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THEI R PREPARA BACKGRClJND C]:
THE INVENTION 5 This inventi OQCHaQ rorra
copol yetheri'm des and a nethod for their prepa 2
transfer catal yzed reaction. Vari ous types ol aro
pol yethers, particularly _ polyethersulfones and pol yet her ket ones, have
become inportant as 10 engineering resins by reason of their excellent

properties. These polymers are typicall ared by the reaction of
salts of di hydr oxyar omat i NQ@¥&p @LYE%bﬁE &IBE§p‘H&BoI A di sodi um

salt, w th di hal oaromatic mAmAyAEyzngbw[?ggjondgr op?gzgls) 15

sul f one, bi s(4-chl orophenyl) s _
These reactions previously required ﬁ!égﬂfg%?’@éﬂw aprotic
sol vents, which were necessary to solubilize one or both react ants.
Such solvents are expensive, difficult to purify and di fflcul]t to
keep dry, since the ' | @@reover, t he polyners .
prepared by the usekﬁﬁgﬁmpmb&@ﬁz ntly colored by reason 20
of the occurrence of side reactions |eading to colored by-products.
Anot her cl ass of Spol ymer s capabisdnegntiongplates foonove} aromatic  si ni | ar met hod
i s the polyetherim %ﬁolyéihgrlnﬁd’éﬁﬁﬁé a%@ﬁzd?&‘lthelr prerfﬁ?ﬁﬁ?byg
3,847,869 descri be { r epar |on the reactio
bi sphenol A di sodi u a&aefcw ¥¢8 aTPEc' ni tro-substituted 25
bi s(phthal i m do) derivatives of aromatic di anmi nes. These net hods of
preparation also require di poVanom)type:scofacdmaimlmlyéthemclﬂatticulaﬂyt heyh
frequently do not a f

q y fpf)gl% e‘?%tﬂfﬂﬁ% n‘a ﬂ&ﬁer@{qﬁﬁg ‘éﬁ%cg%‘ Oﬁﬁ%érpanrf 'ad

yield. As a result, nor e
comerci al scal &0 byena@ee@a@ﬁwbyr%nsmqiéh,elmmellgntazr@pames These

polymers are typically prepared by the reaction of salts of
dihydroxyaromatic compounds, such as bisphenol A disodium salt,
with dihaloaromatic molecules such as bis(4-fluorophenyl) sulfone,
bis(4-chlorophenyl) sulfone and the analogous ketones.

s such as

*

15 These reactions previously required the use of dipolar
aprotic solvents, which were necessary to solubilize one or both
reactants. Such solvents are expensive, difficult to purify and difficult
to keep dry, since they readily dissolve water. Moreover, the polymers
prepared by the use of such solvents are frequently colored by reason

20 of the occurrence of side reactions leading to colored by-products.

Another class of polymers capable of preparation by a

similar method is the polyetherimides. U.S. Patents 3,787,364,
3,838,097 and 3,847,869 describe their preparation by the reaction of
salts such as bisphenol A disodium salt with halo- or nitro-substituted

25  Dbis(phthalimido) derivatives of aromatic diamines. These methods of
-preparation also require dipolar aprotic solvents. In addition, they
frequently do not afford products of high molecular weight or in high
yield. As a result, polyetherimides are normally produced on a
commercial scale by the reaction of diamines with bis(ether

30 anhydrides). The latter reagents are generally themselves produced
by a complex multi-step synthetic method often employing nitro-



30 ?anhydri des). The latter reagents are generally thensel ves produced
by a conplex nulti-step synthetic nethod offen enploying nitro-

-2 - substituted phthalimdes, which |ead to the fornmation of

by- product s hazardous to the environnment in varying degrees.

There has been considerable attention directed in recent years to
nmet hods for conducting organic reactions in heterogeneous 5 systens,

enpl oyi ng a phase transfer catal yst which fadiiitates m gration of a
reactant into a phase fromwhich it is normally absent. Thus, for

exanple, it is knovsuhstituted pbthalimides: which leaddy thexforation of by-pregucted by
the reaction of a iSihgoed t&hé%ﬂﬂhﬁ?ri inWrérﬁPgrdI@gFééét or

hal o- substituted phthalimde Iin a net ene ¢ e-vvaterfm'ﬁture, 10

enpl oyi ng a phase transfer catal yst to pronot igration of the,

otrrﬁerzvi sg rreltohyl ene chl or.i deﬁ"fﬁ’él be i@ﬁﬁge?fﬂrglgﬁﬁ?ntf‘m‘g‘@%%g&%ﬂb s
| ayer for reaction yedrste hwtisodssfor cohduttingtdrganioireetions in heterogeneous

Pat ent 5, 229, 48% di S | JLeaction for
the preparati on%of s}%kéﬁ ,heer?lgl:gp@gfadb@%ﬁ{r{i@ﬁe&gﬁa]&%@&ﬁg“ﬁ{(ﬂ%@% at .| east
one alkali metal sanigratiomoti reantantintoumpbasafrem which it inemaliyabisedt.ocar bon
and at |east one sun&ié,?wé&n%:en@w&m&%&(em%r nﬁ@ﬁeaﬁmy% for
exanple, a blS(SUbStItUtwrthahg{nI]de?’ba heaol.di I s(ha ﬁ_p %{ly ) sul fone or
a bi s(hal ophenyl ) WYEBAE heeagtionjof a bisp ﬁ'é?é#'ﬂ’(;zmé,a ity & 8itE9- Oence of
a catal ytical | y acthale-sabstitatedyghthalifiiderih asaethylenefohloridetwates mixtareh i s

di'scl osur e, hongerdm@pyinda p%%sgoﬁﬁﬁéﬁt%{vsé@%%ﬁeﬂais@ﬁéé L& Joes of
structural units orotherwise mathyleqe chloridadnsolyhle pisphenalrsalt into the suyaniey OF -

