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A CROSS- LI NKED RESI N : This patent application relates to a

re- moul dabl e cross-linked resin which conprises polyner chains which
are.connegy 96’#9 sgne anot her via Diels-A der adducts. PCT/EP95/04488
Cbnventlon ernoset resin conpositions are 5 - generally | ow nol ecul ar
wei ght conpounds which are converted into a cross-1|inked

hi gh- nol ecul ar wei ght resin by a curing reaction. Conventi onal

t her noset resins are widely used in view of their generally

advant ageous properties, such as the easy nouldability 10 i nto shaped
objects of the resins in the uncured state and the high strength and
rigidity of the resins after . a crddte1wkeEtd REQIN he ot her ‘hand, as the
curing reactions are irreversible, the conventional thernpset resins
can - not be re-noul ded once they have been cured. This 15

inplies that they Tieck peeyst eapplicationi £dlates to a réAaeebsapmey felt
as a di sadvant age
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di ene and a mal eim der adducts are
formed $rom generaihy HPEnROLAGULAE H?bﬂBEhF?%P%HHd$eVB%§B 2Bt he di ene

and the di enopfoheeirbed iR€or £SchSse+biNkedenigh-wdldbular welghat ed
tenperature. Hence,, upon _heatin erature the
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shaped obj ect ,resindasre widelytheed tnosviewi oRetheibsi genevaldlyin principle
conbi ne advantageous properties, such as the easy mouldability

10 into shaped objects of the resins in the uncured state
and the high strength-and rigidity of the resins after
the curing. On the other hand, as the curing reactions
are irreversible, the conventional thermoset resins can
not be re-moulded once they have been cured. This

15 implies.that they lack recycleability, which is
ihcreasingly felt as‘a disadvantage.
' S.A. Canary et al. (J. Polym. Sci. Part A: Polym.
Chem. 30 (1992) p. 1755) disclosed cross-l:nked resins
comprising polymer chains which are connected tc one

20 another via Diels-Alder adducts obtainable frcm a-
furfural deriVative as a diene and a maleimide as a
dienophile. The Diels-Alder adducts -are formed from
the diene and the dienophile and reverse to the diene
~and the dienophile when the resins are heated at an

25 elevated temperature. Hence, upon heating at elevated
temperature the cross-links disappear, allowing the
resin to be re-moulded into a shaped object, so that
these cross-linked resins could in pr1nc1ple combine
recycleability with the advantageous properties of the

30 ‘conventional thermoset resins. However, from the
experimental details provided it would appear that the



recycleability with the advantageous properties of THi%ResS ent i ona
thernoset resins. However, fromthe expey i rrenln%%ﬂgé\é qigﬂqr ovi ded
it would appear that the

cross-| i Wo9sjIs1s:ct i on and the reverse reaction and, as MWP%
authors noted thensel ves, also the stability of the gr oup
cast doubt on the practicability of the , _ furfuryl based
cross-1linked resin. 5 Simlar cross-linked resins, based on

Di el s-Al der cross- llnkﬂﬁéckéaeE16ﬁ EHHYkhe2r§bg¥kegE%%%%1%Bq | eijgi de

groups at back- bone, _have been discr o8&d by

Y. Chujo et khe FH&EPSﬁDP@gGaegg9§sﬁi§9§) Blsoesbe stability of the
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back-bone and, e ) TBLELAT 208603 tnklk bldin. agent have been

di sclosed in appears that the resins of this
ref er@nce need aSiBidarvergsiryhnked resinsppbasedr enf ielsepddelkdi ng. I n

the |ight OfaahﬁcﬁEOﬁQ (2- furyl§egCEtﬁglt§§Buﬁg BHBYEFQEQ Rgehave a

relatively I o é kitg t the resins
coul d be groupﬁrggggg 8% | B VmFEHBéFngPEQ' have been Fyrther,

US- A- 4, 656, 285scikbatdsbyoYsi Chujoeet al. iMae@amauabugeBOQBIWu@@opolyners
made via int rngkggyla pol ynmeri zati on of bis-nal ei m de di enophiles
and sil oxane* cont ai ni ng bis-furan dienes, followed by

arombfi zati on ofCross-linkad resénagedaaed Qnefarﬂbugﬂ gadups.

The present aevsaﬁeantarQVp9§§marpbaEkLsaHéeand a blstgggég ? &
u furan and a

Cross- Iinking s% f gase ﬁ E
di enophi l e. tTPR3s*HE ﬁngoﬁﬁanES ave ?ﬁatd%ﬁElEFéﬁslAIBEFAadducts based: oq‘
a 2,5- dialky4104319. subappeatrsdthatashendesidsesepbhlie vederaackhe

reverse gaggiggégglg ﬁgéﬁapLMPg rgegger tu e tg nsimlar

Diels Alder A38% tfermore, the
i nvehPed crokB- Fhﬁklhgh§y§ieﬁh¢sabage tﬁaehlng thahkefuréusyli gkbogs(i . e

curing) reachapd andelftit€ly low stability, it would be desirable
that the resins could be processed at a lower
temperature. .

The present invention provides a practicable
20 reversible cross-linking system based on a 2,5-dialkyl
substituted furan and a dienophile. It has been found
that the Diels-Alder adducts based on a 2,5-dialkyl
substituted furan and a dienophile undergo the reverse
reaction at a suitably lower temperature than similér
25 Diels Alder adducts based on a furfuryl compound.
Furthermore, the 1nvented cross- llnklng system is fast
xnmthe cross-linking (i.e. curing) reaction and in the
reverse reaction and the invented re-mouldable cross-
llnked resin can be re-moulded several times w1thout a
30 substantial change in mechanical properties-'The resins
of this invention can have an attractively low or an
attractively high glass transition temperatﬁre and they
can have outstanding mechanical properties, such as a
high mechanical strength and stiffness (e.g. E-mbdulus)
'35 . or, alternatively, a high flekibility.
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reverse reaction and the invented re-noul dabl e cross- linked resin

can be re-noul ded several tines wthout a subst ant it §HIS SHEBEE HAS BEEN
nmechani cal properties. The resins of this inventiof can pepacep
attractiveevy,,k@gg ﬁr -an 35 ..attractively high glass tranggs

tenperature an " ' -

can have outstandlng mechani cal properties, such as a : hi gh
mechani cal strength and stiffness (e.g.‘E—%Ddqus) or,

alternatively, a hflexibility. - | nvention t ref ore
relates to a _crosgd mearentsion éll?ee%?frf’%? {,&ﬁac’-}?-‘t&eo&o%%”‘ﬁ ;ﬁlecan be
reversed by cross- IEﬁk&@gt@Slmlemmpribimgwpnkﬂmenachﬁnnﬂ1wh§nh1ammprises
pol ymer chai ns [ V. g Di el s- Al der
adducts obt ai na%&%%ime%&dl eno IEQY%‘Q%?IQ 3 BRI Aldc‘igr add‘f % latter bei ng
a 2,5-dial kyl chkiainakiedEremah. dJﬁLQPOPhllﬂe%mﬁ pfdighen the katker | i nki ng

can be gevers&gbilyg a 2,5~ df@myngs@sei@\y@é@dfﬁﬁmerature w Il hereinafter
be call ed re- nDuIdaqge resin. here may, be several ways
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cross-1linked retsainsanf behd S5inventednrneehedl dabbeecross-hkbinked fReis- Al der
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substituted dah pe conn§£?%%p€§fé%%]m%@f%e%rW%%gbf@h%J%PgegdductS are
obt ai nabl e ar eadduckhed ID @mef%mh¢9§m@n6fofh6hp@|ym%#ntlon the chedns and

use i spgrade Ofd?al?lWESsxhbﬂkiﬂﬂtéﬂeﬂﬁrmlQPO&QS fromqmmhsaselmllé1§-
nol ecul ar str m whi ch_t he

1 t f
Di el s- Al der &gﬂgre $8uc£s are 8%?3%%35?% afg ﬁf%gc%rgcY%a9rtﬁﬁﬁmthese

di enophi |l es arpart of theopoktghed thakashant hese bis chadé caf dorrsso+ by
Lo 2 composi t1 P IhEL EeeRESERObinpt 1EeB BT Ihs RYELGuPA, "ol ates also 25
r e- noul dabl e c$©%@ctuﬁkeﬁwﬁe@¥nmﬁhﬁcﬁlgbﬁﬁbsl§$oﬁrom WnlChc@h@rDB%%Sa

pol ymefswhi ch £paéai 88dH8LSt hes ObtairaBle. It willl abkyéléapsthisted furan

and a cr i nkin n
cross- nh g gggngphlies are connected to each other by

chemical bonds or by bridging groups. Accordingly, the
present invention relates also to a composition which
is suitable for'the'preparation of a re-mouldable

20 cross-linked resin which composition comprises a
polymer which contains moieties of a 2, 5-dialkyl
substituted furan and a cross4linking agent which
contains two or more dienophiles in 1ts molecular
structure. ' o

25 ~Conversely, the dienophiles may also be attached to
ofﬂférm part of the polymer chains and use is made of a
Cﬁﬁés-linkihg agent which comprises in its molecular
structure two or more 2,5-dialkyl substituted furan
groups. Thereforée, the present invention relates also

30 to a composition which is Suitable for the preparation
of a re-mouldable cross-linked resin which composition
comprises a polymer"which'contains moieties of a
dienophile and a cross-linking agent which contains two
or more 2,5-dialkyl substituted furans in its molecular

35  structure. . ' '
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contains two or.nore dienophiles in its nolecular 30 structure.

Conversely, the dienophiles nay al so be attached to : or form part of
t he pol yner chains and use is nade of a cross-1inking agent ‘which
conpri seW0A6/15189 nol ecul ar structure two or nore Zpen

substituted furan 35 groups. Therefore, the present I nventron relates
also to - 3a - a
conposition which is suitable for the preparat|on of a ' r e- moul dabl e

cross-1linked resimm tcfan@cm&&etxwaament oS U SiBiveh iU Bfe Wi ch
cont ai ns noi ef,i es Of nd a cross-11nking agent which-

cont ai ns t wo 9%5-€noP 131’3 ﬁ&@@@%@%ﬁ%&q%mlﬁphﬁwgq whiaeh nol ecul ar

structure. also the 2,5- -dialkyl subst;tuted furan groups are
attached or which contain the 2,5-dialkyl substituted
5 furan groups as a part of their polymer chains. o
Accordingly, the present invention relates also to a
polymer which is suitable for the preparation of a re-
mouldable cross-linked resin'which polymer contains.
moieties of a 2,5-dialkyl substituted furan and
10 ‘moieties of a dienophile.
EP-A-372602 discloses a resin which is obtainable
by reacting an epoxide with a Diels-Alder adduct of a
polymeric 2,5-dialkyl furan and_maleic anhydride. The
reaction of this Diels-Alder adduct with an epoxide
15 opens the cyclic anhydride of the Diels-Alder adduct
and renders thereby the Diels-Alder adduct thermally
labile, such that the latter decomposes rapidly to
yield the polymeric 2,5-dialkyl furan and maleic acid
esters. Hence, the resin composition disclosed in
20 EP-A-372602 is not a re-mouldable cross-linked resin as
now invented. ' : |
The 2, 5-dialkyl substltuted furans from which the
Dlels-Alder adducts according to this invention are
obtainable may or may not be substituted at their 3-
25 and 4-positions. Preferred substituents are for
. egampie-alkyl or alkyloxy groups, typically having up
“;_gﬁcarbon atoms, such as methyl, ethyl, 1l-propyl,
métﬁde-and l1-hexyloxy groups.
- As indicated hereinbefore, the 2,5-dialkyl
30 - substituted furans from which the Diels-Alder adducts
' ‘are obtainable may be present as groups attached to the
polymer chains of the polymer(s) on which the re-
mouldable cross-linked resin of this invention is
based. They may be attached thereto directly via a
35 chemical bond or via a divalent organic bridging group
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-4- : In yet another enbodi nent of this invention the

di enophile is attached to the polynmer chains to which al so the

2, 5-di al kygyoo¢li8iset ut ed furan groups are attached or pehyEas/648 ai n
the 2,5-dial kyl substituted 5 furan groups as a part of their polyner
chai ns. Accordingly, the present Ln%gqyion.relates also to a

pol ymer which is suitable for the preparation of a re- _ noul dabl e

substituted furan o
3= or 4-positions of the furans may function as the

point of attachment. The alkyl substituents at the 2-
and 5-positions:  of the fﬁrans may be the same or
5 different and will typically have up to 10 carbon
atoms. Examples of suitable alkyl groups are methyl,
ethyl, 2-propyl and l-hexyl groups. Examples of
suitable furyl groups thch can be attached to a
polymer chain are 2,5-dimethylfur-3-yl, 2,5-diethyl-3-
10 methylfur-4-yl, S5-ethylfurfuryl or 5~(1l-butyl)furfuryl
groups.
On the nature of said divalent bridging group there
will be further elaboration hereinafter.
The type of polymer chains to which the 2,5-dialkyl
15 substituted furans may be attached is not critical.

cross-|inked T g3in JAIH hY WErePWilidti tuents JPiHd Farthe o Tl al k!

Suitably the polymer chains are chains of a polyolefin,
such as polyethene, polypropene, polystyrene,
poly(acrylic acid) or a copolymer of ethene and acrylic
acid or ester, chains of random or alternating

20 copolymers of carbon monoxide'and'olefinically
unsaturated compouhds (for a further elaboration on
such copolymers cZ. hereinafter), or chains which
contain heterocatoms, such as chains c¢I polvamide cr
polyester.

