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PHENCLI C MONOVERS CONTAINING IMDE OR DII M DE MO ETIES AND H GH HEAT
CARBONATE POLYNVERS PREPARED THEREFROM FI ELD OF THE | NVENTI ON 'é:m% H}ﬁv ntion
rel ates t o™QMWA4Ei s of di phenol i c monokrers cont ai ni ng i ni d&C PRdftle
noi eties ‘and the use thereof to produce high heat polycarbonates. Briefly,
this invention relates to an interfacial, nelt transesterification or solid
state reaction to forma high heat carbonate pol yner by enpl oying

am nophenol s and an an ' forma phenolic nononmer or precursor
containing imde or dlﬂmmwmmmmks whi ch phenolic nononer is then reacted
with a carbonate precu such as carbonyl chloride, dialkyl carbonate,

di aryl carbonate, alklaryl “8%¥honat e, cycl oal kyl carbonate) cycl oal kyl aryl
carbonat e, hal ogen substituted al kyl carbonate or al koxyto form a hi gh heat

carbonat e pol yner or high heat carbonate copol yner by further 10 reaction
thereof with a di hydric phenol. GROUND OF THE | NVENTI ON There is a

B
growi ng need for pol ycaﬁm‘mﬂm\l‘m a heat of perfornmance greater than
comonly obtained with ycar bonates. Such prior art
pol ycar bonat es have a gl ass-dooensi ti on tenperature (Tg) of about 150C.
Because of high heat perfornmance required in today's applications for
t hernopl astics, a 15 pol ycarbonate having a higher Tg is wanted while still
retaining the sane or better optical and nmechanical properties as is well
known with aromatic poiycarbonates.

SYNTHESIS OF PHENOLIC MONOMERS CONTAINING IMIDE OR DIIMIDE
MOIETIES AND HIGH HEAT CARBONATE POLYMERS PREPARED
THEREFROM
FIELD OF THE INVENTION

This invention relates to synthesis of diphenolic monomers containing imide
or diimide moieties and the use thereof to produce high heat polycarbonates. Briefly,
this invention relates to an interfacial, melt transesterification or solid state reaction to
form a high heat carbonate polymer by employing aminophenols and an anhydride to

5 form a phenolic monomer or precursor containing imide or diimide moieties which
phenolic monomer is then reacted with a carbonate precursor such as carbonyl
chloride, dialkyl carbonate, diaryl carbonate, alkylaryl carbonate, cycloalkyl
carbonate, cycloalkylaryl carbonate, halogen substituted alkyl carbonate or alkoxyto
form a high heat carbonate polymer or high heat carbonate copolymer by further
10  reaction thereof with a dihydric phenol.

BACKGROUND OF THE INVENTION

There is a growing need for polycarbonates with a heat of performance
greater than commonly obtained with amorphous polycarbonates. Such prior art
polycarbonates have a glass transition temperature (Tg) of about 150°C. Because of
high heat performance required in today’s applications for thermoplastics, a

18  polycarbonate having a higher Tg is wanted while still retaining the same or better

optical and mechanical properties as is well known with aromatic polycarbonates.



20 June 2003 WD 00/ 37442 2 PCTI US99124417 Several attenpts hav@J¥eelPOfade
to prepare pol ycarbonates having a higher heat of performance (i.e. a
hi gher Tg). Recent commercialization of copol yners of bisphenol -A_an
bi sphenol - VPf8rR&#ne was undertaken but wa2 not successful. Pé?t"ﬁ?gfﬁ%llgand
(6,6"'-dihydroxy-3,3,3 ,3 -tetranethyl-1, |'-spirobiindane 5 (hereinafter”
"SBI ") have been used along with Bi sphenol -A in maki ng pol ycarbonate with

hi gher Tg. Due t o Sel&aldt@ifbtd bavebeerbinalié Resiepat ;fokﬁaﬁabgateﬁwxiéom er
conononers, mcrocracking of nolded parts was a maj or jssue. Furthernore,

t he hi gh costhetfof peeformanse (iend higher 58). i Rergnconsmiryializdtion of pepadymers of

pol ycar bonat a h ' ' S,

el i ng. dePLPRREheA g biphEtt bllorchOnc 8RS ttFghentu VAR RRGLARES. | | 1
commer cic]e\lll i zation Bii-fprt]\bzicglaﬁdi (ﬁ@’-mﬁym&yb?]&’é}fste@dm&ﬁgomK’F@Ii@biirﬁid%/lngY OF THE
| NVENTI A process has been surprisingly discovered that can produce a

hi gh heat 5ca|(]l!ﬁ5ﬁ8'{‘%ﬂp§p§rsg‘@w( pees used glongjwith Bispengl-A dp a}aktnsaolyy_s@owe

wi t hout the ¢y 1 : ' ' Shidki a high
heat car bona?yrelﬁ\gg?f/elfrrgtgf %'Ikﬁgsgiﬁéggpg?&?t e ﬁgﬁ%?ﬁo |} nvenlt% P%)dr)lcoc?(q)dr?r]glrﬁigg’es t he
steps of: (1)micreartking ofimokiedparts wasainegonissul. Hudhdmnoh, the gheenst off o prepare

' h L. (2 t] dri i anh ' ith th
i nophenol - BspirebarHitoytiste ERIEelss B et PO S Bst¥rhg  ne
phenol i ¢ pregigid@th.Wi th a carbonate precursor to prepare a high heat

carbonate polymer. A reaction_ schene i s shown below 1) Aromatic Am ne +

Di hydri c1®henol - Copsaanerlye Marioussssugs, ipplyding deleteripysphypicei rgpertiesgndiephenol
-~ Phenolic r | ; sor -~ High
Heat Car bona?seﬁggw%?lﬂaﬁdﬁngE%h&ég@g‘s&ggﬁ? E%lgg%fm géa gﬂrg\l?l %@ggére preferably
aryl am nes. ¢bmlyhemolic precursor is preferably a di phenolic precursor.

The high heak, (ARG dr #te IFVERON
A process has been surprisingly discovered that can produce a high heat
carbonate polymer (i.e., one with a Tg greater that 150° C), without the drawbacks
16  encountered in previous attempts to produce a high heat carbonate polymer. The
process of the instant invention comprises the steps of:
(1) reacting an aromatic amine with a dihyrdric phenol to prepare an
aminophenol;
(2) reacting an anhydride or dianhydride with the aminophenol to prepare a
20  phenolic precursor; and
(3) reacting the phenolic precursor with a carbonate precursor to prepare a
high heat carbonate polymer.
A reaction scheme is shown below:
1) Aromatic Amine + Dihydric Phenol ~ Aminophenol
25 2) Anhydride (mono-or di-) + Aminophenol — Phenolic Precursor
4) Phenolic Precursor + Carbonate Precursor — High Heat Carbonate
Polymer.
In this process, the aromatic amines are preferably arylamines. The phenolic

precursor is preferably a diphenolic precursor. The high heat carbonate polymer may



20 June 2003 WD 00I 37442 3 PCTI US99124417 be a hi gh heat pol yGArBBR2® a
hi gh heat pol ycarbonate ester, or a carbonate pol yner other than

pol ycar bon as polyesters pol yur et hanes, hydroxynel g
agents or y'(g lt’lﬁl‘r;?g conmponent in acrylic ahd pol yester enarreallc?é%gbw“kﬂ
cross-linked with 5 hydroxynel am ne curing agents or copol ymers by furtheér
reaction with a di hydric phenol. The high heat polycarbonate and/or the

hi gh heat polhadigohet 9019651'6@3?@.)& High ﬂd‘aepﬁl?&ib&mw’ﬂd%tdr drarchihste polymer

pol ymeri zati on process, melt transesterification process, or a sqlid
state pol yrrerqﬂleaiha@rpobfcé@@%te suah asgrolyqstesss Palyuregtianes, Rydsrymelaming cpiingr art .
BRI EF DESCRI P J:n%\lo THE DRAW NGS 10 FIG 1 depicts a plot of haze versus
time for sanpFes according to the invention and conparative sanpl es exposed
to a causti c cbating cofipGnerit inlaqylit anchpqﬂyester(ehamdis,g:lncbssdmkecbwab versus tinme for

sanpl es agcording to the invention and ar a Ies ex dtoa
caustic bgt h hy$e¥ N R IR ERE BEFRR OLROPP B@‘?T\ﬁkh‘ﬁ H’("’ng‘gy Hescri bed
herein begi n@gmcﬁh The Eéa@ﬁol?@éﬂﬁ&% £ G Righ ﬁe&%o%@lrﬁ@na@é‘é&té riHlyhedr i ¢
phenol to produce an ami nophendl. Next, an anhydride di anhydridé i1s

reacted wit h peapazedibycypHate cxakpqiympmaaoa ppmssoa nph@@usestsnﬁca_mstpqucesst, he

phenolic precurs IS, _reacted th a car recursor to.forma, high
heat car bonaPéaB@thF po%mlé?t\j%e r&?%?ﬁ’a‘?f?“’i@h% H‘"ﬂ%ﬂ.‘%‘é‘e?ﬁ‘g art.

am nophenol IBPRIEFIBESCRIBRTIONSOFAHE DIAWANGS) i ne, 2-bronoanli ne, 2,
5-di brompanl i ne, 2-nethylanline, 2-ethylaniline, 2 5-diethylaniline)
2- met hox¥@ni | i ne, FIG. Bd¢picips ﬁ&(%hﬂewﬁ@us Emétfﬁ'b%@’&}ﬁslaﬁ‘é’rd'%é

di et hoxyani | jjey ‘mmﬁzdg ﬁesﬂhﬁfe?é fagedidofw&hgt&&ahﬁnol s for making the

am no phenol |nc ude henyl ) propane;
2,2-bis(2,6-di broﬁtﬁ&ﬂgpchim&pbheﬁyﬂe)ghpdmyers;s&m fof qamdflesacdomdingheny| )

e pac i B SRR RSB Rt SRR e e, Lpon

reacting the DETXH/ED DESCRIPYION OETHERVENTRORNOl , one generates an
am no phenol. In the next step of the synthesis, the am no phenol is

reacted with a mohbe eyntegsisiipertibed hersimbepimmokitina Factinn beswesnapgraadtic 20
June 20085 WO, xng{e%Eé%?dxﬁyaﬁgyh% % %Abﬂd%Ze an aminophenol. Next, an anhydride or

dianhydride is reacted with an aminophenol to prepare a phenol precursor. Lastly, the

phenolic precursor is reacted with a carbonate precursor to form a high heat carbonate
polymer.
Preferred aromatic amines for making the aminophenol include arylamines,
20  such as, anline, 2-bromoanline, 2, S-dibromoanline, 2-methylanline, 2-ethylaniline, 2,
5-diethylaniline, 2-methoxyaniline, 2, 3-dimethoxyaniline, 2-ethoxyanline, 2,3-
diethoxyaniline, and the like.
Preferred dihydric phenols for making the amino phenol include, 2,2-bis(4-
hydroxyphenyl) propane; 2,2-bis(2,6-dibromo-4-hydroxypheny!) propane; 3,3-bis(4-
25  hydroxyphenyl) pentane; 2,2-bis(4-hydroxyphenyl) heptane; bis(4-hydroxyphenyl)
phenylmethane; 2,2-bis(4-hydroxyphenyl)-1-phenylpropane; and the like.
Upon reacting the aromatic amine with the dihydric phenol, one generates an
amino phenol. In the next step of the synthesis, the amino phenol is reacted with a

mono or diahydride to produce a phenolic precursor.



