-7 1 - METHOD FOR PREPARI NG %00 2’-}9\4

. -AROVATI C POLYETHER POLYMERS Background of the Invention

This invention relates to the preparation of aromatic pol yet h p
polymers, and nore particularly to their preparation using a g’{@écﬁfic
sol vent . 5 : Various types fof aromatic pol yethers, Lopy-
particul arly pol yet heri m des, pol yet hersul fones and pol yet her ket ones,
have becone inportant as METHOE iFQR LREPARINGason of ,their

excel | ent properties., I Vi epaﬁ ed by the
reaction of salts of %ﬁm?ﬂgam?@%ﬁp?qugmgﬁ& as bi sphenol A
di sodium 10 salt, with dihal oaromati c nol ecul es. Exanpl es of suitable

di hal oaromati c [ﬁ#%‘l&f‘h@r& 'é(ﬁ,‘-vfelnllg rpphenyl ) sul fone, bis(4-
: e

chl orophenyl) s anal ogous ones and bisimdes as
il lustrated by 1, 3-bis[N(4-chlorophthalimdo)]benzene. .
According to US Patent 5, 2B imentiondelatesie Hia preparation of iematic pol yet hers

by this method dag i ' i j ol ar
f&%' ﬁeﬁaafygwrgrs, ahd nwettsarﬁmaﬂ% to theif Breddrifdry usSiig # _

sol vents, using a phase't sfer catalyst whic substantial |y
stabl e under theSResHisesYeMte conditions enpl oyed. Sui t abl e sol vents
di scl osed therein are o-dichl orobenzene, di chl or ot ol uene,
1,2,4-trichl grobenzene andatiqusstypes sfilakomeatic pdfyethers, particularly These

solvents are rel ati vel ensj [ nt al
problens. It vvoLﬂaodyﬁgeﬁgﬁ@?sa&%gﬁpgéé%@h?g,ar.‘tdop OI%{F'%gErf%?ﬁgyjaﬁ €Ss expensive
and nore envi r orhacome importantras engineeringiresins byJeasen wé their gxeellamdi ce of a
sui t abl e sol vent erthd : g :
Anong the fact orgsr° gﬁf(:e%élﬂ‘t'éoé t @y‘g\glréergt?él] glr?lca}llygr E%‘)l"i?gl,n?y g%sreacf‘?aﬂfuent for
the pol ymeri zat iSsttsrof dibydrexyaromatic cnpeunds, jsueh asgbisphenolA disodiumes of
reactants ang i nda, Wt dihaRatdnate molodwles! Bxemplesefsuitdble  the sol vent
0 stabilizing i g TR hake midlSGliE o0 bidlnRbSRoF Biitond, bis(d-

chlorophenyl) sulfone, the analogous ketones and bisimides as

illustrated by 1,3-bis[N-(4-chlorophthalimido)]benzene.

According to US Patent 5,229,482, the preparation of
15 aromatic polyethers by this method may be conducted in solution in
relatively non-polar solvents, using a phase transfer catalyst which is
substantially stable under the temperature conditions employed.
Suitable solvents disclosed therein are o-dichlorobenzene,
dichlorotoluene, 1,2,4-trichlorobenzene and diphenyl sulfone.

20 These solvents are relatively expensive and also
present environmental problems. It would be desirable, therefore, to
employ a less expensive and more environmentally friendly material
as solvent. The choice of a suitable solvent, however, is by no means
trivial.

25 Among the factors crucial to the selection of a Solvent or
diluent for the polymerization reaction are the solubilities and
reactivities of reactants and intermediates therein, the effectiveness of
the solvent in stabilizing intermediate species and its effectiveness in



=2- . permtting nolecular weight build to the desired | evel. These
factors for any selected solvent are not easy to predict.

For exanple, while it m ght be expected that one or nore i someric
di met hoxybenzenes woul d be suitable, it is not 5 effective in the
preparation of polyetherimdes of high mp2ecul ar wei ght, typically
represented by a wei ght average nol ecul ar wei ght of at | east about

30I 000 as det erpémsitti n‘@%cuﬂm'rwembuﬂd to the dbstfétfilewgams% Rlodéisve to
pol yst yrene. ce nman oyed in the preparation
of such pol yrrer@rgpx %%%‘ﬁsgﬁﬁ’g"se'ﬁ%?é% e@%‘f[?op'?dﬁ t he di net hoxybenzenes,

it mght be considered that this fact is the source of the problem
However, the situation woblbdexample, while ib mightdee expeated trationerarved by the

enpl oynent _of %B@?{ojraé@é‘ﬁfrﬁéthox&benféﬁe%' walid @@Q.f..&am:? R A8 observed.

