; JKLMNCe3eyUyR$4N>6t T711 Decenber 2002 | ~~~~W-& CARBOXY- FUNCTI ONAL| ZED
PO_YPHENYLENE ETHERS AND BLENDS CONTAI NI NG THEM BACKGROUNID Izrermber J00QENTI ON
5 This invention relates to pol yphenyl ene ethers, and nore particularly to
functionalized pol yphenyl ene ethers useful for the conpatibilization of

w\\\ thenyl ene ethers are a widely used cl ass of
\@“ I ng resins characterized by excellent properties 10

copol yner
thernnpla% \
i ncl udi ng hydrglyhi c stability, dimensiopal stability, toughness, heat

resi stance and dielectric properties. It is of continuing interest to
i ntroduce these desirabl e profRBOXYiFUNCHONAMIZED ends by incorporating

t he pol yphenyi ene ethers as I?"Cﬂ.'W#EWVEE'NE RIAND i s often difficult,
r

however, since the polyphenyle npati ble with many ot her
@_e%@é %}fﬁ‘l@%‘&&i i-lb'lﬂl'?ﬁ%ze pol yphenyl ene et hers

polymers. A strategy frequentl
with other polyners is to introduce into the pol yphenyl ene ether functional
groups which are reactive with said other polyners, enabling the formation

of copol yner - cop st RGRDUAD T PREINVENTIOR Whi ch the copol yners serve as
conpati bilizers. For exanple, polyphenylene ethers containing carboxylic

id f ti | y N | ith h
other polymePe as pol yan 408 Ml (b8 s Bakp i dheRr Shd RFE o3, "
gr oup- cont ai ni ngagtiguarlyrte funationgiizgd pplyphendensatpetrcsefiddortheups (e. g.,

anhydri de groupsbnipritbiliewm éftopoidmeetlenas.0 pol yphenyl ene ethers by
reaction through the hydroxy end groups with such conmpounds as trinellitic

anhydride acid chloride, | ' : 4 W ounds as
y Filﬂé’ﬁﬁ@t;ﬁ riégegg&%%é Qgiﬁg%}ugeék!&@s%?”p

mal ef i ¢ anhydride or fumn . acl.d r t ution wth acidic 30
conpounds such gtgergzcmp?l‘éwgwgﬁw ?&WS&%@%”@Q&V&W@WP&PWUons are
often of parl0i cuhcudinghydreditic stabdity, diregnaienal babiibndeghedssineat rel ati vel y
mld conditions,o{¥Rhedbhy dididtiibriafefieENeiafehbRtnIY indrested~ 11
Decenber 2002 -2 su&stggtlaﬁ g eater .thagDr 1&00 agl t he presence of

non- dest r uct i ve QS dpesadrsragle RipRges Big 8RymeLPblgnds EYH nones and

rel atively i nertingwperating theupslyrhenylehe ethers ah blenddiogstitilbutsi Bhis issact i on

results in a brepedRIiftu HowaRer, bt SslydHEnglehe Wiiersalecul ar wei ght
nol ecul es 51§ont.a| nler;%ib\ﬁlﬁh\?’w(‘jem re cg)r oxylic acid or other functional

groups. Redi '8t ri"BERT fReY & M ¥ned aci di ¢ conpounds
A strategy frequently used to compatibilize
polyphenylene ethers with other polymers is to introduce into the
polyphenylene ether functional groups which are reactive with said
other polymers, enabling the formation of copolymer-containing
20 compositions in which the copolymers serve as compatibilizers. For

example, polyphenylene ethers containing carboxylic acid functional
groups or derivatives thereof can form copolymers with such other
polymers as polyamides, hydroxy-terminated polyesters and epoxy
group-containing polymers.

25 Carboxy or carboxy-derived groups (e.g., anhydride
groups) have been introduced into polyphenylene ethers by reaction
through the hydroxy end groups with such compounds as trimellitic
anhydride acid chloride, by grafting reactions with such compounds as
maleic anhydride or fumaric acid, and by redistribution with acidic

30 compounds such as p-hydroxyphenylacetic acid. Redistribution
reactions are often of particular interest since they may be conducted
under relatively mild conditions, typically including temperatures not

AT
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Is somewhat difficult, however, since said conpounds are not adequately

so| ubl e in solvents such as tol uene. Mreover, the nmechahi Hecehbertd02

redi stribution reaction is such that only low | evel s of 10 such conpounds
can be incorporated in the polyphenylene ether) owing in part to
substitution in the para position which nmakes that position unavail able for
reacti on. Copendi ng, commonly owned application Serial No. 08/800, 654

di scl oses attenpts at redistribution of-gol yphenyl ene 15 ethers with

various aryl-substifuted al kanaic | ds. was found that whereas carbox
phenol s be)altri ng %%*aﬁh@@oﬁ?ﬁeé?%@wbﬁfﬁ%g#@bg PLRRENSP o NoRgBsYigtivent s ort hoy
to the phenolic dafalysts guch asidiaryl pecdxides and quinones and relatively inert

4y a-bi (3, 5 i MeddNntds B UOUKRAThe RERAIOR rg5difbn s jnlahcOr POT at €)

si npl e phenol s such as p- hydroxyphen aci not. | nterest

cont i nues, ther IBRKHP ?fPC‘J%BEde&SP'HsM? }od‘feri"f%‘?%d"?'wwﬁﬁ‘dﬁ zation

strat egi es erfpl oyantajniog ties desiredacayboxyliaatid or othepfunictibhal grdupse of si npl er

nol ecul ar structure than the aforementioned bi sphenolic acid. ,|apanese

Kokgl 51 ]{39, 2t7_0 anld_ 51 39, ZﬁadiétrmlheﬁWithwﬂ?ﬁmaﬁiloaéﬁ%@éc&ﬁpctﬁﬁ@éy-_ an\cih o

car boxy-functionalized. g N, RO [S. . O enyl eng ethers in ic

a portion of t he® §?Wﬁ€?ﬁ¢‘§&°ﬂ%ﬂl"é’ya§’§hﬁﬁl\@ﬁ s&'@ﬁ&ﬁf‘?#ﬁwﬁp. Said

copol yphenyl ene asiequatelysaiuble itiseiwenthgudbamiojuenei barsaver the oxi dati ve

gﬁupl ing of t\godrﬁamahl gt of)!h]? ré@i@iri%htli'dm‘ﬂea%ﬁtlﬁh i%%‘écﬁ‘ﬁ’iat%ﬁﬂ}ltawﬂé\f&s §fi d group.
ere is no | sgl osur e a copo nyl epe ether contapning a

car boxyal kyl1%gr osﬁ'rgﬁ °§[5W&P§S Ein_ E‘CP?@@W&\P*‘?W@HW?‘SE% eleh\%'nt ion is based

on the di scover yowingin past togupstitutignl inothe Machpesitionswhish imakesdhatl i phati ¢

carboxyli ¢ aci dgpagitien unhlailadrefobesaciof2 _3_ capabl e of incorporation under
mld conditions into polyphenyl ene ethers, either by copol ynerization or by

redistribution. The condi gj iﬁ@mﬁﬂ*ﬁ&“} Pﬁhsﬂs MIRGH s@rigiN! e solvent in
whi ch t he poi yphe ene tgggﬁ% ' hi S0/, ubi ,|?y. g e aspect of the
vent i on, ¢ hr RBASE% Sidibtesiarmpie at BRistibAtan 5 POWRRRRARIR: ot her <

conpri si ng d96r uctheralwithniarisus Bn-sebdtituted bikandic @zidand waslfou@dREalON wher ei n

each Q is inde I 18 beEBRY tR6 kyl, phenyl,
hal oal kyl , am noal %Iﬁi C\ﬁrdr. car ooﬁgggmjogwﬁi glﬁgﬁegggggﬁdggmioﬁ\?gerei n at
feast two car bor?ﬁ! @Lé)&g?msﬁp oty eRetoliF WATGXK SIS SUEch @@ and
QB i s independerad 4,44l8s(3,GhdimethyjHehysizexyphenylneptanoicacidndar y | ower al kyl ,
phenyl, hal oat kyhgorPyFHtECSIMiNE prEnels StthAY IHarsapRenyicRtariié | ned far Q;
20 acid did not. Interest continues, therefore, in the development of
improved functionalization strategies employing other carboxylic acids,
especially those of simpler molecular structure than the

aforementioned bisphenolic acid.