The phenolic precursor of this invention is preferably a bi spHéhbmneg88bmer
containing imde or diimde noieties. Pref erred am nophenols for
preparing the Mnol ic precursor include those according to formulas 1) 2)
3, or 4: 5 WO %0 R2 (1) NHZ (2) 10 Rt AS Rs R2 OH H2N R3 PRA/SYY/244tN O O
OH9 5 {4) wherein RL R2, R3, R4, R5 and R6 of forrmulas ( 1) and (3) are
independently al kyl') al kylaryl or arylalkyl radicals. The al kyl radicals)
are fromis 1-20 cahbphemiliopBdcusoedhisMwnton pﬁ&émg 2bi9pRen8 ¥ ofiRtidr
preferably 1- 6 carbon atons. The aryl 20 June 2003 WD 00l 37442 5
PCT/ US99/ 2441 FORAHINEnYds ordiimyfe gwictiet o 2 aryl radicals. In formla (2)) R3
and R4 axe indepen carbon at.o
previously, the phgﬁég%ljlrééd &lr"é%:{ hreégl(r; f&aar‘f%r?%?n eeD%FW}FF f?"§°‘15f°éda‘g§%e t@?ser eactl ng
an anm nophenolaceuirdihg & fmnmlamﬂ Yi3; enhydri de (coll ectively "anhydrides). The
5 foll ow cl asses of anhydrides according to fornmulas 5, 6, 7(a) or 7(b)
are preferted for synthesizing the di phenolic precursor: HC (5 la Rt O ~
~000O0(6) DCO R

NH;,

HO R;

R
1 Ry Rs
R; Ry

Rg

R; R¢ Rs
H);N
Ry Ry

wherein R, Ry, R3, Ry, Rs and Rs of formulas (1) and (3) are independently alkyl,
alkylaryl or arylalkyl radicals. The alkyl radical(s) are from is 1-20 carbon atoms,

preferably 1~10 carbon atoms and most preferably 1-6 carbon atoms. The aryl

(1

(2)

10

(3)

.5 4)



15 {7a) (7b) O In fornulas 5 and 6, R~ has the sanme neani ng s&P Jpag 2603
previously. In formula 6) Xis a preferably a bivalent residue of one of

the foll ovm‘&% o}é’lﬁf’heml S, substituted 20 June 2003 WD 00/ 37442 6
PCT/ US99/ 24457 81 ‘8bhenol s. substituted spisro biindane, sul f hEYUSWAMEL  or
bi val ent radicals according to formulas 8 - 10 below CF3 | - CI CF3 (8) 5

(9) O10 (10) X may al so be the residue (neaning renoval of the H atons
fromthe hydrr@dﬁh’dl(s‘}l&&ﬂﬁﬁ@e 19b 2ta rid?édl@%ﬁgnﬁﬂﬁl(i)' Q@%d ﬁhfaYéiifnuEpe?lhﬁmP,J s and
substituted di hydric enol s that may be enpl'oyed to prepare t

copol yner of aflioH mﬁill@S(Qf)l toélcprbdnhmsoxydl phenyl s such as

Lo DA, e o SR PN b
2, 6- di hydr ox yesgihs hﬁhlﬁﬁﬁrhcﬁlﬂdwit}he nidnk@r di-arhlydfitd ﬂ&ﬁwe@uﬁhhﬁﬁ'ndes) The
fone; 2,4 -di hydroxydip sul f one,

bls (4- hygrozyﬁhen I%

-chloro QViIRg Blessey af ahudides §EH°F‘8H@° @Tmélléw é’rQ) 7@)&? 7 ﬁh)wyﬁpr@ﬁﬁ]tﬁdphenyl
sulfone 3' - yl sul fone, and
4, 4" - di hydr ox§‘jt f‘%ﬁéﬁ’é? % #Pone ﬁﬁl 20 June 2003 WD 00/ 37442 ~
PCTN899/24417 (1i1) ethers such as 4 4' - di hydr oxydi phenyl ether;
4,4' -di hydroxytri phenyi ether; the 4,3 -, 4,2'-, 4,1'-) 2,2'-, 2,3 -
di hydr oxydi phenyl ethers; 4,4'-di ydroxy- 2 6d|nethyld|phenyl et her;
4, 4' - di hydr oxy- 2, 5- di et hyl di pheny
4, 4' -di hydroxy3, 3' -di ssobut yl di ph

4, 4" -di hydroxy- 3, 3' -di ssopropyl di 1, 4,4
O
(5)
10
1 Ri
0 o)
X
o) 0]
" (6)
0 | O
o 0 O 0
O o
15 (72) (7b)

In formulas § and 6, R, has the same meaning set forth previously. In formula 6, X is

a preferably a bivalent residue of one of the following: bisphenols, substituted



i hydr oxy- 3, 2' - di ni t rodi phenyl et her; 20 June 2003

y

dihydroxy-3 3' -di chl or odi pheny( ether;

di hydr oxy-3, 3' - di fl uor odi phenyl et her;

drhydW9ﬂ§ $M43_di br onodi phenyl et her: 6, 4' - di hydr oxydi n&STUSP 24 e -

4, 4" - di hydr oxy- 3, 3' -di chl or odi napht hyl ether 2, 4-di hydr oxyt etraphenyl =
ether; 4, 4' -di hydr oxypent aphenyl ether; 4,4'- dihydroxy2 6- di net hoxydi phenyl
ether; and 4 ' [ h uld be

under st ood t l%?hétﬁh a{)bgg%ﬁel%rSglrgrbﬁg%g%lﬁgﬁ?%ﬁgnr ﬁlz:]bl‘eleggnr%? l&hQM xtures of
t he di hydri caqoeding ®© foemulas 8 e 1Béelempl oyed and where di hydric phenol is
mentioned herein, mxtures of such materials are considered to be included.
X is nost preferably a bivalent residue of a bis(4-hydroxyphenyl) al kane in
whi ch the central al kane group contains fromdpg 8 carbon atons. Especially
preferred di hydric phenols are gem 15 bi s(4- Qy roxyphenyl) al kanes in which
the central alkylidene group contains fronrl _carbon atons Preferably t he
di hydric phenol is 2, 2-bis(4-hydroxyphenyl) propane (i.e., fornula 9). 'The
reaction of the anlnophenol and anhydri de |s§§enerally carrie& ﬁ in an
aci d medi umor a high boiling solvent such as**drtho dichloro § zene
(ODCB). The 20 reactants are typically heated to reflux tenperature for a
period of tinme sufficient to formthe phenolic precursor. The solid
phenolic precursor is recovered (e.g.) by filtration). The recovered
phenoiic recursor may be further purified by refluxing the phenolic
precursor in solvent having a boiling tenperature of about 160-200 C, such
as ODCB, and subsequently recovering the purrfred solid phenolic precursor
by 25 precipitating the solid pro g3 c | i qui d phase such as
xyl ene. The phenolic precursorsof be represented by the
foll ow ng formul as: 20 June 200¥ US99/ 24417 Rt R3 Rs O
ORSRZIR H/t\ /'\ NOO\N/I\ "Xv ~R6ERRO®@ (11) t
tHO%~Q\w~GHI-XllOOSROORWﬁOON%~S%XFDFBOO
R3 Rd (12) Rs OH (13) wherein Rt, RZ, R3, Ra, Rs, R6, R-, and R8 are

i ndependently selected fromal kyl, 10 al kylaryl, and aryl al kyl radicals of
1-20 carbon atons and X is as defined above. The phenolic precursor
utilized in the practice of this iYWention preferably contains at |east two
[ [ ide moieties. Formulas (11) ( 12), and
( 13), show phenolic precurg$ors i two LR de @¢eups and two phenoiic

U
10 (10)

5 d
4,4' -
4,4' -
4,4

X may also be the residue (meaning removal of the H atoms from the hydroxyl
groups) of the following additional dihydric phenols and substituted dihydric phenols
15  that may be employed to prepare the copolymer of formula (6): (i)
dihydroxydiphenyls such as 4,4’-dihydroxydiphenyl methane; 2,2’-
dihydroxydiphenyl propane; 2,4’-dihydroxydiphenyl propane; dihydroxynaphthalenes
such as 2,6-dihydroxynaphthalene, and the like;
(ii) sulfones, such as bis-(4-hydroxypheny!) sulfone; 2,4’-dihydroxydiphenyl sulfone,
20  5’-chloro-2,4’-dihydroxydiphenyl sulfone, 5’-chloro-2,4'-dihydroxydipheny! sulfone;
3’-chloro-4,4’-dihydroxydiphenyl sulfone, and 4,4’-dihydroxytriphenyl disulfone; and



groups. These conpounds are conceptually simlar to bisphenol -%QWB‘F’AS)O?’and)
as 15 such, can be used as nononers and conononers in the preparation of
polymeric material such as carbonate polynmers. The phenolic precursor is

t hen react WOPBH42 carbonate precursor suych as a carbonyl cREGUSAY24417

di al kyl carbonate, diaryl carbonate, al kyl aryl carbonate) cycl oal kyl -
carbonate, cycl oakyl -aryl carbonate) hal ogen substituted al kyl carbonate or

SLATR 20, C G 48P0, SR g PR B st
et ol Pyt O oo st gt 5 o sor i
L S o b R e D SRR
el ¢ B oS LR ALt Sl a0

di hydric phendl to pr eat carbonat
pr ef er r ed 5pol dimpirsxyrhd'edibigrodiphenyl stheg 44 edilpydroxyrddbdiehlonodiphenyl ethemr bonat e

S ted, by the. fol | ow ng, f,or. : OO0V .~X0 14
DR b o BRI b e B R S 0,47
(15) 15 _ R %t}@rﬂ,RSdiﬁ?drB&dmgmhﬂ ethéd, g\!4RﬂthronlB,3x-dfcthoaﬁla9hthyi ethdb) 20
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2,4-dihydroxytetrapheny! ether; 4,4’-dihydroxypentaphenyl ether; 4,4’-dihydroxy-

