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POLYI NDANEBI SPHENC]_S : AND POLYMERS Dé’l%%wm”s
THEREFROM 5 BACKGROUND OF THE | NVENTI ON

FI ELD OF THE | NVENTI ON This invention relates to novel

pol yi ndanebi sphenol s which are useful in the 10 preparation of

t hernosetting pol ymers and thernopl astics. The

pol yi ndanebi sphenol s (" PPREPAM?ION@W@EYW%N@BIS#HENQEQ't'Ons from
1, 4-

p- 2- I sopropenyl phenol ("1PP") and 1, 3-

1, 2-dii sopropenyl benzene ('ANPBOLYMERS DERhVEDaTHEREFRm/Iyl el d. Ml ecul ar
weight is controlled by the ratio of p-2- i sopropenyl phenol to
dllsoproﬁenylbenzene When copol ynerized with other 15 comer ci al

resins such as cresol novol a ' I rs are
characterized by high glass (G3¢ CﬁPT ), low dielectric
const ant, | ow noi sture absorption, |ow coefficient of expansion,

| ow cost, and can be rocessed on eqU|pnent typically used for the
productlon of Eﬂﬂﬂ&lﬂéﬁlﬂﬁlﬁlLliIﬂlﬁan1nates DESCRI PTI ON OF THE
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el ectronjcs ( pbké}:‘a%oﬂ‘o‘i"tﬁ@m%@&ﬁ?fpolyme S andéléé}ﬁfbg)%h é’t'?l&%m| di ng

conmpounds, electrical insulation rerntorc stics I ncl udi ng

fiber reinfor c«pdlyprhdmébxsﬁxe@b]él{??lﬁ?”@eneqsmcm umtea'amdg&o(ndhdms fifofp-2-can) ,
and adhesi ves.  Previously avai a bl e ners based, e. on cresol novol ac

epoxi es, suf f efSOPFRAFPEIPHERA&TIPET) a s, orﬂh%éesqmepmébenme ({D3#B™)
L L o (Rl AR g o

constant and (
PCT/ US99/ 03998 isopropenylphenol to diisopropenylbenzene. When copolymerized with other

15 commercial resins such as cresol novolac epoxies, PIBP based polymers are
characterized by high glass transition temperature (“Tg”), low dielectric constant,
low moisture absorption, low coefficient of expansion, low cost, and can be
processed on equipment typically used for the production of epoxy based
laminates.

20
DESCRIPTION OF THE PRIOR ART
Phenolic-based polymer resins such as cresol-novolacs are commonly used in the
production of thermosetting polymers for electronics (printed wiring boards,
encapsulents, molding compounds, electrical insulation), reinforced plastics,

25 including fiber reinforced plastics (“FRP”), aerospace, coatings (industrial, can),
and adhesives. Previously available polymers based, e.g., on cresol novolac
epoxies, suffer from a number of drawbacks. These include: (1) 1-2% moisture
absorption; (2) low Tg; (3) undesirably high dielectric constant and (4)
brittleness.

30



The inportance of these properties can be appreciated by considering, for
exanpl e, t olymers, as the tenperature of the polymer increases,
one or %93/9563$e temperature points are passed at whi ch RQEVE90399%%
nodul us | oss due to a gl ass transition. Each such tenperature

poi nt isthu | as |nt r. Tg.
Ther ef or e, dﬁm%?ggﬁxceogﬁbeégg};ogg éesfc%ﬁa% ‘%%ﬁb |°ﬂ6§)§ ﬁred
W ring boar d e%mﬁlemﬂa@for%%&.@ ra§ttﬁetneinpaﬁt&eafmeq;ogtmém&ieases efe@rat ur es,
e.g., in an environnent that includes active electrical and/or

el ectroni ¢ congrenemperature points are passddeat wdiic thierei is g madulustlossaduertala glassegrity.

T TR R LRI B i SIS0 B L1 T
di el ectyic C?f&?fk%?tl' Thereﬁore aﬁ%hﬁ‘gqgaragma%é]ﬁgﬁk érﬁnﬁﬁg &art icularly _

wel |l suited to over cause o e I nher ent
stiffness of wikiagiboadne sheilacsach bastbane opadteld higher tehpehutates@@binc nature
of the polymer. However, due to the limtations of the previ ously

avai | abl e sympwamr@nrseméhﬁésnclmﬂsmtwee@mm@d apd/opelspiresiie rompensptss |

Pl BPs have nqt %al ne rea cortmel' i ccept ance for such purposes.
The synthetic 1'8 Ry awn%f PR lbrS &5’1 Mes can be best appreci ated by first

20 considering the synthesis of a "polyindanebi sphenol™ having a single
repeat unit. For exanpl e,

1, 1, 3- t i met PihesSproplemsaian by plenying by -tisingzaphien¢cThaskd tosin which has shown
beI ow. 25 TVHPI

is well knowiM3E5ePtHas been utilized to prepare nunerous thernosetting and

tzher ”Dp{/\%sgb 4@2:5%‘1%?&%@&1&:6’&%5&5 TROShd 16wldiAedific cotdpamt, 145, 926 and US

PCTI US99/ 039 lyindanebisphenol (“PIBP”) is particularly well suited to overcome these
drawbacks because of the inherent stiffness of the indane polymer backbone and
15 the hydrophobic nature of the polymer. However, due to the limitations of the

previously available synthetic schemes, which resulted in prohibitive costs,

PIBPs have not gained ready commercial acceptance for such purposes.

The synthetic chemistry of the polyindanes can be best appreciated by first
20 considering the synthesis of a “polyindanebisphenol™ having a single repeat unit.
For example, 1,1,3-trimethyl-3-(p-hydroxyphenyl)-5-indanol (“TMHPI”), as

shown below:

25 TMHPI

is well known and has been utilized to prepare numerous thermosetting and
thermoplastic polymers (US Patent Nos. 4,175,175, US 5,145,926 and US



4,988,785, Wlson, J. C, 1975 Journal of Polyner Science, Polyner

Chem stry WwO99/43638 tion, vol. 13, 749; Y. Imai and S. TassavPCT/US®ABYS J.
Polym Sci., Polym Chem Ed., 22, 1319. However, none of these have
attained a commercial status. 5 TWHPI is prepared fromthe precursor

| PP, which b I '
f ol I ow In; fl)?ﬁﬁlélaééﬂfgrwﬂson Pyccﬁwj&gnafﬁfpovg%tggﬁﬁ% bi sp enol iﬁ?g

optional I'y condugdifién,ueles, aM9;0 dnti ahdSi Tassavori, 1984;dnEIoltynor$fe1(Eolgm, in the
presence of NaOH at 220 err£ % yi el ding I PP, plus phenal; havi ng
the fol l owi ng fo€ha.&d., 22,[1819.JHowever, none of these e atiainediarommersial piapig ng
process yields a m xture containing phenol, as a contam nant, has
heretof ore been considered a serious shortconi ng of this process.

| PP is not onIy I 20
cationic, anl oni ?wplzgﬁgye& &f ﬂr&c |({rllgggmg%ﬁssﬁﬂ%ﬁ?%%%\%ﬁ%{ﬁgt has
heretofore been bigpl@htl Ah}edvm§thlea‘bllmngffomnﬂmnl fromIPP is required to
produce TVHPI, the isolation of IPP fromphenol is in fact

difficult to achieve in suf fi gie After isolation of I|PP,

di meri zati on can then be conductg Q?qditions at mld
tenperatures to produce TMHPI. : ongst andi ng need in
the art for a method of avoiding the iSolation o PP from phenol
in the preparation of indanes that are derived from | PP.

3

Bisphenol A

10 The cracking of bisphenol A is optionally conducted under acidic or basic
conditions (e.g., in the presence of NaOH at 220°C), yielding IPP, plus phenol;

having the following formulas.

oL )< O

15 IPP Phenol

The fact that the cracking process yields a mixture containing phenol, as a
contaminant, has heretofore been considered a serious shortcoming of this
process. IPP is not only heat sensitive, but it will readily polymerize under

20 cationic, anionic, and free radical conditions. Consequently, while it has
heretofore been taught that isolation of phenol from IPP is required to produce
TMHPI, the isolation of IPP from phenol is in fact difficult to achieve in
sufficient yield. After isolation of IPP, dimerization can then be conducted under
acid conditions at mild temperatures to produce TMHPI. Thus, thereis a

25 longstanding need in the art for a method of avoiding the isolation of IPP from

phenol in the preparation of indanes that are derived from IPP.
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PCT/ US99/ 038039/43638 In addition, polyners based on TVHPI _do not
provi de significant inprovenents _ to the paraneters BFTHEP%EEE:
absorption, Tg, dielectric constant and brittl eness. For exanpl e,

when conparing g @ ég;‘z%n, Eﬁﬁwﬁg ﬁaégqgﬁ g‘&f’lgPF %ﬁ&eﬂ}m/i]dg‘ssgn{ﬁcam irr%;frg\rr]%ﬂ :

there is only ano se rr I'n g ransi

tenperature 5 to the pafamkgers bOmonaepbsdrptiveg Tg Jdieletiritadnsantdidbritiehess.t h an

- equi nol ar anount of 4,4'-dichlorodiphenylsulfone to yield a

pol yet her sul f onEor examplefwiensposipafieg sigilar polymers basedon BisphenplidRrri s only

30[ err] C hi gher he co rcial .polyet qnej based... on

Bi sphenol | A ( ToTAEESIERE P f ol ERerSe (3N O B RIeFRRRR o emesratis,

when TMHPls is pg} YEE! b?%nYﬁlé,hNHeBGI‘MHﬂ was pollynRibed with ahguRRiamehgRhenol

A 10 a conposition used for the preparaftion of flane retardant printed

wiring board of4,4’-dichiorodipheny]sulfoge medeld mgpodydtharsulfdinepaTy of 225% whe was

obtained (U S. Paten L o4, 672,102). For thjs reason, pol rs

based on the mert@%@gsh i QR AQ°C Aigher than G cqmpmsreia R Ko g erA kv

comer ci al succ . L r }Ngs have
3By Heh SR CFe 31Ol IR Bk A3 mple, of B k6]

also led to inv epat ati on
of polyindane f xheh TMHPRIsiplisnddzEBwiththe diptiridia etHee eNtekr@brimobisphenol A,Si nce
the late 1950's (Y.V. Mtin, N A dukhov, Dokl., 1957, akad. Nauk, SSSR

115, 97; 1. Bruasempogitipn uses forude prapamtiopsf Pamgdetardpgtprintgd wigng heargci . 28,

629) . ne, cl ass_of | vi pdan e the unf ty.onald zed"

ol vi ndanes, i . bitagsS B3Ry REGRY TR ek Bfieindd TS P HfRF NG 2

noi eti es capabl g 67b 109PS ¥bf {Hid fR8s0R! polymers based sl iR NIAPI Rpeifasdinee Of

ot her potential copol ynmer/co-nononer resins, e.g., epoxi es. Such
unf unct i onal i zestrpahngihasenesacbienedheommensial edccksso M tempisbteovayéome these
precursors, under cati.onic copditjons, usin ither,Lewis or Brqgsted acids.
(o NuSRETEOmIDER BV Alsorid tpaRipstgRih AT lndaps SomppdSo e,  Chem ,
Macr ol . 4525 preparafiBh of gﬁlfyixﬁlh@ﬁbm%e MHORDIPH coipouBld A& beeA RAown Mai er,
1992, WMakronol . ém 193, 487-500; F. Guber, O Nuyken, 1989,

" Makronol . Chem sih9&thel@e1950’s (Y.V. Mitihy BOA. ElukhowbBokl. . 95Rusked nNadlg SSSR

Vi r 1091 el ondi 1 Beser vl Palyeh D-Iribridee) TSk, 1B 56 26 Gm 1

whi ch can be conveniently converted to the isopropenyl 30 functionality
is a suitable precursor to an unfunctionalized pol yi ndane. For
4 WO 99/ Oie3thss of polyindanes are the “unfunctionalized” polyindanes, i.e.,

PCT/ US99/ 03998
20 polyindanes lacking additional functional moieties capable of crosslinking or

curing in the presence of other potential copolymer/co-monomer resins, e.g.,
epoxies. Such unfunctionalized polyindanes can be prepared from a number of
precursors, under cationic conditions, ﬁsing either Lewis or Bronsted acids (O.
Nuyken, G. Maier, D. Yang, M. Leitner, 1992, Makromol. Chem., Macromol.

25 Symp. 60, 57-63; O. Nuyken, M. B. Leitner, and G. Maier, 1992, Makromol.
Chem. 193, 487-500; F. Gruber, O. Nuyken, 1989, Makromol. Chem. 190, 1771-

1790; F. Gruber, O. Nuyken, 1989, Makromol. Chem. 190, 1755-1770 and O.

Nuyken, M. B. Leitner, G., Maier, 1991, Makromol. Chem. 192, 3071). Thus,
any functionality which can be conveniently converted to the isopropenyl

30 functionality is a suitable precursor to an unfunctionalized polyindane. For



exanple, either of the followi ng structures can be chem cally converted
into WO ¥3638ct i onal i zed pol yi ndane: [err] PCT/US99/03998
Formula A Formula B 5 wherein X err] and X[err] can be the
sane or different and can independently be any of Li

OCH err] and/ or mhf,emﬁhrromﬁﬁqnwmgﬁguquwssm be phampicali ma irod
Formul a B can be roxy-1,4, diisopropyl benzene, 1, 4-bis(2-
chl or oi sopr opyl bgrrllfz%mgtégnailfed’éfﬂ g “met hoxy i sopropyl benzene and 1

, 4- bi s( 2- acet oi sopropyl benzene). The resulting polyindane has
theforrrula 10 rein "n" is an |Xﬂeger representing the
nunber of repeats of the bracketeg gr unit. However, this
eretofore, failed to

sol utions fgj any of the
Nevert hel ehe conmpounds of

enpl !/'ed as|pregursers to the conpounds
, as descri bed~er ei nbel ow. I'n
particul ar, unfunctionalized pol ylndanes are claifed to have a Tg range
from 220-320[ err] C ang deconposi ti op-Tegperature of 450[err]C.
In fact, the art has 20 descri bed a broad rxpge of nol ecul ar weights
and gl ass transition tenperatures, which attest to the difficulty

in preparing pure polyindanes w thout,h sone |evel of undesi rabl e
unsat uration. However, no corrmerclp ub”r‘gducts havlgorfnél%pt ed from
3) 5 wherein X, and X, can be the same or different and can independently be any of

Cl, OH, OCHj; and/or OCOCH;. Formula A is 1,4 diisopropenylbenzene and

Fornulas 15 A and B are reas
of the present i nventi o

Formula B can be, e.g., 3<,3<’-dihydroxy-1,4, diisopropylbenzene, 1,4-bis(2-
chloroisopropylbenzene), 1,4-bis(2-methoxy isopropylbenzene and 1,4-bis(2-

acetoisopropyl benzene). The resulting polyindane has the formula:

10

(1308 2}

wherein “n” is an integer representing the number of repeats of the bracketed
moiety or unit. However, this class of polyindane compounds has also,
heretofore, failed to provide any practical and economical solutions for any of the
above-mentioned problems in the art. Nevertheless, the compounds of Formulas
15 A and B are readily employed as precursers to the compounds of the present

invention, as described hereinbelow.