25 It is preferred that the 2,5-dialkyl substituted
furans form a structural element of the polymer back-
boﬁé'itself.' In such a case it is particularly
preferred that each of the 2,5-dialkyl substituents of
the furans are alkylene groups which also form part of

30 the polymer chain and which may or may not be

' substituted. Such a constellation can easily be
accomplished by furanizing copolymers of carbon

' monoxide and olefinically unsaturated compounds which
contain 1,4-dicarbonyl entities in their polymer



10 noi eties of a dienophile. EP- A- 372602 di scl oses a resin

whi ch is obtainable by reacting an epoxide with a D el s-Al der adduct
of a olynmeric 2,5-dial kyl furan and mal ei ¢ anhydri de. The _ .
reactloﬁ”QP“E Fé Di el s- Al der adduct with an epoxide 15  PCHERISO4#88 cyclic
anhydri de of the Diels-A der adduct - and.rendéers thereby the

Di el s- Al der adduct thermally | abi ber such that the | atter deconposes
rapidly to yield the polyneric 2,5-dialkyl furan and naleic acid
esters. HencehaiR®:résfn BYnEBBVErbAndi Surbséd4rdigarbonyEpent 872682 i s not

a re-nDuIdabiﬁtgrgﬁgahlﬁggdtiggln as - now i nvented. . The

2, 5-di al kyl subs der adducts

ltu furaps
according to thlé %%ﬂ?Fﬁn grgargon m°83¥é$ﬁa5?@ ﬁﬁ?gi?lﬁiﬁiﬁot be
substitut ed amsaterat8d 28mpoundsdwhiphstonbain 1Pdelitcasfonybstituents are
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10. suc Qghoxy and
1- hexyl oxy ¢fkepscan be prepargad PﬁdpééiéélﬁéréﬁﬁéeY§¢d the 2,5-dial kyl 30

subsLItuted ﬁ?lﬁﬁériﬁ@ﬂl@hlﬁblhbgtﬁbehétﬁbégrkﬁgdﬂcfﬁom, for arefO?Lalnable
may be presen as. gr oyns 0 ains o e

pol yner (s) of %% #g iE?geg EﬁnérﬁﬁbPé4Cr8§ A 5%&8@ 8tesin of this

i nvention |SEP-A-3726a2ednd ERes—-Hhg2B8. atThehpdlymerstsodprepafedVIa a 35

cheggqal bongrgraYt@rﬁaglﬁalSBEOQQQQPECo?rEggbggcﬁoﬁ§8%?84i§g the
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3- or 4-posiyhoer @ﬁetb61§Méanaha§Msfueﬁtagﬂ 88el fi8nomer unpesnt of -
attachnment. The al kyl substi tugnts at 03|t|ons of the‘

2- . nd
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car bon and the monomer units originating in the olefinically

15 - unsaturated compounds in an alterneting arrangement, so
that every fourth cerbon atom of the polymer chain .
belongs to a carbonyl group. The molecular weight-of
the copolymer can sultably be varied by varylng the
polymerisation temperature, viz. ‘copolymers with a

20 relatively low molecular weight are prepared at a-
relatively high temperature. Some polymerisation
catalysts allow the formation of polymers of which a
part of the carbonyl groups is converted :ntc furan
groups. Alternative copolymers of carbcn monoxide and

25 olefinically unsaturated compounds which contain 1,4-
dioa;bonyl entities may be random copolymers, i.e.
copolymers of which the polymer chains contaln said
monomer units in a random order. The latter copolymers
can be prepared by radical initiated polymerization

30 using the methods known from, e.g., US-A-2495286 and
US-A-4024326. - B

The furanization of the copolymer of carbon

monoxide and olefinicelly uhsaturated compounds may be
effected by methods known in the art, for example, by

35 applylng phosphorus pentox1de as dehydratlng agent, as



atons. Exanpl es of suitable al kyl groups are nethyl, et hyl, 2-propyl
and 1-hexyl groups. Exanpl es of suitable furyl groups which can be
aftached to a pol yner chain are 2,5-dimethylfur-3-yl, 2,5-diethyl-
10 meWOIFII-y| | 5-ethylfurfuryl or 5-(1-butyl)furfurBCT/EP5/04488

gr oups. On the nature of said divalent bridging group there

wll be further elaboration hereinafter.- 7 - The type -of pol yner
chains to which the 2,5-dial kyl 15 substituted furans may be attached

is not criticalisclosed tﬁuikalﬂenténe o] yo®r Ddﬂhjnms $¢bentd@) NBapt R.
pol yol efin, n st yrene
poly(acrylic accf]d\fmo;&ge copo y@éﬁf tﬁ%ﬁ% an yﬁ’é&é& in g&?d or
ester, chains pfesencRmebra a$tromatacid20such asomotqlmxsemlmmmm

nonoxi de and OA@Iam&@'aysclosed 1&®§1Auﬁ¢913¢9rrporm§e(xﬁ@£h g urther
el aborati on on such ogolﬁgors of herei naf ter%Olor chalns whi ch

cont ai P het er A RK, tRE FPILe bl pbTEFRERORYL etiegoigclher. 25
It is preferrqnblmrtdft&aﬁ';5 thtt kfbranhsdiétiesl at a variabeas forma

TS part i culafyefeiot LY eRidiny of hhe FRfRtLOE congflpfRE @ C2%€
substituents cmployed. tBie fomtine sexpel yentat ipnupse whkthledso form part

of 30 th IATBLL £ 1
substi t ut ed. ?é)% a cthst g?aﬁtgen%ﬁ{%%@}gy béeWtw eb?eac%%’fr%ﬁll shed by
furani¥® ng copeABREFLORS - car bon nonoxi de and ol efinically

ugsat ura]t ed conpounglsisvprdferred to CanpPoy in 4tk CRIPOMYIa€idh tags i n
t heir pol yner 6 wi
bCT Epo) baqpg L ternating Gb ‘éislﬁ%‘? of | SATROR PR L% R, 4- di car bony!

entities olefimicaklyn tmﬁa;tmlested compounds Goporysersef oitsar bon
monoxi de and ol £k C@bdYent of carbonyl groups in the polymer back-
15 bone so that the furanization can be accomplished

efficiently at a high level of incorporation of furan
groups. If, nevertheless, a low degree of furanization
is desired, the cohversion of carbonyl groups into
furan groups may be kept low, in which case the
20 presence of unconverted carbonyl groups may contribute
advantageously to the mechanical properties of the re-
mouldable cross-linked resin.
The said copolymers of carbon monoxide and

olefinically unsaturated compounds may be based on

: 25 hydrocarbons as the olefinically unsaturated compbunds,
butithe olefinically unsaturated compounds may also
contain heteroatoms, such as in vinyl acetate, methyl
viﬁ&l-ether, ethyl acrylate and N-vinylpyrrolidone. It
is preferred that the copolymer is based on an _

30 olefinically unsaturated hydrocarbon, suitably an a-
olefin, in particular an a-olefin having up to 10
carbon atoms. Very suitable are aliphatic e-olefins,
in particular those having from 3 to 6 carbon atoms and
more in particular those having a straight carbon



unsat urat ed conpounds whi ch contain 1, 4-dicarbonyl 5 entities in their
pol ynmer chains are known per se. They can be prepared by. pall adi um
cat al ysed pol ymeri zation using the nethods known from for - R
exanmpl e, WOSSASISY 1965, * EP- A- 181014, EP- A- 322018, EPCAEPYSQS8 and

EP- A-516238. The polynmers so prepared 10 are alternating copol yners of
carbon nonoxi de and the ol efini cald y- unsaturated conpounds, i.e.

copol yners of whi ch the pol ymer chains contain the nononer units
originating ichadar,beuamrexipd®Hene;. ledniiemd, gr-@pegene and and the
nononer unitg_qriginati ' L efdni unsat urat ed conpounds

in an al terngt |?1r‘1a|x%zltalr%r'an@‘tg:r‘rg\ap[r%tnfeh?'osonﬁofgﬁ1 pctaeltér%%txjeg/'ery fourth carbon atom of

~the polymer chai At is cleage|thags the £Ype wdhplefiadsalite nol ecul ar wei ght -

of | _ jt_t hﬁstamat@ta coitpoutid Q.bidﬁ:%ﬂ@&écﬁgwiﬁn,\%ﬁéz‘?ﬁ@ﬁmtich v
polyngrisatl on erature, Vviz.  COpolyners a Jelatlvely | ow
nol eggl ar wef entS, Jayy bg present at'rtged&'v@’i/ 4rRpsitdans afure.

Sone pol yner ithat i20i9-dialkyl catkebittutend |furdrnse ifmrroduced dh ol yners of
which a r Tt hanyl | S gﬁn ' furan
groups. Al t'erfrlllgtairt)l\?'ezta(gg'ﬁa ;/}Pr?ear%?lq 'carvg%egy%néo%? e ;ﬁfftrg%f rga%bcﬂ efinically -
unsat ur at ed FomeFdSEs apd e afdmigal ly snsaturatedjjcammsyings ¢t ian es may be

random copol y®Rlernati®g copolymeORH WY HorP moMy:Gkid Py er chains

OS2 D otatin R Hetd e, i R im0 b2lN8in 0 5o
~using the netayddbekrninworporates gn Hie Achdhatr dnd a regio- US- A-4024326.
e oot TR S B O AT ragutag TS TWany. oun (
in the art, fosr RoefgARed hhads the oggdefilnd sphseyisguorentdande as '
dehydrating aggmrle cd¥bon atoms MU LFkdYporated in a regio-
PCT/§%95/044§%regular fashion because this may effect a lower
viscosity of the (furanized) copoiymer.--It may also be
preferred'to have the a-olefin incorporated in a
regioregular fashion, notably in a head-to-tail
- fashion, typically such that the w-olefin is
20 incorporated for more than 80%, in particular for more
than 90%, in a regioregqular fashion. This will effect
that the furan groups introduced in the furanization
reaction have the same or virtually the same ster:ic and
electronic environment so that these furan groups are
25 more uniform in reactivity in the Diels-Alder reaction
and.in the reverse reaction than when the olefinically
uﬁ?@ﬁurated compounds are -incorporated in a regio-
ifregulér fashion. This is in particular the case when
the copolymer is based on carbon monoxide and a single
30 olefinically unsaturated compound. It is not critical
whether or not the a-olefin(s) having more than three
carbon atoms is/are incorporated in the copolymer in a
stereoregular manner. Good results can be obtained
with atactic copolymers. '



di sclosed by A. Sen et al. (J. Polym Science, Part A Pol ym Chem
32 (1994) p. 841), or by heating in the presence of a strong acid,
such as px§§é%§gﬁ§ulphonic acid, as disclosed in US-A-3979373.

These met hBds 5>  allow the conversion of 1,4-dicarbonyl RGI/EROSNMM48E t he
pol ymer chains into furan noieties at a variable conversion |evel,
dependent of the reaction conditions - 9 enployed. By routine
experinmentation the skilled person will be able to identify suitable
reaction 10 Coaxly t jood. results can bétobtajpnefiewith. aofenphbgedn the
furani zati on : t k QQy € y o] Lde.and
olefinically 3%2%%%¥%?%é§%9§%§§%5§.%gggggeQEFe?§§E§ﬁB eoggggéhgfogontent of
car bonyl group@a¥poRhBoRerider whhbkpregene whereigothfaaPreReneuiani zation

can be acconpl i §b86fporated £68tfh6kenth¥nabos bhoh hewalteFthmgorporation of
furan rougs. | f, ne¥erthglessi a IOMIdegtee'oflfur ni zation

i s desiTed, the*ERHORraPANWEFRCEr hBRGPLIGPEUPEIFAT ST TIULAT LLRSAT qups may
be kept |ow, ialternatingecbpelifier of paebencmonbxideowitht pdopenbonyl
groups may contri : . ageously : MEC I.cal s RLO ties
of the re-. ‘ by%%u?ﬁ%%f%ecﬁggg?%i%Eegﬁ%egﬁg?agﬁlﬂg ??8# a#ﬁgﬁsgﬁé

copol yners of RéebsnAheabxpddughdis obtaingbdej 4fcRPFychhSaFatlat a8

conp?undf gay benbagsdena §5elsBA%H$ﬁrQ@Fﬁbﬁnﬁaéffhbﬁ alfﬁéa?aally g
unsat u ed conpounds u e olefinically unsatura ~conpounds
mmy ol 50 0 COTERRTLE Ly thatoFbs: bRRSSsAtAKES FRSIPNYP Leepanedahithyi
vinyl ether, eThglskiilykdtpeandn\wilbybpyabdki dondetétmine by roatpneferred
t hat the copol ' n ' efi Qi . ipsat
nydr ocar bon. _seReSEryeaEaE el vRleils or nBL7H 81EAGEH: 1RTAT Y1 ShEd:
[err]-olefin hﬁbﬁnngEeFéomoof-re‘mOPééﬁbéﬁl§V0nﬁn PBF91§Hiﬁ§bPé are
aliphatic a-ol gbspéct of the tBmparhtGdbarahBesRehdybAasl E8MaPply €ncarbon
at ons d mrg,in ggrtlcular thgsg havi.ng a_str ht . car bon
VIEG/1§§59 re-moulding the cross-linked resin? PEfPEg;§/%2388-

' minimum temperature above which the re-mouldable cross-

linked resin will be re-moulded depends on the maximum
temperature requirements for the end-use appiication of
the re-mouldable cross-linked resin, or vice versa.