THE | NVENTI ON 25 jayer for reaction with the sebS§itaftld praNAiiien i s based on the
di scovery of a cl ass of copol yetherimdes containing ether sulfone or

ether ketone US Patent 5,229,482 discloses a phase transfer

catalyzed reaction for the preparation of polyethers. Said reaction

15 occurs between at least one alkali metal salt of a dihydroxy-substituted
aromatic hydrocarbon and at least one substituted aromatic compound
which may be, for example, a bis(substituted phthalimide), a
bis(halophenyl) sulfone or a bis(halophenyl) ketone as indicated
hereinabove, in the presence of a catalytically active amount of a

20 phase transfer catalyst which is substantially stable at the
temperatures employed. There is no disclosure, however, of
copolyetherimides containing other types of structural units or a
method for their preparation.

SUMMARY OF THE INVENTION

25 The present invention is based on the discovery of a
class of copolyetherimides containing ether sulfone or ether ketone
groups, and a method for their preparation by a phase transfer
catalyzed method.

In one of its aspects, the invention includes
30 copolyetherimides comprising structural units of the formulas



groLps, and a nethod for their preparation by a phase transfer

catal yzed net hod. In one of its aspects, the invention
i ncludes 30 copol yetherimdes conprising structural units of the formnul as
- 3- [err] wher ei n:

-3-

_o‘@#_ @._

and at least one of the following:

OO

and

O

y)
o
S

D) o

wherein:

Alisa Ce-20 divalent aromatic hydrocarbon or
halogenated hydrocarbon radical, a C2.2¢ alkylene or divalent alicyclic
radical, a C2.g bis(alkylene-terminated) polydiorganosiloxane radical or

10  adivalent radical of the formula

wv) Q ;

each of A%, R' and R? is independently a divalent
aromatic radical;

Qs -CzHs-, -O-, -C(CF3)-,-C(0)-, -SO,- or a covalent
15 bond;

Zis -CO- or -SO,-;



Alérr] is a (Jerr] divalent aromatic hydrocarbon or hal ogenat ed

_hydrocarbon radical, a CJerr] alkylene or divalent alicyclic radi cal, a
"C[err] bis(alkylene-term nated) pol ydi organosil oxane radical or 10 a

di val ent radical of the fornula [err] each of Alerr],
Rlerr] and R err] is independently a dival ent aromatic radical;

Qis -(err]Herr]-, -0, -C(CF[err])-,-C(O-, -S(Jerr]- or a covalent 15
bond,; Zis -CO or -Sqerr]-‘,4'

-4- nis 1 or 2; and pis 0 or 1.

I n anot her aspect, the invemisohor@; andret hod for preparing a

copol yet heri m de which conprises contacting, in a solvent and at a 5
tenperature in the range of @ig)@ubri_ZS- 250[err]C, (A at |east one alkali
nmetal salt of a dihydroxy-substituted aromatic hydrocarbon having the

formula HOR err]-OH with at .|l east o first,.substitut aromatj c
conpound of RE he %or nul a (Bﬁ'\ another aspecﬂ &e invention is ameh!\o%c*or preparing

a copolyetherimide which comprises contacting, in a solvent and at a

5 temperature in the range of about 125-250°C, (A) at least one alkali
metal salt of a dihydroxy-substituted aromatic hydrocarbon having the
formula HO-R‘-OH with (B) at least one first substituted aromatic
compound of the formula '

v) x‘—O N—F A"

10 and (C) at least one second substituted aromatic compound of the

formula
| X! l x!
Vi) Z
' . n

or (D) at least one macrocyclic polycarbonate or polyarylate oligomer,
~ wherein each X! is independently fluoro, chloro, bromo or nitro and A',
15 R', Z and n are as previously defined; in the presence of a catalytically
~ active amount of a phase transfer catalyst which is substantially stable
at the temperatures employed.

DETAILED DESCRIPTION; PREFERRED EMBODIMENTS

‘The A’ radical in the copolyetherimides of this invention
20 may be an aromatic hydrocarbon, halogenated aromatic hydrocarbon,



[er?] 10 and (C) at Ieast one second substituted aromatic conpound of the

formul a [err] or (D) at |east one nacrocycllc
pol ycar bonat e or polyarylate ol i goner ~ Wwherein each Xerr] is

i ndependently fluoro, chloro, bronp or nitro and A\, 15 Rerr], Z and n

are as previously defined; in the presence of a catalytically active
anount of a phase transfer catal yst which is substantially stable at
t he tenperatures enpl oyed. DETAI LED DESCGRI PTI ON; PREFERRED.

EVMBODI MENTS The A" radical in the copolyether|n1des of

this invention 20 aliylene ondivalentaficyclio yadicalaastindicateal dyragtatsb Béamat iC

hydrocar bon, |s((:l lkylen -terminated)polydiorganasiloxane radjcal sucl}:l gw

| kyl di val ent ﬁ e[ (}c)gp r?(fcate cd pe ar}ea

bi s{ al kyl ene-t er m ndeeff mwd.-%dma@ﬂ.ﬁﬁ&w@tramw G-disiladioxangnane,

derived from 1, 9- dlagbms'@n&m )te4ra§1éih HisfoxarfeX aRgHaNe;
ra

d 5
o 0, st o o e epiidkaloaces sih as -

oct anet hyl cycl ot et rectamethyicyclotetrasiloxane.