2,6-dimethoxydipheny! ether; and 4,4’-dihydroxy-2,5-diethoxydiphenyl ether. It
10  should be understood that the above list includes non-limiting examples. Mixtures of
the dihydric phenols can also be employed and where dihydric phenol is mentioned
herein, mixtures of such materials are considered to be included. X is most preferably
a bivalent residue of a bis(4-hydroxyphenyl) alkane in which the central alkane group
contains from 1-8 carbon atoms. Especially preferred dihydric phenols are gem-
15  bis(4-hydroxyphenyl) alkanes in which the central alkylidene group contains from 1-8
carbon atoms. Preferably the dihydric phenol is 2,2-bis(4-hydroxyphenyl) propane
(i.e., formula 9).
The reaction of the aminophenol and anhydride is generally carried out in an
acid medium or a high boiling solvent such as ortho dichloro benzene (ODCB). The
20  reactants are typically heated to reflux temperature for a period of time sufficient to
form the phenolic precursor. The solid phenolic precursor is recovered (e.g., by
filtration). The recovered phenolic precursor may be further purified by refluxing the
phenolic precursor in solvent having a boiling temperature of about 160-200° C, such
as ODCB, and subsequently recovering the purified solid phenolic precursor by
25  precipitating the solid product in an organic liquid phase such as xylene.
The phenolic precursor of this invention can be represented by the following

formulas:



wherein R, R2, R3, R4, Rs, R6, R-, and R8 have the same nmeani29fua¢2Q¢}
forth previously and are preferably 1-10 carbon atons; x has the neaning
previ ously described. The polyners typically have 3 to 100 repeat units.
Al ternativa¥9Y8Ué2 phenol i ¢ precursor and garbonate precur sof CTAR99/24417
additionally 5 be reacted with another dihydric phenol to forma copol yner
wherein the residue of the reactants may be represented by the foll ow ng
general formula: (dihydric phenol)m (Formula ( 11 ) or ( 12) or ( 13))Y
wherein mis an integer of 1-1000and y is an integer qf 1-100. ,The dihydric
! I e any of the

0 ?Iﬂb,e t he

di hydric phenq?
either alterna :
phenol i ¢ precursor sg,of So ba utih&zed&to R/ epar e ot her
hi gh heat carbonate polyners, su as polyestercé?bonate and ot her

pol ynmers. The high heat carbonate pol yners and copol yners describeqlhprein
15 can al so be bl ended with other polynmers such as, for exanple,

pol yal kyl enet er epht hal at es such as pol yet hyl enet er epht hal ate ( PET)

pol ybut yl enet er ephal ate (PBT), pol ypropyl eneterepht hal ate (PPT),

pol y( et hyl enenapht hanoate) ( pol ybut pt hanoat e ( PBN)

pol yet hesi nil e) pol yest he |ike; afryloditril e-butadi ne-styrene
(ABS), and other pegj ‘ e C( car bonat e

pol ynmer. In addition, QCUrSgF~Rgy b ilized in preparing
copol yest er car bonat es as;giscl.sed in s Pat; t 4g906, 065, which is

i ncorporated herein by referente. The copol yest'er car bonat es aq? Fopolyester
carbonate i mde and the like can include blends thereof with o %er pol ymer s
that are conpatible wth such 25 copol yestercarbonates. These may i ncl ude
such other polyners as set forth above such as pol yesters, ABS, and the

| i ke. The aronmatic copol yestercarbonates suitable for use in the present
invention are derived fromcarbgnate precursors gnd dihydric phenol which

are also useful in the pr arl?t on a conpara mati ¢ pol ycar bonat e.
However, nore that onei}3 2001 di h di scussed above,
may be used to pre es na { The aromatic

di carboxylic acid

(13)

wherein Ry, Ry, R3, R4, Rs, Rs, R7, and Rg are independently selected from alkyl,
10  alkylaryl, and arylalkyl radicals of 1-20 carbon atoms and X is as defined above.
The phenolic precursor utilized in the practice of this invention preferably
contains at least two phenolic groups and either | or 2 imide moieties. Formulas (11)
, (12), and (13), show phenolic precursors having two imide groups and two phenolic
groups. These compounds are conceptually similar to bisphenol-A (BPA) and, as
15  such, can be used as monomers and comonomers in the preparation of polymeric
material such as carbonate polymers.
The phenolic precursor is then reacted with a carbonate precursor such as a
carbonyl chloride, dialky! carbonate, diaryl carbonate, alkyl aryl carbonate, cycloalkyl
carbonate, cycloakyl-aryl carbonate, halogen substituted alkyl carbonate or alkoxy

20  carbonate to form a high heat carbonate polymer. This reaction may be performed by



WO 00/ 37442 11 PCT/ US99/ 24417 the preparation of the copolyes?%ﬁngé¥ﬁgnate
is preferably terephthalic acid or m xtures of isophthalic and terephthalic
acid and may be for exanple, of the following formula: OOR OS5 O % 17) |/
OROO({ 0074¢% (19) 15 wherein Ris an al kyl, arylakyi RETHSRZATy|
radi cal of 1-20 carbon atom and the nol ecule has I-100 repeat units. Any-
ester form ng derivative of a carboxylic acid which is reactive with the

hydr oxyl of i i . cid hal i are

goncr al 1y erf Bie(s) foPERSiqiboctSs BUReHRE e EAFRARPeclBrol SBRACLY 1 1.

The acid chl giphelgs carbenan ediesingd meRQrahiesteeificationgnodess)tor B akbldd astemat i ¢

copol yest er car bonat e shou refera e.in the range from abou 0
pol yest bonat e shoul d pref bly b th f bout 20 t

about 50 nol Bolymerization pEarassnoR & ShNOLhST BR3C0N fchame e phepglic pregursonand 2003 WO
001 37442 ~ 2 : / a . preferred
enobdi nment , ?Jr?ggaaﬁé ﬁarqr'gélﬁ%(j:%?)g?{/%g?gtr“gg’%ggﬁllgfglﬂg%%ﬁeggﬂstgg?ér%%e?ﬁlgﬁof

i sopht hal§ c heat carboregpnédpalyineeraci ds in a ratio of fromabout 0. 1:9.9 to 3:7
i sophthalic to te§e ht h atio is from about

lig acid. A e preferred r.
0.5°9.5 to 2:8. SSHRLPEIemeA£PlRisE MAERPY ERcehBlienalic BOBRTSTAUHES car bonat e
can be enpl oy#EonafUstbeut®r AR feprésRnied B the ffoﬂbwﬁxgmﬁtﬂad:n U.S. Patent Nos.
4,238,596 and 4, 238,597, which are incorporated herein by reference. In
addition, the diphenolic precursor of this invention may be utilized to
prepare ot her polyners conpositions such as polyesters, polyurethane,
coating 10 congositions i‘ acrylic and/ or gpol yester enanels cross-1inked

w th a hydroxynel ani.no ki ng Addijti onaDlly, various ot her
additives may he ' g ntion
Speci fically, tihe di e i tion y further contain

other resins arld addig,i ves such a¥ pi gnenis, Wvgstabiljzers, reinforcing 15
agents, filters, inpact ﬁbdifiers, heat r&%isting agents, antip i dant s,
anti-we%t ering agents, heat stabilizers, nold rel ease agents, Tubricants,
nucl eatinng agents, plasticizers, flame retardants, flowinproving agents
and anti-statics. These additives may be introduced in a m xing or nolding
process) provided the properties of the conposition are not damaged. 20 Any
type of pigmeft that is well knowyp for inclusiongin thernoplastic terials
can al so be added t &t heg, pol’ A\ Preferred pi nts Bsnclyde i t ani
di oxi de, zinc]sW f t & ' NWobhl
cadm um sul fi des, oN  axi s ;
sul fosilicate| chromg arti DRyt anium futile, i cker anttti gy titgnium
rutile, zinc oxide, and 25 polytetrafluoroethylene. It may al so be

advant ageous to include various chem cals to prevent degradaty of the
pol ynmer due to exposure to W light (hereinafter "UV stabilizers").
Suitable UV stabilizers include substituted benzotriazoles, or triazines,
or tetrq%lkylpiperidines. The Wstabilizers may be mxed into the
thernoplastic 30 matrix, or they can be included only in a "hardcoat"”
transparent protective I%ger W@ich is applied qver the viemﬁng.surface.

[ 0 R
Rg Ry R; Rg
Rs N N: Rs
X 0]
R; 0] 0 Rs =
0" g Re E

A

(16)
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fillers may be netallic fillers such as fine powder alum num iron, nickel,
or rmnetal oxg‘%aaw7%n-netal lic fillers include carbon filaments) silicates
such as mica, atumnumsilicate or clay, t4gl c and asbestos, tRGTANARFEN de,
wol | astonite, novaculite, potassiumtitanate, titanate whi skers, glass -
fillers and 5 polynmer fibers or conbinations thereof. dass fillers useful

for reinforce . af epn arg i gulsar My ' | shapes and
may be, for iﬁg%‘rﬁ@{e': Raﬁ%ss ’r’%’bg?’ﬁ’ ‘Jr%ﬁldr“ehg]’%ﬁ‘géé‘?eé‘fégé’é‘g%gﬁfg nd hol | ow
or solid gl asprebieaslg andhregseferablyel- ) caplyorlmorns)ly e tiedmeaningiprietivaslyr eat ment

thei r adhest oSG /B8 PAIY TS BBRR LAY CHO T IO FPR B e, dos o 10 pr ovi de
some surface col org ey, ke 1R&Jr EuNoF bitPedrd i sed
in an anount suffi cftée}fr}% tobf yi eplﬁfgn? h?rréli r??orc‘i: rrlg(Hé1 f%rg?{r%dgggfa??ﬁgﬁ%{g“m%
PK wei ght 5 Prhﬁma%ﬁi ynth?gqgh¢ﬂ1hhydm%trgol mfog:)@,copal?eﬂf whem:rgtgbmtsadqe}[nﬁ'l ?h][ of
e conposition. ass_fibers, or l.nation o ass fibers w al c,
nica or al umtﬁﬁFﬁagﬁap{%dgqyebegpgfef)ﬁnéqd&y&@%}g}lg}vmgogcgprﬁb Eﬁ?t s. 15 Phosphites
(e.g., aromatic phamRaiit Bhénd®f, TPérmlaa) 6rZ@2)50r: (1 al salts of phosphoric
and phosphorous agi gi? hi gdergd%enoala(bajnt iz(ox)?%a(nﬁ% and aronmatic |actone

radi cal scaveybeseig msandniggennd 1al09and xds an iatsiges ofel-$00r Thadihydicrheneals

Sui t abl 0 . . e » .
sal tor poryal Baftsh be BiGREA hAY form M Bt fitcah bhO 8 oiBlaReRAR T
sal ts. 200Sui deatrited podvioushl leasie. Abecdpelyinezs mdyp be bittier atternaiig, randobredr t 0,

pent aeryt hri t@l tetracarboxyl ate, glycerol ‘nonocarboxyl ates) gl ycerol
tri car boxyl at®eck ¥BPYBISEF cns, al kyl waxes and ani des. DETAI LED DESCRI PTI ON

OF THE EXAMPLES TMSSstith’?&Pioﬂﬁly,CtﬁE‘pmofié'bk@&%or@%‘?ﬂ{ii RRendbh dRane wf the
followi ng exanples. 25 It is understood, however, that this invention shall

in no way be utdiged forepkrogthenkigle heat saronate palymers, sueh as pelyestercanyonase amd of
B et el B MR LRSS BT
16  can also be blended with other polymers such as, for example,
polyalkyleneterephthalates such as polyethyleneterephthalate (PET)
polybutyleneterephalate (PBT), polypropyleneterephthalate (PPT),
poly(ethylenenaphthanoate) (PEN), polybutylenenapthanoate (PBN), polyethesinile,
polyesterimide and the like; acrylonitrile-butadine-styrene (ABS), and other polymers
20  which are compatible with the carbonate polymer.