Japanese Kokai §/59,270 and 5/59,272 disclose reaction
25 products of epoxy- and carboxy-functionalized olefin polymers with
copolyphenylene ethers in which a portion of the structural units
contain a «(CH,),OH group. Said copolyphenylene ethers are
produced by copolymerization via oxidative coupling of two phenaols,
one containing and one not containing said group. There is no
30 disclosure of a copolyphenylene ether containing a carboxyalkyl group.

SUMMARY OF THE INVENTION

The present invention is based on the discovery that
certain o-hydroxyaromatic-substituted aliphatic carboxylic acids are



and Ris an al kyl ene radical containing at |east 1 carbon atom A further
aspect +of the invention is a method for preparation of siltbetembdrid®2l i zed
pol yphenyl ene ethers which 20 conprises redistributing a pol yphenyl ene
ether wwtha @ Q 11 Decenber 2002 -4 2-carboxyal kyl phenol of
appropriate forrmula (corresponding to formula Il) in the presence of a

redi stribution catal yst. Another aspect of the invention is a nethod for
production of such functionalized pol yphgnyl ene ethers which 5 conprises
oxi datively coupling at |east one nonohydroxyaromatic conmpound with said

2- car boxyal kyi pheapzble Eﬁiesarpoeatiboxryldeunﬂd candiiarsdntopumlypheepighene et hers are

reactive and reagh o}éﬁ‘% i S.
Therefore, a st?ﬁhb urtﬂ&rw&? r?aﬁi?] tﬁ{/@ﬁ{sltri)b%ﬁiﬁﬁ ﬁ%?ﬂ{o&u@

conposi tions conPMPOYRG! %?e‘??%’?g & sPiyert A Re ipehe BBY'?’ER]enyI ene
ethers with at |ethst hwblgpcslowmlty cont ai ni ng carboxylic acid-reactive
functional groups. DETAI LED DESCRI PTI ON;, PREFERRED EMBODI MENTS The

pol yphenyl enes et hers whi crb,eergsﬂdépgftthgmlghg@g tﬁée@q;é;qg ding to the invention
are known pol yners, havj Bot h_honopol yner

and copol yner poﬁfBﬂ’é"h "gH aé'lzﬁ‘i 'aﬁ‘?eé’y}%c?l%'aﬁﬁCOWQS'BPGQI“QFW@ hormopol yner s

are those cont ai wiitsgof2he fatimmashy| - 1, 4- phenyl ene ether units. Suitable

copol ymers i nclude random copol yners contai ni ng such units in conbination

with (for 20 exanple) 2,3,6-trinethyl@i,4-phedlyl ene ether units. Also

i ncl uded are polyphenylene et hers cont §i noi eties prepared by grafting

onto the pol yphenyl ene ether in known YL such materials as vinyl

nmononers or polynmers such as onstyr es a J el astoners, as well as

coupl ed pol yphenyl ene et her s('?n \ RIS such as | ow 25

nol ecul ar wei ght pol ycar bonat es, qU| NONE et erocycies and formats undergo

reaction in known nmanner with the hydr oXy "ghoups of two pol yphenyl ene et her
pi ght Npgl yner) provided a substanti al

chains to produce a hi gher nol ecul ar
proportion of free OH groups remains.*The poﬁ§pheny|ene ethers generally
have an intrinsic 30 viscosity greater than about 0.25) nost often in the
range of about 0a%%.-0. 6 and especially 0.4-0.6 df.1g.) as neasured in

chl orof orm at 25C. ) s
Q Q

(1) o—

10 0 RCOOH

wherein each Q' is independently halogen, primary or secondary lower
alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or
halohydrocarbonoxy wherein at least two carbon atoms separate the
halogen and oxygen atoms; each Q? and Q® is independently

15  hydrogen, halogen, primary or secondary lower alkyl, phenyl,
haloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for Q';
and R is an alkylene radical containing at least 1 carbon atom.

A further aspect of the invention is a method for
preparation of such functionalized polyphenylene ethers which
20 comprises redistributing a polyphenylene ether with a



11 Decenber 2002 _5_ The pol yphenyl ene ethers are typically prepared by the
oxi dative coupling of at |east one nonohydroxyaromatic cbhPsoendber?6h2as
2,6-xylenol or 2,3,6-trimethyl phenol. Catalyst systens are generally

enpl oyed for such coupling; they typically contain at | east 5 one heavy
met al conmpound such as a copper, nmanganese or cobalt conpound, usually in
conbi nation with various other materials. Particularly useful polyphenyl ene
ethers for many purposes are those whicha4onprise nol ecul es having at | east
one am noal kyl -cont ai ni ng end group. The am noal kyl radical is covalently
10 bound to a carkmnbaiyalkylpheasied approgriaterfoimuip ¢sortesponding it orimutyr oxy
group. Products ﬂ?ﬂ%tﬂ%'ﬂr@é&rﬁ@‘b‘? ?@&stﬁb@ﬁﬁ?ﬁcﬂ?@’st@e obt ai ned by incorporating
an appropriate primary or secongary nonoam ne”such as di-n-butyl am ne or

di met hyl am ne as one of th Qitﬁns“ tuteztts of fhe oxida ive% coupling reaction
m xture. Also frequently pf&'é Pl 3PPt of e Inysalian 193 'Bﬁé}%’l %Bnd groups and/ or
bi phenyl st ruct upsddugtion of suchfunetionalizeginiypbenylenenethess wihiah i xt ures. in

whi ch a by- pr gdugbmghigdieardativef ®ubing?4t6ad lone tadsHyatdxyatdmaitic _
copper - hal i de- secondar% Okt terdtcdaar am nf hfeﬁsf em A’subStantial proportion
of the pol ymer nSPEPANEL With $aid ZFaoRVAWIRENPl ng as much as about 90% by
wei ght of the polyner, may_ 20 contain at |east one of said

ani noal kyl - cont ai ni ng and H8sgreerEmxyiunrgipnalized rplyphgsylene elliers atge appar ent
t?ht hose sri 'l Ied réa‘cti]?@%ndfréacfilwmﬁ Espolyoierg viithbthdraeattive m%ma’@ielnylt ﬁne

et hers contenpl a - 0 ude a ose
presently known, Lrﬁglr'eécg{?eg?ﬁwéﬂgkpgﬁgéﬁg%i"ﬁ)\}r%\slfﬁ%'iss%rshgﬁ%]r al units or

anci | | ary ch&®i capmpesitionseomanising earolimaialof saig funatiopalizedl ene et hers of the

i nvention cont ai Polyphemfehd étherswitrsatrieadt onalpolymidreontaiding eaibaxylic t hose of
formula Il in Wng&g-rga'ct?(leafgﬁctﬂﬁﬁ%rﬁwsqusl y defined. The units of fornula Ii

are characteri ze y a carboxya group in the 2- or 3-position, 30

preferably the 2pE¥ILtEDDESCRFETION; PREFERRELYEMBCODMENTY a QZ noiety in
the other of the 2- and 3-positions. The R radical in said carboxyal kyl

group is an al kyl ene radi cgly ’gagél.@g?jgﬂgﬁg;gr%g;@%sélrggﬂr}%ﬁpﬁglfﬁﬁabl y 2-6

carbon atons; it may be |i near I near .

