Title: SLURRY PREPARATI ON OF Bl S(HALOPHTHALI M DES) AND OF PCEXEIH§B4
POLYMERS Abstract: Bi s(hal ophthalimdes) such as,

3-bi s[ N-(4-chl oropht hal i m do) ] benzene are prepared in slurry in an organic
i quid such as o-di chl orobenzene or anisole, by a reaction at a tenperature
of at least 150 [err]C between at | east one di ami no conpound, preferably an
aromatic diam ne such as m or p-phenyl enedi am ne, and at | east one

hal opht hal.i ¢ anhydri de such as 4-chl orophthalic anhydride, in the presence
of an imdization catal yst such as sodi um phenyl phosphi nate. The solids .
content of the reaction mxture is at |east about 5 % and preferably at

| east about -12 BINRR¥iIFREPARATIGNOES gs ? mwggrectly in
t he preparation of polyetheri g) sl m urri npl oyed to
prepare other polyether poly YEITH&{POL&TJERS '

' BACKGROUND OF THE INVENTIGN

Tlrus invention relates to the preparation of polyether polymers and intermediates
therefor. More particularly, it relates to the pieparation of bis(halophthalimides), their
isolation as a slumry and their use in slurry form for ‘the preparauon of
polyetherimides.

| Vanous types of aroratic polyethcrs pamcularly polyethenmldes but also mcludmcr
'polyethersulfones 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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6 April 2004 SLURRY PREPARATI ON OF Bl S( HALOPHTHALI M DES) ANDs @hyil 204 YETHER
POLYMERS BACKGROUND OF THE . I NVENTION This invention relates to the
preparation of polyether polyners and intermedi ates therefor. Mre
particularly, it relates to the preparation of bis(hal ophthalimdes), their
I solation as a slurry and their use in slurry formfor -the. preparati.on of
pol yet herim des. Various types of aronmatic polyethers, particularly

pol yet herim des but al so including polyethersulfones, polyetherketones, ,
and pol yet her et her ket.ones, ‘have becone inportant as engi neering resins by
reason of ‘their excellent properties. These polyners are typically
prepared by the reaction of salts of -di hydroxyaromatic conpounds, such as

bi sphenol Laad | | | ecul F !
pol yot hor i AR TS Parenlt 82 A0, 2L 3 B, a%ﬁ?@ééém%mnﬁkféé%&%?
di hydr oxyapdmllhﬁls uejeucHsluaiet hin bioktival mphldlﬁblynh&ﬁﬁélaﬁ%oldehﬁsﬁlﬁ E ;
13- bt oL v b PRl LA baesnen( ghel gl gr sonstities | CLoAM i

whi ch has the structure
bi s(4- f | uor®Ipleaad: ) Selvetsne dmglcs(:m ishl 6rzaﬁhsay| )nchldlef onalidtildrdbefizengal ogous

ket ones ar gichtRit6Rlehy, eF‘PhQﬁ@ﬂorobén&n@‘p%thl g@@ mi@ Cﬁﬁ%'gﬁ‘g efxﬁ 33@;1?“ s

5729, 482 and 5,,830, 974 reparation o
conduct ed FRNHKX¥bgRZenGS FE?%@FM@I%ﬁPWMh%ODVW&?thawgemplcghdse

transfer cmmbmsbfwﬁusamd 6§/pes il BY asel| for Bl l:ﬁan&{mih%fﬁ @Hgf—y

condi ti ons: te?m { chc% %}&% nts di scl osed i na‘g 229, 482 J@&ai H%Hg)

o-di chl or obenze é‘, i rB‘fiﬁ%ne 1,2,4-trichl orobenzene and , di phenyl
sul fone. In 5,830,974, nnnoalkoxybenzenes such as ani sol e, diphenylether,

or phenetol e are enpl oyed. Solvents of the sane types may be used for the
preparation of. bis(halophthalimde) internediates.for polyetherinmn des. ’

Fﬁgh of thBRR. oPAheR DalfeRQY 'rércﬁl?re& nﬁl&BQM:?i‘i}hopnt& ntthg Eeggtlcgnearﬁgxltgrrt]: Tf “he' € of
bls(halophthahmlde) as a substanually 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



bi s(hal ophthalim de) as a substantially pare. isolated conpogngri Zgos i S
often difficult, since solid bis(halophthalimdes) are typically of very
| ow density and fluffy, making weighing and handling burdensone. It would
be desirable, for both technical and cost reasons, to handle such
reactants as slurries in an organic solvent instead of in dry solid form
In order to isolate bis(halophthalimdes) in slurry farm however, it
is.often preferred to prepare them by a method which enpl oys the

react ants, Hefspsentiinyention ig dagedin partandhadisoprery tat bisémbyphthatienides) may
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non- pol ar . t e .e oyed. 4t .has typically been npecessary to enpl oy
one react a%ﬁ‘%'}{%glse? . gféﬁsg ﬁn‘:?ﬁ% ‘)éﬁﬂﬁﬁ"’fs’]y&}&g‘% FF&F%[‘S“ %m\équ@&refapﬁeelgjg@i solids

wher eupon sapiént arlcheptesénse of a shitgblesatalystaf t er  conpl etion of the. reaction
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contact at .a tenperature of at |east 100C between the constituents of a
m xture cofsFogingfoanothenaspeehnf thy prepens investipathere isprovidedia rwethod for

IR war ke vy A R
about 5% € comprising af 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.



by weight, thereby producing a slurry of said bis(hal opht hal  gpeiedoogn sai d
| i quid. According to another aspect of the present invention, there is
provi ded a nethod for preparing a bis(halophthalimde) in organic slurry
formwhich conprising contacting at a tenperature of at |east 100C between
the constituents of a mxture conprising at |east one diamno conpound, at
| 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

sel ected fIphks he WHeAdiscoveridsthan Bis@ﬁd&}ﬂﬂﬁﬂﬁﬂi&_@?pﬁﬁi QifitaCdi §lo§b?natic
het erocyclic_am nqess S east

sgi d nlx'ltggr.e havfllr_}_g a soli cont etnth of at f
about 5% by *TRCHHE ™% By EBpIqyed it Shurry tarme for the Rsgpagaiion of the corresponding
bi s( hal ophtplolyteihmir dejlymerss inbther aspet #ftther itivagtisn thevefdrey iss rfethoaf férhe

