the ponester to hydrox rou reactl he carbox rou S 14 with a
MR PR BHANG EOIMRf - BREBY s B RSO Ry ene,
2- bfbrﬁ@!eﬁf_amwa%@prcﬁwlmmg undesGR)@0HIe-can resut@HeERROCH,CHo—,
_ TS PEENRR,— or —CH,CHSCHCHzSCH.CH—.

For the processes of the present invention, the dianhydride can be a mixture
of one or more dianhydrides. Additionally, the diol can be a mixture of one or more

diols.

The present invention provides a novel process for making polyesters using a
dianhydride and a diol as major reactants. While polyfunctional anhydrides have
been used to chain-extend hydroxyl-terminated prepolymers to increase molecular
weights, reacting a dianhydride and a diol to prepare polyesters is considered
impractical. It has surprisingly been found by the inventors that polyesters with
relatively high molecular weights can readily be prepared using the present

invention.

The polyester, made by reacting a dianhydride with a diol, can be further
processed either by (A) partially or fully esterifiying carboxyl groups on the polyester
with a capping compound in the presence of a catalyst or (B) converting some or all

carboxyl groups on the polyester to hydroxyl groups by reacting the carboxyl groups
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polyesters or partially crosslinked polyesters, depending upon the
temperature at which the hydroxyl-forming compound is reacted with the
polyester. Generally, if the 5 reaction temperature is about less than or
equal to 80C, the resulting polyestelds generally linear. Generally, if the
reaction temperature is about greater than or equal to 80C, the resulting
polyester generally has some partial crosslinking occurring. Catalysts can

e e
a tineeavies)yiétiver hyRirosgssigningieo (i) cabrolbasaa besdulpirpeititdogenerelly linear
the reaction t rat dditiopal L '

oA B 0 P Yol R g o

whinrethieshiyrtroujé-f@roi@pzonpaund is (eacietendtztha polyesterval@enerally, if the
re;%%ﬁﬁl.%%ﬁﬂlﬂg%t B&IP%%§W§J§W%Q£IHP%Jl@%"@'@ﬂeofe%m&lﬁa}ester is

atic stituted or substituted aromatic, unsubstituted or

generaityiineaycioansrallls, il e reartiostempenatitifds akestarpaterdhaspar equal

toa§6°69@?\@%§9ﬂﬁ£%@9és@” ﬁé@é\ﬁgﬂ%@%&ﬁémaﬁiaﬁefa@gimﬁgJ&curring.
(R30)n (R30gnt (R 2n1 30)nY1 (R3ORO)N/ITLY3
Catalysts can be used to enhance the reaction.

Processing under (B) is normally carried out at atmospheric pressure under
inert gas atmosphere. However, if the hydroxyl-forming compound has a boiling
point lower than the reaction temperature and no additional solvent is used,

increased pressure can be used.

For the above processes, the dianhydride can have the formula
O O
O
Yy
O O (1)
where

A is a tetravalent radical selected from the group consisting of unsubstituted or
substituted aliphatic, unsubstituted or substituted aromatic, unsubstituted or
substituted cycloaliphatic, unsubstituted or substituted heterocyclic groups and

combinations thereof. Tetravalent radical A can be selected from
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(R30)ro (R30)nz Y4 where Rao is identical or different and is selected
from hydrogen, unsubstituted or substituted hydrocarbyl group, or
halogen; Y1, Y2, Y3, and Y4 are each independently 5 selected from
hydrogen and unsubstituted or substtuted hydrocarbyl group; n =1 to 4,
nl=1to6,n2=1to08,n3=1to4;and R20 is selected from a direct
bond, 0, CO, S, COO, CH20, CHL, CL2, CH2000, S02, CONH, CONL,
NH, NL, OWO, OW, WO, WOW, and W, where L is unsubstituted or

drlde ,6 1
3, éR (trifluoromet
dianhydride, 3,6-diio opyromeII|t|c dlanhydrlde 3 6 dibromopyromellitic
dlanhydrlde 3,6- dlchloropyromellltlc dlanhydrlde 3,3,4,4' 16 Y,

: %h?rde 2,334

fcid —v, [
—Y; |
tetracarboxyllc acid dianhydrielg),bis(2,3- \ /
dlcarboxyph(-(\ %pmethane dianhydride, bis(2,5,6-trifluoro-3,4-
Ya

where Ry is identical or different and is selected from hydrogen, unsubstituted or
substituted hydrocarbyl group, or halogen; Y1, Y2, Y3, and Y4 are each independently
selected from hydrogen and unsubstituted or substituted hydrocarbyl group; n =1 to
4,n1=11t06,n2=11t08,n3=11to4; and Ry is selected from a direct bond, O, CO,
S, COO0, CH,0, CHL, CL,, CH.COO, SO,, CONH, CONL, NH, NL, OWO, OW, WO,
WOW, and W, where L is unsubstituted or substituted hydrocarbyl group and W is
unsubstituted or substituted hydrocarbylene group. Some examples of the

compound of formula include

0 (Rao)n fo)
R
QO T TR
and
(Rso)n (Rso)n ° (Rao)’e ©

Examples of the dianhydride include pyromellitic dianhydride, 3,6-
diphenylpyromellitic dianhydride, 3,6-bis(trifluoromethyl)pyromellitic dianhydride, 3,6-
bis(methyl)pyromellitic dianhydride, 3,6-diiodopyromellitic dianhydride, 3,6-
dibromopyromellitic dianhydride, 3,6-dichloropyromellitic dianhydride, 3,3',4,4'-
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dicarboxyphenyl)methane dianhydride,
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane dianhydride,
bis(3,4-dicarboxyphenyl)ether dianhfdride (4,4'-oxydiphthalic 10
dianhydride), bis(3,4-dicarboxyphenyl)sulfone dianhydride (3,3',4,4'-
diphenylsulfonetetracarboxylic dianhydride), 4,4'-[4,4'-isopropylidene-di(p-

phenyleneoxy)]bis(phthalic anhydride), . o
odRRASTOREBESERRRY I R AABIAEe A e,
benz6pHenticastetytinboxyticcioidsdmntytsidey a3, 2'-BgnZaphenidméene

etracarboxylic acid dianhvydride,.1 G-naphthalene-tetracarboxyli id, .
el L B SR e R A g rce.
2,ﬂi§Mbtximiwmlheﬂmrb¢xﬂj8-wimd'mﬁw®ﬁdmcﬁcﬁd&ﬂhpm#m,yltetracarboxylic

) 1 a j i i wvdrida, . . )
o e 2 e e AR A diannyaride bist23
diggrengrh B ereshanardieniiwiadr bisthodrtidlpmE#o-perylene
df%%ﬁﬁ@%ﬁ%%"’,‘”ﬁZgﬁ‘io)“?o“E@@E%%%‘?ﬁ?ﬁﬁfﬁ?‘fﬁﬂ%&ﬁ%‘w e
dianhyslida 2.2-pirdAytestiessraprrhaiyatitybidsmydifxafiuoropropane
s sennired doapshe i

_hydroquinonediether dianhydride, 4,4'-biphenoxy dia ride, an
BB DIk R B SRS SRR ia 34 For the
dipheng@sunerstrmdhm diglicadidrmyeliide Yosau(a, 4 H3dpropy@gmedieB is

an unsubstituted gr. substituted hydr lene group. Examples of B 30 .
PN BB RAB RS SESHE N Ay T e yrine
dianhyairidey bis(8,drdivarboxyuienyl)diethylsitanesdianhyoisitterei38, 7-naphthalene

' .ar . 7. uns, it j .
R TSR pe e
dianbiydrigel R4ctr§toaphthalenatetrasarboxgipagididiannydride, 2,6-
diGASASASE mgi%l:%’ﬁ:B,ré’J?é({F‘a{&rbSJzﬁ@Q&i&dia‘ﬁﬁéﬁﬁé%b@@ﬁé@,3,4,5-

-CH2CH2SCH2CHZ-,’or-CH2CH2SCH2CH2SCH2CH2-. 5
tetracarboxylic acid dianhydride, pyrazine-2,3,5,6-tetracarboxylic acid dianhydride,
pyridine-2,3,5,6-tetracarboxylic acid dianhydride, 2,3,9,10-perylene tetracarboxylic
acid dianhydride, 4,4'-(1,4-phenylene) bis(phthalic acid) dianhydride, 4,4'-(1,3-
phenylene) bis(phthalic acid) dianhydride, 4,4'-oxydi(1,4-phenylene)bis(phthalic
acid)dianhydride, 4,4'-methylenedi(1,4-phenylene)bis(phthalic acid)dianhydride,
hydroquinonediether dianhydride, 4,4’ -biphenoxy dianhydride, and bicyclo[2.2.2]oct-
7-ene-2,3,5,6-tetracarboxylic dianhydride.

