WO 01/ 25196 PCT/ USOQ 27183 SLURRY PREPARATI ON OF Bl S( HALOPHTHALI M DES) AND
OF POLYETHER POLYMERS BACKGROUND OF THE | NVENTION This invention rel ates
to the prapabsisissn of pol yether polyners and internedi at esrasomeriss or. More
particularly, it relates to the preparation of bis(hal ophthalimdes), their
I solation as a slurry and their use in slurry formfor the preparation of
pol yetherim des. 5 Various types of aromatic polyethers, particularly
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prepared by the reaction of salts of dihydroxyaromatic conpounds, such as
bi sphenol A disodiumsalt, with dihal oaromatic nol ecul es. For to exanpl e,
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which has the structure O o] N C act For pol ysul fones and
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preparation o Oarom ers may be co duc ed 1nso ron I n
rel atively noRelyeherimides. vents, using a

5 Various types of aromatic polyethers, particularly polyetherimides but also including
polyethersulfones, polyetherketones, and polyetheretherketones, have become
important as engineering resins by reason of their excellent properties. These
polymers are typically prepared by the reaction of salts of dihydroxyaromatic
compounds, such as bisphenol A disodium salt, with dihaloaromatic molecules. For

10 example, polyetherimides are conveniently prepared by the reaction of salts of

dihydroxyaromatic compounds with bis(halophthalimides) as illustrated by

1,3-bis[N- (4-chlorophﬂ1ahm1do)]benzene (hereinafter sometimes “CIPAMI”), which
has the structure '
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For polysulfones and polyetherketones, bis(4-fluorophenyl) sulfone, bis(4-
chlorophenyl) sulfone and the analogous ketones are typically employed.
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phase transfer catal yst which is substantially stable under the tenperature
conditions enployed. Solvents disclosed in 5,229,482 include

o-di chl orobenzene, 5 dichlorotoluene. 1.2,4-trichlorobenzene and di phenyl
sul fone. | V@ME3¢P6974 nnnoalkoxybenzenes such as ani sol BETHSHRER}| et her
or phenetole are enployed. Solvents of the sanme types may be used for the
preparation of bis(hal ophthalimde) internediates for polyetherimdes. 10
Each of these patents requires introduction into the reaction m xture of

the bis(hal opm&falhgﬂt&'eas%tatssybéézgz Bl | aIRT, 1 Jiggﬁeg&aﬂom?gag@ﬁ&l Thi's

is often diffi since solid bis al’lm
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equi ol ar pro [ ctd,Q r di gto
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equi nol ar prop‘émeﬂﬂ@e&)@fﬂé%ﬁm@e%an result in the neceSS| ty for
extrenely long reaction tinmes, typically up to 3 days. This is true even

when such active solvents as glacial acetic acid are enployed. Wen
non- pol ar solvents are enployed, it has typically been necessary to enpl oy

one reachgnt, pERAtoPRAS 5alfe°m325e 'E}EQHH%HJE%A Gni@Nihgd éaa?on
wher eupon sai q{' % stil ese a ter,. .completion QE}’ e reactlon
and can cause ﬁﬁ% qa"}i‘?é)'mr' &S Bn epb‘iead%’ ﬁﬁﬁﬂﬁf’mg i§; 13foffeRe
pol yet her i mi deliffisuididRy seid ﬁﬁﬁalbﬂﬂﬁﬁﬁlm) a2 typizally bP ockY CovPAansivgand Auffi83 The
present i nventhahnd WeidRing dnd Hmﬁﬁﬁrbﬁ’r@eﬁs e}
bi s( hal opht hal i cigfihg re! ar ed :Bne tﬁgmegeyﬁg%g ’é‘%rnl\)/oeﬂrléelcgﬁcaéy t he
reaction of h aﬁng}fﬂ éqsplgl JON Ei reactants as sl €5 1n an organic solvent instead of

15 in dry solid form. '

In order to isolate bis(halophthalimides) in slurry form, however, it is often preferred

to prepare them by a method which employs the reactants, namely diamino compound

and halophthalic anhydride, in equimolar proportions so as to avoid competing

20 reactions. According to such prior art as US Patent 3,787,364, the employment of

substantially equimolar proportions of reactants can result in the necessity for

extremely 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

25 chlorophthalic anhydride, in excess, whereupon said reactant is still present after

completion of the reaction and can cause competing reactions to take place upon
synthesis of the polyetherimide.

SUMMARY OF THE INVENTION



and di am no conmpound, even in equinolar anobunts, and may be isolated in
slurry rather than solid form if certain reaction,conditions are 5

mai nt ai ned. These include relatively high reaction tenperat ures, relatively
hi gh sol i WQ01RHE ent and the presence of a suitable cat BFY/USOO2T i nventi on
in one 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
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tri met hyl enedi ami ne, diethylenetriamine, triethylenetetramn ne,
hept anet hyl eftehlisaalsondeen discovered that bis(halophthalimigles) and similar dihaloaromatic

compounds may be employed in slurry form for the preparation of the corresponding
15 polyether polymers. Another aspect of the invention, therefore, is a method for
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preparing an aromatic polyether polymer which comprises 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 a
shury in said organic liquid of at least one substituted aromatic compound of the

20 formula

@ Z(Al-X1),

wherein Z is an activating radical, A! is an aromatic radical and X! is fluoro, chloro,
bromo or nitro, in the presence of a catalytically active amount of a phase transfer

25 catalyst.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS



oct anet hyl enedi ami ne, |, 12-dodecanedi am ne, 1, 18-octadecanedi amne, 3 5
met hyl hept anet hyl enedi ani ne, 4, 4-di net hyl hept anet hyl enedi ani ne, 4-
met hyl nona edi am ne, 2,5 di net hyl hexanet hyl enedi anj
2, 2-di net h&ﬁ%}%ﬁzenedi am ne, N-methyl-bis(3- am nopr Opy%gﬁy%og/’zuss
3- met hoxyhexanet hyl enedi am ne, 1, 2-bi s(3- am nopropoxy) et hane,
bi s(3-am nopropyl) sulfide, 1,4-cyclohexanedi am ne, bis-(4 10
am nocycl ohexyl ) met hane, m phenyl enedi am ne, p-phenyl enedi ami ne, 2,4- .
di am not ol ueneAny diamiticecumpotud mey ke employéd/inche dicthotl 10€ thipinveitioheBeaipies ne,
2- methyl -4, 6- I

e &;}Q%ﬂe cc]tnﬁ’odﬂh? QBé ﬁg‘fgln g&’ig?nﬂi% pmgvlened damme, trimethylenediamine,

5- net hyl - 46d henyl e I am ne

3, 3' - di met hyl b‘é‘ﬁ"f‘i’ P'ﬁ%am@e@ _di neftifdRjmetesaminge, 1, 5- hepametiyicastiamiarene,
bi s( 4- am nophesytimenkiéredamine, s ( 3; let{)oﬂéf(anétﬁamme 1,18-octadecanediamine,  3-