Al may also be a divalent radical of formula IV, wherein
Qiis as defined. Most often, A'is m-phenylene, p-phenylene, alkylated
m- or p-phenylene or a mixture thereof.

10 The copolyetherimides of the invention also comprise
structural units of formula Il or formula {Il. In formula i, Z may be a
carbonyl group or a sulfone group and n may be 1 or 2. The R?
radicals in formulas | and Il is a divalent aromatic radical and
preferably a bisphenol-derived radical, especially

15 2,2-bis(4-phenylene)propane, the radical derived from bisphenol A.

In formula {ll, A% is a divalent aromatic radical and pisO,
whereupon the units of formula lif are carbonate units, or 1,
whereupon they are ester units. When pis 1, AZis preferably p-
phenylene, m-phenylene or a mixture thereof. When p is 0, the
20 preferred A? radicals often have the formula

(Vi) -A%-Y-A%

wherein each of A3 and A4 is a monocyclic divalent aromatic
hydrocarbon radical and Y is a bridging hydrocarbon radical in which
one or two atoms separate A3 from A%. The free valence bonds in

25 formula | are usually in the meta or para positions of A3 and A4 in
relation to Y. Both A3 and A4 are preferably p-phenylene, although
both may be o- or m-phenylene or one o- or m-phenylene and the
other p-phenylene. - '

The bridging radical, Y, is one in which.one or two atoms,
‘30 preferably one, separate A3 from A4. lllustrative radicals of this type
are methylene, cyclohexylmethylene, 2-[2.2.1]bicycloheptylmethylene,



Alérr] may also be a divalent radical of formula IV, wherein. Qis as
~defined. Most often, Alerr] is mphenyl ene, p-phenylene, alkyl ated

‘m or p-phenylene or a mxture thereof. 10 The

copol yetheri m des of the invention also conprise - structural units of
formula I'l or formula Ill. In formula Il, Z may be a car bonyl group
or a sulfone group and n may be 1 or 2. The R 2 radi cals in fornul as
| and Il is a divalent aromatic radical and6- preferably a

bi sphenol -derived radical, especially 15 2, 2-bi s(4-phenyl ene) propane, the
radi cal derived f reihylenepisepcdpyﬁdene neopentylldene cyclohexyl ideine; aydlapér- |

Alerr] is a dival ggiye é%ﬂfé%' E){Jdi@éﬁdé@khdﬁf@ dhd édagnm%ntyhdene“"@@ﬁ?é'lﬂgr eéhe uni ts

of fornmula Il are carponate ester

units. Wen p is 1alipfidens) "ﬁg'cﬁlseﬁfél{&%ﬂeﬂfeﬁ For reasomgh@v “t\h@%enyl ene or

a mxture thereof. pélfﬂ@lﬁlapsw@atﬂltyfd]ﬂh@9urpoBé§b¢tH'§mvéﬁtlér&dhigi'éfeﬂéaen have
the formul a rl<Y-Alerr]-

wherei n each off Al'@dical ghfprmula Vil is ﬁefa’eﬂé%eﬂﬁéftena? 0&*‘6"‘2‘5 Yot i c

hydr ocar bon radi casopropylidere andABdmdAf dredsacha-phenylenie.cal i n whi ch
one or two atons separate Alerr] fromAlerr]. The free val ence bonds in 25

formula | are usually in th tﬁ\%ﬂ gand Alerr] in
relation to Y. Both A3 and a&? ngﬁﬁ%l tlbhﬁgﬁuf%n@%q{sa ough

p
both may be o- or $APPRYRM a'!ﬁ"ﬁﬁ%%‘ﬁ&?f?bér?@ diti, saliof a ot her
p- phenyl ene. dihy droxyaromatzc comipvtindrsugh ias bisphéinobA, safd cbt?npwﬁd i.n which

Cadi cal s of tHG t@’%&lﬂaﬁe?s%%@*ﬁés3%519@%@9%&@?\8ﬁ§&%ﬂ"ﬁ3rﬁ€m@°%éat e

2-[ 2. 2. 1] bi cycl ohepavingrfarmulaNdn which X1 may be fluoro, chloro, bromo or nitro in
-6 - et hyl N N¢m i dene,
cycl open- qggcs lcr?ﬁ&?ﬁéd ??é%mﬁ?@%gﬁghgﬁd r"t%%ne
gem al kyl ene chloro is preferred by reason of the re [ative avaia lty and
effectiveness of the compounds c_ontatnmg it. Among the particularly
15 preferred substituted aromatic compounds of formula V are 1,3- and
1,4-bis[N-(4-chlorophthalimido)]benzene and
4,4'-bis[N-(4-chlorophthalimido)jpheny! ether and the corresponding
nitro compound. '

Also required is compound C or D. Compound C may
20 be, for example, bis{4-fluorophenyl) sulfone or the corresponding
chloro compound, or bis(4-fluorophenyl) ketone or the corresponding
chloro compound.

Compound D is at least one macrocyclic polycarbonate
or polyarylate oligomer. Hlustrative oligomers are disclosed in US
25 Patents 4,644,053 and 4,829,144 respectively, the disclosures of
which are incotporated by reference herein.