D b st . ERCHatRB an ahiingiid oiGbMA 0wl WRICH ChoRises BGRRIRE G At lonstme
conpri ses @&¢lpdvely mgnaotar asgare liguideaspdituent; rsabstantidlly equimeian anminatst of1at5- 225C
bet ween t hgeast 8RS hikaHeAERI A1t Bf T&ﬁ*@fﬁ-@%th&ﬂe?%ﬁ%a\lkgﬁg ocarbon .and a

m phenyl enedi am ne or a m xture the _p- phenyl enedi am ne,

4- chl or ophSHAYY & %Pr’l‘%?ﬂgqné‘é liquid ¢ H‘eéﬁt?ft?ns%ﬁglﬁ% arozppiicocongpamdoriothbenz ene
or ani sol e forsmildl m xture 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. -3 6 April 2004 It has al so been

di scover ed(Hhat bi s(hal opt(#es¥f)des) and simlar di hal oaromatic conpounds
may be enployed in slurry formfor the preparation of the corresponding

pol yet her pol yners. Another aspect of the invention, therefore, is a nethod
for preparing an aromatic polyether polyner which conprises contacting, in
at least one relatively non-polar organic liquid as diluent, substantially
equi noi ar swherein 8 iphn attivatiegsadicalp Adlisal arofitielradishitand XBis fluoro, chloro,

di hyd - [ . L.C N b d I [ ' [
i qui o of Stoims ok AR RERTRl GBI PO G e ok e PRt g (1)

Z(A - X )2, catalyst.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS
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wherein 2 is an activating radical, Al is an aromatic radi cajapprckoss is
fluoro, chloro, bronp or nitro, in the presence of a catalytically active
anount of a phase transfer catalyst. DETAILED DESCRI PTI ON; PREFERRED
EVMBODI MENTS 6 April 2004 Any di am no conpound nay be enpl oyed in the nethod
of this invention: Exanples of suitable compounds are ethyl enedi ani ne,
propyl enedi am ne, trimethyl enedi am ne, diethylenetriam ne,

triethyl enetetram ne, heptanet hyl enedi am ne, octanet hyl enedi am ne,

1, 12-dodecanedi am ne, 1, 1 8-octadecanedi am ne, 3

met hyl hept anet hyl enedi ani ne, 4, 4-di net hyl hept at net hyl enedi ani ne,
nethvlnonanethylenedianine 2,5 dinethylhexanethylenedianine

2. 2- di met hyAnyr munma Ne@ﬁﬁlﬁ&e@h&ﬁém&ﬁﬁd‘ﬁpﬂﬁ%) ! Examples:
3- et hoxyhe t11 Iene m neé ]]E%‘PI s(3- am Wy et hane,

bi s(3-an noglsg%ihgl %‘BP‘H" arecthy aReay @Mlhylenﬂdlalmnc
am nocycl oligcthyigmatidmine, m phenubﬁn&ﬂe&mﬁw p- pheny hemafictifidRdiamire, 4-

o o A G e ok A

5- et hyI 4 Wlwelhyl@lqdmyhene- di;4udimehylhepainditiydenediamine, 4-

3, 3" - di net hdabansiatis ienedlgqgﬁ'x disret hoxybenzi di ne, 1,5- di am nonapht hal ene,
bi s(4-am nophenyl ) met hane s( 2~ “Chl or o-

4- am no- 3- ‘hghhyl phenyl ) et hane bi s(4- am nophenyl )pr opane,

2, 4-bi s(fi dﬁ?ﬁ nedighiise, Qr@wﬂwlmvﬂyﬂmmenoﬂéﬂngthywmﬁene

1, 3- di am namiho rcqjg»[))ampygl benzene3-nm gmnm g@dlﬂﬁﬂl f one,

tetramat hyi 3| Slq oxane.

bi s(4-am.n hen nd opr opy

* M xt ures ﬁ)@égye)&'ﬁ'f)%aﬂﬁ(s" 4%’903 b%‘qh%* sangdmaipg.c Hisdidan no
conpounds anmoaycidmxybmdﬂmm nesm-;ﬂ&nyl@nghhmma aqj:l%h Mhﬁﬂ@gl gﬂunﬁ and
m xtures t anhydr.i re te yt e
fornul a wher el ntgzug&e ?1%6(? ﬁ%?oéir'ﬁg)n “or T‘USE eer&'ﬁﬂa E’ prgineTh 8-

subst i t uenfietvhdp-diethihl.3 ghenyienediaminence pésmtlhgrlvlgﬁf-dxbﬂwlamﬁmﬁyten@ ng.
Especi al | ydiBinfieg" I Béhzidined- C':3|3aaeﬂaﬁﬁﬁkﬁﬁdm§“"‘yﬁuﬂ&emoﬁybemdme 1,5-

dlammonaphthalcuc _— 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.