20 The re-moulding is suitable carried out at a temper-
ature above 80 °C, more preferably above 110 °C, in
particular above 140 °C. For reasons.of cost-
effectiveness and practical processing it is desired
that the temperature at which the re-mouldihg takes

25 place is, for example, below 300 °C, in particular
below 250 °c, more in particular below 220 °C.

- - Suitable dienophiles are, for example, alkynes
having electron withdrawing groups attached to bcth
sides of the ethyne moiety, such as ester and keto

30 grdups. Examples are mono- and diesters of butynedioic
acid (i.e. acetylenedicarboxylic acid) and substituted
but-2-yne-1,4-diones. Other suitable dienophiles are
‘compounds which contain a but-2-ene-1,4-dione moiety
included in a 5- or 6-membered ring; in particular

35 - compounds of the general formula



- 8- chain, such as propene, 1-butene, 1-pentene and
1- hexene. Propene is nost preferred. _ It is clear that the type
of olefinically unsat urat ed conpound incorporated w || determ ne

whi ch 5 WO96/1S189st i t uents nmay be present. at the 3- or 4- pcwf.ltw

the 2,5-dial kyl substituted furans introduced in a urani zation
reacti on. \Wen the copol yner of carbon nonoxi de and ol efinically
unsat urated conpounds is an alte}%ailng copol ymer of carbon
nonoxi de and an [err]-,10 ol efin having nore than three carbon atons
the [err]-olefin may be incorporated in the copolyner in a regio-
irregul ar fashion or ¥n\a regioregular fashion. It may be preferred
t hat the a-olefin(g;chavtgg nore than three carbon atons is/are

I ncorporated in a reglo- i rregul ar fashion because this may effect
a | ower Vi sc S|tb of the (furanized) copolynmer. It may al so be
preferred to have th€ a-OFefin incorporated in a regi or egul ar

fashi on, nptgﬂé¥§%ﬁ 2 ggagtgg bal%édN_ or PLasPhggeéng|CﬁlléFsuch that the

[err]-olefin ncor pof for noré t P&l ar for
nor e thﬁhegéw@euHa&enégﬁérégupacupasdubu aThrsdgnhb gtbapt

that the furanlehoueﬁneatgoeuéedléﬁobheléuu§8hzahboaf the ggtion have
t he sanme or v$rtuall th el ectron c V|ronnent SO

Lhat “these {haing, ot uiEhodngtReE" 4Spa08R11 6, raRA' MBRERRD! EDS 1 | no
Di el s5A der remsinbng valenciesd ifi &hg,rever secupaeti by thagerwhen the

o e cal vy o 4Bae!Yiaked-QRUASE A1 LBRRARD fGoblat, 20
copol yner sTBﬁsBGtBﬁecaﬁbéhenﬁﬁédl Beidging graypew3dl be olefinically (

unsaturated épaﬁeﬂaaedlturﬁnaethéféihseker. The w@%b?eélﬁ 1“0t the

[err]-olefin avi ng,_nore carbon_ato I s/are
incorporatedéF% Eﬁguﬁ 5|§Hé£apﬂyaconta1n upt EPefr €8EPAR ABARMEr andood

resul0s can éeepbfarnegample, methyh atasthglcgpoupBer SDienophiles
of this general formula are preferably cyclic
derivatives of maleic anhydride and, in particular,
maleimide (i.e. X denotes O or, in particular,vN-).
As indicated hereinbefore, in one embodiment of
15 this invention use is made of a cross-linking agent
which comprises in its molecular structure two or more
dienophiles from which the Diels-Alder adducts are
obtainable. A practicable maximum of the number of-
dienophiles in the molecular structure is typicaily 20,
20 more typically 10. In said cross-linking agent the
dlenophlles may be connected to each other by one or
mat@*brldglng groups. For example, four dienophiles
may be connected to one another by a quadrivalent
bridging group. The more dienophiles in the molecular
25 structure, the higher the glass transition temperaturé
 of the re-mouldable cross-linked resin will be.
However, it may be sufficient and more simple that a
cross-linking agent is used in which there are two or
three diehophiles in the molecular structure, in
30 particular maleimido groups, which dienophiles may .be
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-9- Very good results can be obtained with a furani zed

r-egi oregul ar atactic linear alternating copol ymer of car bon nonoxi de
with propd¥R9%k5®in the propene is i ncor por at ed f or PODEP95/04a88 90%
in a head-to-tail 5 fashion and with a furanized regio-irregul ar

| i near al ternating copol ymer of carjpan nonoxi de with propene.

The precise nature of the dienophile from which the Di el s- Al der
adduct is obtacoahbeted votonei hhosheraby bi- orl epgvasehbebbiagsng! der

dduct h i h th | inked
Fecoul danl o, 9r8ub*" TBiedfoniigs hAY a1s¥ belbobBBEtEd Re PR ne by |
routine anezberlhﬁncaemona&hbpngs.or not a dienophile will neet
the criterion of rﬁoﬁﬁufﬁébhblé¥ulh9 Q@Eg:ﬁuhﬁ& tﬂe,cheglcaie§96ﬁfe0f the

t enper at ur e range he “wi shes {0 apply re- ip 8
cross-|Pnked r@ e bEideipg gEOUp of t nFﬁBﬁFféﬁﬁEF&guF egboBaYwhech t he
re-noul dabl e cvassed to a 1hrgbedxteatn WLkl hias bEeﬁDﬁbdﬁd graengachn the

ts.for_th licati f
the. e moul dabTeFRESeRt RRchibcEPRESoLoruRt, aeRt 388a B8 582 O Dl i g
i's suitabl e camoubdable aroastémpked resins caveréngbavwi8® fangeCpfnore
pref er abl y aboyg-Adf; kLM bfopeBries. ThBABEAHA] gagbeﬁﬁ 49 perrlC For

reasons_of co ectiveness and 5 roces ng
desi r et® organict ARd: dfpBRYt GPBLALDWARLN FHEbPB ﬁﬁBWElﬁﬁ Bﬁes 25
place is, for Bxaﬂ@éebubehemagoﬁlberpbﬁslbmepahhtcutaeontalns abgbpw 250 C,

rore 0 parti eyl ac, Bel@ieg2) hetkhfurons 1n cne RHLAR. eofbgnaRnies are.

for exanpl e, virig attached to
bot h s@&ggeof shéisphyns mbtrogensathmas e§herbamdgk300930up
groups. Exanphgy BEerBROp18Ndrdireghigrs of butynedioic acid (i.

acet yl enedi carboxyl 1 c acid) and subsStituted but - 2-yne-1, 4- dlones

O her %8itabl e di efi®phexasPite. P°lYmerlEoPﬁbGﬁaggmﬂFEHpéoh?&%ﬁga
but - 2- ene- 1, 4- ﬂleﬁsbmalpbyymer chalnagluded b8 pody(alkgishgbexedefi ng, in

particul ar 35 or poi gggggages, h lgenernu grngbgrage molecular

weight of, say, more than 300, provide rubbery re-
mouldable cross-linked resins. When the polymeric

20 flexible chain has a number average molecular weight in
the range of 1,500-10,000 or more're-mouldable Cross-
linked resins may be obtained which resemble
thermoplastic rubbers in their properties, such as

_ having a low glass transition temperature, for example

25 below 0 °C, typically down to -45 °C or even down to
—60 °C. _

--Accordingly, sultable cross-linking agents of this
klnd are maleimido capped poly(alkylene oxide)s, such
as poly{ethylene oxide)s or poly(propylene ox;de)s, and

30 maleimido capped polysiloxanes, for example bis- |
maleimides of polysiloxanes, such as those which may be
represented by the general formula |
HpN-CHp [-0-SiRp]1n-0-CHy-NHp, wherein n is an integer,
on average, of more than 10 and in particular in the

35 range of 20-70, and each R is independently an alkyl
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- 10 - _ X . o=C C=0 I
-C=0C wherein X denotes 0, S, N or P-, wherein at |east one

of the frwo9osasmaci es is occupi ed by a bridging group P%@Wnnects
the di enophile with one of the pol yner chains or wi th another

di enophil e, and wherein the 5 remai niyng val encies, if any, are
occupi ed by | ower al kyl or acyl substituents or, preferably,

hydr ogen. rouﬁhelﬂabﬂfﬁlEﬁl&?ehéﬁiﬂgbﬁbdﬂb”g QEQBBnW%kBPQfUéntS

el abor at ed furth? hPielna ter
suitably contBFR*8H2 y4ac§?BBX1agﬁﬂﬁpandV§9Y googr gespdiseganpbe, net hyl

or ethyl groupistaibeénepbhl tie tris- aﬁdtbns-ﬁeme&ﬁhdégrawleriée Rhaf erably
cyelic bESLAAPAEVESBLAT bfk?a§?¥¥§ﬁ§gexﬁ s, "1R2PAEELEar, i catod

mal ei m de (i enot es
her ei nPef or e, thé %men@nﬁéﬁpﬁénPObY(é5kylenehosldaWsnhavmnguaenumbende of a

Ccross- ||nk|n9a€€§8ée molecuﬁ@fcbeEBHPrbEeﬁt Fbgilgabecgg ?§Eﬁfgt ype two

or nore I eno S
obt ai nabl e. AF%?aE??&% g %a?gﬂuﬁ909 9hemﬂﬁﬁbEFeSFrab1Y indthAaopAnpes in
t he nol ecul aroft1 u800G+#, 080t ypically 20, 200 - nore typically 10. In said

cross-linking a e be connected to.each other
by one or O 80°%0w! $§}%F%}aﬁ 9% ggghﬁﬁégglﬁ%rgEQQBife ?OUPrﬂsghﬁﬁhlles
may bboconnecg%@uw% @thhnmehehabq a mobeculareweight or brndgbag group.
The nore di engpéiigs m81é8§l£P|ﬁ&ﬂbﬁ£*25%g ?§§%%Y§é“%§10&h§05'gbﬁr t he

gl ass tran5|t|on tenE%Fabui 0 e cross-linked resin
will be. 21o%ay08e QufVhiFRNRa¥NBaWEr BPstAPRe canbon (
Cross- I|nk|ngaagnmtlmsemebdofntmblc@nﬁéetEn@rEriM@e@r may alsbhpee

di enophi | es |Gedde Mol ELUL ALGRELYC! M8 aLondfic brPRELASULE0LDE' O M 4O

15 render the bridging groups rigid and tend to provide
re-mouldable cross-linked resins which are relatively
hard and strong, and have a relatively high glass
transition temperature. Examples of bivalent cyclo-
aliphatic and aromatic low-molecular weight bridging

20 groups are groups containing a (nor)bornane skeleton in
the bridge, 1,3-phenvlene groups and groups of the
following formulae: —¢-CHZ-¢-, -¢-0-¢-0-0¢-,
-$-0-¢-S02-¢-0-¢~, -CH-0-CO-$-CO-O-CH>- and
-¢-C(CH3) o-¢-, wherein -¢- denotes a 1,4¥phenylene

25 group. Other suitable bivalent bridging groups are
non~cyclic aliphatic (alkylene) and oxycarbonyl (ester)
graups and combinations thereof.._Suitable cross-

-'llnklng agents are, for example, the bis-maleimides of
hydrazine, 2,4-diaminotoluene, hexamethylenediamine,

30 dodecamethylenediamine, diamines of the general formula
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- 11 - connected to one another by bi- or trivalent bridging
groups. Di enophiles may al so be connected to one anot her by chem cal
bonds. WO 9615159 Bot h t he nol'ecul ar wei ght and the chemi cap

of the bridging group of the cross-Ilinking agent may be varied to a
| arge extent. It has been found that such vari ations of the
cross-linking agent lead to re- nDuFdabIe cross-1linked resins
covering a w de range of _mechani cal properties. The bridgi ng group
may be 10  organic and it may nt A, @l NEear bon atons in the _
bridge but it is also [He+dHe nt ai ns al éf . _ or exclusively
het eroatons in the bridge, such oxygen, Yicon or ni t rogen
atons. The bridging group Ay be& flexible or rigid. 15 For
exanpl e, polymeric bridging groups having _ fl’exi bl e pol ymer chains,
such as po:y(zjkylene oxi de) f -or polysiloxanes, having a nunggr

aver age nol ec - , : \. ery
b amind ebhed ot l%’?af*—*%%f”ﬁ%“n@@cé%%ﬂ‘
f1exible chai Weighty fHBerrHVRUR Hoiu@anes deitdin gqperal formya r ange
of 1, 500- 10, m@%NNC%%¥4D4S&H§mH4bHﬂ Swhereln n|ﬂéﬂﬁﬁthﬁinS may be
obt ai ned WhICh ef ﬁﬁc} :fﬁ? :][ in t e|r roperties,
such as 2Ky v tlass % fr, le 25
bel ow & [ err] @rauns daldse dmmfetltabl% n[es!mﬂlc QITOUPERN dhm.sto)ner - 60
[err]C. mixturde CEH@'&larﬁﬂ%?%ie ﬁ{:grﬁ%a{ 'fiﬁ.ﬂ%cﬁﬂﬁl’t&ﬂc 1y hi's

kind are mal ei m do cappe a ene_ oxl

pol yt et hyl ene a¥adéaRl ot ’iﬁﬂ Eﬁﬂﬁy Tne Thd%Redent hiidaing JEAURS Mad capped

pol ysi | oxanes bd @f exammElt nature as 1rfﬁinﬁiafﬁétﬁsak§lfvé30ﬁd&5|610xﬂ@ﬁ: such
as those whi Crfarlcyglng groups. r\?eorrfsgeonc;c?drebgufthse gaenebre ogtoa{lrkuelda with
10 bis(4-maleimidophenyl)methane, 2,4-dimaleimidotoluene,
tris (maleimidomethyl) 1,3, 5-benzenetricarboxylate and
dimethyl-bis[(N-maleimidomethyl)oxy]silane.'
Suitable cross-linking agents on the basis of
maleic anhydrlde are for example -compounds of the
15 general formula
.0 -0
/ \ / \
0=C C=0 0=C C=0
i ! | l
20 HC =C - A -C=CH
whérein A denhotes a bridging group as described
hereznbefore, in particular bridging group having up to
20 carbon atoms in the bridge. More in particular the
bridging group A is a bivalent hydrocarbyl group, in
25 particular an alkylene group, such as a hexamethylene
group) or groups -D-0-CO- or -CO-0-D-0-CO- wherein D
denotes a bivalent hydrocarbyl group, for example an
alkylene group, such as a hexamethylene group.
Again other suitable cross-linking agents are
30 polyesters based on butynediocic acid and a diol, such