A third material employed according in the method of the
invention is a solvent, typically one of low polarity, usually substantially
lower than that of the dipolar aprotic solvents previously employed for

30 the'preparation of aromatic polyether polymers. Said solvent
preferably has a boiling point above about 150 °C, in order to facilitate
the reaction which requires temperatures in the range of about
125-250°C. Suitable solvents of this type include o -dichlorobenzene,



(alkylidene) radicals are preferred. For reasons of availability and
particular suitability for the purposes of this invention, the preferred 5
‘radical of formula VIl is derived from bisphenol A in which Yis
I sopropyl i dene and A3 and A4 are each p-phenyl ene. The
met hod of this invention requires the use of conmpound A which is an
al kali nmetal, preferably sodium salt of a di hydr oxyaromati ¢ conpound
such as bi sphenol A, said conpound 10 hereifmafter sonetines designated
"bi sphenol salt", and conpound B having formula V in which X err] may
be fluoro, chl oro, dichlorotoluens, il [2)4trichiorobenzeme , Yiphenylisylfomet armhanipolef er abl y
the 4-position . | | 8 I 1S red by reason of
SeiVents SipAarSdary ut I HRARG b R R/

the relative avail y and ven he Cotrpounds
containing it. Anoeilorohenzene; may delempleyedatsuperattnosphetic prassures: onat i c
conpounds of formula V are 1,3- and

i, j- bib'S[ {\I_NE ?;,Chl Fr Othla' : i Ag)e]sbérﬁt?a?f&t@?%fthe inve?tri]on is the presence of a
4" -bis -chl or al i m do enyl .ether an cor r.espondi ng.
nitro conpound. phase transfer cat)a]))%{]wﬁfébds F‘Ebﬁj?&@g'yiséae%%ﬁt) "E&G?g'ﬁ.
Conpound C may 20 theetangerof abaubl25-250 ¥G.4Vatious typae of phasatransfer or t he
correspondi ng caiémsgér @a&éﬂ@%ﬁﬁ@ye@for%@(pﬁrﬁ&éé? rﬁ@ﬁﬂé@ké%gg ﬁgﬁ r the

correspondi ng is at
A8r .

| east one macr ocycPhesphnnjuaselis af the type disglosgd iy LS Pateat 427
I'I'lustrative oli QONEélRyH-aia]gghmﬁWdiﬁiuHﬁséifs of thé §pledideloskt Mys and

4,829, 144 respgeti ye t.h l.SCcl osuyr i ch are incorporated by
ref erence hereﬁ. i-"_a{é’ms 4'4%0' anékl'ssge"%hi ?ﬂd ﬂﬂ?"ﬁaﬁ“&{m éﬂ@? 8{/]@8 ordi ng
in the nmet hod of tdisclosed in US/Batents5,081298p51146/975tandi 5,229 482nSaid | ow -
polarity, usually | 3 'é\"é@é £ had.:0f el

aprotic solvents p?g%?‘g%g{éylﬁé [ %a);%% bygr (5‘ c%?ﬁé‘eﬂa.r Zéggg.tulhgﬁlrgyrﬂgra g%mt ic .
pol yet her pol yner sarespiefersed, the hexaalkylguanidisiym sats Beipgimestg poi nt above

about 150 [err] C, prefefredbylréadcrcof thbinbeailability ahd pafticaiir sQifabiityCh requires
tenperatures in the range of about 125-250[ err] C. Suitable solvents

of this type i ﬂ"fl ude o -dic h‘noé ﬂg‘? Bfmbdliment of the method of the invention,
random copolyimides are prepared by bringing compounds A, Band C
into contact in proportions such that the molar ratio of compound A to
the total of compounds B and C is at least about 1:1, preferably in the
range of about 1.0-1.1:1. For maximum molecular weight, the amounts

20 should be as close as possible to exactly equimolar, but molecular

weight control may be 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.

W

25 In a second embodiment, compound A is first brought
~ into contact with compound B or C and then with the other of said
compounds; i.e., compound C or B respectively. The first step of this
2-step procedure employs a slight excess, typically about 1-3% molar,
of one reagent, most often compound A, 1o provide an intermediate
30 having reactive phenol end groups. Further compound A is then
added in combination with an approximately equimolar amount of the
other of compounds B and C. A block copolyimide is thus formed.



-7 di chl orot ol uene, 1,2,4-trichlorobenzene, diphenyl sulfone and

ani sol e. "Solvents of simlar polarity but |ower boiling points, such
as chl orobenzene, may be enpl oyed at superat nospheric pressures.

An essential feature of the invention is the presence of a- 5 phase
transfer catalyst which is substantially stable at tenperatures in t he

range of about 125-250[err]C. Various types of phase transfer

catal ysts nmay be enployed for this purpose-8Fhey include quaternary
phosphonium salts of the type disclosed in US Patent 4,273,712,

N-al kyl - 4-di al kyl am nopyr i di Reactianatempegatutascare)ip thalrangeafatiouhh US 10

Patents 4,460, 778 3apg- 3) hBbged! I :
8 0 gA b 1oy g0 b6

di scl din US Patents 5,0 ,
p:af gn? :earleni ncor pYPastes catalyst eaiplayed is,geaerally ahout Q,5:39 andwrefarsblyt s

are preferred, witabbbel8anelel gertadased ohwonfdung Aei ng nost
preferred by reason of their availability and particular suitability. 15