4- am no- 3,:5-di s S N

2, 4-bi s( (3 am ﬁ%‘tﬂ%ﬁh%&%@&ﬁ B‘lﬁgﬂ éll%g]‘ &Rﬁﬁwg@%&%g%?ﬁ?w ) be n‘%ene,
1, 3- di am no- 4- mpdyle P@Pﬂ}qﬂlyé?ﬂf@ﬂ@meﬁ 3(4 am nophenyl) sul f one,

bi s(4-ami nophenyl) ether and 1, 3- bis(3-ami nopropyl)tetranethyl disil oxane.
M xtures of t Maﬁxetmthhg&enmrﬁmaieso 2B dingetiedropylenedamines f ﬁm:n&?m)dibm -no
conpounds are nes pheny m ne
JEREETR.: Cunabl i o o ke e
formula O (113%™ i - x:1 0]
chl or ?_ The Smehodyubhé:lvhmmné)e aph&rwﬁied?mnealgxiggmemmddimm ng .
aromatic ring y i -
WO 01/ 25196 Pcfd'll' ?@%&%8 ZwﬁPﬁg{or egégéég%?g@%@@ ol?f(#g I nventron is a
rel atively norP§BYlho-gietiyki S-pherpisngdiaming, o) | y nEGH Wﬁ“ﬁ%@tlénl’heéﬂe?e | over
pol arity than diiraine,0f tichadide,pol3@-dmpstipiibenzidiley en3,s'-dimethoxybenzidine, 1,5-

diaminonaphthalene, bis(4-aminophenyi)methane, bis(2-chloro-
15 4-amino-3,5-diethylphenyl)methane, bis(4-aminophenyl)propane, 2,4-bis(f-amino-t-
butyl)toluene, . bis(p-p-methyl-o-aminopentyl)benzene, 1,3-diamino-4-

isopropylbenzene, bis(4-aminophenyl) sulfone, bis(4-aminophenyl) ether and 1,3-

bis(3-aminopropyl)tetramethyldisiloxane. Mixtures of these compounds may also be

present. The preferred diamino compounds are aromatic diamines, especially m- and
20 p-phenylenediamine and mixtures thereof.

The halophthalic anhydrides may be represented by the formula

0

0]

wherein X is chloro, bromo or fluoro, preferably chloro. The substituent X may be on
any free valence position of the aromatic ring. Especially preferred is 4-chlorophthalic
25 anhydride.



such as di net hyl f ormam de, di nethyl acetam de and N-met hyl pyrrolidi none.
Said non-polar solvent preferably has a boiling point above about 100C and

nost 5 PLe y above about 150C, in order to facili tﬂ%ﬁ{ geaction
whi ch requé&léém‘sterrperatures above that tenperature. Sui ﬁtne I'I'qui ds of

this type include o- dichlorobenzene, dichlorotoluene,

1,2,4-trichl orobenzene, diphenyl sulfone and nonoal koxybenzenes such as
ani sole, and nore generically |iquids whose polarity is no higher than
those of t heAisoorequirdt acoordihg| foqthe davenLorqua dgelatively mph-polap otganict jquixit 10

| ower boi | i nggagy H&ﬁng §H9Jataﬁﬁaxgwl FE0h ﬂﬁ?&?an tmy)fb& %hcaJolvems

super - at nospheric and o-

res orQ nze re ally
preferred. FP"BO??\/@’H{ F)H a{'ﬂ%‘f’ﬁo@?eflw%‘w@ds % Ry olidinone. Said
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present i nvelfMPERNIgs,ARAYE, th gfﬁ'f‘l’?é"‘?“&ct ‘E‘i 8@3 ing!

necessary. Raichiefobenzete, i dichlossolbére, t K2 ,mmlﬂntobmmnehldmtmyh csub'ompcandl ons of
the reagents,, {a%llo(}yl?éﬁgérﬁs m&% 1501824183010 er¥Rall enﬁﬁaag guently

I ntroduce th e stolc |orre ric nount , nal yti cal
data for then bighemthanihoss, °6fheoﬁ%r°6‘Fm515‘F41 liguds, Jiquids o ﬂH‘élar olariy but

263( hal gpht hpiwieprbslting paisitspsuchas dhiomberizenes imay by einployediat Apet-atrispiatic on and
separatio {S4: S gﬁ),p%}{, W|thah h de f

convgrsijon tgregs?%g)%@%’?ére (ﬁdl@?gmpmgﬁehg%( de or this pulrgose |g'[ e:aso

required to oy .an ation atal r.0 ffi tly fast

reaction rat g‘%ﬁ“ﬁ‘&‘?ﬁl E’em?gﬂ? e iR “CE%ﬂ éﬁﬂ}ﬁ%‘@ ‘gﬁﬂ?\{‘ %?X/ﬁaf H s‘(‘lﬂ‘gelde{‘]’ yt hgf/

i ncl ude sal t exandplepiing the aafvrempitivmed UScPatent 3,782.364,dbé¢ halbyhtwmsa]@hwmiees such as

sodi um pheny
- di ami nopyr‘"ﬁgbﬂ?&ml Httegccél@% Bﬁﬁh@?&@ﬂxdﬁo%ﬂﬁﬁon 2R ﬁH& l%avantage of

o1 5( hal Bphi NF PR VGRS Eh 18 HEUBE SO st e SECBPRSE cmpl oy
t enper at ur esitdf poatible engbplé Gichjpnefrizrpadpoytidng of the reagenys of tobegib@ith an about -
222 Pre] RNl Sl IS0 i @l Wi
within the s¥BYy@tLerendng; WY“B‘H \Afgb&&fﬁpwté%%&f QJ{% hg{]eia%enFﬁ Ie:sur es,
typi cal | y upThw, histhatophthalimide} may dei prodused it blurrysferm without 1solation and
20 separation from reactants and other by-products, with a high degree of conversion to
the desired bis(halophthalimide). For this purpose it is required to employ an
imidization catalyst to provide a sufficiently fast reaction rate. Suitable imidization
catalysts are known in the art; they include salts of organophosphorus acids,

particularly phosphinates such as sodium phenylphosphinate and heterocyclic amines
25 such as 4-diaminopyridine. Sodium phenylphosphinate is generally preferred.

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,-
preferably about 175-225°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
30 employ super-atmospheric pressures, typically up to about 5 atm, to facilitate the use
of high temperatures without causing liquid to be lost by evaporation through boiling.



of high tenperatures wi thout causing Irqur d to be |l ost by evaporation

t hr ough 'boi | i ng -5 WO 01/ 25196 PCT/ US00/ 27183 A further feature, for the
sanme reason soI ids content in the reaction mxture of at |east about
5% pref erﬂﬂg}’zﬂ | east about 12% and nost preferably abotfTY¥9388 by

wei ght. By "solids content” is nmeant the proportion of reactants (i.e.,

di am ne and anhydride) as a percentage of the total weight including
liquids. It is further within the 5 scope of the invention to change the

sol i ds content ACiUﬁhé?g'edtﬂe fop BfetshiB P reabd}, isSd'§dlids Etﬁﬁéﬁ? 'ﬂ?th@t?eatcﬁor? Eﬁ:lb?tafe
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other ratios iy Bﬁde)%@béﬁfﬁﬂazetotﬁﬁfeebﬂa?w Shéthdive ﬂ@x ﬁ?sd}’ﬁ%‘ﬁﬁtgge&/ﬂmﬂ?l{lé‘g SO.

