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- (57) Absiract: Bis(halophthalimides) such as, 3-bis[N-{4-chlorophthalimide)Jbenzene are prepared in slunry in an organic liquid
such as o-dichlorobenzene or anisole, by a reaction at a femperature of at Jeast 150 °C betweer at least one diaming compound,

preferably an aromatic diamine such as m- or ppheaylenediamine,

{54) Title: SLURRY PREPARATION OF BISHALOPHTHALIMIDES) AND OF POLYETHER POLYMERS

and at least one halophihalic 2ohydride such as 4-chlorophthalic

) anhydride, in the presence of an imidization catalyst such as sodium phenyiphosphinate, The solids content of the reaction mixfure
a is at least about 5 % and preferably at keast about 12 % by welght. The product slury may be employed directly in the preparation
of polyetherimides, and similar slurries may be employed to prepare other polyetber polymers.




is at least about 5 %and preferably at |east about 12 % by ?Qipgmooﬂhe
product slurry may be enployed directly in the preparation o

pol yet herim des, and simlar slurries nay be enpl oyed to prepare other

pol yet her polyners. 6 April 2004 SLURRY PREPARATI ON OF

Bl S(HALOPHTHALI M DES) AND OF POLYETHER POLYMERS BACKGROUND COF THE
.I'NVENTION This invention relates to the preparation of polyether polyners
and internmediates therefor. Mre particularly, it relates to the _
preparation of bis(halophthalimdes), their isolation as a slurry and
their use in slurry formfor -the. preparati on of polyetherimdes. Various

types of aronat iSLURRYHHEFARA i SO
WKDNGPB etones : an%’rﬂﬂﬁ@%&{:

i ncludi ng pol yet hersul f ones, et her
pol yet her et her ket-ones, have beggﬂé’E Yf\@{-‘éngl neering resins by

reason of -their. excellent properties. These polyners are typically _
prepared by the reaction of salts of dihydroxyaromatic conpounds, such as
bi sphenol A.di sodi um salt, w th dihal oaromatic nol ecul es. For exanple,

pol yet heri rg Al I ed by the reaction .of salts of
eﬁﬁmﬁ?ﬁw gﬁ@ﬁ; e ! :

di hydr oxyaronmati ¢ conpoun | opht hal i m des) as illustrated by-
1, 3-bi sS[ N- (4= chl or gpht haI i mdo)l benzene -(hereinafter sonetines "ClPAM"),

whi ch has Iseptied gelaterde thoipyenarationesf polyethel yelyiaerlk SindNRiformediates
bi s(4-f1 uommbbnmnesp&ﬁww ,hlré(afes tsfaﬁé) the anal ogous
ket ones ar 2 tl%f)l caII & o;yetgl ?@%gﬁﬁkgggbﬁﬁ?@@% midedethetr s -
5729, 482 ahd §36‘59 a Fatq%nlrbfsllarbrrﬁqmc fopothee tpharasatisay dfe
conduct ed pniysthlcumidns in relati veI y non-pol ar solvents, using a  phase
transfer catalyst which is substantially stable under the tenperature

condi ti onsya 851 scl osed 5,229,482 . include '

o-di chl orobenzengésgg?i ?ﬁ}“oroi)gyﬁgﬁés imf Lfrqty ‘B‘i”%@ﬁiéﬁéammcludinghenyl

sul fone. | Polyety gq;uqun;s polyctherketones and polyethéretherketones, have become
important as engineering resins by reason of their excellent properties. These
"polymers are typically prcpared by the reaction of salts ‘of dlhydroxya.romauc
comipounds, such as. blsphenol A dlsodlum salt, '.uth dihaloaromatic molecules. For
'example polyetherimides are conveniently prepared by the reaction of salts of
.dlhydroxyaromanc compounds with bls(halophthallmldcs) as illustrated by

1 3-bts[N-(4—chlorophthaltmldo)}benzenc (hereinafter sometimes “CIPAMI" ), which
“has the structure :

For polysulifones - and polyetherketones, -‘bis(4-fluorophenyl) sulfone, bis(4-
chlorophenyl) sulfone and the analogous ketones are typically employed.
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nonoal koxybenzenes such as anisol e, diphenylether, or phenetglagripss4

enpl oyed. Solvents of the sane types may be used for the preparation of

bi s(hal ophthalim de) internediates for polyetherim des. Each of these.
patents requires introduction into the reaction mxture of the

bi s(hal ophthali m de) as a substantially pare. isolated conmpound- This .is
often diffjcult, since solid bis(halophthalimdes) are typically of very

| ow density and fluffy, rmaking wei ghing and handling burdensone. It would
be desirable, for both technical and cost reasons, to handl e such :
reactants as slurries in an organic solvent instead of in dry solid form
In order to isolate bis(halophthalinmdes) in slurry farm however, it

ft t h I th
- Sact bt ARLARRES gp 105 TR S IRERD o STRONH Mk Gyt 66 anomati
eqwh mol ar polyptdmm 10731 bs:occaslubmt;aucnoﬁhtmnixeicldlgclyr ﬂﬁﬁﬁbl@ﬁ%elv@ﬁ&ghﬁn% I -
such prior nmp f.' ‘substaftially
equi nol ar B 5@?%&5@%3@ an g %‘%(%é’rtfa{l §[ﬁﬁﬁ W‘ﬁgﬁnﬁé 'fropedayre popdjpions
extrenel y F'HH vedacSobisntsi mdésclosedi cial | §,228.482 3indhude. ThdishlbfobenzeeVen
when such digRlokot8lushe. Velni,ﬁ-tﬁéhlglaﬁ‘éhfélnﬁaﬁﬁ&' C&;ﬁ%bﬂ & u‘i‘f ﬁ”ﬁg@geg gpi%?@ enpl oy

non- pol ar sol vents are' as typica

one react aRPrOHKYbSRFEES ISH@‘ aélﬂﬂéﬁ(’éﬁalﬂlﬂhﬂnw ﬂmﬁ.hydmhdeqtbleu areexmphayed.
wher eupon Salvents efdh@simd §pet nldy B @28 Tor el pfiép ar{ftﬂiﬁp&teﬁ*s cng J‘ﬁ% Leaction - -
and can cayse ¢ |%lﬁ%ﬁct|%ns to take pl ace upon SI'S fl t he

pol yet heri'm %fm SFHRERVENTI ON = 7-6 Apri | 2004 The present

i nvention is based in part on.the discovery that bis(hal ophthalim des) may

be prepared’in high yield and .conversion by the reaction of halophthalic
anhydride and di am no conpound, .even in equinoiar amounts, and nay be ’

0! o6, Mkl BE tohese! Sl LaRRS Shbdafnf b B8 (ko SRS g e o
rel ati vel q?ﬁ Aplifakigide) as a substantially pure. isolated compound. This is often :
3 ‘dI;Tf' tcult, since solid bis(halophthalimides) are typically of very low density and ﬂuﬂ'y,'
making weighing and handling burdensome. It woiild be dcsirablc: for both technical |
and ‘cost reasons, . to handle such reactants as slurries in an- organic solvent instead of

in drv solid form.

In order to isolate b:s(halophthahmldes) tn slurry form, however. it is often preferred
to prepare them by a method which employs the reactants, namely dlammo compound
and halophthalic anhydnde n equimolar proportions so as to avoid competing
reactions. Accordmg to such prior art as US Patent 3,787,364, the employment of "
substantially equlmolar proportions of reactants can result in the necessity for

' extrcmely long reaction times, typically up to 3 days This is true even when such '

- active solvents as glacial acetic acid are employed. When non-polar solvents are
employed, it has typically been necessary to employ one reactant, most often the - B
chlorophthalic anhydride, .in excess, whereupon said reactant is sull present after
completion of the reaction and can cause competing reactions fo take place upon
synthesis of the polyetherimide. '

“SUMMARY ‘OF THE INVENTION



content and the presence of a suitable catalyst. The inventig@npiifpgoae of
Its aspects is a nethod for preparing a bis(halophthalimde) in organic
slurry formwhich conprises effecting contact at a tenperature of at | east
100C between the constituents of a m xture conprising at |east one diam no
compound, at | east one hal ophthalic anhydride, a relatively non-polar
organic liquid and an imdization catalyst, said m xture having a solids
content of at |east about 5% by weight, thereby producing a slurry of said
bi s( hal opht g preseatinventionas dasedgoipart ondbodistonery thahhis(tadophispiattes) inayhe

pr esent in\&rtlgrbﬁﬁ' ; riS1dP RV - ' . .
bi s( hal opht hgl j.m gg?ﬁﬁ]@oﬁglani C ‘Lé(?ﬁ’rgrrsf)/ow %‘{ag‘?}o%g%&??kﬁghggﬁwé%ﬁeng at

a tenper at@ﬁéii@)‘f“r%?c CQIEREING] OVRD WeSqb@RIaE [RENQUsES; tand nasit be dvolatedhin slurey

conpri si ng rathet thas solidfoemglifaeitia r6NBR UhsHitighs drgast one hal ophthalic
anhydride, an organic liquid selected fromthe group consisting of :

o-dichloro | chl.orot ol yen 1.2, 4- .trichl orobenzene,, di.phe -

sul f one angﬁgahzfntf%l glt;%fj'eﬂéeﬁa n&’r‘u(#erﬁegql%{%i%te&?g?@ pg@%ﬁ,g&ﬁapy% ‘&h%oqéisoup
consi st i ng coftent gultbphrespive ofasuitablasatadysd. het er ocyclic anmines, said mixture
having a solids content of at |east about 5% by wei ght, thereby producing a