For the above processes, the diol can have the formula
HO—-B—OH (2)
where B is an unsubstituted or substituted hydrocarbylene group. Examples of B

include unsubstituted or substituted linear or branched alkylene optionally containing

one or more oxygen or sulfur atoms, unsubstituted or substituted arylene, and
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For the processes of the present invention, the dianhydride can be a
mixture of one or more dianhydrides. Additionally, the diol can be a
mixture of one or more diols. 10 As used herein, "substantially
stoichiometric amount" refers to molr ratios of dianhydride/diol of about
1, and generally between about 0.90 to about 1.20. Typically, a slight
excess of either dianhydride or diol can be used in order to control
molecular weight. 15 As used herein, the term %rocarbyl

: : ferm’ roup" is,used
RS GhiRe Ry SHRSEU e RRIIRNR ARG aTRRR T kemelyigne.
ethbﬁ’é?b?@b?lGhé@tmqliﬂdzhearﬂwmQQ&?W@@Qmﬁmi&mbj@tyropylene,

avin redominant roca haract hydrocarbyl
2 SR CAr e ORABS PO LSl e oHD
—CiisiDH806h Ok D th@t iGHaSMHHEHSE HalBkzalkylenyl or alkenyl),
alicyclic (e.qg., cycloalkyl, cycloalkenyl), aromatic, aliphatic-, and

alicyclic-substituted aromatic substituents, as well as cyclic substituents
whetfedn the piogéssesrgfithedréaenighvansiorrtherdianbydrderarhaea mixture

of Ghg &%ﬂf%{?&m\%}aﬁo@&emmrﬁaw) e ViR RACAH MY DPMmore

_polycyclic alkylene, arylene, aralkylene. Examples of the monocyclic
didigcloalkylene group can have from 4 to 50 carbon atoms, and include
such as, for example, cyclopentylene and cyclohexylene groups, and the
polycyclic cycloalkylene group can have from 5 to 50 carbon atoms an

) | ! d .
inclufié Yser nereidr subniaatialy SlaRliametuc anerefeB i mRnEatios of
diW%W&BE oB@BiRmantaaae gendrisigmpatyieas. dSoltxarpplas ottoat 1.20.
a

rylepe group include mongcyclic and polycyclic groups such as, for
Typliallpial SienyRess ab RIRC ARG Of sicfierh s BRpRansoigs to control
meledulpireight3,4'-diyl groups. 5 Aryl refers to an unsaturated aromatic
carbocyclic group of from 6 to 50

As used herein, the term "hydrocarbyl group" is used in its ordinary sense,
which is well-known to those skilled in the art, as a univalent group formed by
removing one hydrogen atom from a moiety having a predominantly hydrocarbon
character. Examples of hydrocarbyl groups, which can be unsubstituted or

substituted, include:

(1) hydrocarbon groups, that are, aliphatic (e.g., alkyl, alkylenyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl), aromatic, aliphatic-, and alicyclic-substituted
aromatic substituents, as well as cyclic substituents wherein the ring is completed
through another portion of the molecule (e.g., two substituents together form an
alicyclic radical); monocyclic or polycyclic alkylene, arylene, aralkylene. Examples of
the monocyclic cycloalkylene group can have from 4 to 50 carbon atoms, and
include such as, for example, cyclopentylene and cyclohexylene groups, and the
polycyclic cycloalkylene group can have from 5 to 50 carbon atoms and include such
as, for example, 7-oxabicyclo[2,2,1]heptylene, norbornylene, adamantylene,

diamantylene, and triamantylene.
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carbon atoms having a single ring or multiple condensed (fused) rings and
include, but are not limited to, for example, phenyl, tolyl, dimethylphenyl,
2,4,6- trimethylphenyl, naphthyl, anthryl and 9,10-dimethoxyanthryl
groups. 10 Aralkyl refers to an alkyl §roup containing an aryl group. Itis a
hydrocarbon group having both aromatic and aliphatic structures, that is,
a hydrocarbon group in which an alkyl hydrogen atom is substituted by an

aryl group, for example, tolyl, benzyl, phenethyl an th thyl
o Baa0(S3 IR AT A0e RemeAse SRR NN gigyps such
asarfdrhggangste, bheayepesdoapinihytbniey biptetpgddid gl diphieend-3,3'-diyl, and

.exam of.ather atoms are sulfur, oxygen or nitrogen, which may be
b'éﬁggg‘r)i?aﬁloé\@ (gﬁ%lff’gs thio or ether) or as functional linkages such as

ester, carboxy, carbonyl, etc.; 20 (3) substituted hydrocarbon groups, that

s, SRRHHERES cena IR RN AUTASTHARE SEBSINAC iR SERRIR o 50

of this invention, do not e predomina n substituent
caben aenghnviparaxsinglroiyd reemupiple srivneseshitsadbringsoand include,
b hRITRr0): Fraitéd NaErorSHbEAIRPIE; thiHdpyBUbSIfHeNimYERAbERE 2,4,6-

‘having a predominantly hydrocarbon cha_racter, In the context of this
trifpgEhieheRYn BRI AR LARSHH 19-SimeuRain vHRIRE:

composed of carbon atoms. Heteroatoms include sulfur, oxygen,

nitrogen, and encompass supstituents as pyridyl, fury|, thienyl and

imiaYa MY FedRiseaan Ry 8oL o r%%l?'%L%%‘HB-tHdﬁ Briydrocarbon
groap Baviygoskr besnmatisine EHipiatie sresantetrthuatiy, tarhgdrocaridangsoup in
{ocarbon

e R RO el Sy 88 A )

P{J r((a))l(JaprgpIe, tolyl,

bareys pisnetbyl andnagittiyltedthylegroopss branched aliphatic (C1-50)
alkyl group, substituted or unsubstituted linear or branched aliphatic

(C1_50) alkylene group, substituted or unsubstituted linear or branched
thio- @kyleckocaianigr@ps thajreaptainiomseotbeutkansathen and hydrogen

b &IRAPYE N Rinantly hydrocarbon in nature, where examples of other atoms are
sulfur, oxygen or nitrogen, which may be present alone (such as thio or ether) or as

functional linkages such as ester, carboxy, carbonyl, etc.;

(3) substituted hydrocarbon groups, that is, substituents containing non-
hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon substituent (e.g., halogen, hydroxy, alkoxy, mercapto,

alkylmercapto, nitro, nitroso, and sulfoxy);

(4) hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl, furyl, thienyl
and imidazolyl. In general, no more than two, preferably no more than one, non-
hydrocarbon substituent will be present for every ten carbon atoms in the
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substituted or unsubstituted benzyl, alkoxy alkylene, alkoxyaryl,
substituted aryl, hetero cycloalkylene, heteroaryl, oxocyclohexyl, cyclic
lactone, benzyl, substituted 10 benzyl, hydroxy alkyl, hydroxyalkoxyl,
alkoxy alkyl, alkoxyaryl, alkylaryl, alk&nyl, substituted aryl, hetero
cycloalkyl, heteroaryl, nitroalkyl, haloalkyl, alkylimide, alkyl amide, or
mixtures thereof. When Z is hydrocarbyl group, examples include alkyl,

cycloalkyl, substituted 15 cycloalkyl, oxocyclohexyl, cyclic lactope,.benzyl
SRR BRI G o PSR ARy sy CEghrg I the

hyatsglaty)l ghsepyl, substituted aryl, hetero cycloalkyl, heteroaryl, nitro,
halogen, haloalkyl, ammonium, alkyl ammonium, -(CH2)20H,
-O(CH2)20(CH2)OH, -(OCH2CH2)kOH (where k = 1-10), or mixtures
therénfardplés abdytikacanbylygroupsopkensupsiitutiedch elivansubgtiduted linear or

bretﬂ@wdcg(?n %}éh%@‘c% @g. ‘%M@%%ﬁ&%iéﬁ%&%ﬁaihﬁa@%ar or branched

pre droCa cter, the free valences of which are not
aliphatit&ahisoeatiadens bavaurr substitwied onyarsbstisylendigrs s hianeked thio-
e pRbhimted e, alkyigetpthimsriens 2or CyaRatsyiriR®ENdpABalkylene,
al%ﬁplgf‘%ﬁ%ﬁ&se&%?ﬂi bggwpand the like. Examples of W are, W?fr?(?uta yiene

suRgtittashor sUpsYRREYISALR IR K SHEnt i Ay andicttpstituted aryl,
hefél%lsﬁﬁfﬁi%lﬁlﬁﬂéﬁ%u W%'%@%&M@r&ﬁﬂ ét)tm@hll%dm (IEéF@ﬁoéubstituted
cycloalkylene, substitute - cycloalkylene, hydrox nge,
Do R BN RHONASCRY RO AT PSR, alkeny
subiingtedensl, rhaeyteopcldameyb stitéashoy Suhrsilitgd hajtaticy hetkytimide, alkyl

cycloalkylene, heteroagylene, halo 20 alkylene, or mixtures thereof.
amide, L s

,(ﬁﬂ iout limitations, (C1-C50) alkyl, substituted
(C1-C50) alkyl, cycloalkyl, substituted cycloalkyl, oxocyclohexyl, cyclic

lact ! | ! Lo diey Itk QW¥stituted

alky%ﬁgcify%agrﬁ'?gﬁ)&%%%ﬁ Pﬁ@eﬂr@l ,es%e alfld}v he@rb yc%a%l, S
cytlonliyhroxanydahgavkeeyslisrdagtone, benzyl, substituted benzyl, hydroxy alkyl,
hydroxyalkoxyl, alkoxy alkyl, alkoxyaryl, alkylaryl, alkenyl, substituted aryl, hetero
cycloalkyl, heteroaryl, nitro, halogen, haloalkyl, ammonium, alkyl ammonium,
—(CH2),0H, —O(CH)20(CH,)OH, —(OCH2CH2)xOH (where k = 1-10), or mixtures

thereof.

As used herein, hydrocarbylene group is a divalent group formed by removing
two hydrogen atoms from a moiety having a predominantly hydrocarbon character,
the free valences of which are not engaged in a double bond. For example,
hydrocarbylene groups include, but are not limited to, alkylene, thio-alkylene,

cycloalkylene, arylene, examples of W set forth below and the like.