In particular, unfunctionalized polyindanes are claimed to have a Tg range from
220-320°C and a decomposition temperature of 450°C. In fact, the art has

20 described a broad range of molecular weights and glass transition temperatures,
which attest to the difficulty in preparing pure polyindanes without some level of

undesirable unsaturation. However, no commercial products have resulted from
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PCTI US99/ 034R%09/43638 these efforts, due to the many shortcom n

this class of conpounds. For exanpl €, the her et of or PFEHSPY 98
process is known to provide only | ow nol ecul ar wei ght poI yi ndanes

of this class t a

5,000 Dal t on (sfahéege offS, a%‘y{ﬁﬁ }iﬁ"%et a},uﬁgp%@g éﬂi@h?gﬁ%@ﬁ&@gmﬁﬁgs 487-
5 500) . Deysmpl_e, thhhexﬁwg@eepd)m prbedss h;llgmuhtmplr@\ddlé ailydew@hdlecularght be
obt ai ned .(e.q., Fritz et al., 1972, J. Polynmer Science Part A-1

10: 2635- 2378; Pgldmdanes of this clasg d.e. ,snol%ﬁulawﬁlslﬁa ofgbsteatialbrleanithan
8:521-526; and

p'revi ousI;/ provE{?fgg ngﬁg’aﬁ% ?oﬁ“%g %ﬂg\ielgg eMalgé)g@;l(g}gﬁi 21_6% 4éﬁe

brittle, gonfirspgg Dﬁ?ﬁéth’é%ﬁé@csﬂ&?hﬁﬂhtgﬁér R6RBEEE W htsmight be obtamea n
addi tion, these unfunctionalized pol yi ndanes have ot maj or dr awbacks

speci fi cal | y r eleg.cBritzat gk, 19724, Rolyiney SbtmchapyzN 1,01&2&365237ISQD Onsfriance,

h
cr o8l i nk. Thus?%myoq"f\ppqwﬁo?w%?m & A SR B bt Phk . of
linear expansi ofy,aggh >4 Ttl{?: g 1Gu:9 m e g)olymda%te%iyrﬁ&‘&ﬂ%e @é%n.‘d%?%lyﬁﬂher

traditional processeé t'd produce osi‘ti-ons

pol yners prepar e:dbxﬁutle,mouﬁhumgtuxﬂlambteexdethgcarmpmeneI t and flow at
the tenperatures used for soldering. In yet a further disadvantage,
unfuncti dfal i zed pol yi ndanes cannot be reacted chem' cally with other resins

d d
uIszﬁnct i onal i zedi)n %{) \/‘?unr(i é'gﬂ{%%éong %&QR ?:Y ggg}eﬁ hﬁ‘ﬁe %tpgr worfi{)a%braslasuce | ess
brittle speRFicMil P anes toprinted wirdig bdred E%Iﬂﬁaﬁ@ﬁs' %rmstérﬁertml astics
and thernosets. These wer e prepared d%/ controlling t he nol ecul ar

wei ght and i nt r oefupéungs hayecnd miaomm,wannot be cure mdoiOtrkvécmslyﬂ@rThte, 9ey by

i ntroducin bsti t t

der  vat  ves. - TnPENEE PhtpeyelE BB pEieE PRieReoR aagar B s Sifne

tel echeligs havsteg, éaﬁﬁéﬂuaaise&wmal Wéﬁeﬁo%&&'é’[lﬁﬁfnkte composmonémd coa
(O Nuyken, D. Yang, F. Guber, G WMier, 1991, Makronol. Che

192: 1969. 30 Funh&romiymr:xs wm@/ﬁwma;bﬁmcsgmlhed polynmianmneloamd)ﬂawmtusef_ul'

functionalized nes, have remained too.expensive for
commercial pur pgxgégmpelrﬁ es %F# g)r solsdenng Inyeta ﬁ.tr?her dlsadvarRage
6- WO 99/ ﬂ%ﬁ@lzonahzcd polyindanes cannot be reacted chemically with other resins used

PCT/ US99/ 03998
to produce printed wiring boards.

20
“Functionalized” polyindanes were also tried in an attempt to produce less brittle
polyindanes suited for the preparation of thermoplastics and thermosets. These
were prepared by controlling the molecular weight and introducing functionality
into the polymer, e.g., by introducing various substituent moieties to prepare

25 polyindane derivatives. This strategy has been employed for the preparation of
telechelics having terminal R groups, where R was CH;, NO,, NH,, CO,H, NCO,
and COCI (O. Nuyken, D. Yang, F. Gruber, G. Maier, 1991, Makromol. Chem.
192:1969. |

30 However, the available synthetic routes to obtain useful functionalized

polyindanes have remained too expensive for commercial purposes. Thus, only



the nethyl term nated pol yi ndanes have been directly prepared using a
cationic WO 99/43638i n growt h process invol ving diisopropenyl benssso3assd

1-i sopropenyl - 4- nmet hyl benzene (Nuyken et al., 1992, Makronol.
Chem , Macronol. Synp. 60, 57-63, 1d.). Further chem cal
modi fi cati on wastheacskdderminated polyindanesimvebeen directfyupreparehasding edtationic

pol yi ndanes. ) Thus, there rengjns a strong need in the for
pol yi ndane corrpoﬂfh%%g‘ﬁ’?‘;ﬁ‘(d;I REPCaTS mv‘ﬁvmgrE%SBPmPﬁ'@'tlé @ﬂ@&:’?qoﬁé‘&?eﬂggl Tabl e

properties, e. g’me(h?%ﬁgglgl(gﬁg*éx (qual.n?éé;} Widkr mglr.] élhgma,chp(;dﬁ%n) 'Sylinlﬁ%@,ased

thermal stability; uce ectrit constan ecr ease _
brittleness, for5768sld)l Fasther cheniidu uisiiification viashetaigaryitopbrimostheecononi cal

to manuf acture. In particular, there remains a need for

functional zed pBingtierpdigedpolyindanes. having all of the desirable properties
of this class of conpounds, and having a nol ecul ar wei ght of |ess
than 2,000 which are not brittle and which can be reacted with

ot her materi al, jatatys -3 : f | ; :
t her noset s and/ o?h?sﬁg}érr?gpl astﬁi %g{@fg%@é in i arttf’E!?p By RiRRELorlp Oﬁ{dSl‘é\éllrJllg/l\z}llﬁ{RY
OF THE | NVENTI ONof the above-dedcxibedidesiyhhle prépertesea.gnreduced livelsrof sasigtatesi ngl y

provi des conpounds, including pol ynmers,. g¢opolyners and pol yner
conposi tions, asakRerptionsinsressedthenngl stabilyy; reduced thelgetric ggnstans and decreases
sol ve the and Qi o} . ' 13 .t . T , the
I nventi onslgr ovi dgéﬁgé?gsaﬁgﬁ%gx&%e%?fe%%hﬁ;@&}gﬁ b?’@&?l %‘P lepabnldyelcﬁa%%nec?tj?)n

5 ge formof a pohantificfiedi ipacivalar( t'hBH?rB'r'rDairfs(hgbgg ek fahctictaliBé dpdlyindanes
7 VWO 99/ 4B&dng all of the desirable properties of this class of compounds, and having a

PCT/ US99/ 03998 molecular weight of less than 2,000 which are not brittle and which can be
reacted with other material, e.g., monomer compounds, for the preparation of

15 thermosets and/or thermoplastics.

SUMMARY OF THE INVENTION
Accordingly, the present invention surprisingly provides compounds, including
polymers, copolymers and polymer compositions, as well as processes for
20 preparing the same, that solve these and other longstanding problems in the art.
Thus, the invention provides for an unexpectedly improved type of polyindane, in

the form of a polyindanebisphenol ("PIBP") compound of formula I:

25 PIBP



wherein "n" (also referred to herein as "(n)" for ease of identification)

s an wo osdi3kKJer indicating the nunber of repeats for the bracketed
noi ety. he invention al so provides for polynmers SCTESYPIMEr s
prepared including the 5 new pol yi ndanebi sphenol s, as well as

various types of conpgsitions, e.qg. .« @mnates, prepared
Uher of rom | Fur t et A8 (lspaRterisd T ersinss (M5 fos @en atisepg fcation) s an

preparing the | qx&g%@gﬁkgmmmw ts%&‘%ra%@%%&ig ns including

t he sane. I Ng an average nu repeating units of
|l ess than 2 will flow and process nuch |ike cresol novol acs but
may not yield physical properties 10 which are significantly better
than pol yners pridgugesatipn eﬁmmr@pﬁ@&f@r palymegyor copolymers pizparpd éncludiegithel BP i s -

crosslinked with an epo esjin to proguce a | am nat . t he | ow
ol scul ar el ghieP RS RdAnebiSphgi oF HEHl 8 SpiausURRS St SEFBOSHERs ot

noi sture absor pt)hRihaflChrdShrld AREFINE SFEMIRT, the SRRRAGH prAVIRS 86k halbadses.
Thus, the invention provides for PlIBPs havinhg an average nunber of
repeating units prépating the invewtiverPIBBreempésndambps pmeecmspositions BidbRiing thet he

I nvention readily provide the her et of ore unopt ai.nabl e | i near
hydroxy functi orfameZIBPsbrying #asuerage pempsrpfirepeating units of 1§$sr+bwb2m ow
econoni cal proc f | ' '

avol ding tho conpnares BROEHE SR reEe iR i ek YRR BRMIE poBltel | e
struct ureyo Ther afidelearetsipaifilaBily beffrabdisolpmen piodi@ed FrohhBisphuil . dForar e
readily 20 pregared w th nol ecul ar weights that will vary with the
desired appl i catexampignavhen PIBP is cropglinked mithisa eppxyieasin tp nieduse milamminatsy t he

o ncr eased t o orey PRl weight RIRR i o bA%idt SiRGedh sbpRABeRdu ' g "
polymers wi || bendktutd dRoPfidn ahdl TRRGRIGRDVEF BRI Bided Mrhihaté® Thus,

have high viscosities. Neverthel ess, Pl BPs having average repeating units
(n), e.the invemtingi prgvidesfor XHBPs hainparaanerage iddther of repeatingamitsiofit
preferably_rangi ab

f bout , 3 t .25, .and f bl
Pt om about® 3. t o HHGGMOTD, AsPEoRearic the PIBPS of e iny2htd ek prbide Bas i ||
f .

be appreci ated bjrdibreidobiAfablé Rikat BEdro&y ARtiBRAIRE] golyindanes, and prodide0
Pl BP products, even those wth (n) of greater than 10, 'will readily 30

i dentify those pithpleaddresnomicalipidaesses fortpreparimg dindse dasivablehcompquads,ivehile

ZUI table I,\g 99/ &gei\g@mg tggrcgrln%félxxatgf oPg{e ﬁ)%(sa@'required substitutions on the indane

PCTIUS99/ 03998  structure, TherdBH2 the!PIBPRBIpLIAANRELARAB S indentdifart RABIYT 0N
wi || have (n) values consistent w th nol ecul ar weights ranging from
about 45020 0 abquépa?Z&Dwill thoDedulaviweights that will vary with the desired application and

that will be primarily determined by the number of the repeat units.

As the number of repeating units (n) is increased to more than 10, on average,
some of the resulting polymers will be brittle and, if processed from solution, will
25 have high viscosities. Nevertheless, PIBPs having average repeating units (n),
e.g., ranging from about 3 to about 1000, or greater, but preferably ranging from
- about 3 to about 25, and more preferably from about 3 to about 10, are readily
prepared. Generally, as will be.appreciated by the artisan, routine screening of a
range of PIBP products, even those with (n) of greater than 10, will readily
30 identify those polyindanes according to the invention with properties suitable for

particular purposes.



greater. Preferably, the nol ecul ar weights of the polyi ndanebi sphenol s of

the 5 | WOPM3a38W | | range from about 450 to about 100, 00@cgnBbotpies
preferably from about 450 to about 2,000. In one preferred aspect,
t he nol ecul ar wei ght will range from about 600 to about 1700

Dal t on. Most preferably, the polyindanes of the invention have
hydr oxy equi val e 10 wei ght s t hat e from 0 about 924
grans. The hydro% L4 WY‘VéﬁF‘% 1sphenosgé1ﬁa veption gﬁﬁ e} PRSI

pol ymer i el di ngwlgmﬁagmsqw lgﬁés?meg ﬁgfr&;e%emso to about iwmd BR%d, by, and

I's indicative of oxy conc ation of the 1nventive

pol yi ndanebi sphepfater. befaamsthepmereemlaeﬁe@hmﬁnhe polgindahetisphenolsef giet s of
t he pol yI ndanebi s?henol s will range fromabout 370 to aboqut 680

Dal ton. | nSanot hm’vemgon will range from ahout ﬁ%ﬁ@t%‘@ﬁt H0Q;80G:anslmgrespretsratiy from
| d/ h t
e enar cd by eactPoy S50 8290 bp R BEIHER Sbect R RRutcuRE St vl .

the invention an%x%@?rd?ﬁ 2Bt $08 elaBouf 1700 DhldRb! € mononer
conpounds to form PIBP derivatives. The artisan will appreciate that, as

descri bed herein, and sinply for ease of description, the term"polynmer" or
20 "copol yner" may al so cglg t he. coponomer . conpounds that are used
to form Mot pipferablyst es ES iRMsBHen Bave ’?We?%‘éaé?’%l ng

i 01 onal ol yneie i et aﬁnﬁﬁéff’mc%"%ﬂdmb"& S0l Tht Barcld Eauivplent

accordi ng to the weigtfi$ themutnder ofigamepf pollyaict flekdingiltmdlaeequivalent ofhfvd:roxyhe
preparation of a useful derivative of the PIBP conpounds of the invention

25 and i ncl udenctionplifyyanslis jpdjcasive eﬁMYéroxyﬂ sommmcmgﬁhemwahm ng

pol yoar bonat es, pjibpEithetsls th St BERtE AR, AP nifoclfl WAl et e

pol yi ndanedi cyan%gﬁindaﬂebmpmmmmssﬁw@ﬁ aB&ﬁVEWO t8RA¥out 680 Daltons Uh bAGher
vari ations, derivatives or conbinations thereof. 30 In yet anot her

aspect, this | nvensp@ntmllawrmpwlsa@somdfrs faouevel pobtmeymed/svr thq:anosettmg

el ude: epoxy coBouds. SUC. Afuns'ik o2 SRS oF iRl 10V E) 5SRO oFEY S

PCT/ US99/ 03998  pIBP compouRdsSERN RiveftictRad)onk 8% nibte a@dﬂ%ﬂ%ﬁﬁ&bl@ﬂ%ﬁma
resins, polyglycidly am ne epoxy resins, bisphenol A-based epoxy

resins, fused ri rcgnmoun@sttmfonmﬁl@}’ demranws The artisan will appreciate that, as

t et r anet hyl bi phenyl - de hal ene ant hr aceng
pol ynucl ezlr P escrﬁ@éi‘fﬁf“ &8 ,s,gnp &E‘H ‘?{]f;eé%“wfg’o teméts?l’ T“I“ra%r ot her
types of eppxy reghfivmer may also fistibSHELomdnORer cofipstinds Bk et \Rel Worm

the various polymers, copolymers and/or thermosetting systems or compositions

according to the invention. Thus, additional polymer or copolymer compounds
that are contemplated according to the invention include any materials suitable
for the preparation of a useful derivative of the PIBP compounds of the invention
25 and include, simply by way of example, art known polymer-forming monomers
such as a polyetheretherketones, polyethersulfones, polycarbonates, polyesters,
polyindanediallylethers, polyindanedicyanates, polyindanebisepoxies and/or any

suitable variations, derivatives or combinations thereof.