S1urty of ety gk FPDARS L) kDRI bt o ARARIGHIRIRLDY T

aspect of the present_inventjoh, there s provide et hod Tor — preparing

1, 3- bi s[ N- CE2%0 SWEHYHORR Whichsppresss alfestingopeminit at & tgmppraturenofivti loast

g 0 {rpr i setshat)OHCtHdﬁQe&D lﬂ:_@@bns?ﬁtu@hté tQim? kIS éd?nﬁrlﬂs‘ilgé f’a@gﬁ%s@fmfébﬁiéhﬁﬁz 5-225C
etween the constituents a ure canprisin eas R

m phenyl engafngﬂ??é a&) ?jeaﬁf ?H‘%“ﬂ?@ﬂ‘ﬂ@r g&‘ﬁ’ &naﬁt%reg@t%ﬁghwlé"ﬁ% Srgapis liquid

4- chl or olphtahdlai‘ldmﬁlitgﬁd)niodmlyw,maidm&tuthMg:mcﬁi&Sfon&ndoﬂat 1dast hb@ﬁtgj% nzene

or anisole J: \ 4 | |01 . ran of about 15-

25% by wei Sﬁﬁf"é‘@ﬁ@%"ﬁw g‘}dggﬁ‘g%éﬁléag‘}fﬁrgir%ybq%@h?gﬁ‘tﬁmﬂg(gﬁ% S&b‘ﬁﬁ?’fﬂ‘{li mi de) in

said o- dichl orobenzene or anisole. -3 6 April 2004 It has al so been
di scover edAcrarding toenathspaspeelnfithepiesent dnventipn.dhergiihproyidedrremethod fwnpounds

may be enppepesng abis{hdloplitthRimbe) f orblific BLAD IS WARkhbmbHEnS HAERSAG NI
' ' terperature of at least 100°C between the constituents of 2 mixture comprising at least
one diamino compound, at least one halophthalic anhydride, an organic liquid selected
from the group consisting of : o-dichlorobenzene, dichlorotoluene, 1.2.4-
trichlorobenzene, diphenyl sulfone and anisole and an imidization catalyst selected from
the group consisting of organophosphorous acids and heterocyclic amines, said mixture
having a solids content of at least about 5% by weight, thereby producing a slurry of said
bis(halophthalimide) in said liquid.

According to further aspect of the present invention, there is provided a method for
preparing  1,3-bis[N-(4-chlorophthalimido)|benzene in organic slurry form which
comprises effecting contact at a temperature in the range of about 175-225°C between the
constituents of a mixture comprising at least m-phenylenediamine or a mixture thereof
with p-phenylenediamine, 4-chlorophthalic anhydride, an imidization catalyst and o-
dichlorobenzene or anisole, said mixture having a solids content in the range of about 15-
25% by weight, thereby producing a slurry of said bis(halophthalimide) in said o-
dichlorobenzene or anisole.



pol yet her polymers. Another aspect of the invention, therefog@priznoa nmethod
for preparing an aronatic polyether polymer which conprises cont acting, in
at |east one relatively non-polar organic liquid as diluent, substantially
equi noi ar anmounts of at |east one alkali nmetal salt of a

di hydr oxy-substituted aromati c hydrocarbon and a slurry in said organic
liquid of at |east one substituted aromatic conpound of the fornula (1)
Z(A -X')2, wherein 2 is an activating radical, Al is an aromatic radical
and Xl is fluoro, chloro, brono or nitro, in the presence of a

catal yti callt ﬁa@@lsbvlﬁeeﬁrﬂiwﬂveﬁﬁ ﬂlapbﬁﬁl@aléﬁlﬁﬁﬁfrﬁfdes Cﬁ’ﬁcﬁkiﬁfﬁﬁar (Rﬁa-l'(%xloﬁﬁél

DESCRI PTI QN, PREF RREDbEI\/B gﬁE Aigrll y diam no conpound nmay be
enpl oyed i TORRRURAR B OB FIPIAY: éé‘ﬁﬁ r%aratgfn% £ &BIrespoBfingunds

are et hyl empeliict nglymesp Wreitiedi apecteof thei wtmydig theliefofe & a method .for

oLy e ARhDGn AN S AR ATRLOKSASH AT Bt one
met hyl hept aplativsly aeadolariongania liquid mdlmhhepbmmwbwmmdlmmmnts of at
net hvl nonan@ishyhe apadiiantAe salf o addl BX @ﬁ?%ﬁﬁgﬁﬁlr&ﬂgﬂé § %arrl])on and a

2. 2-di met hy yI enedi am ne, m nopr opy

3- net hoxyhéi%%% %“éﬁé&ﬂ“&‘fﬁ‘ﬁ@d ‘1f %BP@(@C abistivted poxatist tammround of the
bi s(3-am némmapy! ) sul fide, 1,4-cycl ohexanedi am ne, b| s-(4-

am nocycl ohexyl ) net hane, m phenyl enedi am ne, p-phenyl enedi am ne, - 2, 4-

di am not ol uene, ' 2, 6-di am not ol uene, m xyl yl enedi am ne, p-xylyl enedi am ne,
2- et hyl - 0)6- di et hyl - | ; 3-ZHeDgnedi am ne,
5- et hyl - 4, 6-di et hyl -1, 3- phenyl ene- di am ne, benzi di ne,
3, 3" -di met hyl benzidine, ' 3,3 -di net hoxybenzi di ne, 1,5- di am nonapht hal ene,
bi s(4- am nophenyl ) net hane, bi s(2-chl oro-
4- am no- 3-, 5-di et hyl phenyl ) net hane, bi s(4-am nophenyl) propane,
2, 4- bi s(f i »hetaiw2tis an activating radical, Al is an aromatic radical and X1 is fluoro, chloro,
bromo or mnitro, in the presence of a catalytically active amount of a phase transfer

* catalyst.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

-3a-



butyl)totuene, bis(p-1-nethyl-o-am nopentyl)benzene, 1, 3-di agiaparzbo4

| sopropyl benzene, bis(4-am nophenyl) sul fone, bis(4-am nophenyl) ether and
1, 3- bi s(3-am nopropyl)tetramnethyidisiloxane. * M xtures of these conpounds
may al so be present- The preferred diam no conpounds are aromatic

di ami nes, especially m and p-phenyl enedi ami ne and mi xtures thereof. The
halophthallc anhydri des may be represented by the fornula wherein X is
chloro, bronmo or fluoro, preferably chloro. The substituent X may be on

any free val ence position of the aromatic ring. Especially preferred.is

4- chlorophthallc anhydride. -4 6 April 2004 Also required according to the
invention is a relatively non-polar arganic liquid, wusually having a

subst ant i aIA:;y diaviro ¢hnipaithd masrhﬁrhrﬁﬁlayed)ﬁl th8 endIhRPOPhiLRy @{H tidn; %%{a}{%i'éss
pyr

such. as ™" | f or nami,de | acet am de and N- net rol rdi none.
Said non- ;?8 | B#H%F?}BH? é#ee‘?thgg ‘ﬁ"’a’g‘map%ff @ﬁ‘é‘%ﬁamﬁw aming.00C
and nost [dl&!ﬁ*demdndlgmmb,ove abouhethﬁl@ﬁetehﬁnﬂfcder " =t Oht@aidetiyMrRdi
reaction ' fe tu es: above that at ur Sutal'e
l'i qui ds of t c{ ypgﬁlﬁﬁlé eudgplg{— 'dﬁ‘? WSz end: f%ﬂ‘ig‘?ﬂaﬂ pmgce,  3-
1,2,4-tri cm@‘dhm@eﬂbylcmdm:wl sul f%dlmuylhammuwmhemﬁﬁaes suah as

ani sol e, apthaihdh énﬁ@ihxln?cl hgui ds whose poI arity is no higher than
t hose of the aforenen | one I quids. Liquids 'of similar polarity. but

-such as chl orobenzene, .may be enpl oyed at

| ower boili.n Ci nts,
super - at rméﬁ%égir exageihylenediaming, s@rl—éhmﬁlﬂ?f@llﬂhﬂ@h@bmzerié—laﬂhylblns(él-I y

preferred ‘axhih irQnaI rret hDefethdx hg,mn&ﬁﬁghgl ﬁ,eof
bi s( hal ophg hal i m d C| osed, Ty , t he af oreman?q oned
TS Pat ent SH9RPPE s mraiopD s b cyslobesmedgisminbis ftgh

excess to etnmeydlblmxybmcmmen t omqshepyiehédiimin®, Pr ipighddlerddisaiihage 9k the -