6 April 2004 Also required according to the invention is a relapti2oeuy
non-pol ar organic liquid, wusually having a substantially |ower polarity
than that of the dipolar aprotic solvents such. as "dinethylformam de,

di et hyl acet am de and N-net hyl pyrrolidi none. Said non-polar sol vent
preferably has. a boiling point above about 100C and nost preferably above
about 154C, in order "=to facilitate the reaction which requires

t enperatures above that tenperature. Suitable liquids of this type include
o= dichl orobenzene, dichlorotoluene, 1,2, 4-trichlorobenzene, diphenyl

sul fone and nonoal koxybenzenes such as anlsole and. nore _generically

l'i qui ds V\/ﬂOSﬂsgqbq&[k&iyaéc%rleQ t@lﬂ@% H@@H 'Eho?&ﬁjeb\t’)?‘l%F‘%’ rerrreﬁgé!lco]rl](gg%h e;s

| i qui ds. ﬂ'& of, sim|ar + ERAY

chl or obenze “gﬁﬁé havigs éﬁﬁh%mliatloé’%mhamm thhqodxpehuapmuc/kﬂlv%ﬁise and
o- di chl or obenzknas dﬁl&: ﬂﬁﬂnhﬁdﬁ&iﬁ{ﬂgﬁace the
production qf bi egﬂt ha&.%d;%e df%ﬁ%%ﬁ%@%ﬂ&gﬁﬁﬁg‘m‘? fifle

af or ement i oneg 4 (H/ tP 4 ling, | oWt Ahaviecabawiy H90°Ge and most

- gr esent i anS¢ﬁegirty elavessbaw EHO°CE ih rmdé:eaﬁtfadmaieoufeOFeaJcﬁ&d ﬁu?}ucl'.A r&hl&é%' pal
advant age o N8nPLeSEN e ve t hat _suc

excess is né?méuecessaraga Rzlta% (&"per%mﬁesv%ﬂ?a blht‘-il ﬁhﬂﬁﬁytﬁleoll%ﬂ'i@m@trl c
pr opor t i ons dishlqrRbenzeng; e dichlorotoltene nelg? n-trmhlbmbnnzeax,ceﬁph@fy[ ondfdeagagt and

- subsequen-;-ﬁdh hmbg teic unt dependl ng
on anal yti cal Jat a ior %ﬁé%ﬁﬁ%ﬁ%ﬁ&éﬁ%@%&eﬁ%@g lfcﬂndsr'é' g¥Rdanty phys,
bi s( hal opht Hﬁll}' g dhamthose, of the, aforermentionsd diquidst biquidanof similarigeddrity |h@m and .

separati on fovesn bodd hes, ard Lt re
coﬁver si on. b[oes thei,dclgegcl:1 ‘H% b.sﬁr&%?ﬁ%ﬁgﬁfw& C%&&eﬁl sE r'%gtg‘%s
required to n’f) 014 3pd f-Jichiorpbenzeng are usyalfy preforert a suff|C| ently fast :

reaction rate. Swtable i mdization catalysts are known in the art; they

i ncl ude sal Wemwhmp&odpfmﬁhspmdﬁon omﬁ(ﬂlhﬁphm&im‘u&bpiﬁ’fﬂid&ﬁfs@& fgyCh as

A< am hopye - eHAEd e bl o F IS Thfond 0 /T R e o i e fme
bi s( hal ophtPr&psmtiislyehs cxesas i thawe thst icactionf totduenpletionn A pnmdlyajlaa&hﬁtxgee@pl oys
iy ; o Bt Ao o R e A BB g e R o
rates are AL IS BO5N ploy stoxchlomctnc proportions of the rcagents or to begm with an
.. excess 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.

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.



nmost part. too slow for econom cal operation. It is wthin téapgcmeg of the
I nvention to enploy super-atnospheric pressures, typically up to about 5
atm to facilitate the use of high tenperatures without causing liquid to
be | ost by evaporation through boiling. -5 6 April 2004 A (further feature,
for the sane reason, is a solids content in the reaction m xture of at

| east about 5% preferably at | east about 12% and nost preferably about
15-25% by weight: By "solids content” is nmeant' the proportion of
reactants (i-.e., diamne and anhydride) as a percentage of the total

weight including liquids. It is further within the scope of the. inventjion
to change the solids content during the reaction; for such reasons as to

ef f ect uat e-A firthes f@kuref es t.0o anof her.
Qt her cons JLuent pot;oglm(;cns In ta ’reag(#l{ or%#ngﬂgﬁpge&a@%@‘gm‘?’?ﬂ Myde,
f or reason %‘%‘égy{‘o'ﬁ%&f@&vﬁ Ipast ahputak2% and enast peaférybllyi abeut osaseembye :
Wi | e ot heweigliti By fiﬁﬁd&@ont@dm'n@h‘i‘&nt lﬂhe{n%{)bﬁz &elreﬁéth%{ r[gccgl\f’am a

d0|ng SO. anoun, ective

SRR ol Seteissantibs By
reaction, usua %so%ﬁ Fuageptd Bﬂfalv%‘r"gh‘t'"ﬁa iag liggids: Kds futher wwumll!mm ne
and anhydr sehpe N&tler invemmnato Ehaivet the so¥idé @BnicAr dﬁh §tﬁ@?ﬁﬁ[l§ﬁ Oﬂ)raﬂgpdr yi ng -

can be acc%&%qgeﬂwuﬁe%mfe%ﬁgr%g%s .n ei etroﬁéz‘a,tagqe semﬂ@gog I nuous

or continuous processes usi n
colum in COﬂjUﬂCtIOﬂ Mﬂth one or nore reactors. In one

distillati

enbodi rrentBBleé CRTSHNE PERPORtiens inathd reamtiop ahixture (pgefeiablyl e, fordlesdoink! i Ng

fromareaﬁ-@alsa Rt2:1 |'s takep of f
Y B2 ndlal oty f bl e &) WD 75 Bl o be

over head a SO IS recy Into t
mai ntai n oé}“?lﬂ?f?%aéﬁm Fhf"&@i‘lyr% adypatage ideingt satCaalysOishpresemt fnogs f or

wat er 1 encameurit effeviive; tobatcelerate S reabtidh, 1@khIlyCabdiR B
distillat eont,g@ggﬂg{] Pq.&lﬁ%ﬂ g‘ﬂﬂgﬁﬁ%‘lj‘ cheni cal )g? phys-?g hgageggﬂebf ﬁ&jof
wat er. The produc sal ®s a-slurry containing the de5| red
bi s(hal ophthalim de) in _conbination with such by-products' as structurally
rel ated ant'@tchEsraevaliffonythersysweh by drivdhesnvefsidhand drying @arChe Qcomphshed |
. on 2 continuous basis in exther batch, semi-continuous or continuous processes using
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