H2N- CH2[ - O- Si R2] n- O- CH2- NH2, wherein n is an integer, on aver age,

of nore than 10 and in particular in the 35 range of 20-70, and each R
i s independently an al kyl WO 96/ 15159

PCT/ EP9Sy/erutfiSiso - - pcrERosmasd OUP:

In particular having up to 5 carbon atons, preferaé?& a et nyl
group. Very good results can be btained with the tris- and

bi s-mal ei m des of tris- and © bis-Hhino capped pol y(al kyl ene OXIde)S

nunber o s Sehy lenén§+2€%?§r83§8fﬂ<89#¥iéﬁéyéf98388'd§ SpOTBE) T
t he range ofglycob-ap, @09°1ﬁﬁP§°BYb¢@¢aﬂl¥CPh)theThQﬁgePO yestersf

1, 500-5, 000.nay be low moLQ&hﬂEkeﬁéiéﬁtmﬁkQBE Dihﬂﬂhaga EAHRS. shich.
bridgi ng 10 e a_np| ecul ar wei t ora number

aver age nDIé%%l%?gﬁﬁggﬁ?mﬂ?ﬁ?lggéﬁﬁFﬁ' BEI EWPEOBaY: Rav NUMBEE; j cul ar
bel ows 300, cavehagé mayebalarupeighfOofar bon example, amope thamach of the

connecting b ge al so guse chggliphatic and aromatic
bri dgi ng grdﬂ%@ 1%ucﬂvgs %ﬁd%?gtﬁ%nﬁﬁia 2 Boo rgﬁpésrlgld and tend to

provi de T@ed@ﬁ?ﬂ%@tel%V©§§iPnnﬁg§°ré§1ﬁ§eﬁhtehcaﬁésrélaklngly

hard and str tgngehaye avi2|aEbV€h¥ ﬁamalﬁha68capped pol{ansition
tenperature es of, |valen phatlc and aromatic

oot U, BTEeR, Sk S ShhcLUSLY, nepeiapatirhnankCrand 2O
(norl®or nanemakeireido capped (polvheibokdges, 1if3- phenybamargbmsps and

aroups of LN Jitinits 8%'?%99)&9?8%5?8811%%{1& Bebgl Forputa ()
-CH err] - O GtpYfefRy [ CO-SiRp) arPrCHanH2, wherelpepr}scautspregerr pL, (
wherein -[ergg- lQ&@@tfsaﬁd1eéthRn¥Eeﬂﬁd8§endentg OHB alﬁymePréu ptable
bi val ent brldglng ?Eggggraga S ﬁ% %lc a hatlc al ghene) and
oxycar bonyl sPRf &Fﬁﬁpgpaﬁa ofiBF SPlﬁﬁg FhePEBFEr3Qi-Yabl e
Cr osks methyhkgngupgenTheabes-maneemadpleappbd bpslyﬁbélaxdnesof
hydrazine, Z.4;dian,peholugngy RexgaBLRYhERAILETLBR of maleimide
with formaldehyde and subsequent reaction with the
appropriate dichlorodialkylsilane in the presence of
base and water using generally known methods.
20 As stated hereinbefore, in certain embodiments of
this invention a cross-linking agent is employed which
comprises in its molecular structure two or more 2,5-
dialkyl furan moieties. 1In this cross-linking agent
the 2,5-dialkyl substituted furan groups are suitably
25 connected to one another via a chemical bond or via a
bridging group. A practicable maximum of the number of
2, 5-d1alkyl furan moieties in the molecular structure
is typically 20, more typically 10. The nature of this
bridging group is generally the same as the bridging
30 group of the cross-linking agents which comprise two or
| more dienophiles, as described hereinbefore. Examples
of suitable cross-linking agents are bis(5-ethyl-
furfuryl) adipate and the bis-amides of (5-ethyl-
furfuryl)oxyacetic acid and the diamines mentioned in
35 the preceding paragraphs.. '



30 dodecanet hyl enedi am ne, di am nes of the general fornula

WD 96/ 15159 PCT/ EP95/ 04488

-, 13 - [err] and bIS am no capped (poly)siloxanes of- Iow

nmol ecul ar s¢'€i ght, such as (poly)siloxanes of the ge

H2N- CH2( - EF%?¥5Tn O CH2- NH2, wherein n ranges, on C@#@EE& n11 to
10, preferably from1l to 5 and the 5 roups R are preferably nethyl

groups. An i
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bi s(4-mal eim
tris(mal ei m done
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soner m xture of the amnes of formula | is

i. Labl : T. I b
ar nﬁfugéaggggﬁgiE%%gégggggggfolahzgglnt rh%% %ﬁ%&PEPﬁgnay

gﬁodhdssdhwsnmannbescbﬁaimadewpﬁhal@olymer which
@8%&&}6)5) 3%3'1%5 h&%h%gﬁfi%t Ololi‘erﬁe’s-dialkyl

nzenet rircar oxy

énbﬁﬁllé%ealor#@trm Peiptdiesagad mmetles ofS@ t abl e

dagaebhiqe .t hehkasl &onetJ.es maymbleelc@nafd@t@rd d® ame for
unﬁs of the enera

3 H&%@* %81&? E@é a %%mlcal bond or by means

of a bridging group. Thls bridging group may be of the
same type as the bridging groups of the cross-linking
agents which comprise two or more dienophiles as
described hereinbefore. Examples may be given as
follows. When the polymer is a polystyrene, maleimide,
as the dienophile, may be attached thereto by
tin(IV)chloride catalysed alkylation of the polystyrene
with N-chloromethylmaleimide, and when the polymer is a
(styrene/maleic anhydride)copolymer a 5-ethylfurfuryl
group may be attached thereto by esteriinng the
(Styrene/maleic anhydride) copolymer with 5-ethyl-
furfuryl alcohol in pyridine. When the polymer is a
copolymer of carbon monoxide and-olefinically
unsaturated compounds which contains 1,4-dicarbonyl
entities in their polymer chains 2,5-dialkylfurans and
dienophiles may be attached thereto by reacting the
copolymer with an appropriately substituted primary
hydrocarbylamine, e.g., using the methods known from
US-A-3979374. 1In this reaction 1,4-dicarbonyl entities
arefconverted into pyrrole entities which form part of
theffolymer chain and which are N-substituted with the
substituted hydrocarbyl group. For example, a
copolymer of carbon monoxide and olefinically
unsaturated compounds which contains 1, 4-dicarbonyl
entities may be reacted with the mono-amide of maleic
acid and hexamethylenediamine or with the mono-amide of
maleic acid and bis(4-aminophenyl)methahe, followed by
ring closure of the acid-amido moieties to maleimide

.moieties. This will yield a polymer having N-(6-

wherein A



her ei nbefore, in particular bridging group having up to 20 carbon
atons in the bridge. Mdre in particular the bridging group Ais a

bi val ent hydrocarbyl group, in 25 particul ar an al kyl ene group, such as
a hexancWR\A6HALS? group, or groups -D-OCO or -CO OPOTERSSS44sBcrein D
denotes a bival ent hydrocarbyl group, for exanple an al’kyl ene group,
such as a hexanet hyl ene group. - 16Again other suitable
cross-linking agents are 30 pol yesters based on -butynedioic acid and a
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5& m[?I.ar welght ranges may be selected according to
the type of application and the method of (re-)mouldlng
of the cross-linked resin envisaged. A low v1sc051ty is
very advantageous when reinforced or filled composites,
in particular glass reinforced écmposites, are
prepared, in view of é'good wettingiof the rein-

forcement or the filler. A low viséosity is also very

advantageous, for example, when the resin is used for
mouldihg objects with an intricate shape or when it is
used as a coating material. In such cases the |
v1sc051ty of the resin, measured at 190 °C, is
typlcally lower than 1000 mPa.s and typically hlgher
'“';l.mPa S, preferably in the range of 5-500 mPa s
and;in partlcular in the range of 10-100 mPa.s. A low
viscosity during the {v2-)moulding can be accomplished
e.g. by selecting a polymer with a low molecular '
weight, and by selecting a low moleéular weight Cross-

linking agent, if any is used. Good results have been
obtained with a polymer having a number average

' molecular weight in the range of 5604100,000,

35

preferably in the rahge-of 1,000-25,000, in particular

v



di al kyl furan noieties. In this cross-linking agent t he 2, 5-di al kyl
substituted furan groups are suitably 25 connected to one anot her via
a chemical bond or via a bridgi ng group. A practicabl e maxi mum of

t he nunbewgde/15159 2,..5-dialkyl furan noieties in the rtERrISDI48S
structure Is typically 20, nore typically 10. The nature of this
bridging group is generally the sane as_lhp7br|dg|ng 30 group of the
cross-1linking agents which conprise two or -nore di enophil es; as

descri bed hereiﬁbeﬁereanééaaﬁlQsooo 10, 006f SFbEaQbé)ékQ§ﬁshbﬂkhﬂa agents
are bis(5-ethy i é L adi ate gnd thg S- an1 ﬁf (5-ethyl -
furfuryl)oxyacé??ﬁcﬁépﬂ QHH fABIgPYRP §sné t PB¥ed® He§3ra 8 preceding

par agr aphs. apply a r&ﬁhﬁGbéﬁtBQltlon which has a viscosity during
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i s madeSof a pboyﬁaF5whp@nferably é@ntaﬁnganﬁﬁepﬁe§002vQ°§|Bﬁ@ﬁhlPB, or

2, 5-di al kyl artléﬁﬁﬁE'Eﬂteﬁef%Eﬁ@e”ﬁfe&bﬁslaﬂdon?bekleS of a5
dlenophlle Tﬁese noi eti es may he_cgonne nmer . chai ns

by neans of a chentf8 IBB8RELEY 83 Pé§ﬁ§‘AEger aSFuﬁtSrPﬁﬁﬁﬁthXBuBheThls
bri dgi ng grouprgayobedableheross-linkede regpa af thésbindgnugogr oups of the
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descri bed her ePRBEPEFQSh EREAHERtAty BE ar soniaa Tl TubeRlBROLESSaBR. O, | o
pol ymedOis a pbhysgyaeﬁetynaﬁemheddlenophile areseatdiiandpli |l e, may be

attached thereE8m5351tlon frbhn@hykﬁhkﬂh'@@e@@tﬁhﬂéQda@h%EEthQQ of the
pol ystyrene W th | qr.onet hyl mal ei m_de, Iti}he polymer is a

15. (styreﬁ@FﬁﬁpelcT§ﬁhf&ﬂ#&€ﬁc88€ﬁ?ﬁeW1&15a@PﬁfFﬂ&F@u gr oup
may be attachedethaﬁﬁtﬁlhﬁnemtqmbhwlmq bEeDlels—Aldextpuﬂnetsahelc

sagﬁd[hgeégfeﬁé§ d t%hb% %&%%%nt to erfec%rkﬂ %!C%QQEsLﬁiB¥rBd'ne'
re51n 1s a solid material below the temperature at
which the Diels-Alder adducts reverse to the 2, 5-
dialkyl substituted furan and the dienophile. It will
also be appreciated that this minimum quantity depends
on the molecular weight and the type of the polymer on
20 which the resin is based and, if any cross-linking
agent is used, on the number of dienophiles or 2,5-
dialkyl furan groups per molecule (i.e. functionality)
of the cross-linking agent. A lower molecular weight
of the polymer will effect that a higher quantity of
25 Diels-Alder adducts is needed. The number of a Diels-
Alder adducts may be lower when a cross-linking agent
is: used which has a higher functionality. Generally
gééd'reéults can be achieved by using a polymer having
a number average molecular weight of above 1000, which
30 contains on average at least 4 2,5-dialkyl substituted
furan groups per molecule. Preferably a polymer is
used which has a number average molecular weight of
above 1500, in particular above 2000, and which
contains on average at least 1.5, more preferably at
35 least 2.5, and in particular at least 3, 2,5-dialkyl



copol ymer of carbon nonoxi de and-olefinically 20 unsat ur at ed conpounds

whi ch contains 1, 4-di carbonyl ' entities in their polyner chains

2, 5-di al kyl furans and di enophil es nay be attached thereto by

react i NOWg%/15159 copolyner with an appropriately substﬂ&%n&ry :
hydr ocar byl am ne, e.g., using the nethods known from 25 79374.
In this reaction 1,4-dicarbonyl entitie are converted into pyrrole
entities which formpart of t he polyner chain and which are
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i s desired teruse-ninkégneesyhschdf this 1ﬁﬁéh§16ﬁ,2f5rdeﬂhﬁ§leSH$St'tUted

furan. noietjes e no hll eligible to .
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stabilisers, processing aids, such as release agents,
and pigments. Said weakly acidic stabilising systems,
in particular acids having a pKa in the range of 2-7,
preferably 2-5 (when measured in water at 20 °C), such
as carboxylic acids having typically up to. 20 carbon'
20 atoms, have been found to be very suitable for
stabilising the furanized copolymer 2f carbon monoxide
and olefinically unsaturated compounds. The invention

also relates to such stabilised compositions. Examples

.

of suitable stabilising carboxylic acids are acetic

25 acid and 2-ethylhexanecarboxylic acid. The quantity of
the: weakly acidic stabilising system may vary between
wide-limits. Suitably a quantity of 0.01-10% by
weiéht, in particular 0.05-5% by weight, relative to
the weight of the furanized copolymer may be used.