Examples of W are, without limitations, substituted or unsubstituted aliphatic
(C4-Cso) alkylene, substituted or unsubstituted aliphatic (C1-Cso) thio-alkylene, (Ci-
Cso) cycloalkylene, substituted (C4-Cso) cycloalkylene, hydroxy alkylene, alkoxy
alkylene, alkoxyarylene, alkylarylene, (C1-Cso) alkenylene, biphenylene, phenylene,

unsubstituted or substituted arylene, hetero cycloalkylene, heteroarylene, halo
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In the above definitions and throughout the present application, aliphatic
refers to a predominantly hydrocarbon chain which is nonaromatic.
Substituted or unsubstituted alkylene or thioalkylene (C1-C50) group
means an alkylene or an 10 thioalky}¢ne group which is predominantly a
hydrocarbon chain that may be linear or branched containing up to 50
carbon atoms, and where the substituents are those which do not

typically change the hydroca bon nat f the chain and may be al
eIk R B TR R EXADBES iy CUOH e Gis e ally
substieiteRB T, -Oygr@{kyl alkwoblkyarmbstmedybwwam pheny&blahdxyl cyclic
bStIt ted refer ah droc C nta|n|n
la 8ar gﬁg"}yﬁiﬁbe ﬁ¥eth ,deﬁf/l ﬁl% rb|§c{;}f)r¥>pyf))E}'u‘t ?"%'%g? alkyl,
alkexymgllkmmagybuplkenwnsmmmtedom)duIfhetaltonwnimlbythahmemaryl or
mi u%l group contains one or more oxygen atoms in the chain.

xam es o? aliphatic substituted or unsubstituted alkylene (C1-C50)
group which may be linear or branched, are without limitation, methylene,

ety ABE0BY iR R AR Ohd SRUYIRNBp BREANSH Caliphatic

hexylene, heptylene, octylene, methylhexylene ethyloctylene,

refgretg|aIRRIRMINARIANANIEKECASPOM SHaBaNIEN dstRnaripmlice g Substituted or
unQb%M%M'%RZIéﬁbe@mﬁ@aqﬁwéﬁéa {C,-Spttvien %eaﬁybéﬁttawlene or an

thio-alkylene (C1-C50) group is without limit tlon 3,6- dithio-1,8- oct}y

th'%@%‘ﬁﬂ@xﬁﬁo&? b %?géemy Ll A ﬂ?ga'ihg"'f mé'% ey B¢ finear or
brakédhed HabtairizighipSie HaCdarbolicatoms; difidowbierectticSsdlodtinieats are those

Wi AP ye&a‘? R e e B o) S S e may be al
organiohephpbmdmhdﬁyn de W@IsaS)ftbu!;eaivsdmlbed thieoad, andmasydiber, ester,
ny 8y %W%fﬁ R3S ;’ajca‘?\ ?1%{!85;1 Réﬁyfr%lé{ @%%i&ﬁé%%ﬁ% Alkyl

or u rom’atlc gt 'such napht
refamnmaynyqrmam;; ihpmenigininRg s tﬂé@@mhen mw%mméa methyl,

etﬁEQI #&g lBﬂ?ﬁ' referSAQHlaNG e Ve RBAEIE U &1more sulfur

|nc de hydrocarbylene groups as described above, for
at@namblee &ik@qené&mmaFKerﬁé mealr@ﬂet@@%m}ﬂﬁmm%w&ﬁ atoms in the

chiifre®xahpd of aliphatic substituted or unsubstituted alkylene (C4-Cso) group
which may be linear or branched, are without limitation, methylene, ethylene,
propylene, isopropylene, butylenes, isobutylene, pentylene, hexylene, heptylene,
octylene, methylhexylene, ethyloctylene, phenylalkylene, nitroalkylene,
bromonitroalkylene and substituted phenylalkylene. An example of aliphatic
substituted or unsubstituted thio-alkylene (C4-Cso) group is without limitation, 3,6-
dithio-1,8-octylene (also known as 1,2-bis(ethylthio)ethylene having the formula
—CH,CH,SCH,>CH,SCH,CH— from 3,6-dithiaoctane-1,8-diol, also known at 2,2’-
(ethylenethio)diethanol). The cycloalkyl groups may be mono or polycyclic,
examples of which are cyclopentyl, cyclohexyl, cycloheptyl, adamantly, as well as
those described above, and may be unsubstituted or substituted as described
above. Aryl refers to substituted or unsubstituted aromatic groups such as phenyl or
naphthyl or anthracyl. The aryl group may be part of the polymer backbone or linked

to the backbone. Halogen refers to fluorine, chlorine and bromine.
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and naphthyl and substituted variations thereof. Examples include

methylene, 5 ethylene, propylene, butylene, -CH20CH2-,
-CH2CH20OCH2CH2-, -CH2CH2SCH2CHz-,

-CH2CH2SCH2CH2SCH2CH2-, phéhylethylene, alkylnitroalkylene,
bromonitroalkylene, and the like. Other examples include those where

R23is CO or SO2, and B is alkylene, for 10 example, methylene,

ethylene, propylene, -CH20OCHr, -CH2CH20CH2CH2-,

-CH2CH2SCH2CHz-, -CH2CH2SCH2CH2SCH2CHz-,. phenylethylene,
alky|Exaaikyésnaf bBorirmhiidealkydmeaiyeyeograypshys Hesorbesi oature, for
diols use

to synthesize the polymer, of the present.invent; '
DS R ) e K S B o0 A B s AR, phnyi
andchatshttethyiedesyibstituttidtivadatiogiyctiiepeobylenxagiptes, include methylene,
- yl-1,2- iol, 2- -2-Nitro-] nediol, _
et@%ﬁ%yl-Z-ﬁﬁﬁ?iﬁ%’ropan@d%%ﬂéethylb?g?g%?gjﬁethyl)rr?a'-llggzl;taéc,)CHQCHz—’
—QhbGERSREHcHand 3,6-dithieHBRuSHHEGbI-SEabbles of aromBfigtatnylene,
alRitrSaRyIENE BRSO sk st linké. 2- 20

phenylenédioxy)-diethanol, 1,4-benzenedimethanol. The diols are
condensed with dianhydride compounds of formula (1) of the present

invertipRr MRS MHoliiehioele dgharemaltsiBnludsde sanya®isleskgfene, for
which include pyromellitic dianhydride, 3,6-dip

I [litj
X TIETSIES, b U or RN Fon b e Ry iaH:CHEOCHs O,
_@@d, Ois{sCHgHyromellitic d@RLEHISE H3GH BTl KHAellitic  phenylethylene,
ianhydride, 3,6-dibromopyromellitic, dianhydrid - dichl [liti
D B R A
2,3,3',4'-benzophenonetetracarboxylic acid dianhydride, 2,2',3,3'-
ben e C ' id. dli i . :
e AR Jr ARSI HAEUIER, poymer of e presentinvenin
wm@:anemmewmmxbe_mmmd_iahfwmldé,(2)2,@,.3‘0r example and include,
ethW&Wé‘yﬁﬁgéﬁaﬂ?Qfﬁler?ec'%l‘}k?&!‘%ﬂ?le%@"Sl%ai,pheﬁb{gﬁ%at?%y%wﬁediol, 2-

acid 22 “dianhydride, bis(2,3-dicarboxyphenyl)methane dianhydride, )
brpree 2 mtaflérerepangeidiboxyphenyl)methane 2iEeHyrRrgitro-1,3-propanediol,

diéyRR@arbsgrhemrisadiRiapans-hexanediol, and 3,6-dithio-1,8-octanediol.
Examples of aromatic diols are 2,6-bis(hydroxymethyl)-p-cresol and 2,2-(1,2-
phenylenedioxy)-diethanol, 1,4-benzenedimethanol.

The diols are condensed with dianhydride compounds of formula (1) of the
present invention, examples of which include aromatic dianhydrides, examples of
which include pyromellitic dianhydride, 3,6-diphenylpyromellitic dianhydride, 3,6-
bis(trifluoromethyl)pyromellitic dianhydride, 3,6-bis(methyl)pyromellitic dianhydride,
3,6-diiodopyromellitic  dianhydride, 3,6-dibromopyromellitic  dianhydride, 3,6-
dichloropyromellitic  dianhydride,  3,3',4,4'-benzophenonetetracarboxylic  acid
dianhydride, 2,3,3',4'-benzophenonetetracarboxylic acid dianhydride, 2,2',3,3-
benzophenone tetracarboxylic acid dianhydride, 3,3',4,4'-biphenyltetracarboxylic
acid dianhydride, 2,3,3'4-biphenyitetracarboxylic acid dianhydride, 2,2',3,3"-
biphenyltetracarboxylic acid dianhydride, 2,2',6,6'-biphenyltetracarboxylic acid
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dianhydride, 2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane
dianhydride, bis(3,4-dicarboxyphenyl)ether dianhydride (4,4'-oxydiphthalic
5 dianhydride), bis(3,4-dicarboxyphenyl)sulfone dianhydride (3,3',4,4'-
diphenylsulfonetetracarboxylic dian&ydride), 4,4'-[4,4'-isopropylidene-di(p-
phenyleneoxy)]bis(phthalic anhydride),
N,N-(3,4-dicarboxyphenyl)-N-methylamine dianhydride,

_bis(3,4-dicarboxyphenyl)diethylsilane dianhydride; 2,3,6,7-naphthalene
R AR TR AR TN ac B e e P ro-3.4-
diﬁ&ﬁﬁ&bﬁéﬁhﬁﬁn}bm&&naphﬁhalw@ieﬁacarkmzyﬁisaniddimbwwbeﬂyﬁpropane

di ronaphthalene-1.4,5.8-tetracarbgxylic acid dianhydyj
e L8 S RS A% hoauaropropane
diaghyzinide2 , 3, 5tis(8tadicadnopipheinytjethbydriddianhydride (4,4'-oxydiphthalic

pvrdiner . 3,5,6-t r i id di ide, 2,3,9,4.0- e VA
d'?ﬁ&i@ﬁ%kylic a§| @%rﬁ?ﬁ#&gﬁ %ﬁ@}gﬁﬁggngylene) %@Zﬁﬁ%ﬁ% acid)(s’3 A4
diphettyei taneteirgaagopzylicenylerdianyghidedlic acidhHidhidyirarsopylidene-di(p-

, (A ')I'i! & aciddianhyd N _
phfle,ﬁ)fmeth%&%?gﬁ%{%ﬂgenylene)ﬂ?%%htﬁa’cli%g ggd%‘g%gﬁ%??dhénw) N-methylamine
digghydidmobisfetndicarkaxyaneryldiethiisians dignhydkgRie2 & 7 -naphthalene
tehisysiBbicdidlocacidenediadiy frigdacabexyEcraishingiise ebalirioaii®  acid

_polyesteris first prepared by the reaction of a dianhydride and a diol in a

dignbtydrideich inbh:adk 2pohnalene RHRTAIRONIR est?iWinsofliBR1YFge.  2.6-
disslvesiap hteadsefurd srgnettifieatoxiie paitiallydiafidesésrifshigphene-2,3,4,5-

carboxyl gr: . pon the polyester with [ d selected .
R R AR AR s e R BRI W 2l Byrice,
pyiijine+R;818 63 tetrana dycadyliaraoidy | diandryrinie o r2 8 9 pidlyeestyle te Hpdrasgtboxylic

[ ting t | ' ' . ,
o B RS AR e, 015
phrnpienale his(phikalies deidpotignhysiidein thd mepdittd-pheryengsbis(phthalic

—OF dri N ' Ci-C20h < ,
o RSP ey
hydauinenesieitienaianhydeds S 4rhinhenoxndiaghysifgngind bicyclo[2.2.2]oct-
7-3Hassykldtuaaehissliohy BidaRRidagnzy! 23

Typically a polyester is first prepared by the reaction of a dianhydride and a
diol in a media which includes a solvent in which the polyester is insoluble. The
polyester may be further modified by (A) partially or fully esterifying carboxyl groups
on the polyester with a capping compound selected from monohydric alcohols and
mixtures thereof in the presence of a catalyst or (B) converting some or all carboxyl
groups on the polyester to hydroxyl groups by reacting the carboxyl groups with a
hydroxyl-forming compound selected from aromatic oxide, aliphatic oxide, alkylene

carbonate and mixtures thereof optionally in the presence of a catalyst.

