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i nvention relates to the preparation of ~pol yeth
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polymers characterized in particular by resistance to high
temperature conditions. At least two methods for their preparation
from monomeric reagents are known. The first method includes the

_ steps of displacement of a chloro- or nitro-substituted phthalimide

with a salt of a dihydroxyaromatic compound followed by conversion
of the resulting bisimide to the corresponding dianhydride and its
reaction with at least one diamine. This method, hereinafter
designated “displacement-condensation”, is disclosed in mariy
publications and patents.

The second method, hereinafter designated “direct
displacement’, is frequently advantageous by reason of minimization
of processing steps and by-product formation. It typically comprises
the reaction of a sait of a dihydroxyaromatic compound with a
bis(halo- or nitrophthalimide). The direct displacement method is
also disclosed in numerous patents. Particular reference is made to
U.S. Patent 5,229,482, which describes direct displacement in a
solvent of low polarity such as a dichloro- or trichloroaromatic, .
compound in the presence of a phase transfer catalyst which is
stable at the relatively high reaction temperatures employed. The
phase transfer catalysts having this property which are often
preferred are the hexaalkylguanidinium halides, especially chlorides



-2 - and brom des. A simlar direct displacenent nmethod, enploying an
;al koxyaromati ¢ conmpound such as anisole as a solvent, is disclosed I n
copendi ng, commonly owned application Serial No. [RD 24968].

It is known that formation of many |inear polyners, 5 especially

condensati on polynmers such as pol ycarbonat es, ~polyesters and
pol yetherim des, is acconpani ed by the formation of : vari ous
proportions of macrocyclic oligonmers. These oligoners typically

conprise principally nolecular species el ng degrees of
pol ynmeri zation from2 to about 12 and having an overall cyclic 10
configuration, apdbrofmides.t Acsimilas direet displacenent methodpenmployinga@rc! | c

whi oh conat 1 ¢ ut AKpELaREAtE CohPalfd sutn Y bhidle &€ a'ivedt FEUIBHE Y .,
that macrocycliin mpgrﬂ:ﬂg.rcomdmnly ownetli application Serial Naf {RD-24868}i nes
sinply designated "ol i gomers” for 15 breV|ty can be prepared in high

yi el d by various nethods. mel% aq.é,e' descri bes
their preparation by the it Ianown tp%n 0 ﬁgl am vﬂ\#ﬁ? p}’ZSngl’.c)sgr boxylic
acids or thdir €spedigly pg@gensatlon PORMeSS sHEk@s Bolygarbonates, the reaction

of -salts of di hidél BXERS %ﬁﬂtp&yethennﬁ@é@qsl%%éo hhied sy fivd fornfition of ,
nitrophthalimdes) in the sts and in

rese ase tr sf er catal
specific ol ar Y3QWSPEP Epgacrocyc ’C'Fﬂ'gomﬂr?wgﬂ'!e?&?'!ﬂ?rﬁ? % hese
oligoners is prtvbﬁfawyloommsblptmdpauy niglecular species having degreesrofr y ami ne

Ty be a metal GOVTRAEaNPHdrony 288 otk 12 anghavife SBVRR oG 2 T Th
said US Patkht eonfiguratien, apzst from the presence of awy aeomalic ot heterocydlicgorrer s
are detected i ”nﬁ%§?ﬂféeﬂt'll¥the goh@%ér iR, Sh ehtras f@heﬂﬂi@a‘?%ry@e” m des

prepared by cenment - ensat |on gener a cont al
proportions Qﬂﬁmu"ﬁdggsﬁﬂft 8 Rreduelr e than 1% by weight. In such
proportions, the macrocyclic oligomers have little or no detrinental

effect on the 30  proper tiigalsy kivdwen thatanacreysliepolyetherimide
oligomers, hereinafter sometimes simply designated “oligomers” for
15 brevity, can be prepared in high yield by various methods. For
example, US Patent 5,357,029 describies their preparation by the
reaction of diamines with tetracarboxylic acids or their dianhydrides,
" and US Patent 5,514,813 by the reaction of salts of dihydroxyaromatic
compounds with bis(halo- or nitrophthalimides) in the presence of
20 phase transfer catalysts and in specific molar ratios of reactants.
The polymerization of these oligomers is preferably conducted in the
presence of a primary amine as initiator and a macrocyclic polyimide
polymerization catalyst which may be a metal or hydroxide or salt
thereof, as further disclosed in said US Patent 5,367,029,

25 While macrocyclic oligomers are detected in essentially
all polyetherimides, those polyetherimides prepared by
displacement-condensation generally contain very low proportions
thereof, most often no more than 1% by weight. In such proportions,
the macrocyclic oligomers have little or no detrimental effect on the

30 properties of the linear polymer.