It is of interest nmet hod preparation
of aromati c5pol gféaative lpdhﬁrﬁeaamnongofapqiymbeﬂmldﬁﬁ eﬁhlaagnolecu!ar he

af orenent i oned wa@h@w?gud@usmégfés@mewe Wéigh%ﬁ@r Smbié%ulaﬁw igRebf ed

reactivity characterls i CS spermiting aratlono
mol ecul ar wei ghit Igastiabeut 30508 ss‘g‘?mtﬁﬂf‘ W‘Hmﬂt‘Pﬁn 20

The present | nvaﬂbnmto% dmr&elhtm tbfpblyhtysmee rS/int:élmany of the reactants

ot epar at 1 on of SOPYERI g HfaBfietion st stioh'oniers"bre RSlgel ol 1 e

present i ndént isrdublle inrtbeddimethoxybpozenes, gt mlghtbscmsmnteddhauh@a}i ng an

aromt | ¢ POl vetfigf i eNRircdr Mo BROISATHORE e Y SiatiB wddld Hled 025 one
as

nonoal koxybenzene t ant ar am)un s of at
| east one al kal be gupesteddptbesimproved bydhﬁmmymgnb@ftapbaéq transfatt i c

hydr ocar bon andcémygg%ﬂdmls not obsePgdd.t uted aromati ¢ conpound of the
formul a () Z(A[err]-Xerr])[err],

It is of interest, therefore, to develop a method for the
15. preparation of aromatic polyether polymers using a diluent which has
the aforementioned improved properties and which also has the
desired reactivity characteristics, thus permitting preparation of high
molecular weight products. '

Summary of the Invention

20 The present invention is based on the discovery that
monoalkoxybenzenes such as anisole are efficient diluents for the
preparation of polyether polymers.

Accordingly, the present invention in one of its aspects is
a method for preparing an aromatic polyether polymer which
25 comprises contacting, in at least one monoalkoxybenzene as diluent,
substantially equimolar amounts of at least one alkali metal salt of a
dihydroxy-substituted aromatic hydrocarbon and at least one
substituted aromatic compound of the formula

I'd

() Z(A1X),



-3-° wherein Z is an activating radical, Alerr] is an aromatic radical
and Xferr] is fluoro, chloro, bronmo or nitro, in the presence of a
catalytically active anount of a phase transfer catalyst.

Anot her aspect of the invention is conpositions capable 5 of conversion
to aromatic pol yether polyners upon heating3at the above- defi ned
tenperatures. Said conpositions conprise the above- i dentified

di luent, alkali ”Wrei?\aﬂs aﬁ%ﬁ%ﬁ pEticdIoAtd énﬁ?dl"ﬁﬁtié‘?adlcal andXd |§hase
transfer catal yst

SCr,i ption; Pre rre nts
The al kal | et a1 - BpFe, GO, RiRIMG.0y Nt Hhe,DEiseRre ahe Gataycally ARNEL: bons
whi ch are enpl oyedmdummamwi—answemtamt are typically sodi um and
potassium salts. Sodium salts are frequently preferred by reason of

hei i labili d I | d
- anhydrous form rowever . Angthel ashibet BEthe ibfion.te odibbsiERHs REREE; °1°
hydrate, such &s bheohmiqmtmm*)matlc potyethiee polyareiie upbn Aeatidgattbel t may
be advant ageous p%%b@%f%&ﬁén@%ratures héﬁf@&érﬂ@oéiﬁoﬁ§38ﬁh‘f>ﬁs@‘iﬁ8ra‘im‘/@e

substituted aromati C CO

Sui t abl e di hydr oxidenfifiedi dliy@ati alkajhinetal sajtd substitwledaromaticreanuereundhose

having the formil gnd phase transfer catalyst. (1) HO-Alerr]-CH
wherein A2 is a dival'ent aromatic hydrocarbon radical. Suitable Alerr]

D13, 5 di mot hyl ) pRiSkpEHe Desotpfiena. Brieyres SHBSHIEMAI i n | ar 25

radi cal s such as those which correspond to the di hydroxy-substituted
aromati ¢ hydrpgar bons di scl Ghedalkali ntal saltsfof rdihydroxXygsulestitatedraromatic

specific) in UsS. g?@*&%monszav?ﬂcﬁ?@re employed in the present mJJ?\?oﬁ[{i{ar] radi cal

preferably has th
-Alerr]-Y-Al err] - 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 form. However, in certain

15 instances the employment of a hydrate, such as the hexahydrate of
the bisphenol A sodium salt, may be advantageous provided water of
hydration is removed before the substituted aromatic compound is
introduced.

Suitable dihydroxy-substituted aromatic hydrocarbons
20 include those having the formula

() HO-A2-OH ,

wherein A2 is a divalent aromatic hydrocarbon radical. Suitable A2
radicals include m-phenylene, p-phenylene, 4,4'-biphenylene, 4,4'-
bi(3,5-dimethyl)phenylene, 2,2-bis(4-phenylene)propane and similar
25 radicals such as those which correspond to the dihydroxy-substituted
aromatic hydrocarbons disclosed by name or formula (generic or
specific) in U.S. Patent 4,217,438. -

The A2 radical preferably has the formula

(1), -A3-Y-AS-



- 4- wherein each of Alerr] and Alerr] is a nonocyclic divalent

aromatic hydr ocarbon radical and Y is a bridgi ng hydrocarbon radical
i n which one or two atons separate Alerr] fromAlerr]. The free

val ence bonds in formula I'll are usually in the nmeta or para
positions of A3 and A4 in 5 relation to4¥. Conmpounds in which Alerr] has
forrruIaIII are bi sphenol s, and for the sake of brevity the term