_hmlted 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 . ' ‘




-6 6 April 2004 It is within the- scope of the invention to éwupkhED4
decrease .the proportion of organic liquid in the slurry, reducing it to

t he consistency of -a paste, and for the purpose of the invention such a
paste is deemed to be a slurry, the. only variation being-in anmount of
liquid:- Since the yield in the imdization reaction is essentially
quantitative, bis(halophthalimde) and amc acids are the only S|gn|f|cant
"products-of the reaction of diamno compound wi th hal ophthalic anhydride.
To ensure subsequent formation of polyetherinide at an acceptable rate to

a high nDIecuIar wei ght product, it is highly preferred for the converSIOn
to bisinide Miisavithin BWeSCBPQ)pBth mlwcmionbllosﬁlrﬂlehedaseae tbe EEpORGICO Phirghfical
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pol yner in thguid.or m of the| r car. boxyl ate salt resulting in decreased

thermal stability of. the final resin The carboxyl ate salts may be
henol salt tqg form bi sphenol

gener at ed byg ChleOn, am c.,acid. bl s
or its nnnoso%‘?cﬁmh\lsal andmheﬂ'ge o UPR 5 d$ | Gesentially: hiquansitatyve, or

gente[] ating i'bl%ihdphht}ldmndnhmdﬁmms mmmm )si)g:ﬁﬁd:dn! tpﬁ&ﬁ!éisto‘f thé rcféctﬁﬁ&r ease
in the . poloBiminB! S w.t hin the scope. 0 e

i nvention to_enpl oy haI op q Nt f%h;a?r |acrl‘ie1¥a“%e rﬁa‘?"r‘ﬂ“ﬁg yhsequsRt formation
proporti ons 9%PO ﬁ@ﬁﬁﬁ’t“?‘t%tﬂééc‘iﬁntah&lfﬁ@tanﬂvgh uméecabrmxghnpmdutult is hightyne
subsequent pedfgeéd doi ﬁh@%oﬁ&&sfib:ﬂgorﬁ@ﬁﬁm@% el Tl ﬂnlopgﬁxo% lSlmli(Pe the farm

f hal
i [ N ( 4-chl %F%Sﬁ‘g%f’r Fﬁqﬁ‘soﬁ'f'"ggf( RoGh kelitadl iavia drisish se e at (lbast 9P175% end the

"“m Cl PAM ") m"‘m“@hlsﬁpmoﬁﬁoﬁwﬁg%dmv&ﬁldﬁk &ﬁ&h@l&v@lg %nﬁ%gld?@ccﬂ}egeﬁpm be
conpensat eda%lgfug E“ﬂiﬁ bPRSef he. St ol h| onet r% .
pol yet heri m reagént Y‘?ﬁ% B8 HE? [?ﬁt'ﬁéf‘? RPlyayer in dhsafosm ofy
met hod of t Hie& qaﬁ‘%‘ﬂh%ﬁalt resititing 5o datredseldythedneal :ialiﬂh@%ﬁ&em%‘ﬂé' |
Pﬁéfggt desFXACﬂrﬁOIY!fp\h%e %éﬁd]‘ Ria§ be Bl rdhbide o Umid ILE5 wnthcngp enol sat to

isphenol or its monosodium salt and hence changing the reaction sto:c!uomelry
ot generatmg 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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In each exanple, a 250 mlliliter (nm) three-necked round-bogagnemoll ask
“fitted with a stirrer and Dean-Stark trap was charged with. 1, 980. 6
mlligrams (ng) (18315 millinoles [mmol]) of m phenyl enedi am ne, 6, 687.2
ng (36.63 Mol ) of 4 -7 6 April 2004 chl orophthalic anhydride and 14.67 ny
of sodi um phenyl phosphi nate. Anisole was added to afford the desired
solids percentage and the flask.was heated for 0.5 hour wth stirring in a
198C oil -bath, .a tenperature effective to produce gentle refl uxing

w thout distillation. The tenperature was then raised to a specified _
tenperature and water was -collected in the trap until water evolution was
conpl ete.. The remaining naterial in the flask was the desired C PAM '

slurry in aRiciGpiRhatld Hdlyd¥ide 08 ‘f‘f"’p%‘?fgﬁe‘ﬂw@lﬁ th a d| sti.l lgti‘lé?gnb-y

head- and the _ani sole was stri
hi gh pr essdfded [atfordcihe slesir $<dphwer¢hmgc @sdlthe ﬂasrewgs heitedl Holl @Bl gous The.

Yi el d of ChiifMriring if ar r9seyifh | tatl n .each
exanpl e. byt col g l| on L@FG PAil\t/IH’ %ggrn?‘pe%&glﬁéﬂl‘%ﬁg? \g)eﬁ%ucc %‘ng%t ﬁbF’émgl n
Exanpl e 3, ‘é‘fhP@ f“tr‘%‘l Jdgeperapae wag dhsrorised e r speeified ttemperhaare addt 0 a

pressure vmlwam totlemttdi ini the todh antilseddr é’dlﬁhtﬁnﬁ%@@&n f%l@ “ﬁ&aﬁ)ﬁﬁéor med
t about t .4 at t
oo MO LU s, Sl Pt i et

TABLE | Extanhcedsritl adiststiaichadaed the asdld was st edboleﬁywl%‘éé }3’ %09.769 - -
99.62 9. 8landﬁcgl1§,vm h Prelahl of t i nvention affor s Cl PAM

I n a conversion o eastﬁggldfégﬁnﬁéa&w hours or less. By contrast, the
control afforded, Cl PAM af | ower conversion level: after a.nmuch greater

reaction ti res%m@vgl in Table L The yield of ClPAMI and corresponding amic acids
was quantitative. in each examp]c but conversion 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 (atm.). Companson was-
made with a control employing a lower solids proportion.