30 Hydroquinones have been found to be very suitable for
stabilizing maleimides.

The re-mouldable cross-linked resin of this
invention can be'prepared, for example, by mixing the
appropriate components at ambienthtemperature, heating

35 " the obtained mixture and moulding into the desired



the type of application and the nethod of (re-)noul ding of the

cross-linked resin envisaged. A low viscosity is very advant ageous
when reinforced or filled conposites, in particular glass

rei nf orcewaosnsist tes, are 20 prepared, in view of a gopor/nreésossg Of
the rein- forcement or the filler. Alowviscoesity is also very
advant ageous, for exanple, when the resimgs.used for noul di ng
objects with an intricate shape or when it is "~ used as a coating

material . |n-§H§ﬁega§3§st?Qeﬁﬁratioan§90%bhweﬁﬁethyrEé'&arEEé&UBQQ at 190
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with a Iom1nn#§%u?3?29a9819' &g?éh??ggﬁggﬁywggﬁengﬁé°§SF§%bﬁn.gcﬁ|ar _
wei ghtScross-1liquid angdj arphjesgepmponeninysi 8 §oddd. CBy¥dfeedingsahave

been §bLalngempbhbnd RekYyEBhpbALhRIMAxBUFES adVEl B88nt which
nol ecul ar wei ght_in nge of 500-10 eferably in the

th 0,000, 35 b
fange of 1. 000% ZBOBbbIoP ARG, dPr AEGRER o the boln gf Pgeand
PCT/ EP95/ 0448Biquid component (or component mixturel7the solid mag the
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purposes it may be desirablet Sin conpositiron which has
a vistBsity diraugd. t he processing, measured at 190 [err]C, higher

than 5 10 Papsr peehetaBlivg Bft R8er 288¢n0fi t5052g8RBrER1G. N
particular in tg .ran f 100- ,ggp Pa. s. The quantity of
Di el s- Al der aSHBELEIBREs SRt BFAPBhERE Tesin oty tquBeEaERsSs. | i nked resin
of this invensuffiicientlydajghdscoroniverquant inyoot 2ifuddal kyl mbudan
Chns, 10, Peb, ShEBAARATLAGAE' Jrie dhioBLLEaPERaga! ahl L8%coo1

15 to a temperature which is sufficiently low to solidify
the resin. The present invention also relates to such a
re-moulding process.

Suitable moulding and re-moulding techniques
include extrusion, coextrusion (ih particular of a soft

20 material upon a hard material), injection moulding,

' resin transfer moulding, filament winding, pultrusion
and spraying. The resins can very suitably be applied
in high-speed moulding processes. Repairing of
mouldings and welding can, very advantageously, be

25 accompl;shed in an analogous manner. The time needed
to convert the cross-linked resin into a 1liquid and
viee versa is generally short. Frequently this time is
shorter than the time needed for the transfer of the
heat of reaction. '

30 The ingredients needed to prepare the re-mouldable
cross-linked resin of this invention can conveniently
be stored, handled and used in the form of a kit of
parts. A first part of such a kit comprises a polymer
which contains moieties of a 2,5-dialkyl substituted

35 furan and a second part of the kit comprises a cross-



formed. The skilled person will appreciate that a certain m ni mum
quantity of Diels-Al der adducts is needed to be present to effect
that the cross-linked 15 resin is a solid material below the

t enper at WQG96A15159 whi ch the Diel s-Al der adducts rever SPCI/EPISNA4SE, 5-

di al kyl substituted furan and the dienophile. It wll al so be
appreciated that this mninmum quantity dgpends on the nol ecul ar
wei ght and the type of the polynmer on 20 which the resin is based and,
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nol ecul e. Pr%?ﬁ?%ﬁ?§éa ptﬁ?néfe§§ng lnvenghgﬁda&ﬁ?cﬁeiﬁgeg ﬁ BB Raverage
nol ecul ar wekigbs of parts. above 1500, in particul ar above 2000, and which

contai ns on aver e;aty %ggs&%&aélY§B{§ QﬁggeragﬁgvéggglgRSSheleast 2.5, and

in particul ar at east
PCT/ EP95/ 044pRysical properties of he components, _mji¥ing of the

substi tut ed é@mganeﬁ@ypatpeaoﬁvteﬁyéeatufaeyﬂahas baktBrage-stab®t the

2,.5-di al kyl stituted furan i | es anounts
Cypi caily frBRESBouehEoyshiREEe B2 the poiymer| 9BA bhe1670885 1: 2 (
preferably fibnkbng &gens. 1:1.5, nore preferably 5:1 to 1:1.

As indi cat ed her?h@b3£9ﬁ8u1&$BP%OE98§EDE§nEQQ resin of(gREguctive) fillers

may be present in the re-nou
invention can be used in appllcatlons in which

conventlonal.thermoset resins are used, for example as
a pre-preg, a sheet moulding compound or a bulk
moulding compound. Further applications are
_ conceivable, for example, as temporary mould or
20 structure such as a removable kernel in foundries, in
disposable goods, as ink or toner, as a (conductive)
solder, as a repair material, in coating (in particular'
seamless high-gloss coating), in thermoreversible gels,
as processing aid such as in poly(vinyl chloride), as
25 .adhesive, in bitumen, as (rigid) foam, as electrical
isalation material and as fusible joint or sealant such
as::in.-safety devices. . S _
The invention is further illustrated by means of
the following examples. 1H-NMR and 13C-NMR analysis
30 were carried in deuterochloroform as solvent. The
.chemical shifts are specified relative to
tetramethylsilane. The Shore-A hardness (soft
materiais) and  the Shore-D hardness (hard materials)
were determined using a FRANK (trademark) apparatus



cross- i nked resins of this invention, for exanple up to 40% by

wei ght relative to the weight of the 10 resulting conposition. O her
conpounds whi ch nay be present are for exanple radical scavengers,
such as wooeensi¥eenol i ¢ antioxidants and hydroqui nones, V\BWW
stabilising systens, such as buffers having a pH range 0 -7 (when
neasured in water at 20 [err]C), UV 15 stabilisers, processing aids,
such as rel ease agents, and pi@n%ht§. Sai d weakly acidic
stabilising syste in riicular | i n Ka.in the range
of 2-7, a%“ﬁgséi“gr &5 8 8 r(qoﬂ%é#?rﬁesag’ufr ?gﬁljf\s wa\ger a(f1 %Faﬁnecfsr'] C), such
as carboxyli @0acdicds having typically up to 20 carbon 20 at ons, have
been found t Mery suitable for stabilising the furanized

- copol yner ofgégﬁ%%sinnnoxide .and ol efinically unsaturated

conpounds. The i Avég@ig@regular atacddq diineasr od tardirteingigarhan

conpogy ti ons mopeXTRleypropene codfolspidralas Pradpdded gy carboxylic acids are
acetic 25 ' agid and .2-eth Ihexanecaang Iﬂ%bacid. The qﬂgntity of

the weakly a&CRO}YRERHZINY r?f%é‘?ﬂ”r?é&} ?(V' REREne 10 thei 4o’ | inits.
Suitably a qpamtsenceofofD.a0kat@iyst system besieghtgn ipaldadiuwul ar- 0. 05- 5% by
wei ght, relatj - i f qt ; iégﬂkfﬁﬁqﬁﬁﬁgﬁ my be
used. 30 tﬁs\ilé}rat(‘)%di ﬁg#easl%gl%dgge%%toé&n '{% J'Lej:’r_(\a;c{e\iry sui't abl'e oor)
stabi | i zi ng PHaRaRYIeand naphthoquinopfe re- noul dabl e cross-1inked resin of
thisio | Nverid @it thevady eRafal zdd b argd ind)i tiwd tig g-he

appr ODT1 3t € AOIRANSA Forfl Sl (AL SR 08, S ot e 0D 1 e
PCT/EP95{O44&&5 workeq-up.by-extrac;ing a solutienqdf-the polymeahape. This
R ey T e T
‘conponent s mBALGAERPIRLE, aduequy acgfk@tatid and pidtsTul ar when one
compargnt 1S a The polymer obtained had a number average molecular
weight of 1000 and 35% of the carbonyl groups was
converted into furan groups.
Example 2
The procedures of Example 1 were repeated with
20 small modifications.
A polymer was obtained having a number average
molecular weight of 7700 and of which 27% ¢of the
carbonyl groups was converted into furan groups.
Example 3
25 A regio-irregular linear alternating carbon’
monoxide/propene copolymer was prepared by
copolymerizing carbon monoxide with propene in the
presehce'of a catalyst'system based oﬁ'palladium
acetate, cobalt perchlorate, 1,3-bis(bis(2-methoxy-
30 phenyl)phosphino] propane and naphthoquinone.
The product was furanized by treating it with p-
toluenesulphonic acid in acetic anhydride.
The polymer obtained had a number average molecular
weight of 8500 and 47% of the carbonyl groups was
35 converted into furan groups. '



5 | i quid and anot her conponent is a solid. By feeding a solid
conponent (or conponent m xture) at a point which I s positioned
up-streamto the point of feeding a | i qui d conponent (or conponent

m Xt ur e)wose/ismei d may be nolten at the point mherthhﬂbgmﬂbged Wi th
t he 10 l'i quid. For re-noulding of the resin It

generally sufficient to bring‘1q$ resin at a tenperature
sufficiently high to convert it into a | %de to nould t he
obt ai ned |i kgm p o4t he desired shape and to cool 15 to a tenperature
whi ch is suf low to solidify the resin. The present

i nvention al so rdlbigsmadeimidoacapped poly{pbaopenegopidedswas

Sui tabl e nmo géﬁgrgadagefQQQBQEng technlques : i ncl ude extrusion,
coext rusi on articular of. a i material. upon a_har naterlal)

i nj ection nDuIdl gSolution of.ma ePFaﬁ?PK?’ﬁQSIdFHgo Br | At PRERYI ng,

pul trision in 50 manN,diamengylfbemadeas(DMW)V&E$ addhabhx reompp! i ed

i n high-spee prLaces pai.k f I s and
wel di ng can, gegggkgéggﬁtggegugﬁirrgﬁ %Elh@goﬁ 830%8I gggln %% anal ogous
manner . Theamne Aapped poly(propsneomde)thQVGmS@ modeclagsin into a

l'iquid and welght MEeSbBﬁ&SQODS(QQEQQQBHE %Bﬁ%& tﬁ%e%¥%ﬁbhﬁrkh's time is
shorter than_t e_transfer at of

reaction. BOJEFFAMINE ?ﬁ§°)népe358n9§ H@@H&&tpénpﬁeﬁﬁFé°9h€fré moul dabl e
crossel i nkedhoasi.n stirkiag wasntoatinaedcowreenightl.y Sodium be stored,

handied and usedohdethistarh o 3shbid) was adadl’ Indplesf St part of

‘such a kit conprrses ains noi éties of a

2, 5-di al kyl dmbgentuweé zsmoved bur yacanm flasbond spaddagionhe kit . (
conprises a fF@$%z anhydride (W0 88)1%h3%added to the residue. The
PCT/ EP95/ 04488 -,20- l.i nki ng agent
whi ch cont ai R€SEKG1BE MEXEUdCeHGShiStdEred at 140 °C for 2 hour.

15 - The reaction mixture with worked-up by flashing off the

volatiles in wvacuum, subsequent extraction using -
dichloromethane, diethylether and water, and
evaporating the organic extract to dryness. The
product exhibited lH-NMR signals "at 6.58, 4.25, 3.78

20 and 0.95-1.30 ppm.

Example 5
Dimethyl-bis[(N-maleimidomethyl)oxy]silane;was
prepared as follows.
A mixture of 9.8 g (O 1 mole) maleimide, © ml 37%

25 aqueous. formaldehyde and 40 mg sodium carbonate was
stirred at room temperature for 1 hour. The mixture
w&sxdlluted with 30 ml water and the crystals formed
(9 1 g N-hydroxymethylmalelmlde) were collected by
filtration.