-3 - It has been discovered, however, that the direct
. displacement nethod for preparing |inear polyetherimdes affords a
product having a substantially higher proportion of oligoners. _
Proportions as high as 10% and nost often in the range of. about 7- 5 8%

by wei ght are typical. It is possible to separate
oligoners fromthe |inear pol yet heri m de by such nethods as

anti-sol vent precipitation of | i nears, whereupon the soluble fraction
contains a major proportion of ol r@omers. The previously known

met hods for polynerizing said 10 oligoners, however, are di sadvantageous
in this context since thdthas beenmiisdoverad, howeverthahtheodicectar e di fferent

SUMRY F THE diSRIRRATBRE Fiethbd 16F BRplRY 'ma?%é'%té§@%ﬁ%%5ﬁﬁfq%”§”. 5 based
on the di scoverpyodthﬁtha\nng a substantiallylhighemnpriopottiggoofioigomersacycl i ¢
pol yetheri m de g, Bgc%%fjaé Righ as 10°/dh¢i&?ﬁos‘i'o?t%h%?ﬁ@?én{ﬁ%?%huf gaction

-m xture and_thereby pro mer having a y constant and
relatively 50w&%bﬁd¥@'gbhal@ftyplcal oI i goners, even if the oligoner
proportion in the initial reaction m xture is relatively high. Thus,

the oligoners can be recygisepo ggib[@l‘tg Qébarﬁtbra@onﬁbf%m@ﬁetﬁémnéa?aﬁ i on and
the resulting pr

"woul d be the ¢ gg&q%ﬁéwgafie ag ethggae@ aﬁtl-sgf\)len{ prec:pﬂa%on OFF}LZ than
i nvention, ‘accdingéary!whereapen rthe rsaiubile fraetion aontaing a major prapoetidrer i i de

conponent s of 2 PURRREsS, & pEMtalhy ol fenBs sfodvmerilid S8R, [ota
salt of a H0hyaligemessioowevearearadisadvaotageous dathisrcontext since the | east one
bi s(hal o- or ”'&hﬂﬂi&ggﬁggﬂkgﬁlhe%rcﬂe%méni%m thosePg(i ti onal I'y

I ncor por ati ng I n sal ction mXxture | east rracrocycl I C

pol yet heri m de ddﬁﬂ‘@@?@?“hﬁ?ﬂ‘#@“%ﬁ%?@@ dsm%@lsqieq:%ent zation from1l to
bout 10.
bt SUMMARY OF THE INVENTION

The present invention is based on the discovery that it is

15 possible to incorporate macrocyclic polyetherimide oligomérs ina
direct displacement monomer reaction mixture and thereby produce
a polymer having a fairly constant and relatively low proportion of
oligomers, even if the oligomer proportion in the initial reaction
mixture is relatively high. Thus, the oligomers can be recycled to the

20 direct displacement reaction and the resulting product has no higher
a proportion of oligomers than would be the case if none were
added.

The invention, accordingly, is a method for preparing a
polyetherimide composition comprising linear polyetherimides by the
25 reaction of the components of a reaction mixture comprising at least
one alkali metal salt of a dihydroxy-substituted aromatic hydrocarbon
and at least one bis(halo- or nitrophthalimide), which comprisés
additionally incorporating in said reaction mixture at least one
macrocyclic polyetherimide oligomer having a degree of
30 polymerization from 1 to about 10.



-4 In a preferred enbodi nent, said macrocyclic

ol i goekrEg) has been isolated froman earlier- prepared conposition

" conprising |linear polyetherinmndes DETAI LED DESCRI PTI ON; PREFERRED
EMBODI MENTS 5 The aIkaI| nmetal salts of

di hydr oxy-substituted aromatic - hydrocarbons which are enployed for the
preparation of pol yet heri mi des according to the present invention are
typically - sodi um and potassiumsalts. Sodiumsalts are frequently
preferred by reason of their availa#+ity and relatively | ow cost. 10
Sui t abl e di hydroxy-substituted aromati ¢ hydrocarbons I ncl ude those

having the formula In a preferred embodlment sald mééﬂocy@id\[ err]- OH
wherein Alerr] a di va+l éaroma n_ radical,. Suitapl

e Al
o cal's 1 nol uddeTasrisheR e Bhlated SR SR 4aie-phdiee somaastion
4, 4' - bi (3, 5- di nsgrhptigingelingarnpolyéth@rimidéd- phenyl ene) propane and
simlar radicals such as those which correspond to the

di hydr oxy- substDEVAHER DESCRIPTION; RREPERRED EMBOBIMENTS e or
formula (generic or specific) in US Patent 4,217, 438.