ﬁ;g:gg;rlynaﬁ%[t] &ueﬁpmﬁ\ﬁ?{flamin%t%{?% Ig%}-ﬁ%r&%} @uch AN ex ﬂ%eangggg,t 2vns of

the reagenmsthybf, %e(bglgl srpienyienrediamine, 5-methyl-4, 6-dlcthyl-l 3-phenylene- :
diamine, benzidine, 3,3-dimethylbenzidine, = 3 ,3'-dimethoxybenzidine, - 1, 5-
diaminonaphthalcué . bls(d—ammophenyl)mcthanc ' bis(2-chloro-
4-amino-3, S—dlethylphenyl)mcthane bis(4- ammophcnyl)propane 2 4~bls([3~ammo-t-.
butyl)toluene bis(p-B-methyl-o- ammopentyl)bcnzcne ' 1,3-diamino-4-
lsopropylbenzene bis(4-aminophenyl) sulfone, bls(4-ammophcnyl) ether and 1,3-
bls(J-ammopropyl)tetramethyldmloxane "Mixtures of th&se compounds may also be
present. The preferred diamino compounds are aromatic d:ammes especnally m- and

-phenvlencdlamme and mixtures thereof.

The hatophthalic anhydrides may be represented by the formula

O

m X

0

wherein X is chloro, bromo or fluoro, preferab[y chloro. The substituent X may be on
any free valence position of the aromatic ring. Especially preferred is 4-chlorophthahc
anhydride.



excess of one reagent and - subsequently introduce the ot herghgritdo94
stoichionetric anount; depending on analytical data for the concentration
of one or both 'reagents- -Thus, bis(hal ophthalimde) may be produced in
slurry form w thout isolation and separation fromreactants and ot her
by-products, with a high degree of conversion to- the desired

bi s(hal ophthalim de). For this purpose it is required to enploy an

i mdization catalyst to provide a sufficiently fast reaction rate. Suitable
i mdization catalysts are known in the art; they include salts of

or ganophosphorus acids, particularly phosphlnates such as sodi um

henyl phos t S: 4-di a . .
Sod ﬁmppheﬁ'ymggﬁ‘@qﬁf’?a?ﬁﬁf‘@ﬁ@ St iR 2 1R SRR S ke
prepar at i on Ba‘BPa S piye %WHN ilewer peladey then 8mplobyte: dipelap apmitidrsebrents at
| east 110G, spelsfar diniemhylforiulimid nameltyhBelilds A RIMEmgRYGorainBhs! §5a° Y

about " 175- u%% %larAt l'{,e % res, bel'ow - 110C_ reaction t he
most part. 00 KlowT o e?:r8 l&l‘?"soﬁel?‘é’cq‘g)rpmmtal?%"evwl!qﬁtnlﬁmé? snobpnosif the
inventi on tGlfcferﬂPbovbwph abouat Wﬁhﬁnlﬁdw &5 Fatikste mépf&eﬁw wilictt 3 fj 5
atm to faci e t enper.a causing I'fquid to
be | ost by évlha %%%ﬁsoﬁb%%r (t)ha? tc" PR W%MEPA&“H%ZB& e dnluder @at ur e,
for the sandiGhlerebenzene; dwblﬂrwywug,ntlehﬂ-mmlbmcmet Idiﬂl Kt s aal

| east about nﬁ%}oa% Iﬂhﬁ&le){ siid ﬁﬁﬁﬁ&ol@bﬂﬂtm&% cﬂ?gc%?ﬁrsltcgﬁéﬁp {JS?Eb y?t?rollsj t

15-25% nggh iﬂg/ sol i content

r eact ants (F‘ ighey;th; H@S%lﬁﬁ eaﬁf?f%l“@@%@qm@e%g&mﬁﬁﬂml dut .
wei ght i ncl uﬂmgadmwms duchi 2% dhtrh \ nvention
to change th 0L %% nt .dg{q g ?ﬁ{eze?r%eg}gélgélpﬁplo?g@uc e E'E%FT? 1S to
ef fect uate-F ran &-flig ‘?llfﬂz?ﬁ%ﬁ%’#bf@ﬁ@%@ivessel to another. -
Ot her constituent proport ions in the reaction mixture preferably include,
for reasonsinegnventghnabmetheds fax the ﬂ:rdﬂilﬂ:ﬁdn ﬁ%xh(@aal@bh&@hﬁ‘&ﬁdsﬂ%s aescflisedN e

1o et et T aEn LA s 1870 e
react i on, GRS slight exerss todave e mtg}mtobampdetmmﬁ mmpdlaaldvﬁitagh éfm ne
and an hydr | #le present invention, however is the fact that such an excess is not necessary. Rather,
it is possible to employ stoichiometric proportions of the reagents, or to begm with an
.. €xcess of one reagent and subsequently introduce the other to the stoichiometric
_ amount; depending on analytical data for the concentration of one or both reagents.
-Thus, bis(halophthalimide) may be produced in slurry form' without :so!atmn and
separauon from reactants and other by-products, with a high degree of conversion to- .
the desired bxs(halophthahmxde) For this purpose it is rcqmred to employ an
1mldlzatlon catzlyst to provide a sufficiently fast reaction rate. Smtablc imidization
catalysts are known in the art; they include salts of organophosphorus acids,
partiquiarly phosphinates such as sodium phenylphosphinate and -heterocyclic amines
such as 4—diaminop3’r_dd‘inc. Sodium phenylphosphinate is gencrél[y preferred.

u,..

The bis(halophthalimide) preparation method of the invention typically employs
temperatures of at least 110°C, preferably in the range from 150° to about 225°C, -
prcferably.about'l'?S—ZZS“C. At temperatures below '110°C, reaction rates are for the .

- ‘most part too slow for economical operation. It is within the scope of the invention to
employ super-atmospheric pressures, typically up to about 5 atm, to facilitate the use
of kiigh temperatures without c_aﬁsiug liquid to be lost by evaporation through boiling.



Water renoval fromthe systemto drive conversion and dryings¢@num@4
acconplished on a continuous basis in either batch, sem -continuous or
continuous processes using nmeans well-known in the art such as a
distillation colum in conjunction with one or nore reactors. In one
enbodi nent,' a m xture of water and non-polar organic liquid ‘'distilling
froma reactor is sent to a distillation colum where water is taken off
overhead and solvent is recycled back into the reactor at a rate to

mai ntain or increase the desired solids concentration. O her nethods for
wat er renoval include, but are not limted to, passing-the condensed .
distillate through a drying-bed for chem cal or- physical adsor ption of.

t Th Rtlies FeaBir h desi
g?s(eLaI ope pﬁal E‘% esﬁkghorrbl nati on %?ﬂ%?ﬁﬁﬁm '?)r 0‘?35"%@"(‘32 gg?‘ur ally
%,

related a “c?%%‘?‘d% preferablit eidepss abowtal2%fand most prafuhbly(ibo(ﬂ 1585, A |

2004 1t i swmgﬁll.l Byt* hehd§§(ﬁﬁ@ntﬂf,s t.,l;@_n} méeﬁ&bgﬁmh fflléﬁétgﬁ'{s(? t agg.gl&%‘] Stency

proportion n|c sl.urry, reducin

of -a past 3‘% %sra[’?{gc’g?ﬁegfbége B?ta[t‘ﬁ"éah‘i incudm diquidsclt is fipthet within eened

to lbg a sl sgapy, OEtle inwentionv &r thdrigenthb &jolids chnt[%FDHﬂﬁn fthe lré:&m)ﬁi for | sicice the .

yi e int t s_essenti.a uantitative

bi s( hal ophﬁséﬂﬂé&?ﬁw@é%fg (ir;fotbe IGAGUOM iy GRF VEssshio angtheduct s of

the reacti of .di am no conpound wi't h hal ophthalic anhydride. To ensure

subsequent 835‘1' [FRBStHYent progastignst incthie eattiontmixmure geapiabh) ﬁlcllﬂee frQedsons 9h

nol ecul ar azmdaghts dust ; [ com/erS| opto
QIUBN mdthe fa%o*BfQﬁhzdn@J & Gahifi. fﬁu eeﬂﬁgb Pt st B

bi si m de (‘%mpel e proportion ef I'mde as a

bi si ni de a OY%CF'a B8 Bnsanerally; Be adventage in dpingsso. 9@@% impeesedtein an ‘

i nvent i on amsown efettiveoto ookt B RABGRI, UsRAIE Mout Bi S0, '39”%% wéxéh r%&q acl ﬂs
1t n the

are presengy g | arger, t 025% théy may- be’inc rpo
pol ymer in nt‘%l t? orm o#[ﬁmeang deﬁ

. Water removal from the system to dnve conversion and drying can be accomphshed |

.ona continuous basis in cxther batch, semi-continuous or coutmuous processes usmg
means well-known in the art such as a distillation column in conjunction with one or
more reactors. In one embodiment, a mixture of water and non-polar organic liquid -
dlstllhng from a reactor is sent to a distillation column where water 1s taken off -
overhead and solvent is recycled back into the reactor at a rate to maintain or increase
the desired solids concentration. Other methods for water removal include, but are not

limited to, passing the condensed dlstxllate through a drying bed for chemical or
physical adsorption of water.