"bi sphenol " is @&binEsc 3 4

di hydr oxy- subst it tg rowngftelﬁlc andA clﬁé%dhdc?cﬁ@al\/&l@ft%ﬁéﬂé cbe under st ood,

however, that n&ydmcarpen sadics di$ apridging hydspearbppdadicpl in whiak
enpl oyed as appbﬂbrdr&m atoitfs sep arate A3 frond A4f CI"h@Jﬁ'e"e Valencé itRndksRr] and

Al I bstit

Aydr ocar bon: subLime lﬁ@i@%@iﬁ%{f the eta AT A, of AS and A% in
S Ebst : t uent S{(Sj ( omﬁatwn mNe;‘ICbmpmgén:; IaygvlmtdAaImsﬁéh};lﬂﬂgimetbléphaws o
pnenyl ene ra IC% afg{)ﬂlﬁé &6{)8 g g,ﬁ e‘rgﬁ %R‘ { %8 et@ge%ﬂl’e eraply p-
h I lIth h Fé;bh

Bhggzl 222 aﬁd tg;rem Herdwgméeyhe|dd1ydroxy-sub§ﬁtuted aromatic Wiydrotarbdgisng
radical, Y, is @trghdurupe miwﬁaoer hbWBver, that ik P&ph?ﬁ@{}@érﬁ%ﬁn&é‘

separate Alerr] fromA 'uStrativé ra ype are
met hyl ene, cycl %%M%ﬂﬁmléﬁé’e QmP!?YQdﬁs-aPP"OP"alﬁ cycl ohept yl net hyl ene,
et hyl ene, isopropylidene, neopentylidene, 20 cyclohexylidene,

cycl opent adggyl i dene, cycllw ey iil, dho A3l A4 value%dﬁaylbbmns%%ﬁiuted

Powever | are unbapoyEREr ifoERbonEBsRhieS Hefiatives therdgf: flushBtie, and
particul ar sui t abbstitugntsdjonetar mare)dweing alkyt and alkenyht Uasubstituted t he

D ol e ot Phefifieh@TBHicaId 4 bidfdriey “RENDAS PR RS BRALRILIPRNC 5

radi cal , rom bi
i sopr opyl | dene ehenylpae, althoughbeth r'}‘aﬁlb@ eHMpherylgneceeone o- or m-

Spi r o( bi s) Imanghéhgehewcstﬁeauw%%wéﬁé oyed. They include
6, 6' - di hydr oxy- ', 3" -tetranet hyl'spiro(bis)indane and its

i : t d
zllcj bfs E)Ir Hﬁ :dl a\r)ﬁ: gﬁs The bridging radical, { IS osnuebﬁltv'v Leéjnea(r)lp {na ' ¢ conpounds

atoms, preferably one, separate A3 from A4. lllustrative radicals of this
type are methylene, cyclohexylmethylene, 2-[2.2.1})-
bicycloheptylmethylene, ethylene, isopropylidene, neopentylidene,

20 cyclohexylidene, cyclopentadecylidene, cyclododecylidene and
adamantylidene; gem-alkylene (alkylidene) radicals are preferred.
Also included, however, are unsaturated radicals. For reasons of
availability and particular suitability for the purposes of this invention,
the preferred radical of formula il is the 2,2-bis(4-phenylene)propane

25 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 6,6'-dihydroxy-3,3,3',3'-tetramethylspiro(bis)indane and
its substituted analogs. -

30 The substituted aromatic compounds of formula | which
are employed in the present invention contain an aromatic radical Al
and an activating radical Z. The Al radical is normally a di- or



are enployed in the present invention contain an aromatic radical Alerr]
and an activating radical Z. The Alerr] radical is normally a di- or

- 5 - polyvalent Cerr] radical, preferably nonocyclic and preferably
free from el ectron-w thdraw ng substituents other than Z _
Unsubsti t ut ed Clerr] aromatic radical sgare especially preferred.

The Z radical is usually an electron-w thdrawing group, 5 which nmay be

di - I | ent L.th : I
of dival ent radi cBPGVER TIPADfadiear phqtEratty RRopliic uid pleferably fige P! o
bi s(aryl ene) sul f fram ele@trpa=m,tm¥rawm aubstiteents oijer thanZ. Unsubstitutedi et y -
- A -Z- A - RididaA4 % ' I ket ,
t rI[EE gryl _en[e;a[)ir]s( _sﬁl ?rg@t, tris( ar&ﬁegﬁae)?‘ggg Eggﬁgd)i_,s( girg-( ZP;I) _en:) ggﬁzo- 10 -
Aerr] 1s pephenyl ene. o The 2 YadiBal & eualy afrdssnWingREuRgAIRUE. | n
mi CP - Al far r] -6Z- AliicH maysberdi- or pohyailentde coadispond withl thetvatért oAl .ho]se_ of
e 1ormul a . . I r err IS

a (Jerr] dival ent Eg:ngggg&#%/édzgfﬁ'so?r%gégg%iéfg#O%;EMQ%'@%E?g Igl?n
radi cal, a ( err] salfteyé,di eng} sulfdre; Ibenzor lheidiagine andjazoxy. Thus, the
bi kvl 2 \ ) i : : ]
B O ko o i
-Clerr]Herr]-, [tis(arylene)bis(sulfone), tris(arylene)bis(ketone), bis(arylene)benzo-