Parti cul ar | y1pr ePESGTARTite the,Bveatian %ﬁén?‘aﬂpeﬁme%e\(ia@ﬁs ctura ynitsecenber
2002 -6 the cor r effoemdlanigBotr lmmghdlenercaind dopoBymes -polyphenylen®ethke)sphenol

funct i onal i sed palS R ThaBieRAfdHondByrbS are f’ﬁ’&%?@ﬂ‘%@’?ﬁgr giion of the
convent i onal po??%@iﬁ'&ﬁtéﬂ'@"gpﬁ%?y?‘?/ﬂet?{ﬁ?'ffé‘itﬁpgw @ GPRPIYTIELS Si%i kyl phenol ;
i.e., the conpounshdom cespyneisragpntainifgsuall enifslin Chrbinatian with (foonet i mes

simply "aci djpf obyhinpie) Y3 6-titReth§iL 1 b pHEMAER 1B ePaNieS. A0 iRdluasa dRscr i bed,
for exanmple, In US Pﬁte ts 3,367 9?8. 4 23% 706_and % 213ﬁ.886 and in Wite
et al. J. Og CHQWP enyjene ethers containing moieties prepared by grafting onto

the polyphénylene ether in known manner such materials as viny!
monomers or polymers such as polystyrenes and elastomers, as well
as coupled polyphenylene ethers in which coupling agents such as low
25 molecular weight polycarbonates, quinones, heterocycles and formals
undergo reaction in known manner with the hydroxy groups of two
polyphenylene ether chains to produce a higher molecular weight
polymer, provided a substantial proportion of free OH groups remains.

The polyphenylene ethers generally have an intrinsic
30 viscosity greater than about 0.25, most often in the range of about
0.25-0.6 and especially 0.4-0.6 di./g., as measured in chloroform at
25°C.



10 297-303 (1969), the disclosures of which are incorporated by reference
herein. The redistribution reaction typically involves hgathégmbBe2002

pol yphenyl ene ether in solution in a relatively inert solvent, nost often
an aromatic hydrocarbon such as toluene or xylene, with the acid and 15 a
redi stribution catalyst at a tenperature in the range of about 50-110C
Suitable redistribution catal ysts include peroxides such as benzoyl

per oxi de) cunyl peroxide, t-butylperben;q%p and t-butyl al kanoi ¢ aci ds
and. qui nones such as 3,3 ,5,5 -tetranet hyl -4, 4' -di phenoqui none (TVDQ . 20

Replidst\rNin_l:)uLi on is accorrpanfrgjp&ypﬂanq?na@mé}g af&@p{éﬁlly’ﬁi%rpafﬂ gﬁ:mge by the 4
aci d, ich is ingqrpor n Vi ecul es. nmost o n as an en
group at the heaa)%g?t?\?%‘g&f?gpé8[1%@33%@%6&%%0 f’f°&‘¥a’8f"aé'8i°8"ip£”8§term ned by
the degree of f uskeh andif-adenchar AdHA-triseteyiphanst Gatalistsystemseare! | ol ecul ar
wei ght desired i gefdraliyemployed $ér sueh @BublingP tHelitpnealyicontditaf Ragd t i n a high
degree of functi onahl zat i op and a lch\@r avera,gqe pol yner_ nol ecsllgnr wei ght ,
while | ow pro%orf’?% §a% 1§ adcgmnpldrp]f .crtf'o?se'%ﬁ? erv\glpé%?ne&gﬁ;ﬁg ahith a | ow
degree of functi eerappund,iusdally in cgarbinadipn withivaripes ether materiais.t he range of
about 1-10% and preferably about 2-5% by wei ght based on 30 pol yphenyl ene
ether. The pronoter is noRartifuiaedy esafllpesghenyléheetherifal nzinyabout 1- 10% by

i ght based | hod of th
vei ght base Onpgﬁﬂpégg'ﬂyéﬁBEe%E?chmﬁ@a%?&@&ﬁeﬁ% Bl iby& gt hod of the

invention is copol'ymerization, in sul " proportions with at
| east one 11 Deweasdsyl-centaining eash@meyer g arvrakylradisahis eamalente. | t he one
corr espondi ng0 t obduridhidl scarboh mtam lazatediihianeorthaysitiog to @achydroxy The
conditions of saj e i 1 - i : jcally

bfub BRRE g o8 oSG EALRL I8 ¥ mricl

i ncludi ng the prese of a cata rve coup previ ously

described. An 5 @&9%@@9%3@9{%%@?@?%@%@ SRCOPEFAVYIPARYE BUCt he ease’ of
prepari ng functi agdl-h-betyigroing mheipdtaplemaichay snebf thelcahstitednts lbf the nol ecul ar

veights. The I eshRaRfLEIRAR) tdRisn Rixtbia® ABURIGLRTY BRYRERIEPar ed by

effecting reaction, bet wee e, car boxy-fupctionall ze ) OP, henyl ene
ether and an{® pthﬁFQ?‘VQ!BtPﬁrHs AnhgrayRa a\éf’}"ﬁBWgef‘ﬂﬁ&’PF@Fﬁdlunﬁgdﬁ% allhi ch are
reactive with caobtaingdifoonaceatdion miktuessrianihich ajbyppxiuof diphesoquinomear e
hydr oxy, am no a ¢ ! tic or

t her moset t1 ng. &Z"@%@f‘%@? g‘b?sébﬁpﬁgggé%géﬁ%*%?%fgﬁaﬁﬁat ed

pol yesters, ani n&¥ &fgn @pﬁ?ﬁ%’ﬁ?ﬁ © polyqes Flseuless typically | udi ng

gl yci dyl et hers oéndlittipgeasonuch apakgutfOfficby weight ettiie plobyiar, mayyners, epoxy
novol aks anda@l i gyhthim RREAX oh6DF 88id artifodiigAebhtaminyf aidg- Pol ymer with the
car boxy-functi onglirzeobigﬁwm §I ene et her may take place under any 20

sui t abl e conditi BHE XYL ﬁ@é] §UBPi on and melt reaction conditions. Were
appropriate, they may be conducted in the presence of suitable catalysts,
as illustrated by phase trlawiifhsrarpaent yathose shilles indpe arffeora fieal ysts. ~ Ot her
mat eri a: s, both fwegdiny thaitite mypha@mb\eﬂ;er?ray?tbmpwte@mmselirh thest r gti ve
materials are i r: an
stabilizers. Tth fe%%g%?%r&tloﬁgﬁ?v%é??@? é,?’eﬁfht'%gﬁ‘?‘%?ﬁ%méyr?g@éﬁp| es. Al
parts and pefeenVafiationsinstyctys| yhts orpcitiany chemigal faateresr e wei ght aver age
unl ess ot herw se indicated and were determ ned by gel perneation

chromat ogr aphy. | nherent vihecfusctidnaizedepalyphenylene ethers of the inventionf or m at

25C. Carboxy i ncesmamain aduilsstodiueiumitAfs By foRhGalthBsE bERFmIRINRAL i C

resonance spectr %%Fc%pd*'s aEréAg'g%lfg/%uls_lf defined. The units of formula 11 are
characterized by a carboxyalkyl group in the 2- or 3-position,