The product of sald method is a sluny coutauung the desired bls(halophthallmlde) in-

combination with such by-products as structurally related amic acnds lllustrated by . 3 |
that of the fonnula '




their carboxylate salt resulting in decreased thermal stabilgipricdooghe
final resin.' The carboxylate salts may be generated by reaction of amc
acid with bisphenol salt to form bisphenol or its nonosodiumsalt and
hence changing the reaction stoichiometry or generating a chain

term nating agent, which typically results in a decrease in the .polyner
nol ecul ar weight Also, it is within the scope. of the invention to enpl oy
hal opht hali ¢ anhydri des containi ng measurabl e proportions of unsubstltuted
phthalic anhydride as an inpurity. In the subsequent

pol yetherimde-formng reaction, it will be present in the farmof a
nonohal o cond$dsNdthin e seepe of the invention to further decrease the proportion of organic

1- [ N- (4-chl RiAO ft '
& L ot halsRirdoldinaing b 0 ML BAR) BEAFEAE sl IR ELRRLEL orthe
conpensat ed FEFHIAR séfﬂé aPein g desmed ¢ be pisbivet, MF olﬂytVIaaauon being-in amount of

pol yet heri miipd.or m.ng reagents.. The bi s(hal opht hal i m de) - preparati on

met hod of this invention is iIIustrated'by the foll ow ng exanpl es- All
ht. unl ess ot herw se

per cent ages ex Ies herei.n.
i ndi cat ed. &ﬁ\‘ﬁ%mﬁgf nealllf %0‘}/ “'2"5 ofyi |1f j |es3eBHallyr uantitaevenecked

r ound- bot t orhé%{hﬂpalﬁhﬂlimldtbdldmm @idssiré theconl mﬂgmﬁﬁeditt J’hﬂﬁié(stdfqgc Yasgghar ged
th. 1, 980. |

Vn\ﬁr phenyl eneg)lf;ﬂrlninlr?gg r&@oﬁﬁ@h&%@%ﬁ%ﬁ% "‘Wa‘b‘f 4'1[[0 Aﬂ‘&’ﬁ?‘luﬁ'@ofi’mﬂwﬂ

chl or opht hai®f Polys ﬁvaw%reataaaccrntablm@tofa highiinotecphe meigH @sqpintn atie highty SOl €

was added fafréd rfer tthe. @@l[g“ en t he.f,l. ask, was heat ed

for 0.5 hou?ﬁevvl th S}.(I rrlcﬁ 6 ?.%llsmd€e([)gt h&gggm?&ql B 8f Dimde 8543 ve to

produce genPPEFEET 8ty b'%ﬂ R‘bﬂ'ﬂ & %ﬂl%ﬁlaélds) TméCtaérip@ﬁ 8905% and diden

rai sed to ainvsetod lS@szthfqrradiuui@ Enersidht A uﬁ@&velcﬁ*d;ﬁﬁta‘é‘ﬁs ,%Es%ni ap

until water X te. The.renmini mat eri a
was t he desfn(rﬁ\es A%tl%gﬁi H@?gr rgffr‘P i'REYRAY BF AncoEpopatadyn the, polymmgs 10\/&*53 fqrmm%lced ~
with a dist fefraabpryinaslarulting indesebedthermsl st 0the FAME r&iR Al t hat

was carboxylate salts may be generated by reaction of amic acid with bisphenol salt to

form’ bisphenol or its monosodium sait and hence changing the reaction sto:c!uomelry

ot generanng a chain tcrmmatmg agent, which typlcally results in a decrease in the
- polymer molecular weight.

Also, it is within the scope. of the invention to employ halophthalxc anhydndes
‘containing measurable proportions of unsubsumted phthallc anhydride as an 1mpunty

- In the subsequent polyethcnmtde—formmg reaction, it will be present in the form of a
monohalo compound such as i- -[N-(4- chlorophthalmudo)]—B—(N—phthalumdo)benzenc
(heremafter “m-CIPAMI” ), which serves as a chain termination agent and which can
be com_pcnsated for by adjustmg the stoichiomeiry of the polyethenmide-forming
reagents. |

The bis(halophthalimide) preparation method of this invention is Hlustrated: by the
foliowing examples. All percentages in the examples hcrem are by weight unless
otherwise mdlcated.

EXAMPLES 1-3

In each example a 250 milliliter (ml) three-necked round-bottomed flask fitted with a
stirrer and Dean-Stark trap was charged with 1,980.6 milligrams (mg) (18315
_mllllmo[cs [mmol]) of m- phcnylenedlammc 0,687.2 mg (36.63 mmol) of 4-
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anal yzed by high pressure |iquid chromatography. The resultsgapfi 2pogen in

" Table L The Yield of CPAM and corresponding amc acids was quantitative.
i n each exanple. but conversion to CIPAM varied and is given in the
table. In Exanple 3, after a first stage, the reaction m xture was
transferred to a pressure vessel with addition of anisole and a second.
stage was perfornmed at about 2000C reaction tenperature and - 2.4

at mospheres pressure (atm). Conparison - was nade with a control

enpl oying a | ower solids proportion TABLE | Exanpl eOontroI Solids a
Reaction time, hrs..)' Conversion, 999.769 99.62 9.81 'As shown in Table I
t he net hod of the invention affords CIPAM in a-conversion of at |least.

99. 75% aft Vi t he ntr orded CIPAM at a
j %10?0 LA a e &ra Sod it phepyigho SPE{% EYFAe a8 Thi s

| ower converé | evel : ter a mich
exanpl e il 1Agded i égo‘&lnthFrﬁealil"i‘b§¢ isls peecaptagorand uhe asihvan hiested ifod 0SEARS Of .

one react a¥ith stﬁrnﬁi igal igsncgilfiﬁaihl 4 Rathelf % ?%cﬁ@?toc h:%dtcl’ed W l§e refluxing

o-di chl or obe zene, ﬁDCB Apri | 2004
4- chl or ophtHi ﬁ\ g 1 - &E‘C(WPW“FQ ‘%Gh«gmm W@l$@ﬂ%$¢mpenad1r<: and
m phenyl enadtfarwﬁeccﬂ&cﬂaﬁlih g, trap umd A¥arBOb @Rt drOwak \56:3 ﬁ%”%h?unf) XCESS
of CIPA D 0 PA. PA caont al, ne rom 0 nol e
i mpuriti esﬁﬁﬁ%e??%ggﬁﬁ%%q&%sélggﬁf?i ﬁ&?ﬁ& B soles Fimadlye thesirippwas  and
kept in tmpéacpémﬁrad@ﬂﬂaumdfand tRBaricnls was ﬁwipp&ﬂto\lfem@h ﬁésli@ththl | at e
was col | echgflyzed by high pressure liquid chromatography.

_The results are given in Table I. The yield of ClPAMI and corresponding a;mlc #cxds |
was quantitative. in each examp]c but couversnon to CIPAMI varied and is given in
the table. In Example 3. after a first stage, the reaction mixture was transferrcd toa
pressure vessel with addition of anisole and a second . stage was performed at about

. 200°C reaction temperature and 2.4 atmospheres pressure (atin.). Companson was-
made with a control employing a lower solids proportion.

_TA’BLE I

| Example | 2 3 — 'C;Jnu"q-
olids, % 20" 20 20626 [V ®s
Reaction time, hrs. .4.3 - 7 2723 .- '40

[Conversion, % T994 9976 [ 99 8T 9952

‘As shown in Tabie I, the method of the invention affords CIPAMI in a conversion of

at least 99. 75% after 7 hours or less. By contrast, the control afforded CIPAMI at a
lower conversion level.after a much greater reactlon time.