' 10 1,2-diazine or bis(arylene)azoxy radical and especially one in which

Al is p-phenylene. '

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

) —@}N-Rr—N{:@f- -

15 wherein R is a Cg.2g divalent aromatic hydrocarbon or halogenated
hydrocarbon radical, a C2.2¢ alkylene or cycloalkylene radical, a Ca-g
bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
radical of the formula |

) ' :

20 inwhichQis

0 o) CFs

I I I

CHge, -O-, C : ﬁ \ C'B
0 CFs



-6 - or a covalent bond. Mdst often, Rerr] is at |east one of

m phenyl ene, p- phenyl ene, 4, 4'-oxybi s(phenylene) and CH err]
" CHerr] (M)
-CH err])[err]-Si-OSi-(CHerr])[err]-
CHerr] CHerr] Pol yvabent Z radicals include those

which, with Alerr], form 5 part of a fused ri ng system such as
benzi ni dazol e, bepgaewraRNEbond. MestidHona Hm@apreabﬁaﬁébﬂhaﬁhenylene p- -

Al so present int ubst i.t yt ed, ar onat i formula 1 are two

di spl aceabl e X] epaf ﬁﬁﬂ?cﬁrg Wp@ﬂ&ﬁwlwc)f chl oro, bromo or

nitro. In nost instances, fluoro and chl orggg 665 are 10 preferred by
tyven

reason of the relative availabiJity and ef ess of the conmpounds
cont ai ni ng them Anong articularly preferred
substituted aromatic conmpounds of for Ia | are bis(4-fluorophenyl)

sul fone and the correspondi | s(4-fl uorophenyl)

ket one and the 15 correspondlngvghISFwﬁgbspgﬁﬁgﬁﬁg%%'1,3- and

1, 4- bi sS[ N- (4- quorophthallnldo)]benzgﬁe tnd 4,4' -bi sS[ N-(4-

fl uor opht hal i m do)] phenyl ether and the coirespondi ng chl oro, brono

and nitro conpounds. © M, I¢ﬁxybenzenes, especially
anisole (i.e., 20 nethoxybenzene), are the& dirlUénts.enpl oyed according to
t he present invention. They have the advantages of being relatively

harm ess to the envi ronrrenP olyvalém\d miaauls)mmdﬁhosu%@ma\mm g, form

;2? fnra {TFS 'naf)]? 3 hsﬁﬁ Qﬁ%l 3ﬁfj Jﬁ\’qﬁg\{l‘éﬁg sg.l},ﬁg%ht?éﬂlrﬁ% z'ow benzg)%znalé,

quinoxaline or benzofuran.

Also present in the substituted aromatic compound of
formula | are two displaceable X1 radicals which may be fluoro, '
chloro, bromo or nitro. In most instances, fluoro and chioro atoms are

10 preferred by reason of the relative availability and effectiveness of the
compounds containing them.

Among the particularly preferred substituted aromatic
compounds of formula | are bis(4-fluorophenyl) sulfone and the
corresponding chloro compound, bis(4-fluorophenyl) ketone and the

15 corresponding chioro compound, and 1,3- and 1,4-bis[N-(4-
fluorophthalimido)]benzene and 4,4'-bis[N-(4-
fluorophthalimido)]phenyl ether and the corresponding chloro, bromo
and nitro compounds.

Monoalkoxybenzenes, especially anisole (i.e.,

20 methoxybenzene), are the diluents.employed according to the
present invention. They have the advantages of being relatively
harmmless to the environment and having properties such that the
intermediates and products have high enough solubility to permit
formation of a high molecular weight product.

25 This is surprising for at least two reasons. First, as
obsetved hereinabove, the isomeric dimethoxybenzenes, which are



-
—

25" This is surprising for at |east two reasons. First, as

observed herei nabove, the isoneric di nethoxybenzenes, which are

-7 - closely related in nolecular structure, does not permt the
preparation of a high nol ecul ar wei ght pol yetherim de. Second,

ani sol e and the di met hoxybenzenes arezsimlar in their failure to
di ssol ve, at | east entirely, the nononers enployed in the reaction;

therefore, they nbgbly relatBd it HRGI6EMEr SRudard! ided nBt pdrimiRasteBafdtiom t he
standpoi nt of hig

h ) | ecul ar ,wei ght pol, r Quild .

Al so present in tﬂ%aﬂﬂ%mr@ﬁcwﬁkméﬁilgﬂﬁtgﬁ@{‘g%rgﬁg‘?@' anisole angd the, s |
pre}‘eragl y one Mdﬁ%}ﬁ&xﬁb@ﬁeﬁ?@imlmﬂaﬁhltﬂegﬁaﬂme ct:o dis(;soh{/e:rmeeaétures f
enpl oyed; i.e., in range of abo - r1.C . arious types of - -
phase transfer ca?gﬁﬂf&'ﬁﬁgﬁorﬁoéns%p%@ééféad&ﬁf%?éa&wh’ &‘eﬁ?lfpﬁ%s .eYﬂ%‘éﬁF

i ncl ude quat erfar be Expeptedhioure saiformlyfinadesiuape from the stdndpoiat efihigh U. S.
Patent 4,273,712, =4 dl ' yridi nium salts of the type
di sclosed in U S, n@%&ﬁ%@w@:%?%@ﬁhﬁ@ 595, 760, and guani di ni um
salts of the type disclosed in the aforenentioned US 15 Patent 5,229, 482.
Sai d patents and applicati oAlse presapbindbe deaetiosymixture isia-pbassransierei n.