In addition, the phenolic precursor may be utilized in preparing
copolyestercarbonates as disclosed in U.S. Patent 4,506,065, which is incorporated
herein by reference. The copolyestercarbonates and copolyester carbonate imide and
the like can include blends thereof with other polymers that are compatible with such

25  copolyestercarbonates. These may include such other polymers as set forth above
such as polyesters, ABS, and the like.

The aromatic copolyestercarbonates suitable for use in the present invention
are derived from carbonate precursors and dihydric phenol which are also useful in
the preparation of a comparable aromatic polycarbonate. However, more that one

30 appropriate dihydric phenol, as discussed above, may be used to prepare

copolyestercarbonates of the invention. The aromatic dicarboxylic acid employed in



OO0 O0 0 OO 14 PCT/US99/244t 7 2 2N o 0o OH O ,~ o H" ,~N o2GJung2003 oH
Oo' ~~~~_(20) 510 "15 Method A: Athree liter, four neck flask
equi pped w tWo somxer head stirrer, a thernoneter) a condenser, _an_argon
inlet and outlet, was charged with: - 104.1D grans of BPA-di ASHYRPG#17
(200mmol.) fromthe Utemplant - 93 grans of -
2- (4- Am nophenyl ~2-4' - Hydr oxyphenyl ) - propane (96%, and - 1000 m of
gl aci al acet i ¢heprepiratitinef tesopolyeserrtartionsite is’\ﬁt’éfe&m*m‘gﬁjﬂtﬁam adifi Jour s under
e reactants had passed

a flaw of argaon.. By the t] reflux started, all t
into sol ution "Hﬁtar%(?%ﬁP@H"%FctaﬁgF%?Ph%lcéﬁgéﬂdé@nb@rfoughmme,toﬁeher ef | ux
period. After flifowist/fosmulane reaction was cooled to roomtenperature and
guenched by pouring the reaction mxture into two 4L beakers each filled
with water. A white precipitate forned. After stirring, the precipitate was
isolated by filtration. The precipitate was then oven dried at 50C. The
dried crystals were further purified by r@fluxing in 500 nL of ODCB for
about S hours, subsequently re-precigitatiing by thg crystals adding 100 niL
of Xyl ene. The crystal conposiftiorff wvasycontO~Rrd by ~H, ~3C NVR Met hod B:
RO i rcal stirrer and

nol) of B 20 June 2003 WO, 8D/ 37442 15 PCT/ US99/24417 di anhydride, 160 g
of ODCB, 10.7 g of toluene, and 330 pprn triethyl am ne. The f{1d8%k was t hen
purged with nitrogen and the reaction m xture heated to 130C and allowed to
stir for 2 hours. An additional 10 mM of toluene was then added and the
reaction allowed to continue for an additional 2.5 hours. 5 The rnacroner
was precipitated by adding 30 g of yl ene while allow ng the reaction

m xture to cool. The nmacronon fibtered andydried at 50C for 10
hours. This product was sol ubl !droiyran THF), ani sol e, ODCB,

di met hyl sul f oxi de (DVMBO), ace it an ™ERT or obenzene. It was
insoluble in diethyl ether, chODoroform and nethyl epechloride. 10 An
alternative "nelt" route polynerization was as follows. A 100 (i8) t hreeneck
flask equi pped with a nmechanical stirrer and condenser was charged with
11.45 g (0. 050 nmol) BPA di anhydride and 10.0 g (0.044 nol) am no-BPA. This
m xture was then heated to 200C, and allowed to react for 1 hour under a
nitrogen bl anket. The product was then cooled and ground intoga fine

powder .
l— O
“OW—E}OJ—G
O

J (19)

15 wherein R is an alkyl, arylakyl or alkylaryl radical of 1-20 carbon atom and the
molecule has 1-100 repeat units. Any ester forming derivative of a carboxylic acid
which is reactive with the hydroxyl of a dihydric phenol may be employed. The acid
halides are generally employed because of their ease of reactivity and availability.
The acid chlorides are preferred,

20 The ester content of the aromatic copolyestercarbonate should preferably be in

the range from about 20 to about 50 mole percent, and more preferably from about 25
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Bi sphenol Diimde Aigonmer A 1000 m three-neck flask equi pped with a
mechani cal stirrer and condenser was charged with 80.298 g (0.154 m)l4) of
BPA di anhydVPA®37443 66 g (0.308 nol) of 4-agi nophenol, and 4F§THSIYR44ATetic
acid. The m xture was then purged with nitrogen 5 and allowed to react for
a period of 10 hours at 125C under continuous stirring. The reaction

product vas t{e,Raastholdhdicdtt ffer e AU B dfhedt 2he affifhiRt | YT ed for 30
S The resu

mnutes with a nagnetic I rrer. ting nacroner crystals were
filtered, andcspdipestaneanbonateramipriiesa mixtwatofisophthialic tidkbtepeghthmbic Beibs inhe

crystals were then washed with cold.nmethapol to ci.litate dryin and
driyed i n- vacufto qr}é?o’%ﬁmmlhg?é‘?%qésofgthﬁ %FqsteEFtPL%kfa 'es‘dT’B%lPE%eﬁEfg
sol ubl e in DVR{h iDelonfd¥eBt 0.8%% bHFg. The product was insol uble in toluene,

wat er, nethanol, and nethylene chloride In an alternative reaction, a flask
equi pped Wbt h a nedhestasddrd sethode forprepatiog depripestancasbariate cadesmplaygdg

(0,078,080 Sl Bty U s MR oty

triehtyl am n@hichhge Mcsipafstedteteinlblyeufesent@ stir at 130C for a period of 4.5
hours, under nitrogen atnosphere) after which the tenperature was reduced

to room tenperat ur & a%@?‘\ﬁhecﬁipllf%if"cﬁc PREFWARFAT thig dnverden mayee utidzedde reacti on
e 1, T PR P L S SRS o
col d net hthol corapasitains ameaaty lioaRiforgrol yestanerseintils crossalinkdd withnait es.  The pr oduct
v e 11 G SRl St Skl ey acuoal ToC for approx mately 20
WD 00/ 37442 O 0 O KdQitiokhlly, Yafidub bther ad&itrés!\lpay_ be éhbloyed Withihepotyher&o® N ~ ~
H O O EXAMPLE 3 Synt hesis of a Bisnhenol Diimde | ~onmer
this invention. Specifically, the polymers according to the invention may further
contain other resins and additives such as pigments, UV-stabilizers, reinforcing
18  agents, fillers, impact modifiers, heat resisting agents, antioxidants, anti-weathering
agents, heat stabilizers, mold release agents, lubricants, nucleating agents,
plasticizers, flame retardants, flow-improving agents and anti-statics. These additives
may be introduced in a mixing or molding process, provided the properties of the
composition are not damaged.
20 Any type of pigment that is well known for inclusion in thermoplastic
materials can also be added to the polymer. Preferred pigments include titanium
dioxide, zinc sulfide, carbon black, cobalt chromate, cobalt titanate, cadmium
sulfides, iron oxide, sodium aluminum sulfosilicate, sodium sulfosilicate, chrome
antimony titanium rutile, nickel antimony titanium rutile, zinc oxide, and
25  polytetrafluoroethylene.
It may also be advantageous to include various chemicals to prevent
degradation of the polymer due to exposure to UV light (hereinafter “UV
stabilizers”). Suitable UV stabilizers include substituted benzotriazoles, or triazines,
or tetraalkylpiperidines. The UV stabilizers may be mixed into the thermoplastic
30  matrix, or they can be included only in a “hardcoat” transparent protective layer

which is applied over the viewing surface.