30 In yet another aspect, the invention also provides for novel copolymers that

include epoxy compounds such as, for example, cresol novolac epoxy resins,



Novel processes for preparing the PlIBP conpounds of the invention are also

provi ded. , the processes provide for the steps of a) -
cracki ng b@pﬁgﬁ%‘%ﬁA to produce a m xture conpri.sing p-2- |SOY)‘FUH§W3 enol
10 and phenol, and (b) copolynerizing the m xture of step

i

o oo, LFS%%EMWW%M rominated 8RRG4BEnL, BofilycARl Gripl ugBRy) 2at i on

copol ymer i zat i orregihs, bispheriob A-based epahiyl ngsia fused ringCporelanid qd)xyriésiﬁs acidic

conditions and in the pr esence of phenol. Further, in a preferred
process, the copeiramehylbiphensi- b@FedsQI@ﬁSY resinse Baphihalens od gathersene PQIYPWEie@’t ep
process, Sso thate EQ}e react | Qn. kur 1! taeq\rel t}}f ?rese e of ; an
effective POR RS O 21 fmlf( f tuSlr &t BE & 8 ?P%at ment
with an efd ecti \dgscas§el it mefe detail hereinbe®wd. . sul furic acid. Oc her opti ons,
in addition to acid treatnent, include, si rrpl y by 20 way of exanpl e,
contacting the polynerization nmediumof step (b) with an ef fective

amount of a str Cld catjonic ion_e nge res such as a su|fonic
aci d functional i P‘lOG?ﬁSB‘p‘lGF 9rr=arnn%1m§fh(i§§ﬁgepaer of thfonVemtion aZ%G{SQtyrene-
di vi nyl benzene ( g thereof. In a
further ﬁ%@%@t@%%&éﬁeﬁgéﬁ%gﬁméﬁ%{emr%% ng)gus acidic bentonite

clay, a Ziegler (ayprckibg bisphenol anfpl prsdie &/ ikttt xémpesing b-Bopropafylphénl be
enpl oyed in the copol yneri zation step. In a preferred aspect, the

Zi egler tihe compidRenod andBu-Tic[err]-HA,
Al (Et T HC. d/ t he f
I n( anz)'E ﬁrer] aéé% L:Sé_.o@}rBerémP%a r’glé‘é‘?y)r‘%%ré ga}) kb r%@??@hﬁ?‘}e@@&é er ated from

the 30 PheBgipoRid Bisulifble bERmdikatiol meinsiyiabpgPE hod or pr ocess.
General ly, the pol yneri zati on nmedi umincludes any suitabl e sol vent
or solvents effective to

10

PCT/ US99/ 03998 ¥t SRample, the, ahayisidepribedisopolymerization of sigPd®) isapadilt ¢ he

pol ynmeri zgd i on @@ undst 5’8?&1)5 cBXditions and in tNEpre&hc &S EHRING]. FUFhYY, tu’hQUt
limtation, such a suitable solvent or solvent system i ncl udes
ni t robenzene, b gmeferred prooéss athe cobnd ymexizatibn 2f diep Iib)oran delcandycted as a two-step
tetrachl oroet hane, tet rgﬁ;l oronet hane, and/or m xtures thereof .. 1t wll be

5 appr eci at S0 0 MY thereacfiopinednsueted in the Prepce Rfet-8r 2P Hective
initiators and taguhi Jrﬁnﬂuomacenc am/fonswe&ey%m%h{ wnﬁrmle@é@@ve d}n&ﬁﬁQFCt i ng

t he pol ynerization process of th I nvention. Sinply by way of
exanpl e and wi t heqgif sulfurit aeitli ﬁnherbpabhghn dddieerhipl acid treatment, inchudezsimplyabyl/ or
2-ethyl imnmdazole be readil | oyed f or, thes r

Y I20 z way of example, conltac ngt ni?e pc}iymenzanon med?urrpx) %f Etep ?ﬁ) with an

effective amount of a strong acid cationic ion exchange resin, such as a sulfonic
acid functionalized fluoropolymer, a sulfonic acid functionalized styrene-
divinylbenzene (H) ion exchange resins, and/or mixtures thereof. In a further
aspect of the invention, a heterogeneous acidic bentonite clay, a Ziegler type

25 complex and/or mixtures thereof can also be employed in the copolymerization
step. In a preferred aspect, the Ziegler type complex is LiBu-TiCl,-HCI,
Al(Et); Ti(OBu),-HCI and/or mixtures thereof are employed.

In another aspect, the p-2-isopropenylphenol is optionally separated from the
30 phenol prior to step (b), by any suitable method or process. Generally, the

polymerization medium includes any suitable solvent or solvents effective to

10



10 . In yet another aspect, the invention also provides for inproved

| am nat es t W 99/43638 enpl oy and include the novel polyi ndREEUSPAISOI
conpounds of the invention, as well as providing for nethods of
maki ng such inproved | am nates. Gven the novel

pol yi ndanebi spheabitizfhe!rBfuhtY B o bopd ol yrhainzaiohlrea B Sirfply tyhat  any
art-known nethods may be enpl oyed to nake any desired conpositions 15

benefitting fromwaylhif sxampleand avithettlimithtiorGisngl g suitablesplvsnt ox sohptrd sysies

f h f |
Phe o o7 Tt N0 ugyies itrobenzant, €‘e%z'er;£§ hisientorenty L SIHOBELR0 vent . o
pol yi ndanebi Sph%%%chl%?oe%a%c”t%g%&@ hane and/or n'n%iéﬁgg thefeof tlhwﬂpﬁe or nore

ot her nononers t are suita orn’l copol yner
conposition wth f)ﬂé&aﬁﬁ|tHét%ﬂ?@ﬁbdn%Wﬁq1Wmenzanon accelergtoys, infriategsaidithe like
suitable fibrous support material with the m xture of step (a)

(c) desol vat i ng meai b dompemignthst edplonphiy condurting the pelymerizedonipiocessof the

BRI EF DESCRI PTI CRYeaHon BRIy ey of Bl end R BrSRBE puSP4mernd® o o
the nature of t hﬁldﬂXﬁ%ﬁ%@??ﬁﬁ%‘?{x@&Bkgﬂéﬁ& R4&8ily employed for tﬁééé\ﬁu@}%ies whi ch

are as foll ows lustrat'es size exclusion chromatography
applied to the PIBP reaction product when the poI yneri zation
reaction was conducted with a 2.15:1 ITD|?I‘atI ? DI PB to | PP and
i ndi cat es1® nearlnyeanethsr aspegh e invantionalgHrroyidss quWPF%Vﬁdd?mmates that

11 WO 99/4

ti
PCT/ US99/ 03998 p?fg);)’ §nd mclude the e S g%l?llndﬁréer%ﬁphen%:gfn ouﬂcés %t;/ tg? énven ion,

mol ecul ar wei ghtascﬁﬁﬁllzﬁﬁﬁ@ﬂdﬁagtf@r fietHod} of making such fmgroned Iahﬁmtesb@werﬂth'eo
about 5. Fig. 2. illustrates the glass transition and onset of

modul us | oss f ornogb]emlymdmeblsphenols ofﬂhamwau@x@, the anisanwilhappreciats thatigey gl ass

i mpregnated with copo Fig. 3is
a proton NMR scaﬂ%%"?‘f V’?érﬁ?&s teﬂPé?Xﬁd °6‘fa“f’%§9§%%‘§e@e°r° roesglél)P &d by
the 15 ProgRehuik ffonttms ﬁﬁpr%v@d material. Simply by way of example, one

preferred method for preparing an improved laminate composition includes the

steps of:
(a) mixing, in a suitable solvent, a polyindanebisphenol according to the
invention with one or more other monomers that are suitable for forming a

20 copolymer composition with the polyindanebisphenol;
(b) impregnating a suitable fibrous support material with the mixture of step (a)
(c) desolvating said impregnated support material under conditions effective to

form a dry improved laminate composition.

25 BRIEF DESCRIPTION OF THE DRAWINGS
In order to better appreciate the nature of the invention, several figures are
provided, which are as follows.
Fig. 1 illustrates size exclusion chromatography applied to the PIBP reaction
product when the polymerization reaction was conducted with a 2.15:1 mole ratio

30 of DIPB to IPP and indicates a nearly Gaussian molecular weight distribution of

11



10 DETAI LED DESCI PTI ON OF THE PREFERRED EMBODI MENT

Accordi ngly Pl BP conpounds havi ng new and i nproved properties are-
provi ded, t‘é’&%ﬁ"’%th net hods of neking and using such Pl BIB%%‘WWPP%% as
wel | as further polynmer and/or copol yner products prepared fromthe novel

Pl BP conmpounds of the invention. 15 The Pl BPs of the

i nvention are ggnelabhbisheRAs aeheds ol &K RRbrresponds ¢ ve,

bi sphenol A is ﬁ;’?st cré%ed |E’nto am xtegér%%r%?é%ﬂeno lban rﬁe&gn Fno%xg rast
to previous repmhpihg fidme abmitldadabaidt St he present invention do not require
any separatjon of the I PP and phenol. Instead, the resultjing

mi xture of phenbig. dridustpatesthe glass jransitioncnd apsetnf spedwys lossforgleptriorlPB i n t he

Bei di o condi t1 ofeae BT E wYeR SlbiplessimprsareR R RUSSSRBLANE TRCno
functionakity, jnveation?! BP.
[err] WD 99/ 43638

PCT/ US99/ 03998 Fig. 3 is a prot@uiNMR siangbpfirming thehstrusture of thetpotygnérpoeparddeby
cracki ng of bi s&genol A has been observed by gas chromat ography not
to participate and/or interfere wth the pol yneri zation, and is
conveniently regnuad offEERH?nFJIE?Zp@?l yi ndanebi sphenol fol |l ow ng

pol ymeri zation.” An optional teature of the invention provides for the 5

addition of one or nore aliphatic and/or aromatic substituent to the

benzene ring of the diisopropenyl benzene orefeErabI bef ore m ki ng
d \ Wh an

the diisdpropenyl nBELAKED DESCIPTIQN OF HHE PREHE.

addition to the reo i . Or e

o oD Lo, e SRRt SoB 93P gy anp Bl s
provided, together with methods of making and using such PIBP polymers, as

well as further polymer and/or copolymer products prepared from the novel PIBP

compounds of the invention.

15
The PIBPs of the invention are generally prepared as follows. As described
above, bisphenol A is first cracked into a mixture of phenol and IPP. In contrast
to previous reports, the methods of the present invention do not require any
separation of the IPP and phenol. Instead, the resulting mixture of phenol and IPP
20 is directly copolymerized with DIPB in the presence of an organic solvent system

(as discussed above) under acidic conditions, to yield a polyindane having a

terminal phenol functionality, i.e., PIBP.

HO——< >_< . M >___< !
1
25 . . _ |

IPP DIPB

12



el ectrophilic aromatic substitution reactions such as, hal ogenization,
nitration, Ww099%43638ri edel -Crafts acylation or al kyl ation, to R€CIVESIBIO3I9E
few. The polynmer could al so, sinply by way of exanple, be
crosslinked by Friedel-Crafts acylation and/ or al kyl ati on using
[err]-dichl oroxyl ene or diisoproenyl benzene . . Mol | ar_ Wi ght
Repeating Units Suprisipgly ke shengl rwxbﬁg,{r?rgghwraﬂgggpfpﬁghefg?g%as becn

Pol ymer s/ Copol yngr | Bielifhidof Afrfdrd ith th
above-descri bednoﬁoggryﬁ%}’?'fg??hgﬂm%{éjgg{bﬁlgr{g}@ﬁgb andro In a nearlye
Cuassi an di st ri bydiymeristioA ARG bédventindl trémotdi Somithe pelgindastigphehel
reaction products, an average nol ecul ar wei ght and an average polyi ndane 20
repeating unit if®llowingpadymenzation: dneoptionakfeatrs of e inyentepPupadssfoctisene
(DI PB) to.p-2-1 sopropenyl.phenol (1 PP ri.ng. r
process defines "l‘ﬁé&n of onelor "ﬁ%’%gg@@%ﬁ@f’g&ﬁ F%\C%m%i Saﬁglt%%]&tuﬁ{eh%%rae%n%ﬁﬁ BP
compound. For ex i ﬁgﬁ?@;{b 1 réfekabliBLRTe Riikibk BR dioppeirhikste t h
1 nole of IPP, tﬁfém%rﬂgs ct B?’glgn%:egﬁ’ %e e expg%t ed top%lgvgsqar] aver age
of approxi mat el y Réadidnsaisertal for peskinggnchantaddition to thespré@irsors of thepolyindanes: 1

nole ratio), PIBP is obtained having a distribution of repegting units
(n), from about artodhepRlimerzationdue W%rﬁﬁmewaﬁaﬁw%@rlag‘ﬁm- cul ar

i ght of t 813.. Fi 1 il t
O oy ol S e P S B,

having a 3015: 1 pRb&IGHhRPaG atioh3B atky/1dtidn, to name but a fewi Jhepolymdraonld
nol ecul ar wei ght distribution of polyindanebi sphenols which is 3

0
nearly Guassi an, alsheimphrbyyeayrof examnle, beerepstinksd byftriadebCmfisacklatien gag/or n

f’f?): ZCU| ar wei ghlt Qﬁc&ﬁg\gg&}%gg%Q,Q)-dlgﬁlg%xg’genferogmléop?oen;%%%zer}ehe desired

13 WO 99/ 43638

PCT/ US99/ 03998 the PIBP may be varied to suit the application
and the artisan MdlecudgrpWeighgRepéatng Units (n) and (Phiysicalifaoparties off Besulting i on of
ol igoners can be _tailored according to the nethods and proportions
by whi ch DSPB an&olymers{apelymsrsed. 5 It has al so been found that
Pl BPs havi ng an average nunber of repeating units greater than 10
will, in sone |ess desirable enbodinents, yield brittle polyners, -
and if processed]If $hoaldssd) dppreetatedd that thaubove-describatmdymeszatioAtreddtionsesuits end
of the di stribution curve, PIBPs having an average .repgati unit
(n) of Iess thanipagppary Guassian distipipngfaneleeiiasyeighiss p§,|@de§cgg’3}g vol acs

DU T8, 0L Y1) AR e AR oy b SRRy ol L
when Pl BP 3¢5 Cr 0g8peafike nitvisirefeaied @9.0Farthes it fatio pF dilsopeorenylbenzene (DIPB)
to p-2-isopropenylphenol (IPP) during the preparatory process defines the
average molecular weight of the product PIBP compound. For example, when
2.15 moles of DIPB is polymerized with 1 mole of IPP, the product PIBP can be
expected to have an average of approximately 4.3 indane repeating units. In this
25 case (2.15:1 mole ratio), PIBP is obtained having a distribution of repeating units
(n), from about 1 to about 8 repeating units and an average molecular weight of
about 813. Figure 1, illustrates size exclusion chromatography of the PIBP
reaction product with a starting mix having a 2.15:1 mole ratio of DIPB to IPP.
Figure 1 shows a molecular weight distribution of polyindanebisphenols which is
30 nearly Guassian, the average molecular weight of about 813 being equal, in this

instance to an (n) ranging from 4-5. Thus, the desired molecular weight range of

13



| am nate, in which case the | ow nol ecul ar wei ght PIBP (n=1) does not show
signifi cantwbrga);‘?eégrrent over Bisphenol A based |lamnates with regard to

moi sture absorption and glass transition tenperatures. This PEINBYE998
illustrated 15 by Exanples 11-17, hereinbel ow, as represented in Figure
2 and conpiled in Table 2. Figure 2 shows the glass transition
tenper at ures anghe PIBR Ay beReidl S suit the a?plicatiﬁﬁ 8nd e 28R Willepbrdcié fiekeS
based on a cresol novol ac epoxy, woven fibergl ass, i and PI BPs of
varyi ng nol ecul this thetj thh distrituition e£ aigorserssan be tadlarsdrageordinigah the methods
summari zed in Table 2. :Low nole wei.ght Pl BRs en crosslinked with a
20 cresol nﬂ%oqr%orgﬁ%%&xWbﬁﬁb&@@oaﬂ@llggsﬂﬁ?%@p‘f%ns corresponding to a
pol yi ndane phase and an epoxy phase. Hi gher nol ecul ar wei ght :
Pl BPs, when crosslinked wi th an equi val ent of a cresol novol ac
epoxy show onl ylthasalsgbeenfoordithgt BERPs having an average ainhberof répeating shits
desirabl e PIBP average nol ecul ar weight and (n) value wll vary
with the appli céfeatghthaps0 will, in somepess gigsipable,embgdiments, yield brittle polymers,

preparation of f i i i ki she S|

prepar ation of Liieblalald S5 AT R A AREIPAL BRShUSR e
these include distribution éurlvé, RIBPS A&#h} n agdralgd rEpéating DnfEIChpsf lkssSBHe D il
alternatives to an 30 acidi c polymerization nmedi uminclude, for

exanpl e, art - knBow asd proegssanich like cresol novaladsdnt may oot Eiektehygisal popegiesan be
EZEd’ an 18%”8 lgy%hi% gvgcmsligrnﬁlcasndyagelttgp ﬁmgrrl E)l)lymers produced from Bisphenol A or

PCTI US99/ 03998 TMHPI, as is tH st GRePESR fadroSBARAINYith M E%@(?Ikr‘éﬁn tc\/\ﬁ)odu@e a
d fl er alter

sul fonic acid functionalize uor opol yner. O atives to’
an aci di ¢ pol yniamizsa, iinwhinhdiasertheriowumidecular weightRIBR{a+1) doek hotshowaci d
functionalized styrene-divinyl benzepe (H) .ion exchange . resins.