The preferred phaé&agis%rﬁu’eférﬁﬁﬁiédé'%bh i8)subsar@RlpStable at tHeei r

ti | stabi[ity at hi i at d thel[: 1
N te hrgh ol clamae RS RmaloRt e Bdhe daas of shoti S52Rb o 0

yiel d are theldhexvalibys gy of phase tearisieicatalysts may be employed for this
b sphehol | sal't - anBUERe: | TRCHCHS A EmeRp Bnddafidhiom salts of hetyme T
brought into cont disclasedsinddiSarRatant 4,278, 18, INmlkylrdcdialkylaminopyuidiniumaxi num
mol ecul ar wei ght, saggﬁﬂgwg@a RS90LSH RUES PAtES. £360,778 a8 508! 780,

ut no may %e gf a 'ﬁ ’

exactly equi nol ar, Dl ecul ar vvelg‘t contr ol chireled’b
enpl oyi ng one reagedguanidingmysalts of thestypg lisclgsadia therafpeementionegd §§y '
within the scape phtdrit®,299,48D1 Baill Paberitt and appicstien afh fcorporated Bpoent s
such as nonohydr oxyar onmat,i ¢ corcgoun or nﬂnoh?l 0-, Or I troar onpt I C
conpounds as chai FEfeEaNceNATP, LR Rieierred phase transfer catalysts‘:g&g%qw o
tenperatures are theit éecaptiopal stabilibpat high temperatures and their effectiveness

to produce high molecular weight aromatic polyether polymers in high

yield are the hexaalkylguanidinium and

20 q,m-bis(pentaalky!guanidinium)alkane salts.

The bisphenol salt and substituted aromatic compound

are typically brought into contact in substantially equimolar amounts.
For maximum molecular weight, the amounts should be as close as
possible to exactly equimolar, but molecular weight control may be

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

_ Reaction temperatures are in the range of about
30 125-250°C, preferably about 130-225°C. The proportion of phase
transfer catalyst is generally about 0.5-10 and preferably about 1-5
mole percent based on bisphenol salt. For best results, an intimate
blending method such as vigorous stitring is employed since the rate



30 125-250[err]C, preferably about 130-225[err]C. The proportion of

phase transfer catalyst is generally about 0.5-10 and preferably about
" 1-5. nol e percent based on bi sphenol salt. For best results, an
i ntimate bl endi ng net hod such as vigorous stirring is enpl oyed since
the rate -8- - 8- of the
pol yneri zation reaction is highly dependent on efficiency of
bl endi ng. i»atibal o i ' yep, the
O e e O o R o ey Ot hodis

aromatic p I%/fgél _

This 5 typicall ?r" Mddes the steps of washing and precipitation by

conbi nation of the polynmer solution with a non-solvent for the

pﬁl yner. o ou | Follaii%mgrebdnp!éti@h dfhl|1_e ééaotkm, itl@@a'r@mhtid:uitrat ed by

t he ol  omn es. L per.cent L ds" .par er .l e -

exanples 10 is g’eiﬁ%ﬂﬁ?'wa &P%ﬁﬁgﬁsﬁﬁeﬁ'ﬁ c%fe&“gﬁﬁﬁ'ﬁ%‘bdé-gﬁ'ﬁm ymer

sol uti on, 5 dypicaliynipckulepitbe stepsaot washiof anshpregipitationdyent s.

Exanpl es 1-4 hinafi | . - asks, each

fitted with a °°mb6%%tbﬂ“e°fstrhf3r9°e'{'%ﬁ%@%éﬁ%ﬁé@%ﬁ%’ﬂgﬁgﬂcﬁ stillation

head, were 15 clp@i\fB@r-with various sol utions of bisphenol A disodium salt

hexahydrate in anisole. The solutions were heated at 185[err] C under

hitrogen to distill out watipe mbtHbdbfahisORventidh BAN@stANLE Byaheafl t er which

solutions of 1, 3, tuﬂsy%l\l— %—chl oro Ft hal i m ﬂoé&ﬁpenzene in.a hsol e re

added and a smal FOUQYING; ﬁmp‘?ﬁ)rﬁl BnPBfceRh P %Raéﬂ%\?&f '83 9 $xamples

di still ati on10 Heisathehginguahotiproduct polgmed asdBéidehtage ofpolymde so(ugion, henol
(HEGCI) was added ] - t on i spheno
hsalt) and the PESUTIGOpIT Sacibd® GoRbERRl e | Ly ' a

ni trogen atnosphere. Sanples were periodically renoved and anal yzed
by gel perneatiolExamphes otrdaphy for pol ymer nolecul ar 25 weight. The
results are given in Table |I; weight average nol ecul ar wei ghts are

relative to polystyrene. Three-necked round-bottomed flasks, each fitted with a

paddle stirrer, nitrogen purge means and distillation head, were

15 charged with various solutions of bisphenol A disodium salt
hexahydrate in anisole. The solutions were heated at 185°C under
nitrogen to distill out water of hydration with some anisole, after which
solutions of 1,3-bis[N-(4-chlorophthalimido)]benzene in anisole were
added and a small additional portion of anisole removed by