Cat al yst s present an 10 ano ve to a reaction,
usual Iy aBout ORE Gfég'/% By eRiangier © %"eH‘e §S‘H $ [entensy during fthe|reasiions fanguch

anhydri de. WAt ersoneanto@ffeétnaerudséer of teaeaction siixture fivANoHRVEisetoaRGthel, i Ng can
be acconplished on a continuous basis in either batch, sem -continuous or

conti nuous pr OQﬁ‘fiﬁ &ﬁlsti@bﬁtq:ro PO iHehd remmnﬂxﬂlré Bt%fé?{!)tl HAlde 2 for Q'?asons o

distillation c co tlon t 15 nore reactors
enbodi nent, a amef% A ?tgtegﬁa aﬁtr’é‘? A fRHe mtﬁfnygvgr oofigraite. Wiile gihgr rasios may) heng
from a react orempoyedn there isageticrally | Hoasdwantagoliny doinghser Catabyise lis pﬁ:sérmliﬁ ranOf f
over head 16nd s@hot@NEfféctivé e&x&bﬁﬁt@@@'&edcﬂ&? stiily’ fR6d é’ﬁ-o%z %g%ﬁ%t Bsed

S for

mai ntain or | nCI’ a es| e S Concent rati on
o G oF i G St

wat er removal 1hc mted to, passing the condensed
distillate through a drying bed for chem cal or 20 physical adsorption of
wat er. The pr o\%ﬁ'@{ regovabirem ths $ySiEmi 19 daivs comversianoandadrying gatt he ackemiplistitd
bi s(hal opht haldnréd et@}inidus basisrt élﬂkt BdlchMisérhi-SonfiRudt oP E&Hh&ﬁ&ﬁs p’%éce%éefs Wsingral ly

related am ¢ gl s welkhiwh 'rria{hg Xch gshaa &st‘i)liatxon colfumglr}}nJ conJuncuon wrth one or
15 more reactors. In one embodiment, a mixture of water and non-polar organic liquid
distilling from a reactor is sent to a distillation column where water is 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 distillate through a drying bed for chemical or
20  physical adsorption of water,

The product of said method is a slurry containing the desired bis(halophthalimide) in

combination with such by-products as structurally related amic acids, illustrated by
that of the formula

07040,



HNNC aCl OO -b WO 01/25196 PCT/US00/ 27183 It is within the scope of
the invention to further decrease the proportion of organic liquid in the

slurry, r | it to the consistency of a paste, and r pose of
ik (el

the inve such a paste is deened to be a slurry, vari ation
being in amount of liquid. 5 Since the yield in the imdization reaction
Is essentially quantitative, bis(halophthalimde) and amc acids are the
only significant products of the reaction of diamno conpound with

hal opht hal i cltzdswithin the scaps afiiBe inventiopde durther deereass thoproperion of gwanier i ni de
at an accept ghhi@ if Ak Slubrd, rRdlind 1t WTheenbigtencyirglpastg raad fistithe puirpdse ofthghl y

preferred for _the conversion . to hisim | g€, 11 q%[t-i f. Bi simde
as a 10 perc&‘(ﬁ‘éb"é’ )i ?B%STSSF%III%@E@%%@"&E‘F% tél Ja;%atgd’nam sl?%ggrgeol?at | east
99. 75% and t Heuidi nvention is capabl e of producing conversions at this

level. If amc acids are present in anounts |larger than 0.25% they may be

| ncor porsat edsinge t iR p@kMNER ithe t hnidization Ofeactidneiis casehdallyl afwantative,

resulting in.d L.he - | 1 theeh i The...
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salt to 15 f of diamingfempenndowith halophshalic sahydridsal ¢ casyer SHbseauent {ammstipy t he
reacti f)ln st OBpﬁHlmﬁﬁﬁded@ bn GEBMALE tabOoa Mighambletitarweigtit :pﬁgluetg't_i isthighm: ch
typically results.i . t so, it
2 i Thi o 1 eSO e ROARRNG 1 letige RELY TR oEoBEY BF olSEhidD as £ 02

cont ai nidhg npwesragp(of trlopisimideonsd tslatedramip aEidpltodke #hiessh 9P IS5 %nddhe de as an
impurity. 2{vériiohiecapatie efpiediicing@bietsidik iatihibde e TNamE dciia aieippsdentiin . Wi | |

be present ip the f 3 OHBQHQ J -
1-[ N-(4-chl o&g‘f) I nla e;rTn}hglté)o]"-s ?ﬁo?&pg’k@hﬁﬁ i oglgélril&gg}r??%l eé'rlléit}lrleaﬁpfrréro £
"m Cl PAVP' ) , thefiicathoxydste salt zasulting b decreasqd thernal siabiige af therfnalfesion Than  be
conpensat ed fapboxPiateashitsl Siayt@ geheraed Gy atictio® of wmi adidevith bisphenol salt to
pol yet hl%r 'm g%ifb%%ﬂgnggor its monosodium salt and hence changing the reaction stoichiometry
or generating a chain terminating agent, which typically results in a decrease in the

polymer molecular weight.

b}

Also, it is within the scope of the invention to employ halophthalic anhydrides
containing measurable proportions of unsubstituted phthalic anhydride as an impurity.
20 In the subsequent polyetherimide-forming reaction, it will be present in the form of a
monohalo ¢ormpound such as 1-[N-(4-chlorophthalimido)]'-'3-(N—phthalimido)benzene
(hereinafter “m-CIPAMI™), which serves as a chain termination agent and which can
be compensated for by adjusting the stoichiomeétry of the polyetherimide-forming

reagents.

25 The bis(halophthalimide) preparation method of this invention is illustrated by the
following examples. All percentages in the examples herein are by weight unless

otherwise indicated.
EXAMPLES 1-3

In each example, a 250 milliliter (ml) three-necked round-bottomed flask fitted with a
30 stirrer and Dean-Stark trap was charged with 1,980.6 milligrams (mg) (18.315
millimoles [mmol]) of m-phenylenediamine, 6,687.2 mg (36.63 mmol) of 4-

-7-



reagents. 25 The bis(hal ophthalim de) preparation nethod of this invention
is illustrated by the follow ng exanples. Al percentages in the exanples
herein are b ht unless otherw se indicated. EXAMPLES 1-3 In each
exanpl e, a ’2549 liliter (m) three-necked round-bottoneRFHFVHER7IBI ¢ t ed
with a 30 stirrer and Dean-Stark trap was charged with 1,980.6 m|lligrans
(mg) (18.315 mllinoles [mmol]) of m phenyl enedi am ne, 6,687.2 ng (36.63
mol ) of 4- -7 WD 01/ 25196 PCTI US00/ 27183 chl oropht halic anhydri de and
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desi recrzlrg sgl [ Zgﬂg&'&ﬂhﬂiﬁ@ Efgq? l%;;ﬁ@&;g&ﬁu ?ﬂ%ghlwﬁam%lg &%

a
stirring in a3 'gétﬂehdesge rpg{cmtggeeqqde Fl pas B?a&fu E Ogeheyre
refluxing wi twidustirdngn 4 [198°Cooil béﬂn,ea tmppratusd effetive o producergehtde cbfluging
speci fied t e”ﬂﬁﬂﬁh“’aﬁanSTﬂ@{eﬁf edfige 42 hﬁﬁtrﬁged 34 ﬂ:%mﬁe&”?ﬁ(ﬂ'l%ﬁtbre%her

evol uti on_was co | teria
desired & PAMW"é?ru‘f’ #s,cqllsetadiing Eﬂeetr aPF'F”{gﬁ% Wajer evplution éﬁﬂs \we@pletee dhe sermainngh a
di stillation heaetiahivthefasknias tHeadesioal CIPAMIpshary in Memmggsme tfap @bas\Was

anal yzed by higl ﬁ&%ﬁ&g@iuaﬂ% ol M B! RAERAING strfiBe [CRMelapaBe i WeE" 11

Table I. The y| e and correspondi ng am

quantitative paksEdibydishppsurehiguidhrapttagremiyto CIPAI VI varied and is
given in the tabl e In Exanpl e 3. after a first stage, the reaction

m xture was trlmgéssits en givendn Tigbied sTheeyivid 4 €1IP AMI land: defirdsperdin amidiasids € and

a secondigt ag %ﬁ@%ﬂﬁiﬁ@ﬁﬁ%@clﬁémﬂﬂﬁu but &QOQSIBR "i‘& Fﬁ%r AUk %,\;%Hq? oyi ng

at nospheres press g 31 al%ar son a contr ol

a lover sol i ddisblsoft Fxamele 3. aepedirst S@gﬁ Féeagt‘%ﬁ’t"F‘B‘le W%éﬁ“ﬂ@‘,“‘bt‘) a

Reacti on tthi gpessure &c&'sel'l'wmi addtigiDof anisole and a second stage was performed at about
200°C reaction temperature and 2.4 atmospheres pressure (atm.). Comparison was

made with a control employing a lower solids proportion.