PCT/ US99/ 24417 (21 ) A 250 ml three-neck flask equi pped with 20 a2 al
stirrer and condenser 5 was charged with 12.97 g (0.0586 nol) of

pyromel litic dianhydride, 12.79 g (0.1172 nol) of 3-am no phenol, and 100
m of di met W% ani de. The mixture was g4l owed to react fECT/US24417
approxi mately 20 hours under nitrogen atnosphere. 22.6 m (0.2344 nol) of
acetic anhydride was then added, and the reaction tenperature was increased

to 80C for a peri of 5 hours. .Th esultin S si on,was _t hen, cooled to
room tenperature a qqtnlopglrrgwforqwg%’B{eBdea@{ bﬁ\g‘gtsa\ﬂ&pstﬁgeﬂs chﬁsilﬂe Pr?w%r

di met hyl acet gintfind Wén/Mckd], @ mdBtdade! NohliRetRilio dllets iM@iGdeakivfm | n- vacuo at
75C for 7 hours. The macronononer was yel |l ow, and sol uble in hot DVMSO and

NaCH sol ut i onfilamentsesili¢atessueibtsemica, gipmynupsitieate peelaytaln and sbestoss ttaniumy

ODCB. 10 20 : 4 + 8.HN H N,/ H
PCT/ U599~4417°’€‘§Q$V %‘ggg’*‘\f"f“gg@ﬁnﬁ‘t‘%%m@?}éﬁ“%.%WP%% %é)sﬁgul.'g}lsg i mi de
ai fQOmelr & Bimﬂymbxeﬁbbrsﬂoxsamil Hina}ﬁ@hg/ﬂiefdozaGilamﬁn)a@mdml fbﬁ&:irﬁﬁﬁé@le:d avd idy 39. 99
g of pol ycarbonat repol yier havin MAE7400) MNE2400, phenol 0. 193%

di phenyl " car bl?f’rﬁﬁ‘f‘g‘(’&ﬂﬁg“@/ @fg% W&ﬁ%lg‘B%APﬁﬁ 25 704y bepfaginstange alass fibers.goner
prepared in I o ldk 084 : TGk 0
bi sphenol di F‘%ﬁgg g&g% gi' %ga %SO. ng %lgfy 0'ltpﬁgemr E%tﬂgr%smc?taé:sﬁg%seﬁg&%}e contents
vere purged wiubfecteidtto suyace treatmenpwith eduplingla@ents suches silareourtitanaegypehe

O ot S s P S S o B BB I e,

at nospheri® atpraaiagsér@ésﬁﬁcerhmufg{sme ille(,he second stage of the reaction, the
pressure was decreased to aﬁ%om natelb{mm- 80 nbar, and the nelt

t enper at ur e i ncr edkdeforgniliges arg prefeprbivysed i an pmount suiiciest toryigld thewas

mai nt ai ned at,q; t L By i ;ggé;- lon stage
by decr easi ngreﬁ?cgE%g]ggfgt&F ‘g{u'? gpég%?gzm?%gé&%%ﬁ¥ Hgg%h%nllggorg asl Hé’ the

nel t tenper athased erothe ¥og. weghtrof ithegconepsitmnnG s fbers tor 8 Gompinafiar ofghassi nut es.
pressure to Gesrongn (A B e i AR S B8 800 The
reaction {8 xt ure <shokpgheds (., #6madEphdspRR¢ théfmdTistabiiRerssl UhdtalGaltddfs St age.

The resulting nolten polynmer was then renoved fromthe reactor 20 June
2003 phosphoric and phosphorous acid, hindered phenol antioxidants, and aromatic lactone

radical scavengers may also be added as stabilizers or antioxidants.
Suitable antistatic agents include, but are not limited to, phosphonium salts,
polyalkylene glycols, sulfonium salts and alkyl and aryl ammonium salts.
20 Suitable mold release agents include, but are not limited to, pentaerythritol
tetracarboxylate, glycerol monocarboxylates, glycerol tricarboxylates, polyolefins,

alkyl waxes and amides.

DETAILED DESCRIPTION OF THE EXAMPLES
This invention can be further described by means of the following examples.
25 It is understood, however, that this invention shall in no way be restricted by these
examples. Where amounts are in terms of percent, they are percent by weight unless
otherwise stated.
EXAMPLE 1

Synthesis of a Bisphenol Diimide Oligomer



WO 00/ 37442 ~ 9 PCT/ US99/ 24417 and all owed to cool. The pol ymgg w003y of
49,800, MWMWN=2.7, and a Tg of 169C. The fornula for this polyner is shown
beloww 0 0 0 0" ,~NoON OV X ~0 X= ~ ~~o0_5 10 (23) EXAWPLE 5
Prepar i ngDiWO@p8M42Pol ymers Thi s exanpl e rqgpeats the same poPgmESIZ2M41DN
procedure as Exanple 4) but uses differing anounts of the bisphenol diim-de
of Exanple 1. Also) the bisphenol diimde oligoner of Exanple 3, was

pol ymeri zed. The following results were obtained: Exanple 1MWNvia PC

cal i brationTg 0

(©) 1539, 000159. 82549 0169. 34848, 000

32537,800171.0 01'8744% 20 LCEBENSS OB A
Po~meri zation by the- e Pyrex gl ass re#s for this
synt hesis were aci dgwashed (soaked during 24 hours in 1 N HO solution)

and rinsed extensively with mlli-Qwater [to elinmnate trace surface
contanm nation which is essential for nelt {transesterification

pol ynmeri zati on. Pol yetherim de-P
BPA- bi si m de- 3- am
BPA- bi si m de- 3H@

7 ( N 00 9 . ;= B cont ai ns
2.1 CE-8 nol NaOH), BPA-bi si m de-@&-am nophenol ( d4.5 g; 0.0207 nol) and
di phenyl carbonate (4.87 g; 0.0228 nol) were charged into a dry gl ass
reactor. No extra catalysts (NaOH 1' MAH) were added. The reactor was
deoxygenated by evacuating to 0.5-1 S ubsequently re pressuri zi ng
with 15 nitrogen to atnospherXe pP°
Next, the reactor was electrically he

melt. Once a small (20)
Method A:
5 A three liter, four neck flask equipped with an overhead stirrer, a thermometer,

a condenser, an argon inlet and outlet, was charged with:

- 104.10 grams of BPA-dianhydride (200mmol.) from the Ultem plant

- 93 grams of 2-(4-Aminophenyl)-2-4’-Hydroxyphenyl)-propane (96%), and
- 1000 ml of glacial acetic acid.

10 The resulting mixture was refluxed for 16 hours under a flow of argon. By the
time reflux started, all the reactants had passed into solution and no precipitation was
observed throughout the reflux period. After 16 hours, the reaction was cooled to
room temperature and quenched by pouring the reaction mixture into two 4L beakers
each filled with water. A white precipitate formed. After stirring, the precipitate was

15 isolated by filtration. The precipitate was then oven dried at 50°C. The dried crystals
were further purified by refluxing in 500 mL of ODCB for about 5 hours,
subsequently re-precipitating by the crystals adding 100 mL of Xylene. The crystal
composition was confirmed by 'H, '°C NMR.,

Method B:

20 A 500 ml three-neck flask equipped with a mechanical stirrer and condenser

was charged with 20 g (0.088 mol) of amino-BPA, 22.9 g (0.044 mol) of BPA




amount of the mixture was nelted (under nitrogen atnosphere), tjune2Ag3 was
started carefully to accelerate nelting (final stirring speed 40 rpm.

Total nelting time was 1 hour. Then the pressure was slowy decreased to 90
nmbar. After 30 mnutes) the 20 tenperature was raised to 285 C, pressure
was further decreased to 40 nbar, and phenol started to distill. Phenol
continued to distill during the next 30 mnutes into the cold trap (cool ed
with liquid ni e%{]Thereactiontenprature was then r

At this tine, \%ﬁﬁ&@/@ um was decreased fﬁ?ther to 7 nbar, a%(gje/ﬁgbgug ere
for 20 mnutes. Next, reactor pressure was |lowered to 1 nbar. After another
20 25 m nutes, maxi num vacuum was applied (0.1-0.4 nbar), and the

tenperature WaanhfdRRA G0 o? DB, 18@'@&%&&@%@%%9@1& 1 B8] Thflask hour. A

total of 3.5 grans of distillate was col |l ected during the course of the

reaction. A clveearthertmexpsipamlemrogetmdéma nyeizusoheptad tad 30°6hand; allewed

&1 ol . =30 73 28 %0 byl ) i o WIEHS BoslhetaBo TR Bl s, 00

PCTI US99/ 24417a11?5hb¢tqocrom&mh1foeammklﬂaimb2 Gdedrst 0 synt hesi ze the foll ow ng

copol yners; Pol yetheri m de-PC co mer e from . .
BPR— biysi de- 4- ;m' H’é%‘?m%{n‘ﬁaség% %@6"‘6&%%&& {04%"(/6?%“3“ while allowing
BPA- bi si i de- 4hapgaSighaikains to . Akemapdibhdddr®las fi ﬁe%(aﬁ'@inecﬂéWS@@C%m'
MM Mh=2. 4; Tg= 174 C,_ Pol yetheri m de-PC copol yners made from

BPA- bi si mi de- d®iheysPAhis prodernwacoitble Bpptralwdrqﬁelw BHAF b paiseleaD&B noBPA) |

Pol yet ner i i A< BE lsuw*lﬁ%md’s%ﬁoa% el A Shidond B P vinsolele o

(53 wt % BPA; 41 distitd aﬁér thlsdofiorohe andembthplehevhdonig., maX| mum r eact or

t enper at re was 270 P = 100 g/ nol ; .M PC Mh=2.7;
Tg= 138 ¢Y 15 Pol y&%ﬁ% 8. fi°(“:7t 6%‘?9%3?‘5“%%8"% soliowsIA TR mi Rl

PMDA- bi si ni de-netlb ARk qiipped #iH a ROhAHEI Mx%raﬁd\coﬁ&nsﬁ UaPORAdd wikhTl LeS5

et hanol am ne), maxi mum reactor tenperature was M/\éPC)— 29000 g/ nol ;
Mh( PC) = 8300 ¢¥(@d150 mal) RRAglianhydride andd @gfébo"émﬁépw DAt Tlys miytutene

I nterfacial pragess HRed$s f@jbbn'%ﬂﬁﬂf:@e&ﬂpﬁkyt%[ BhoBSRddra R rogen blanket.

BPA- bi si nmi de-am no BPA and BPA’ (60wt % BPA: 40 wt % BPA- bi si m de- am noBPA)
wer e synt hesi Zéd poyducheas then enolesiandrspaadunte a fdeAowided mi de- ami no BPA (22.5
g; 0.0240 nol), BPA (27.5 g; 0.121 25 nol), p-Cunyl phenol (0.982 g; 0.00463
nol ), Sodi um d uconate ( 1.5 g; 0.00688 nol), Triethylamne (0.18 g;
0.00178 nol), 138 g distilled water, 430 g nethylene chloride and 5 g 32

wt % NaOH (act were added to a 1 liter 3-neck round flask. The m xture was
stirred at 25C and the initial pH was 11.5. The m xture was phosgenated for
30 mnutes. The m xture tenperature raised to 40 C (reflux tenperature of



30 net hyl enechl oride) during the reaction due to the reaction 29%89?1399%
and' pH was kept as close as possible to about 9-10 by sinultaneously

addi ng caustic solution. In total, 20 June 2003 WD 00/ 3744z 22~

PCT/ US99/ 2MMQ 903448 g of phosgene (0.35 noky was added. Next PCTiusopRisms
brought hack to 11.5, and after phase separation, the water phase was -
di scarded. Then, the organic phase was washed once with acid solution, and
several tinmes with water. A clear, transparent) slightly col ored

pol ycar bonat e was obtai ned, yielding the 5 foll owi ng anal ytical data:

MM PC) = SZSOOEMPLM(PC)— 7600 gl nol; Mw Mh=4.3; Tg= 166C. This
procedure was al so ap |ed to make the foI | owi ng copol yner: 10