EXAMPLE 4 | | | A

This example illustrates an imidization reaction run with an initial excess of one
reactant. A 50 galion glass-lined reactor was charged with o-dichlorobenzene (ODCB:
8-



Sanpl es of the reaction slurry were obtained using a 114 i nc aghiezosier
glass tube at 4, 5, 6 and 21 hours after charging the - reactor, and

anal yzed usi ng Hi gh Performance Liquid Chromatography (HPLC). At 24 hours
additional 4-CIPA (40 g, 0.219 noles) was added to consune residual
nmonoam ne that persisted in the reaction. A sanple taken at 28 hrs showed
t hat nonoam ne was consuned. The slurry was suitable for polynerization to
pol yet heri-m de. EXAMPLES The procedure of Exanple 4 was repeated except
that the initial fornulation was 2.5 nole % (based on nol es of di am ne)

deficient in A. Al so Q. 25%(by wei ght based on the. total of diamne
and anhydri de]ﬁ)g%ﬁm Herophthalicanhydada(GIBA) (91900 K@,ﬂﬂd?ﬂwhﬂﬂcs
fornul ati on. ahfitreiphboAteaiinite (fz%ww K 99101 PR rrﬁw?’a (30" Gle %o e hsk ﬂ%‘e' ¢

i dual oam ne

was added to(gggh nme theéor{s
after this C H‘éﬁ"f’l‘{ﬂh B\RYEE ﬁtC'Eét edharfiBAneantrinidh Eoand.higH rohyessi on
to C PAM . limputidesolipiveaionpedsysidklyiHearaisbbal 180 LPes @%n{i%d' L, m i on,

(e 2| gl LAl RS ip i Mot e onit ¢ R
enpl oyed ar e Semplesaifithe mmmltm}dvaetobmnddmsu@ad s moﬁQﬂé:HEieF 8labS k&1 4
cost . Sai o Egeg%eﬁ E‘y“énpﬁf‘%@%‘&?é"ﬁﬁ“ﬁ (oo oy, B High o e o
anhyd{ oush-zI &w Pﬁg ﬁi;%f)edd ZQliﬂddltdmﬂyd(m-(ﬁalﬁblzlgt,ﬁgﬁ '
aromatic was a o ¢dh

3 FesiciaP f?ra%[gglrgla%%eqc?d; & Fﬁlt@ 1(?3 4%‘%@3& cal s

wherein A2 |%ga d}éégl ent matic h
i ncl ude ’191’1’ yfiat frondamine Wiap kerspmede The slurry was suitable for

4, 4' - bi (3_ 5- mlmet:yit)qnhepyllyemenm?da -9 6 April 2004
bi s(4- phenyl ene) pr opane,
2,2,2", T-tetgglaydppr 3, 3, 3", 3' -tetranet hy-I -1,1" -spirobi [1H

. The procedure of Example 4 was repeated except that the initial formulatlon was 2.5
mole % (based on moles of dtammc) deficient i 1n 4-CIPA. Also 0.25% (by weight
based on the. total of diamine and anhydride) of sodivm phenylphosphmate catalyst
was added to the formulat:on After heating at reflux overnight the 2.5 mol% CIPA
withheld was added to consume the residual monoamune. A sample taken 4 hoursl

_ after this CIPA addition showed no detectab!c monoamine and high conversion to
CIPAML

In the polycther polymer preparatic 4 method of the i mventlon, the alkali metal salts of
dihydroxy-substituted - aromatic ltvdrocarbons (heremaﬁer sometimes " sunply
“bisphenol salt” for brevity) which are employed are typically sodium and potassium
salts. Sodium salts are frequently preferred by reason of their availability and.

. rcla;lvc!y low cost. Said salt may be employed in anhydrous or hydrated form; the
anhydrous form is usually preferred. |

_' Slntablc dlhydroxy-subst[tuted aromatic hydrocarbons include those havmg the
formula ’ .

() HO-A2-OH ',

wherein A2 js a divalent aromatic hydrocarbon radical. Suitable A? radicals include
m-phenylene, p-phenylene, 4.4"-biphenylene, 4,4-bi(3,5-dimethyl)phenyléne, 22-

9.



i ndene] -6,6'-diol, and simlar radicals such as those which gagfirgsaond to
the di hydroxy- substltuted aromati c. hydrocarbons di scl osed by nane or
formula (generic or specific) in U S Patent 4,217,438. The A2 radi cal
preferably. has the formula (I1V) -A3-Y-A4 wherein each of A3 and A is a
nmonocyclic dival ent aromatic hydrocarbon radical and, Y is a bridging
hydr ocarbon radi cal i nwhich one or two atons separate A3 from A4. The free
val ence bonds in formula N are usually in.the meta or para positions of AS
.and AA in relation te Y. Conpounds in which A2 has fornmula IV are :
blsphenols and for the sake of brevity the term"bisphenol" is sonetines
used-herein to:designate the -dihydroxy-substituted aromatic hydrocarbons;

|t t shoul d Fhs@ﬁﬁmhykﬁqﬂropmiwwevgz,z' 1&@1?11):&?03 ?Iﬁp'hlgﬁﬂ:n‘?/ﬁ&iﬂqurigﬁ L"_;\hl §
ype may a y riate.. In fornula &

val ues nay 'g' ﬁs‘?ﬁ‘g@" %["«1:\ Wﬁ%ﬁﬁ‘gﬁ‘ﬂs oﬁ“cguﬁ%t‘ﬁ?st?t éﬂ“CIHe‘FQWP‘P%SFOt ther eof |

i | 1ustrat i vdihydroxy-sehstitutei #omtlohydmcaboﬂsedm@oﬁddlﬂw nardik k@ hmuRN@endie! 0ge€N, -

parti cul arl‘* WQE it phenyl ene' radicals are preférred. Both
A3 and A4 are prglt;er (H)#J p%e'r%?/‘lt‘éﬁe al t hough both may be o- or -

m phenyl ene _-.or-_one o- or i;3heny| ene and the other p-phenyler . The.
bri dgi ng r akhecét radicel preferablichasithefinmitaone or two at ons, preferably one,

separate A3 from A4. IIIustratlve radicals of this type are -C=0, -0.,
-S-, -SO MS y-AREt hyl ene, cycl ohexyl net hyl ene, o
2- [2 2. 1].- bi cycl ohept yl et hyl ene, et hyl ene, - isopropylidene,

neopentylidene, cyclohexylidene, cycl opent adecyl i dene, cyclododecylldene

adalmagt él i neheeein gach ofl Addrdrit isal rkqdacyldg:ejwﬂaﬁtl zgalnsn@chyadd%%faﬁ li—ﬂﬂcall %&F

i ncl ude tur cals, For reasons of-gvailability

and partic thmfgﬁéqmagﬁfd{m f)lbgﬁ% ObiWe Rloms sEparts 62

pr gf er Ir ed fl'&ldlﬁmlvalthcé bmndshm fdrh{t;zla I>\E] hhalsaaﬁy htj ﬂfe‘}n%a d}flf‘apy Psgiﬁg,&r &pﬁpe =

radi ca eri om bi en nd in ~

i sopropy! i 88 2‘ dﬂdd'ﬂ\@‘“bﬁ?d omp ﬁx f%mUBpW @{fbblgphmlmend

bi s phlenoll s forethe silemflbecvityphoad “biEblw;ol'ne Isuﬁlleuﬁwguged Reretnflof i dh@ the

2 ng I 3933 Hﬂfyﬁﬁiﬁtﬂ%tnt&w&mﬁ?ﬁm%@d} b8P Sloudd Be ughgrlsto%r&dhng;_ugg;t tuted
non-bisphenol compounds of this typc may also be cmployed as appropnate '

“In formula IV, the A3 and A“ values may be urisubstituted phcnylcne or substituted
derivatives thereof, illustrative substituents (one or more) being alkyl, alkenyl, and -
halogen, particularly bromine. Unsubstituted phenylene radicals are preferred. Both
A3 and A% are preferably p-phenylene, although both may be o- or m-phenylene or’

. one 0- or m-phenylene and the other p- phenyler°

The bridging radical, Y, is one in which one or two atoms, preferab[y one, separate A3 .
from A*. Illustrative radicals of this type are -C=0, -0-, :§-,--S0O-,-SO,-, methylene, .-
cyclohcxyhncthylene 2-{2.2.1]-bicycloheptylmethylene, ethylenc lsopmpyhdene ‘
neopentylidene,  cyclohexylidene, cyclopentalecylidene; cyclododecylldene :
adamantylidene; gem-alkylene (a[kyhdene) radicals are preferred. Also mcludcd, g
however, are unsafurated radicals. For reasons of avallablhty and particular suuabnlliy
for the purposes of this invention, the preferred radical of formuta IiI is the 2,2-bis(4-
phenylerie)propane radical, which is derived from bisphenol A and in which Y is o

T A
LT

Isopropylidene and A3 and A% are each p-phenylene.

Spiro(bis)indane bisphenols may also be employed. They includé 2 2,2',?_'—tet1ahydr0- :
3,3,3",3 tetramethyl-1, I'-spxrob:[lH-mdene]—G 6'-diol and its substltuted analogs.