TABLEI
Example | 2 3 — 'C;Jnu"o-
olids. % 0170 2071626 185
Reaction time, hrs.” |43 7 2775 '40
[Converson. % Y94 [99.76 | 998T (9957

‘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-



This exanple illustrates an imdization reaction run with angiaprit208l4 excess
of one reactant. A 50 gallon glass-lined reactor was charged with
o- di chl orobenzene (ODCB; -8 6 April 2004 108.9 kil ograns [Kg]),

4- chl oropht hal i ¢ anhydride (ClPA) (9,990 Kg, 54.7217 noles) and

m phenyl enedi am ne (2.9411 Kg,

27.2247 noles) to give a 0.50 nol e % excess

of Cl PA based on 100% pure 4-ClI PA. The CI PA contained fromO0.5 to |I nole
The reaction was slowy heated to about 180C over 4 hours and

i mpurities.

kept in this tenperature range for 28 hours,
was coIIecte gggpl es. of the reaction slurry were obtained using a 114
I nch di aneter nggd

[kgl). A-chlgroplghalicianhydhide (GIP A) (299¢ Kay §4.7017 hﬁm&

during-which tine distillate

A 24 hours ““ﬁ*ﬁﬁ‘@'mw R R A R e R i L
ﬁﬂﬁmh‘*ﬁ"ﬁa&“ @r supélf%drélm hd'he (PA| eantaineds frop ©.5 t@lemobd %28 -
hrs showed thapunnma'mermm \eﬁbwﬁ%ea&ﬂ% %bé{f:rmo“@%vém;.ﬁﬂﬁ}xsanpl epyin

r esi dual

pol ymari;zatl et heri MPLES The procedure o
repeated exce @Wg #ﬁerf"fﬁt Ul 7%5? “Which ginge dﬁﬁﬂ’@tw/o“(aba@ﬂhl:cmd.
mol es of di aéﬂ?@}%‘dﬁ mwnlswﬁﬁbbtﬂﬁ%&g%ﬁﬂ ith dEh e glabe

che

total of di di he hi.nate gat Was -
otal of o a5, Beudnst RS b\l SRS AR PP A RSP ELLYCE hes |
CPA  wi t hhel#i4ig& hermmioeraph }tﬂﬂéhﬁl)eAttﬁé hoesmldaionmmmr(eo £A09991héles)

nd i gh Conar o pr Lo neule Heldbab dnbhilihe M esisley EHECIARish ”°a"k

and hi gh con I’SI Cl PAM
hy g2§ %%Shc‘f“f‘?g %T‘H&P‘Foaﬁﬁﬂ%waé &Pmsymfi Thi¢ Blpdrvowgs suibdbild fort ed

met hod of t

-aromatic hypblgnmnbﬂmrébellyenheainidy sometimes- sinply "bisphenol salt"
brevity) whi ch are enpl oyed are typically sodiumand potassium salts.
uently preferred by reason of their availability and.

Sodi um sal t
relatively
form the

Iow cost. Said salt nmay be enployed in anhydrous or hydrat ed,

aﬂlé/drous -formis usually preferred:
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.
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Sui t abl e di hydroxy-substituted. aromatic hydrocarbons incl udg apAcsmshavi ng
the .formula (I1l) HOA2-OH, wherein A2 is a divalent aronmatic
hydrocarbon radical . Suitable A2 radicals include m phenyl ene,

p- phenyl ene, 4, 4'-bi phenyl ene, 4,4'-bi (3,5-dinmethyl)phenylene, 2,2 -9 6
April 2004 bis(4-phenyl ene)propane,
2,2,2",T-tetrahydro-3, 3,3 ,3" -tetranethyl-1,1" -spirobi [ 1H

i ndene]-6,6"'-diol, and simlar radicals such as those which 'correspond to
the di hydroxy-substituted aromatic. hydrocarbons di scl osed by nane or ’
formula (generic or specific) in US. Patent 4,217,438. The A2 radical .
preferably. has the formula- (1V) -A3-Y-A4 wherein each of- A3 and A4 is.a

monocycl i ¢ hiquﬂmﬂylcﬁt)pf@hne? hy.ziz,QCMélﬂihyd@dj ke 3‘&@92met¥1y'#~°1 ﬁ%&tﬂﬁm '
hydr ocar boq Hé\% %aé._dmv\h o e or t at separ at e e free
val ence bonds |:1 $-or-mn 4 aﬁsfﬁ%{FW 465 t?ﬁé ‘ﬁ&ea“&’c a‘FCHT@ﬁB%IM itontheof A3
.and A4 in dlby@pxmuhsumed :Eomptm hgidrocarbonsi dibcléskd 548 nhie 8¢ BrrhMaqeeneric :
bi sphenol s,oﬁg&dﬁgﬂhggepag Q—ﬁyﬁgg vity the term "bi sphenol” is sonetimes
in to: di hydr

used- herein esignate t oxy-substituted aromatic hydrocarbons;
it should be ubgerstood however, than non-bi sphenol conpounds of this

type may alHe Wé!ﬂ@-lw&wbé}sh@pbcﬁmnuhte In fornula 1V, the A3 and A4

val ues may-be unsubstituted phenyl ene or substitut ed derivatives thereof,

illustrati \(wﬁujpty yent s (one or nore) being alkyl, alkenyl, and' hal ogen,
particul arl'y brom ne. Uhsubstituted phenyl ene' radi cal S are pref erred.- Bot h

A3 and A4 are preferablg;mp phenyl ene, although both nay be o- or
m pheny| enévhsrem gagh of-AtandA his en;(d:rmapcla:rdivﬂhm awbetic Rydloeabbe tadical A8d

Separate nd 4 brideie i dndRil Batl FRASPRE or Mo RlomS freamie A e A%,

-2 S, X -2 s? The- f@levalcnnebh}dsﬁmﬁtér:]ngwg{ ﬁhe)suhmgehhfﬂggﬁfm or para ﬁosmons of A3 &

neE)pent y} i gﬂ(ﬁé\q %?B%bg’w ““6157&‘} {Yb@gtﬁ%léﬁ/quggheﬁf @wbléplm!hetsyhndiene

adamant yl i fiertbe sgmnfatmemete(ml“kgsbheiﬂna)s soetifel Bsaf ﬁerern%efekfgﬂaze%é Y

i ncl uded, dihydroxy-substituted aromatic hydrocarbons; it should be understood, however, that
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 3
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
Isopropylidene and A3 and A% are each p-phenylene. |

i
LW

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-



however, are unsaturated radicals. For reasons of avail abiliéaparebos
particular suitability for the purposes of this invention, the preferred
radical of forrmula Il is the 2,2-bis(4-: phenyl ene)propane radical, which
is derived from bi sphenol A and in which Y is isopropylidene and A3 and A4
are each p-phenyl ene. Spiro(bis)indane bi sphenols may al so be enpl oyed.