Het er ogeneous a%g'élﬁearlﬁé‘HPWFF’én’c?Vﬂglsé’ﬁ‘én%ll“‘sgasﬁg E‘WH‘?“’? yithgggardte, Super 5
Filtrol F-1f[err r ,O0,: Olar sl : eous
catal ysts ’]m{sgﬁgi%ga?éﬁe&ng%\(}%%sgggﬂ ‘;iH%rt;?e ey c&gsﬂ'é“srébgﬁb?tyﬁ?g’%ge@at ed
from the iseact i onExamples £1-17, hereinbelow, 4s tepresdntahnindtighre 2randeonpiled dn

repeatedly. In additign, Ziegler type conplexes can be used to
conduct the pol J#Rl¢ #2 Kiguem2 shows the glasy Haastiomiempgraturepandonsaipianodulus

LiBu-Tid [err] - ' - . red
embodi mon ;¢ heloTpfcr cleBlicR et ds s il s fekordbiac bl RTER SREEIAY Tl

aci d steps. Thearid PIBPs 8f efrying molecular weightsgihe egstt compogitidbnyfor whidh ara nedi um
that includes TFA. The TFA treatnment is ) t hen foll owed by a post
treat ment with ssomparized imdpble 2103 mplecylag wejght BERRS, when crosslinked wWiledy f ound

(ing ol odfre antorokBavoi cashur R SRS RSB s BRRAEIE Pl T, 1

pol yneri zati on pisas€ MTACépsty Phaded HigheRelealla weight FIBPs/Whdén Gusstiaked ul i n
obtai ning a pol yner product that avoids unsaturation. Suitable

pol yneri zat i on witharaquivalent afdecresel nevaladepouy show oakytasingla breadiglassi vel y
di ssol ve

transition. The most desirable PIBP average molecular weight and (n) value will
vary with the application.

25
Preparation of PIPB
The preparation of functionalized polyindane can be accomplished using a variety
of Lewis or Bronsted acids. In preferred embodiments, these include
trifluoroacetic acid (TFA), SuCl,, BF;, and H,SO,. Several alternatives to an

30 acidic polymerization medium include, for example, art-known strong acid

cationic ion exchange resins can be used, an example of which is Nafion®
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the reactants and support the polynerization reaction. These incl ude,
sinply by  WO9/M364y of exanple, nitrobenzene, benzene, tol uppgyshsssde
1 , 2-di chl oroet hane, 20 tetrachl oroet hane, and tetrachl oronethane, to

name but a few. Preferred . ol yner i zati.an_salvent s. .incl ude,.

ni trobenzene and %ﬁ%@?ﬁ“&?’o@?ﬂ%ﬂ& Mg wh! ?ﬁ‘(ﬁ OBr g?lgr{?%ﬁmg’%%e i ment ,
PI BP accordi ng t q1iddSpd et H®er diferAdtives id &54cak Polymerization Siédfiinh aicpudeor
the manufacture of printed circuit boards. In particular, PlIBP can 25

be readily crosslstaidad sulfohictacpl fmctionadized styeenedlivinylbsezena (H)ithm exchange
exanpl e: cresol novol ac epoxy resins, Bisphenol epox esj ns, -
brom nated resi nsreggg.hﬁgtgrogeneous act %"rﬂt%{ee%’yéraé%. fo Hﬁ%fé@gex%’@ﬁiiéwiﬁ dly
am ne epoxy,.resi s : iC
apoxy roei o, & et MREERDP SEar SRRraion, Jocksod JISE The HAERstaSs RRARRL

or ant hracene polpveeheatvafiagshat Sitly Ran bé ARIANG sévited frbAT i k& tidh mixture
according to one of the follow ng general structures:

15 WO 99/ 43a%sfiltration and can be reused repeatedly. In addition, Ziegler typ{}wmsgmgggg

[err] can be used to conduct the polymerization reaction. These include, for example,
LiBu-TiCl,-HCI or AI(Et);Ti(OBu)4-HCl. In another preferred embodiment, the

10 polymerization reaction can be conducted with two acid steps. The first step is
conducted in a polymerization medium that includes TFA. The TFA treatment is
then followed by a post treatment with sulfuric acid. This two-step process has
been found to be the most successful in avoiding products with incomplete indane
ring closure and internal olefins along the polymer backbone, when the

15 polymerization is conducted at room temperature, i.e., most successful in
obtaining a polymer product that avoids unsaturation. Suitable
polymerization solvents include any art known solvents that effectively dissolve
the reactants and support the polymerization reaction. These include, simply by
way of example, nitrobenzene, benzene, toluene, hexane, 1,2-dichloroethane,

20 tetrachloroethane, and tetrachloromethane, to name but a few. Preferred

polymerization solvents include nitrobenzene and 1,2-dichloroethane.

In a preferred embodiment, PIBP according to the invention is an ultrastable
substrate for the manufacture of printed circuit boards. In particular, PIBP can
25 be readily crosslinked with typical epoxy resins. These include, for example:
cresol novolac epoxy resins, Bisphenol F epoxy resins, brominated resins such as
brominated cresol novolacs, polyglycidly amine epoxy resins, Bisphenol A based
resins, fused ring aromatic epoxy resins, tetramethylbiphenyl-based epoxy resins,
naphthalene or anthracene polynuclear epoxy resins, resins having formulas

30 according to one of the following general structures:

15



14 R 7 5 16 WD 99/ 43638

PCTI US99/ 0399 wherein each of Rerr] through R e ' %% sane
or di ffereﬁ/ 93#563185 i ndependent|y one of : H, CH3, 'i’é‘{rﬁjﬁwﬁ §sopyl ,
i sopropyl, isobutyl; and CE is One advantage of using PIBP as a

hardener in an epoxy resin system piepared
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5 according to the invention is that the resulting copol yner
conposi t i ondV@ 43638 desirably | ow noi sture absor pti POTA&EH3998
Sur prisingly, such a PIBP-based copol ymer conposition with a
phenolic cured epoxy resin can have both a relatively high Tg

val ue and a nois . LRk e %”4 VAT
(preparation sho&vnﬁéri%n %gr?gpéﬂ?gl?{%g?sélgfrl\}be O\&%@ﬁ?rgn?%%s ghdreB?rlldselnﬁ P&sul t
10 because the art had previously suggested that as the Tg valge of a

t her nosetting resin is increased, the noisture abs tiof\value is
al so increased. 6A%kCHB) ethyd, propyl, isopropylaisebutyl;tdnd GEis (M Kajf, 1994, .

Polynmeric Materials for Mcroelectronic Applications ACS Synposium .

Series 579 Hroshi Ito, et al., Eds. Published by t he Ameri can

Chem cal Soci ety ' Q ' i . ghsor bt | - %
woul d have been (e))xg%\gg{]égga%% c??“g’hgr?é’%&%fgg@&yeﬁé‘g‘é‘?"?‘ eg’;(/)g# g%nhg\?tee%ég rFégr&d
270[err] C sl n a gédotding ti the riveatioR thEthe r@BRING GPEFMEIRHBpbiAbns@hibie
conbi ned with a PIBP of the invention include, am ne cured epoxy
resins, polyan ddesitablydow moisture alssprptionrvabliess Surpisinghy, uctep 8X5Pbasadds,

bi smal ei m de or phenyltriazi ng/ epo . | ends, pul tifunctional or
Cetraf unct i onal EPRSPHLAITIROSINORGVIL] g Phenolisgnisdeposy fesin CARRAYE AR Bpoxy

resin blends, to f A = 0
conpositions. rﬂ&%l%@?ﬁl‘g \gﬂggaglqgc%g§§4r%g$%o5& Elﬂl%l%\?(g?téilgvr‘{ agghssa/ SO

provi de a nunber (mépaaatib shosal in Example 19, heinbel@wb ofhisizrd surpriginig tesaktance,

PI BPs of the invention can be converted into 25 ol yi ndanedi cyanat e and
sel f - pol yn¥r i zedbecgusethgag hadipseviously siseestpbthanas the Tg value of a thegnerefingnt o a

bi smal ei m de tri agi . 1N m,  F . ' Pl G

a catalyst or, i ?ié}rggdlé‘gg‘fﬁ%’?\t%?%"?’(ﬁegst?re%é%&g{émg%lgé Fsl aﬁioelg %éa%ﬁdnb%ss%%?%ﬁ% e
ester) datd ofahé Mx@%MQKI?Bi PYBae PElynfdric/MIdteHals foelidiSelettidmi®) ect - PT
resin sold by Lonza, airlawn, NJ), dicyl copentadienyl bi sphenol,
and tetrabronobi #yppieaions ACS Sympaedum Serige 579 Kinoahi Itd st alpislso Publishedibys

iu;cel erate {/\E\)egg}/%%lrghga%r éﬁgéilcg)lrgo%get)@l\%gs%iggton D.C.), a moisture absorption of 2-3

PCT/ US99/ 03998 o, would have ®etiebpected f&AHpidn8epdxyae§is sitéth hade qufgicﬂg
cycles, PIBPs according to the invention can,”in a yet further

enbodi nent, r edu@0telnrstil fartherdisbodimenty epdxyt dopolymadrs that can be capbined e
est'er resins, by hei I.nc orated jnto the cyclic trinmer. Typica
catalysts for thedl %ﬁ!‘%}ﬂ%&‘g fveafien inehide, ainige ke spereTostisy B%&Wé({eé‘é‘f?ﬁr

1(‘: 2\?\) ?J te Skngwn categi §st SiiS, ﬁlﬁﬁﬁ@&&% elr)i aﬁ@pﬁgﬁaleﬁﬂﬁe%ﬁéﬂg’tﬁer uis%? g*ut :
enbodi ment s, Pl BBlends, yaltifioretiond] @d tdtafirdveiohalldpoxy regirspdri syveas-maleic A

bi s(cyanate ester). by, fact ion,with ci%anogen brom de, or cyanogen chl ori de.
10 An ®poxy thlf%’é’«rs epawy tasinblendse i namembuta fewadditionalar-kaewa 6P9%% h an
unnodi fi ed

compositions.

The PIBPs according to the invention can also provide a number of additional
useful embodiments. For instance, PIBPs of the invention can be converted into
25 polyindanedicyanate and self-polymerized to form a triazine, or PIBP can be
blended into a bismaleimide triazine resin system. Further still, a PIBP can act as
a catalyst or, in larger quantities, can be crosslinked with bis(cyanate ester)
derivatives of bisphenol A, novolac resins (Primaject-PT resin sold by Lonza,
Fairlawn, NJ), dicylcopentadienylbisphenol, and tetrabromobisphenol A. Itis

30 well known that phenolic resins accelerate the cyclotrimerization of cyanate

17



PIBP to yield a very noisture resistant high Tg epoxy resin. A bis

(al l'yl et her reaction with allylchloride and the | i nked
using a fre‘)elo?g/é?‘sggl process or it coul d be cured b€cf1@§%s’9?q3g% W th
a bismal ei m de such as net hyl enedi anal i ne bi smal ei m de. A
bis(allylether) derivatjve of PIBP can then be blended with a 15 .

bi s(mal ei ni de) / &P In asiditinndn grecelerating euring Qycles PIBPsareardig te the) igvention

t hernosetting rgsj i [ rd LI

The conpounds o?ﬁ‘f &egfér%ven .8&"’%@@‘5& eﬁeg%ﬁ%t}%?%ﬁ%t%ag%@ erﬂg n|eoartobl ens

| ong keyeinhtelebref Re8ing! By bdﬁ@%irﬂhﬁﬁfﬂt&l intd the Sy¥iad trinkd?OWypicARt epoxy
containing materials 20 are brittle and_have poor resistance to crack
propagation, t heatgyssfosthase polymegizations are trammretagﬁaﬁgqrboxuéatsseomhslates

I ncr easi n? gl ass %lr ansi ti Onlﬁ When ruhber donai nﬁwgr p t her nopl asti c
domai ns are di sYUMBSEEE 265 iRFFIOUALRAGA NFasy GIame ARt & feW att kBo R CRtaYy st

matrix from thepgihgiscron to mcron range, a rubber or thernoplastic may
enabl e plastic flow, which serves to greatly increase the fracture
energy. Thernosetting 25 pol ymers based on PIBP having a mnority

conponent of an epoxy, for exanple, can be toughened in a nunber
of ways. Typi caln dheraselyl egbodimentseP B ecandhe qonyertegsto the following bstances:

bbors. modi ficat] i . . | ticatlon i th
non-reactive r i Enlle el SPGB IRIMIER bR,
car boxyl ijg An epodChyreadtich Wil kpicBIBEohY drif Ghd then RERE witly b Mhmo8ified| Ilgne

functionalized. 30 . i
WO 99/ 43638 PIBP to yield a very moisture resistant high Tg epoxy resin. A bis (allylether) by

ggﬁ :)J 8?22?3328 gpmﬂnywigilalfﬁgﬂgr?éee aclinc{ tlfllgr? g:é;ﬂﬂ%\éé Gﬁn&‘ arfreeg%ciigaei p];'gcrég;[ <i)rQ1?a|
di carboxyl i c- acéqgiid B¢ firB@ b ebablid: D MR W REh ABR180 iRAla¥ nihf1EAddfanaline

functionalized pol ybut adi ene, di hydroxy term nated pol y(propyl ene

oxi de) - bl ock-  bismaleimide) Y(His(alylethed)detivative,dfAHBP cah thenlbeditendsd wittpa opy| ene

i de), . di hydr. - I nat l. - | act - bl k-
8)(;: yf%aut égi enga-@5@2&9\2&5@#&%&%&&Egsﬁ%;\(‘{»‘grlé]rar’]q&gé‘%%(F:’éf%?‘gzle) , Ogi hydr oxy
term nated ol i %eﬁﬁés@%ﬂgg?@sixfﬁrﬁ% in )511)365}915 priiéd Biifthdanlsy (et her uret hane),

functionalized poly(di hyl si | oxane)™ and 'bl ock copol yners cont ai ned
conpati bilizing carbon containing segnments such as [err]-caprol actone. 10

An addi ti onal roach tq t r obl.em of . f ougheni ng hi Tg. thernosets
(thor moset t1 g bieceiRupds shiGr Fo@ntpepRyidep o8t roRuRBer ot PIRbTF D ke,

Pref or med known to the art. For example, it is well known that epoxy containing materials

20 are brittle and have poor resistance to crack propagation, the prqblem becoming
increasingly worse with increasing glass transition. When rubber domains or
thermoplastic domains are distributed within a highly crosslinked thermosetting
matrix from the submicron to micron range, a rubber or thermoplastic may enable
plastic flow, which serves to greatly increase the fracture energy. Thermosetting

25 polymers based on PIBP having a minority component of an epoxy, for example,
can be toughened in a number of ways. Typical strategies include the addition of
reactive rubbers, modification with engineering plastics, and modification with
non-reactive rubbers. Reactive rubbers include any rubbers which are carboxylic
acid, hydroxyl, epoxy, amine, phenol, vinyl, or silane functionalized.

30
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core shell latex rubber particles prepared from enul sion polynerization are
typically ud99/43688 pref ornmed core shell particles typically havasss/o3asser
core 15 whi ch m ght contain butylacryl ate, butadi ene, butadi ene and
styrene, while the shell m ght be a crosslinked or non-crosslinked

t her nopl astic sugch_as, R - . . r Lt il e

gl yci dyl met hacr #e e pteﬁ?ﬁ@%ﬁrf 8%{%%3 ’re%f%%gm[r}%g?gagt%@@?fudg, sme[y b%‘e”&%f’ gbl e
oil's, and epi chl gaipyd aidart&zﬁcs}ﬂ@aeuheﬁﬁﬁaﬂaawﬁadbmdb@ertomylomm@g

Pol yi ndane based thérnosets can al so be toughened by the addition of

engi neeri ng t herfweticmstizekpolyiyyadiahe, ditudray tasninsted ipabi(pedpylene oxide)-block-
pol yet her sul f ones, ) pol y(et herim des), poly(aryl, ether ketones),
pol yesters such %Y@BPQ{?&FS‘FP@?@%“‘“‘ e-bl&:‘kf BPQ@@H&‘%&? EXIF?)BT) or
pol yet hyl epe nap, e ([ ' B I ekades) such as
pol yphenyl gne su@p?(g{e)g% %5%5%%& %?V@?héﬂ{f g#gﬁ XI glg(" PPO'), 25

pol yhydant oi n, aﬁtﬂr(ﬁbﬁiaﬂfe@é%%&ﬁ&nitﬁb}ﬂﬂ@i@ol Eotapeeladrond) Ghydruskyanor phous
pol ycar bonat es i ncl udi ng pol ykbi sphenol A carbonate]-co-4,4"-
]

(3,3, 5-tri net hyl eyminetedojigpdelilene prida) phenol yminaedipelytathrsairethane),
P boxyl T unct i oftaptiolzed POV ARelny Bl 807 Botk ¥l BisebPeidhed 30° '

19 WO 9914§(§§}§“- T i t - lactone.
PCT/ US99/ 03998 T fa DO O e S Sug 8 e T e s phenol
conpounds 10f the formula may optionally be prepared with

substitution groups replacing one or both of the . . hydroxy noieties.
Any art-known reddtadditionahapproashty hgauoblemaftengheninghigh Tg thermosets

Smply by 5 (hifesflink Bfe AR RUGRR) offorbieae e BiciBined
i socyanate and agyte @hdlETateX/rubber particles pr&ysiied frémCdrhuSioiPoBinheBration are
typically used. The preformed core shell particles typically have a rubber core
15 which might contain butylacrylate, butadiene, butadiene and styrene, while the
shell might be a crosslinked or non-crosslinked thermoplastic such as PMMA,
styrene, acrylonitrile, or glycidylmethacrylate. Polysiloxanes, fluooroelastomers,

vegetable oils, and epichlorohydrin based rubbers have also been used.