-10-



-10 6 April 2004 The substituted aromatic conpounds of fornugaptiagodch are
enpl oyed in the.present invention contain an aromatic radical At and an
activating radical Z. The Al radical is normally a di- or polyvalent C6_10

radi cal, preferably nonocyclic and preferably free from

el ectron-w t hdrawi ng substituents other than Z. Unsubstituted C6 aromatic
radicals are especially preferred. The Z radical is usually an _

. el ectron-w t hdrawi ng group, which nmay be di- or polyvalent to correspond
with the val ence of At. 'Exanples of divalent radicals are carbonyl,

b | bi : f bi | o] -1, 2-di azi ~and
ooy Thus THeuBiftecd Shbu it Scompotndl St Bhaus Lihicisen epplaieinghe present
bi s(aryl ene)inteation eontainana@niticaagic ﬁ(ﬁkﬂ&?ﬁ@fmux%l-ﬁﬁ%’lﬂ Qﬂg)fkhiriéigéﬁgne) ,

adi

bi s(aryl ene 07@: 1 a2-diazine o bi's(aryl epe)azo radj cal "and ally

one in whi c)ﬁlg '35'?%&8-%‘%&‘8@"8%8‘. &N‘%E"‘# | RigtsERbly Bomenyrdigrand prefevablic free :

- Al- Z- Al- i drom Wleinoneethdeating | subititherts rah@AHIM 7t MAEGbsil formla (V)

wherein R h?dl& (6-.20 di val ent a[{{omatic hydr ocar bon or %af%gﬁﬁta&g@é‘c

hydr ocar bon MGk s espegiatly prglersg yl ene or cycloal kyl ene radical, a C2_8 .

bi s(al kyl ene-term nated) pol ydi organosi |l oxane radical or a dival ent

radi cal " of @he Zordigalais msustlyCim @iecsron WictfirARing! gRRP2 whick m&y ‘o il §p; S~

- O polyvalent to correspond with the valence of Al. Examples of divalent radicals are )
MOnyl, carbonylbis(arylene), sulfone, bis(arylene) sulfone, benzo-1,2-diazine and
azoxy. Thus, the moiety -Al-Z-Al- may be a bis(arylene) sulfone; bis(arylene) ketone,
tnis(arylene)bis(sulfone), tris(arylene)bis(ketone), bis(arylene)benzo-1.2-diazine or .-
bis(arylene)azoxy radical and cspecially one in which Al is p-phenylene.

Also included are compounds in which -Al-Z-Al- is a bisimide radical, illustrated by
those of the formula ' '

O
- l I ‘
N—R'— ) —.
. 'e) ' | '

L&

e

_wheréih 'Rl s a Cg'_zo divalent aromatic hydrocarbon or halogenated hydrocarbon
- radical, a Cy.59 allqufs:l:t;‘T or cycloalkylene radical, a Cy.3 bis(alkylené—terminated)
polydiorganosiloxane radical or a divalent radical of the formula

4
A

vl -

in which Q is -
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or a covalent bond. Mdst often, R is at |east one of m phenyhphiea004
p- phenyl ene, 4,4'- oxybi s(phenylene) and CH3 CH3 I- | (CH2)3 -Si-- O
Si-(CH )--- CH3 CH3 . Polyvalent Z radicals include those which, with A,
formpart of a fused ring system such as benzi m dazol e, benzoxazol e,
qui noxal i ne or benzofuran. Al so present in the substituted aromatic
conpound. of formula | are two displaceable Xl radicals which may be
fluoro, chloro, bromp or nitro. In nost instances, fluoro and chloro atons
are preferred by reason of the relative availability and effectiveness of.
t he conpounds containing them The particularly preferred conpound of
formula 1, for the. purposes of the present invention, is CIPAM. 'Organic
l i qui ds enpl oyed in the pol yethed pol yme®, pr@par at'i agF;et hod of the
invention are, in. general, the shne ones Ml oyed inl the ,
bi s(hal oph%ﬁk%"d’é).'rr_et%ﬁa. , “Th€Subst i sgd ar ofmat§ Ttonpound, nost often
a bis(halophthalimde), is supplied in “the '~form a, slurry in said
liquid. The bisphenol salt may be supplied by any cordveni ent neans, such
as .a slurry or a solid;, a slurry is usually preferred. Also present in the
reacti on rAh& ¢pvalang bandsMesw Otfﬁeanéf_ ratdeastbysof mppleingleab) p-phere/lade, aja'- i s ‘
subst anti g isg'fh%ﬂ Rndtanline tenperatures -enployed; i.e., in t he range of
about 125- 250C. Various types of phase transfer catalysts May be enpl oyed
-for this purpose. They include quaternary phosphoniumsalts of the type
disclosed in US. Patent 4CPg3, 712 CHy al kyl - 4-di al kyl ami nopyri diniumsalts
of the typa/1di sclosed in U fts: Patenlt' s 4,460,778 and 4,595,760, and -
guani di ni um sal ts—of(CHyp—tyBe—dset-gied-(Ciy)the aforenentioned US Patent
5,229,482. Said patents *and appli cait ion aré incorporated by reference
herein. The preferred ph,asemsansfercfgat alysts, by reason of their
exceptional -12 6 April 2004 _ . ‘

- Polyvalent Z radicals include those which, with A', form part of a fused rng system

- such as benzimidazole, benzoxazole, quinoxaline or benzofuran. '

Also present in the substituted aromatic compound of formula I are two displaccz-at‘ﬂe
X1 radicals which may be fluoro, chioro, bromo or nitro. In most instances, fluoro and
chloro atoms are preferred by reason of the relative availability and effectiveness of
the compounds containing them. The particularly preferre&_i’compoﬁnd of formula I,
for the purposes of the present invention, is CIPAML. | '

Organic liquids employed in the polyether polymer preparation method of the
invention are, in general, the same ones employed in the bis(halophthalin.ide) method.
The: substituted aromatic compouiid, most often a bis(halophthalimide), is supplied in -
the form of a slurry in said liquid. The bisphenol salt may be supplied by any
convenjent means, suchi as a slurry or a solid; a slurry is usually 'prefcnéd. -

Also present in the reaction mixture is a phase transfer catalyst, preferably one which
is substantially stable at the tempefaturcs ‘employed; i.e., in the range of about 125-
250°C. Various types of phase transfer catalysts may be employed for this purpose.
They include quatemary phosphonium salts of the type disclosed in U.S. Patent o
4,273,712, N-alkyl-4-dialkylaminopyridinium salts of the type disclosed in U.S.
Patents 4,460,778 and 4,595,760, and guanidinium salts of the type disclosed. in thé
aforementioned US Patent 5,229,482. Said patents and :gpplication-are -incorﬁoratéd by
reference hérein. The preferred phase transfer catalysts, by reason of their exceptional
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stability at high tenperatures and their effectiveness to pregpgedosgh

nol ecul ar wei ght aronmatic polyether polynmers in high yield . are the
hexaal kyl guani di ni um and a, m bi s( pent aal kyl guani di ni um al kane salts. The
bi sphenol salt and substituted aromati c conpound are typically brought into
contact in substantially equinolar anounts. For maxi mum nol ecul ar wei ght,
the anounts should be as close as possible. to exactly equi nolar, but

nol ecul ar. wei ght control nay be achi eved by enpl oying one reagent or the
other in slight excess. It is also within the scope of the invention

-to. enpl oy nonofunctional reagents such - as nonohydroxyaromati c conpounds

or nonohal ostabilitytthighetcopatanaes antheir @ feaivendl % prodesd RiBR mdlEc @GS o he

orepared, T aPae "AgeRL DoRaHRg I HidP Yo us e bR diiom and
hal opht hal |%@1hﬁ§ﬂﬂ‘%@@ﬂ%'@ﬂ%ﬁﬂb@%ﬂ$&l&t i tut ed phthalic - anhydrl_d_e as an
I mpurity. . . Reaction tenperatures are, in the range of about 125- 250C

f bly Higo
pref erabl y Bisgﬂé’:{%iosagﬁﬁd ;%%1?%&8%8&0% QH‘?}D e &"f?zrc QE%E‘ i's

general |y about

bi sphenol @At I%rsuégg'i" SE‘I"L'%“’ aariamqqqgsr M@W%Nﬂgmmw wmght,ame
vi gor ous stamau:mgshcmldehaIa@)ced;esdsf]ﬁﬁslbiéetore&h&lgp difiBlar, PEYeY; [EB eIcEle Wkhe

reaction i nt o efficienc m oW ng
conpl et i on%ghxﬁ&g*eac?ﬁ Jﬁﬁmﬁ SHE e 'B"Eﬁ‘%&?‘h@fz "é’tﬂ‘%‘rﬁk ghesxcess. Itdel at ed’
by convent iaseaithis ﬁl@cﬂ;oxﬂ' iof she Wlenad)d Yo employtaencfuidlionhPR&cafs 3Gkias
quenchi ng shln evaporation of solvent,
or anti- Solngorﬂﬁ& gm rﬁ)%a%lg?? nﬁ“ gixl% Al P gﬁﬂ CEmPRURISHAS. The
pol yet her f§ P‘?nﬁmﬂlﬁﬂ%a%%ﬂtson%mﬂmhdb- mhetuhnmnmtlomompodnhslsmaﬁt g¢ by
the  foll O\ptéwonﬁx)amb@ﬁbe ptdpaR@! £Nd rtﬁelP %? arJ}g,e QLA ds,
or op © AR

enpl oyed was m, t. source Co

Sanpl e A ng%?@%ﬁﬁ gic | faf"g St F?‘F‘é‘&m@nHWIbF‘GIEwdl phthadin sinhydtidy. 3% pht hal i c
aci d and, uppwiggxposure to - noi sture, was partially hydrolyzed to a content
of 4.6% of the correspondi ng chi oropht halic acid- During the - Cl PAM

formation ReaGin fmpRltle! b ACHY 48 rAage of about 125-250°C preferably about 130-
. 225°C. The proportion of phasc transfer catalyst is generally about 0.5-10 and
prcferably about 1-5 mole percent based on bisphenol salt. For best results, -an
intiate mixing method such as vigorous stimring is cmployed smcc the rate of the

' polymenzatlon reaction is typically dependent on efficiency of mlxmg-

Foliowing completion of thc reaction, the aromatic pdlyethcr polymer may be isolated
by conventional methods. This typlcally includes such steps as acid quenching « -
neutralization followed - by washing, evaporation of solvent, or anfi-solver;
prec1pltat10n and/or dcyolatlhmtlon—pellctlzauon.