Examples of monohydric alcohols include linear or branched C¢-C4o alkanols
such as methanol, ethanol, propanol, pentanol, isopropanol, 1-butanol, isobutanol,
2-methyl-2-butanol, 2-methyl-1-butanol, 3-methyl-1-butanol, tertiary butanol, benzyl
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alcohol, cyclopentanol, cyclohexanol, 1-hexanol, 1-heptanol, 2-heptanol,
3-heptanol, 1-n-octanol, 2-n-octanol and the like. The hydroxyl-forming
compound is selected from aromatic oxide, aliphatic 5 oxide, alkylene
carbonate and mixtures thereof. Exafples of aromatic oxides include:
styrene oxide, 1,2-epoxy- phenoxypropane, glycidyl-2-methylphenyl ether,
(2,3-epoxypropyl)benzene, 1- phenylpropylene oxide, stilbene oxide, 2-

(or 3- or 4-)halo(ch|oro, fl b 10 i tilb ' I
o SRR T ) R Sl tnc
1-pHegighdlp2eh-oetanotyant thblikke, pentyl, hexyl, heptyl, and the like

etc)phenyl glycidyl ether, 4- halo(chloro, fluoro, bromo, iodo)phenyl
glycidyl ether, glycidyl 4-C1.10 straight or branched chain alkoxy(e.g.,

mettihey, hetthoy|Sooming , compgeynteisyiosigctabtinoxy asomatie [xxide, aliphatic

)@hgp h t o igﬂ Qi 15 bromo, iodo)benzylmethyl
OXE% ’er,I ,%cﬁb@e%?%xygbengjﬁwﬂdesﬁlor? e, fluoride, bromide, iodide),
2-(or 4-)methoxybiphenyl, 3,3'-(or 4,4'-)diC1.10 straight or branched chain

alkowlégetmxy1a?gﬂﬁéﬁc PreRRies PYHBYIESXERENBEPRIIY, aRd2-epoxy-
the like etc)biphenyl, 4,4‘-d|methoxyoctafluoroblphergll, 1-(or 2-)Cl.10

Phwﬁ?QfRTBP%ncEB’GiQMhﬁT@ﬁJBﬁ(ﬂRB?@YIm&W?)Ey, $ESBPBREYORYIosRRENE, 1+
g Bt AU oS s s i
. luoro y, -0- X , 2,0-dIC1. I .

w%ﬁﬂi?@&%ﬁéfﬂea%x%.g‘.yw%%% T, as@?fﬁ#ébb&%ﬁbsﬂe&?z\%&%%@raw'(e-g-,
métﬁptylgwéyl,?]pr_bmf,Iiket(ﬁmmphttpalmgmmmﬁfemyllmzmighemyl, and the like

ranc ain. alkpxy(e, XY, ethoxy, propox 0 e
B R R e R S o S T
glyhidybAb@ampstmigbt?@Jblmsinatglmairbmlhom(@mamalmxy(eag]oxy, propoxy,
X t i )

o I YA 1 BRI FERSORR, o
brenechderoenzyIprSpix etherto3Hiikerayoxybenayk halide tenirede, fluoride,
brﬁ}ﬁgﬁéﬁeﬁlb@ﬁt@f&ﬁeﬂ%%ﬁai}giﬁﬁéﬁ‘\%‘,té),éb(@tnﬁfﬁq&b?% Wik Or branched

_ [, ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, and
chaintatkary(ewd)-onethary,_athexagrerirabiiaxy.chaxyigmsxeptyloxy, and the

likB'e ke ipREXY. 4,4'-dimethoxyoctafluorobiphenyl, 1-(or 2-)Ci.1o straight or
branched chain alkoxy(e.g., methoxy, ethoxy, propoxy, butoxy, hexyloxy, heptyloxy,
and the like etc)naphthalene, 2-halo(chloro, fluoro, bromo, iodo)-6-
methoxynaphthalene, 2,6-diC1.1o straight or branched chain alkoxy(e.g., methoxy,
ethoxy, propoxy, butoxy, hexyloxy, heptyloxy, and the like etc)naphthalene, 2,7-diC;.
10 straight or branched chain alkoxy(e.g., methoxy, ethoxy, propoxy, butoxy,
hexyloxy, heptyloxy, and the like etc)naphthalene, 1,2,3,4,5,6-hexahalo(chloro,
fluoro, bromo, iodo)-7-C1.10 straight or branched chain alkoxy(e.g., methoxy, ethoxy,
propoxy, butoxy, hexyloxy, heptyloxy, and the like etc)naphthalene, 9,10-bis(4-Cy.10
straight or branched chain alkoxy(e.g., methoxy, ethoxy, propoxy, butoxy, hexyloxy,
heptyloxy, and the like etc)phenyl)-anthracene, 2-Cq.1o straight or branched chain
alkyl(e.g., methyl, ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, and
the like etc)-9,10-diC4.19 straight or branched chain alkoxy(e.g., methoxy, ethoxy,
propoxy, butoxy, hexyloxy, heptyloxy, and the like etc)anthracene, 9,10-bis(4-C1.10
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propoxy, butoxy, hexyloxy, heptyloxy, and the like etc)anthracene,
9,10-bis(4-C1.10 24 straight or branched chain alkoxy(e.g., methoxy,
ethoxy, propoxy, butoxy, hexyloxy, heptyloxy, and the like
etc)phenyl)-2-halo(chloro, fluoro, brdMo, iodo)-anthracene,
2,3,6,7,10,11-hexamethoxytriphenylene,
glycidyl-3-(pentadecadienyl)phenyl ether, 4-t-butylphenylglycidyl ether,

Strtmrlphea§%§th;%ngﬁg%}%: |€%/{I9T %ﬁ;,n%@% Bﬁla%gér%ropoxy, butoxy, hexyloxy,
hetﬂwaweamt?lmb?n@ rtlétéﬁﬂhmlylbﬂ@ﬂma Jﬂyldmxyﬂllmolbitgmjdyidﬁhanthracene
es of aljphat ide mclud xid e OXId
2 g e SRR EEBNE e BYGEY T BT R SR ethor,
4-tbafwmmyiglyﬂdyl|©ﬂ1@enmnemmmthgnmhegbn&iyixaibedeﬁﬂ(jl;}myyl-&[&
ether an C lene carb.
oS R Bl SRR e TR fervilethane
tet@@ymwll@hnhélmmbmhdimmbdﬁ@h@t@nsubstltuted or
substituted with a group selected from C1-C1lo alkyl, C6-C1o aryl, or
C6-C15 aralkyl 20 group. Examples of alkylene carbonates are ethylene

carbbxamepigfoiic AlipBatsorigeaninslugee nethvans xider, Preyiapg oxide,
busIérr\% diglrd tHerkiigidsotmiake RiReR 'WQ%QW@M@'@B&M@%Q 3-butylene
solvent, or mixture of solvents, in which the p e des %
oxm@&naﬂw&@w%ﬁys!awsnwémedmh ¥h%+h£ t?sf&f %ﬁfcy glycidyl
etisgivent, for example, in the process where the dianhydride, diol, and
hydroxyl-forming compound are mixed together, the hydroxyl-forming
compound can function as a solvent, whether as in liquid form or, for

exargrmpleen sfolalkfterexacarenateyleinelusebthase, bgrhpatindsohiaving the
forrr%‘taing temperature, the reactants are in a liquid.

where Ry is Co-C4 alkyl where the aliphatic ring carbons are unsubstituted or
substituted with a group selected from C4-Cy alkyl, Cs-C1o aryl, or Ce-Cys aralkyl
group. Examples of alkylene carbonates are ethylene carbonate, propylene

carbonate, and butylene carbonates.

The reaction of the diol and dianhydride can take place in a media which
includes a solvent, or mixture of solvents, in which the polyester with the desired
molecular weight is insoluble or, in some instances, in the absence of solvent, for
example, in the process where the dianhydride, diol, and hydroxyl-forming
compound are mixed together, the hydroxyl-forming compound can function as a
solvent, whether as in liquid form or, for example, when solid, for example, ethylene

carbonate, by heating to its melting temperature, the reactants are in a liquid.
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25 Examples of solvents that are useful include dioxane, acetonitrile,

mixture of tetrahydrofuran (THF)/acetonitrile, and mixture of THF/dioxane.