In a first enbagdi nent of the . k pvent j,on, . random

copol yi mi des a(r)éej pr epar ed byAgﬁ‘Jﬁng‘?\%’é&'@%SEﬂﬁs‘“ﬁgh% %M'ae_&?"e"gm into
contact in proport inyelvesibe usesf reagentbiinsteadiof reagentGmitis mbmaliypa t he
total of conpoundsfod r@abﬁorﬂ&iniiﬁaﬁithafgégclﬁiaé& heRifsEsRYoY ) t Ne

range of about 1.0-1.1:1. Fq X1 mu cul ar wel the anpunts 20
shoul d be as cl osePRPIIN ﬁ'@%@?@&?ﬁﬂ@éﬁ#-rﬁﬂ%ath@hmwcg@m ar
wei ght control maypblycaionatecar golyarpiatecoligomers are empioyedan pldée it her

monof uncti onal G eagompRuii g, e %ﬁsﬁgﬁﬁiﬁ?fﬁf%%ﬁ SHorTTarmeSion =™ ¥
nonohal o- or ni t r ofitdiced wilbdenandmn the molaculac weighhand blockginet desireds

[ & second enbod! o proaset uplyAiifinid, SincBlHBBk copolymel iglsg ot act wi Lh

compound B or C and then,with thé other of said ) Jo) ,
conpound C or B rerﬂS@PFgéﬂ {h.'s ?WBO&W- g’ﬁ'&fwaﬂe'f%%wn conditiong aeg) procedur e
enpl oys a slight esimiles to those destibetttiartinabddé.nol ar, of one reagent,
nost often conpound A, to provide an internediate 30 having reactive

phenol end grogps. Further cpcmagmgg- iS¢ : I n conbi nati on
with an approxi_nateléqugﬁﬁi nol ar a ﬁor?Fb%P&?ﬁgthe reactlcg'{,jﬂ'gcﬁrj of conpounds B

and C. A bl ock cop®?® grimide; raay. be igalatad by conventional methods. These
typically include the steps of washing and precipitation by combination

of the polymer solution with a non-solvent for the polymer.

The copolyetherimides of this invention may be used as
20  molding materials, for injection molding and the like. They may also be
used as compatibilizers for mixtures of otherwise incompatible
polymers.

The invention is illustrated by the following examples.

The bisphenol disodium salts employed in the examples, (of

25  4,4'-dihydroxybiphenyl and bisphenol A) were prepared by the reaction
of the bisphenol with an aqueous solution containing a stoichiometric
amount of sodium hydroxide, followed by removal of the water by
azeotropic distillation with xylene and storage of the anhydrous salt in
a drybox. Compound B in each example was

30  1,3-bis(N-4-chlorophthalimido)benzene (CIPAMI). All molecular
weights are weight average, determined by gel permeation
chromatography relative to polystyrene.



-8 - - Reaction tenperatures are in the range of about
125-250[ err] C, preferably about 130-225[err]C. The proportion of phase
transfer catal yst enployed is generally about 0.5-10 and preferably

about 1-8 nole percent based on conpound A 5 Athird

enbodi nent of the nethod of the invention - involves the use of reagent
Dinstead of reagent C. It is normally a . two-step reaction simlar to
t hat descri bed herei nabove for the - preparation of bl ock

copol yetherim des,ERAR)Q;;EEérb!rb macrocyclic pol ycar bonat e or

pol yaryl ate ol i gongrs are e oyed in place of 10 conpound C. The
proportion of nmacrocyclic oligoner conposition I ntroduced w |l depend

on the nol ecul ar wei ght and AFedss of ouenadriad SQtml 3-necked flasks wasduct
erbod! ment . G her g mprored. Belh Hask as teisfurfedtonitrogen oY BOKERA, | 0 L1 ©
described her ei nasdiprged l@ﬁ 10245 ol of bﬁ@?‘?ﬂ%q@‘% 3nekd Bimelipach

re?ﬁt idon, TL he § of Cieadlyaridcompouhel (DBSl'hbéla'sK@We?@daﬁped;MthCri&e‘dﬁala

net hods. These ng..an
precipitation by c%er%lé%%pi%%{nﬂ dnd ﬁ&é&o&ﬁ?%};&ﬂg%@%@r R@%ﬁﬁ@ﬁpm ha

non-sol vent for  t feegbanigalstirrer. Solvent, 25 ml, was addgtanddpe nyietunes wereles of
this invention mhditedufdedr®figl, witfPstitting. ABbE! 5 Allof B{)ll%nf Wh@%@é\ﬁéﬂ? ﬁ | di ng

and the like. They,. | so, b . used_as conpat | izers for | ures
of ot herwise i ncorﬂﬂﬁmxﬁﬁﬁr which a%y%pfi(?.s mmo ém\exa-n-propylguanmyunhvem i on
is illustratedOby ahterideinlaboubd mboisplveat was added beehorsphdmse, di sodi um

sal ts enployed in ¢fig.h \igarol®Exdtherrflic feadlloWVeHcOisl! AP eheltld -+ .
bi sphenol A) were prepared b Re PoacE on 0 bi R with an
aqueous sol uti on dBt¥PWassampled peripdisally by removing amall @liquetsvdichum
hydroxi de, fol | owadefeyquenthedwithfaceis abRltdid dilited with :ﬁétﬁflbheféhfbride for
distillation with xy] ene and,stor g.e t he anha/(gr?Hs sa{ |{1 . a
drybox. Conpound énﬂgcgégwe ﬁBg@ \ﬁ,agltlggmaprod ct of high molecular weight

1, 3- bi s(N-4- clibor dyid begn obtdinpbctheasacticdl Wad/hiendidd with aceticoscid and wei ght s
are wei ght aver aggne dfikfhdWas LoBled45' anttibAiBp.Fature, dilGTRHSTR RSiHIRe

relative to polystyrene. . L. )
chloride, washed with aqueous hydrochloric acid solution and several

times with water. The methylene chloride solutions were concentrated
by evaporation and the products, which were the desired random
20 copolyetherimides, were precipitated into methanol.