;rlhf) A i{ (ra]rr ale g\?lar Iro]r ° ?rﬁ?é %I%&g?ﬁfagégldﬂ}ydi&yaﬁﬁbﬂguﬁeg %ro%ﬂf?cycl I C
di val ent ar omathydrocarbongwhichrase emplayedifordhe preparationrafdgi ng hydr ocar bon

radical in whi Cﬁblyethenﬁﬂ&eé’?c&%uﬁ %éﬁ@?éﬁ{t iﬁv@\ﬁrﬂéﬁ ara ﬁrgnc Tlge free

val ence bonds i'n ra positions
of A2 and A3 i @%Umr%m%m&"ém\sa“@onﬁwﬂﬂksﬂﬁ Wﬁf!ﬁqy&?@W Pf$f§§'eﬂor nmul a 11

are bi sphenol s, by reasost their avaRalsiity<aref refativelyt wt &sstt er m " bi sphenol " i's
soneti mes used herein to designate the dihydroxy-substituted aromatic

hydrocar bo% Suitable dihydroxy-substituted aromatic hydrocarbons
include those having the formula :

() HO-A-OH ,

wherein Al is a divalent aromatic hydrocarbon radical. Suitable A1
radicals include m-phenylene, p-phenylene, 4,4-biphenylene,

15  4,4'-bi(3,5-dimethyl)phenylene, 2,2-bis(4-phenylene)propane and
similar radicals such as those which correspond to the
dihydroxy-substituted aromatic hydrocarbons disclosed by name or
formula (generic or specific) in US Patent 4,217,438.

The Al radical preferably has the formula
20 (i) ~A2-Y-A3-

wherein each of A2 and A3 is a monocyclic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which
one or two atoms separate A2 from A3. The free valence bonds in
formula Il are usually in the meta or para positions of A2 and A% in

25 relation to Y. Compounds in which A has formula if are bisphenols,
and for the sake of brevity the term “bisphenol” is sometimes used
herein to designate the dihydroxy-substituted aromatic hydrocarbons;



it shoul d be understood, however, that non-bi sphenol conpounds of

. thiig. type-may al so be enpl oyed as appropriate. I n
fornula 11, the Alerr] and Alerr] values nmay be unsubstituted
phenyl ene or hydrocarbon-substituted derivatives thereof, illustrative 5

substituents (one or nore) being al kyl and al kenyl. Unsubstituted

phenyl ene radicals are preferred. Both A2 and A3 are preferably p-

phenyl ene, although both may be o- or m phenyl ene or one o- or

m phenyl ene and the ot her p-phenylene. =-5- The bridgi ng
radical, Y, .is one in which one or two 10 atons, preferably one, separate

A2 }‘ rﬁm Al?:- { Ihl it shoald be mmé’rstagd,lnéweverl. tnri]éti mrilﬂ-ui@tpneulwl mhb?ﬂmlle of

cycl ohexyl net hy),en -[2.2, i cycl ohe . yl ene, ethyl ene,

I sopropyl i dene, h'"s ?yp%weﬁ%éﬁpoeéﬂé'gy%&sﬁpéﬁéﬁ'%ne, cycl opent adecyl i dene,
cycl ododecyl i dene and adarratr;t yl {admAeg}ng;Eyl (lane (al I:h;; [ der;g‘i 15d
radicals are preferred. Alrsformg , naluesemay deet unstibstitute
radicals. For r fo | PRRRY : | inhdst s f0or the
bar poses of t hi Eerpeng o Hiarqcaod b areicrvaia; thefobf idtlatve®; | |

2, 2- bi s(4- plenysébdiituents(aae ianers) bejrg alkyl andialkepyl Mnskbstituted bi sphenol
Tt TS frequent 1 §amIons PAGBAIS a6 pRoRCd B s e 8 preféfblp pb Y ol
salt, e g.. bispRendens, aliauahhntt ey heos ) S-Rhenyieng of one owehy dr ate sai d
hydrate prior tm-phenylege @nd thelotkémhpphenglenerlhis is true because

pol yetherim des of particularly high nolecular weight 25 are ordinarily

i tropht hal | mi ds) “are. geldp SRgMEFical, Y. 1s one i which one oF o™ SLhal o o1

10  atoms, preferably one, separate A2 from A3. [llustrative radicals of
this type are methylene, cyclohexylmethylene,
2-{2.2.1]bicycloheptylmethylene, ethylene, isopropylidene,
neopentylidene, cyclohexylidene, cyclopentadecylidene,
cyclododecylidene and adamantylidene; gem-alkylene (alkylidene)

15 radicals are preferred. Also included, however, are unsaturated
radicals. For reasons of availability aid particular suitabilify for the
purposes of this invention, the preferred radical of formula Il is the
2,2-bis(4-phenylene)propane radical, which is derived from
bisphenol A and in which Y is isopropylidene and A2 and A3 are each

20 p-phenylene.

It is frequently advantageous to employ a hydrate of the
bisphenol salt, e.g., bisphenol A disodium salt hexahydrate, and
dehydrate said hydrate prior to forming the polyetherimide. This is
true because polyetherimides of particularly high molecular weight

25 are ordinarily formed when a hydrate is so employed.