It is useful to use a media where the dianhydride and diol are soluble and

the polyester is not so that as the réaction progresses, the formed

polyester will precipitate out of solution. 5 The temperature at which the

reactions occur generally ranges from about room temperature to about

170C. The reaction time can vary from about 4 tg about 48 hours, 1
ExgmelesnelaReikghizadnator e RS Mo DR IR H{j’é%ﬂ?poﬂﬁﬁt%'l'é%‘?edm”‘t“’e of
teff@ﬁyd@mmlqmﬁ}%@mhﬁﬁmpmmmﬂaﬂmlefc’ﬂl‘kwamrimd Inisxtusetul to use a

reo are d ther u rreactlo nd|t| to It act the.
GHA o L iR e R T RO BT B o so tht as
theuleammmbyogmss&mibmmwpmyﬁmaemwﬁlrrgeqmmlgllqm«nfmh@on.a
media in which the polyester is insoluble, the 15 reaction conditions are
typically a reaction time of from about 3 to about 24 hours at a
tempEhetiampergiverahwiouttbe reaginnsiaocirgsnstally, ienasstifioe about
roldk t@ﬁ}?@%d}'g'ﬂ&%%{)%n?%@ly AT ARG I ERRKIAR T about 4 to about
compound, a catalyst can be added to the mixture. The témperature of _
43H'€9H’€§<ture can be the same as that used to react the dianhydride with
the diol or a different range of, for example, 20 from about 60 to about
170C. The reactign time can range from 4 to 24 hours. Processing the
polyedbergithe, Alanydiids,io Jgg MMB’WAFPFEEUQ iR Releglpd from
aﬂbaﬁaw@maéteaﬁﬁﬁraﬁarhaﬁigecmRy}efmdamwﬂ@rar%amndmg tipeveothare mixed
erature at which the rmin nd,is regcted.with the
togiUHeT, MER! CEAENER), GPHRURR Gh (et A N NGl halrgy ol the
dianbpditil8Grd the rdislibamggivestat in geibstatifidiheatoickioaratijc datheunts the
reaction tem rature is._about t S
m|xm s?Br 2 zﬁlera(hg P ing - 20 e éhﬁw&(&g% p%%ﬁ {gg 1[% Hlléglgjble the

en me partial cross INg occurrl
rmmmnmnewarewpmw@reemmumcmﬂ fp@w@euis'irtgramm 24 hours at

a temperature ranging from about 50 to about 140°C. Optionally, to continue the

reaction with the formed polyester and the hydroxyl-forming compound, a catalyst

can be added to the mixture. The temperature of the mixture can be the same as
that used to react the dianhydride with the diol or a different range of, for example,
from about 60 to about 170°C. The reaction time can range from 4 to 24 hours.

Processing the polyester with a hydroxyl-forming compound can result in
either generally linear polyesters or partially crosslinked polyesters, depending upon
the temperature at which the hydroxyl-forming compound is reacted with the
polyester. Generally, if the reaction temperature is about less than or equal to 80°C,
the resulting polyester is generally linear. Generally, if the reaction temperature is
about greater than or equal to 80°C, the resulting polyester generally has some

partial crosslinking occurring.

The reaction of the hydroxyl-forming compound and polyester is normally

carried out at atmospheric pressure under inert gas atmosphere. However, if the
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carried out at atmospheric pressure under inert gas atmosphere.
However, if the 26 hydroxyl-forming compound has a boiling point lower
than the reaction temperature and no additional solvent is used,
increased pressure can be used. Tyical weight average molecular
weights of the polyesters prepared by the 5 present process range from
about 5,000 to about 300,000. Recovery of the polyester from the reaction

media can be done by conventional methods. For am le, the reaction
kel oG RABRRUTb bR & balng e kure DRndR e s damperature
anthessatidifiohanssivEneis alsbd) tncressechprédsiivercha basesbaiith water or
ether. The polyester also can be isolated by pouring the reaction mixture

into a non-solvent for the polyester and collecting the precipitated
prodlypicaticieighdl gy enageoimoiiculanrweighis|atb the ypalyesternsoptapared by the

Il t th
P %nﬁ@h&& an |oﬁ§?)l'| Qﬁ@%é@s&%gtg E‘nae lEt pl)?gg;(\:/\éegfna thaIyst

catalysts which are well known to those skilled in the art can be added to

INCTERSE TRy BR IR0 BORIEs tor FrORMPCATAORIP AR R AP BE WHRE b

reacting the polyester (from the reaction between dianhydride and

ComANEANr MEDOHE e STABIPTER (R SRR FIABHG Simadhester
as EeRaR! saiddeilireaRIYsH Ve Hsle sy fﬂ?o%%rfmh@@éﬂ@monomer can

phosphonium, ammonium, or sLthonlum salts. Exam

thdsL Py ISR HEISLAT EHEFAL B BRNA Sfrﬁ)m@h% b PRKgng the
remmmmmmlobmrfdethybdymlagdlmellﬁdyagtﬁrevptbciﬂxwted

Pr R, SRR ALl RO G R e e S TSR0 3o oy

vagouuromigtiigiioms in the coatings, adhesives, sealants elastomers, and
photolithography fields. The polyesters prepared by this process can also
be used in preparing barrier containers and films, and as molding,

extri¥iite dhel reastion kesweem thalhiaativdride @ed dicliveica!yrdegmaet need
th@bqg?ér’lé@efadrﬂtﬁlégmﬁa WD AR S rR Wil SORHNY BoUPIBER skilled in the art

conventional fabricating techniques such as extrusion, compression
can be added to increase the reaction rate. A catalyst can optionally be used when
reacting the polyester (from the reaction between dianhydride and diol)) with either
the capping compound or the hydroxyl-forming compound. Examples of suitable
catalysts include onium salts, for example, phosphonium, ammonium, or sulfonium
salts. Examples include benzyitributylammonium chloride, benzyltriethylammonium
chloride, and benzyltrimethylammonium chloride. When reacting the polyester with

the capping compound, inorganic acids such as sulfuric acid can also be used.

The polyesters made by the present inventive process are useful in
compositions in the coatings, adhesives, sealants, elastomers, and photolithography
fields. The polyesters prepared by this process can also be used in preparing
barrier containers and films, and as molding, extrusion and casting resins, in
fabricating molded, extruded or foamed articles, containers, films, film laminates, or
coatings using conventional fabricating techniques such as extrusion, compression

molding, injection molding, blow molding and similar fabrication techniques
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molding, injection molding, blow molding and similar fabrication
techniques 27 commonly used to produce such articles. Examples of
such articles include films, foams, sheets, pipes, rods, bags and boxes. In
the photolithography field, for example, in certain instances, it is important
5 to control the etch resistance and absorptivity of an antireflective
coating. In order to provide the desired etch rate of the antireflective
coatin?, especially for imaging below 200nm, the degree of aromaticity in

comegBlyrvepthy BEOdHRRPUCHr RtiF P raieReok sl rnAkide films,

foRPY Oshekts ipesakind) pyoElisokds.generally known to those of
ordinary skill in the art that aromatics decrease the etch rate. For 10 low

etch rates and/or high absorptivity, highly aromatic polyesters are
desilabiiee pHivtotitiiogRphyniiside fdmexgipelbighlyetaindtistanoesvieisiimportant
some embodiments, , particulayly. for imaging.at wavel 1S below 20
o SRR S RTsATES A s ooy TSR el orcer o
pravidehthebdesjpaditetoh ushegaintbéipantieflectieneodting @spacially for imaging
rongi ! . . e g oL 15T ‘
b e e e a0 B et o fioh et

ratgirihe tRe puljRenentAncthe dplygetekisssaiprakly, Ronatamatipelt is generally

kniWRWAIRGSE G SERSATINR ANneriialaE e mants acaBReS iRNdRhYeRe. For
in the photolithography-field. Such 20 antireflective c_oatlnl% compositions
;?Mgé

low sty aiemh Aol iahealksorpiivitny highlyrremialie tpolypsters: are desirable,
wHBYEIHEMB e et o wuimgRIHtarsHfaNICReRRVE| iR teritRiments,

skilled in the art - a crossllnki%%ﬂ%?sent, an acid or/and an acid generator,

pagigplady iR MmaRiagal i RN SO0 IR LPYBUG Spfigmance may be
obtagisdnbicadytml lipiyethalcolablsrabriane thieliigogrivity dghesioy an aliphatic

romoters, 25 antifoaming.agents, etc. In order to form g good .
mETRVCIE Ch AT ERPLN L SRR S S, BURHE o S S0 A gragic monomer.
Theohrestatisfantibeatibiuhkyialdtelbs ineatpuirdted atmpibsitiimctiarditipobitg, within
th gfé%rly%%@}g the antireflective composition to form the antireflective

After the polyester is prepared, it can then be formulated into, for example, an
antireflective coating composition for use in the photolithography field. Such
antireflective coating compositions typically comprise a polyester made by the
process of the present invention, together with following matérials which are well
known to those skilled in the art - a crosslinking agent, an acid or/and an acid
generator, and a solvent, plus if needed other additives such as, for example,
monomeric dyes, lower alcohols, surface leveling agents, adhesion promoters,

antifoaming agents, etc.

In order to form a good antireflective coating from the antireflective coating
composition, the polyester should be soluble in the solvent of the composition.
Additionally, after baking the antireflective composition to form the antireflective
coating, the formed coating should not be soluble in the solvent of the photoresist,

which is to be coated in top of the antireflective coating, and further, the antireflective
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photoresist, which is to be coated in top of the antireflective coating, and
further, the antireflective 28 coating should also not be soluble in the
aqueous developer solution used to*?}evelop the photoresist. The
optimum structure of the polyester, having all the necessary properties,
may be developed using various strategies, for example, using a mixture
of dianhydrides and diols. 5 The amount of the polyester made b
cogyageSMHArISR caft e, Seltble Bt Al AGeR  dreBlRRetoat

deveIBpARBqNtsoliresmLNTEHE asEtimuan gt dtane abbthdPulpashefohavibguall the

50 weight %, preferably about 85 weight %.to about 70 ight: 9
SR leHETHET) o T e gRUoR doL Fo Cion o5 Aaicd bh grample,
usiting & aticttpcetafrdzringdddespaniidinl3 he following examples provide
illustrations of the process of making the polyesters of the present

invention. These examples are not intended, however, to limit or restrict _
the Jhwperobund pivihetipaliesiey madehy sherresenbinvertiancardesised in,

forPER4FIPR CORHILAREPS 8BRS SCONMSYLROMENIGA At UHEEEan range from

excluswefy In order to practice the present invention. Example 1 2

01.0

abayd| 8 Msjabial tecaanh§a MRk s Risterablyired §3meighd iR ghout 70

we?%ﬁl—%aéhdvﬂﬁbfé Grefsasty apeLt BTN SIETabolin g0 WeRghtoksreftive to
e

lene glycol was added, Under nitrogen, the mixture was heated to a
the,sohict ReFfigh ehibe SQMRASINGY-continued for 24 hrs. After cooling the

reaction mixture to room temperature, stirring was continued for a few

dditi . A whi ipi 25 f d duripg, th ' ,
was RN, PR FL e ALY o S RIGEge OFfaking the
pobfdklemsfdﬂireddregemm\ammﬂ Theselaxalviplds @veuta@Oriended, however, to
Iinﬁtog(nljeesrtﬁaqﬁevg%wé 8y WQQEVMBWW%}’JVQQ gﬂH@hggld not be construed as

providing conditions, parameters or values which must be utilized exclusively in

I;tfggn used to

order to practice the present invention.