They include 2,2,2',2" -tetrahydro-

3,3,3,3 -tetranethyl 1,1 -splrobl[lH—lndene] 6,6'-diol and its substituted
analogs -10 6 April 2004 The substituted aromatic conpounds of formula |

whi ch are e %d resent 3ﬁ*ntlo gont ain an aromatic radi cal At
and an actlvatl ng radi ¢ Gﬂ%m)ﬂ‘dﬁ W*'!‘Pbr%ﬁﬂ?wedlm thy present

pol yval ent mv@ﬁonaﬁmlmamﬁw@mcmmmmefv oBREEGH 91 Ak kL5 f[Gm
St U e I C

el ectron-w s other . than Z
radi cal s ar téllafe}g‘%m: }'I % g 10 2, Rfsfm!%xmoswammw pyeferably free

. el ectron- wmmmngﬂtgﬂﬂmnnmwhnﬂaﬁs Rehét thafll 7, Baleeh &9 corr&spond
with the va%_ﬁ;g? o { FFg_PI es of divalent radicals are ca 56 VF :
car bonyl bi s{aryi n8)°5p°§l‘i"¥8 s(aryl ene) sul fone, benzo-1, 2-di azine and .
azoxy. Thus, the noiety -Al-Z-Al- may be a.bis(aryl ene) sulfone

bi s(aryl enehRef ondical iy us(aﬂyyhemee)chbﬁ(v&&i&ma@ gioupS WAV qggj)g; eSGkegone) .
bi s(aryl ene arylen ) 220Xy radi cal especially:

one in whi C#ﬁg@ glgmlmzcog‘le%%f‘g é'?‘r‘EI‘lfd%d Bxamples,pb divadert madials are ‘
- Al- Z- Al- | Sarhonyl ,si:qmtwltrls(anywie) sullﬂons,t!ma@aeﬂcﬁaj sultoas Eber@h-1L Nid Al grgﬂda (V)

wherein R 1 e nat | droc rbon or hal ogenat e
hydr ocar bon fgd@glzﬁ)'e%ogzgi g? ‘&p'l 'Eﬁ%g‘(')fl is3rylegs) foé‘ﬁeblﬁ(ﬂgﬂe,@l) kemn&2 8

bi s(al kyl erfEistasylgaelbiseulfonedo |tys[atyﬂgmbtnﬂkbmepebrse@y1@aé)beﬁzoal Aidiggntor -
radical of Elﬂ%r)fla{e%ﬁy h’&m‘&'f‘ én%]esgec:ésﬂv one in uﬁﬁcr:lll L\l %so g-;l)h:er_wlenc

Also included are compounds tn which —Al—Z Al-isa bxsmude radical, illustrated by
those of the formula

_ N"R‘—N§l‘:©~

whercm Rl s a CG_Z() divalent aromatic hydrocarbon or halogenated hydrocarbon

- radlcal a Cag alkylenc or cycloalkylene radical, a Cy.3 bis(alkylene-terminated)
polydiorganosiloxane radical or a divalent radical of the formula

vl -

in which Q is -

-11-



O \\/~1Inm; S- - CF3 or a covalent bond. Mst often, R is ag Apfiggi4one of
m phenyl ene, p-phenyl ene, 4,4'- oxybi s(phenylene) and CH3 CH3 |- | (CH2)3
-Si- Osi-(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 noxaline or benzofuran. Al so present in the substituted
aromatic. conpound of formula | are two displaceable X1 radicals which may
be fluoro, chloro, bronmo or nitro. In nost instances, fluoro and chloro
atons are preferred by reason of the relative availability and

ef fectiveness of the conpounds containing them The particularly
preferred’ compound.of formula 1, for the purposes of the present :

i nvention, is CIPAM. 'O ganic l@quids eQ&”ngd i n tdm pol yet her pol yner
preparation nmethod of the invenlli on are general the sanme ones

enpl oyed i A T RBLOTS(HAT AT hartnEde) et . The Stituted aromatic
conpound, nost often a bls(halophthall de) |s sup ed in the ' form of
a, slurry in said liquid. The bisphenol salt may be pplied by any
conveni ent neans, such as .a slurry or a solid; a slurry is usually

pref err ed.orA %anlﬂﬂéb‘éﬁﬂ Meostofkeny BListat deastong of m-plserulqnhap-@heu)dﬂ&f, an’-

cat al yst, @@g{sﬁﬂ@h&mngrﬁdM| ch is substantially stable at the tenperatures

- enpl oyed,; e.., inh the range of. about 125- 250C. Various types of phase :

transfer cat aI ysts May be engboyed -for this purpose. They include
guat er nary phosphoni um sal t f the GH{;pe di sclosed in U S. Patent
4,273,712 (\m[)al kyl - 4-di al kyllam nopyrj dinium salts of the type disclosed in

U.S. Patent’'s 4 #A8QCH]p—an8i-4; 6P5—&i6—@p)guani di ni um salts of the type
disclosed. in the aforehengioned UE] Pat ent 35, 229, 482." Sai d patents -and -

application are incorpor.at ed;}gy refggence herein.  The preferred phase
transfer catalysts, by reason’of their .excepti onal ‘