The bis(halo- or nitrophthalimides) are generally of the
formula



-6- [err] wherein Rerr] is a (Jerr] divalent aromatic

hydriocarfen or hal ogenat ed hydr ocarbon radical, a Cerr] al kylene or
cycl oal kyl ene radical, a (err] bi s(al kyl ene-t erm nat ed)

pol ydi or ganosi | oxane radical or a divalent 5 radical of the formula
(1Vv) [err] in which Qis -(err]Herr]-, -0-, [err] X err]

is fluoro, chloro, bronmo or nitro and mis 0 or 1. Rerr] is nost often 10
m phenyl ene or p-phenylene. In nost instances, each X err] is fluoro or

chl oro. Anong t he partiC'LﬁarI y preferred substituted
aromatic conpounds of forrmula 1I1 are 1,3-.and 1,4-bis[N
(4-f.l uoropht hal i m do)] benzene and fhe corres ing chloro 15 conpounds.
A third material usually enployedfaccording lo d\he present invention is
a solvent of low polarity, usualljy s ﬁ# | ower than that of the -
di pol ar aprotic solvents prevgm?u Ixy_ ed |Q R! ,the preparation of
aromati c pol yet her pol yners. C :

Il

o

2

wherein R1 is a Cg.2g divalent a'r_omatic hydrocarbon or halogenated

hydrocarbon radical, a C2.2¢0 alkylene or cycloalkylene radical, a Co-g

bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
5 radical of the formula

(v) Qm

in which Q is -C2Hg—, -O—,

o o) CF3
il il |
-—C—, —S§— Of—C— ,

) CF;

X1 is fluoro, chioro, bromo or nitro and mis 0 or 1. R1 is most often
10 m-phenyiene or p-phenylene. In most instances, each X1 is fluoro or
chloro.

Among the particularly preferred substituted aromatic
compounds of formuia Il are 1,3- and 1,4-bis[N-
(4-fluorophthalimido)Jbenzene and the corresponding chioro

15 compounds.

-

A third material usually employed according to the
present invention is a solvent of low pdlarity, usually substantially
lower than that of the dipolar aprotic solvents previously employed for
the preparation of aromatic polyether polymers. Said solvent



-7 - preferably has a boiling point of at |east about 150[err]C, in.

_order to- facilitate the reaction which requires tenperatures in the
r ange of about 150-225[err]C. Suitable solvents of this type include-
o-di chl or o- benzene, dichlorotoluene, 1,2,4-trichlorobenzene,
di phenyl sulfone 5 and anisole. Solvents of simlar polarity but |ower
‘boi I'i ng points, such as chl orobenzene, may be enpl oyed at
.super at nospheric pressures. Al so generally.
enpl oyed is a phase transfer catalyst, =7- preferably one which is

substantially stable at tenperatures in the 10 range of about
180-225[err] C. prsferdbly haoeshoifing point of at fedstaboat #50%C,9n order toay be

o et e o il BB Toalh i bR Blcures in R RGOS U 2!
N- al kyl - 4- di al kgbouni $56(p2256%C niSuitable selvents ofthis/ typednshideedichioros

Pat ents 4, 460, 7 . ng o Al (= - 15

i scl osed i t nEoFETe, orotOfendd 243HcHoBySReBge! diphenl Sultcri

The br ef er Ir &jt pand anisales fSalvents a:fysyntiar pqlaﬂwabuﬁgowr bo;lrlgg poists; t
exceptional sta KPR ﬁﬂfé SS o]
prodﬁce pol yet hg?#%%ﬁe‘gﬂ?@b%%% Vi e?g,b%feznt e tt]eggg? yl gﬁéaﬂr)# I n- um -

salts and [err] P[®¥SYreBi s(pent aal kyl guani di ni un) al kane salts and their 20
het erocycl i ¢ anal ogs. For the sake of brevity, both types of salts are

Rer ei Saf t e: s?hrreti mes dfsjf-\wmagq@bféﬂvmmbyédﬂs_ aphase transfer catalyst, .
ccording to the_ gresent inventi . | . Jeonprising
t he di hydroxy- Se(éﬂﬁ? gaeg\\f'ﬁﬁﬁﬁguh%f@%@?ﬁﬁ?@gﬂ%ﬁéﬁtﬂf&s 'nttﬁ% bi s( hal o-
or nitrophtthl i rangs obabout(l80:225%. Mariouadypesof phase transfec gatalysts
ol yet heri m de | | g ﬁ nt ai ns
gtrﬁctural uni t@d\ﬁ%%énpr@féggm?gr‘@ r é%%r ghlg Zﬁ?ﬁ%%lquﬁger?ﬁﬁ created
by reaction of Phesphaniumesalisopfc@ientyne tisclesedinybi®: Batent 4,27%30ver, it is
u ]g ][ﬂ n t Pe_ slcopﬁl.akylutwiawaﬁﬁﬁébyrtdwuﬁfsteéwaﬁtr@ type dis€lbs&d e US of |
Prrerent ol ecl tents 4%?6,%5 and 3285:96)6, ‘and guanidinium salts of the type

15 disclosed in the aforementioned US Patent 5,229,482.