Example 1

1.0 mole of pyromellitic dianhydride was suspended in 300 g of acetonitrile in
a 2L-flask with a condenser and a mechanical stirrer. Then 1.05 moles of ethylene
glycol was added. Under nitrogen, the mixture was heated to a gentle reflux. The
reaction was continued for 24 hrs. After cooling the reaction mixture to room
temperature, stirring was continued for a few additional hours. A white precipitate
formed during the reaction and was collected by suction and washed thoroughly with
acetonitrile. The solid was dried in a vacuum oven for 1 day. Yield: about 90 %. The

polymer had a weight average molecular 41,100 g/mol.
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Example 2 1.0 mole of pyromellitic dianhydride was suspended in 300 g of
acetonitrile in a 2L-flask with a condenser and a mechanical stirrer. Then
1.00 moles of ethylene 5 glycol was added. Under nitrogen, the mixture
was heated to a gentle reflux. The ré4ction was continued for 24 hrs. After
cooling the reaction mixture to room temperature, stirring was continued
for a few additional hours. A white precipitate formed during the reaction

and was collected by suction and Esasheﬁ tEorougth with acetonitrile.
The solid was dried in a vacuum & ay. Yield: about 90 %. The

10 polymer had a weight average molecular 269,00 g/mol. Example 3 0.2

o 4 TR RS R T i
a 2h-dlask witbkacondensetangd aanechanichlssticwarstilieenUn@e maesyeh ethylene

gl){ﬂﬂ WEEEERTES bﬁa@%%g%ﬁf‘@ﬁer?#&mMa{saféaamangémr}%ﬂux. The

or 24 hours. A polymer precipitated out during the reaction. After the

reqetieRiowarixeandinued cldiefdirsom tiansaeling: e fSaGHeer Mhgure to room

terRPEPSIBRE DX ITHAMCHaS NORMN(BE TS tediSsatieshia Hoke0 Nl AhReciResipitate
and reprecipitated from water. The ﬁ)olﬁmer was collected and washed

forfRerbayrRei FRarsionANdYaRo Rasughien fnd washad tigughly with
acétoniaveralivicidlianias pabdiarararabeLbes Yol hedaglyyisdobbamed0 %. The

Elad a weight av%raéle molecu?Ifar wel %%é:rf @bo t5‘,830 g/mol. 25 Example
POY MRgRLAVSIAgE N %ﬂﬁég 98GR were charged into a 2

L flask with a magnetic bar and a condenser. To this were added 50 g of

the polymer prepared from ExampIEx} %E(l*l 235 g of

benzyltriethylammonium chloride. trogen, the reaction mixture

was heated to a gentle reflux. The reaction was maintained for 24 hours.

AMeTDURAD 16078 LHAKUHR S BRAEPLRAMIANRD HAHIBHIRT and 0.2

slowly into large amounts of water while stirring. A polymer was
moles of 3,6-dithioctane-1,8-diol were suspended in 250 g of acetonitrile in a 1L-
flask with a condenser and a mechanical stirrer. Under nitrogen, the mixture was
heated to a gentle reflux. The reaction was maintained for 24 hours. A polymer
precipitated out during the reaction. After the reaction mixture was cooled to room
temperature, the polymer was collected by suction. The polymer was redissolved in
300 ml of acetone and reprecipitated from water. The polymer was collected and
washed thoroughly with water. Finally the polymer was dried in a vacuum oven.
The overall yield for the polymer was about 65%. The polymer obtained had a

weight average molecular weight of about 5,830 g/mol.

Example 4

300 g of propylene oxide and 300 g of acetonitrile were charged into a 2 L
flask with a magnetic bar and a condenser. To this were added 50 g of the polymer
prepared from Example 1 and 2.5 g of benzyltriethylammonium chloride. Under
nitrogen, the reaction mixture was heated to a gentle reflux. The reaction was

maintained for 24 hours. After cooling to room temperature, the reaction solution
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collected by suction and washed thoroughly with water and finally dried in
vacuum oven for 1 day. The overall yield was about 80%. The polymer
obtained had a weight average molecular weight of about 43,200 g/mol. 5
Example 5 300 g of styrene oxide af¥ 100 g of acetonitrile were charged
into a 2 L flask with a magnetic bar and a condenser. To this were added
50 g of the polymer 10 prepared from Example 2 and 3 g of
benzyltriethylammonium chloride. Under nitro&gnm he reaction miéture

W LARE SIBWY dRIR: kIS BMRURISCRDIVRIR! MAGARTLL Ry 24 Hieglyner was
coﬁﬁ@l’l e@ODill 'nigmcmcmdawm@dummwcﬂm salidicmaviingigudeidd in vacuum
slowly into, large.amounts of water while stirri mer,was _cql
°“r§‘§‘vs¥ffv&i H8kd 8h8&%’ﬁ£&?§ﬁ?§"€v?tr?e9v%%r §r{§ fﬁ% 5 ﬂ'é(é“%rv‘g%%ﬁ'grﬁg had a
wdightarefagéd ohajediiaroveighit pictdovd 43200 §036l.The polymer obtained
had a weight average molecular weight of about 23,800 g/mol. Example 6
20 2.0 mole of pyromellitic dianhydride was suspended in 300 g of
acetonitrile in a 5L-flask with a coE@m@leand a mechanical stirrer. Then

2.10 moles of ethylene glycol was added. Under nitrogen, the mixture
was heated to a gentle reflux. The reaction was continued for 24 hrs.

AfterdBbane Srenecasidendadrdas sehacrisnbiaurerashaigaddsto a 2 L flask

wilRHiIPHEGHE A Ry Al HOBGhAEHEEr 25TEOtHIS WepdeadisdiBDSglbliaRe polymer
were added 1,500 g of propylene oxide an

d f . ,
PrBRALSA R ARORIEE R o S BRI N YRTERCIR ide.  Under
nitﬁ?@eHﬂeﬂ?@dr&ééli@ﬂnﬂﬂmfblmiﬁmméﬂofo\mi?gmﬁietwm.foI"I‘Ma h@aition was
ter.coqli room temperature, the reaction solution was, poured.,. .
BRI ERHEEm AL SRS e I D HA Sy g gion solution
waswlIpot&dd))smmgvommda@esmahnmwjhkyateithwirﬁi@rsi’mdrfgually\dpimymer was
colfected’ b(g,vg&c{%nladn%nggggg ‘?ﬁ%‘i&dsmmﬁr?%&? iland finally dried in vacuum
oven for 1 day. The overall yield was about 80%. The polymer obtained had a

weight average molecular weight of about 23,800 g/mol.

Example 6

2.0 mole of pyromellitic dianhydride was suspended in 300 g of acetonitrile in
a 5L-flask with a condenser and a mechanical stirrer. Then 2.10 moles of ethylene
glycol was added. Under nitrogen, the mixture was heated to a gentle reflux. The
reaction was continued for 24 hrs. After cooling the reaction mixture to room

temperature, stirring was continued for a few additional hours.

To the above reaction solution were added 1,500 g of propylene oxide and 8
g of benzyltriethylammonium chloride. Under nitrogen, the reaction mixture was
heated to a gentle reflux. The reaction was maintained for 24 hours. After cooling to
room temperature, the reaction solution was poured slowly into large amounts of
water while stirring. The polymer was collected by suction and washed thoroughly

with water and finally dried in vacuum oven for 1 day. The overall yield was about
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85%. The polymer obtained had a weight average molecular weight of
about 25,200 g/mol. Example 7 5 250 g of the polyester polymer
prepared in Example 2 were dissolved in a mixture of 750 g of methanol
and 750 g of ethyl lactate in a flask.330 g of concentrated sulfuric acid
was added as catalyst. The solution was heated to a gentle reflux. The
reaction was maintained for 22 - 24 hours. After cooling to room 10
temperature, the solution was S|% oured into a l&gg amount of water

83k iy POpEREN RRkHRS I A A RYIBRR G NELRY ¢y about 25,200

g/fsation and washed thoroughly with water. Finally, the polymer was
dried in a vacuum oven for 1 day. The overall yield was about 50%. The
polymer obtained had a weight average molecular weight of 16,900
g/mol. 15 Example 8 300 g of ethylamenmebdnate were warmed to liquid in
a 2L flask with a mechanical stirrer. To this was added 100 g of the

polymer prepared in Example 2 20 and 4.0 g of benzyltriethylammonium
chlo25®. gref thietpelyatehealymes preuadiin fxagere Phweedlisselved in a

mi¥R3dNainiPERed AbtRJRRRG AUREE Y8 8 BrecpRiyBRIE@SHISSAMER. 20 g of

and a clear solution obtained. After cooling to room_temperature, the

careanisated | sHlirrigaacitbwrspaddsd ia tatglysimoliRe iQlidiep Wagcheated to a
gettiEnendxPreatP iaiRe P Wae Rl ik avashe e dhey o ughdy ¥48ling to room

water 25 and finally dried in a vacuum oven. The polymer obtained had a .
te{BRFHUSe S BB NSNS POH o (P AL RREEATREL R 1ieh e hich
spefcl EeRIbHC lanhytdrigelyvasrdittained wLHeqleftedh\dgriiratdroante washed

thlélg)auéh yf'\?vﬁ V\\ll\}g ea}'.rr%?r?aﬂlrjl?ﬁtle S;;g[)?rrﬁe-l;hv%gslé)riénao %?1 %f sgc]:\dgr[r]]eoq}(gﬁotjor 1 day.
The overall yield was about 50%. The polymer obtained had a weight average
molecular weight of 16,900 g/mol.

Example 8

300 g of ethylene carbonate were warmed to liquid in a 2L flask with a
mechanical stirrer. To this was added 100 g of the polymer prepared in Example 2
and 4.0 g of benzyltriethylammonium chloride. The mixture was heated to 130°C
under nitrogen. The reaction was maintained at this temperature until all the
polymer was dissolved and a clear solution obtained. After cooling to room
temperature, the reaction solution was slowly poured into large amount of water
while stirring. A precipitated polymer was collected, washed thoroughly with water
and finally dried in a vacuum oven. The polymer obtained had a weight average

molecular weight of 41,000 g/mol.