The polyether polymer preparation method of the mvcntmu is illusttated by the b
follomng examplcs. All percentages are by weight. The CIPAMI employed was
prepared from two sources of 4-chlorophthalic anhydride. Sample A was prepared
from distilled anhydride; it contained 0.3% phthalic acid and, upon exposure to
moisture, was partially hydrolyiéd to a content of 4.6% of the corresponding

~ chlorophthalic acid. During the -CIPAMI formation reaction, phthahc acid was
"converted to m-CIPAMI ‘which served as a chain termination agent. Sample B was’
prepared from anhydride produced by palladium-catalyzed decarbonylationt of
trimellitic anhydride acid chloride and comamcd no phthalic acid. The amount of
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converted to mCl PAM which served as a chain termnation ageppril Zaqpl e B
was' prepared from anhydride produced by palladiumcatalyzed

decarbonyl ation of .trinellitic anhydride acid chloride and contained no
phthalic acid The anmount of -13 6 April 2004 bi sphenol A disodiumsalt
enpl oyed in each exanple was an anount calculated as 1.5 nmole %in excess
wth respect to pure Cl PAM. EXAMPLES 6-10 Each exanple enpl oyed a Cl PAM
product (sanple A or B) in the formof a paste prepared.according to
Exanple 2. It was dried by addition of 12 successive 50-ml  portions of
dry(maxi mum 5 ppmwater) anisole and distillation under a posi tive argon

at mospher e, b%ﬂm&lﬁ%éﬂuﬁﬁ%?&ﬂ ﬁ?&iﬁrbéaeh@xa?rzpﬂé%aﬁgﬂ :tﬂﬁ&a}? sm - of

ani sol e. t hree- necked round-bottoned fl ask |tt a-stirrer
and nal e j o‘F‘ﬁ%e /"'\Aﬁ§x°“'5%ﬁ§hg’§ﬂ'°%t?ﬁ“{ﬁ AMol A di sodiumsalt and 100 m of
dry. anisole. The m xture was dried by distillation under a positive argon

at nospher e BKAMPERDGAI0 of about 65 nml of .'anisole. It was then
guantitativel y transferred under argon pressure t hrough an oven- dried

adapter int h A LY, conbi ne xtur was, heated_.in an oil
o o 1 Sabl Byl RXCIp AR SRR TS8STe M4 B 2 4R ol BT o et
hexaet hyI glﬂﬁpmdramdmgltorﬁm;ﬂh sl wasddriad by iaddition ud sl 2asideessivel S®mlnder

o o, T BRSSuafohl UASubbbi W0 a bl NSl JplooL o0

pol yet herr exa
det er ni ned apogere, andrf a%llmrderﬂd@mégﬂ@pﬁywnwmut i/(hmlafamsrdcr n -

analysis, it was additionally expressed as "Mv ratio" which'is a

per cent age A)]'ZSO sl ﬂmb&&blteﬂrmu@d-ﬁbtioxﬁéd Pask! ﬂﬁé@“ﬁﬁmtﬁr&fanG IR jfih@ Was
pol yet herii ﬁ‘:& lir,ﬁ)e g wei %?% V\@ O(iet er te i_rﬁee sane trasrre The
commer ci al n}'ﬁ' i ﬂﬂ“ﬂﬂ g j/ a’éﬁs t de mgxtugg W -
descri bed idniebp distdiation udded APobitive arfoa armasphtre witteregiovahof 2boRebs i, i N :
g?rpnPg;l 30n athsbid. & weR lquﬁ:ﬂ:%e@?ﬁans?er?e% delter ﬁ%ha&rgs%urg tll:rm n oL es
dried adapter into the CIPAMI slurry The combined mixture was heated in an oil bath
at 170°C, and 3.5 mole percent (based on bxsphenol A salt) of hcxaethylguamdunum
chloride dissolved in anisole was added, also under argon. The mixture was heated
under reflux for 4 hours to yield the desired polyetherimide. In each example the. '
weight average molecular weight was determined by gel permeation ‘chromatography;
to avoid variations in analysis, it was additionally expressed as “Mw ratio™ which isa
~ percentage of the molecnrlarlweight of a single sample of r:ommereial ﬁolyctherinﬁde
~whose molecular weight was determined at the same time. The cemmcrciaf
polyethierimide was prepared by a method similar to that described in U.S. Patent
3, 838 097.

The results are given in Table II, in comparison with a control in whlch a solid
E 1solated CIPAMI reagent was ernployed

" TABLEN

[Example |6 7 S 0 Control

[CrPAMTsample A& A A B B |Sold
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TABLE || XxE ainpFe Cl PAM sanple 6 A7 A B 10 B Control Sol i@ ApAid084Apri |
2004 Slurry analysis: It can. be. seen that the polyetherimde preparation
nmet hod of the invention affords polyners having nol ecul ar wei ghts
conparabl e to or approaching that of a product Prepared fromsolid Cl PAM.

It is also apparent that am c acid proportions above ..0.25.% as
Il lustrated by Exanple 7, cause a decrease in nolecular weight. Wile
typi cal enbodi nents have been set forth for the purpose of illustration,

the foregoing descriptions-should not be deened to be 'a limtation on the
scope, of the_ invention. Accordingly, various nodifications, adaptations,
and al t er nafjiolesy amfysisccurjto-oney—skit++ed-a—the art w thout departing"
fromthe spifrit and scope of the present}inventfion. 6 ril 2p04 WHAT I'S
CLAI MED | S: |+ ] ard prepark ng a hi s(hal dpht hal ijm de) i organijc .
slurry form 100C
bet ween t he

contt i si fg<eont|RE¥ ng [dE1R T gripEr at v

I C

Tm-CIPAMI, % (U363 U 0200 0

| Polyetherimide Mw | 70,300 { 68,800 75,600 | 85300 51700

| TR B VYA B V. A B & M & £ox o SO

*Fute m-CIPAMI 23ded before polymerization.

It can_be, seen that the polyetherimide preparation method of the invention aff; rds
polymers having molecular weights cqmpérahle to or app ;
prepared from solid CIPAML. It is also
+.0.25%,

T approaching that of a product

: apparent that amic acid proportions above
as illustrated by Example 7, cause a decrease in molecular weight.

:-erule.typical c-ml')odimcnts have been set forth for the purppsc. of illustration, -the
oregoing descriptions-should not be deemed to be a limitation on the scope of the

mvention. Accordingly, various modifications, adaptations, and altematives ma
occur to one- skilled in the ant without d .

r ’ eparting from the spirit :
present invention. _ spiat and scope of the
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constituents of a mixture conprising at |east one di am no coep@snzhogat

| east one hal ophthalic anhydride, an organic liquid selected fromthe
group consisting of : o- dichlorobenzene, dichlorotoluene,

1,2,4-trichl orobenzene, diphenyl sulfone and anisole and an imdization
catal yst selected fromthe group consisting of organophosphorous acids and
het erocyclic am nes, said m xture having a solids content of at |east
about 5% byWHMATYISIGLAIMEDABY producing a slurry of said

bi s(hal ophthalimde) in said liquid. 2. The method according to claim1

V\/nereinthedia'negﬂfga) 3! n

nmet hod acco'rlgj ghtgl clal %,rngvﬂ%re n tﬁi@ﬁ{al EQ@H?L &?gﬂic ?%Jg?t 1:()Fﬁ.bout
12% by wei gt CB COFRIISiRg: %@a%@oﬁﬁl%éemﬁe@menﬁ’fSGW@Sél Q& Ge betweeor theure i s
at |east 1edHstittentsToa fmﬁh@c@ﬁﬁﬁs’ﬁb BBlck8t §h@'diﬂrﬂln6’%hf‘ddﬂmlﬂh§t|@9 nd atio
of anhydri dﬁal 'ﬁhﬂﬁ am ng (gs : aéerCiﬁﬂd hat val ue. e net hod
according t AQplfaicanyds ﬁ"tq{ga'a?aﬂw g E'oms ecﬂrﬁﬁ%ﬁpﬁ‘?@lﬁ@rﬂfeﬂ@' or
ani sol e. 7. dithlerabenhere, aodld'[ldlotnjuetne claﬂmtﬁchmbenzeﬁémmewmh ; ulﬁ)nélagm ne is
m  or h n a f he met hod according to
cl ai m4pv\,ﬁe§@¥¢!8t EH&I 5+ @%a Ic a Sgr %@Eﬁ%@ f@?n @858“%% @nsn(fi of

4- chl or ophtwgan@pmnwpua@cm an beterdnyclis amives ysdid duxturel helingrapsblidsal i ¢
anhydri de, f h hydr n | ai m
3 wher ei n ¢ fonteint bUBKABRKTAOR STTKY e, ekt PRGOS R Hr S8 T
2004 10. Th@SW@[%HnB@aEFQS}*&SﬁG]@B' dci ai m I wherein the imdization catalyst

I s sodi um phenyl phosphi nat e.