The preferred phase transfer catalysts, by reason of
their exceptional stability at high temperatures and their effectiveness
~ to produce polyetherimides in high yield, are the hexaalkylguanidin-
ium salts and o,w-bis(pentaalkylguanidinium)alkane saits and their
20 heterocyclic analogs. For the sake of brevity, both types of salts are
hereinafter sometimes designated “guanidinium salt”.

According to the present invention, the reaction mixture
comprising the dihydroxy-substituted aromatic hydrocarbon salt and
the bis(halo- or nitrophthalimide) also comprises at least one

25 macrocyclic polyetherimide oligomer. Said oligomer(s) preferably
contains structural units with a molecular structure identical to that
created by reaction of the aforementioned monomeric reagents;
however, it is within the scope of the invention to incorporate
oligomers of different molecular structure in the mixture.



-8- It is often preferred to enploy a m xture of

.macr.ocyclic pol yetheri m de ol i goners having different degrees of

pol ynerj zati on, nost often from1l to about 10, preferably from2 to
about 10 and nost preferably from2 to about 5, since nost oligoner
preparation 5 met hods afford such a mxture and there is little point in
separati ng i ndi vi dual oligoners therein. As will be apparent to those
skilled in the art, oligomers having a degree of polynerization of 1
consi st of a single structural unit8wi th an overall cyclic structure.

Such m xtures are readily obtainable by nmethods known 10 in the art. A f
articul ar advantage of t | HEA Bt @/\gfr‘ | S Loynment o
(F;I i gomer mi xtures which hgﬁg‘_ bee:Prlbgb(V)}T‘eﬁed ﬁ)}%:aﬂ“impe Ofr?g?ﬁ#gra‘f%repar ed
conposi ti on conpPiysthgfimidesaligqmaershaving different degrees af polymedzation.ocycl i c

i Spi acement - can G renrmCE o bout [0y Treferably fioft SR ROUDTIHost

ant | - sol vent pr BEFIBTAY G or ot HEPU h Sifos, Bephaligomer Breparafidrbcover d | n

the form of &n métt;odsaafforctbuslmlatmixtuére and there is little point in sepvairating! ?/_ent
recipitation of, .. LA : ration fromoligoners
Ir?ny bg achi evedi%@v'ggﬁ?lﬁﬂ%ﬁsﬁge}é‘h %sp{gqﬂ[,%,apgg{%ﬂ?@ﬁﬁéqg %ﬂ@e_@m vent of _

.l ow pol arity wi the artyoligameesohaving a degreefipciymerization-of dl cengist ofan be

tdentified by Sbm&lé’sﬁﬁ@lﬁfélr(ﬁ'lﬁﬁfth%'i‘l;overall cyaﬁﬁg{m&?eare met hanol , tol uene

|, toluene and aceto

and acetonitrile. I n genera hitr!lelarf prefﬁrred
since the precipitates resultin therefromare particularly rich in
| i near pol yner, and henceg"ﬁg mpres are read%a@@mabl@gwme@pds|Ianwn;h in

ol : goners. 1@®5 intheart. A par_ticulaﬂ'hﬂ\iar':t_agéblﬁme itwe@tmmwévéﬁn?gie nrre\mﬁgﬁl 150
t ol uene an tonjtyite anti-solyents in a pro |
m of an Sﬂwz‘if'@ggfoﬁsﬁ?*%ﬁé%ﬂ‘ﬂ’ﬁfﬁwﬁf@ Rave: bfﬂf)iﬁé’ﬁ*@aifﬁfﬂ@%s m xed
and bl endedrligir tprepamedtomposition- sarmpeising Iiﬁwrmdlyethéﬁnnidesiﬁ 2/88
repared by the (of m ' |

3 bi S| N- (4- chréﬁé‘pﬁeﬁ@#fﬁ%gf BlaSerbRebent 2 HAMRED Btaviontyl,
macrocycl i ¢ pol Peapased lyodireati eempat can bessppasatedifrom the linear

15  polymer, typically by anti-solvent precipitation of the linear polymer,

and recovered in the form of an oligomer-rich solution.- - -

Anti-solvent precipitation of linear polyetherimides for
separation from oligomers may be achieved by combining the
polymer solution in the solvent of low polarity with any anti-solvent.