Example 9

1.0 mole of pyromellitic dianhydride was dissolved in 600 g of ethylene

carbonate in a 1L-flask with a mechanical stirrer. Then 1.0 mole of ethylene glycol
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was added. Under nitrogen, the reaction mixture was heated to 120C. The
reaction was continued for 8 hrs. Then 10 g of benzyltriethylammonium
chloride was added and the reaction was continued for another 22 hrs at
the same temperature. The reactiod2solution was cooled and filtered. The
filtrate was slowly poured into a large 5 amount of water while stirring. A
white polymer was collected by filtration and washed thoroughly with
Water followed by drying in a vacuum oven. The polymer, obtaine

f%%%g beachon

é&F’PQvellJQG@ G sl W@lb?ﬁ%\ofl@'%ﬁegﬂﬁﬁl hegteddr P

way edhignecRIbenate wera]wrgeﬂ mhquummlamﬂmmmmonde was added
mechanical stirrer. To this w dderil_lor4 rgr'rlgles rg romell
It

A Sy AR 45 £ PUDHES % 375 S drRgature. The
reagtidnr soldivh eedscctniRe @ndrfitaredtrofbe fﬁMeemmlow&epnamthmt;da large

atthst mperatur, for h t
B TREER SR A AT BT SR Hiion an
waelaeddhmegiﬂlal mam@camrtrigllwmbmmwm i arvaguen coimgThe polymer
obtgﬂmc} %fwg. {86, '%e@m*é?w RSt 2 large

amoun water while stifring. A precipita ed polymer Was collected,
washed thoroughly with water and finally dried in a vacuum oven. The

overall yield was about 70%. The%%}gnﬁj obtained had a weight
average molecular weight of about g/mol. Example 11 300 g of

ethylene carbonate were warmed to liquid in a 1L flask with a 25
meceeoicgtléatiréﬁtyl@ﬁéh&ma@d%&%mecm@yrmltitic.a 2L flask with a

di d 0.03 le of 1 h d
mecT RIS 1 o p HETR AL Do e o BN B g S pnpugride and
0. Apf]rﬁgﬂeg W?ﬁbmtﬁqm;ﬁtﬁmwmmodedmts tEhepenitture fova23 reatesd to 80°C
Then 0 nzyltri ammo
e DGR LS R P A iR oer B Aol hours. Then
5 teof hemyitddthyramsoiiemoduimigeoversnaddet anduihe tampesative was raised

1o S4gHan ra &Qﬂ%‘é&?ﬂtﬁ? AE ATRY e b WRiR I RIESBTHIRY- Ater cooling

precipitate
to room temperature the reaction solution was slowly poured into a large amount of

water while stirring. A precipitated polymer was collected, washed thoroughly with
water and finally dried in a vacuum oven. The overall yield was about 70%. The

polymer obtained had a weight average molecular weight of about 26,500 g/mol.

Example 11

300 g of ethylene carbonate were warmed to liquid in a 1L flask with a
mechanical stirrer. To this was added 0.31 mole of pyromellitic dianhydride, 0.031
mole of 1-phenyl-1,2-ethanediol and 0.279 mole of 2-bromo-2-nitro-1,3-propanediol.
The mixture was heated to 80°C under nitrogen. The reaction was maintained at
this temperature for 23 hours. Then 4.0 g of benzyltriethylammonium chloride was
added and the temperature was raised to 110°C. The reaction was maintained at
this temperature for 7 hrs. After cooling to room temperature, the reaction solution

was slowly poured into large amount of water while stirring. A precipitated polymer
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33 was collected, washed thoroughly with water and finally dried in a
vacuum oven. The polymer obtained had a weight average molecular
weight of 44,100 g/mol. Example 12 5 An antireflective coating
composition was prepared by dissoRdng 2.4 g of polymer prepared in
Example 6, 0.72 g of tetrakis (methoxymethyl)glycoluril, 0.048 g
triethylammonium salt of 10-camphorsulfonic acid in 47.6 g ethyl lactate.

The solution was filtered through 0.2m filter. f th
was rolaetasl WasheAdorAHIRhO W g algh Ay H’fﬂ@/r% rtr'?)%fa%gum%ven The

pdlyrerobainetbresisi (migttbizetage moledetaroneidhhttridst 0C iginaoit
Corporation, Somerville, NJ). A 108 nm antireflective coating film from the
above solution was coated on a silicon wafer and baked at 200C for 60
seconds. 15 The antireflective film wdsxaopkettehave (n) value of 1.51
and (k) value of 0.26. Using AZ(r) EXP AX1020P photoresist a 330 nm
film was coated and baked at 115C for 60 seconds. The wafer was then
imagéwm@mte@ajuwngtm@mgsimnrrmgtmg@amhhmﬂmwg 2.4 g of

p(?/\lg‘?;? ASFEP I EUALIE B PSP B SRS St lym Uﬂ%‘yﬂ{%&%ﬂ%&’r% 0.048 g

as baked at 110C for 60 seconds and developed usin

trigtiigrimaniued BadoRltid O-sRBRBATEURANIEN ARIH ifh ﬁ?@ro&ld“é"fﬂr lastate.  The

sSEfBAMPad iR PrsUEh dasenfikemJ/cm2, the line and space patterns
at 0.13 micron were observed under scanning electron microscope and

showed no standing waves indicating the efficacy of the bottom
anti-"?ﬂﬁcﬁéﬁﬁﬁﬁﬁﬁgezéf|m|1§1@iiﬂ|iihﬁwamey dbatinge fo'i'rlmlmmn was evaluated

tireflegti fl he b I f h .
SR chey S AR PR Lo 1R RO TR (hn E Baig, Materias,
Claiizntoammr@imith?obmphnwaﬁlk): aAdip8onno antireflectiveéheoatisgsfils from the
abc))(\Pg Sé%? |on Sc(?oa dgg/ lo&ﬁqu/ Qﬁ,%’[ltgﬁﬂet% %QCQ?%JS; 60 seconds

exp oSed area 1S then e iIcally In"an oxygen plasma, and the resis
Tbatmmreﬂectlve film was found to have (n) value of 1.51 and (k) value of 0.26.

Using AZ® EXP AX1020P photoresist a 330 nm film was coated and baked at 115°C
for 60 seconds. The wafer was then imagewise exposed using an ISI 193 nm
ministepper with 0.6NA, 0.7 sigma, under conventional illumination with binary mask.
The exposed wafer was baked at 110°C for 60 seconds and developed using a 2.38
weight % aqueous solution of tetramethyl ammonium hydroxide for 60 seconds. At
an exposure dose of 16mJ/cm2, the line and space patterns at 0.13 micron were
observed under scanning electron microscope and showed no standing waves

indicating the efficacy of the bottom anti-reflective coating.

In photolithography, the use of bottom antireflective coating provides the best
solution for the elimination of reflectivity. The bottom antireflective coating is applied
to the substrate prior to coating with the photoresist and prior to exposure. The
resist is exposed imagewise and developed. The antireflective coating in the
exposed area is then etched, typically in an oxygen plasma, and the resist pattern is
thus transferred to the substrate. The etch rate of the antireflective film should be

relatively high in comparison to the photoresist so that the antireflective film is
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30 thus transferred to the substrate. The etch rate of the antireflective film

should be relatively high in comparison to the photoresist so that the

antireflective film is 34 etched without excessive loss of the resist film

during the etch process. Itis preferfdd to have a bottom antireflective

coating that functions well at exposures less than 230 nm. Such

antireflective coatings need to have high etch rates and be sufficiently

absorbing to act as antireflective coatings. US 5,935,760 descré%es ab .
e BRI KO YRR Lol o S BTG, 08 e Brocess. It s
prefdyasico haleaeboftbin apfilictidiciivis celnlegl ttathpiictiors' wepabeixgpsures less

patent applicagion,seri . 10/301,462, filed November 21.2002. th
R T AL S, SRaLT e o d BEE ot it feg and be
syffivterstyf@bstking dopabteate antinetectingieatimgaictibkp HRIBLKBRIdtescribes a
ith. 534 ianally. i f a ' : ja
D Bl o AeERr U L B ooy SR RAEA polyester
pelyreeted from the group consisting of dioxane, acetonitrile, mixture of
tetrahdrofuran/acetonitrile, and mixture of tetrahydrofuran/dioxide, the
dianhydride and the diol being present in substantially stoichiometric _
amou'ﬁ@ soplicatienyisdelated dRiAPRIGRIES CoRPRAIBE RtsifeRCatigy serial
n&f PeEIInes fHlba fREEGERBE 0arwos ars BsrerkeopANRHaMbyancorporated
capping compound selected from monohydric alcohols and mixtures
bYHEIEIR R ionally in the presence of a catalyst. 15 3. The process of claim
1 which comprises an additional step of converting some or all carboxyl
groups on the polyester to hydroxyl groups by reacting the carboxyl
groups with a hydroxyl-forming compound selected from aromatic oxide,
aliphatic oxide, alkylene carbonate and mixtures thereof optionally in the
presence of
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a catalyst. 20 4. The process of claim 3 wherein the polyester formed after
the reaction of the carboxyl groups is partially crosslinked. 5. The process
of claim 3 wherein the polyester formed after the reaction of the 25
carboxyl groups is generally linear. 6. The process of claim 1 wherein the
diarhydride is a mixture of one or more dianhydrides. 30 7. The process
of claim 1 wherein the diol is a mixture ¢ one or more diols. 36 8. A
process for making a polyester which comprises: (i) reacting a dianhydride
with a diol, optionally in the presence of a catalyst, in a solvent media
such that the polyester precipitates out as it is formed, the solvent 5
medjgy selgcted from the group consisting of dioxane, acetonitrile, mixture
of tefra hydrofuran/acetonitrile, and mixture of tetrahydrofuran/dioxane,
the dianhydride and the diol being present in substantially stoichiometric

1. BMORMYS, (SGBRIAURMINS BB|¥8§ gF Vmﬁ%msﬁ&ef@%% sgﬁ}a@yd fide with

partially or fully esteritying carboxyl groups on the polyester of Ste

a o\mh @pi@raadbpmgtb@nfgr@@ﬁa@ea|@6tedcﬁbaivmomwcﬁqd\eﬂabm@@1@uch that the
eIPHONBLY i RSURS HES s 1 PR ARl D s N R RDAR }he group

makln a po yester which comprises: (i) reacting a dianhydride with a dio

coagﬁ@nsus;fudlm@aﬁeemérutr&ecamvyfeu@tateizabsmhfaﬁé@ﬁstwr@wlma@nd mixture
of {Bf‘r&?ﬁk SEFRTREINIAL S UM ya Gt the E%Y?Jé‘irfa‘fﬁ&éﬁ Shtelbstantially

from the group consisting of dioxane, acetonitrile, mixture o
staishigipetofpanpatdtonitrile, and mixture of tetrahydrofuran/dioxane, the
dianhydride and the diol being present in substantially stoichiometric

amounts; (ii) separating the polyester from the media of step (i); and 20

2. (iii) c&@mwgém%%am tavbisly cgonpsem aRcassiifiestal sfenal partiplly or fully
es@fﬁ%'carboxyl groups on the polyester with a capping compound selected from

monohydric alcohols and mixtures thereof optionally in the presence of a catalyst.