The results are given in Table I. The following reactant
abbreviations are employed.

PP - 4,4'-dihydroxybiphenyl
BPA - bisphenol A
25 CPS - bis(4-chlorophenyl) sulfone
FBP - 4,4'-difluorobenzophenone
FBB - 1,4'-bis(4-chlorobenzoyl)benzene
DCB - o-dichlorobenzene.



9 ° EXAMPLES 1-6 A series of oven-dried 50-m

~3-necked fl asks was enpl oyed. Each flask was transferred to a
‘nitrogen dry box and charged with 10.15 nmmol of bi sphenol disodium
salt and 5 nmmol each 5 of CIPAM and conpound C. The flasks were capped, .
transferred to a heated oil bath and fitted with a condenser,
nitrogen inlet and mechani cal stirrerqygSolvent, 25 m, was added and
the m xtures were heat ed under reflux, with stirring. About 5 m of
sol-vent was allowed to distill, after which a solution of 0.5 mmol of
hexa- n- propyl guani di ni um 10 chloride in gguyt 41 mM of solvent was added
over one m nute, wher eupon a vi gorous exotherm c reaction occurred.
The reaction m xture s sanpl ed periodically by rm%/rlt ngr I

al i quots whi ch ’ee‘erelqc ed VIV' té ' ' ntd e

met hyl ene chl ori de £SZ2MPE 1 ARPRENG o ~QMEPAUNG Lo opOVEL VR, MOt Whict of
hi gh nol ecul ar wei ght ‘15 hdd bBEh obtai feldS t he Adiselei or3Whs 8&¥hed with
acetic acid and t h8 mi qt ur BRvas cool@dSto antPeBt t ehier ab0/90 di | ut ed
with nethyl ene chl 8ridd, VvBRAed wi t CRBGueousAnigdieoch24d i c 44000

sol uti on and several 4 tijnesBMAt h wat dfFBP The nknisgleene 76h| 068000
sol utions were concentr 8t ed BPAy evapdfBBi on aAnisbiee pBTduc6§,200hi ch
were the desired randong20 [coBfpAet heri réBBS, WeAsisplecci ROt at 8,600t O

met hanol . The results are given in Table I. The
foll ow ng react ant EXAMPEBES7e8i at i ons are enpl oyed. PP
- 4,4 -di hydr oxybi phenyl BPA - bi sphenol A 25

CPS - bis(4-chl orophenyl) sujf, A il 2.
4. 4 - di fI tor obenzophenone Als8R8Es of oven-dried 100-m! 3 nedkdd flasks was

1, 4' - bi s(4- chl & obempigyeds drachrflask was transferred to a nitrqgep dry box and
o-di chl or obenzene. charged with 10.20 mmol of bisphenol disodium salt and 10 mmol of

CIPAMI. The flasks were capped, transferred to a heated oil bath and
fitted with a condenser, nitrogen inlet and mechanical stirrer.
o-Dichlorobenzene, 25 ml, was added and the mixtures were heated

10  under reflux, with stirring. About § ml of solvent was allowed to distill,
after which a solution of 0.5 mmol of hexa-n-propylguanidinium
chloride in about 1 ml of solvent was added over one minute,
whereupon a vigorous exothermic reaction occurred. After two hours,
10 mmol of compound C was added, followed 5 minutes later by an

15 additional 10 mmol of bisphenol A disodium salt. When products of
high molecular weight had been obtained, said products, which were
the desired block copolyetherimides, were worked up as in Examples
1-6. The results are given in Table Il.

TABLE Il
I Product
Example | Compound C  Time, min. mol. wt.
7 FBP 3 51,000
8 FBB 276 43,700

20 EXAMPLE S

The procedure of Examples 1-6 was repeated, '
substituting for the CIPAMI a corresponding bis(chlorophthalimide)



-10- TABLE 1 -
Ti me, Product Exanpl e Bi sphenol Conpound C Solvent mn. nol.

"W 1 : BP CPS Ani sol e 300 42,000
2 BP CPS DCB 180 50, 000 3 BPA
CPS Ani sole 240 44,000 4 . BPA FBP
Ani sole 75 69, 000 5 BR - FBB Ani sole 37

66, 200 BPA FBB Ani sole 20 88, 600
EXAMPLES 7-8

6

« ' .ovensdr i 100-m 3-necked
flasks was 5 enp?r&%&e.dQ@hqtféﬁzlgém@’%a\%os'ﬁ%ﬁ@ﬁg@03 nitrogen dry box
and char ged wiiethylroethy!-mphenylersidigiiass lavdilablel from Albemagaed 10 mmol  of
Cl PAM . The fl asks VRS StaftPP 7 r S\ffide ' it :
fitted with a condgns r?@?t&gereéndl I!l ,et%’aaﬁtgo WEC%%HI cal q‘satg‘lnpfée)‘?ﬁb
o- Di. chl or obenzene, Weghtpf 54,400 taiR8ds he ni xtures were heated 10 under
reflux, with stirripg. @?éput 5 mM of solvent was allowed to distill,
after which a sbl ugp(gﬁ" | 95 mol of hexa- n- pr opyl guani di ni um :
chloride in about 1 m of solvent was added over one m nute, wher eupon
a vi gorous exotherm c react i The procedurecf EXantple Bwadwepeated, substit@ting ol of

conpound C was ad Je IS e IL.i gnal 10 nmol
of bi sphenol A di g@ﬁ?ﬁ%@%@%%&@%ﬁﬁ@@*&“@y A?{éﬁljﬁﬁ “ﬁﬂﬁ{é%u%ar wei ght
had been obt ai ned, cepalyethedmids havinga molepilar weight ofifi6, 200 wase gbtaingd:.

copol yet heri m des, were worked up as in Exanpl es 1-6. The results are
given in Table I .EXAMPLE 11 TABLE ||

Pr oduct "Exanple Conmpound C Tine, mn. nol. w.