30 preferably the 2-position, relative to the oxygen atom and a Q? moiety
in the other of the 2- and 3-positions. The R radical in said
carboxyalky! group is an alkylene radical containing at least 1 and
preferably 2-6 carbon atoms; it may be linear or branched and is

usually linear. Particularly preferred is the ethylene radical, whereupon



11 Decenber 2002 -g Sanpl es (20 g each) of a

pol y(2; 6-di met hyl -1, 4- phenyl ene ether) having a wei ght akéDegemhen290d| ar
wei ght of about 50, 100 and an i nher ent viscosity of 0.40 dllg and 800 ng of
nelilotic acid were dissolved in 10Q M of toluene. 5 Various anounts of
benzoyl peroxide were added and the m xtures were heated at 90C for 90

m nutes. They were then cool ed and the functionalized pol yphenyl ene ethers
were precipitated by addition of nethanolg_filtered and dried overnight in
vacuum The results are given in Table |I.” 10 15 TABLE | xanp aenzoy per oxi

€, gro uc w,,,, I ¢helSorfespondihg @&tboxPiit &id is 2URcAHB8% gpfor at ~on, 8
EXAMPLES 5-7 The@?@?fdsgr ? Examgll es 1-4 was repye@?%yﬁsubstituti ng TMDQ

for the benzoyl 1428%Mhe results are given in Table Il. TABLE Il xanp
a.9Nro uc w,, 00ro uc n,,ar oxy con en mrg oxy nctorpara ion; |0~9-
EXAMPLE 8 A 50% sol i ds sol The Wt mﬁthOQl%é?ﬁam iopfeperiesaratipa of the parts of

the carboxy- f unctirpfichalized poipyioheee emersss bgredibtribuiorbia 2, 37.8 parts of

atet rabrom)b | 0 Chem cal under the
pr oduct deS|g ?g'ﬁw’lﬁé&gf%&% ﬁgpgggg{i,% “ﬁtﬂftﬁeg%/pggﬁt r of bisphenol A and
t et r abr onobi spheﬁcﬂafwwwk«’lﬂﬁﬂ@‘l '%tWErCO”!PPUBd ﬁﬁﬁ?@@ﬁlwoéy@wa ovol ak Bal d
by Giba Geigy unggsreinbRensomietipiesdsimplyrtatitofor bidvity)l RédistribbitioA n/ e of zi nc

octanoate, 0.33 f part of

di am nodi et hyl to é%tg& ai%’e@&*ﬁ’e'ﬂéfbr%gé%%ggggwt%ggdag%% e gl ass fiber
fabric was i npregriadeP8andd, ?F\%a%ﬁl]?l"bWH&Tﬁﬁé Prpleigmat 84 f abri c was
heated at 159 f @97-B0Gi(M96YSthieaiisoisuves @fubmenareancbrpa:ratecabw cure the epoxy
resins. Six pli e?efQFenEQ%eFeﬁﬁ”' ting reinforced prepreg were | ayered and
heated in a conpréssion nol'd at 5 200C for 3 hours. The product was a

[0)
lam nate having the foll OWILhnegreHls r %%n ?esactlon yplca?l\??ntvones he%t?né)t A

polyphenylene ether in solution in a relatively inert solvent, most often
an aromatic hydrocarbon such as toluene or xylene, with the acid and
16 a redistribution catalyst at a temperature in the range of about
50-110°C. Suitable redistribution catalysts include peroxides such as
benzoyl peroxide, cumy! peroxide, t-butylperbenzoic and
t-butylalkanoic acids and.quinones such as
3,3',5,5'-tetramethyl-4,4'-diphenoquinone (TMDQ).

20 Redistribution is accompanied by cleavage of the
polymer molecule by the acid, which is incorporated in the cleaved
molecules, most often as an end group at the head of the molecule.
The proportion of acid is determined by the degree of functionalization
desired coupled with the overall molecular weight desired in the

25 product; high proportions of acid result in a high degree of
functionalization and a lower average polymer molecular weight, while
low proportions afford a higher molecular weight polymer with a low
degree of functionalization. In general, acid levels are in the range of
about 1-10% and preferably about 2-5% by weight based on

30 polyphenylene ether. The promoter is most often employed in the
amount of about 1-10% by weight based on polyphenylene ether.

The second preparative method of the invention is
copolymerization of the acid in suitable proportions with at least one



Sol vent resistance (nethylene chloride) - good; Tg -190C; 10 Dielectric
constant - 4.7; Dissipation factor - 0.0061; Flamrabil it yi1(lbbceBber 2002 O.
11 Decenber 2p02 What is clained is: A earbaxyfunetlonalized potyphenyl ene
et her conprisug sir~. ~ctural units of the fornmulas ~~ -~0~--~_ ~1 Q (-~

' ~coot~ wherein each Q is nethyl; each @ and B is hydrogen; and ~ Is
ethyfane. ?Q 11 Decenber 2002 2. A carboxy-functionalized pai yphenyl ene
et her conprising structural units of the-fornulas ~a and a (111) 4-~
~(CH2) 2COCH wherein each a' is independently hal ogen) primary or secondary

l'over al kyl, phegghonyidtb@ddrkeatic etpaAdke., tHeYsHeOstHPBRiHg 1"
ha( ohydr ocar bono€é¥ erein at least two car bon.l.ﬁtso te, the hal ogen
t

| id | { ADdRanL At
and oxygen at onsOTEYER: EAN, R dREYE, COUPHGISARIRI NG CROGIBHRAT s3I ogen,
primary or seconcction emethearigcpgmizashgies, fyalcaly logluding/tte gresemoaoxy or
Pal oth_ydr Oﬁ'ﬂ bO“OESlea éﬁtaﬂ@.f bfkﬁﬁhéttﬂé c@.:ﬁling?als q?eﬂ@&étbbée%&i'belﬂf&ﬁ?tnng ]? h
f gp(r:m: 22 a zeg pgd\)%tggng ofetp\l% rﬁetpgcri oF grggéraﬁog ﬂ'nasil breut%euerage o? Slrepsérir?g 5
functionalized polyphenylene ethers of relatively high molecular
weights.

The resinous compositions of the invention may be

prepared by effecting reaction between the carboxy-functionalized

10 polyphenylene ether and any polymer containing one or more
functional groups which are reactive with carboxylic acids. lliustrative
groups of this type are hydroxy, amino and epoxy groups. Said
polymer may be thermoplastic or thermosetting. Examples of suitable
polymers are hydroxy-terminated polyesters, amine-terminated

15  polyamides, and epoxy resins including glycidyl ethers of bisphenols,
epoxy-functionalized olefin polymers, epoxy novolaks and alicylic
epoxy resins.

The reaction of the polymer with the

carboxy-functionalized polyphenylene ether may take place under any
20 suitable conditions, including solution and melt reaction conditions.

Where appropriate, they may be conducted in the presence of suitable

catalysts, as illustrated by phase transfer catalysts and epoxy cure

catalysts. Other materials, both reactive and non-reactive, may be

present. lllustrative materials are impact modifiers, hardeners, fillers,
25 pigments and stabilizers.

The invention is illustrated by the following examples. All
parts and percentages are by weight. Molecular weights are weight
average unless otherwise indicated and were determined by gel
permeation chromatography. Inherent viscosities were determined in

30 chloroform at 25°C. Carboxy incorporation was determined by proton
nuclear magnetic resonance spectroscopy.