20 Polyindane based thermosets can also be toughened by the addition of
engineering thermoplastics. Typical thermoplastics include polyethersulfones,
poly(etherimides), poly(ary! ether ketones), polyesters such as polybutylene
teraphthalate (PBT) or polyethylene naphthalate (“PEN"), poly (aryleneoxides)
such as polyphenylene sulfide (“PPS”), polyphenylene oxide (“PPO”),

25 polyhydantoin, and polycarbonates. Bisphenol A polycarbonates and amorphous
polycarbonates including poly[bisphenol A carbonate]-co-4,4’-
(3,3,5-trimethylcyclohexylidene)diphenol carbonate are especially preferred.
Modified derivatives such as hydroxy, epoxy, amino, or carboxyl functionalized
thermoplastics are also envisioned.

30
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0‘C~"i,$(9)9989143‘538 Conposite Materials

PCT/US99/03998
In further embodiments, the polyindanbisphenol compounds of the formula may
optionally be prepared with substitution groups replacing one or both of the
hydroxy moieties. Any art-known reaction may be employed to effect such a
substitution, either for the polyindanbisphenol or precursors thereof. Simply by

5 way of example, such substitutions will include isocyanate and any other art-

known reactive moieties.

20



Pol ymers based on PIBP can be used for the production of numerous

conposi t es. W0 99/43638 P| BP based pol yners can be used to i npredrcl/usr03g98at
any suitable substrates in need t hereof, including, but not
limted to, the foll ow ng substrates: woven glass, 5 non-woven gl ass,

copper (a resin @@ﬁb@ﬂtemmﬂﬁ& quartz fabr| c rei nforcerrent cross
plies of unidirectional e, film fiber, paper .(woven or non-woyen)

derived from pol Badymers h_ @uBIBPagammSFéfQﬂﬂbééww efyayperopy cofpROGIES |

b
el ey Rapt onPISY PARLISIAAS bl A el 4R IR ERRE 3 fodl Shi st stk d
Tokyo 10 Japgn) tﬂé}eﬂdufemd%%z 'Bﬁwattu%ﬁe@qar&emlémg%ﬁmltésd QvcVied ghdssher

of p- phenyl enedi am ne {PDA) or di am nodi phenyl et her,
Thur mount § Dupo nhon-woven glass, tapper (q)mkxyla:loami adepps)cimantz fatrig nemfercement

Technoralerr Teijin Arerica, |nc York, based on PDA and
3, 4' - di aEn no!:ll E)h@’ﬁgq pliesof unmauwhwagﬁlguéﬁewr paper (Woyg%wqun
(Dupont, Id.) bage e _
Tei ji nconex| er r]éerb ?3"’3’} g%ggstgl nc Ass%\%a?hgg%g ﬁ.\;\?glrag&‘[lé?ﬁ gf%\?(ter

Dobbs Ferry, 1) J) based\on h?af%ﬁﬁnaymda@wﬂ an@h?mk?m&erc&am Ealyamdéeﬁlm and

pol ybenzoxazol e. These conposites can OS}HI onal I e filled with
hol i ow gl ass sphinchsljingjKapton’ (Pupsat, Wilmington, RE) ﬂ@&l(UB Industried, dgkyo

chopped fibers | ay,, ta and aI i1 1858 t her nmal
conduct i vilfy. ZO?aPaX) basdd § opBHRbE L ﬂ@Pbyd“‘fgoa“% eitherof ¢ urther set

of useful enbodi grptsy RBRSnE7E0 AS'bP@ 4t.alamﬁoali3u@dyt1etﬁa TREnRAnt® (Dupont,

used for the pro tlono satlon pol ynmers havi ng’ the fol | ow ng
general I&); ipobyaturides?éuch as Teijin’s Technora® (Teijin America, Inc. New York,
21 WD 99/ 43638
PCTJUS99/ 03998 NY) based on PDA and 3,4’-diaminodiphenylether, meta-aramids such as
Nomex® (Dupont, Id.) based on poly(m-phenyleneisophthalamide), and
15 Teijinconex®, para-aramids including Kevlar® and Twaron® (Akzo, Dobbs Ferry,
NY) based on poly(p-phenyleneterephthalamide); and polybenzoxazole. These
composites can optionally be filled with hollow glass spheres, quartz, fused
spherical silica, mica, chopped fibers, clay, talc, and metal fillers to improve

thermal conductivity.

20
Condensation Polymers
In a further set of useful embodiments, PIBPs according to the invention can be
used for the production of condensation polymers having the following general
structure:

25
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[err] For exanple, in one particul ar enbodi ment PIBP can be
copol yneri ' di f1 uor obenzoqui none or di chl orodi phenyl sul f one
to producezgﬁgw“s‘gs pol yet her et her ket one or a pol yet hersul f ofi T’\’\’/ﬁé’@9¥
[err] wherein Xis S or C 10 Al ternatively, PIBPs
according to the invention can be used to produce pol ycar bonat es by
reaction with phosgene gas or derivatives thereof, where x is a

carbonyl group. In another alternatiwg enbodisent, PIBP can be

copol ynmeri zed - wi t h Bi spheng josgene. - . BP can al'so be
reacted with aromatic or aliphati orides, diacids, or the 15

nmet hyl ester derivatives theregé}) ere L~chl oride or isophthal oyl

R0y
chl ori de are suitablefromati c df ac/Y@ pri des to produce a
pol yester having the structure above where z

-Co-f [err] 20 (0] 22
~z 1

For example, in one particular embodiment PIBP can be copolymerized with
difluorobenzoquinone or dichlorodiphenylsulfone to produce a

5 polyetheretherketone or a polyethersulfone where z =

wherein Xis S or C.

10 | Alternatively, PIBPs according to the invention can be used to produce
polycarbonates by reaction with phosgene gas or derivatives thereof, where x is a
carbonyl group. In another alternative embodiment, PIBP can be copolymerized
with Bisphenol A and phosgene.

BP can also be reacted with aromatic or aliphatic diacidchlorides, diacids, or the

15 methylester derivatives thereof. Terephthaloyl chloride or isophthaloyl chloride
are suitable aromatic diacidchlorides to produce a polyester having the structure

described above where z =

—-
CO—

20
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WD 99/ 43638.

PCT/ US99/ 0394199/43638 Ther nopl astics or thernosetting resiPEI/HIXEIEN
pol yi ndane can be processed fromsolution by coating or can be
processed fromthe nmelt using the usual extrusi on processes

(injection nol diTigrmbplasticedr thetinosetting eesins kasedinmn jdlpindane can be prgpqsiscppb)
When nelt-processing thernosets, special care ;}ust be t@ken é_ﬁ’
control the advaiomseltionbycratingarsands proggsses %éheo‘ﬁe eBWalict ed at

reasonabl e viscosities r R -cured to
obtain the final e’ﬁﬁ‘i‘l’?‘?f‘@éﬁ’ceﬁ?’%ggﬁ?&@g%iq;{hgg’ﬁﬂg ﬁéér}gﬂlcsgﬁl Ee coat ed

usi ng SPhBMing) WhetnBit- pPéBégﬁﬁg thefthbRts, @p’éﬂ:;al@ﬁﬁ thii& beitdlen t6i | s,
coatings, or conposites then be |am nated to other structures

usi ng standard | amtmhthecaldvmcemht oﬂtthe resin $ciprextiusion Cﬂné’elrﬁpﬂwci‘u%j

non-limting exanpl es,  serve to i strate vent

EXAMPLES reaggrahis| vdscositigs. Mér r@'°‘%ﬁ5§“ﬂ1‘5ﬁ6‘?°sﬁsf§“ then hg‘g""’f‘ ¥\ can be
cracked by any s t S PhoIOMerdc b ted WR@CESS
s but one exam&tﬁ%%ﬁgﬁvﬁl&mwée B CPIDE Vasy @hoI9HIchoan be costed BIEC

Bi sphenol A vas phrag,afip,ispind pdtvdéd, Reiife, walljand.the kaf Filing, ddatihgs, thismposisk was
pl aced in a Kugelro o di St FI ation oven and connected to an 8" vigreux

col um vati thin he taminated te ether gructuresqesing standard lampigatiomgr sotlask . To
the 4L receiving,fl.ask 20 S. connec 4rn was
connect ed Yo an BAWiNgHn, e ARGEPLP \?iga{‘onei nt”‘?Qllg%xgrhﬁlleggélj%ha lﬁgtrkﬁ%éﬁ Vi gr eux
col um was insul ghefignd the 4L receiving col um was cooled with a

dry ice/acetone mxture. To the 4L receiving flask was added a
gram of sodi um bi carbonate and 0.2 g of t-butylcatechol. The system was
evacuated to 200 _pbar _and the oven was heated to 225C. Upon nelting of the

25 bi sphenol Mg paratus was rotated using the pneunatic notor. 850
gram of a i £d in the rece|V|ngfIask over a one
hour tine peri odExamme'Xlt %ﬁcgﬁglﬁ% eg gas chromatograph ("GC') showed a

m xture cofy ai ni MRIsphendl’A can be cracked)ﬂfgemql suitdlile 28tKrioMn pmeesse e delbawibgi ng

hi gh boiling inpurities. This m xture en yse |re |y
W t hout further [PIegess ishut eve exanple Qf}éﬂﬂ’g?lﬁ@&y#é‘g‘l‘?"agf g ach

ol i goneri zati on ?g% HeRo tXRva%?'lAc%d% £ 9 Hask &35 8 0P ay NQOII'PeThlS flask was

phenolllsopropen eno
23 WO 99/ 43638 in a Kugelrohr distillation oven and connected to an 8” vigreux column

PCT/ L1599/ 03998 which was connectedr'g)) lar?ixt%m%.l 4L receiving flask. To the 4L receiving flask

20 was connected a 1L flask which in turn was connected to an air driven motor via
a glass shaft. The vigreux column was insulated and the 4L receiving column
was cooled with a dry ice/acetone mixture. To the 4L receiving flask was added a
gram of sodium bicarbonate and 0.2 g of t-butylcatechol. The system was
evacuated to 200 mbar and the oven was heated to 225C. Upon melting of the

25 bisphenol A the apparatus was rotated using the pneumatic motor. 850 gram of a
mixture was collected in the receiving flask over a one hour time period.
Analysis by gas chromatograph (“GC”) showed a mixture containing 55.9%
phenol, 41.2% IPP, the remainder being high boiling impurities. This mixture
was then used directly without further purification. IPP is obtained fresh before

30 each oligomerization and is typically present from 38-55% in the

phenol/isopropenylphenol mixture.

23



Preparati on of Polyi ndanebi sphenol s of Varying Ml ecul ar Wi ght
The conpouRgls o8lgsssgnated as exanples 2-8 were prepared by the follow ng 5
gener al procedurebgml ch specifically describes the preparatiSi/¥$9(0FYs

conpound of Exanple 3. The compounds of Exanples 2-8 are described
in Table 1, bel ow 2L of 1, 2-dichl oroethane and 40 g of
trifluoroacetic acid were placed in a 5L gl ass reaction kettle.
The contents of Ekwapeepa ate 1L addition flasks, containing 819.9

g of 1,3-dii sopropenyl benzene (DI PB)-and 813 grans of product fremthe 10
cracki ng of bi thapamhomofPeb'pehnebwlhynolmfHar)’mwl\/hﬂmthréﬁ/elght aneously to
t he stjréred 5L kettl.e, over a ope é)ur tinme g{fé a&f t room

t enperature. $SRReUnds desigriated gs,cxprp W&TE RTRRATEY BY RIEJORP¥M8enol A
pr oduct xt ur e > henol .
After co%l ete ?%l?%é&b%ﬂu%%ém %e&%lé} Q&CPP%SJ}]F 8 repr af'a%%n%?'tﬂé%onﬂ; gg?t I onal
hour. The kettlefmﬁanplben The @bsy gowashfﬁmnﬁ&fstzes atattiesdibee 1@T@$Ie1,5below.
concentrated sul furic acid was added. The kettle was then stirred

over ni ght, afterL of 1 ,2-dichlagpgthapeangd 4P grofdrifluproaeetisasidwers dlaced ima Sk ask.
The contents of the kettl.e s fe a 13L .kettle
equi pped with a%l {o&keg#\e @ Sctop{jptgtqfotxvq,ﬁgg ?ezf_’“ gcfcfmon haSkS °°Htaﬂw BRol
was added to thmb@sﬁfx 3Thﬁsogf@aﬂylser&ehé/aﬁm)\éﬁafs13 Ig%sdaﬁ&badc@ﬁoﬁmm

the kettle leaving a white pol ymer mass, and water. Phenol® was
azeot ropiteal | y @&@cking of brSphamol Aents;ﬁectlmltherfelthsrkadﬂpdlshmxltanabusﬂwmuhe addi tion

f R dual i d db h
Dol yer vt ﬁ%o?‘%ﬁ%‘?‘g?’ Q¥ # prchoys SiperpR, At room tempigaling (b ARENSisThe
pol ymer was dri g gdé atr{h%&‘agf'e'a b?stcphgﬁ)({l% Soduc Txﬁ&tﬁg Eﬁttaﬂxreﬁ 3953 #ulgféghre the

ol i gomer produce ove process ma confirme roton

magneti c resonafesebeim@wﬁ%smeml ( NVRYtensomspleteradditioni erl@tt&wdmxex@difbﬂ on of
t he 25 area under the peaks for the alogfhatlc and_arqmatic regions

yi el ded a rat i oo®f adsitponal hour. The kettleiwag shenccopleswith icepafiar syhish 40868 on an
) osely Wt bt neorepRERkd RAstRiakidWiaRlgd. he kgl Wk ufth striéd obEfpner oS

sumari zed bel owhichra lftebbfwdter was added to the flask. The contents of the kettle were then

24 WD 99/ 43638
PCT/ US99/ 03998 transferred to a 13L kettle equipped with an agitator and distillatiopfieadq 2L of

Exanple DI BP mleshanol wad ddded to th @%k; e ofé%ﬁ%gﬁe%rg%;%%n distilled fron ' €! d

(mol ;- (no
the kettle leaving a white polymer mass, and water. Phenol was azeotropically

20 distilled from the flask by the continuous addition of water. Residual sulfuric
acid was removed by washing the polymer with boiling water until a neutral pH
was obtained. The polymer was dried under nitrogen at 80°C. The structure of
the oligomer produced by the above process was confirmed by proton nuclear
magnetic resonance spectroscopy (NMR) as shown in Figure 3. Integration of the |

25 area under the peaks for the aliphatic and aromatic regions yielded a ratio of 2.21
(aliphatic:aromatic protons) Based on an average oligomer repeating unit number
(n) of 4.2, this matches closely with the theoretical value of 2.21. The products

are summarized below, in Table 1.
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| somer)
repeati ng
units
ND

106

ND

101

97

102

97

25

WO 99/43638

pol yi ndane

PCT/US99/03998
2 0. 353 para 0. 249 1.4:1 576 2.
3 5.18 ;nmeta 2.45 2.1:1 798 4.2
4 0.158; nmeta 0.063 2.5: 1 924 5.0
5 5.68 ; nmeta 1.63 3.5:1 1240 7.0
6 2.83 ; neta O. 71 ablpb 1 1398 8.0
7 —5198 reta-112 5-60—% N 1 10
8 | Example ﬁDJBP met a| IRP g3 DIRP 6IPP| | Average pAgerage  {3iaid
ND F not det e(r 10 ned (mol) MW number of | (%)
isomer) polyindane
repeating
units
2 0.353;para 0249 |14:1 576 2.8 ND
3 5.18 ;meta |245 |2.1:1 798 42 106
4 0.158 ;meta |0.063 |2.5:1 924 5.0 ND
5 568 ;meta |1.63 |3.5:1 1240 7.0 101
6 283 ;meta {071 [4.0:1 1398 8.0 97
7 598 ;meta {120 |5.0:1 1714 10.0 102
8 537 ;meta |0.83 |65:1 2188 13.0 97

ND = not determined
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WO 99/ 43638

PCT1US99/ 03@%%99/4363 Exanpl e 9. Preparation of PIBP Using -
1, 2-dii sopropenyﬁ%enzene Exanple 2 is repeated wi t hPERUSEN®EM i on
that 1, 2- dllsopropenylbenzene I's used in the place of 1

, 3-dii sopropenylé;(gl%ferbe Exanpl e 10. Preparation of PIBP using

Bentonlte d ay ) 25g TFA was diluted wth 2.7L 1 ,2-dichl oroet hane

in a 5L glass kerégamatioB$OBIBP Using 1,2-diisdpropdiylbeagdnepeny| benzene was
conmbined with a 661 Ig m xture of phenol and ~ p-2-isopropenyl phenol
€

(303.9 g, 2.26 MmsApPp n?raﬁemmdtwndnmmeaeqptranahaédd?edlumrqnereyiinenzene irusgdt i on
kettle over a one ho | eri of SuperFiltrol F-1f[err] acid
cl ay Eaé gﬂ‘é ‘?f‘?é’p‘fﬂpf?ﬁgg‘%ﬂ% heated at reflux for 5 hours.