- Polyvalent Z radicals include those which, with A', form part of a fused rmg system
" such as benzumda.zole benzoxazole, quinoxaline or benzofuran. :

Also present in the substituted aromatic compound of formula I are two displaccet;le
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 preferred compound 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 'prefcrred. -

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 the
aforcmcntloned US Patent 5,229,482. Said patents and application are- mcorporated by
reference hérein. The preferred phase transfer catalysts, by reason of their exceptlonal

-12-



-12 6 April 2004 stability at high tenperatures and their efdagfiiaoeaess to
produce hi gh nol ecul ar wei ght aromatic 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 aromatic conpound are typically
brought into contact in substantially equinolar anmounts. For maxi num

nmol ecul ar wei ght, the amounts should be as close as possible. to exactly
equi nol ar, but nol ecul ar weight control nmay be achi eved by enpl oyi ng one
reagent or the other in slight excess. It is also within the scope of the
I nvention -to.enploy noneofunctional reagents such - as nnnohydroxyaronatic

corrpoundshmmﬁﬂtmmmbﬁmmg&pmaﬁce BB nbIE&ALP ﬂkﬁ%ﬁ d
agents. T e | s oun previ ous not e
be prepar ed [P rbgw lrﬂegﬁcl‘ f arg; ﬂﬁ"ﬁgx nivgy tand

hal opht hal |‘é,ﬁ)5rhﬁ§ﬂ?ﬂ$3& I%WWMKMNMt ituted phthalic - anhydride 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- solmomy gm rﬁ)%a%lg?? nﬁ“ gixl% Al P gﬁﬂ CEmPRURISHAS. The
pol yet her ﬁgwmﬂeam%n%mhm 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 formauon 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 5)1'250 el ﬂmb&@blteﬂrmm@d-ﬂmotﬁéd Aaskl ﬂﬁé@“ﬁﬁmtﬁr&fanﬁ HIE [dih@ was
pol yet herii ﬁ‘:& lir,ﬁ) r wei %?% V\@ O(iet er { i_rﬁe sane’time. The
comer ci al n}'ﬁ' PR S%HEB g j’ ags it Ahe pYxtRR vas ‘
descri bed idnedbg disediaton uﬂde& 23Pobifive arfon atmesphire wWiteregiovahof bodebs fibf, in
conpari son- ik I ated Cl reagent was
enpl oye d TA éLE Ftl ﬁgh'éﬂ %i_.rﬂ:t%“e@?ﬂ‘ans?er?e% deler ﬁ%h pressure t'leo ar oven :
ed 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 is a
~ percentage of the molecular weight of a single sample of commercial i)plyctherimide
~whose molecular weight was determined at the same time. The commcrcia[
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

" TABLE Il
[Example |6 7 S 0 Control
[CrPAMTsample A& A A B B |Sold
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ClPAM sanple 6 A7 A B 10 B Control Solid -14 6 April 2004 &lptira004
analysis: It can. be. seen that the pol yetherimde preparation nethod of
the invention affords polynmers having nol ecul ar wei ghts conparable to or
approaching that of a product Prepared fromsolid CTPAM. It is also

apparent that am c acid proportions above ..0.25.% as illustrated by
Exanpl e 7, cause a decrease in nolecular weight. Wiile typical enbodinents
have been set forth for the purpose of illustration, the foregoing

descri ptions-shoul d not be deened to be 'a linitation on the scope, of -t he
i nvention. Accordingly, various nodifications, adaptations, and

al t er nat i veg Satyy amadygis; (0 pre-—skjt+Hed—p—t-h w t hout departing friom '
the spirit gand scope-of the] present inve{ntion. 6 April] 2004 TIs] - -
CLAI MED | S. ] oriprepari ng a Wi s(hal gpht hal ijmi de) ip organifc .
slurry form ich conpti si h%eont]d®2¥ ng [AE1R t rbEr at grE = 100C
bet ween thej_constituents a mxture cqnprisirfg at | dast ond diram nt
conpound, . a} e&dPAMIe% ha TEzThY Y igie—tap—orednig. liduid sel ected
mp : AMEA | Paansda 13 10 =9 008 oIl .
fromthe grpup consisting df : o- |di chl ojobenzene, di ciilor bt oljiene,
1,2,4-trirch e qul fonejand. afi sole @nd an ijm di zat | on
catal yst sey ected fromthe 0 ¢ 6RS08: { 43,580 | 85,800 [ 81700 87,000
{ Mw ratio, © . o , '
Tatio, 7 127 I267[135 I3 7 11501357
¥p— .
f'ure m-CIPAMI added before polymerization.

It can be seen that the polyetherimide preparation method of the invention affords

polymers having molecular weights comparable to or approaching that of a product

prepared from solid CIPAML. It i cnit that aoin o .
- 025%, Is also apparent that arhic 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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or ganophosphorous aci ds and heterocyclic am nes, said m xture Apfveotg a
solids content of at |east about 5% by wei ght, thereby producing a slurry
of said bis(halophthalimde) in said liquid. 2. The method according to
claiml1 wherein the diam no conpound is at |east one aronmatic diamne. 3.
The met hod according to claim2 wherein the solids content is at |east
about 12% by weight 4. The nethod accarding to claim3 wherein the

t enper at ur eWHATAIS CldBIED I850C. 5. The net hod according to claim4 wherein
the nmolar ratio of anhydride to diamne is 2:1 or is adjusted to that

I 6. T h cla ' o)

AL 5 e ARSI
the ar omat i WhighagRmRRrising ﬁP"tQFt'“QpabrﬂaWFEﬁ'émrﬁnﬁ’fnét dﬁiasé HRECubetweeor duf . 8.
The nmethod esstit@ntdoft ® nﬁktlaterrwin g?bﬂléaﬁ?oﬁ@'d@?ﬁh?ﬁbl nKQgﬁQgteérﬁe at
45T uor opht NAPPARAIETRVHRE, o5, GERE i elasied BORmg dmpuR conokingentsphod
accordi ng tdcblbmhenzclenmerchchiorbttmemnper,amtnehlombenzér’:w dl;lﬂwmlstﬂfonéttmﬁ h