20 Suitable anti-solvents can be identified by simple experimentation;
examples are methanol, toluene and acetonitrile. In general, toluene
and acetonitrile are preferred since the precipitates resulting |
therefrom are particularly rich in linear polymer, and hence the liquid
phase is particularly rich in oligomers.

25 This is shown by a comparison of methanol, toluene
and acetonitrile as anti-solvents in a procedure in which 150 ml of an
anisole solution containing 15 g of polyetherimide was mixed and
blended with 400 ml of anti-solvent. The polyetherimide was
prepared by the reaction of the disodium salt of bisphenol A with

30  1,3-bis[N-(4-chlorophthalimido)]benzene and contained about 7.6%
macrocyclic polyetherimide oligomers having degrees of



-9- pol ymerization between 2 and 8. The solid material was separated
by filtration and the solution was anal yzed for the presence of |inear

hi gh noteced ar wei ght pol yner and ol i goners. The results are |isted in
Tabhv 1. 5 _ TABLE

Precipitate Sol ution Anti-solvent %linears % ol i goner s
%linears ~~% oligoners Met hanol _ 93.1 6.4

80 20 Tol uene _ 99. 8 0.2 30

70 Acetonitrile 96. 9 3.9- 10 90

The bi sphenol salt and substitut ed aromati c conpound are brought into

tact i b t I
wel ght LR:SHSEGW%%%P?"% Ref(2 80'E] he SBlid matoriBWag SERARIES 1! 2
equi nol ar, but BYifiteation andthg solution was analyzad fop the, presense qwln@ﬁfn oyi ng
one reagent or ﬁidr@éuaaﬂw%tgmfﬁoweneéﬁd oligomeérs. Thedksalty'atd listedhe scope

of the invention npl oy nonof uncti onal reagents such as
monohydr oxyar on#f! i Eb mpounds or nonohal o- or nitroaronatic conpounds
as chain term nation agents. Proportions of added

macrocyclic ®ligoners in the 15 reactiTABLEKture are subject to wi de
variation, since the conpositio - the polyner o d S
essentially the sanme irrespecti \';'%re&lplgqg%.h Proportgéﬁgi6 I n general, the
added ol i gomer s Andivsalventr i %clingars| i t 04 oligomersis%alinearso. 5 %meligomensch as
about 25 nol e percent, based on bi sphenol salt. 20

Reacti on tenper rein range about 125 250([
preferably abouﬂ%@gﬁagﬂerr]@lqme proportlon of p ase ?yansfer
cat al yst enpl oyd@l4engener al 199.8bout 0.50.20 and pre3®rably 70 about 1-5

mol e percent baagdtsHitriie Sphengg gsal t. 3.1 10 The iggvention is
illustrated by the foll ow ng exanples. )

The bisphenol salt and substituted aromatic compound
are brought into contact in substantially equimolar amounts. For
maximum molecular weight, the amounts should be as close as
possible to exactly equimolar, but molecular weight control may be

10 achieved by employing one reagent or the other in slight excess. Itis
also within the scope of the invention to employ monofunctional
reagents such as monohydroxyaromatic compounds or monohalo-
or nitroaromatic compounds as chain termination agents.

Proportions of added macrocyclic oligomers in the
15 reaction mixture are subject to wide variation, since the composition
of the polymer obtained is essentially the same irrespective of such
proportions. In general, the added oligomers may comprises as little
as about 0.5 and as much as about 25 mole percent, based on
bisphenol salt.

20 Reaction temperatures are in the range of about
125-250°C, preferably about 130-225°C. The proportion of phése
transfer catalyst employed is generally about 0.5-10 and preferably
about 1-5 mole percent based on bisphenol sait.

The invention is illustrated by the following examples.



- 10- EXAMPLES 1-3 M xtures of 2.9934 g (7.87
.mmol) of bisphenol A di sodi um salt hexahydrate and 60 ml of

o- di chl orobenzene were heat ed under reflux in a nitrogen atnosphere
and water of hydration 5 was renoved by distillation. There were then
added 3.44 g (7.87 mol ) of 1, 3-bi S[N-(4-chl oropht hal i m do) ] benzene
and an addi ti onal 10 M of o-dichl orobenzene. Heating was conti nued
with the renoval - of 10 m of o-dichlorobenzene by distillation, after
whi ch 150 ng (0. 49 mol ) of hexaet hylDguani di ni um chl ori de and vari ous
proportions of 10 macrocyclic polyetherimde oligoners, prepared fromthe -
sane reactants, were added. Heating at 220[err] C was continued for 4
hour s, af t EXAMPICES 480l es were renoved and anal yzed by gel perneation
chromat ography. The results are given in Table Il, in conparison W th

TapLE |1 | e O TRCHRRes 6 25688 T8 Rifolf i BonbeBold by oduct, w %

d i goner s addeddisodium Balirheixahydrate ande60/aml of o-dithioeobenzeneewereret r aner