The clay was then renoved by filtration. Half of the

1, 2-di chl or oet hane was renoved by distillation. The remaining
sol ution was t héxamghicld. tl’tre;ianﬁlornﬁ’tRIBﬁoismg Bentonite Clpy eci p| tatl ng 589 g of
product which was isolated by filtration,(high nmolecul ar

fraction, HWA) 258HEA wasdibuted with 2¢flst ﬁtql%orpethamw&& gla& kete 8498@[5 er

530 g of product was

1, 10% P ] ﬁ&:%ggwkﬁﬁﬂéﬁ@mp%{%ﬁ? %%ﬁggﬁé{]%)ﬁ%ﬁa lc}i‘ %‘%}%ﬁgat ing in

a wat er/ met hanolp 2-iso ropenylﬂQJnUI (300.X Q%G/&ﬁbl@ﬁﬁanidtﬂné@ﬂﬂé!d gdfddded iohe LM A
he

was separated fromt insoluble filtered fraction, LMAB.

Met hanol / Wat er weastion kettle peer aamg;hom timeg@riod. 2imﬁsumtr0bﬁ~10rm ¢lanat ed

uSi ng St | ar WP SRUAPG G5 TR e gl b 46F o TRE e hitn

acet one/ net hanokelﬁ&}eutbyqnum USAId of dlel1 palchm?o&maaﬁtw&@émw@bﬁna' yzed by
si ze excl usi on chromat dography (SEC) to resolve the various

pol yi ndanebi sphdistillation. The remainiggpsmdution ﬁEﬂhmaddndrthLenlethmqhg a
concentration of 5:6 PIBP in tetrah uran serie of t wo
pol yst yr ene/ di var%@ﬁseg@ 86 amﬁigct(‘slelf’er\faffsr&s*;ﬂy o igh glec ‘
5[err] /504 PL- te

HP 1090 Lllng dG?:Jhe% gﬁ n&aggrdaglmggw ggg ﬁiﬁm% Brg%mga{ba ta%alngag&ﬂ&d

separ ati on net h6d0 gaf paﬂap&(kdvhmléﬂﬂﬁrh’%@tﬁhsnorsmwws dop) yidlBvan$j102 a

Fi nni gan TSQ 7000 (tr,iple ol_e) (at nospheric ressure 30
cheni cal i oni zaswa%?%r kel Mﬁ% %@P #aﬁ%%naﬁ %ﬁaanaygam%f)

was - us C FrBet I of 1
. SShuftbn B Waery! 'P}E%K?o‘?e rHctbE LNV IS v_@asCsQH&g%H fitin 813 Yo
99/ 43638 insoluble filtered fraction, LMW1B. Methanol/water was distilled away from
PCT1US99/ 03998 . . g

20 LMWI1A. HMW]1 was fractionated into a high (HMW1A) and low molecular

weight fraction (HMW1B) using a similar procedure with the exception that a
20% acetone/methanol solution was used. All of the fractions were analyzed by
size exclusion chromatography (SEC) to resolve the various polyindanebisphenol
oligomers. SEC was conducted using a concentration of 5-6 mg of PIBP in

25 tetrahydrofuran, a series of two polystyrene/divinylbenzene columns (S(&2/100A
PL-Gel and 5(E2/50A PL-Gel) at a flow rate of 1 ml/min, with a Hewlett Packard
HP1090 Liquid Chromatograph equipped with Chem Data Station. The
separation method was adapted to APCI/SEC/Mass Spectroscopy (MS) using a
Finnigan TSQ-7000 (triple stage quadrapole). APCI (atmospheric pressure

30 chemical ionization)/infusion analysis in positive and negative ion mode was

used on samples dissolved in THF using a concentration of 1 mg/ml. MS
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revealed a niz 158 oligoner series. The highest nol ecul ar weight fraction
(HWN A) reveM®A$/436380l i goner series having 3-8 repeating unit spcTiosnologeysst
nol ecul ar wei ght fraction (LMALA) reveal ed an ol i goner series having
repeating units from1-4. The nedi um nol ecul ar weight fractjons (HWAB and
5 LMALB) r eexsaledd m/zdl S8taligomer seriesaTha dighesionplgewier weight actionom n =

2-6. Wth nbi nat.i on,of SEC and M, .the ol i gone ri.es S
resol ved such thzﬁ{Wég? reveated ainr?&ﬁgswgh%ﬁneﬁg?vlflﬂ('}ég:éegfétbﬁ%%fs‘ f@fé%‘f’?sng
units could be i defibdfiariskigRSRRGWILMW1A) revealed afl éliorher serit§ having Exanpl es
11-17 Preparation of Printed Wring Board PWB" )

Lanm nates Using PeiRatingdni@ freml 1-MoTbe acdifnormplecular weight Traetibns (FOMWIP amd a
general procedure for. prepatring.the conpositions of Exanpl.es .
11-17. whi ch spediMNrsverleds sisubution hayving a aﬁswﬁewr%%%ﬂa@ewlth
prepared 15 | e | | | 8. ) 29
of the product o# ke an&ggnyﬁsﬁ%?tgﬁg%éﬁﬂg%ﬁggg%ggygﬁg%g@%%éﬁéh%t?}égoI
novol ac epoxy avghdigidugl pdlpiianebisphenol E&féﬁti@hﬂ)(s ¢dldNG2 RRhtified, a8shévim in
2-ethyl -4-met hyli m dazole (2,4-EM), and 15 g of et hyl et hyl

ket one ("MEK"), \Highrdilng a clear sol ution upon mixing. The

sol ution was coated onto 4 separate 6"x 6" woven glass fabric using a
Leneta 20 wire wound rod. The resin inpregnated glass fabric was

al lowed toglry, Examples 11@{€rwhi ch the backside of the fabric was coated.
The fabric was then heated I n an oven at 190[err]C to ensure the
conpl et e renoval Répaatioresft Prinkbd Wiriep Begrd ({BWB’”) t hen stacked one on

top of the other, sandw ched bhetween two_pieces of PTFE rel ease
filmand two pol il=saBatesMsing FIBRand Craspd Novelas&poxy 220[err] C for one hour.

Chey vere poot | HeTolBhEg kel iRCed.5e R Brorpfink o Qb s o IRhES

absor ption was obtiai Tashibty specifically destpibek the répagationcofFOWBl1amiriate prepared at
85[err] ¢/ 85% hum dity for 3 days, _rreasuriﬁr:g % noi sture upt ake_of
the conposilfe by uing thePYRR obtaneddn Examplet shewn abeys. nk-¢%he of the product of

rodulus 50 1 cueniple3 ofS aEE R eyt AP E e e RS Al Bl e

anal ysi s Ciba OMizy (BEe1299) 05 @f DeiRg-2meSBraE0ts(2RPBMI), anfl 15 £
t orsi on rectangul ar . 2
WO 99/ 43638 of methylethyl ketone (“MEK?”), yielding a clear solution upon mixing. The

PT/ (599103998 solpaues GBS g s LR AuBl BB o
modul us 1 0gg. Thewfk %‘u_ﬁ& réE PTRSRSh] ré(gﬂ@ted glass fabrit' Wi fovRd t8tiry, he
products of Exanples 11-17 are indicated on the Figure al ong t he
top "X' axis. As afsemwhichalpbankside ef terfabnid-wvasicant]. The fablicezs dienthettedém 200
an oven at 190°C to ensure the complete removal of solvent. The prepregs were
then stacked one on top of the other, sandwiched between two pieces of PTFE
release film and two polished chrome plates, and pressed at 220°C for one hour.

25 The laminates were then allowed to cool in the press, after which they were post
cured in air at 270°C for one hour. Moisture absorption was obtained by
conditioning the samples in a oven at 85°C/85% humidity for 3 days, measuring
% moisture uptake of the composite by Karl Fisher titration, and then ashing the
composite to obtain the resin content. Glass transitions and the onset of modulus

30 loss are shown schematically in Figure 2. Dynamic mechanical analysis

(“DMA™) was conducted using a Rheometrics RDA-II in torsion rectangular
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5 and 300[err] C can be readily obtained by using the conpositions

pr epar ed aQ&;s for Exanpl es 11-17, as sunmarized in Table 2, as -
fol | ows. FO¥OrHE%a8 conposi tions with nore than one TREWHSIIN3IS. g. ,
t he product of Exanple 12, the lower Tg is (general ly) much weaker
than the upper one, so that, for exanple, for the product of

Exanpl e 12, t henflyop | By MPAURUBCHINSKlof 1hd bihecthrkier GPIREAL lofedih | €5

10 pronounced than the no us drop observe ring the second ass
transition at units or (nj ersasitiiherset efimedultisiioss. The circles representing the

4

Table 2 . Exanple PIDP PIDP (% - ECN 1299 (% 2 .4-EM (%
Resi n properties of the products of Examples'11-17 are indicated on the Figure along’ -
Moi sture N ot - . . :
Absor pt i on the top “X s, Ascanbe ﬁppremated glar%ﬁmure 2, ng%?_l"}fﬁ of between 200 0.1
ND 5 1gnd 300°C cande readily obhirtd bg using the c5ﬁh}])ositions prepareddabove for
0.99 13 4 69.1 30. 74 0.1
ND 1Examples 11-13, as summarged én Table 2, @5foliews. For those compositions
0.18 76. 4 4 .
ND lﬁ’}tﬁ more thanpng Tg valupggga tl15e produeét(p%%yax?lple 12, the lowgr 'gg :1Ls
ND 1 :
D Néegerrz%Y) xag(fsne\ryﬁe]zkﬁlé t tﬁ)égupper one,Jsg t§a1t, for example, foPthe product
28 VO 996fB%ahdple 12, the drop in modulus during the first Tg is generally much less
PCT/ US99/ 03998 i .
10 pronounced than the modulus drop observed during the second glass transition at
the higher temperature.
Table 2
Example |PIDP |PIDP (%) |ECN1299 (%) |2,4-EMI (%) Resin
Moisture
Absorption
(%)
11 2 60.51 39.39 0.1 ND
12 3 65.47 33.50 0.1 0.99
13 4 69.16 30.74 0.1 ND
14 5 73.76 2545 0.1 0.18
15 6 76.45 23.45 0.1 ND
16 7 79.58 20.33 0.1 ND
17 8 83.08 16.81 0.1 ND

ND = not determined
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Exanpl e 18. PWB | am nate based on PIBP and a high purity Cresol Novol ac
Epoxy WQ %683y of the product of Exanple 3 was added top T/ﬁ$959039;s
hi gh purity grade cresol novoI ac epoxy avai lable fromS

Chemi cal as ESCN— 195XHH, 5 1% 2, 4 Lam nat es were obtai ned as
above. Analysis Hixample I8. B@jlaannate based qneRI@Prﬁrr@a?dnsh aud it CrgsohiNevplacuo
peaks, at 166[er[#£% and 291[err] C. Thus, higher purity cresol
novol ac epoxi es g a | ower epoxy equivalent wei ght nunber (a hi gher

concentration of LRy Hf @e diféiof% le3 W'a?kaﬂ!d@éi@ﬂm loflangiepattyi giadtl ass
transition tegr/rpera??? e anpl e 19g PV\B %am natgg based

on PIBP and Hi gh cFesoEpavojac epoxy avaxla'b(l)e ﬂ'@’mgﬁm'mmm@ Chbeminat as BECNxH{EH3 was
added to 29.8 o) m.cal's TVH574 ol
aromatic ep%xygco(inb%g’glmriﬁ Laminates We%‘ﬁﬂ?%‘h%s %hqvagé\élafyﬁ&&wﬁﬁ% V’Gifgi(‘jiiag y
substituents off b 24 EN: :81.8
of MEK. A | am nat‘%a 1% éﬂgglg&g@q% QQa ?andiz?‘? ¢ Tﬁu?%g}f?gﬁn S bg

DVA showed a broage@l ﬁS\‘n‘olid é}jb‘;‘(idsliﬂmn‘glatlbwkv\@dxg&lqﬁwa&nﬂwexght number (a higher
shoul der at 187[err]C, the major peak occurring at 277[err]C, Sanples, of

the 4 |ayer concentmpn af epayd dogs ertaesultdnpshbstantial inerraneiin glpsstransition
control |l ed oven (85 { C/ 85% hum dity) for four days. Analysis by
Karl Fisher titraf ®l ded a mpisture 20 absorption of 0.10% The
sanpl es werg then ashed and found to contain 82.1% gl ass. The
resin noi sture absorption was then calculated to be 0.58% which is
exceptional ly | ovxE:EamplaIQhBM’E:tammategrasmumﬁ/an@-ﬁghl’Eg Bpgty a gl ass
transition ratug
29 WO 99/ Z@SB{?)B e product of Example 3 was added to 29.8 g of Sumitomo
PCT US99/ 03998 chemical’s TMHS74 ( a phenol-based poly aromatic epoxy coupled with
methylene bridges, having aliphatic substituents off the aromatic groups), 100 mg
15 of 2,4-EM], and 81.8 g of MEK. A laminate was produced as in Examples 11-17.
Analysis by DMA showed a broad glass transition with two peaks, a minor
shoulder at 187°C, the major peak occurring at 277°C. Samples of the 4 layer
laminate were placed temperature and humidity controlled oven (85°C/85%
humidity) for four days. Analysis by Karl Fisher titration yielded a moisture
20 absorption of 0.10%. The samples were then ashed and found to contain 82.1%
glass. The resin moisture absorption was then calculated to be 0.58% which is
exceptionally low for a thermosetting resin having this high a glass transition

temperature.
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Exanpl e 20. Thin PWB | am nated based on PIBP, Hi gh Tg Epoxy, and

Pol yaram d en Substrate Using a formul ation consi sting of
70.17 g of ewm%%guct of exanple 3, 29.8 g of TVHSRGT/USH3ARS of
2,4-EM, and 81.8 g of MEK, Thurnount, available from 5 Dupont, was

coated in the fqgllow fashion:. A six_ |nch square._piece_ of
Thur mount  was p%&é’é‘m%’%’ tﬁéﬂ’&@l‘afﬁ‘r‘é@éggﬁﬁdf@%& Hggl'tig@gexb@gm ab
dr awdown P ‘@Eﬁgaﬁewﬁ'wg‘%nws*aéhe formul ation to the substrate,

. . o)
mul tiple passes w rod were necessary to force .all of the

resin into the Usihgwfrmulbtien sotiistinglof 709 g of the produétsfiexampled, 2e@ gistt i | a
non-tacky surface was obtained, after which the backside |0

coat ed.  The sanmiPHEs 100 mg 917 4EME sad 8b8 5 ofMEK, Tbumeount@r svailai from
mnutes 18 dri vOuBpRL Phsctatds BUPRoEs Refnl d S8 CRuBe st 1y O
advance the resiRurfibie® wWasiphed %mﬁlxéale\?@l;%lass surface of a@iﬁﬁ@d’a&ﬂa%?&%&%ﬁ

coated rel ease filmand polished chrone ates in a pre- heat ed
180[ err] F Car vempparatss h¢ afipl9 thesformillation enthe sabstrace, wastipla passas with farmeir 15

180[err] F to 428[err]F at a rate o errr] F/mn, and then increased to a
dwel | tenper at ufe were necessarygo g’IST @5 Pilﬁ%ﬁﬁ"l wite thgrnonwoven. The substratg e 21

Preparation of e : ] | LA G ] [fier 20
To 15, 77 o ot engi dicd ung) kA REKE oLl i BRE R R e M
Chemi cal ' ® TM5%hs cdatédt Dheddaniphevas hirginQid fos 3ERGEALRE i el S BRGS0 fF 3Bl vemOX Y

functionalized el astomer containing 40% by vvei%]t of a carboxy term nated
but adi ene- acr yl oW#tythe sarapla ¥as fieng 1rp@ oenct 200°4 foud minytes 2o dgvoefftEK. A

f our | ayer. | am nate was .orepared as j.n _Exanpl 1-17.. DVA
anal ysi s yi el deﬂyrﬁa’elggﬁog’gm and5 ﬂgef%'g@y f“?va?ﬁg? hedﬁS’W%ﬂﬁfmedﬁglngbl e peak
mexi ma at 143. 2ppided Bekweed PTFE Goated release film and polished chrome plates in a

30 WO 99/ 43638
PCT/ US99/ 03998 pre-heated 180°F Carver press at 140 psi. The temperature was increased from

15 . 180° F to 428°F at a rate of 10°F/min, and then increased to a dwell temperature

of 518°F for 4 hours.