EXAMPLES 1-4



11 Decenber 2002 0 and o: c, wherein each Q is independently hal ogen,
pri.mary or secondary | ower al kyl, phenyl, hal oal kyl, am ndoaDgyémber 2002
hydr ocar bonoxy, or hal ohydrocarbonoxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons; each Q- and @3 is independently
hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, hal oal kyl,
hydr ocar bonoxy or hal ohydrocarbonoxy as defined far Q; and Ris an

al kyl ene radi cal containing at |east 1 caébon atom which conpri ses
redistributing a potyphenylene ether with”a 2-earboxyal kyl phenol in the
presence of a redistributi Qﬁmﬁfgse(hdﬁteacﬂ ofy met hod according to claim3

wherein the 2-carb | Kyl ol ., S |I}Ot c acid. 5. A nmethod. according

to claim3 wher eiﬂ??ﬁi'g"%é'&ﬂyf' Ei“b‘mqna[g@ﬁt%'bg?v"?%aé("‘iﬂ@?ﬁ%\’?ff@eor a

di phenvqui none. Tolecuiat weightlofdoetb@02a0a af inheremt Visxbsiy obd .40 dfgt o cl ai m

5 wherein the re%agddobmg'ome‘ﬁﬁhehxgtwéréd B4 lin PGS A bfRyyehe. A Mt hod
wherein t istribution cafalyst Ts

according to claim! ere ) ) ]
3,3, 5,5 -t et Pan{afipus ampunts ofikenaeylipsimdde wereaddediang the auxtaresy to claim 5

wherei n the redi sterelheateanatiodnp dordQminutes. They vere thegeoofedadmithe 50- 1 i 0C 9.
A method for pr engldafsd i BAghd BheROWSRFRYLARR AT RiuRAT | 51 N0

structural units 3 ) o .
methanol, filtered and dried overnight in vacuum. The results are given

in Table .
10 TABLE |

Example 1 2 3 4
Benzoy! peroxide, g 0.40 0.80 1.20 1.60
Product Mw 18,900 | 16,000 | 13,700 | 12,200
Product Mn 6,400 9,400 3,300 3,000
Carboxy content, pmol/g 106 123 140 146
Carboxy incorporation, % 44 51 58 61

EXAMPLES 5-7

The procedure of Examples 1-4 was repeated,
substituting TMDQ for the benzoyl peroxide. The results are given in

Table Il.
15 TABLE ||
Example 5 §] 7
MDQ, g 0.20 1.20 1.60

Product Mw 16,100 | 11,600 [ 11,700
Product Mn 4,300 | 3,500 3,300
Carboxy content, pmol/g 117 161 104
Carboxy incorporation, % 49 6/ o4

EXAMPLE 8

A 50% solids solution in toluene was prepared from 31

parts of the carboxy-functionalized polyphenylene ether of Example 2,
37.8 parts of a tetrabromobisphenol A diglycidyl ether sold by Dow

20 Chemical under the product designation "“DER 542", 17.6 parts of a
copolymer of bisphenol A and tetrabromobisphenol A diglycidyl ether,
17.6 parts of an epoxy novolak sold by Ciba Geigy under the product
designation “EPN 1138", 3.64 parts of zinc octanoate, 0.33 part of
2-ethyl-4-methylimidazole and 0.84 part of diaminodiethyltoluene. A



and (11) o~ o' pcaoH wherein each Q' is independently hal ogen, primary or
secondary | ower al kyl, phenyl, haioal kyl, am noal kyi, hydipDasdxsp»go2 Or
hal ohydr ocar bonoxy wherein at | east two carbon atons separate the hal ogen
and oxygen atons: 13 11 Decenber 2002 each QZ and B is independently
hydr ogen, hal ogen) primary or secondary |ower al kyl, phenyl, hal oal kyl,
hydr ocar bonoxy or hal ahydrocarbonoxy as defined for Q; and Ris an

al kyl ene radical containing at |east 1 cagbon atom which conprises

oxi datively coupling at |east one nonohydfroxyaromatic conmpound with a

2. car boxyal Kyl pheet = sle et ites tethicés Intdedtst BT $0GIGY Bd "0, o m 0
wherein the m)noﬁg'/%lm&rfg%ﬁﬂtf%'cc%%)hﬁﬁ&%g1éqog%fmiﬂyﬁ%"ﬁﬁ%ﬁ ove o A

resi nous conposi tsoivent ang pagiatigcure dhpepgryeresios. Sixiplies of heabsuiting

Dol ot eaot ve .t ungiateodipRlr Paels 13ftad Bhi FREtS oM S fen PR it
of the formul 8s %I%tong%rn%ﬂ?ll"ﬁﬁuﬁmeUCt&é)i%'-{Y mateorﬁlqgetbgﬁ@ BH0o2 wher ei n
each Q is indepemogertiés: hal ogen) primary or secondary |ower al kyl, phenyl,

hat oal kyl , hydrocarbonoxy, or hal ohydrocarbonoxy wherein at |east two
carbon atons separate the Ratingentsand 20:089en atons; each Q- and B is

i nd d l'y hyd , h , j I .alkyl, ph I,
nal onl Kyl hyar ocar bonbxy. S0 Ry RO ARBCIPREBRS SN T RGE: O Bna R i«

an al kyl ene radical contai W9mg!3fCl east 1 carbon atom 13. A resinous
conposi tion agcordi ng to cDhrileBticZcors&inem.7:ne pol yner is thernoplastic. 14.
A resinous conposition acc i ai wherein the polyner ~s a
hydr oxy-t erm nat ed pol yest @!sq@rgg%%%ac%rne@éﬁﬁ nat ed pol yam de.

Flammability (UL-94) — V-0.



15. A resinous conposition according to claim 12 where(n the polynmer is
thernosetting. 16. A resinous conposition according to claim15 wherein the
polymer is at |east one epoxy resin. 17. A method for prepari ng1éDecember20
functional | zgd pol yphenyl ene et her conprising structural units. pf t he 02
‘ornmul as ~~~ -~0~~_ VQT 11 Decenber 2002 and dz Ga 0 -- &'
(Cr~z)zCOOH wherein eacl’f Q?fmemsr ndependent |y hal ogen, primary or secondary
| ower al kyl, phenyl) halfal k |; am noal kyl, hydrocarbonoxy, or

hal ohydr ocarb onoxyu,mggf in ‘af @aemn¢ Igar bon atons separate the hal ogen
and oxygen atons Cﬁg Sfmmiugg |s i nde B‘?ﬁ’dh)én)hy,% en, hal ogen,
prfmary or secondary |ower alky, phenyl) hal oalkyl ﬁ %’@an-bﬁ u‘ﬁ’(’ or

hal ohydr ocar banoxy as defined for d', which conprises redistrib

pol yphenyl ene ether with 2-(3carboxypropyl)phanol In the presence of a
redistrfbution catalyst. 18. A nmethod for preparing a functionaiized

poi yphenyl ene ether conprising structural units of the fornulas ~~~ -~0 Gs

Q@ and t6 ~s (I1l) @ o= ~(C~-I~pCQ)1-IQ,

O:
(1)
O\
Q2
ang )
Q? Q?
(tv)
0'\..
. Q?
RCOON
Wherajn 8
achQljs
meth
Y each 2 30d Q% s hygre
98n; and R
§ sthylane,

10



11 Decenber 2Q02 wherein each 0' is independently hal ogen, pnmary o

secondary | ower al kyl, phenyl, haloal kyi, aninoal kyl, hthE@%$B&h3Q@2 or

hai ohydr ocar oonvxy wherein at |aaSt two carbon at ons separate the hal agan
and oxygen atons; each 2 and Q is independently hydrogen, hal ogen,
primary or secondary |ower al kyl, phenyl, hal oal kyl, hydrocarbonoxy or

hal ohydr ocar bonoxy as defined for Cl': which conprisas oxidatively coupling
at feast one nonohydro phenol .