15 TABLEI

Example 1 2 3 Control
Solids, % 20 20 20/16.26 [ 9.85

Reaction time, hrs. | 4.3 VA 2/2.5 40
-Conversion, % 99.44 [99.76 | 99.81 99.62

As shown in Table 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
20 lower conversion level after a much greater reaction time.

EXAMPLE 4

This example illustrates an imidization reaction run with an initial excess of one
reactant. A 50 gallon glass-lined reactor was charged with o-dichlorobenzene (ODCB;
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ol % CI PA W

onversion, o _9977- 99.76 _97Yr- -9T6T As shown in Table I, the nethod of
the invention affords C/PAM in a conversion of at |east 99 75% after 7

hour s o_rgkgﬁ%ﬁy contrast, the control afforded Cl PAM %‘"ﬁ %}I ower

conver si after a nmuch greater reaction tine. E I s exanpl e
il lustrates an imdization reaction run with an initial excess of one
reactant. A 50 gallon glass-lined reactor was charged with

o- di chl orobenzene (ODCB; -8 WD 01/25196 PCTIUS00127183 108.9 Ki |l ograms
[Kg]), 4-chl dP8Hkilagmmns [Kgih fonhiatephtialip Aphydgde$ AP A)(9.998 Kz 54. 73] wekes) and

m phenyl enedigdiishehyleftdiiamintd2.9411 K§,4277 mv(ﬁﬁles)@gwe\/@oﬁoﬁmﬁo%mees% excess

of Cl PA bas 100% CI P ont ai 0.,/ Mole %
i mpurities. %ﬂ%‘g%ﬁ@t ?'bﬁbl@ésp re]fll} Céﬁ;?‘ onfaingd %@B g\rluéﬂ % Loﬁrs and
kept in 5 thiimpuritiesedhe. cnaeilqnavqesld\*dy hegedigabsut 1807C avervdhhais anddeeptiinsti | | at e
was col | £ct edhpjs téﬂﬁe?&rﬁé fahgd ?& fseasﬁrsoaurﬁl uwmhwmi@ d%ﬁll@tbn@ﬁs pslieB@d.a 114

I nch di anmeter gI ube a ‘and, 21 ho rs ch

react or, andséﬁla ’é@ EFS"F‘FF&‘ Sl‘H”’g‘ﬁ“ﬁ@PW%ﬂ% Sy o‘ﬂﬁ? 88’?5%

(HPLO). At 24, bmndﬁlanidlstamna&argng:ﬂﬁﬁreéw gnd mab'zed mmse@tgh Raﬁoremhsd to

consune resi P@lshomd gﬁag{ly (EBLOE S 28 hBkks baditidial mml(w F2BPAfBles 10
n

taken at 28 h was swtable

mne was C
for pol ymer %2aRfdsd ‘P6°%Wé?ﬂ‘é‘f3?m°ﬁgam’ﬂmﬁg$§te$ﬁ%ﬁﬁ ‘88%19&% BFPEyarmml e 4
was repéamt ed taken @p28 hisshowérbthanmbhedmitowasitamsimed. The sty wastudtable firased on -

mol es of di aghp&leridfioh & dﬁ‘d’l}etﬁe‘i‘:nﬂd@lPA Al so 0.25% (by weight 15 based on
the total of | am ne and anhydride) of sodi um phenyl phosphi nate cat al yst

was added tomi,lgéggl ation. After heating at reflux overnight the 2.5
s added to consune the residual nonoam ne. A sanple

taken 4 hours after this C PA addition showed no det ﬁ: able rmnogry ne and
hi gh conver siIbp prasedure of Example 4 was repeated except that the initial formulation Was

mole % (based on moles of diamine) deficient in 4-CIPA. Also 0.25% (by weight
15 based on the total of diamine and anhydride) of sodium phenylphosphinate catalyst
was added to the formulation. After heating at reflux overnight the 2.5 mol% CIPA
withheld was added to consume the residual monoamine. A sample taken 4 hours
after this CIPA addition showed no detectable monoamine and high conversion to

CIPAMI.

20 In the polyether polymer preparatic 1 method of the invention, the alkali metal saits of
dihydroxy-substituted aromatic uydrocarbons (hereinafter sometimes simply
“bisphenol salt” for brevity) which are employed are typically sodium and potassium
salts. Sodium salts are frequently preferred by reason of their availability and
relatively low cost. Said salt may be employed in anhydrous or hydrated form; the

25 anhydrous form is usually preferred.

Suitable dihydroxy-substituted aromatic hydrocarbons include those having the

formula
(Il HO-A2-OH ,

wherein A2 is a divalent aromatic hydrocarbon radical. Suitable A2 radicals include
30 m-phenylene, p-phenylene, 4,4'-biphenylene, 4,4'-bi(3,5-dimethyl)phenylene, 2,2-
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CPAM . 20 In the polyether polymer preparatic .i nmethod of the invention,
the alkali metal salts of di hydroxy substituted aromatic iiydrocarbons
(herei naf t g ‘? QR mes sinply "bisphenol salt" for brevijyy }zﬁ'ﬂs are
enpl oyed are typically sodi umand potassium salts. Sodi um sa ts are
frequently preferred by reason of their availability and relatively | ow
cost. Said salt nmay be enployed in anhydrous or hydrated form the 25
anhydrous formis usually preferred. Suitable dihydroxy-substituted

aromatic hydr oma(mq:mﬁylénéq;imhaet ho2.2,2h2ixetrahydroes,3,5'3-taramethlyl 1) - 4o BiPLIOH
wherein A2 is i% ;?'ee&tol a&rﬂﬁ:’@ﬁﬁlﬁr%@ﬁ@?a{u My %’%%mclﬁu&oh%gﬂoﬁdpl% wadi cal s

I ncl ude 30 mp ene -

4, 4" - bi (3, 5-di %ﬂmsy éwweé ﬁ@mazzcéxydmgarwsm%s%éy mame 95 deymtie) ¢ggneric

bi s( 4- phenyl enenspecifigrie U.R Patent 4,21 %438t r ahydro-3, 3, 3", 3" -tetranet hyl -1,
1'-spirobi[IH i ndene] 6,6'-diol, and simlar radicals such as those which

correspon It aromati ¢ hydrocarbons di scl osed by
nane or f rwl?‘e(ae cprg peC|hrei”§'ﬁ?a U S. Patent 4,217,438. 5 The A2
radi cal preferably has t he for mula (IV) -A3-Y-A4- , wherein each of A3 and

A4 is a nonocy@V) cAdiYrAtent aromatic hydrocarbon radical and Y is a
bri dgi ng hydrocarbon radical in which one or two atons separate A3 from A4.

The free val enggerbiaReh dfa3fan W' ifa in\énaéyew&uabﬁtmmfch@df&mo@fad&ara'iad
positions of A3 10, and A4 in relation.to ounds in which ha

formuila IV are Y1i% 3 Bridging Eydr‘é‘ﬁﬁbmfrbq‘cﬁl I‘Rewgﬁk é’nﬁgp Bra-aipmy senqeats A7 ﬁi"m A%
" bi sphenol " | sTigOm&! valtate béiad i ﬂfnaula IWarél @5UaB &1 @etnha or para posmons of A3

di hydr oxy-substitut.ed aronmat | C dro arb ns: b ﬁ/rgoul d r st.ood,

however , %Phat and } iTEiBHAHE) Y- d Qmﬁ’ﬂf‘ h g‘sﬁ“@r‘%{ﬁﬁ"ﬁ;yed as

appropriate. |for fhosake of brav;tyttﬂraetem“lasnhem waslomsmnaysebdaemmstobks:gnm thel

phenyl ene or syibgirddysduBSlituted aromatic hydrocarbons; it should be understood, however, that
non-bisphenol compounds of this type may also be employed as appropriate.