Example 21. Preparation of PWB
Laminate Containing a Rubber Impact Modifier
20 To 15.77 g of the product of Example 3 was added 4.72 g of Sumitomo
Chemical’s TMH574, 4.64 g of Shell Chemical’s EPON Resin 58006, an epoxy
functionalized elastomer containing 40% by weight of a carboxy terminated
butadiene-acrylonitrile elastomer, 25 mg of 2,4-EM], and 20 g of MEK. A four
layer Jaminate was prepared as in Examples 11-17. DMA analysis yielded a very
25 broad transition with two discernable peak maxima at 143.2 and 313.2°C.
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Exanpl e 22. . Preparati on of PWB Lam nate Contai ni ng an Engi neering

Ther nopl ast o Red3gssar bonat e Toughener 5 To 15.79 g ofp¢iresproashsct
of Exanple 3 was added 6.71 g of Sumtono Chem cal's TMH74, 2.5 g
of an anor phous pol ycarbonate to toughen the | am nat e,

pol y[ bi sphenol A carbonate]-co-4,4"- _ _ _

(f, 3,5-tri rre'El_Eﬁél c;z/gl ohex%/l IZdEnE?\/ldl phenol c?r bgnat e prfa di ssolhvgd :cn 8.3 ¢

o] _ 0 of additipnal tetrahydrofuran, and
10.23 g of 10 Exmz]ade 2R, PrﬁﬁﬁrﬁH%O&BWE ga%tammgexarrm es 11-17. 1 day
noi sture onditio yi el ded a nvoisture
absor ption of 798" ga%neermgnfﬁ}%ng%?tgf&g’ zg{r’&gaé/ ?@%?3% resin), yielded a
resin noi sture absorption of 0.31 % Exanpl e 23. Preparation of

a Pol yet heret herketone from PI BP 15 0.318 g (1.46 S) .

4,4 d.fluarobeniopirsmwhepmdgcmf&ampﬂwrvm.ad ch6.71 g of SumitgMecul ar

el gt of aik?’éa‘uﬁ:éﬁ s B2 g B Bpgibhods poibERoSlle FLBHERAL? e
reactants amBhe gﬁg@gghé&%%ﬁsﬁdﬁacﬁgﬁf whi ch 0. 205 g of

anhydr ous pot a55| U et The reactants are heated

at 200[err] C for (9p3-thigssthylAalfieky identpiplenel mumnateipn(é -digsolved 1h|8n'!ag bf at
325[err] C for one hour. The m xture is then cool ed preC| p ted.into
met hanol to yi el dHH.28mg Pf%f"diMbri 9 gﬁéaﬂle%é%t@éy 8fone

Exampl e 24, Prep Pol S Into a 3
neck fl ask 0eqw p%gkw?‘[q a%r%@ d#lnﬁ rg)gar‘?nélégn gzsir?d%yurrngésmﬁean Stark
25 moi st ur %oﬁ&:ﬁ@mng%t 8‘5@8’5’%3}&1@1’(@?leﬁiemal?ri?m(sﬁlraamtionft&\ﬂl%gapm,
nmol ecul ar wei ght 1374, 6 g dinethylsulfoxide, and 17 of

chl or obenzene. Thzehmh afberrashing (2f63Y¥ecrdsin) yielded a resin rpoistaire plsorpiiancgf Qf}ﬂi"/eh
0.175 g of NaOH diluted with 0.175 g water is added over a ten

mnute tine period. The systemis refluxed as the water is renoved as an
azeotrope with t@&iﬂl&ﬁybﬁﬁgﬂaﬁon Bes buykdereicrretdnOfrdhOiepr ] C i s conti nued
until 30 wat'er 1s renoved fromthe system Residual chlorobenzene
is removedifrom 0.318 g (1.46 tmimeolx4,4t-diflusyotivezsphegors, 20696 aRI%bh@\gogau on of

0.623 g of WO
99/ 43638 molecular weight of 1,374 (1.46 mmol), and 6 g diphenylsulfone are charged to a
PCT/ US99/ 03998 I&%Eé 86 S8HAehsdr N THE Yeactants
chl'or obenzene is aaecfe acgl\(/g{lu Péd’&rﬁﬂ'a@l h%l&é]ut e ép%?’?dod T%sé rt errpgiagta&r e

i's mai Int gl ned at zgre 6O4ted 1o IBOPOI aiﬁr)W}hduO 205 gfof anhy&ho@*potassmm carboMe B oduct
is cooled and precipitated into a water/ neth m_ xt ur
P addgd The reactants are heated at 200° (? ?or one h)(()UIl": %Oyé? or one jour, and
20 finally at 325°C for one hour. The mixture is then cooled and precipitated into

methanol to yield after filtration, the PIBP based polyetheretherketone.

Example 24. Preparation of a Polyethersulfone from PIBP

Into a 3 neck flask equipped with a mechanical stirrer, nitrogen purge, Dean-Stark
25 moisture trap, is placed 3.0 g of a PIBP (2.2 mmo!) having a molecular weight of

1374, 6 g dimethylsulfoxide, and 17 g of chlorobenzene. The mixture is heated to

80°C, after which 0.175 g of NaOH diluted with 0.175 g water is added over a ten

minute time period. The system is refluxed as the water is removed as an

azeotrope with the chlorobenzene. Refluxing from 120-140°C is continued until
30 all water is removed from the system. Residual chlorobenzene is removed from

the system by heating at 160°C. A 50% solution of 0.623 g of
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after filtration, the PIBP based pol yethersulfone. 5 Exanpl e 25.

Prepar ati on %?%dg:%l ycar bonate from Pl BP A 250 mM 3 neck flask was
1

charged wit 3.4 mol) of a polyindane, havi R§TAISIYPI88| ar
wei ght of 742 g, dissolved in 110 m of chl orobenzene. The fl ask

was equipped with a stirrer, condenser, and heating bath oil. The flask was

10 heat ed t didf@jodiph:iiyisulfonet(Z.2mmal is Hiovdhjorabielegne fsraidedoverdcteni on
f.lask, 2.569g ) tri gjgosgene di ssolyed in 25 nl of chlorobenzene,

over a 45 ni nut dnpiePepied; dge temperature is maintringd ot T0SC/far sig howrs; gfter pehigh
cool ed, and the ' L SLA 0 _ . ' f
8. 7459 of pol ymﬁgi’ %PP%?S \g/%oz%%oﬁé}g%lﬁgﬂwﬂ'ﬁg% Ja%rgf(}%t%?oé nﬁ‘ét.ur%&gipd;? tion of

a Pol yester basefiepfiltfatiBh, the PIBP based pdbRtheksubfoneck flask was charged with
10 g (13.5 Mol ) of PIBP (Mv = 742), 100 m chl or obenzene,

mechani cal3 stirrer, nitrogen inlet, and a refl ux condenser. To the

sol uti on was added dropwi.se 2..736 . 135 1 t ht hal oyl chl ori de

di ssol ved in 20%“&’1?%&6’%%%%}?8°<§3éﬁ%%?“ﬁ%ﬁ?’?%ﬁgeri od. The vessel was
20 refl uxed £ys6 fi Gheckithsk WEY GfdroedSHAS16 ¥ (1314 WEASIS of 4 Slerﬁﬁﬁf,l was
cooled, and a distillation head was rnstalled"to dri've off the
chl or obenzene. \Marvimg&Qnolecufir weight of 742 o dissolvedd! Ifemhof chrimrobehzehdr G he

reaction was all d to cool and then was sl owy . poured into a
vi gorously sti r rf8k 3@ gawippedopith 8 Stirer, pedeasss) anghheating hath\gak dhe flask was

e tar HIEM PHSHRARS E0RE I fich TS SRS R S nl P o Hadk'2 364 11

32 WO 99/ 43figlfosgene dissolved in 25 ml of chlorobenzene, over a 45 minute time period. __
PCTI US99/ 03998 Exanpl e 27. Preparation of Polyindanediallylether
100 g of a PI BP Haflask was refluxed for Indhir » apg thersolusionghistilled toldymessferiai n

00 gen 1o HeBoPEHEL ol SRR Aot Lo ook e pped wih
added and the vessel contents o
| 15 Example 26. Preparation of a Polyester based on PIBP
A 250 ml 3-neck flask was charged with 10 g (13.5 mmol) of PIBP (Mw = 742),
100 ml chlorobenzene, mechanical stirrer, nitrogen inlet, and a reflux condenser.
To the solution was added drdpwise 2.736 g (0.135 mol) terephthaloyl chloride
dissolved in 20 ml chlorobenzene over a 20 min time period. The.vessel was
20 refluxed overnight with noted viscosity increase. The vessel was cooled, and a
distillation head was installed to drive off the chlorobenzene. When 80 ml of
solvent had been removed, the reaction was allowed to cool and then was slowly
poured into a vigorously stirred solution of 160 ml methanol and 40 ml water to
yield a light brown precipitate. The precipitate was placed in a vacuum oven at
25 100°°C and dried overnight. |

32



5 are refluxed for one hour. After the solution cools to anbient

t enper at ur eswo0/43638 g of allylchloride is added sl @arysoysiosg 20
mnute tine period. The m xture is allowed to stir overni ght and
is later refluxed for three hours. The m'xturels filtered to

renove salt andwaé[;(gmifééﬁ,ergre ﬁﬁ‘i’?&?gfdﬂﬁ 4 t é} lélﬂer The solid is

extracted with rem) € resi polymer is then dissolved
in 10 acet onq Oﬁg(bmrFHBPﬂiaWﬂgQﬂ dveiage mawctmr/mgﬂmmzsgmsdmu inct0pi el d
t he pol yi ndanedi al | yl ether. A sanple of the resin is added to an
equi ol ar quant i tl of n-pr0panolmamﬂytoené@paﬁm flask eanipped withinieogendnlet,
di ssolved in MEK. The solu

The solvent is drf® ngf ?ncgfmi%ﬁgg 8 %fNal(Rg %r‘%ﬁéﬁeﬁ V\g\{ﬁenv‘%géﬁf’a
bet ween t PTFE #r&lefRRéd fRRS8E Ao rmérqﬁesiolwoﬁ ¥E19R) dribiest tehbeaﬁnéé 20.38

pl at es, pressed in a Carver press for hr at 200[err]C and 6 hr at
250[ err] C t o yi elglofallylchloride is Mdlsmwlya)tverazo minute time fermdp [The2Rixture is
Preparation of Polyi ndanedi cyanate A 250 m 3-neck flask was
charged with 10 ¢! l{)rfs dtp st vemaght ppgts latar, refluxed\fopihree h our%nkﬂv Kturgs

acetone To this f‘ﬁ%%ecgwﬁq %f%ega?gm%%??lggﬂ‘g@!n}wﬁ by b¥Yoralidf ffgxﬁqﬁﬁléd is o

slowy added dr opsiaeted Withugdler to remove redidualiéhitl IThe polyinélis méﬁrdls%elvl&uwt es
with a noticeable precipitate being forned. After addition, the

reacti on wi& al | cateigne enrépneclpft@ﬁed Igo i watewmethahel sohuionp vieldthes

cvaporated - BowipdeaipETier i smple SEOR R e el iR

then dissol ved i nyflp@nhiiknedianiline blsrth%frHME afll HﬁsolvE@ﬁi’ME( behd Qugdiflisssol ved
tri et hyl am nehydr obrom de salt was filtered off, washed

twice with ether @atkdtdne WDV&Hgiass febxa@o'fm mlvemds driven off at ldlSi’@dThypeépllemg
the purified polyindanedi cyanat e | yi ndapedi cyanat.e .i.s 30 i ssol ved
to 55% solids in we% CF Betir v RTEBAURRS So6thataaar s nG aolished Ghrome

g?]E a[a%’St apg kni T.8,£08h8 Al Cin WY edd #BFE%%??O0°E%d%C}{§‘§?QSOd(?W%th
99/ 43638 PWB laminate.

PCT/ US99/ 03998 80[err]Cin an oven and the resulting resin

| npregnated fiberglass if pressed between two polished chrone

pl ates separat ed QXmE’FEESr?}e%%%eﬁé Ok%ﬁ%fgﬁggd&%fg, C for two hour s.

A bi smal ei m de cyanate est ng 1 part nethyl ene

di anal i ne bi smal eAm5denltPnétkifhisk waglchirged p@dhyllogig mtthP BP742)
cyanat e- epoxy blend is nmade by adding 25 parts of the diglycid e her of
t et r abr onoBP s phenii 40xc: of acstosay e this W&S@dé@ JPAYaHB waﬂlapéBf

are processed into | am nates under simlar processing condl ti ons
as the neat 6‘(/“ ndanedi cyanat e resin.

-7°C. 272 (26.9 mmol) of triethylamine was slowly added dropwise through

abric.

an addition funnel over 20 minutes with a noticeable precipitate being formed.
After addition, the reaction was allowed to stir for 20 minutes, the precipitate

25 filtered and washed three times with 50 ml acetone. The filtrate was evaporated
to dryness, yielding a light yellow solid, which was then dissolved in 150 ml
diethyl ether, leaving behind undissolved triethylaminehydrobromide salt. The
salt was filtered off, washed twice with ether and the filtrate evaporated and
dried, yielding the purified polyindanedicyanate. Polyindanedicyanate is

30 dissolved to 55% solids in MEK, to which is added 0.1% magnesium octoate as a

catalyst and knife coated onto nonwoven fiberglass. The solvent is driven off at
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10 Exanpl e 29. Preparation of Polyi ndanebi sepoxy ("PlIBE") ) A
250 m 3-neck flask was charged with 50 ml of nethylcellusolve, 65 15 g°
epi chl orth’d’r?%‘f’“gnd 100 g of PIBP, having a nol ecul ar wei gﬁFTBfS”/QP??s The
solution was heated to 6[err]C and held for 3 hours. During the 3 hour
period a total of 8.72 g of sodium hydroxi de was added. The

reacti on was al BOR@ih anmvenahd thedrefufiting resindopregnatetlifiberdiass ifipressedibetwren. The

solvent was distilled off, after which exc epi.chiqr.ohydrin was
renoved in a vaé%WI@C&SWPWrﬂ?@%%MF%Ym%%Eﬁ@f‘ "’&ggm& for t¥”°.'
extracted with rat _ | 13l : anpl e
30. Preparati on%g'a%@g%mﬁggg% érgltfg@%énh 1§§1a8’ﬂ)%gécgﬁ% la? agrmoen%h%lg;[l%g
Cresol Novol ac BEpaxihe'fishaleimide to 9 parfdofithe polyihddnddidyanatd. QPPIBRf . 3 and 5. 98

g of Bren 304, a brom nated cresol . novol ac epoxy resin having a
br oni ne cént ent cygnatexppsy blind pomadehyrdding 2§ parts of the dighygidyjethepefied in 10 g

o e SR R SV M, Tyl 17
simlar fashi Onpro¥%e<; %rg(g[a%iﬁﬁ%s BRAER ST AMPE e SHTDEHARTDrIsBs W néafd al | oved

to dry. rglass sanple was then placed in an oven at

200[ err] C for 1polyimianedicyanate resin. advance the curing of the resin. The
sanpl es were then cut to a 6x6" size, stacked to forma two | ayer
board, placed between two PTFE rel ease sheets, which was further
sandw ched bet p | 11 . t 5000 Ibs for 1 30
hour . Theﬂ)s am@g%wg% ﬁ%eﬁ%gﬁggpﬁﬁh}?ﬁg@dg%gg*f ¢ WﬁEﬁ)

34 WO 99/ 436389 ml 3-neck flask was charged with 50 ml of methylcellusolve, 65.15 g

PCTI US99/ 03998 | Wiile there have heen described what are presently
bel i eved to be epighlgrahydrincand 100 g of PIBR haydngemolecytar weight ob dgi 1018, t hose

skilled in the art,.wll realjze dhat ;¢h e . ifi ' may
be nade thereto s%.u{l%mxs fi“eag%dr 'toieq%)gEfaPS ?}F@ﬁgr 2 B?‘?ﬂs‘t D‘(J)rfm%aﬁl g 3”??& _peﬁ&_i a i .
invention. It igrghbengeddium Ijdbiiaivas satded. Thergeforanss AIMMidd 1 abbland t hat
fall 5 within the true scope of the invention., .
15 became noticeably more viscous. The solvent was distilled off, after which excess
epichiorohydrin was removed in a vacuum at 110°C overnight. The product was

extracted with water to remove trace quantities of salt.