Pol yet heri m deyi® g 61 S AMEARARS- bi si m de- 4- am nophenol and BPA

(S0 08 0 TN 500 Y S 0 B

copol yner s wasagletisegei wigll302981g (0.1540861) of BRAYdikshyaitide 33.6636(0\BI8 mdhere was
a good agreenent betvveen experimental and _cal cul ated 15 anounts of the

bi si ni de i ncoft3arinanbanolnamd 400ah of acetic acid- dhe suraire Wat thep putged yithritrogen

20 Sune 2003 08 B B405 S PRRBLET I PRI BndirSoRRRyE bt ARCOT

St abi | i t vl Aut mactioneproduct wﬁeﬁtes)oumdenqomfeacmdf mamnya&ut(ﬂbhandﬂtﬂed fal Hyues.
The pl agues wer e pl aced ina}n ﬁ&to ﬂ'\ﬁp IS erat datrl;l{ angd 1.2
t95PEY 2 JaBRetis SHITRR N PaFrRpeE FygHals e figred, n

bar. Haze and™\id

aut ocl avi ng. juesdly Weﬁieatvaﬂp»eat&rmw@r;ﬁ{lwapslsynme ydtdT® wefe therowhitef ON
t hi ckness were obt ai ned by hot pressing (2 m nutes, 250-300C) 5 ton)

pol ymer gr anuwith coltiieethanohto faeilitate drvings aefl dniediig-vachoat gonappsaxammely ut i on i n
an oven afq 60fy, HaZRecY tht BMEEEwdsBfitb1&ADMSO, hot ODCB, and THE. The
product was insoluble in toluene, water, methanol, and methylene chioride
In an alternative reaction, a flask equipped with a mechanical stirrer and
condenser was charged 40.148 g (0.771 mol) BPA dianhydride, 16.83 g (0.154 mol)
4-aminophenol, 200 ml of ODCB, 25 ml of toluene (to remove reaction product), and
15 0.5 ml of triehtyl amine. The mixture was allowed to stir at 130°C for a period of 4.5
hours, under nitrogen atmosphere, after which the temperature was reduced to room
temperature. 500 ml of cold methano! was then added to the reaction mixture to
crystallize the product. This mixture was allowed to stir for 30 minutes. The crystals
were then recovered by filtration, added to 400 ml of cold methanol, and allowed to
20  stir an additional 30 minutes. The product was then filtered again, and dried in-
vacuoat 75°C for approximately 20 hours. This reaction is represented below.

Bisphenol Diimide



transm ssion (according to ASTM D 1003 and D 1925) and wei ghtz%l}ngzom’
determ ned after rinsing the sanples with distilled water and i sopropanol .
The results of the caustic test for the b|S|mde copol yners %r deJ' ted in
Fi gures 1 ¥AAY8744%o| yners PC 145 (conventilnal BPA pol ycar bd 3?‘@)?9/26 Apec
937 | 15 (high heat polycarbonate commercially available fromBayer) are

gi ven as conparative exanples. Haze was by far the best property to

di stingui sh befween the di ffereat sanpl es. Most poI ynmers showed a | arge

increase in hale in the first 4 days. Both of control sanpl es
di ssol ved afte Yo 10 ays)s R A- films, for
exanpl e, diss Q hi nQ dags %&I tgf}gl m de 20

copolyners re {fany€d. {The total haze increase of the

BPA- bi si m de- a@i no BPA copol yne® was gnly i 2% (fromIl 8 to 30% after 1166
hours, whereas the wei ght | oss was onIy 19% O her bisimde sanples were
even tested up to 1581 hours (~66 dayg) and showed only a 19% i ncrease in
haze. GPC measurenents reveal ed that tthe Mv wap 25 unchanged after 1581

hrs. These results are i ng i n_{hat onI 4 ol % bi simde units

are incorporated i th hus ct that the

copol yners behave m)re t| a hovved al so that the
a pol ff‘re chaiw of PC 145 and in Apec 9371

nunber of carbonate Ilnkages
was al nost equal to the nunbef of 30 carbonat e© | i nkages in the

bi si m de- aBPA copol yners. Despite this the bisimde 20 June 2003 WO

001 37442 24 PCTI US99/ 24417 copol peRr sy hgyeya very good resi stance agai nst
caustic conpared to BPA-BE asC {:!b' e—1 and 2. During the
aut ocl ave tests, the bisimde copo owed the sane be ior as
regul ar pol ycarbonate with respect to nol ecul ar wei ght decrease and haze
increase 5 (only the initial values of haze and Mv were different). (See
Fig. 2) In fact, these results are very encouraging as the bisimde

copol yners shwgﬁ#fl n active catalyst (NaOH), which is believed to play

an i nportant rol e during hydrolysis of carbonate bonds. 'The
reference sagpitRssid 5 BidpherBIDRmide/Oligotkére prepared via the interfacial

pol ymeri zation process) and therefore do not contain active catalyst 10
speci es. A striKki Aéﬁéﬁ&tbﬁéﬂe%ﬂMWMQ witha 'p?@@@ﬁ%létlﬁﬁfmqoé Hi5¢t s on
all BPA- p ] f hey BPA
resul ti ngacf rlg%gd{%? egid"gl?l{ (1)2;‘9‘?’%%1) 69@#&5@ Of-gﬂ'%o?éé"&%&(} c!gc?gre%o(taqlﬁzow t hese
white spots. mbh deenmouphmohfanﬂhGOmlpnéldlrmlhyl ak:btempieadﬁlesnmﬂuwwhsaaibmdsti cky
(lowering of T

copol yners. g‘l‘cé Caus?‘?’f%?‘%@c& C°(r5‘ﬁ§‘?‘§1r‘78}c‘\%?Mg%’bfet)ﬁ§e O{Zh%mg (g%@ﬂtmﬁf

invention argf &Qﬁ@hrﬂiy@nﬂé‘%kﬁi&‘n@ﬁdé&"ﬁnd HeQ@eHtiDA tehitRFdnire Gk itReastd tol S
understood that they would fall wt hin the scope of the appended cl ai ns.
20 Jung 200380°C for a period of 5 hours. The resulting suspension was then cooled to room

(}—

10  temperature and filtered. The product was washed with 10 ml of dimethyl acetamide
and 70 ml of methanol. The product was dried in-vacuo at 75°C for 7 hours. The
macromonomer was yellow, and soluble in hot DMSO and NaOH solution, It was
insoluble in THF, water, methylene chloride, and ODCB.



CLAIMS What is claimed is: 25 1. A phenolic precursor preparedOdyne@8@ling
an am nophenol and an anhydride wherein said am nophenol is selected from
the group consisting of: NHE HORR R~-. R H~~~~1 s ~(2) R~ Rs R= .
(3) wherei WR00/37482) R3, R4, R5, and RB arg i ndependent |y sePEEUSI445M

al kyl, alkylaryl and arylal kyl radicals of 1-20 carbon atonms for conpounds
(1)) (2) and (3) and hydrogen for conpounds (1 ) and (2) and said
anhydride is selected fromthe group consisting of: AMENDED SHEET 20 June
2003 WO 00/ 3744 <~ 000 (6) and (7a) 0 (7b)
0O wherein Xis § ' fromthe group consisting

(22)
EXAMPLE 4
Polymerizing the Bisphenol Diimide Oligomer of Example 1
5 A small polymerization reactor was charged with 39.99 g of polycarbonate

prepolymer having a MW=7400, MN=2400, phenol 0.193%, dipheny!i
carbonate(DPC) 0.317%, and BPA 0.067%, 12.05 g of the oligomer prepared in
Example 1, and 3.004 g of DPC. The mol ratio of DPC to bisphenol diimide was
1.10:1.0. After the reactor was charged, the contents were purged with nitrogen for a

10  period of 10 minutes. Vacuum was the applied for a period of 5 minutes followed by
a nitrogen flush. In the first reaction stage, the reactor contents were melted under a
nitrogen atmosphere at 200°C for 10 minutes. In the second stage of the reaction, the
pressure was decreased to approximately 70-80 mbar, and the melt temperature
increased to 210°C. During this second stage, stirring was maintained at 30 rpm.

15  After 40 minutes, we started the third reaction stage by decreasing the pressure to
approximately 10 mbar, and increasing the melt temperature to 270°C. Stirring was
maintained at 30 rpm for 50 minutes. The fourth and final reaction stage was
accomplished by reducing the pressure to 0.2-0.8 mbar and raising the melt
temperature to 300°C. The reaction mixture stirred for an additional 20 minutes

20  during this stage. The resulting molten polymer was then removed from the reactor



20 June 2003 WD 00/ 37442 27 PCTNS99/ 24417 CF3 | -Cl CF3 (8) -@0Jupe2693 (|
0) 2. The phenolic precursor of claiml, wherein the phenolic precursor is
the residue of the reaction of formula ( 1) and (5) of claim1. 3. The
phenol i ¢ pr ¥APYYHf clai m | wherein the fghenol i c precursor PCI/US992444%i due
of the reaction of fornmula (2) and (5) of claiml . 4. The phenolic -
precursor of claiml, is the residue of the reaction of formula (3) and (6)
of claiml. Nty HWONIN=D

Consi ot ng’ of “ME]onedioBICN e poEREHIERLR SLASHON MBTINET) SpHEe T, o
r (12j and | (6%C.\iFerfermulRforithis Relymerisisholepbeldent |y sel ected fromthe
group consisting of alkyl, alkylaryl and aryl al kyl radicals of 1-20 carbon
atons, and X |Is independently selected fromthe group consisting of

di hydric phenols, substituted di hydrbc phenol s, spi re bi i ndanes, sul fones,
oxygen, and thj 0

X= _00_

5 23)
EXAMPLE 5

Preparing Different Polymers

This example repeats the same polymerization procedure as Example 4, but
uses differing amounts of the bisphenol diimide of Example 1. Also, the bisphenol

diimide oligomer of Example 3, was polymerized. The following results were

obtained:
10

% Example 1 MW via PC calibration Tg (°C)
15 39,000 159.8
25 49,800 168.5
30 51,000 169.3
48 48,000 175.0

% Example 3

25 37,800 171.0



fol I owi ng bivalent radicals: CF3 | -C CFA (g) AVENDED SHEET 20J3pe30fe
2003 WO 00/ 37442 29 PCINS99/24417 .-.p \!/ ~ ~p. -O( 10) 6. A high heat
carbonat e pol yner which is the residue a reaction of a phenolic precursor
of cl ai m 1vemao/3t442ar bonat e precursor. 7. PBe hi gh heat carborarmspuisgtver of
claim6, wherein the carbonate precursor is carbonyl chloride. 8. A high-
heat carbonate pol ynmer which conprises repeating units having a formul a

selected fromthe group consisting of i p~OO~~a00( 149) R R RS OO
RR RBRR OQRZ R Rs OV _Xv O~-S~R (15 and 20 June 2003
EXAMPLE 6

A. Polymerization by the Melt Process
The Pyrex glass reactors used for this synthesis were acid washed (soaked

5  during 24 hours in 1 N HCl solution) and rinsed extensively with milli-Q water to
eliminate trace surface contamination which is essential for melt transesterification
polymerization.