30 A mixture of 2.5 g (20 mmole) N-hydroxymethyl—
maleimide and 1.6 g (20 mmole) pyrldlne in 50 ml
dichloromethane was stirred at room temperature. Di-
methylsilyldichloride (1.29 g, 10 mmole) was slowly
added and stirring was continued for 20 minutes. The

35 reaction mixture was extracted with water. The organic



i'ts nolecul ar structure. Alternatively; such a kit may conprise a

first part conprising a polyner which contains noieties of a

di enophil e and a second part. 5 conprising a cross-linking agent which
cont ai NS wWedisise more 2,5-dial kyl substituted furans %Wecul ar
structure. The present invention also relates to such S of parts.
It is also conceivable that, depending on he 10 physi cal properties of
t he conponents, m xing of the nénts at roomtenperature yields

a storage-sta 0 t he., pol r.and the
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goods, as |nk C e) sol der, as a repair
material, in a‘h ngeép%a‘?o%?t#ééa?gérl ‘%ﬁ{ seani ess hi gh gl oss coating),
I n thernnrevedgﬁgmggggﬁ as processing aid such as in poly(vinyl

chloride), as 25 p créyéwgixgxg%l 'Gf?gﬁx%!%{blé‘ é$11 s [9Alpa Ada g CL Ml cal

i solation material and as fu seal ant su
-safety devi cekollows. The invention is further illustrated by neans
of 10 the folmmmmwémhﬁscuﬁ#m a@obﬂ?ﬂzé\ll\ﬁzm&ziwas 30 - wer e

led in d t Th I h f
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were determn F (¢¢ad /15159
PCT/ EPO5/ 04483901{1561@&@5 AN (¢¢ adefRg ko i 2PRAE AL4S placed in a MELDE

and left overnight at ambient temperature.
15 A rubbery resin moulding was obtained which had a
Shore-A hardness of 29.
The moulding was cut into small pieces and heated
at 150 °C for 5 minutes. The liquid thus formed was
placed in a mould and cooled to 20 °C within a period

20 of 3 minutes. The moulding obtained had a Shore-A
hardness of 30. |
Exémgle 7
- A cross-linked re-mouldable resin was prepared as
follows. .
25 An intimate mixture of 12 g of the fﬁranized

copolymer of Example 1, 6 g of bis(4?

' ma¢e1m1dophenyl)methane and 0.05 ml acetic ac1d, as
stablllser, was prepared by stirring a mixture of the
components at 150 °C. A part of the mixture was poured

30 into a mould (2 x 10 x 50 mm) and the remainder was
poured into a cylindricél mould. The contents of both
moulds were cooled to 20 °C within a period of
3 minutes.

The cylindrical moulding had a Shore-D hardness of

35 83. The moulding was milled to a fine powder. The



- 21 - according to the procedures of DIN 53505 (30 seconds,
20 [err] O Exanple 1 A regioregul ar atactic |inear
alternating carbon 5 nonoxi de/ propene copol yner was prepared by

copolyne&; ar bon nmonoxi de with propene in the resence of a
cat al yst o;Zlé's";?@’#'based on pal | adi um acetate, cobalt m@e,

1, 3- bi s(di et hyl phosphi no) - propane. and napht hoqui none. 10
The product was furanized by treating Tt24ith p- t ol uenesul phoni c
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A relgl 0-i rregul arpki pegr 13l kersroahmn&o%q&m@ was testb@ww Wﬁéﬁﬁenfh'
copol yner was ner|2|n ar, Qn noxi de wi
propene in tH SELHES g%@slé(ﬁc}é O(fD%q% s‘%srt &3t &dal | adi um
acet at e, cobdpbnpteaplemaiiuee Lxﬁﬂeaﬂebus( Svasatfrmm;d tsﬁt the modulus
phenyb) PRoSpPRELNgbR! @ane%sars%%nwtewwmas at 25 °c. BRI Oduct was

furanized by treati % phonlc acid in acetic _
anhydride. 115 °C the “Fﬁéfﬁél%ﬁr"mpfotﬁhfﬁ ﬁ@é‘ﬁ%ﬁj i sh eedrl gddieage ol ecul ar
wei ght of 85@Qaamde4 8% of the carbonyl groups was 35 converted into (

furan groups. A cross-linked re-mouldable resin was prepared as

- follows. _

15 An intimate mixture of 16 g of the furanized
copolymer of Example 1 and 4 g of bis(4-maleimido-
phenyl)methane was prepared by stlrrlng a mixture of
‘the components at 150 °C. The mixture was poured into

"a mould and cooled to 20 °C w1th1n a period of 3

20 minutes.
A solid, hard material was obtained.
Example 9
A cross-linked re-mouldable resin was crrepared as
follows. _
25 An intimate mixture of 5.5 g of the furanized

copolymer of Example 3 and 0.3 g of dimethyl-bis[ (N~
maleimidomethyl)oxy]SLlane of Example 5 was prepared by
stirring a mixture of the components at 150 °C. The
mixture was poured into a cylindrical mould. The

30 moulding was cooled to 20 °C within a period of 5
minutes. ' _

A soft moulding was obtained which had a Shore-A

hardness of 38.
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-22- Exanpl e 4 A bi s-mal ei m do capped pol y(propene
OXIde) was prepared as foll ows. A solution of naleic
anhydr i dev&%;ﬂglg, 0.11 nole) 5 in 50 m N, N-di met hyl f p&ppésirasgsDVF)
was added room tenperature to a stirred solution of 20 g of a
bi.s- am no capped pol y(propene oxi dgg _having a nol ecul ar

wei ght of about 400 (available under the trademark JEFFAM NE D400)
in 250 mM DVF pithbpeaipgeriod of 1 10 hour . Stlrring was continued
overnight. S car bgnat e é S was_added. The DMF
di luent was renoveld BYOFEThERKEAaZRAPYL Pgéﬁl ﬁSln Wi Prﬁeefﬁa &fhydri de
(folzh)[maslgéggglbaﬁthe resi due. The resulting m xture was stirred
a err or ou reacti @n t ed-up b
flashing off the El@S?ﬁtmﬁegggﬁ Sgc&uﬁlggh sgﬁge?PEg ﬁgggtlonpusYng
di chl or net haneppdilymey| efhBxampdendt end And g of blséﬂaﬂ@#&ﬂmﬂ&OFhe

or ganl C extrac T
6.58, 4.25, 3. §E§3(iw‘a%ﬁin§ Us Pregarear BIUSk i PE Y tae@hllc"duwoil gnal s at

Di net hyl - b|s[(NhﬁapémﬁpﬁéﬁﬁﬁhﬁF)&éy] Flanghﬁaleture waﬁr@ﬁ%F@@ a9 | ows.
fA m xltgrﬁ Sf 9a3c91(1ﬁdlll@§|le)nolﬂi&|del mTte, mduldidgomds coolealueo2d °C

or mal dehyde an sodi.um car kon S stirred at room
tenperature fol* thBH% PF&% ﬁi?%r% BEhG e was diluted with 30 n water
and thaocrystals foAnmtdugh mould@@glwgSNOh%@ﬂ@ﬁ@nHﬂyﬂhnﬂaﬁ|ﬂ<§§PW%#%
col l ected by ardness"%r%@‘on 30 A mxture of 2.5 g (20 nmol e)
N—hydroxynethyP leimde and 1.6 g (20 nmole) pyridine in 50 n
d|chIoronethanEéﬁEQkQAEHed at roonltenperature. Di -

met hyl si | yl di chl or aAderoks29 igvkelD rmermion)l datd eslresdiyn was prepedeed aand

stirring was c tinu%p for 20 mnutes. The 35 reaction m xture was
extracted with &S The organi c
15 An intimate mixture of 1.8 g of the furanized

copolymer of Example 3 and 0.45 g of bis(4-maleimido-
‘phenyl)methane was prepared by stirring a mixture of
the'components at 165 °C. The mixture was poured into
a cylindrical mould. The moulding was cooled to 20 °C
20 within a period of 5 minutes.
A moulding was obtained which had a Shore-D
hardness of 83. _
The moulding was cut into small pieces and heated
at a temperature of 165 °C for 10 minutes. The liquid
25 thus obtained was poured into a mould and cooled to
20.2C in 5 minutes. The moulding obtained had a
Shere-D hardness of 84. This moulding was subjected to
the same sequence of cutting, heating and cooling. The
mould finally obtained had a Shore-D hardness of 88.
30 Example 12 '
A cross-linked re-mouldable resin was prepared as
follows. | :
An intimate mixture of 4.5 g of the furanized
copolymer of Example 2 and 0.5 g of bis(4~-maleimido-
35 ~ phenyl)methane was prepared by stirring a mixture of




WD 96/ 15159 PCT/ EP95/ 04488

- 23 - | ayer was stirred with 5 g of silica gel and filtered.

The filtrate was evaporated to dryness, yielding 2.1 g : of nearly
col our | eWO96/18t8ct (np. 65 [err] C). The product GW NVR
signals at 0.17 ppm 5.08 ppm and 5 6.73 ppm and 13C-NMR signal s at
3.10 ppm 60.08 ppm 134.58 ppmygnd 169. 78 ppm Exanple 6
A cross-|linked re-noul dabl e resin was prepared as folloms '
An intinmate tHatabmotedty o 156 ‘F@ra“i‘K@%lxture w&Qplr% % Exa”fp' el
and 6 g of the bIS mal ei m de of ared y stirring
a mixture of2 fipid. The mopiding was W%Qr‘}@ ZQheCn‘ﬂ(&!#@ &as placed in
a noul d periadicbf €3 tmixvetes ght at anbi ent tenperature. A
rubbery resin I e ch had a Shore A har dness of
29. Y rTl}J;Fhlﬂfegxtr%g !ﬁ{%ﬁn B{vésn%%tg%?lon% || piéces and heat ed _
at 159 [errlﬁﬁamnlgihﬁnutes The liquid thus fornmed was pl aced in a
moul d and cool ed teorZsL 6y ] s. - The
nmoul di ng Obkfg?jﬁred had a Shrf)]%éea%él}ﬁdhpdé%ér %ee%%ov]ga%ffeﬁaﬂ@%%anpl e 7
A cross-lin WSoul dabl e resin was prepared as foll ows. 25

An intinmate m>dAuﬁunEnﬂib¢)régidﬁnfiﬂquﬁixﬂﬁﬁnear %ﬁtéﬁﬁéﬁiﬁﬁ of Exanpge
1, 6 f b ' ane. an acetic aci

hs 090 Pdintimer of SRR MSRIEING I SN das Solieoate
conpdhent s Ry 1gee [mcpq@umeqoaqf Extanmpike 3 xthut waingowaif Béd into a
rould (2 X MedcERATHomIk {16 | CRAUSSI Y obtaine WIS Mifber o

cylindrical noul d. The contents of both

[err]C withidVer3ag i nRfegular weight gt 4220 and 17% of the- ‘

carbonyl groups was converted into furan groups.
A sample of the pdlymer was mixed with such a
15 quantity of 2,4-dimaleimidotoluene that the molar ratio
of the 2,5-dialkylfuran groups to the maleimido groups
was 1:1. The mixture was heated until it was a liquid
and then allowed to cool in a mould. The Shore-D
hardness of the moulding was 61. "
20 Example 14
Cross-linked re-mouldable resins were prepared as
follows.

A furanized regio-irreqular linear alternating
copolymer of carbon monoxide and propene was prepared
25 by the procedures of Example 3, but using modified
reaction conditions. The polymer obtained had a number
avérﬁge-molecular weight of 1170 and 48% of the
carbdnyl'groups was converted into furan groups.
2-Ethylhexanecarboxylic acid was added as stabiliser.
30 A sample of the polymer was mixed with such a
quantity of 2,4-dimaleimidotoluene that the molar ratio
of the 2,5-dialkylfuran'groups to the maleimido groups
was 1l:1. The mixture was heated until it was a liquid
and then allowed to cool in a mqﬁld. A solid moulding
'35' was obtained. The melting point of the product,



The cylindrical nDuIdTng had a Shore-D hardness of 35 83. The

moul ding was mlled to a fine powder. The _ WO 96/ 15159

PCT/ EP95/ 04488 - 24 - powder
was heate [err]C to obtain a liquid, which was_ subsequent |y
pour ed in?‘?gacy I ndrical nould and cooled to 20 [ W‘Wﬂgn a
period of 3 mnutes. The noul di ng_obt ai ned was subjected again to
the sane 5 sequence of nilling, heét?ﬁg and cooling. The nmoul di ng

finally obtained had a Shore %rdn SS9 he 2 x 10 x 50
mm noul di ng WRE2SELELY D Hy“ﬁ?ﬁ‘ém" a me tl%a?&ﬁltcgﬁlcﬁﬁa?lcfﬂes 8%, heating

rate 2 [err] Cia4ndce). Upon tenperature |ncrease It was found that

move 1% 1011 sapeBhel SanBlEl B Ahe BAITme Gal BAth By 7 s B
Exanpl e 8 quantity Afc¢69§»(matﬂeé@hd@lnﬁtmmmle }:émhenmqiﬂmp-ar ed as

fol | ows. 15 carboxylé'%e' 'i:tﬂa'fatt@xemxﬂétllé&e ﬂtﬂeﬁcﬁ thd 2§ 9‘-‘&1%’1']&%&?-) h
met hane

copol yner o y
was prepar ed E;lrg% rgFPHQSatﬂ %lh@ré“ mlrg% grqqpes HEFodridnt s & S’te 150 [err]C.
The m xture waixposeesrasntheated untid nmulwasard lamileﬂ ama Ahdrerr]C within

a period of 3a%90wgg ﬂa'yﬁ§¥51n a mould. KA§§¥ Hﬁﬁ@. qﬁ%ﬁ{dable resin

obt ai ned. A cross
was prepared thalned- fidle owsltizgy point of Ahe rnnqmcé:,mmetmaﬁ 5.5 ¢

of theofurani ggdmeans of @H@Dﬁﬁfg Yoimamla ok At 0w 130 °c
dlnethyl bi s[ mal QIH\dOﬂEthy|)OX%%§I|ane ‘of Exanpl e 5 was

prepar ed by g.nsteadstoi £ iy & omi R &S R HINBPOSF [ r]C. The
m Xt ure was anﬁﬂ@aUﬂMEifananuhbduﬁ Hﬁnﬂaihfahbr glass transition

temperature.
Example 15

15 Cross-linked re-mouldable resins were prepared as
follows.

A furanized regio-irregular linear alternating
copolymer of carbon monoxide and propene was prepared
by the procedures of Example 3, but using modified

20 reaction conditions. The polymer obtained had a number
average molecular weight of 1770 and 27% of the
carbonyl groups.was'coﬁverted into furan groups.