Example 30. Preparation of a DWB Laminate Using

20 PIBP and a Brominated Cresol Novolac Epoxy resin
45 mg of 2,4-EM 1, 9.02 g of 3 and 5.98 g of Bren 304, a brominated cresol
novolac epoxy resin having a bromine content of 43.7% (Nippon Kayaku Co.)
was dissolved in 10 g of MEK. The solution was coated onto woven fiberglass
fabric using a wire wound rod, allowed to dry, and the backside coated in a

25 similar fashion. The fiberglass samples were suspended in air and allowed to dry.
The fiberglass sample was then placed in an oven at 200°C for 17.5 minutes to
advance the curing of the resin. The samples were then cut to a 6x6” size, stacked
to form a two layer board, placed between two PTFE release sheets, which was
further sandwiched between two polyimide sheets, and pressed at 5000 1bs for 1

30 hour. The samples were then cooled in the press.
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While there have been described what are presently believed to be the preferred
embodiments of the invention, those skilled in the art will realize that changes
and modifications may be made thereto without departing from the spirit of the
invention. It is intended to claim all such changes and modifications that fall

within the true scope of the invention.
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WO 99/ 43638

PCT/ US99/ 03938 9/43638 What is clainmed is: 1. A
pol yi ndanebi sp?neno? conpound having the fornula [err] PCTZUS99/03998
wherein n is an integer of at |east two. 2. The

pol yi ndanebi sphenal of claim| wherein n is an integer ranging from about

3 to about 1000. Whatip claimed is:The pol yi ndanebi sphenol of claim 3 wherein n
is an integer ranging from about 3 to about 10. 4. The
pol yi ndanebi sphenol of claim1 having a nol ecul ar wei ght ranging from -
about 450 to aboutA pafisiebidfhenol compouhd havihf @igosfblai.ng conposi tion
prepared by polynerizing the pol yi ndanebi sphenol conpound of claim
1 6. The thernosetting conpositionof claimb5 prepared by

' a conononer selected from

encerar A UAIAENI

nat rnons

pol ynmeri zing the 20 pol yi ndanebi_s
the group consisting of a p
a pol ycarbonate, a polyester, a
pol yi ndanedi cyanate, a pol yi ndardl

t her eof . 25 7. The thernnsétting co'-d. of claim5 prepared by
pol ymeri zi ng the pol yi ndanebi sphenol W #} conononer sel ected from
the group consisting of a

5 wherein n is an integer of at least two.

2. The polyindanebisphenol of claim 1 wherein n is an integer ranging from about
3 to about 1000.

10 3. The polyindanebisphenol of claim 3 wherein n is an integer ranging from about

3 to about 10.

4. The polyindanebisphenol of claim 1 having a molecular weight ranging from
about 450 to about 200,000.

15
5. A thermosetting composition prepared by polymerizing the _ |

polyindanebisphenol compound of claim 1.

6. The thermosetting composition of claim 5 prepared by polymerizing the

20 polyindanebisphenol with a comonomer selected from the group consisting of a
polyetheretherketone, a polyethersulfone, a polycarbonate, a polyester, a
polyindanediallylether, a polyindanedicyanate, a polyindanebisepoxy and

combinations thereof,

25 7. The thermosetting composition of claim 5 prepared by polymerizing the

polyindanebisphenol with a comonomer selected from the group consisting of a
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36 . WD 99/ 43638

PCT/ US99/ 03 9%&899/43638 cresol novol ac epoxy resin, a bi sphengtr/hs@iaRsds
resin, a brom nated epoxy resin, a polyglycidly am ne epoxy resin,
a bi sphenol A based epoxy resin, a fused ring aromati c epoxy resin,

a tetranet hyl bi phenyl -based epoxy. resin . .
ant hr acene pol ynﬁ&elsélélrovgf?fﬁ)??o ersel\élﬁl,’gghsgh%ﬁo%?%g%?géﬁgﬂt% ﬁgérgg}a.ted eé)oxy resin,

8. The thernoset LigdhehRINP aifihOEpdXly redini biSpinePA MAsEdRHoRP ks a fakdilriad e
pol yi ndanebi sphenol "with a conononer epoxy resin having a formula sel ected
fromthe group cermmaiciepgxyfesin, atetram@hylb{phenyl-based ¢poxlyiresyn, a naphthaleneor -

err ] .
[ ] anthracene polynuclear epoxy resin, and combinations thereof.

8. The thermosetting composition of claim 5 prepared by polymerizing the
polyindanebisphenol with a comonomer epoxy resin having a formula selected

from the group consisting of

10
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99/ 43638  wo 99/43638 PCT/ US99/ 039 :
[err] wherein R err] through R err] argqﬁ’%% %Pently

the sane or different and are sel ected

[

wherein R, through R, are independently the same or different and are selected
5 from the group consisting of H, CH,, ethyl, propyl, isopropyl, isobutyl and
combinations thereof, and wherein OE is

0

OCH—£

9. The thermosetting composition of claim 5 prepared by polymerizing the

10 polyindanebisphenol with a brominated comonomer epoxy resin.

10. The thermosetting composition of claim 9 wherein said brominated epoxy
resin is selected from the group consisting of brominated cresol novolac epoxy

resin, tetrabromodiglycidylether bispheno! A and combinations thereof.

15
11. A process for preparing a polyindanebisphenol compound by the steps of
(a) cracking bisphenol A to produce a mixture comprising p-2-isopropenylphenol
and phenol,(b) copolymerizing the mixture of step (a) with an
isopropenylbenzéne compound in a suitable polymerization medium to yield a

20 polyindanebisphenol.
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5 fromthe group consisting of H CHerr], ethyl, propyl, isopropyl,
i sobutyl andWO099/43638conbi nations thereof, and wherein CE is [ aiddusoeonsons
9. The thernosetting conposition of claim5 prepared by polynerizing the 10

pol yi ndanebi sphengl-wth a brom n nmngner €poxy kesin. . 10.
e’ ther moset 1 nd 2 Reres 3 S ShereR SR TBPr Bkt ot ot Hem 8 % poxy
resin is sel ect edofdiRtBdReSAQuER coRMIELSAS AidinThe PreSsticB 3 pHerfol €50l novol ac
epoxy resin, tetrabronodi gl ycidyl ether bisphenol A and conbi nati ons

t hereof. 15 11. A process for preparing a polyi ndanebi sphenol

conpound by the steps of . racki ng bi sphenol A to produce a
bt e compri i 18- EhePpgess e gl iR Compristiztiie gh ohstpepding the Bhhol
copol yneri zi ng t It Y IRYY s i e
conmpound i f? a suirﬂt%am e d&%‘ﬁ;’%ﬁ?‘tﬁgﬁ)ﬁ% Frgad‘}%%%e%n& glealﬁ%gr rQB?E%b ?%%W

pol yi ndanebi sphenélisopropenylbenzene compound in a suitable polymerization mediund & yield a

WD 99/ 43638 . ]

PCT/ US99/ 03998  polyindanebisphenghe process of claim 11 wherein said _
copol yneri zation of step (b) is conduct ed under acidic conditions
and in the presence of phenol. 13. The process of claim1l

further conprising ThepdkeR Fllah@narRipiBingt8e PP step of recoverdingdhid he
m xture of step (a) prior to copolynerizing the mxture of step (a) with

an i soproptnyl berppoéyiadanebisphand! productsui t abl e pol yneri zati on nediumto yield
a pol yi ndanebi sphenol . 14. The process of claim1l
conprising the further step of recovering said 10 pol yi ndanebi sphenol

e oy ben ST L JTEIAR Pl bR o
1, 2- di i sopr openylthegapeonsisting-afi I, >-diisoppepeny Ibenzenes , 3 didopropenylbenzene, 1,4-
diisopropenylbenzene, and combinations thereof.
15
16. The process of claim 11 wherein said copolymerization solvent of step (b} is

acidified with an effective amount of an acid selected from the group consisting

of a Lewis acid, a Bronsted acid and mixtures thereof.

20 17. The process of claim 16 wherein said acid is an effective amount of an acid
selected from the group consisting of trifluoroacetic acid, SnCly, BF;, H,SO,

and mixtures thereof.

18. The process of claim 11 wherein said copolymerization step (b) comprises
25 treating the mixture of step (a) with a first acid comprising an effective amount of
trifluoroacetic acid followed by treating the mixture of step (a) with a second acid

comprising an effective amount of sulfuric acid.

19. The process of claim 11 wherein said copolymerization step (b) comprises

30 contacting the polymerization medium of step (b) with an effective amount of a

.

strong acid cationic ion exchange resin.



di i sopropenyl benzene, and conbi nations thereof. 15 16. The procgss
of claim1l §4/8s5s sai d copol yneri zation sol vent of step (b) is ) .
acidified with an effective anount of an acid sel ected from tR¢I/EfF98403998
consi sting of a Lewis acid, a Bronsted acid and m xtures thereof
20 17. The process of claim 16 wherein said acid is an effective
anount of an acid sel ected fromthe group consisting of
trifluoroacetic j : : ] : .

18. The proc esszg'f C par?%%&le%%? ]e|9 Whggfndsazé(;g%‘%ﬂﬁ%ﬁ %Zx{o}l%ﬁ[)@? Ié%ha(%? fesin 15

conprises 25  gelédt@birbmdhé pRupicshsiétiig®f asulbnicatiduhdtionafizddsfluci6pslymer
conprising an effective anount of trifluoroacetic acid foll owed by

treating the m sadisuifopic asidfincugnalizedstyrenedlivinylhenzgne (H) ion exchapgprdsiisng an
effective anount of .sul furic acid. 19. The process of claim1l
wherein satd coEJ'&ﬂO qr"cﬂf' step (b) conprises 30 contacting the

pol yneri zati on medi um of step (b) with an effective anmount of a

strong acid cationic ion exchange resin.

39 WO 921 .4Bh8Process of claim 11 wherein said copolymerization step (b) comprises

PCT/ US99103998 . 20. The progess of claim 19 wherein said_strong
aci d cationic ieentastingshgypolymsrization medium of stepdplwith an eHestiverraapnbofn

uton ¢ acta  cubpearr S S SR T RAR bRl on ST RER Rk us acidic oo esi ns

5 and )gni Xt Ub@RoAiReEIBPANd a Ziegler type cémplekhdihixt@esthefeof.! ai m 11 wherein
sai d copol ynerization step (b) conprises contacting the

pol ymeri zati on medi um of step (b) with an effective anbunt of a

T0 T " bent oni t E2c K5 Pl SRl MR RO r SRecTREs FEETRR A ¢
f2r26mThe process af prehsedhstindBELBITIE,-HICH AREDITI{UBE) HCPa®mixtures! ect ed

thereof.

15 |
23. The process of claim 11 wherein said polymeﬁzation medium comprises a
solvent selected from the group consisting of nitrobenzene, benzene, toluene,
hexane, 1,2-dichloroethane, tetrachloroethane, tetrachloromethane, and mixtures
thereof.

20
24. The process of claim 23 wherein said solvent is selected from the group

consisting of nitrobenzene, 1,2-dichloroethane and mixtures thereof.

25. The process of claim 11 wherein said isopropenylbenzene compound is

25 selected from the group consisting of

NS

AN I 00 ] o
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t he '§"f‘oup consisting of LiBu-TiC[err]-HO, A (Et)[err]Ti(OBu)[err]-HO and

m Xt ur es WO 99/436B%er eof . 15 23. The process of clai peitisydhszoey n
sai d polynerization medi um conprises a sol vent selected fromthe
group consi sting of nitrobenzene, benzene, toluene hexane,

1, 2-di chl oroet h ures

ther eof | 20 ¢ e B e K b SR RRaaRyy ARgae b 1 o

sel ect ed from t hiiffepentgre selected fromathe gmuprt@nmﬁtmg off O OH, @E€H,, OCOCH;, and

1, 2-di chl oroet hane _and, nmi xtures thereof. 25. The process of claim
11 wherein sai d IMasieantherdfzene conpound is 25 sel ected fromthe
group consi sting of [err]

40 WD 99143638

PCTI US99/ 03998 26. The froc@da%f Bla&hllﬂ%hetréiﬁrsﬁﬁflscgﬂﬁpknmhﬁédé cShfffothd #d
X err] are independently the same or ferent are selected from

the group consi slt,3-dgsmom§nylb©ﬂzen@@n[i dhe fatio @tsﬁﬂl[lér dijsopzopdnylbenzene to said p-
conbi nati ons t heyeof. cl.ai erein said
i sopr openy! benz énlORE npgranges thoma% ‘SIS%F‘? Hb‘i‘@b‘éﬁylsl B%zene and t he

ratio of said 1, 3-diisopropenyl benzene to said p-
2-1sopropenyl phenol ranges fromabout 1.4 to 1 to about 6.5 to 1.
27. The process of claim 26 wherein the ratio of said 1,3-diisopropenylbenzene to

10 said p-2-isopropenylphenol is about 1.2 to about 1.
28. A polyindanebisphenol compound prepared by the process of claim 11.

29. A method for preparing an improved laminate composition comprising

15 (a) mixing a polyindanebisphenol compound with a comonomer in a suitable
solvent under conditions effect for polymerization of said polyindanebisphenol
compound and said comonomer;
(b) impregnating a suitable fibrous support material with the mixture of step (a)
(c) desolvating said impregnated support material under conditions effective to

20 form a dry improved laminate composition.

30. The method of claim 27 wherein said comonomer is selected from the group
consisting of an epoxy, an epoxy functionalized elastomer, an amorphous
polycarbonate and mixtures thereof.

25

31. A laminate composition prepared by the method of claim 29.

R A
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27. "The process of claim 26 wherein the ratio of said 1

cqlu.aH. &oﬂsﬁgmkem%gﬁ

, 3-di i soprope

nzene to
iytbf (;'{{)yl ndane

henol i

about 1. 28. Ap mph@ﬂb uConpoun preparedfi;f
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(57) Abstract

are provided. Also disclosed are thermoplastic or thermoset compositions prepared using the novel compounds of the invention, as well as

(54) Title: PREPARATION OF POLYINDANEBISPHENOLS AND POLYMERS DERIVED THEREFROM

M

Novel polyindanebisphenols or PIBPs for the preparation of new and improved thermosetting polymers having general formula (I)

methods of making and using the same. When copolymerized or reactive with other commercial resins such as, e.g., epoxy compounds,
PIBP based polymers are characterized by high glass transition temperature ("Tg"), low dielectric constant, low moisture absorption, low
coefficient of expansion, low cost, and can be processed on equipment typically used for the production of epoxy based laminates.