19. A resinous co yOS| W%Qﬁ?urfch&%ﬁ?@&'ﬁ%g%men% étﬁ?&%’ﬁ%m f@%ﬁ”%’zed

pol yphenyl ene Witherthefarmulas | east one pol ymer cont ai ni ng carboxylic

aci d-raacttv9 '~nctional groups, said copolyner conprising structural units
of the fornulas and 17 11 Decenber 2002 Qa p~ 4 (CNZ)zCOON wherein each
Q is independently hal ogen, primary or,secondary |ower alkyl, phenyl)
hal oal kyl ) am noai kyl, hydrocarbonvxy, hal phydr acar bvnoxy wherein at

| east two carbon atons separate the halo‘ And oxygeh atons; each 42 and
Cl13 i s independently hydrogen) halogen) TTIRAry or secondary | ower alkyl,
phenyl, hal oal kyl, hydrocrbor ~ ycarganoxy as dei gned for 4'.
18 . A .AE . Ayy. Aye AyS Ay2 . Af'S. Ah, Ay | . A . AN. Af;

.AN . A AS. AyNO g' ' h45 ' C

18]

(@)

hh(h# #.25> | > ~| | >>??>] | | | <~ ||~>>>||<> >>P??~7| XX~>?2?>| | ?>~>?2???7?7?~
| >??25XX~>>?7?| ~>~<<<| | | | ~>| ~| ~>~ |>>>>>OQ |<999ﬁu<>>>>99>|||~|~|||>|||x|<<>
>>>||~77>~|||x>7||77>~>|||?????><7||~>77>~x||>> X ?SX~X>>>~| | <| >?7?| ~| >?| >>~
>~| ><<>>x8dK: T™ ¥w@dd45 Vo
TT( T#. #. x>x>x>|~|~9|~><|><|~>|||~~~?~~~9|<999?~x?<<?<<>>|>~?>>?~>?>>>~<~<|
~X~X?>X| ~~| >?>~| | <p>| <><| 272>~ ~Xx>X?| | [;?] ?| XXXXX?X~??2X?XX]| ~ ?| ~S| 08XXXXX]| X>X>
X?<| ~~>?2X>X<XX| ~>>?><| | >>~| <>?2~~~>23K22~2~F2>?| x| 2?2?2>>?| | ~>222?22~| | | >??2?XX
<>???>~X<<>| | | <>>>~xpx<<>3??2??| xX| | >| | ~==p?Xx>?~>:-i145 C -i-i(i-#.#.:-(45 C
-(-(((-#.#.8?2a7<?<?||[:zF--45 -C

(#.#.?p|>?~~|~????~~||??????hgf°? - \222 32 ~~27?| ??77>| | ?07~~~77>~]
TXXSPS>>> 27?7=27| ?ppxp?XUp>xpxp| O p| |1 Pl > [ []1]x>x~X]| <<X| | ~~?~?>
~22| | >?2<2XXX~~| 2~2~>22~22~~2222272~2227 o|<><<||~99 | ~?2222~xx<>?2?~| P2~~~
| XXXXX™ 22?7~ <<<K<K<KKKXXXXX8~?~?":m , (",#. #.:.,845 C

, 8, 8(8, #. #. ?2?7~>>X>X~ ||°|9|9|||>p0 |LJG§*45 (OhHCOOH

(# #.XX| | ~>~>~~?| 2~2~2| | | <2?~| >?>x| 121220222282~>0xax<>| ?xx| 2>?>?2222>>| ~| x>
S~~~| ~~>7>~<~ |x9779|xx 8><?<>??2??7>5>50>>>>>>75X 555X >| S| >>>>>7<<8?8~X~xXX| ~>?|

| 7~>~>2~7~27| ><>?7<<| 2| 27| ?| 222222~2222~~~22222227] | <| 2X?y??>>~~1xxX><~~x| <?

>| XXX<>>| 8<<?| XXX| ~><<| ~>p° ?2?2<<X| XXXX7?| | ?>??2?7??87?7?° 1250/ 45 /C
(#. #. 2722227~~22>2 e 88T s Ndspands RS SiEResARBEIowEn 2 <2<<| 7| | | |
?X?X~pp~ p~~~°5’lﬁ)hO&eﬁgl"ﬁﬁEﬂWFXa?ﬁiﬁoaﬂ@Pﬂ W%i*é?hmbhw?&“a?o%n&wl >>7?| ~~07~77

X')XXXXXIO"IOXIO"X&;XD p<<%°X>X~I ~<] ?| XX>X~X | >~>?2>77>~| 227~7>

_____ afomsspparats the bﬂlﬂpﬂmﬂﬂﬁxlslp?fbwwpooo 227<8XXX
8x8x 8x8p8p8pp8aan>@<mwe kgl 1 aregen, Halogen, primary or secondary lower

aikyl, phenyl, haloatkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for
Q.
3. A methaod for prepanng a functionalized polyphenylene ether

comprising structural units of the formulas

1"



-C ‘
(#. #. 227887800ppxxxx822??| >| ~| 2?22~~8>>>| x| | >>~| ~| >?2?>| xxX| Peeember2003% x <>?27~
|| 2=>222227| x2~=222=2| | | ~>>| >| 22x~| | >>>| 2~?27?| ~<?| ?| 302227| | | 22~~xXX>?22?pX~

xx|~>>|>><>|x>~~>>|?~<>><||~??~~???>?~||?||~>>a?>~|x|>??~~?~~?~|x|~>><<||>?

Z| XxXp?>?| ?2~?~?~??2?| 01~>?7?7?| | >>?~
R?2?7?| 7~?800>~| X| <>>???2~>>~| ~~>>| X

N

I <[] <|| 2?23?7>| <?>??2??2?2?2~~x>?
~??| >???>?~X| <<??>~~>ppxx888~<><?>>| | X |11 2] ?] ?] 2<<<xX?<>~>>~>?<<88xX
P| | <>>><| XpXPp| <K<~>~| X?~?| ?2<>??>| X>>??9R???|\N>~<>8Xpp??~?| ????>| | >>??7~~| <>>
<8X| Xx<x>| p<p<>??| | <<<w. G ;; %5 ; C Qi ! .

OB Yat. #. ?2p??~?| XPPPPPPPPP~?222?27<?<~~g??<| | ?2?2??7?| >>X><~<| >??~?" ?2?>| <?| ??~~?
?2>| | ?| 2?2?2752 ~>>??~>~>~2~22??2?p?~Xx?X?| <| | | <| <| <| >????27?| £ <?g]| | ~| ~| ?>X?X~X~
pP~pp?~?>~~~~>@OE<| ??27~??| ??| <????~~?7??7 ?| ???3?~| ~?07?<| ~???2??°?~-2??7??~| ~>?<>
????~??7?7?7?7?| <<<<| ?x87?8?xx| | ??9???tT: z*)d45 ) C

dd( d#. #. 089<?| ?2~~~| ~~>>?2~~?~~XX~~2?8% <>>??24??p>p07??~| x~>2??| ?| | >>??>><| ?x?