In formula IV, the A3 and A% values may be unsubstituted phenylene or substituted

15 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 o- or m-phenylene and the other p-phenyler=. '

The bridging radical, Y, is one in which one or two atoms, preferably one, separate A3

20 from A4. Illustrative radicals of this type are -C=0, -O-, -S-, -SO-, -SO.~, methylene,

cyclohexylmethylene, 2-[2.2.1]-bicycloheptylmethylene, ethylene, isopropylidene,

_neopentylidene,  cyclohexylidene, cyclopentadecylidene, cyclododecylidene,

adamantylidene; gem-alkylene (alkylidene) radicals are preferred. Also included,

however, are unsaturated radicals. For reasons of availability and particular suitability

25 for the purposes of this invention, the preferred radical of formula III is the 2,2-bis(4-

phenylene)propane radical, which is derived from bisphenol A and in which Y is
isopropylidene and A3 and A4 are each p-phenylene.

Spiro(bis)indane bisphenols may also be employed. They include 2,2,2",2'-tetrahydro-
3,3,3',3"-tetramethyl-1,1'-spirobi[ | H-indene]-6,6'-diol and its substituted analogs.
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15 derivatives thereof, illustrative substituents (one or nore) being .
al kyl, al kenyl, and halogen, particularly brom ne. Unsubstituted phenyl ene

radi cal s ferred. Both A3 and A4 are preferably
althoughvg(g&ﬁgi?gy be o- or m phenyl ene or one o- PQ:heny'fmne and t he

ot her p-phenylere. The bridging radical, Y, is one |n whi ch one or two
atons, preferably one, separate A3 20 from A4. Illustrative radicals of
this type are -C=0, -0- S, met hyl ene, = cycl ohexyl nmet hyl ene,
2-[2.2.1] - brTélyéPbﬁﬁem@?ﬁ@?%¢Wm@tq{§?W I'whish pesspmmiened dn the present
neopentyli d%\;%nn&mnWM&bﬂ@nemeM%eaaaeﬁv@ ﬂadiesrea ThY Qll ealéheRy | | dene,

adamantyl i dene; ~gemal k en | i.dene icals refer Al so

i ncl uded, MOWRAIN 2 diz PEPY} ?ﬁ‘é"i"t“&ﬁ&t‘ ffdrca‘d?%?éﬁf%q P°°rV8 rﬁé”&&i‘?‘feabi lity
and parti Cu|&’zbin %lebtrabwlrthdrywﬁig fubktithdnes pthbpdmsZoLntthssmtedv@grtérmuct he

pr ef err cala for@_r as eAn is the 2,2-bis(4- phenyl ene)propane

r adi caI aragﬁpleg}% R¥SHSi sphenol A and in which Y is

|sopropyl i dene and A3 and A4 are each p-phenyl ene. Spl ro(bl s) i ndane

bi sphenol s ﬁay % radical eiscysyplby @B . cleghay-Withdrawiflg gropp, Which_ gy (ben G J-
3,3,3,3 -t thu |c019re on® WuhQﬁH {rdléﬂcb Mmehxﬁnﬁesdmbalandamws arbstituted

analogs L ed & conpounds
of formula F’&ﬁ?yg cay °éw r%%&nc 1?)(a132e§rf l?t%ne D co e ahdon

aromati ¢ r adeoa@l Tils, thachodery oAl Z-\Adt magbc atis@afleng) squme,MS(araldne)adetons

nor mal | t ,g@a,gign 0 nd
pref er a%l y ?ﬁ ear?fe?r or#g?éa%? ron-w t hg)?g\lfm&%e)s %ﬁ%ﬂcﬁ?h%hszagf-hg%ﬁ%%;ﬁaz
Unsubst i t ut bis(acderpazeny radicaland gspeciglly ongin WhicheA) i piphemle®er red. The Z
radical is usually an el ectron-w thdraw ng group, which may be di- or
pol yval ent msoclﬁélﬁ@éﬂméldoxﬂ@duhdi iRavhial - AN @B ALS is Albisizice Tadies, ilistdied dyent
radi cal s arﬁ? aftg jacar bonyl bi s(aryl ene), sul fone, bis(aryl ene)

sul f one, 3¢ P |a2| ?he and azoxy. Thus, the noiety -Al-Z-Al- may be a
bi s(aryl ene) sulfone, bis(arylene) ketone, 10 tris(arylene)bis(sulfone),
tris(aryl ene)bi s(ketone), bi§(aryl ene)benzp-1, 2-di azi ne or

bi s(aryl ene) azoxy radi cal ang]l especially e in which Al is p-phenylene.

15 wherein R! is a Cg.29 divalent aromatic hydrocarbon or halogenated hydrocarbon
radical, a C3.70 alkylene or cycloalkylene radical, a C;.g bis(alkylene-terminated)
polydiorganosiloxane radicat or a divalent radical of the formula

in which Q is
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Al so included are conpounds in which -Al-Z-Al- is a bisimde radical,

i || ustrated by those of the formula o O (V) -ON-R--NO0O S QO 15
wherein Rl is a C6_20 dival ent aromatic hydrocarbon or hal ogenat ed

hydr ocar boANVO 912§1%al , a C2-20 al kyl ene or cycl oal kyl ene rBEI/ESM027143 C2- 8

bi s(al kyl ene-tenni nated) pol ydi organosi | oxane radi cal or a dival ent

radi cal of the fornmula (VI) Q in which Qis -11 WO 01/ 25196 PCT/ USOOn7183
O\\,, cF3 -C2H4 -0- ,-CG S C_ CF3 or a covalent bond. Mst often, R is
at | east one of m phenylene, p-phenylene, 64'0 oxyb| phenyl ene) and CH3
CH3 (M) I I (CH2)3 i i- 0 - i |-?|y 2) 3 /CHB Poplyval ent Z radicals
i nclude those whiCil,— t =0 —f ormart of used ++gg—system such as
benzi m dazol e, benzoxazol e, qui hoxal i ne' or” be furanl Al so present in the
substituted aronatic conpound of fornula I are two di §pt aceable X1

radi cal s which may be fluoro, chloro, bromo or nitro. In nost instances,
fluoro and crﬂrcar@valemrmm,rﬁowo@bmrk'ed atblgast ensofmeﬁhen&ime: piphtnylene, 4,4'-

availability apdbgfp E@lgxlén\é eafgss of 10 the conpounds containing them The
particularly préferred conpound of fornula I, for the purposes of the

r nt invention, is Cl PAM.
prese CH, CH;

(VID . .
— (CHZ):';——.T— O —Si—(CH, )——3
CH; CH,

5 - Polyvalent Z radicals include those which, with A, form part of a fused ring system
such as benzimidazole, benzoxazole, quinoxaline or benzofuran.

Also present in the substituted aromatic compound of formula I are two displaceable
X! radicals which may be fluoro, chloro, bromo or nitro. In most instances, fluoro and
chloro atoms are preferred by reason of the relative availability and effectiveness of

10 the compounds containing them. The particularly preferred compound of formula I,
for the purposes of the present invention, is CIPAMI.

- 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 éompound, most often a bis(halophthalimide), is supplied in

15 the form of a slurry in said liquid. The bisphenol salt may be supplied by any
convenient means, such as a shurry or a solid; a slurry is usually preferred.