20 distillation. Hexaethylguanidinium bromide [HEGBr] or chloride
(HEGCI) was added in the amount of 4 mole percent based on
bisphenol A salt, and the resuiting mixtures were stirred under reflux
in a nitrogen atmosphere. Samples were periodically removed and
analyzed by gel permeation chromatography for polymer molecular

25 weight. The results are given in Table I; weight average molecular
weights are relative to polystyrene.



TABLE-‘ I ' Wei ght average nuol ecul ar

wei ght Exanple %solids Catalyst 2 hrs. 5 hrs. 18 hrs. 1
15 HEGCI 20, 600 24,100 50, 200 2 25 HEGCI
21, 000 35, 100 53, 800 3 30 HEGCI 22, 400

37,300 49,500 4 25 HEERBr. 20, 100 32, 300 51, 400
Exanpl e 5 : The procedure of Exanple 4 was repeated,
except that the solids | evel was 20% and the reaction was run in a
'38-1 stainless 5 steel reactor with arﬂgi_lt Bitched turbi ne bl ade stirrer
and on a scale appropriate to the e % . The nol ecul ar wei ght after
2 hours reaction tinme was 61, 200. This exanpl e denonstrates the

advant age of enploying efficient stirWeight average malegular eveight '

A sol ution of 46g93 (290som ) &4 ' -slhhydr oxy- big_,gﬂq_ in 500
m of anhydrous g'gg_g"%d %et hanol %&@L&?m Ir}?/ 5\&1{%1 40. 8. of a

49. 4% aqueous sodi um hydr?gdi de sol tioq (500 nmol| of Na and enough
degassed water (About 10079 ) was HEGClaqRY608 ef f 24:1901 ut iRh20Ghe
SoljUt:O\r/]\,{ msd;rgafferrgdlgs thfel algecot 191,000ai r tm'mooaddigg,gmfungel
and sl ow y adde o a 3- er a ni ng ous rred,
refl uxi ng xyl enesat such %6rat e tﬁiﬁ%t e?ﬂla&b and éf?egﬁénol ‘eéngrééh ately

distilled out of4the fl ask5 produdidBGBrhe 20,100di soB2;808al t 51,400

4, 4" - di hydr oxybi phenyl in finely particulate form The slurry was
heat ed under refkgénhglecg | ect water in a Dean-Stark 20 trap, and then
transferred to a dry 'oox 1 n which the salt was renoved by filtration,

pl aced in a 500-m round-bottonmed flask and vacuum
The procedure of Example 4 was repeated, except that

the solids level was 20% and the reaction was run in a 38-l stainless

5 steel reactor with a dual pitched turbine blade stirrer and on a scale
appropriate to the reactor. The molecular weight after 2 hours
reaction time was 61,200. This example demonstrates the advantage
of employing efficient stirring.

Example 6

10 A solution of 46.553 g (250 mmol) of 4,4'-dihydroxy-
biphenyl in 500 ml of anhydrous degassed methanol was combined
with 40.482 g of a 49.4% aqueous sodium hydroxide solution (500
mmol of NaOH) and enough degassed water (about 100 ml) was
added to effect solution. The solution was transferred in the absence

15 of air to an addition funnel and slowly added to a 3-liter flask
containing vigorously stirred, refluxing xylene at such a rate that water
and methanol immediately distilled out of the flask, producing the
disodium salt of a 4,4'-dihydroxybiphenyl in finely particulate form.
The slurry was heated under reflux to collect water in a Dean-Stark

20 trap, and then transferred to a dry box in which the salt was removed
by filtration, placed in a 500-ml round-bottomed flask and vacuum
dried at 150°C for 16 hours.



dried at 150[err]C for 16 hours.

- 10- By a simlar procedure bi sphenol A di sodi um sal t
was prepared from 114. 14 g (500 mmol ) of bi sphenol A

A dry 50-m three-necked flask was placed in the dry box- and char ged
with 2.337 g (10.15 mmol) of the 4, 4'-di hyidr-oxybi phenyl 5 disodium salt
and 2.87g (10 nmmol ) - of bis-(4-chl orophenyl) sulfone. The fl ask was

capped, fléI t ed WI]Eh a condgy @émllurtﬁrﬁéé’dum}lbi@phéﬁamdlsodlulrgcf?[éltfwjiééanl cal
stirrer an transferre err
Ani sole, 25 ni, Wé?spaéﬂaé 334t1r4e9 RSQ&&?@&&?W@ Bﬂ' Ao refl ux,

al | owi ng about 5mM of anisole to distill to dry the reagents. 10
Hexa- N- pr opyl guani di ni um cA dnyiSemi Iﬁl@eﬁgﬁcﬂ@dmaskmas placedintheodryi tox