88b~#S?1*> J [ _ Y

. Tei R} xsni d_Z] ca] ca] ca] ca] d8l) ca] 3 ;
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<aNe UM ] " "aevz" %Uf zupkf a\ W xsni d_Z]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ,, ] caD] ca] caD@ ca] caD] ca] ca] caDx] ca]
ca] ca] ca] ca] ca] ca] cal caG&"" | ##MbS&E&&AN FEOOH

PTarca] ca] ca] ca] ca] ca] cRa] ca]

)[)+=+. K. ...DOv02 4} 44| wwmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 45566688888889%9- 9
y9999; wherein each Q' Is independently halogen, primary or secondary lower

;; *=6===>L>b>n>q>t > b\

a] ca] c”a] ca]aeg(!l' ggﬂygl]%%\%@g] %ﬁ%@%ﬁéﬁﬁ%’h?@ﬁ '2%{] gﬁ@?@ﬁ%@ilgiggg%gg{ g
QAOAABACADA /N Al \B 1Ak #53 A p Csapiafats thebilakgah podidpxygpe atofnea] cal] ca] ca] ca]
] ob] ob] o] APEE) 6] oA, nyrogen, falogen, erimaygrsaconay 9B e

F" F&F. F7FGCRBUEC ByrivkiHzbasy wgragaiovhoiyxeiaipbydrecediasarcas ednedfPtal cal cal caD] ¢
35;31531“5&1@3 CHSRICH GRAGRIEAA BhahrhrRbaalBRIAIIAAAD] cal cal call J+34]
V2 MMVIVNINNIN( e RerigsseadistpinpipppmolypbgryieraeineCpit 8 sl @yiphped i ca] ca) cal ca
] ca] ca] ca] caldaheddiGAbaskisalenahaakeal ca] ca] ca] cal caD| ca] cal] ca] ca] ca
PPPPPRSSSSSSSSTTT Tt UwUx Uy UPPPPPP~yt 0j e] Xmh] cU] ] caD8] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caD] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] caDB] ca] ca] ca] ca] ca] caU] ca] ca] caKb~
cDyy10% & () - LID% &A(mMethdd ddeBmlling)to slalh0YivBade)ntae 8-SRy alkyipBEnol is
1094 & () -#S?}A?2L10% & ()-0, 109%6& ()-! X0, 10988&' ()-!1,10% (& ()-FL0% & () -
109% & () - S?MHeHa8eecid 100 (<(& ()-3° , 10% & ()-

(10% & ()-0,%0% & ()-@X, %40%B8& ()-@"10%&' ()-@> GH I J

5. A method.according to claim 3 whereln the radistribution catalyst is

a peroxide or a diphenaguinone.

12



_ o~ =110% /& ()-MO% & ()-"! 10%& ()- 10( 10( 10(: 10%& ()-!Y9
C10W(Y(& ()-3 oY  }A<~_=I plO9MOW& () - 11 December 2002
@AL0% & ()-!S0@0% : & ()-! NELOYGZ5Z& () -3mL0% & () - 010%& () - M
t}[<~_=0*10% & ()-!f*10%MXMX& ()-y)310% & ()- &10% & () -- ! KOLOYRCRCE () -
1 £ 01090 M & ()- QRSTei bC3109%& ()-s! 10%& ()- 10/ 10/ 10/

6,10% & () - @Yy10% & (A methbd%bdorfing tAEMERHEOINERd edistribution catalyst is

mMLO%& () - L10%& % 109%&' ()-!/&109KX&' ()-s 10%& ()-K}~<bCl aJy210%& () -

0: 109& () - ! XBSNRUPETOKICES | y( 1098 () - YA0%R () - y&LO%&' () - TV A" bcdE7C

10##f LLO%##&' () - LLOY#&' () - X3T10%#&' () - ! g10%H#& () - g10%& () - 0y210%r& () -

" | 0, ! - /R' -
cdevz”_gEC 10##! 7.10 4/!1 %e@od aggoorcﬁ% Q clalm & wherein ths redistribution catalyst is
3,3',5,5-tetramethyl-4 4'-diphenogquinone.

8. A method according to claim 5 wherein the redistribution
temperature is In the range of apout 50-110°C

9. A method for preparing a functionalized polyphenylene ether
comgrising structural units of the forrmulas

Q? Q'
] Qm—
Q* Q'
and
Q: 03
(11 0) v
Q! RCOOH

whereln each Q" is independently halagen, primary or secondary lower
alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen atoms:

13



109& () - @10%& ()-L! 109& ()- 10## 10## 9%x[<EC 10 , 109%& ( 1§
gl0%:.()-!10@0% ()-!D@O0%& ()- 109%& ()-'.0 109 ] & () - $hilf Deamber 2002
10! a3109&' ()- 31109&' ()-!kOy$109%& ()-z! Xy$10%& () -z

& 109& ()-!110%{& ()- @dEC 10!'a0 109%& ()-9!

1096¢X& () - 939109 () -1 109%& ()-!S 109%& ()- 10 10H !&""1#z[ 9EC

101\ y# 109 @Epet@’ and Q7 is independently hydragen, halagen, primary or secondary lower

10%& () - ! SOY(‘%Q‘VMy al%@&%&%&é@fgé&m@ 'R KA et A L Benhad fof FEMBSLVEE” <.

C 1 10!\0-10
109 () - Oy 1@/@@)&5\&? alighare f3dicy eontainigy éf ledtd.&srbn atpme which0! \ 0! D10%4 ] & () -

il) S;ﬁLO c(y e)& 0- %’ﬁbﬁ%ﬁ/@@ gjél %%B%&a %g f&agt)one %népyo(ro@@o)naﬁé' 55%&% nH

| 109%&' () - ! NOWdh@& 2¢carboppaliadrirenyl- =+L, - . K. . . .. z[ PE:

10. A method according to claim 8 wherein the 2-carboxyalkylphenol is

melilotic acid.

11. A method according to claim 9 wherein the monohydroxyaromatic
compound is 2,6-dimethylphenol. '

12. A resinous composition comprising a copolymer of a functionalized
polyphenylene ether with at least one polymer containing carboxylic acid-reactive
functional groups, said copolymer comprising structural units of the formutas

Q? Q'
4 Q—
Q? Q'
and
Q? Q?
(1 G
a? RCOOH

14



10 10 10 10 .

6f 109&' ()-3S5109%&' ()-! pOy&LO%&' ()-!\0y&L0%& ()-!\y&10%& (1)Decemben@ ~<PE:
10 ' NyS109228& ()-f | 10%& ()-!40L@L0% f & ()-!L@LO%KS& ()-10%& ()-!'S

10%&' ()-0123" 4} 44WX9PE: 10

, 1098 () -f*109%& ()-!1S0f 1109%& ()-! X\ f 1109008& ()-! @yS10%& ()-f! DOyS109%&' ()
- f 4| 55555566{\ = ¥ gm%a&hp)‘ls indARos &ty halogen, oimeqy or secondary lower

5 309 () - | 41 B Ol a8l QP ABER) b ort Whnarai ateast

10% & () - 10%RSAPOn gUIBRerarpta the Nalggersand oggeva@emsseashsl’ |rd’ is
#10% & () - 0), 24100 8ul hodt100 &) < #1004 &' ()2 #1008 & () -H#10% & () -
FLO% & ()~ ONFibbENaRig hychdlEn: b ¥y adbhREh Toar o Yndit)

#10% & () - #TeRralky hydroatmmogy onhaichydiearbPacxy @swefied fen@bikagd Ris 38LENSPSQBYS|

8y_@= Ikylena radical containing at least 1 carben atom.
#100610% & O TS GRE (35 78 E ()P0 () - #10% & () - [ 8] 8_8a8b8x8z8y_@

#1096t10% & () - %840% & dodindud?tbgosiidn adthRiifctto Cairf 49 Yondrdin thé%"o?h-@} 8~8888hN4=
#10% & ()-#10% & () - #10% & ()-) ?1#10% & ()-#10% & () - #10% & () - 8888889¢cB4=
#10% \ 1098 (9 thE@mopERi®R' () - #10% & ()-) 2#10% & () - #10% & () - 9$9- 949596979f J4=
#10%\. "%-10% & ()-. "%10% & ()--. ~%10%& ()-. ~%10% & ()- , $t10%

& ()- F":10% & ()-7989; 9<9=9>9729hD4= #10% #3} ., ."%-10% & () -.
O ° Q 4, A résinous composition accordév)g to}cfalm 1qj w?ne?'e(u%l tg% polymer

18 a hydroxy-tarminated polyester or an amine-terminated polyamide.