Also present in the reaction mixture is a phase transfer catalyst, preferably one which
is substantially stable at the temperatures employed; i.e., in the range of about 125-
250°C. Various types of phase transfer catalysts may be employed for this purpose.
20 They include quaternary phosphonium salts of the type disclosed in U.S. Patent
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 the
aforementioned US Patent 5,229,482. Said patents and application are incorporated by
reference herein. The preferred phase transfer catalysts, by reason of their exceptional
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Organic liquids enployed in the polyether polynmer preparation nethod of the
I nvention are, in general, the sane ones enployed in the

bi s(hal o | ni de) nethod. The substituted aronatic ﬁﬂ?ﬁ%& nost often
a bi s(ha%ﬁﬁﬁ*{g’f}i mde), is supplied in 15 the formof a s ur%lﬂfsn sai d
| i quid. The bisphenol salt may be supplied by any convenient neans, such

as a slurry or a solid; a slurry is usually preferred. Also present in the
reaction mxture is_a phase transfer cfg_éal yst, preferat%‘ly one which is
L

subst ant i al | §tatigat bigh temneratyresnd, theif sffestiveness &g prgduge high moleeylayrweighige of
?bOUt h_125- 2 adfmatid/aolyetier tpodinerdfinphigh eyieklaasf ¢ie hedaalkylpusnidinjunmbeandénpl oyed

or this purpose. | ngl nary phosphonium salts of the type
di scl osed i nglﬁ? E‘.S(p%‘gl?a-eqﬁﬁgu ) Wgyg g%\@é’l kyl - 4-di al kyl am nopyridiniumsalts
of the type disclosed in Patents 4, 460, 778 and 4,585, 760, and

| u S -
guani di ni um 3bg bwpkanol palt agd, substiwsadwramatic, cqmpound Y Jreehtdnteat ent
5, 229, 482. Seortlacpai Qubistandslly aqiinblaataimoontar Eori meximpor adotedulay weightt,ethence

herein. Th q%a% - : s

excep? [ onale %ﬁ'&?{/\%ﬁglﬂ 5 S%S%E#ﬁ%g%%?%%%%’ ?gmﬁlﬂa??%ﬁ %rtqbl iulﬁh%é%%er atures
and their ef ¢} maybe achigyed by smployimeg e ﬁ??ﬁ%fﬁeraﬁe Wg’hf‘g*‘éFg‘iﬁ% s

pol yet her pohlysresithini the Bege ofi the dnvansort focenysoy alokyfunetmnaldieagents such as

a, c- bi s(pent Ll 6 T ,@[hosag |

substituted %%%P‘?’g%%%g&uEgﬂ'gér%a??ﬁﬁggr}oﬁ?}obpgug t, ‘I;}ﬁ{{% c%ﬂé%ur?tag%f in
subst ankli al | §haitt terriRaEeD AgeRiht She menohale AL RIFIFANAYE oFORROUBER MAYndS anpunts
shoul d be asprelioasty actef)despropared, doreexampley by thel readtian ,of lidmino lcompbunds wei ght

control My, Rfin pikEfl BinfHALe XbiltindRe RGN BhubE dht{de! & 3h1 Nt

excess. It is a e scope e Invention to enpl oy

monof unct i on@PYIBagent s such as nonohydroxyaronati c conpounds or nonohal o-
or nitroaromatic conpounds as 10 chain term nation agents. The nonohal o- or
ni t r oar omat i Reactom empemturesyare s theoraage ofishopt 123-250°Ch preferainrabayt F36¢

exanpl §5 by 31ecr §RCtMAnRin Of 3HsEOrmORP LIRS isbdndralp! MR 03.i® aphydri des

contai ni'ng uncBel ficiil B A e calt TBYY bl results, an |
intimate mixing method such as vigorous stirring is employed since the rate of the
polymerization reaction is typically dependent on efficiency of mixing.

Following completion of the reaction, the aromatic polyether polymer may be isolated

20 by conventional methods. This typically includes such steps as acid quenching ¢ -
neutralization followed by washing, evaporation of solvent, or anti-solven:
precipitation and/or devolatilization-pelietization.

The polyether polymer preparation method of the invention is illustrated by the
following examples. All percentages are by weight. The CIPAMI employed was
25 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 hydrolyzed to a content of 4.6% of the corresponding
chlorophthalic acid. During the CIPAMI formation reaction, phthalic acid was
converted to m-CIPAMI which served as a chain termination agent. Sample B was
30 prepared from anhydride produced by palladium-catalyzed decarbonylation of
trimellitic anhydride acid chloride and contained no phthalic acid. The amount of
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Reaction. tenperatures are in the range of about 125-250C, preferably about
130- 15 225C. The proportion of phase transfer catalyst is generally about
0.5-10 and whpfistdedl! y about 1-5 nole percent based on bi %E?EJQ&' gl t. For
best results, an intimte mxing method such as vigorous stirring is

enpl oyed since the rate of the polynerization reaction is typically
dependent on efficiency of m xing. FoI | ow ng corrpl etion of the reaction,

the aromatic p et h ol.yner, na tsol at ed 0_by conv i on hods.
This typicall ygﬁ%ﬁnﬁ%gﬁ%&‘éﬂi t& Iélgd lﬁé% ?ﬂsg%c oﬁg(ﬁ?*%'?ﬂt%aqsﬁe

fol Il oned by mmﬂmﬁmmmr@mb@m@@ .or anti-solvers:

preci pitation and/ or devol atilization-pell et I zation. The pol yet her pol yner

preparati on rreE]m(MpxtEs ggqoi nvention is illustrated by the follow ng
exanpl es. percentages are by weight. The Cl PAM enpl oyed was

25
repar ed from e e
Br eBar ed f rom gxglté@#{g% énnlﬁy‘vdéll-a(cjgwp@}o ?Llal ne H]%KS(Er %ﬂlp %a%f%*gg%
upon exposur e PISParR®asording 1oExample 2 B Wes drjadriy gdditipnt of h— SUSReSSIYE SOFMY. 6%
of the correspportibmdof dey{nxivptih 5phrwaer) enisdle ind WstilAtofCluirRidivh pbsiti vedridin

Lormi nat on ageniPEEh ”%"&294‘%%‘%@%*é?@?*%@*@%n%ﬁéﬁ%{%°‘?%u%°iﬁa g
Bnd cont ai ned- AESDAmAHES %?%9 N ko 4F oA S 1

PCTI US60/ 271836hame§phdnhllsph&nd|sddsndmnﬁalttanderlm m]eddiyrnmteh Tax adipufe Wwass an

amount caglgcul a4
AL ey A Bidilianod By bg'a 1A gﬁﬁ ir?eéég'?:ttﬂ °‘;a?FP gl 63 @W
form of a past 8USOk- g bW ﬁhs’aq FH@“P Adeargon Ptesmﬂmqgédnwen-
addi tion of 12dradadagenine tbOCIRAMbgurty. dhe carbined)m e iwas hedbednip i ot beth)

ani sol e and di gtji7hé@th@B. URIR Meft ﬂﬂﬁ Egg i@l ! y
reduced again t b‘ﬁSt eﬁéont &enle’?ltg%%g\éﬁ b%gg%m Aastaﬂﬁ?so 5&}1}3 ujlnPﬁ
t hr ee- necked r bre dn pRsRig Wap jaddedq alip updex aggony Jhe mixyreyyachgatsdnt |
was 15 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 is a

percentage of the molecular weight of a single sample of commercial polyetherimide
whose molecular weight was detenmnecl at the same time. The commercial
20 °  polyetherimide 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 which a solid
isolated CIPAMI reagent was employed.