7 FBP 10 3 AflaSi sidtidr to that used in Examples 7-8 was charged

with 10.20 mmol of bisphenol' A disodium salt and 10 mmol of CIPAMI.
It was fitted, dried and charged with o-dichlorobenzene and
guanidinium salt as in Examples 1-6. After the initial exothermic
reaction, there was added 10 mmol (based on carbonate structural

15  units) of a macrocyclic bisphenol A polycarbonate oligomer mixture.
After 5 minutes, the molecular weight had reached 140,000 and no
further cyclic polycarbonates were detected. The reaction was
quenched with acetic acid after 10 minutes and the mixture was cooled
and worked up as in Examples 1-6. The product was the desired block

20 copolyetherimidecarbonate.

EXAMPLE 12

The procedure of Example 11 was repeated, substituting
for the CIPAMI the “Ethacure 100" mixture. After 138 minutes, a
copolyetherimidecarbonate having a molecular weight of 49,300 was
25 obtained.



. 276 43, 700. 20 EXAMPLE 9 The
procedﬂ+e~e*f——Ex7IrTﬁl’é§-1—6 ‘was repeat ed, substituting for the Cl PAM a

" corres VM opht hal i m de) prepared from
"Ethacﬂ ‘ I‘Eu ric mxture of :

di et hy - m#*phénytenedi am nes avail able from A bemarl e

Cor porati on After 20 m nutes, a copol yet hq i m de having a nol ecul ar

wei ght of 54,400 was obt ai ned. 5 EXAMPLE fo The
procedure of Exanple 8 was repeated, substi tut| ng for the Cl PAM the
"Et hacure 100" m xture. Aft copol yet heri m de having a
nol ecul ar wei ght of 66, 200 m‘%& %Fg'ﬁgé% EXAMPLE 11 10

A flask simlar to that used in Exanples 7-8 was charged wi th 10. 20
nmol of bi sphenol A di sodi uméanqpomqmnldﬁ@pmlsmmwturalumtsmfﬂms
fitted, dried and fghagiged W th o-di chl orobenzene and guani di ni um sal t
as in Exanples 1-6. After the initial exothermc reaction, there was
added 10 mmol (based on carbonate strgoctural 15 unrpts) of a macrocyclic

bi sphenol A pol ycarbonate ol i goner nmipture. Affer 5 minutes, the

acid after 10 m nuges—ang
Exanpl es 1-6. The product
copol yet heri m decar bonat e.

and at least one of the following:

OO

and

() O C @)

wherein:

A' is a Cg.pp divalent aromatic hydrocarbon or
10  halogenated hydrocarbon radical, a C2.2¢ alkylene or divalent alicyclic
radical, a Ca.g bis{alkylene-terminated) polydiorganosiloxane radical or
a divalent radical of the formula

(v) Q



The procedure of Exampfe 11 was repeated, substituting for the C PAM

t he ﬁm i ture. After 138 mnutes, a
‘copol mm"ﬂ ,ﬁmate having a m)l ecul ar wei ght of 49,300 was 25

obt ai né&d. ¢ -12- Wiat is clai ned
I S: 1. A copol yetherinmi de conprising structural units of the
formul as [err] and at |east one(of the follow ng:

each of A2, R' and R?is independently a divalent
16 aromatic radical;

Qis -CzHy-, -O-, -C(CF3)-,-C(0)-, -SO»- or a covalent
bond;

Zis -CO- or -SO2-;
nis 1t or2; and
20 pisOor1.

2. A copolyetherimide according to claim 1 wherein the
units of formula | have the formula

N—A'—N

0.

3. A copolyetherimide according to claim 2 wherein A' is
m-phenylene, p-phenylene, alkylated m- or p-phenylene or a mixture
thereof.

4. A copolyetherimide according to claim 1 comprising
units of formula {l.

5. A copolyetherimide according to claim 4 wherein Z is
-CO-.

6. A copolyetherimide according to claim 4 wherein Z is
-SO,-.

7. A copolyetherimide according to claim 1 wherein each
of R' and R? is 2,2-bis(4-phenylene)propane.



[err] wher ei n; Alerr] is . a (Jerr] divalent aromatic

hydr or 10 h enat ed hydrocarbon radical, a C 2-20 al kyl ene or
) d| val mu 1“Ead| cal, a (err] bis(alkyl ene-t er ni nat ed)
poI ydlem m d|= cal -or a divalent radical of the formula [err]

each of Alerr], R[err] and Rlerr] is

|ndependently a divalent 15 aromatic radl Ci Qis
-Cerr]Herr]-, -0, -C(CF[err])-,-C(O) - ﬂl’err] or a coval ent
bond; le-CO or -Sqerr] nis 1

2 d 20
g(r)pol yg?herl m de according t§ A%qqﬂl@tq\ﬂgpgergcpﬂgmg to claim E§°8P“Ft5\9nu| a l
have the formula units of fofmutd lll.