about 1 m of an rous
exot herm c react #@ﬁ c@@&%g@ﬂd{é%?\i Olvv!a%rhgﬁé\'?l nued ?gﬁhyﬂmnﬁ%ﬂr action
was sanpl ed fger i disiodiurm\salfyand:2:87gn(j Oammal) of bis+{#t-chlorophenydhsulfone.with
acetic acid and ¢ p@a | OndeRsé P hit @rﬂﬁllg)ﬁhé hy gel
per meati on chr omatl%lfgdas'lgwéM &rﬁb egﬁe?;w(g?gdynvgﬁsl% tioge é 2
TABLE 1| | and mechamcal stlrrer and transfefrgg to gp o qu,mamtalne at
0.25 2,500 20  160°C. Anisole, 25 ml, was added and.the rAixf?é was heated to
é 1525’ ;88 reflux, allowing about 5 ml of anisole l% dis@;to;%& tEg reagents.
5 46,800 10 Hexa-N-propylguanidinium chloride, 75 mg?(O%)mmoI) in solution in
It is apparent t o)
ool yot her sul fon eggggﬁg rrrgl Afeadléolénwﬁé%‘?ideﬁ"ﬁvefq Mititite Whlereupon a
, vigorous exotherrmc reaction occurred. Heating was continued and
the reaction was sampled periodically by removing about 0.2 ml,
quenching with acetic acid and diluting with methylene chioride for

156 analysis by gel permeation chromatography. The results are given in

Table ll.
TABLE i
Time, hr. Mw
- 0.25 2,500
20 0.5 2,500
: 1 2,700
2 7,700
3 18,700
4 37,200
25 5 46,800
6 47,900

it is apparent that anisole is an excellent solvent for
polyethersulfone preparation. '



Wiat is clainmed is: 1. A nethod for preparing an

_aromatic pol yether pol ymer whi ch conprises contacting, in at |east
one nonoal koxybenzene as diluent, substantially equinolar anounts of
at | east one al kali metal salt of a di hydroxy-substituted aromatic 5
hydrocarbon and at | east one substituted ffomati c conpound. of the
formul a (n Z(Alerr]-Xerr])[err],
wherein Z is an activating radical, Alerr] is an aromatic radical and
Xerr] is fluoro, chiRapis dMigiBdier nitro, in the presence of a

catalytically active 10 anmount of a phase transfer catalyst.

2. A nethod according to ¢lajm.1 rein the noal .koxybenzene is

ani sole. . 1. Aé’.‘em\gﬁ??ﬁ%ep&é'&‘sr% ﬁﬁ’"ﬁ%‘%ﬁ%ﬁ’ﬂﬁﬁ Pwherein the-
‘phase t r angiolymenwhichstomprisesjcentacting, \in @héesgsboneum sal t, an

al kyl am nopyri di Qi Aol | : 4. A
met hod accordi ng%ﬂ %S%F%eg&\?vﬁee%?@%g %[?ggég{tfaﬂy e({urll'gﬁlg{am%%qtglqjﬁt is a
hexaal kyl guani dileastraner alkali metaksal oba diyskogesubstituted arogadici di ni un) al kane
salt. g'gysq,( ' | ha the

di hydr oxy- subst ihtyg{%cc?rg?%r?ggi%‘ﬁ%%%ar on lﬁ%@%fﬁ@a?%%p?u%%ﬁh@

HO Al err]-Y- Al ef®0dA  wherein each of Alerr] and Alerr] is a nonocyclic

di val ent aromati ¢ hydrocarbon radical and Y is a bridgi ng hydrocarbon

radical 5 in which one o)t wo atons sepa(Ai-edf\;[grr] fromAferr].
6. A method according to claim2 wherein Alerr] is p- phenyl ene.

wherein Z is an activating radical, A1 is an aromatic radical and X1 is
fluoro, chloro, bromo or nitro, in the presence of a catalytically active
10 amount of a phase transfer catalyst.

2. A method according to claim 1 wherein the
monoalkoxybenzene is anisole.

3. A method according to claim 2 wherein the phase
transfer catalyst is a quaternary phosphonium salt, an
alkylaminopyridinium salt or a guanidinium salt.

4. A method according to claim 3 wherein the phase
transfer catalyst is a hexaalkylguanidinium or o,w-bis(pentaalkyl-

guanidinium)alkane salit.

5. A method according to claim 2 wherein the
dihydroxy-substituted aromatic hydrdcarbon has the formula
HO-AS-Y-A%4-OH, wherein each of A3 and A4 is a monocyclic divalent
aromatic hydrocarbon radical and Y is a bridging hydrocarbon radical

5§ in which one or two atoms separate A3 from A4.