TABLE I
25
bxample 6 A 8 9 10 Control
CIPAMI sample A A A B B Solid
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charged wi th bi sphenol A disodiumsalt and 100 ml of dry anisole. The

m xture was 10 dried by distillation under a positive argon atnosphere
with remgval of about 65 ml of anisole. It was then qu r&é_gg x%

transfer QYW argon pressure through an oven- dri eg’ g‘ﬁ?s. nto the

Cl PAM slurry. The conbined m xture was heated in an oil bath at 170C, and
3.5 nol e percent (based on bisphenol A salt) of hexaethyl guani di ni um

chl oride dissolved in anisole was added, al so under argon. The m xture was
heat ed 15 unOsdtrry axialyss: T or [4 hourp to yilel d the desirled pol yetheriide. In
each exanpl g the weight ayjerage pol ecullar wei ght was| det er i ned by gel

per meat i on G g RASARNY TS VP 03 L )4 R v 2P s s
addi tional | y] expressed as "{Mv rat] o" whijch'is h perdentage|of the
nmol ecul ar welight of a singlle sanp ? ﬁi g §| pol erimde hhose
nol ecul ar weji g‘ﬁt BaMlye error?gd af™ s@@ﬁti . The*g%%‘re dial 20

pol yet heri mjde was prepared by a pethodlsimlal to that des¢ribed in U S

Patent 3, 83Fdl@Emhernid Mws (70908 r E65%300er) 7400 apP58dd | SIP0BoNPAPYEON with a
control in ich a solid ijsolated Cl PAM reaggent wag enpl oyed. TABLE I
25 Exanpl e G§fwiai, 7 CorrtT an €l 7 Sdnps e SP37 (I3 0VWO VI3 P 196

PCT/ US00/ 27183 SI urry anal s acids, /o KO.1 h , %¢.363 0|242

=3 S SO A éﬁ%‘%‘ My—bt-i-o—a—tALf—MO-1B6—~ ure m
added bef ore u[5 [ 4 an Bekeen that the pol yet heri m de
preparation nethod of the |nvent| on affords

It can be seen that the polyetherimide preparation method of the invention affords
5 polymers having molecular weights comparable to or approaching that of a product

prepared from solid CIPAMI. It is also apparent that amic acid proportions above

0.25%, as illustrated by Example 7, cause a decrease in molecular weight. '

While typical embodiments have been set forth for the purpose of illustration, the
foregoing descriptions should not be deemed to be a limitation on the scope of the

10 invention. Accordingly, various modifications, adaptations, and alternatives may
occur to one skilled in the art without departing from the spirit and scope of the
present invention.
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5 polynmers having nol ecul ar wei ghts conparable to or approaching that of a
product prepared fromsolid CCPAM. It is also apparent that amc acid
proporti ong, ¥f)s 0-25% as illustrated by Exanple 7, c ease in
nmol ecul ar méﬁg t. Wiile typical enbodi nents have been set or?ﬁﬁﬁbr t he
purpose of illustration, the foregoing descriptions should not be deened
to be alimtation on the scope of the 10 invention. Accordingly, various
nodi fi cati ons, [ \d alternatives may occur to one skilled in
the art mnthoJYﬁ8§§§??#ﬁ§ﬁF?§ﬂlthe spirit and scope of the present

i nvention. -15 WD 01/25196 PCT/[7S00/27183 WHAT IS CLAIMED IS: |I. A nethod
for preparingla bi é(mathegHempieparing @) bis(halophgizatimide) |in organicostrmyfinpwhich

conprises eff eehphés COMdclAg cntadt Fa?@%rﬂ%é&'ﬁtﬁreot)fa& 182510000 bediobyagy the
consti tuents of aem(i)(‘]rr ng. at l.east one di am no cgngound, at
r

m xt risi

| east one 5 hﬁ?‘bsgmeﬂél#f: BIHURE somprsine 2L least gnq diamie. empaund, §Arast ops qui d
and an i di zAhalophthalicaentiydgde,  a¢lativelyx nom-polamwrgagicaligud i ok aoiirhiddidatiof at
| east about S¥hlysiedid HixtufeRVRBY soRdOcfeht\SF A 16 .
bi s( hal opht hal | bﬁdg& in said | }g%ﬁ%p & .%ag)rinet% %%gtc%%ﬁ. nkgtg?hé’ ey 1
wherei n the dPEMPH 85@351?&8“? 1sthplophthalimidg) in saf ic diam ne. 10 3. The
met hod according to claim?2 wherein the solids content is at |east about
12% by wei ght 2- 4. Themethod sgcadiag itelclaim tl ovherein theadiaminociompohed iseatgeasat ur e
is at | east 1bfaromaticliamiRt hod according to claim4 wherein the nolar
ratio of anhydride to diamne is 2:1 or is adjusted to that value. 15 6.
The neth accor di ' ernel e, iquid. h a polarity
o i gher han ot P 3o RERIT Werchl 8 Bofgs el is ' Tesht B0
|, 2, 4-ti chl or &@RY&FEL di phenyl sul fone and anisole. 7. The nethod
according to claim6 wherein the organic liquid is o-

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.

15 6. The method according to claim 4 wherein the organic liquid has a polarity no
higher than that of o-dichlorobenzene, dichlorotoluene, 1,2,4-trichlorobenzene,
diphenyl sulfone and anisole.

7. The method according to claim 6 wherein the organic liquid is o-
dichlorobenzene or anisole.
20 8. The method according to claim 4 wherein the aromatic diamine is m- or p-

phenylenediamine or 2 mixture thereof,

9. The method according to claim 4 wherein the halophthalic anhydride is 4-
chlorophthalic anhydride.

10.  The method according to claim 4 wherein the temperature is in the range of
25 about 175-225°C.

1. The method according to claim 4 wherein the imidization catalyst is a salt of
an organophosphorus acid or a heterocyclic amine.

-16-
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di chl orobenzene or anisole. 20 S. The nethod according to claim4 wherein,
the aromatic diamne is m or p- phenyl enediamne or a mxture thereof. 9.
The net hod according to claim4 wherein the hal ophthalic h%g,r' de is 4-

chl or opht"WRP¥251%nhydri de. 10. The nethod according to chgﬁﬂﬁo erein the
tenperature is in the range of 25 about 175-225C. 11. The nethod according
to claim4 wherein the imdization catalyst is a salt of an

or ganophosphorus acid or a heterocyclic am ne _-13_ Thi s Sheet Been
Repl aced ~ ~12-~~The method aceording to qlimy 1 4 wherem the imifigatiqn pptadyst 3515pHM C | a3 WO

01/ 25196 Pﬂﬁﬂeﬁﬂ?{@ﬂﬁm&lz. The nmethod according to claiml | wherein the
I mdization catalyst is sodium phenyi phosphinate. 13. The nethod accordi ng

Lo claim 4 wier eifhe bfihod Abdifing IR 4 bWeleft thRIABGerk s inAROHhgd or 25% 5

14. The method according to c wherein a m xture of water and
non-pol ar  APGENiIS2f4-quid distilling froma reactor is sent to a
distillation colum where water is taken off overhead and solvent is
recycl esl bacl4. i ntThe triechod @ecnirding &t claimy &1 whereinreainixture of water amd nempelan he

sol i ds cont Eig%aniclligli&r iINTES BOf AeaQbids 3eht tda alslldfioh OluirPWRert Rater fACt i On i's
n r

perfornmed u uper - at nospheri c essure. 16. A nmethod far preparing
0, 3- bi o[ N- ( A2kefof REpLholin) BarElt bhk BioghnFRCtos f R ROPRTH ch
conpri ses efdréxtéasgthesolidacontent. a t enperature in the range of about
175-225C between the constituents of a m xture conprising at |east m

phenyl enedi a3i ne THE niethdXdcbérBing 6 in Wiwiherefir e aBthion dsliparforied under

4-chl ompht halic 15 ﬁlnh¥)deri dg, an imdization catalyst and

o- di chfOr ob EMBEREGPIANGPLSFES said mixture
16. 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

15 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.