;’e”t amer v Xeﬁ?atgfjdmder rﬁt_@% g gntg.igéh afg.l%?}l@fe aﬂs _%?%ter of h?@ration 0.20

Mxed, 18.25 wasTemayeddy distilatipn. There wege then addedidd4 g (7.87 -
2.48  0.95  RwAdl) of 1,3-®is1[ﬁ-(4-%q|?Boghthalimidopﬁeeaniéné ﬁné%}?éaaftiobra?m Tabl e

the sane, whot hS MhohRagiehlorobensesreieateg wasRasiinded with e raEovalact i on
m xture and irrefsp@ailiofo-dichlorobenzenetbydistillation; after which 450aag¥049 n sai d
m xture when Zomnln&f oF Rgf(géﬁglguanidiriium chloride and various proportions of
10  macrocyclic polyetherimide oligomers, prepared from the same

reactants, were added. Heating at 220°C was continued for 4 hours,

after which samples were removed and analyzed by gel permeation

chromatography. The results are given in Table i, in comparison

with a control in which no macrocyclic oligomers were added.

15 | TABLE.Il

Oligomers in product, wt %
Oligomers added,

Example mole % Dimer Trimer Tetramer Pentamer
1 Trimer, 1.0 216 0.99 0.48 0.20
2 Mixed, 8.0 256 0.93 0.40 0.18
3 Mixed, 18.2 212 0.88 0.37 0.15
Control — 248 095 0.41 0.18

it is apparent from Table li that the proportions of
oligomers in the product were substantially the same, whether or not
oligomers were incorporated in the reaction mixture and irrespective
of the proportions of said oligomers in said mixture when
20 incorporated.



- 11 - VWhat is clainmed is: 1. A

~method for prepari na_a_pgl yet herim de conposition - conprising |inear
-poI yet heri m des b eaction of the conponents of a reaction
i xtur mﬂ‘ él‘ tl !&ast one alkali metal salt of a 5
di hydr omati ¢ hydrocarbon and at | east one bi s( hal o-
or nit rophtcnal i mde), which conprises additionally I ncorporating in
said reaction m xture at | east one macrocyclic pol yet heri m de ol i goner
havi ng a degree of pol ymerization from-fto about 10. 10
2. A method according to claim1 wherein a m xture of macrocyclic
pol yetheri m de ol i goners having different degrees of pol ynerization is
i ncorporated in said reafWhatnisrdlaimedeis: 3. A net hod
according to claim2 wherein said mxture of macrocyclic

pol yet heri ni de ol i goners 10%1}{,43@88 8¢ bl%%{na J’BOWQWérnﬁ'dg&%ﬁiﬁgé%ccor di ng

polymerization from2 to a
to claim1 vvhecempnshm linearpalygtherimides; by dhe reactivraobthe: compodentsar bon has

the formula ction mixture compnsmlgb at Ieast( Me ?ﬂaﬁ[ Edishlifofa  Wherein

Alerr] is adlva en? aronmat on ra 5. A
net hod accdr di ﬂ@Yﬂmﬂ'ﬁubﬁtﬂuﬁﬁeﬁ@mﬁﬂﬂ[m ‘]’Cafggntaﬂ@ at least gher| a

(i Vil ont oy ormap CgRaloL or "'"°phm§'§ﬁd ) O R O Mo hyair ocar bon
i v | ] i s |
radi cal in whi Wmofaaﬂa 353} a&eﬂﬁng‘ﬁﬁﬁraiq%a%? Ki‘;‘y%ll o

polyetherimide oligomer having a degree of polymerlzatlon from 1 to
about 10.

10 2. A method according to claim 1 wherein a mixture of
macrocyclic polyetherimide oligomers having different degrees of
polymerization is incorporated in said reaction mixture.

3. A method according to claim 2 wherein said mixture
of macrocyclic polyetherimide oligomgrs comprises oligomers
15 having degrees of polymerization from 2 to about 5.

4. A method according to claim 1 wherein the dihydroxy-
substituted aromatic hydrocarbon has the formula

() HO-A-OH ,
wherein Al is a divalent aromatic hydrocarbon radical.