6. A method according to claim 2 wherein Al is-p-
phenylene.

7. A method according to claim 6 wherein Z is a sulfone
radical.

* c L M H *



7. A method accor di ng to claim6 wherein Zis a sulfone radi cal .

-12 - 8. A nethod according to claim6 wherein Zis a

car bonyl radical. 9. A nethod according to claim2 wherein
-Alerr]-zZ-Alerr]- is a bi sim de radical of the fornula

(1v) [err] wherein R err] istg-Clerr] divalent aromatic

hydr ocarbon or hal ogenated 5 hydrocarbon radical, a (Jerr] alkyl ene or

cycl oal kyl ene radical, a (err] bi s(al kyl ene-t erm nat ed)

pol ydi or ganosi | oxane radl cg! Adnethodl acdording to clam\aslm@renﬁfz ig fornula

(V) [err] dcglls [err] 10

or a coval ent bo?ﬁ!gony radi 10. A method accor di ng to claim9
wherein X err] is fluoro or chloro. 11. A et hod

according to clai m2 where3.nAtthethod according to claim 2 wherein -A1-Z-Al-is a
bisimide radical of the formula

o) 18]
) O:>N-31-N<:©—
' O o]

wherein R1is a Cg.gg divalent aromatic hydrocarbon or halogenated

5 hydrocarbon radical, a C2.29 alkylene or cycloalkylene radical, a Co.g
bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
radical of the formula

(V) s H
in which Q is
0 O CF3
I I l
'02H4', ‘0‘, C s ﬁ ’ _(l:—'
10 o CFs

or a covalent bond.

10. A method according to claim 9 wherein X1 is fluoro
or chioro.

11. A method according to claim 2 wherein the
dihydroxy-substituted aromatic hydrocarbon is bisphenol A.

12. A method according to claim 2 wherein the reaction
temperature is in the range of about 130-225°C.

-

| O A



di'hydrdxy-éubstitut ed aromati c hydrocarbon is bi sphenol A

12. A nethod according to claim2 wherein the reaction tenperature is
in the range of about 130-225[err]C.

- 13- 13. A method according to claim2 wherein the
phase transfer catalyst is a guanidifgumsalt.

14. A nethod according to claim 13 wherein the ' proportion of phase
transfer catal yst enployed is about 1-5 nole percent based on the
- di hydroxy-substituted aromg] A hetes até®ding to cla@Rlwherein the phase

15. A conpositi 0{} capabl Iof .conversi.on to an aromatic pol yet her
pol ymer upon hea F'H%%éFa X%r'ﬁ)@r%w.mium £4 range of about

125-250[ err] C, said conposition conprising at |east one
nonoal koxybenzene as di | uetd, Asmethacthacedrdingstoudlaint 48 whareinttheof at 5

nyar ocar bon and BOHORT 8t e frafiret Paiie ShiTblAd i Bienie,

D

formul a percent based opjthe dihydroxy-substitutgd-ardmatjcchydrpbarbdn
wherein Z is an ggtivating radical, Alerr] is an aromatic 10 radical and
Xerr] is fluoro, chloro, bronp or nitro, and a catalytically active

anount of a phase transfer_ catal yst. .. . 16. A conposition
according to claim 15 vvh_erBg'nAtFé‘"posu'oﬁﬁﬁﬁﬁblﬁcﬁfﬂ?éHﬁﬁ‘@"losa@rﬂl'gmgg(?
176' A f:orrpoa t i opolgether ¢olymémpﬂrﬁheatirfg ahet@nperatife i the rangéla”cv_ffoni6
radi cal . . . tion according,to Claim
wherein Z is a about c@éﬁ%%?/ lC,Es%&q ggnl.%?)ggl‘-ﬂ%h comprising a? lesst ohe

monoalkoxybenzene as diluent, substantially equimolar amounts of at

5 least one alkali metal salt of a dihydroxy-substituted aromatic
hydrocarbon and at least one substituted aromatic compound of the

formula
) Z(A1-X1)o,

wherein Z is an activating radical, Al is an aromatic
10  radical and X1 is fluoro, chloro, bromo or nitro, and a catalytically
active amount of a phase transfer catalyst.

16. A composition according to claim 15 wherein the
monoalkoxybenzene is anisole.

17. A composition according to claim 16 wherein Z is a
sulfone radical.

18. A composition according to claim 16 wherein Z is a
carbonyl radical.

19. A composition according to claim 16 wherein
-A1-Z-Al- is a bisimide radical of the formula .

L



19. A conposition according to claim 16 wherein -Alerr]-zZ-Alerr]-
bi sim de radical of the formula

S -14 - (1v) [err] _
wherein Rerr] is a (Jerr] divalent aromatic hydrocarbon or hal ogenated
5 hydrocarbon radical, a CJerr] alkyl eneqar. cycl oal kyl ene radical, a

derr] bi s(al kyl ene-t ernmi nat ed) pol ydi or ganosi | oxane
radi cal or a dival ent o radi cal gof the formula (V)
[err] in which_Qig

[err] 10

20. A conposition accor ¥y to i WNr@'EiNg th '

wherein R1 is a Cg.2¢ divalent aromatic hydrocarbon or halogenated

5 hydrocarbon radical, a Cz.2¢ alkylene or cycloalkylene radical, a Co.g
bis(alkylene-terminated) polydiorganosiloxane radical or a divalent
radical of the formula |

\) . '

in which Q is
0 0 CF3
l I |
'CaH4', 'O‘, C ' ﬁ , —-—-—?—-—-—
10 0 CFq

or a covalent bond.

20. A composition according to claim 16 wherein the
dihydroxy-substituted aromatic hydrocarbon is bisphenol A.

R0 O

S

a coval ent bond.

a