The procedure of EXample 4 was repeated with the
difference that the poly(propene oxide) with a

25 molecular weight of about 400 was replaced by an
equlmolar amount of a bis-amino capped poly(propene
oxxde) having a molecular weight of about 2000
(available under the trademark JEFFAMINE D2000).
A sample of the furanized polymer was mixed at
30 . 40 °C with such a quantity of the so-obtained bis-
~ maleimido capped poly(propene oxide) that the molar
ratio of the 2,5-dialky1furan groups to the maleimido
groups was 1:1. The liquid mixture was poured‘into a
mould and allowed to stand'overnight. A rubber product
35 was obtained. In DMA (heating rate 2 °C/minute) it



30 moul ding was cooled to 20 [err]Cwithin a period of 5

m nut es. A soft noul ding was obtai ned which had a. Shore-A

har dness of 39. WO 96/ 15159

PCT/ EP95WOR688159 - 25 - permpeskhiagr! € 10
A cross-|linked re-noul dabl e resin was prepared as fol I ows.

An intimate mxture of 4.5 g of the fuLapgzed 5 ~copol yner of Exanple 3
and 0.5 g of bis(4-naleimdo- phenyl ) net hane was prepared by

stirring a mghiowed @n onset tdMPIIRIEYS tdHe Jq?%i§rtfﬂa(ﬁs gfieo | ¢ ure was

poured into a cylindrical nould. The noulding was co to 20 _
[err]C -%31:ﬁ'n a period of 5 mnutes. 10 A tough noul di ng
was obt ai ned whi ThehpetozeSuaree of Example Ram@erepfatid with the Exanple 11

A cross-1inked d I | red as follows. 15

An intimate n1xF%FEB%% %%@% t (E&% %Ed°X1de9 w%&ﬂ) ymer .of Exanpl e

3 and 0. 45 ghelesudes- N@lla @(f— about 400ph@$/|!)emtm bys pwepar ed by

stirring a mpxkt fl2 t ture was
g 1u:laem ar amount R GORRGNRELS u#%éda \%Jl(x} (gﬂb}cﬁﬂé

oured into |ndr| al uId The S °C 0 20
I[oerr] C 20 °x;"\ﬁet)hrl"r"il ¥‘;9 Sﬁc 57" about 3000 noul di ng was
obt ai ned whi daviddablshangded the tradhmmdme$EEﬂAMiNE T3000). The

[ at ate ture of
Téié' ‘Q'er”?] Chop 1 ABees Bahple5d A lsnlted porymell wae B Ssbur ed | nto
Od and @&ol4éd Fomth suchz éma]m;ut:y ® firithe: e -obRed negllthiireg- obt ai ned
had a madeanado *&Wé@ﬁ%oqu @opbes dﬂl‘&eci' %a“@sth%“?doq%tred to
ratio of the 2, 5- dlalkylfuran groups to the maleimido ‘“
groups was 1:1. The liquid mixture was poured into a
mould and allowed to stand overnight. In DMA (heating

15 rate 2 °C/minute) it showed an onset temperature of the
glass transition of -41 °cC. |
Example 16

A purchased sample (0.76 g) of dimethyl 1,4-
dimethyl-l,4-epoxycylohexa—2,5—diene—2,3—dicafboxylate
20 (i.e. the Diels-Alder adduct of dimethyl acetylenedi-
carboxylate and 2, 5-dimethylfuran) was heated at 180 °C
for 15 minutes in a nitrogen atmospheré. Volatile
decomposition products were colleéted in'a'cold trap
(-80 °C). By lH-NMR and 13C-NMR analyses it was
25 éstablished that the trapped volatile reaction product
was- substantially 2, 5- dimethylfuran and that the
residue substantially contained unconverted starting
material and dimethyl acetylenedicarboxylate.
Acetylene and dimethyl 2, 5-dimethylfurane- 3,4-
30 dicarboxylate were not detected. |
This experiment shows that a Diels-Alder adduct of
a 2,5-dialkylfuran and an alkyne'with'elecpron
withdrawing groups_attached to both sides of the ethyne
moiety reverses upon heating to the 2,5¥dialkylfuran
35 and the alkyne. The temperature level needed for the



the same sequence of cutting, heating and cooling. The noul d

finally obtained had a Shore-D hardness of 88. 30 Exanple 12

A cross-|inked re-noul dable resin was prepared as fol |l ows. -
An i nti matwowexnkisne of 4.5 g of the furanized copol WW' e
2 and 0.5 g of bis(4-naleinmdo- 35 - phenyl ) net hane was prepare y
stirring a mxture of WD 96/ 153%9 _

PCT/ EP95/ 04488 26 - t he

conponents at ghdh deA1dér J@fcf‘ldﬁuéﬁd%rp@h'éeﬁ'eiréig reactionasieyl d. The
nmoul di ng was cooledtoéP%err thin a P od of 5 m nutes.

A hard noul di iWRsSHhiarhedte geratugm@esmapp fea®in A cross-|inked
re-nmoul dabl e r gsé+) masldinpasperasions. Sufprisingly, the otheA furanized
regi o- |rregular t oppLy r oxi de and
propene was re a#ﬂ?dfﬁoﬁé&?f%@ %%gc%}%%’edur%s g+ géﬁgieﬁg Qﬂut ugfég

modi fi €%l dicaxkexy oﬁubs)hututm\ s, Thdipbkyhfuran: apppeanadnatnbaber
average mol ec%z?éui‘"e' Oéneé, 420RyRe4 142\"/1:9& ébsctron w1tﬁé£-99ﬁ:ﬂ; groups was

converted into furan roug ng g ¥rrer was m xed
with such a 159TouPg aRtachedsto, 2°H'i‘n§+%?ﬁ1‘a tH’ﬁeﬁEhY’ﬁ tMPReEHORER ratio
of the 2,5-di adkitdbrandpencpsilest ber nasei phdohgsoipsention. was 1: 1. The

m xture was heated until it was a liquid and then allowed to cool in
a noul d. The Shore-D hardness of the noul ding was 61. 20

Exanpl e 14 : Cross-1linked re-noul dable resins were prepared as
fol | ows. A furanized regio-irregular linear alternating

copol ymer of carbon nonoxi de and propene was prepared



25 by the procedures of Exanple 3, but using nodi reaction
conditions. The pol yner obtained had a nunber TH%ESH@EFMASQEENN

wei ght of 1170 and 48% of the carbonyl groupy was RERLMMEEDed info
furan gr WeHe6/15159 2- Et hyl hexanecar boxyl i ¢ acid a1 ser.
30 A sanpl e of the polynmer was m xed with such a quantity
of 2,4-dinmal ei m dotoluene that the nolar ratio of the

2, 5-dial kyl furan groups to the mal ei mucgroups was 1:1. The

m xture was heated until it was a liquid and tﬁbnShkUﬁmBém

in a muld. A solid noulding 35 was obtalned The f the
product , WO 96/ 15159

PCT/ EP95/ 04488 CLAI

by neans of a nelting point m croscope, was 114 [err]C

Anot her sanple of_the p Yner was m xed with such a quantity of
tris(nal ei m domethy¥g- QP dablbezeresstlinked resimbosmpaisibgat the nol ar

ratio of the gobymén| dhins which éﬁéaeoﬁﬁeé'{?édt eot{aﬁe"ma&ﬂggoggsoups was

1:1. The heated uptil 1t _was a

al | oned to co%%eﬁ-éf#m%@ﬁa Ct3| PRtALRrBt RgiTRE a dlenopbb%au ard. aThe
mel ting poi ntdidne hetlpe oblatter neasnged 205-diabyyresasseftateg! ting point
m crosgope, vWasyd30 [err]C, instead of 114 [err]C. The 16 [err]C
hi gher nelting point is i ndicative for an about 16 [err]C hi gher "
gl ass transitéon® resin agppbatmedein claim 1Fxchgtactiérised in

o Porant e eEut 450, Sonosraues o dnstigesivure rypglobtoe,
nnng;?ggzgndrﬁg%g%$6r gg %ﬁ 6&?3& ular %4%75f%?h& -pr ocedur es gf Exanpl e 3, "
but using nodi{i ¢l XEin asrehained twndlaimns.or The ¢ivdyaetepbi@iined had &
nunbeyg in that the dienophile is an alkyne having -electron
withdrawing groups attathed to both sides of the ethyne
moilety, or comprises a but-2-ene-1, 4-dione m01ety
included in a 5~ or 6-membered ring.
4. A resin as claimed in claim 3, characterized in
15 that the dienophile is a cyclic derivatives of maleic
- anhydride, in particular a maleimide.
5. A resin as claimed in any of claims 1-4,
characterized in that it is obtainable from a polymer
which contains moieties of a 2,5-dialkyl substituted
20 furan and a cross-linking agent which contains two or
more dienophiles in its molecular structure.
6¢J A resin as claimed in claim 5, characterized in
that the cross-linking agent is selected from the group
con51st1ng of _
25 - maleimido capped poly(alkylene oxide)s,
- maleimido capped (poly)siloxanes, and _
- tris- and bis-maleimides in which the maleimide
groups are connected to one another by chemical bonds
or by bridging groups which have a (number average)
30 molecular weight below 500 or which have up to
20 carbon atoms in the connecting bridge(s).

[T



average nol ecul ar wei ght of 1770 and 27% of the car|
converted into furarygkRufiss BeenReplaiced - The procedure of

.-Fepeated with the e that the pol y(propene OXIdeREPLAéE
nmol ecul ar. H | !ﬂeplaced by an ﬁi
of a bis gwglfcsgpped MUm [E 4 %

oxi de) having a

_ wei ght
of about 2000 (avai | abl e under tgﬁdtradenark JEFFAM NE D2000) .

A sanpl e of the furanized polyner was m at 30 - 40 [err]C with such

a quantity of_the, so- obta ned. bj s- e
oxi de) that the rblsgSiP as Cl3peq 4} ?+%3@B§ 691?k ugggtgg%%ggrfgePﬁ
mal ei mi do in thatotihe pabytet. wﬁhehlcqntdlnsxmgle has pﬁuaea nto a

noul d and all&%ﬁﬁ??ﬁ §%ﬁ%€1€§f%&5§?fan Uaﬂéélﬂéﬁﬂécby3§uranlzmﬁ

obt ai ned. err m nyt el
PCT/ EP95/ 0448gopolymer of carbon monox1de and o eflnégally

onset senperaﬁﬂ§§t9£ataa Qbﬂﬁéuhagnﬁhitﬁncﬁﬁtalns 1, 4-45cbebbh91
The procedure of eat ed t he bference t hat

t he poIy(prop%ﬂElEkFﬁe}anPﬁlﬁ pg?ymernB%%&BFarpﬁgfsﬁ?b%y 88out 400 was
repl aced by aalmernatlng copblynenmobér canbant mofioxidei endnithe capped

pol y( propene %ef ?ii ehngaggggﬁgéngéﬁ BL,ansvei ght of about 3000

(avai l abl e ung enar Anot her
of the furani 8ed BoF?ﬁéﬂ abschpimadin Clal&t7LOCPéFPF€e%FFﬁds&Bh a sampie

g;?gg;b{hgz :Eﬁaiotﬁgtéﬂannﬁbbiiy unsatu&&h@dﬂt&ﬁp@&pﬂ&dam@ly(propene

mal ei m do ilg&?&&ﬁs“mﬁéeil&s'Tﬁng%ggFﬁuiF g%gg Lgrggugggupﬁtgoathe
moul d and aIIewedAImesuandsoméammgﬂtinlan&th(héaumﬁglrﬁo rate 2
E?;LLF‘ngugfkhE%aFQ%W?%eﬁn1%”%%Ett%%Beﬁﬁﬁ%h%roEr%ﬁ?whlch it 4lsass
obtainable has a number average molecular weight in the
15 range of 1,000-25,000, in particular in the range of
2,000-10,000. '
10. A resin as claimed in any of claims 1-9,
characterized in that it is obtainable by applying the
2,5-dialkyl substituted furan groups and the
20 dienophiles in a molar ratio of from 10:1 to 1:2, in
- particular from 5:1 to 1:1.5.