20 5. A method according to claim 4 wherein Al has the
formula

(i) -A2-Y-A3-

wherein each of A2 and A3 is a monocyclic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which
25 one or two atoms separate A2 from A3,



-12 - 6. A nethod according to claim5 wherein the

. bi-s{.hal o- or nitrophthalimde) has the fornula

‘(111) [ erein Rlerr] is a (Jerr] divalent aromatic
hydr ocajmlwmlmlwm ul[g/h 5 hydrocarbon radical, a C2 20 al kyl ene or
cycl oal kyl ene radtcal, derr] . bi s(al kyl ene- ter m nat ed)
pol ydi or ganosi | oxane radlcal or a dival ent radi cal of the fornula
(1v) [err] in which Qis -(err]Herr]-, -0,
[err] X[err] is fluoro, chlorel2bromp or nitro and mis 0 or 1.
7. A method according to claim6 wherein the al kali metal salt i

bi sphenol A disodiumsalt and the bis(halo- or nitrophthalimde) is

1,3- or 1,4-bis[N (4-chl8r dphigthodd micdonding tez claim 5where|n the bis(halo-
or nitrophthalimide) has the formula

an x1—O :N R! ,

o

O=0

o=0

wherein R1 is a Cg.29 divalent aromatic hydrocarbon or halogenated

'S hydrocarbon radical, a C2-2¢ alkylene or cycloalkylene radical, a Ca.g
bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
radical of the formula

" in which Q is ~CaHs—, —=O-,

0 CF3
il Il |
L, =—=§— Of =,
il |
10 (o] CFj3

X1 is fluoro, chloro, bromo or nitro and m is 0 or 1.

7. A method according to claim 6 wherein the alkali
metal salt is bisphenol A disodium salt and the bis(halo- or
nitrophthalimide) is 1,3- or 1,4-bis{N-(4-chlorophthalimido)]benzene.

15 8. A method according to claim 7 wherein the bisphenol
A disodium salt is employed as a hydrate which is dehydrated prior to
forming the polyetherimide.



t hod according to claim7 wherein the bisphenol

. A dis | oyed as a hydrate which is dehydrated prior to
-formﬂ mmﬂ iﬂ/mﬂﬁirm de. : _ _

9. A nethod according to claim2 further

conpr|5|ng the step of isolating said macrocyclic pol yether oligoners
from an earlier-prepared conposition conprising |inear

pol yet heri m des. 10. A method according to claim?9
wherein the 5 dihydroxy-substituted ar@8atic hydrocarbon has the fornula
(') HO-Alerr]-0H, wherein Alerr] is a divalent aromatic hydrocarbon
radical . 1 1. A method according to claim10 wherein
Alerr] has the formg aA Aiéthod accordmg to clalm 2 further compflélhb the

-Alerr]-Y-Ale n eac nocyclic

di val ent ar omat%t@p of isolgting é@éif Bﬁ?’?@ﬂ'ﬁﬁ"'yﬁﬁeﬁp fg:pnaergaffqg % hydr ocar bon

radi cal in whi cearlier-preparedrcampositioncoherising dindar polyethérimides.
12. A method according to claim 1l wherein the 15 bis(halo- or

nitr Opht halim de) has theqd obthod according to claim 9 whereinthe  (!!1) [err]
5 dihydroxy-substituted aromatic hydrocarbon has the formula | |

() HO-A-OH ,
wherein Al is a divalent aromatic hydrocarbon radical.

11. A method according to claim 10 wherein A1 has the
formula

10 (i) —AY-A3-

wherein each of A2 and A3 is a monocyclic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which
one or two atoms separate A2 from A3,

12. A method according to claim 11 wherein the
15  bis(halo- or nitrophthalimide) has the formula

0
il

C
(III)_x‘-—©: :N R,

2

o=0

wherein R1is a Cg.29 divalent aromatic hydrocarbon or halogenated

hydrocarbon radical, a Cz.2¢ alkylene or cycloalkylene radical, a Ca.g

bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
20 radical of the formula



wherein Rlerr]

Is a (Jerr] divalent aromatic hydrocarbon or hal ogenated

hydrocarbon radical, a (ferr] al kylene or cycloal kylene radical, a (err]

. bi s(al ky m pol ydi organosi | oxane radical or a divalent 20
r adi cal Hmﬂum lﬁﬂlﬂﬁ“l -14 -
(1V) * ferr]™ % % inwiich Qis -CJerr]Herr]-, -0, [err]
X[err] is fluoro, chloro, brono or nitro and mis 0 or 1. 5 -
13. A method according to claim 12 vvhere{ n the al kali netal salt is
bi sphenol A disodiumsalt and the bis(hal®= or nitrophthalimde) is
1,3- or 1,4-bis[N(4-chl oropht hal i m do) | benzene. 14. A

rret hod accordl ng to claim13

enpl oyed as a hydrate which i 1 7 Y\form ng the
() @

pol yet heri m de.

10

0 o] CF3
Il il [
—C~—;, =——§—— Of —C~— ,
il i
o] CF3

X1 is fluoro, chloro, bromo or nitro and m is 0 or 1.

13. A method according to claim 12 wherein the alkali
metal salt is bisphenol A disodium salt and the bis(halo- or
nitrophthalimide) is 1,3- or 1,4-bis[N-(4-chlorophthalimido)]benzene.

14. A method according to claim 13 wherein the
bisphenol A disodium salt is employed as a hydrate which is
dehydrated prior to forming the polyetherimide.

A di sodi um sal t

is