18. A resinous composition according to claim 12 whersin the polymer

is thermosatting.

16. A resinous composition according to claim 15 wherein the polymer

is at least one epoxy rasin.

17. A method for preparing a functionalized polyphenylene ether
comprising structural units of the formulas

Q? Q'

v Q=
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Np-10% & ()-. "%10% & ()-. "%10% & .() - #3} ?9HI1 OKOPORY9 A= #10% . "%-10%
& ()-#3}. "%10% & ()-. "%10% & ()-. "%10% & ()-. "%-10BbDecember 2002

& ()-Y9Z9\ 979 9u9voOwadH, =. "%10% & ()-. "%10% & ()-. "%10% & ()-#3}.
"p10% & ()-. "% 10% & ()-. "%10% & ()-wox9y99999dH, =. "%-10% & ()-.
Np-10% & ()-. "%10% & ()-. "% 10% & ()-. "%10% & ()-#3}. "%10% .

& ()-9999c:;;;; Q7. "%1010a allOa alla a '0-10% a& ()-3 "<-10% \& ()-3
+10% & ()-. "%10% & ()-#3};;; <*=6=N=| [9QD7. "%-10!y&10% -1-& ()-m 310%wX
M& ()- 0& S10%vL ()-9 & S10% X -& ()-9 &10%wW M ()- !'S

Q? Q3
(i) O e

a? (CH),COOH

wherein each Q' is independently halogen, primary or secondary lower
alkyl, phenyl, halcalkyl, aminoalkyl, hydracarbonoxy, or halohydrocarbonexy
wherein at least two carbon atoms separate the halogen and oxygen atoms;
sach Q2 and Q* Is independently hydrogen, halogen, primary or sacondary fower
alky, phenyl, haloalkyl, hydraecarbonoxy or halohydrocarbonoxy as defined for Q',
which comprises redistributing a polyphenylene ether with 2-(3-
carboxypropyl)phencl in the presence of a redistribution catalyst,

18. A methad for preparing a functionalized polyphenylene ether
comprising structural units of the formulas

Q2 Ql

and

18



109X M& ()-Ne======>L>rQ0 @10% & ()- 10% & ()- 10% & ()- 101?21 ? 101 ?I?
101 21 21 LOy&109% 21 2& () -m 0y&L109% X ; & () - nL>b>n>g>t >we>| [ : N @ecebeP06 ( ) -
@O%& ()-9 3&10% & ()-1 F10% & ()- f10% & ()-M Y10% & () - >>>>>>><?2?2?2vU4
109 ()- LI109% ()-@& 109 ()-10 10 10 410% & ()- & 10% & () -
22C2E?2P2\ 2@ [ OvU4 | $109x& ()-, $109%& ()-, Y100&' ()- 10%& ()-:

“U109& ()- F Z109%& () - GMACAEAGAHAI AJAl A{na@ ! | 10%

& ()-10101010%& () - L10%& ()-Lsz10%& ()-F .' 10%& ()-f[ Al AaAdAgACC] [ : na@ !
P)10% & ()-@10% & ()- f,10% & ()- F, 10% & ()- s10% & ()-

S109& () - C>D*DaDcDeDf DgbhDcVI < | 10 10 (10 z10% & ()-10% & ()-F |310%

& ()- y/10% & ()- .10% & ()-hD}DDDEJEE|[:VI< ! fml0% & ()-g y10% & () -

10% & ()- “10% & ()- 910% & ()- 910% & ()-E, F"F&F7FGY [:Vi< 1 1410% & () -
| . GL0% & ()- an9®10%H& ()-L "10% &'Q“;- f18%& ()- ~fF10%
& ()-TGEGEGG GyHHE; | 10% k & ()-\10%k & ()- & 10%k & ()-10 10 10

8$10% & ()-210% & ()-HHLI JIINI|[:}\; /JF=0% k " & ()- 19%40%k & ()- L10% k

“& ()- ffz10%k ~& ()- ylovlﬁ & MK & ()-13437393:J; I<IMIKZY8
,10% & ()-g- & 10% & ()--1 } 1098 ()-) - 10%
& ()-K@RLL MMMV [:zY8 . S10% & ( w2 0% & ()- 10% & ()- z10% & ()-y
,10% & ()-) 310% & () - WVVNNNNNNN] [ 10 YO 10 410% & ()- -10% & ()- y(3
10% & ()-& !'10% & ()-g) 10% & () - N(&¢ N2NSN@NgRIdoHNA4 10 |, 109%& () -
Yy109%&' ()- F S109%& ()- Y109%&' ()- 110%& ()-) ! 10%& ()- CPPPPPPPP|[>14 10y
1098 ()- Y410%&' ()- & mlO%&' ()- |*10%& ()- @@L0%& ()- &)
109&' () - f PPPPPPPRoA4 10 ff10%~ s& ()- ! 10%~ s& ()- 10%~ s& ()- 3

wheremn each Q' is independently halogen, pnmary or secondary lower

alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbanoxy, or halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen atoms;
each Q% and Q° is independently hydragen, halogen, primary or secondary lower
alkyl, phenyi, haloalkyt, hydracarbonoxy or halohydrocarbonoxy as defined for
Q': which comprisas oxidatively coupling at laast one monohydroxyaromatic
compound with 2-(3-carboxypropyl)phenol.

19. A resinous composition comprising a copolymer of a functionalized
polyphenylene ether with at ieast one polymer containing carboxylic acid-reactive
functional groups, said copolymer comprising structural units of the formulas

Gl Q'

(h o

and

17



10%~ s& ()-M 10%~ s& ()-1010RSSSSSSSSsf Y8 10 & 10%WX M& ()-10s= s10s~
s10s~.s (G 10%~ s& ()- 410%~ s& ()- &Lnl0%~ s& ()- S lifDeocgnber 2002

s& ()-SSSt uwmlyU| _sfY8 10 & 10%wX M&' ()-10z10%wX M&' ()- , 5109 M&' () -
yz109X M&' ()- 109X M&' ()- 109X M& ()- Normal" "Heading 13]c" "Heading
23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragraph Fontl Sd#+28: ;| >gAD,
GKMPY RVXZ\ 2 bdf hj | nprt vx4w>>DIPyU ?po ic_| #& =+. 0468; 8J8[ 828897979Y9w99;
N=L>>??@ AChDEGH! JKWIVNCPPRSYU ! " #3$%&' () *+, - ./ 0123456789: ; <=>?@\BCDEF6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocunent

I"#B9& ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

I"H#S9R () *+,-./0123456789: ; Q? q?

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] "_" gbcdefghi j kIl mopqr st uvwxyz{| } ~
I"#$UR' () *+, -./0123456789: ; <=>?@\BCDE .

(n

a? (CH2),COOH

wherein each Q' is independantly halogen, primary or secondary lower
alkyl, phenyl, haloalkyl, aminoalkyl, hydrecarbanoxy, or halohydrocarbonoxy
wherain at least two carbon atoms separate the halogen and oxygen atoms;
each Q2 and Q? is independently hydragan, halogen, primary or secondary lower
alkyl, phenyl, haloalkyl, hydrocrbonoxy or halohydrocarbonoxy as defined for Q'
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