3. The process of claim 1 which comprises an additional step of converting
some or all carboxyl groups on the polyester to hydroxyl groups by reacting the
carboxyl groups with a hydroxyl-forming compound selected from aromatic oxide,
aliphatic oxide, alkylene carbonate and mixtures thereof optionally in the presence of

a catalyst.

4, The process of claim 3 wherein the polyester formed after the reaction of the

carboxyl groups is partially crosslinked.

5. The process of claim 3 wherein the polyester formed after the reaction of the

carboxyl groups is generally linear.

6. The process of claim 1 wherein the dianhydride is a mixture of one or more

dianhydrides.

7. The process of claim 1 wherein the diol is a mixture of one or more diols.
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groups by reacting the carboxyl groups with a hydroxyl-forming compound
selected from aromatic oxide, aliphatic oxide, alkylene carbonate and
mixtures thereof optionally in the presence of a catalyst. 25 10. The
process of claim 9 wherein the dianhydride is a mixture of one or more
dianhydrides. 11. The process of claim 9 wherein the diol is a mixture of
one or more diols. 30 12. The process gf claim 9 wherein the
hydroxyl-forming compound is selected from styrene oxide, propylene
oxide, ethylene carbonate and mixtures thereof. 37 13. The process of
claim 9 wherein the polyester formed after the reaction of the carboxyl

groups Is parti crgsslinked. 5 14. ess for.making a polyester
© whi %@rﬁ%?ssg y ' %ﬁ%tﬁm&"'yo%ﬁ{y‘@ﬁ]& WG {?8? optionally in the
(i) preseacemj a dmamrmleaml\eedtohexﬂ)acswﬂythahét@tmdgaseaof a catalyst, in a
pitates out |t| forme solvent m dia se lecte fro the rng
sol an ig{% %fsal% élag ‘i(¥ %ﬁl’&r(élpl SS Out a5 i ormed, solvent
metdatralspdbofedarffaoetohetnlgrcnmj ra:oxtsnsamgtelfahwkahoarddéhomitﬁléhanixture of
ride nd the, diol bein sent su t| I tchlome
q |rgn Oai:e)t%rzlal;t ||Io|yaonrc%9]‘§ Egn ﬂe oxy‘l"érro; |%xg'r]1ﬁ1t{he dianhydride
anqbtﬂtyeedterhwmtypl(e)smmnascﬁasmngtaummomtbamémmammmhstonohydnc
alcohols an ture presence of a catalyst. 15
(i1 15. ieﬁr% 'ngg%en? OkY roffr yesi% é?‘l comp gz“ ??cr{eactlng a
(iii }dianbediadle mtfuﬂydaslte:vrﬁymga&ymbdhyd gtresmxscemﬂmqmwyestamcﬁ step (ii) with a
ca solventcrgtr%dlau%dcht a f f esttreTr] 10 tates UL As itis f8rme|()j(t tnhes thereof
R RN N S 1etted trom th e group co svsfn Pdloxane AcetS ltrﬁa'
optioixaliseinfte peesdryckasticansabstitrile, and mixture of
tetrahydrofuran/dioxane, the dianhydride and the diol being present in
substantially stoichiometric amounts; and
9. A process for making a polyester which comprises:

tetr

(i) reacting a dianhydride with a diol, optionally in the presence of a catalyst, in a
solvent media such that the polyester precipitates out as it is formed, the solvent
media selected from the group consisting of dioxane, acetonitrile, mixture of
tetrahydrofuran/acetonitrile, and mixture of tetrahydrofuran/dioxane, the dianhydride
and the diol being present in substantially stoichiometric amounts;

(i) separating the polyester from the media of step (i); and

(i)  converting some or all carboxyl groups on the polyester of step (ii) to hydroxyl
groups by reacting the carboxyl groups with a hydroxyl-forming compound selected
from aromatic oxide, aliphatic oxide, alkylene carbonate and mixtures thereof

optionally in the presence of a catalyst.

10.  The process of claim 9 wherein the dianhydride is a mixture of one or more
dianhydrides.

11.  The process of claim 9 wherein the diol is a mixture of one or more diols.

12. The process of claim 9 wherein the hydroxyl-forming compound is selected

from styrene oxide, propylene oxide, ethylene carbonate and mixtures thereof.
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(ii) converting some or all carboxyl groups on the polyester of step (i) to
hydroxyl groups by reacting the carboxyl groups with a hydroxyl-forming
compound selected from aromatic oxide, aliphatic oxide, alkylene
carbonate and mixtures thereof 25 optionally in the presence of a
catalyst. 16. The process of claim 15 wherein the dianhydride is a mixture
of one or more dianhydrides. 30 17. Theg process of claim 15 wherein the
diol is a mixture of one or more diols. 38 18. The process of claim 15
wherein the hydroxyl-forming compound is selected from styrene oxide,
propylene oxide, ethylene carbonate and mixtures thereof. 5 19. The
process of claim 15 wherein the polyester formed after reaction of the
carboxyl groups is partially crosslinked. 20. A process for making a

13polydsePeepgsssmglaien deyresei)theapahyg dejdeneddrtishibedeastion of the
Camgkﬂ%qcﬁﬁgqgo&ghfgm]&?gégﬁmnd 10 selected from aromatic oxide,

aliphatic oxide, alkylené carbonate, and mixtures thereof under conditions
to react the dianhydride with the diol, the dianhydride and the diol being

14PTeSRIUHHCRRSIAHAIMRIIGhBS HEF WN@H'H&A&M%@CWQ the mixture of

(i) under conditions to react carboxyl groups on the polyester with the

(i) hydreastivenardjadmgide mithcasliel: @aliesrllyjrothiss Rec senaedRbRyeatalyst, in a
soREMPR &Y @Ucﬁeﬂﬁéﬁtm Bistyedigs (;ﬁéfﬁ PrELRISAH- a?s11tT@ef8FHf€<§Stﬂfe solvent

claim 20 wherein the Eﬁyester formed after the reaction of the carboxyl

meghisusele BarialfprrodiginQEuRocRNSIH NG rée shoxpnaimazeiRnirien trexture of
tetF’éWBYéiﬂﬁﬁd?a%émﬁW% OBHH%&M%%Q%QMQ&%&%%%Héoocﬁ%scﬁénhydnde

claim 20 wherein the d|o| is a mixture of one or more diols.
and the diol being present in substantially stoichiometric amounts and
(iiy partially or fully esterifying carboxyl groups on the polyester of step (i) with a
capping compound selected from monohydric alcohols and mixtures thereof

optionally in the presence of a catalyst.

15. A process for making a polyester which comprises:

(i) reacting a dianhydride with a diol, optionally in the presence of a catalyst, in a
solvent media such that the polyester precipitates out as it is formed, the solvent
media selected from the group consisting of dioxane, acetonitrile, mixture of
tetrahydrofuran/acetonitrile, and mixture of tetrahydrofuran/dioxane, the dianhydride
and the diol being present in substantially stoichiometric amounts; and

(ii) converting some or all carboxyl groups on the polyester of step (i) to hydroxyl
groups by reacting the carboxyl groups with a hydroxyl-forming compound selected
from aromatic oxide, aliphatic oxide, alkylene carbonate and mixtures thereof

optionally in the presence of a catalyst.

16. The process of claim 15 wherein the dianhydride is a mixture of one or more

dianhydrides.

17.  The process of claim 15 wherein the diol is a mixture of one or more diols.
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24. The process of claim 20 wherein the hydroxyl-forming compound is
selected from styrene oxide, propylene oxide, ethylene carbonate and
mixtures thereof. 25. The process of claim 20 wherein a catalyst is added
prior to step (ii). 30

38

18.  The process of claim 15 wherein the hydroxyl-forming compound is selected

from styrene oxide, propylene oxide, ethylene carbonate and mixtures thereof.

19. The process of claim 15 wherein the polyester formed after reaction of the

carboxyl groups is partially crosslinked.

20. A process for making a polyester comprising the steps of:

(i) reacting together a dianhydride, a diol, and a hydroxyl-forming compound
selected from aromatic oxide, aliphatic oxide, alkylene carbonate, and mixtures
thereof under conditions to react the dianhydride with the diol, the dianhydride and
the diol being present in substantially stoichiometric amounts;

(ii) reacting the mixture of (i) under conditions to react carboxyl groups on the
polyester with the hydroxyl-forming compound to convert carboxyl groups to
hydroxyl groups; and

(i)  separating the polyester from step (ii).

21.  The process of claim 20 wherein the polyester formed after the reaction of the

carboxyl groups is partially crosslinked.

22.  The process of claim 20 wherein the dianhydride is a mixture of one or more

dianhydrides.
23. The process of claim 20 wherein the diol is a mixture of one or more diols.

24,  The process of claim 20 wherein the hydroxyl-forming compound is selected

from styrene oxide, propylene oxide, ethylene carbonate and mixtures thereof.

25. The process of claim 20 wherein a catalyst is added prior to step (ii).