17. A method for preparing an aromatic polyether polymer which comprises
contacting, in at least one relatively non-polar organic liquid as diluent,
20 substantially equimolar amounts of at least one alkali metal salt of a
dihydroxy-substituted aromatic hydrocarbon and a slurry in said organic liquid

of at least one substituted aromatic compound of the formula

1)) Z(Al-xl); ,

25 wherein Z is an activating radical, A! is an aromatic radical and X! is fluoro, chloro,
bromo or nitro, in the presence of a catalytically active amount of a phase transfer

catalyst.
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having a solids content in the range of about 15-25% by wei ght, thereby
producing a slurry of said bis(halophthalimde) in said.o-dichlorobenzene
or anisole._ 17. A method for preparing an aronmatic pol yet her pol yner which
conprises WOMZMing, in at |east one relatively non-pol BETESYEAISE | i qui d
as diluent, 20 substantially equinolar anmpbunts of at |east one al kali

netal salt of a dihydroxy-substituted aromati ¢ hydrocarbon and a slurry in
said organic liquid of at |east one substituted aromati c conpound of the
formula (1) Z(A8-X1Tie msShathereirding tos chim at? i wieréin gthe acigamic, lifMidi & 8n
aromati ¢ radi cgichRRfbensbné &r dniddfy 0, chloro, bronmo or nitro, in the presence
of a catalytically active anount of a phase transfer catalyst. -17- This

Sheet HasBeen eplaced LILILIL JILLL] 11]] LE1 1232013 Tt
VI RN 1§ V\oﬁtﬁ é‘ﬁf%‘ W(ﬂ*f’@ébé%l%w ‘E"m %Pmﬁwﬁeeﬁﬂ’aﬁm a0
cl ai m 17 wher efwaterhary phesphémiurh isgjt)iad alkylapinapyddihimrodattior @ peamidinivii el €. 19.

The nmethod according to claim 17 wherein the phase transfer cat alyst is a
quat er nar ¥ phosmhonrwnnsmb& acqdidi aﬁmlrsbowérélﬁltﬁé PHass ﬂal?&i%@' odi ni um
ase

k& ¥l
salt. 5 2_0. Thﬁ%@%ﬂod or d| n ﬂ% “§ %l m renjuxrllm)glﬂanesat ansfer

catalyst is a
a, co- bi s( pent aal kyl guani di ni urr) al kane salt. 21 The met hod according to
claim17 whereth th e@ﬁb@ﬂm@mmﬂamﬂwhemmdmydmyn-suhsatumdmma he

formila HO A3- Y- A4- @h&ocmeﬁﬁmwmuﬁfﬂd%ﬁm%ma erﬁmgégocaréon r Sl yal ent

aromati ¢ hydrocarbon_radic gl ng adical in

whi ch one or two at®of™ 8%’§§? éjl“@?eﬂ% alf"?’??rﬂcAé)'d%"mehré ‘ﬁﬂtﬁﬁ’d Yaicartaidsinst o

cl ai m 17 laher ei n Alhytiscabpdadichleinevhich®one bhevd@bhio sbpareoaHirea A0 cl aim 17
wherein -Al-Z-Al- is a bisimde radical of

22.  The method according to claim 17 wherein A! is p-phenylene.

23.  The method according to claim 17 wherein -Al-Z-Al- is a bisimide radical of
the formula

15
0] 0
o) o]
wherein R! is a Cg3¢ divalent aromatic hydrocarbon or halogenated hydrocarbon
radical, a C.20 alkylene or cycloalkylene radical, a Ca.g bis(alkylene-terminated)
polydiorganosiloxane radical or a divalent radical of the formula
20

_—
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the formula 15 OO N) N-R---N O O wherein Rt is a C6-20 divalent,
aromati ¢ hydrocarbon or hal ogenated hydrocarbon radical, a C2_20 al Kyl ene
or cycl oal kyl ene radical, a C2_8 bis(al kyl ene-term nat

e
pol ydi or 8% xane radi cal or a divalent radical of t"ﬁé’qua 20 -18 nu

"I This Sheet Has Been Replaced c I. | I1'"1" Il IN 111211211 111111 1111
111 111! WD 01125196 PCT/USOQ 27183 NO in which Qis 0 CF3 - CH4- -0-
-C 11l - CF3 or a covalent bond. 5 24. The nethod according to claim 23
wherein said substityl et~ onatic ‘ d contains no nore than 0.25% by

wei ght of amc acid Ning to claim24 wherein R is

m phenyl ene & & m er eof w\} enyl ene. 26. The net hod
according to claim22Awhefein X1 is or’p. 10 27. The nethod according to
claim17 wherein the di hydr oxy-substituted aromati ¢ hydrocarbon is

bi sphenol A.. 2 CTQE :ethod according to claim17 wherein the reaction

t enperature f‘s e range of about .130-225C. 29. The nethod according to
claim 17 wherein the phase transfer cat al yst is a

F3
s \\// T
—GH— O —C— S T
CF;
or a covalent bond.
5 24. The method according to claim 23 wherein said substituted aromatic

compound contains no more than 0.25% by weight of amic acids.

25. The method according to claim 24 wherein R' is m-phenylene or a mixture

thereof with p-phenylene.
26. The method according to claim 22 wherein X! is chloro.

10 27.  The method according to claim 17 wherein the dihydroxy-substituted aromatic
hydrocarbon is bisphenol A.

28.  The 1:ethod according to claim 17 wherein the reaction temperature is in the
range of about 130-225°C.

29.  The method according to claim 17 wherein the phase transfer catalyst is a
15 guanidinium salt,

30. The method according to claim 29 wherein the proportion of phase transfer
catalyst employed is about 1-5 mole percent based on the dihydroxy-substituted
aromatic hydrocarbon salt.

31. A method for preparing a polyetherimide which comprises contacting, in o-
20 dichlorobenzene or anisole as diluent, substantially equimolar amounts of bisphenol A
disodium salt and a slumy in said o-dichlorobenzene or anisole of
1,3-bis[N-(4-chlorophthalimido)]benzene, in the presence of a catalytically active

-19-
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15_guani di nium sa!*. 30. The nethod according to claim29 wherein the
proportion of phase transfer catalyst enployed is about 1-5 nole percent
based on L&ﬁ ggg.groxy-substituted aromati ¢ hydrocarbon salt. 31. A method
for prepar'ng %olyetherinide\Mﬂch conpri ses contacti ng < $0Y2718Y,

di chl orobenzene or anisole as diluent, substantially equinolar amounts of

bi sphenol A disodiumsalt and a slurry in said o-dichl orobenzene or

ani sol e of 1, 3-bis[N-(4-chlorophthalimdo)]benzene, in the presence of a

(iitl zinl yt1 |1 c?l | ylameﬁﬂtvef la- h&amlgﬁﬁﬂiﬁﬁ%uﬂ*&ﬂolﬁlﬁerrsﬁ@gbl\}ﬁbegrﬁﬂ "datalyst;| bdid! UP
n, . LI L. )
PCTi Usooy br1ed At e #ﬂé"‘%%%@l?%ﬂsﬁ?*&ﬂ%ﬁ°cm? ﬁ%ﬁé%ﬁ@‘a% Mepight

transfer catalfampicagids.d 1, 3-bi s[ N-(4-chl orophthal i i do)]benzene cont ai ni ng
no nore than 0.25% by weight of amic acids. 111111211211212111y FLELRYRLRLLTI
*CL s *. ThiS Sheet Has Been Replaced 111 ILELEEEEE FE beer tre rerr -20
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