Polyetherimide-PC copolymers made from BPA-bisimide-3-aminophenol and

BPA (40 wt% BPA; 60 wt% BPA-bisimide-3-aminophenol) were synthesized by the

10  following procedure. First, BPA-PC prepolymer (Mw(PC)=7400 g/mol; 10.77 g;
0.0421 mol; contains 2.10E-8 mol NaOH), Bf"A-bisimide-3-aminophenol (14.5g;
0.0207 mol) and diphenylcarbonate (4.87 g; 0.0228 mol) were charged into a dry
glass reactor. No extra catalysts (NaOH/TMAH) were added. The reactor was
deoxygenated by evacuating to 0.5-1 mbar, and subsequently re pressurizing with

16  nitrogen to atmospheric pressure. This was repeated four times. Next, the reactor
was electrically heated to 230 °C to receive a homogeneous melt. Once a small
amount of the mixture was melted (under nitrogen atmosphere), stirring was started
carefully to accelerate melting (final stirring speed 40 rpm). Total melting time was 1
hour. Then the pressure was slowly decreased to 90 mbar. After 30 minutes, the

20  temperature was raised to 285 °C, pressure was further decreased to 40 mbar, and
phenol started to distill. Phenol continued to distill during the next 30 minutes into
the cold trap (cooled with liquid nitrogen). The reaction temperature was then raised
to 300 °C. At this time, the vacuum was decreased further to 7 mbar, and held there
for 20 minutes. Next, reactor pressure was lowered to 1 mbar, After another 20

25 minutes, maximum vacuum was applied (0.1-0.4 mbar), and the temperature was
raised to 310 °C. Polymerization was continued for 1 hour. A total of 3.5 grams of
distillate was collected during the course of the reaction. A clear, transparent,
ochreous polycarbonate was obtained, yielding the following analytical data:
Mw(PC)= 20500 g/mol; Mn(PC)= 7700 g/mol; Mw/Mn=2.7; Tg= 163 °C (20

30  °C/min).



30 ( 16) wherein R~ - R6 are independently selected fromthe gPdupe2003
consisting of alkyl, alkylaryl and aryl al kyl radicals of 1-20 carbon atons
for conpounds &14) (15) and (16) and hydrogen for conmpounds 14) and (15)
and X is i NRPENE*ht |y sel ected fromthe gioup consisting of PET/H§NI4417
phenol s, .substituted di hydric phenols, spiro biindanes, sulfones) oxygen)
and the followi ng bivalent radicals: CFAi -CCF~ . _ (%) (9 (io) 9. A high

heat car bonatghipplogedire Wak §l8o usedith eydtR&iAURe ffilolWiey épaBinmes) of a phenolic
precursor of claim1, a dihydric phenol and a carbonate precursor.

AMVENDED SHEET 20 June 2003 WO 00/ 37442 31 PCTI US99/ 24417 10. A process
for preparin |44 | $§ . stens r ting a
o o AL LRURR ARG B WLl 08
reacting the @fwiaBRADYS wi% BPARbigintiyieldiatitinophenol) AMMwWIP@RA 3400 @/mdt} gh
boiling tenperature solvent at reflex te rature to forma phenolic
precursor% \M‘Mfléll “ééi%ﬁo %(HW}&"WM“T 45 %Eﬁacé;f romthe group consisting of
H(5 R 411 " (6) and Q 17a) (7bl

Polyetherimide-PC copolymers made from BPA-bisimide-aminoBPA and BPA

(60wt% BPA; 40 wt% BPA-bisimide-aminoBPA), Mw(PC)= 24000 g/mol; Mn(PC)=

10500 g/mol; Mw/Mn=2.3; Tg= 165 °C;

10

Polyetherimide-PC copolymers made from BPA-bisimide-ethanolamine and BPA (53

wt% BPA; 47 wt% BPA-bisimide- ethanolamine), maximum reactor temperature was

270°C, Mw(PC)= 27100 g/mol; Mn(PC)= 10000 g/mol; Mw/Mn=2.7; Tg= 138 °C;

15  Polyetherimide-PC copolymers made from PMDA-bisimide-ethanolamine and BPA
(69 wt% BPA; 31 wt% PMDA-bisimide- ethanolamine), maximum reactor
temperature was 270°C, Mw(PC)= 29000 g/mol; Mn(PC)= 8300 g/mol; Mw/Mn=3.5;
Tg= 155 °C.

20 B. Polymerization by the Interfacial process

Polyetherimide-PC copolymers made from BPA-bisimide-amino BPA and BPA
(60wt% BPA; 40 wt% BPA-bisimide-aminoBPA) were synthesized by the following
procedure. BPA-bisimide-amino BPA (22.5 g; 0.0240 mol), BPA (27.5 g; 0.121

25  mol), p-Cumylphenol (0.982 g; 0.00463 mol), Sodium Gluconate (1.5 g; 0.00688
mol), Triethylamine (0.18 g; 0.00178 mol), 138 g distilled water, 430 g methylene
chloride and 5 g 32 wt% NaOH (aq) were added to a 1 liter 3-neck round flask. The
mixture was stirred at 25°C and the initial pH was 11.5. The mixture was phosgenated
for 30 minutes. The mixture temperature raised to 40 °C (reflux temperature of

30  methylenechloride) during the reaction due to the reaction exotherm, and pH was kept

as close as possible to about 9-10 by simultaneously adding caustic solution. In total,



20 June 2003 ~2 wherein X is a residue independently sel ect ed2fJeng 2B
group consisting of dihydric phenols, substituted dihydric phenols, spiro
bi i ndanes, sul fones, oxygen, and the follow ng bivalent radicals: CF3 1 -C
CF3 (8) \Wo00037442i (9) and (10) 20 Ju@2 2003 33 11. The ROTIUSWR44i7
claim 10 where in the am nophenol is reacted with the anhydride reaction-at
reflux tenperature for 10 to 16 hours. 12. The process of claim 10, wherein
t he phenolic ' 95 infd f i [ ' il tbNn9.

{omper at ur e SnP e PR (PS5 o Pasddc s Nekt 10 pHOA OM B89 %0 then
recovering pend &fterphass separdtiph dheowvater phase was discdodedp Then,ghe atganig phasean

organic liquid phase. 13. .The.process of claim 12.. wherein the high boiling
solvent is o_?"taﬁg'a%feglﬂ%? & '%e%kdgsf?g‘ﬁmfﬂ?ndﬁ%ergfrtBE%ss”gmb‘_F"atET'ai m 12, wherein the
organi c |iquid phasgedrstranspsarett, slightlydorarssifcattionite Kad @btathed! pielingZthe Whi ch
further conprises the ste reacting t e@})henollc precursor with a

f (3
car bonat €3 pr Edlgndeg aﬂaﬂi'tiqqu%?@%é')ﬁ%@%}”gﬁ gimelnMngR()=1 7980 gtmolan i nt erf aci al

pol yneri zat i QR RERGES Se=flgoEhen recovering the carbonate polyner in solid
form 16. The process (%f_a{cq%af:m 15, wherein the carbonate precursor is

di phenyl carbonate, and the process of formng the high heat carbonate

olymer is a nelt_transesterificatio r ocess .
poty TlEus proceaure was a?so appﬂed0 to maﬁce the following copolymer:

10  Polyetherimide-PC copolymers made from BPA-bisimide-4-aminophenol and BPA
(60wt% BPA; 40 wt% BPA-bisimide-4-aminophenol), Mw(PC)= 33100 g/mol;
Mn(PC)= 10800 g/mol; Mw/Mn=3.1; Tg= 168 °C,

The compositions of all the copolymers was determined with nitrogen analysis
and by °C NMR. There was a good agreement between experimental and calculated

15  amounts of the bisimide incorporated. NMR studies revealed some blockiness in the

interfacial copolymers whereas the melt copolymers are completely random.



17. The high heat carbonate polyner of claim8, which further2@dwiril8s a
copol yner, wherein the distribution of the copolyner is random alternating
bl ock or a m xture thereof. 18. The carbonate copol ynmer of claim 17,
wherei n t WOM@#4mer has a gl ass transi t2dn tenperature gr EGTAISIVH4E 150C.
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] dEcD@&610%&f yf 10% & ()-y10% & ()-y@0% & ()-& "10% & ()-yL10% & () -
110% & ()-e C  dECD@610%H&f $10% & ()-,2510% & ()-f z10% & ()- 3y
10% & ()-f10% & ()-,10% & ()- GJddEcD@&610%&, - 10% & ()-S+3 10% & ()-S *
10% & ()-(10% & ()-& @O0% & ()-fo%0% & ()->CdYNC@610%1 10\ 10\
10\ S510% & ()-F410% & ()- 2 10% & ()-1-10% & ()-S/' 10% & () - kbdEYNC@610%H
T 10% & ()-10% & ()- 10% & ()-10% & ()-1110% & ()- &10% & ()-1b
[ dEYNC@610%H y10% & ()-yS: 10% & ()- @0% & ()-,10% & ()-&10% & ()-9
10% & () -\ [ g&Y; 610%H , %40% & ()-f#MLO% & ()-fF"10% & ()-f 10% & () -
10% & ()-, 1 MY - [ $0dEYNC@&610%H /' ! 10% & ()-Ss-mL0% & ()-, +10% & ()-fL*
10% & () - f ( fVYA% 8 dlaimed'i$0% & () - Y-./0=Z~ @o&610% 1096& ()-L$1096& ()- 10\
10\

1. A phenolic precursor prepared by reacting an aminophenol and

an anhydride wherein said aminophenol is selected from the group consisting
of:

(1)
(2)
Ry Rs
. Ry H
HN R, R, o

wherein Ry, Ry, R3, R4, Rs, and Rg are independently selected from alkyl.

- alkylaryl and arylalky! radicals of 1-20 carbon atoms for compounds (1), (2)
and (3) and hydrogen for compounds (1) and (2) and said anhydride is
selected from the group consisting of: :
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'S$$1006>& ()-h SWZmswW A<~_@ (* " 109 ()-| & Y&

10968 () - | @VOURET4AY-f | @ 10965& () -f L109B&!