2. The method according to claim 1 wherein the diamino compound is at
least one aromatic diamine.

3. The method according to claim 2 wherein the solids content is at least
about 12% by weight

4. The method according to claim 3 wherein the temperature is at least
150°C.

5. The method according to claim 4 wherein the molar ratio of anhydride

to diamine is 2:1 or is adjusted to that value.

6. The method according to claim 1 wherein the organic liquid is
o-dichlorobenzene or anisole.

7. The method according to claim 4 wherein the aromatic diamine is m- or
p-phenylenediamine or a mixture thereof.

8. The method according to claim 4 wherein the halophthalic anhydride is
at lease one of 4-chlorophthalic anhydride, 3-chiorophthalic anhydride,
4-fluorophthalic anhydride, or 3-flucrophthalic anhydride.

0. The method according to claim 4 wherem the temperature is in the
range of about 175- 225°C
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11. The nethod according to claim4 wherein the solids conte@iptisdoa t he
range of about 15-25% 12- The nethod according to claim 1l wherein a

m xture of water and organic liquid distilling froma reactor is sent to a
distillation colum where water is taken off overhead and solvent is
recycled back into the reactor at a rate to maintain or increase the
solids content. 13. The net hod according to claim1l wherein the reaction is

per f or med der per at heric ssure. 14. A nethod for preparing
1, 3- bi s[N—( chI ngfﬁ%m i %@H. thes Imdizption  atailMsic 15

conpri ses abbiaat I'raylyiphmtnm.at@,t a tenperature in the range of about
175-225C bet vveen t he constituents of a mxture corrpri sing at |east

h I [ am .
T Ehleg?/ogﬂt halic nﬁ{ W m dic Zg[{.ll %ﬂn‘h@%@' ?y oﬁgfddo%@crﬁﬁgrlgbgﬁzene

or ani sol éa"@eﬁfdl ﬁfeﬁhaw ng a solids content in the range of about
15-25% by weight, thereby producing a slurry of said bis(hal ophthalim de)

in said 0491 chtr%ohetﬁ@ec@br 9:8'(9auﬁ-5 11Aw@rétﬁdafﬁ.txtweeeerweftr hd
aromati c pal thg R’Dd# V\p risi ng ?nta%ﬁfé In at |east one
rel atively {4 %ﬁ'ﬁ‘g P mqﬁl r 1§ paRhio flatien Aolymaquherst ar
amount s 01;] vagter Esamkenmtff atlkmead reridaboleentt |sf)fe (éle)dltbadkr ml@’ﬂwbééditéﬂlbﬁﬁ :
aromatic imde) in organic slurry

obt ai ned |)r€g%"ﬁ§u m m%? S géég'@ ‘t%gt? in the presence of a

catalytical ly active armunt of a phase transfer catalyst selected fromthe
group consildti ndher medhed #ﬁa@ngﬂt@s@a@mlhm@@ﬂm the reaction is performed

N-al kyl - 4- dindéfadpaith hest pressareal ts and  guani di ni um sal ts wherein said
organic liquid |s sel ected fromthe group consi sting of. dichlorobenzene,

di chl or ot olyy nd | d
sai d Sfﬁyﬁr&;iubs%m?t o Cﬁ“eﬁéﬁaf“zeﬂéae@tf’@t@t&ﬁib eRRRRE™ P
Y- Ad- OH, ~ WGt shigoh whichngomprises effeclingc pentact at valemperatwerini the

hydr ocar bomaﬁgéimaébo@nmfs-zwe BBt the X BhERAEME o' adhfidtlird RolMrisiagone ©of

at least m-phenylenediamine or a mixture thereof with p-phenylenediamine,
4-chlorophthalic anhydride, an imidization catalyst and o-dichiorobenzene or
anisole, said mixture having a solids content in the range of about 15-25% by
weight, thereby producing a slurry of said bis(halophthalimide) in said
o-dichlorobenzene or anisole.

15. A method for preparing an aromatic polyether polymer which
comprising contacting, in at least one relatively non-polar organic liquid as
diluent, substantially equimolar amounts of at least one alkali metal salt of a
dihydroxy-substituted aromatic hydrocarbon and the bis(halophthalimide) in organic
slurry obtained in claim 1 in said organic liquid in the presence of a eatalyticaﬂy active -
amount of a phase fransfer catalyst selected from the group consisting of :
quatemary phosphonium salts, N-alkyl-4-dialkylaminopyridinium salts and
guanidinium salts wherein said organic liquid is selected from the group consisting of:

dichlorobenzene, dichlorotoluene, 1,2,4-trichl0robenzene,' diphenyl sulfone
and anisole and said dihydroxy-substituted aromatic hydrocarbon has the formula
HO-A%- Y-A*OH, wherein each of A® and A* is a monocydlic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which one or two
atoms separate A3 from A*.
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atons separate A3 fromA. -17 6 April 2004 16. The net hod ace@pei ZEat o
claim15 wherein the organic liquid is o- dichlorobenzene or anisole. 17.
The net hod according to daim 15 wherein the phase transfer catalyst is a
hexaal kyl guani di ni um or an aco- bi s(pent aal kyl guani di ni un) al kane sal.t. 18.
The net hod according to claim 16 wherein the bis(halopthalimde) is 1,3 -
bi sS[N-(4 -chlorophthalimdo)] benzone. 19. The nethod according to claim15
wherei'n the di hydroxy-substituted aromatic hydrocarbon is bisphenol A 20.
The met hod according to daim 15 wherein the redaction tenperature is in the

‘range of aBBut K@ PRstod 2dccordiag rtet Hakn afs aitkirss e Bl dn 1@ e gin the
phase tr andfiemforobieatysé or baisalgguani di nium salt. 22. The neth !c‘l accordl ng to

claim 21 vvherei n the proportion of phase transfer catal yst enployed is

about 1-5 rce%%i)ased on tae di hydroxy- substituted aromatic

hydr ocar bo sal AeRarding fo.Haim éﬁﬁﬁe@ fapetrassioricatalysbis i si ng
cont act i nghexaalkyrgmndmunobana@nmls(pemmlwrenam@nyanem sagubstantial l'y
equi mol ar amounts of  bi sphenol A di sodi um sal t and the

.13b|s[N- I|m zen njc slurry obtalnedln dai m
14 in said g tﬁ?gﬁ% UH@ ‘EG wh,er ﬁ%ebﬁsﬂ'?ﬂ?@@akm' 1.3

catal yti cai—lbjs[lﬂdd—chbmphlhahmtdﬁ)] Iaerizene.al kyl guani di um chl ori de as a phase
transfer catalyst. 24. The method according to claim8 wherein the

. halo P ht hal 19, anhygipd Athcd adordihG (PR 35 WheRdh K Hﬂft‘droxy-substltuted
aromatic hydmcarbon is bisphenol A.

20.  The method according to claim 15 wherein the reaction temperature is
in the range of about 130-225°C.

21.  The method according to claim 15 wherein the phase transfer catalyst
is a guanidinium salt.

22.  The method according to claim 21 wherein the proportion of phase

transfer catalyst employed is about 1-5 mole percent based on the dlhydroxy-
substfituted aromatic hydmcarbon salt.

23. A method for preparing a polyetherimide comprising contacting, in
“o-dichlorobenzene or anisole as diluent, substantially equimolar amounts of
bisphenol A disodium salt and the 1 ,3-bis[N-(4-chlorophthalimido)]benzene, in
organic slurry obtained in claim 14 in said o-dichlorobenzene or anisole, in
the presence of a catalytically active amount of a hexaalkylguanidium chloride

asa phase transfer catalyst

24. The method according to claim 8 wherein the halophthalic anhydride is
4—ch[orophthallc anhydride. :
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