9. A copolyetherimide according to claim 8 wherein A is
2,2-bis(4-phenylene)propane.

10. A copolyetherimide according to claim 8 wherein p is

11. A copolyetherimide according to claim 1 whichisa .
random copolymer.

12. A copolyetherimide according to claim 1 which is a
block copolymer.

13. A method for preparing a copolyetherimide which
comprises contacting, in a solvent and at a temperature in the range of
about 125-250°C, (A) at least one alkali metal salt of a
dihydroxy-substituted aromatic hydrocarbon having the formula

5 HO-R'-OH with (B) at least one first substituted aromatic compound of
the formula

and (C) at least one second substituted aromatic compound of the
formula



ccording to claim2 wherein Alerr] is

. mphe ne, al kylated m or p-phenylene or a m xture

. there .‘mmlll mnn“‘ 4. A copol yetherim de according to claiml1
wunsits of formula I1.

copol yet her| m de according to claim4 wherein Zis

6. A copolyetherimde according to clain1ismhere|n Zis
wher ei n each

7. A copol yetherimde according to claim
Rlerr] is 2,2-bis(4-phenyl ene)propane.
-14 - 8. A copol yet her}
conpri si ng units of formula 11yt
according to claim8 whereigyy A2 is

10. A copol yetherimde according to cld

11. A copol y%heri m de according to clai 1A ich\s a
12. A copol yetherim de accordi ng dclaim1

copol yner.
which is a bl ock copo

5. A

-CO-.

-Sgerr]-.
of Rerr] and

or (D) at Ieastyone macrocyclic polycarbonate or polyarylate oligomer;
wherein each X1 is independently fluoro, chloro, bromo or nitro; in the
presence of a catalytically active amount of a phase transfer catalyst

which is substantially stable at the temperatures employed.

14. A method according to claim 13 wherein the phase

transfer catalyst is a quaternary phosphonium salt, an

N-alkyl-4-diatkylaminopyridinium salt or a hexaalkylguanidinium salt.

15. A method according to claim 14 wherein the phase

transfer catalyst is a hexaalkylguanidinium halide.

16. A method according to claim 13 wherein A' is
m-phenylene, p-phenylene, alkylated m- or p-phenylene or a mixture

thereof.

17. A method accordmg to claim 13 wherein compound

C is employed.

: 18. A method according to claim 17 wherein compounds
A, B and C are brought into contact in proportions such that the molar
ratio of compound A to the total of compounds B and C is at least

about 1:1, thereby producing a random copolymer.

19. A method according to claim 17 wherein component
A is first brought into contact with compound B or C and then with the
other of said compounds B and C, thereby producing a block

copolymer.

20. A method according to claim 13 ‘wherein compound

D is employed.



13.. A met hod—for preparing a copol yet heri m de whi ch conpri ses

contacti ng, at a tenperature in the range of about
125- 250[err]m||mﬂﬂg!n Hﬂm"ne alkali nmetal salt of a
di hydr oxy-subgst1 tut ed mr omati ¢ hydrocar bon having the fornmula 5

HO Rerr]-CHwith (B) at |east one first substituted aromatic conpound of

the formul a [err] and (C) at I.?gst one second substituted
aromati ¢ conpound of the formul a )

- 15 - Jerr] 10

n r (D) at |eastopn i carbonate or polyarylate
ol i goner, iherein %glpﬁ rﬁ?ﬁpg%ﬁ? ‘f"rﬁﬁ@pﬁ&m&ﬁ Whefein edbmposRlor 0.
bronmo or nitro; in tRe fnacroc Wmeoﬁgm@ﬁhg&l)ﬁal cally actl ve
anount of a phase transfer catal yst which is substantially
stable at the tenperatures enpl oyed. 14. A met hod

according to claim 13 wherein the phase



tragsfer catalyst is a quaternary phosphoniumsalt, an
N-al kyl - 4-di al kyl am nopyridi nium salt or a hexaal kyl guani di ni um sal t.

*15. A met hod according to claim 14 wherein the phase transfer
catal yst i s a hexaal kyl guani di ni um hal i de. . 16. A
met hod according to claim 13 wherein Alerr] is m.phenyl ene,

p- phenyl ene, al kylated m or p-phenyl ene og1§_nixture t her eof .
17. A method according to claim 13 wherein conmpound Cis

enpl oyed. 18. A method according to claim 17
wher ei n conpounds A, B and C are brought into contact in
proportions such that the nol ar rati o of conpound A to the
total of conpounds 8 and Cis at |east about 1:1, thereby

producing a random copol ymer. NOVEL COPOLYETHERIMIDES ANS. A met hod

according to claim17 wher e| n ﬁ‘gﬂ?\%ﬁﬁ%ﬂ\hﬂﬁg METHO% k:BFII rst brought into

contact with conpound B or ot her of said

" conpounds B and C, thereby produ0| ngTHEHR PEEPARATION copol yner.

20. A nethod according to claim13 wherein corrpound Dis

enpl oyed. - 16- 21.
A method according to claim20 wherein corrpound Dis a macrocyclic

pol ycar bonat e ol i gABSTRARHur e.

5 .~ Copolyetherimides are prepared by the reaction of an
alkali metal salt of a dihydroxyaromatic compound with a
bis(substituted phthalimide) and a third compound which may be a
substituted aromatic ketone or sulfone or a macrocyclic polycarbonate
or polyarylate oligomer. - The reaction takes place the in presence of a

10 solvent and a phase transfer catalyst having high thermal stability,
such as a hexaalkylguanidinium halide. Random or block copolymers
may be obtained, depending on the reaction conditions.