225C. 0 T oclaim erei e
|1r7n5d| zgtlonélﬁsc?al ys? aﬁ %d% Wil r}%d%ttp%%lsg%% 'g) ? P EBENS %1 di ng
to claim4 wgan@phosph@bymacmb heterodyelic aminas, seithguixiofe hbving 4 SoREY 12-
The met hod éﬁﬁ&&dbf‘%t tleaéflaﬁdatlé%wﬂ?rﬁé e fetd S@mﬁucp@()%r Sfy \%ﬁﬁ' c

liquid dISt reactor, . is sen fo a n co ere
water is talig a@gh éwpapﬁéagﬂ'ﬂu'gol vent is recycl ed back into the react or
at a rate to maintain or increase the solids content.

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

-16-



13. The nmethod according to claim1l wherein the reaction is @@pficzovad
under super-atnospheric pressure. 14. A nethod for preparing :
1, 3-bi s[ N-(4-chl oropht hal i m do) ] benzene in organic slurry formwhic
conprises effecting contact at a tenperature in the range of about
175-225C between the constituents of a m xture conprising at |east

m phenyl enedi am ne or a m xture thereof w th p-phenyl enedi am ne,

4-chl oropht hal i c _.anhydri de, an imdization catalyst and o-dichl orobenzene
or ani sol e?&sai éﬁﬁ'?‘éfmrﬁﬁ‘ga?%dﬁ‘@'ﬂb %Hﬁleé‘ﬁ‘f‘ the imdzation ccatalysinisut
15- 25% by sediughphenyiphositingte.oduci ng a slurry of said bi s(hal ophthalini de)
in said o-dichlorobenzene or anisole. 15. A nethod for preparing an

aromati c pglyet R ] | gi t ' J east, one
relativel yolr11bn- Iggllbar ordH:l%F}('gé}Plﬁ-@ng%% %i‘fqﬁ%n?{,]%bégﬂgsnt(%om% lgq'ﬂi ar
anount s of rangq dabpulctdebkal i metal salt of a di hydroxy-substituted
aromati ¢ hydrocarbon and the bis(hal ophthalimde) in organic slurry

obt ai ned i 2cl affRelnidhédiatcoididgits dlamyi 41 WHNEINPE ERBAGER Bf viater. and

catal ytically active punt _of a phase transf?r c%aj yst sel ected E‘J\r omthe
gr oup consiosr%/ﬁ’rﬂﬁ ligid 00, e Bh%‘saﬁ?ﬂnlsuﬁ?@ta q @ distillation column where

N-al kyl - |4; avaiérkisl takien agffy oivelihead rarsk kblsentnid regyelad p&adkuzgitcs g!:é ﬁcleémﬁ@r[) gt & said
organic i ' . r consi sting of. dichl orobenzene,

di chl or ot Oﬂ#gg%h%ﬁ%ﬁjﬁﬁ%%egﬁ%%%gﬁg i phenyl sul fone and anisole and
sai d di hydroxy-substittuted aromatic hydrocarbon has the formula HO A3-

Y- Ad- OH, widr ei Theametisgd gscartingdoi dain nbrwksrein dhelireatiion isrpariarmed

hydr ocar bonndeckupat-aisspiieficprasdire.dgi ng hydrocarbon radi cal in which one or
two atons separate A3 Prom A -17 6 April 2004 16. The nethod according to

The met hod ecoruangd B8 rebafit o, T2l e BaRRREREcYbafe gL, o o

hexaal kyl g@83anig siumy Bmawhichocomprisgesn effectingl goatacidiahiautgrapératue Sal the 18.

The et hod ragP o difbut O 78-225TC1 BetifinC e (oRsRUSAE2HOR! Rkl WinpriSing 3
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 éatalyticaﬂy 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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- bis[N-(4 -chl orophthalimdo)] benzone. 19. The net hod accog@pagedoa cl ai m
15 wherein the di hydroxy-substituted aromatic hydrocarbon is bisphenol A
20. The nmethod according to daim 15 wherein the reaction tenperature is in-
t he range of about 130-225C. 21. The method according to claim15 wherein

t he phase transfer catalyst is a guanidiniumsalt. 22. The met hod

according to claim 21 wherein the proportion of phase transfer catalyst

enpl oyed i s about 1-5 nole percent based on the dihydroxy- substituted
aromati ¢ hydrocarbon salt. 23. A nmethod for preparing a polyetherimde

~conpri si ngl€ont dde mgthod aaodding! tor dlain 269 &vtremNiFRO b '
subst ant i aldighlempbeneéne oaanisoles of  bi sphenol A di sodi ﬁnﬁg%ﬁhphgﬁg;t Fhe

1, 3-bi s[ N-(4-chl oropht hal i m do) ] benzene, in organic slurry obtained in daim
14 in saido-di chl orgbenzene or anisole, .in_ the presence of a

catal yti cal1?'y aiﬁ?wqgﬁﬂ?ﬁor@f‘géo @magmeg%mwhﬁﬁedfﬂr@far gatalystis® phase
transfer chexdaigiguanidinicih er ar ajvodis(pertaslkyigdndiira)arhewarr ei n t he

hal opht hal i ¢ anhydride is 4-chlorophthalic anhydri de. '

18.  The method acoordirig to claim 16 wherein the bis(halopthalimide)is 1,3
— bis[N-(4-chlorophthalimido)] benzone. |

19. . The method according fo claim 15 wherein the dihydroxy-substituted
aromatic hydrocarbon is bisphenol A.

20.  The method according to claim 15 wherein the reaction femperature 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 dihydroxy-
substituted aromatic hydrocarbon 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

as a phase transfer catalyst.

'24.  The method according to claim 8 wherein the halophthalic anhydride is
4—chl0rophthalic anhydride. ' :

- -18-