10968 () -~eF! (! 1094 () -G 9$10%4&' ()- 105 B 105 10088 () - FETOEB 2 zp
10068 () -1 *$OBW\ =eFl ' F 10%&' () - 10%& () -, 10%& () -

“3110%& () -1 3! 10%HH& () -! 3! 10%H& () - WZei rgs} A2eF! , 10948 () - | * 10%-& () -

| & $109%H&! ()-f9F 10%& () -1 K {9F 10V ()- &10%H&! ()-s)+-/01] NGB 10H

10H@ , 10%48 () - S( 10%4&' () - y10%4&' ()\' b ¥ 100648 () -/ FLO%HE! () -
122pQ 8! { 3L910%\ & () - - 3LOL0Y& () - A

P $10%& ()-9! p° $10%& ()-9 #10% &
10HBaB/ 8! {3L910%Ss*f 10% & () - 9%, &10 £810% & ()-110% & ()-!Z910% *& ()
-10% & ()-BnK _@8! {3L910SF7- 104 ()-1k2Z"10%\& ()= k2Z'10%& ()- S@
10998 ()--10% & ()- S, 10% & () - ;

"#$° Al {3L010L" 10%& () - ! a3L" 100NANAZ' ()- !t L" 10%5a58& ()- &$1096& ()- 1B\ 10\
10\, YI0% & () - ZBW& ' Y((zX9 Al {( "10% & ()-! ~(

" 100K5k58& () -L' 1096& ()- ! 6&F nt 1008 () - M t & nt 10%@5a58& () - M y&f nt 109 5f 58’ ()
M)A X)) uSLI T H 10% & () -s! GPl 10%& () -s! 109V’ () - S&S100&' ()- 10kk
10kk 10kk! ~

" 109Kk ()-])))))))}[9uSL! ! H 3SLOYMKMKE! () - 9! F3SLO9MME: () - 95910 () - 15" 91
09%=¢ ()-1) SLOMME ()= SIOMEQ)-)))))) 6" 3BuSLI | H @AOME () -9 MLOWR! () - #y

109v& () -, #109v& () - L$, 10%v&' (\\- ! 03s128%% (B 9&r** f/++E, dBuS1! 1 Hl a. 2
109%&' () -, -tlo%w&() @10%v& ()£ O | ()- KOy - &T
109%& ()-E,,, =------ xmbCl ! H 1@ 1094 ])-l ! OM JOMBNt 10%VE. () -
, 5109V& () - X
0 o
(6)
and
0 0
o) o) o 0
o 0
0
(7a) (7b)

wherein X is a residue independently selected from the group consisting of dihydric
phenols, substituted dihydric phenols, spiro biindanes, sulfones, oxygen, and the

following bivalent radicals:
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0% O% ()-!s"10%0& ()-///11/0zX6nmbCl 1 0109&' ()--! Ak 10%h& ()--$f 10% o0& () -
| HLO% @ @ wh-0bBMED%IUE () -f!\ 109%KKE& () -f 0gP' 0JONOSOTO} [ <1C! PCT/US99/24417
10' 0&110% 0& ()-! *10%7& ()-![a *10% ()-!'G *109& () - -
(10% o0& ()-#%40% o0& ()- TOUOVOcO001[ 1gHC! 10' 0&
10%&' ()- @O0%&' ()-!'f#10%& ()-!f#10% & ()-$10%& ()- 10'o0
10' o[ 111B2y22w3dBHC! 10' o!t @"10%&' ()- 10%& ()-s10%& ()-10%& () -
1109& ()-910%& ()- w333, 4}45B5aBHC! 10' o! 10%&'CFs- !t s10% u;
u& ()-FZ10%&' ()-10%& ()-L10%& ()-yl0%& ()- B55%6"667dEHC!
10' 0*10%&' ()-(109& () - —C —
'gl0%&' ()- L% 0% ()-9%$10%&' ()-"310%& () - 7Z77?I 8t 88dEHC!
10' oOFAMLO%&' () - 2109%&' () - y1GlO0%&' ()-f/ 109& () 8)
10%& ()-,, 109 ()-8a9b9c9d9gq99?: r PC!
10' o! $Ls| 109KKE ()-!.Ls!10%JoUo& ()-$10% o& ()- 10SS 10SS
10SS! 95! 10%8S&' ()-?: K Q [:a:d: g: z[ <PCl
10' 09%&! 0% o&' ()-"10% o0& ()-L$10% o0& ()-!.>F910%JU& ()-!p 10%00& ()-'p

10%"' & ()-g:|::;;<<<aB4Cl 1 1000S# 10%00& ()-!\F43"10%0& ()- @10% 0& () -
@10%0&'() @!10%&'()-Y$&*10%o&' 724=Cl 1 100
K" 109 () - 1N 109 () - !y9%6 10%<& () : RL0% ()- 1000

1000?@aABB~CC} [ <=C!

)]
S
O—
—
—0 #
XN
(10)
2. The phenolic precursor of claim 1, wherein the phenolic precursor is
the residue of the reaction of formula (1) and (5) of claim 1.
3. The phenolic precursor of claim 1 wherein the phenolic precursor is
the residue of the reaction of formula (2) and (5) of claim 1.
4, The phenolic precursor of claim 1, is the residue of the reaction of

formula (3) and (6) of claim 1.
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10" "10%& ()-! "' "10%) () & ()-sl "10%&&8() - G ysl "10%& ()- G 1098& ()-!a" 109%&
' () - CDOEPEQERE_EEFr P1! 9GLOY&' ()-!! 10%& ()-$10%&' ()- 10 10
101~ "109& ()-! ' "10%H& () - Fr FF%GpHHHIEr P1! 9GLOY®109%& () - 109%& () - 109%& (

)- 1109 ()-smlo%& () -

109%& ()-H>1 11/ IJIdET Y 0%& - 10%&' () -
10 () 9K KKLLBLoEbPPBCaiRREpEtiagr oyefihicion yid ool oreting

109%&' () - L$&10%&' ()-"10%& () - BLLL: MLMVWMVMIE: / ~ 10

1051 109%& () - Y4- 10%& () 2&10& () - 1F100%& ()~ Lf/ 109 ()-

y- GLO%&' () - MV\R M f

109%& () - $L0%ZTY
109PP8 ( HOrole (Oy=t %8
10$FZ10% & () ==10% (Y3Z10%
10$95! 109%& ()-8’ 109’ (Fs 9' 0% 0)- Re
Y40%& () - FZ10%& () - FZ10%& () - RRRRRRTWIV-\C 10! s " 10%ag ()- ! 55
"10%f& ()-!s "109%6f& ()- $10%& ()- 10 10 10F7109%& () - VWWVW Y:
101092 & () - Y109%& ()-&L@0%& ()-!10%& ()-49$109%& ()- 10aa lOaa

ot

‘ (12)

and

R 1% 0 R v
R R,
X
Re Re

(13)
wherein Ry to Rg are independently selected from the group consisting of
alkyl, alkylaryl and arylalkyl radicals of 1-20 carbon atoms, and X is
independently selected from the group consisting of dihydric phenols,
substituted dihydric phenols, spiro blindanes, sulfones, oxygen, and the
following bivalent radicals:

CF;

|
—-—C —

I
CF,s (8)

AMENDED SHEET
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: 105 105
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X
—0 I S Z ' o~
S
(10)
6. A high heat carbonate polymer which is the residue a reaction of a
phenolic precursor of claim 1 and a carbonate precursor.
7. The high heat carbonate polymer of claim 6, wherein the carbonate
precursor is carbonyl chloride.
8. A high heat carbonate polymer which comprises repeating units having
a formula selected from the group consisting of:
1 |
0O
R o x o R
(14)

and
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Sq10% 2 & 190 (G100 Drogen reatdEs,fhiahg Q) abo ik biseStgenty
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S+10% 2#: & I‘Qi yyzQzz| [ NA4Af10 s -10%k#s& ()- s@ 10%sk#s& ()- sy

» 10%sk#s& () - UYsk#s& ()- sY'10%sk#s& ()-4 s&B10%sk#s& ()-zzz;

{{{{|[: NA4f10 s, y@O¥sk#s& ()- sfl0¥%sk#s& ()- sf@O0%sk#s& () -

s 110%k#s& ()- s@O0%k#s& ()- syL10Y%sk#s& é%]:{l [ ]]|}}vuaf syBSlo%#& ()-
s31 10%#& () - s$10%t& () - 10sk#s10sk#s10sk#s nMLOY%s k#s&' () -

s\!lO%;k#s&' O-1CG1} ~t~h~|[:vUAf s s,s10%K ()-s sf10%t& ()-s-s Z10%#& () -
sy 10%#& ()- s@ Y10%t& ()- sylOo%#t& ()-m=-%2TT:.vUWaf s sSF10%t& ()-s
sf10%#& ()-s sS10%#& ()- sf@O%*& ()- s10%H& ()- sf10%t& ()-2~j|[:vU4f s
SL*  10%#& ()- s s@10%t& ()-s s@ S10%t& ()CFs%i 10%#& () - s@10%:& ()-
S10%#& ()-7&v|[-vUAf s s,310%t& ()-s s,f210%& ()-s s, 010%¢& () -

s/ 10%4& ()- s-10%t& ()- S@L10%:& AdaVB\ WT3F=Sd0% y! /& () - 2! $10%
\ / . .

9

\ 7/
\

/

(10)
9. A high heat carbonate polymer which is the residue of the

reaction of a phenolic precursor of claim 1, a dihydric phenol and a carbonate
precursor.
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1 R
0,
X
0 0
(6)
and

(7a) (7b)
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11.  The process of claim 10 where in the aminophenol is reacted with the
anhydride reaction at reflux temperature for 10 to 16 hours.

12.  The process of claim 10, wherein the phenolic precursor is purified by
refluxing in a high boiling temperature solvent having a boiling temperature of 160 to
200°C, and then recovering purified solid diphenolic precursor by
precipitating in an organic liquid phase.

13.  The process of claim 12, wherein the high boiling solvent is ortho
dichloro benzene.

14.  The process of claim 12, wherein the organic liquid phase is xylene.

15. A process according to claim 12, which further comprises the step of
(3) reacting the phenolic precursor with a carbonate precursor in the presence of an
amine catalyst by an interfacial polymerization process, and then recovering the

carbonate polymer in solid form.
16.  The process of claim 15, wherein the carbonate precursor is diphenyl

carbonate, and the process of forming the high heat carbonate polymer is a melt

transesterification process.
17. The high heat carbonate polymer of claim 8, which further comprises a

copolymer, wherein the distribution of the copolymer is random, alternating block or a

mixture thereof.
18.  The carbonate copolymer of claim 17, wherein the copolymer has a

glass transition temperature greater than 150°C.