11. A cross-linking agent, characterized in that it is

86/15159
showed an

selected from maleimido capped poly(alkylene oxide)s,
and bis-maleimides of (poly)siloxanes of the general
25 formula HoN-CHy[-0-SiRp]p~O-CHp~-NHp, wherein n is an
‘ integer of at least 1 and each R is independently an
aikgl group, in particular having up to 5 carbon atoms.
12. A composition which is suitable for the preparatlon
of a re-mouldable cross-linked resin which composition
30 comprises a polymér which contains moieties of a 2,5-
| dialkyl substituted furan and a cross-linking agent
which contains two or more dienophiles in its molecular
structure.
13. A composition which is suitable for the preparation
35 of a re-mouldable cross-linked resin which composition

| R




A purchased sanpl e {13 shet Bihs Ben Ripiidhy! 1, 4-

di net hyl - 1, 4- epoxycyl , 2. 3-di car boxyl ate 2@ THIS Sl'l(iETdflAStWiEN

Di el s- Al der adduct ﬂﬂ'ﬂ@lﬂiﬂlﬂ Eyl enedi - car hoxy| aREPIHOED

2, 5- di rewindéi1s15en) 0 [err]C for piss ma
ni trogen atnosphere. Vol atile deconposition products were coll ected
in acold trap - (-80 [err]C). By ?LNNR and 13C-NMR anal yses it mas
25 established that the trapped volatlile reaction product

substanti al | hy,lf | substantlally
cont & ned UnSSRTAIS] S Rriaet WMl orcling motet i G B

‘acetyl enedi c8ipBephide and a CrQﬁﬁﬂ%ﬂﬂ&%§gamﬂaﬁﬁﬂﬂh%ﬂh contains two

2, 5- di met hyl ber anee3245-30alkyl Gubdtivuted Eurame et idal %tl@d:ular
Thi s experi nment shoms that a Diel s-Al der adduct of

2,5-di al kyl f GFEAH“&RE®4n al kyne with el ectron o mnthdramnng gr oups
attached to Bét.hAspodymefr whdcdt Hpnesuitable foui ¢he perepazatiomowfheating

to the 2, 5- dhaw!mw&aab\?%% srpssId i FdoiRe wnibhf JATRRA ure |evel

PCT/ EP95/ 0448@ntains moieties of a 2,5-dialkyl subsfituted furgrne|s- Al der
reacti on andahar molietieseis eakldndpHiilles, . With suitable tenperature

ranges appl i [ ‘. re- nDuIdlng erati Surprisingly, the other
possi bl e rengSeﬂr§é5tP§gP%.. 5%éf§l@ﬁ§a§ﬁ§ FoF % " di car boxy
subsiiot ut ed 2rﬁpwndﬂ¢ﬂnf@¢am,nammanﬁdahﬂetqross llnmEmUmesH@nce al kynes
having el ect AR MCRE M An chat AOWRRALIALIG dig ol des of the

et hyne noi ety di_eno I's invention.
comprlslng a polymer Wthh contains m01et1es of a 2,5~ ‘”

dialkyl substituted furan and a second part of the kit
comprising a cross-linking agent which contains two or
15 more dienophiles in. its molecular structure.
16. A kit of parts which is'suitable for the
preparation of a re-mouldable cross-linked resin,
characterized in that it comprises a first part
comprising a polymer-which contains moieties of a
20 dienophile and a second part comprising a cross-linking
agent which contains two or more 2, 5~-dialkyl
substituted furane in its molecular structure.
17. A composition which comprises a polymer containing
moieties of a 2,5-dialkyl substituted. furan as defined
25 in claim 7, and a buffer having a pH in the range of
2=17-(when measured in water at 20 °C) or an acid having
é@ﬁﬁ; in the range of 2-7 (when_measured_in water at

20 °C).. _ _ _
18. A process for re-moulding a cross-linked resin
30 comprising heatlng a resin as claimed in clalm 1 at a

temperature whlch is sufficiently high to convert it
into a liquid, moulding the obtained llqu;d into the
desired shape and cooling to a temperature which is
sufficiently low to solidify the resin.
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- 30 - . 1. Are- nDuIdabIe cross-1inked .resin conprisi,ng ., .,
polyner chains which are connected tio' oné andther via] I, T ssAderaz,,
adducts obtainable froma dienophile and a , - di"ene, jthe [Jatjteg beivrg s 3
a 2,5-dialkyl substituted 5'. furan. 2. A°resSi’n as “cPaiPned irre ve
claim1l1, characterized in : that it i< re-nouldable in a tenperature

range of 110- Zg}%éerr , in particular 140-220 [err]C. 3. A
resin as clai ned¥eELT g reactden A fifeFeMerse Haratien apd, as

di enophile is artmé ka/lmlcmaurng:ea etich@Rlves, alwd fﬂfeﬁ\ﬁt%ﬂ&‘&lypéfathéChEd

to both d f ,

bt 5 ene. 1 a- diSRE N bigrour cast; fRubRort rHE BRat Eahi i cvent, Hhg

4. Aresin as clﬁurﬁuryl1hasndnd%osshaummmmi|nasin n 15 that the :

di enophilge is a CyCléd.inq.earr‘ s %eiiﬂiceﬁ?%%s&ns bas&ﬁn%dbﬁg?ﬁF h?der 1-a,

particular a male s
characterized i madats 10F s(ZotfuayddbRe ethydh grgvpnend malelmwﬁECEroupsalns

moi eties of a Zgrtca&iéafltosubydlw@dbagk bonefu'h%.'%ea'ﬂﬂeﬁ a&géiogéakbg}g
agent which contaln h lLes, _in nmol ecul ar

or
structure. il C?@?lﬁlas(@PSFﬁESIFﬁuéﬁél395(1@ﬁ89a8te?ﬁ%€b in
t hat the cross- ||nkmg>segar1hk|ea gekenkedakednohh€ugfanyl groupscaaﬁaéheag

f 25 ma d | k I d
o 23 ol y) ol AL B bR MU0 e i, cppaer TERELER O,
mal ei m de aggm@u@@ver@eeundescédsed 6neDERAt-KA04BY9chedtcappbands

or by bridging QE%%p%h‘éh'r%QlF&QVSfatﬁﬁlg”?Sﬁeglé%%g?éeﬁo 1595.98&'%%131?' ght
c he _

bel.ow 500 or whi have on atons in conne

bri dge(s). temperature for (re)moulding. 1In the llght of the above
teaching that furfuryl groups have a relatively low
15 stability, it would be desirable that the resins could be

processed at a lower temperature. _
Further, US-A-4,656,23S relates to siloxane-
containing polyimide polymers made via intermolecular
polymerization of bis-maleimide dienophiles and siloxane-
20 - containing bis-furan dienes, followed by aromatization of
the intermediate Diels-Alder adduct.
The present invention provides a practicable
reversible croes—linking system based on a 2,5-dialkyl
. substituted furan and a dienophile. It has been found
25 that the Diels-Alder adducts based on a 2,5-dialkyl
substituted furan and a dienophile undergo the reverse
reaction at a suitably lower temperature than similar
Diels Alder adducts based on a furfuryl compound.
_ Furthermore, the invented cross-linking system is fast in
30 the cross-linking (i.e. curing) reaction and in the
reverse reaction and the invented re-mouldable cross-
linked resin can be re-moulded several times without a
substantial change in mechanical properties. The resins
of this invention can have an attractively low or an
35 attractively high glass transition temperature and they
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31 - . 7. Aresin as clainmed in claiim5.or 6 chasactenized = +2

9

‘in that the polyner which contains noietiesiob’a 2,5 A 3sa dinalokyb % 3 4es
gubstituted furan is gbtainable by furanizirg as 5 copof ymar sof 3 icarbdms o
monoxi de and ol efinically 5 unsat ur at ed conpounds ‘whi ch confains  ** °**
1, 4-di car bonyl entities in their potyhet chains, preferably an
aI ternating copol yner of carbon npnoxi de and the ol efi mhcal I g

unsat urat ed conpfAmdaave outstanding MeGhapdiqah BRAPSHFIGS Fuf:
characterized i miéh mechdmidal rm:narg‘umlami |stififrmss ateedy .c @ymododssar e

allphatlcaoleflns A resin as clained
in-any of claims Oh. & ite’p él&elﬁlﬁg!raag exa'kflhlltt}{ghe pol ymer from which
it is obt al rf%tltfl: aﬂm@m@m%g@hﬁﬂ%@%rﬂ Wwogst- Liinkede 15

range of g, 000- f%ﬂ?féﬂ I‘TCHQC rdé% tlrlg'l]{lq{@%ﬁ be reversad?®y- 10, 000.

10. Aresm as alrre In an har act e t hat
it is obtainabl &Q@tml% evated tempex;am,mw@ﬂclgl}{gqqr{ lﬁ%é’gﬁ-ﬁlﬁgn :

ggfgfiuﬁgf ]E?gm%éal ymer démm%n Rre @Xﬁ{edﬁd ?td)forfd Qfckdek ¥@al:2, in -
cross-lin agent

characterized i rP’t?ﬂa?t ZF%d?% %idducts %aéé{a&} éi*ﬁq{?é’q’egrﬁ‘pg&d a

pol y(al kyl ene o>d:‘dﬁ')§,, the lattendbdimsy rmlzalswqdiﬁaslkyfl (spddspitivutedafiesaonf. t he

Pniegor B a1 SRAER S ML S R TIRER DO SRRRE B

in particul ar hahﬂa’i;p.rtg) at Slevatssh tampesature Wlllli'lemlé’@ff&'@? on whi ch
is suitable for the Y epaAhidable resiof @ re-noul dable cross-1inked

L P L S B ey
whi ch contains t3w e Mverfi RN GRS dabld srodssdiilrited resin can be

15 connected to one another wvia Diels-Alder adducts. In one
embodiment of this invention the 2,5-dialkyl substituted
furan groups from which the Diels-Alder adducts are
obtainable are attached to or form part of the polymer
chains and use is made of a cross-linking agent which

20 comprises in its molecular structure two or more
dienophiles from which the Diels-Alder adducts are
obtainable. It will be clear that these dienophiles are
connected to each other by chemical bonds or by bridging
groups. Accordingly, the present invention relates also

25 to a composition which is suitable for the preparation of
a re-mouldable cross-linked resin which composition
comprises a polymer which contains moieties of a 2,5-
dialkyl substituted furan and a cross-linking agent which
contains two or more dienophiles in its molecular

30 structure.

Conversely, the dienophiles may also be attached to

or form'part of the polymer chains and use is made of a
cross-linking agent which comprises in its molecular
structure two or more 2,5-dialkyl substituted furan

35 groups. Therefore, the present invention relates also to

ENDED S



Structure. 13. A conposition which is suitable:for the;preparatron a»

352 of a re-noul dabl e cross-1inked resin ~hich conposition; * .3, :;oﬂa
.32 - conprises a -polymer which contains nmoietigs of @ ° a,-'.,’
dlenophlle and a cross-1inking agent which contalns t wo or nore
2,5-dial kyl substituted furans in its nol ecé®ar structure. 5

14 A polymer which is suitable r-.the preparat
re- moul dabl e cr & SITRAGHF s iwh ’\ﬂ% Wgﬁ' £a7 t9’§oﬁ’?§Pﬁ§aﬁﬁP8t PEsdof a
2, 5-di al kyl substd imdexidbllearcross- 11naued Teisdh edhich aotipesdplibhe.

15. A kit of parts which is _suitable r ratiog of a
re- moul dabl e cr GEEBTIHEY & & wruca"ch%?’é:c & 76 e%H%tshaﬁE ?t conpri ses

a first part dlenqphqﬁesandgaaqmmS$wénnWHMGha@@mﬁaWWsC#Dﬂ@ntésnéftEOZ 5-
dial kyl substit Whed iy an S A)59C QBRI (AT 1n its mbQUBLLALND &

cross-1inki ng agent cont al two or nore dienophiles inits
mol ecul ar st ructafg@icture. 16. A kit of parts which is suitable for the
preparation of a re-noul dable cross-1inked resin, characterized in
that it conprises a first part conprising a polymer which contains
noi eties of a 20 di enophil e and a second part conprising a
cross-1inking agent which contains two or nore 2,5-dial kyl
substituted furans in its nolecular structure. 17. A conposition
whi ch conprises a polyner containing noi eties of a 2,5-dial kyl
substituted furan as defined 25 inclaim?7, and a buffer having a pH
in the range of 2-7(when neasured in water at 20 [err]C) or an acid
havi ng a pKa in the range of 2-7 (when neasured in water at
20 [err] O .
MVM11/TS247PCT

\MENDED SHEET



18. A pr ocesBSt OR47eRGBUl di ng a cross-linked.regsin 30, --conprisi-ng an e
heating a resin-as clained in claiml at a ; = |, tenperature MhiCh ISs 5000
sufficiently high to convert it intg a riquid,. Jwul ding_ the- ’73 3

obtained liquid into thé.

which is

REVT ED CLAI MS
cross-1linking can '

whi ch

diene, the latter being a 2,5-dial kyl

sufficiently 1dWYo-solidify the resin.

<, desired shape and cooling to a tenperatﬂhe

1. A cross-linked resin of which the
be reversed by heating at el evated tenperature,

resin conprises ROEVWERL ghRiDs @¢hi.ch Jr@ gonnected to one

another via Diels-A defr adducts obtainable froma 5

di enophil e and a

substituted furan.

2. Aresin as clhjneﬁ ¢rp$$fﬁ1nkﬁd(ﬂﬂﬁﬁﬁﬂﬂﬁwwh¥¢h|thﬁhamoss -linkingt caa

re-nmoul dabl e i N ©¥e grenpTercy Jcl%l%'i’z%.de%{ rt]
particular 140- 220 err C f%r dg @ éapeﬁ?ture thcE or

resin as

¢l ai'm

characteri zed |rF'eSln Comﬁ¥&ﬁe%lﬂ9lim§ﬁb&m3¥§ﬁ:¥h%?ha@%ﬁn§°ﬁaﬁpﬁedeFQCPnSn'

Wi t hdrawi ng gr oufisotthdAchieg niéltglMd%lxd&adafct@%&tamle from amDI ety, or
I N

conpri ses a but ene-.1, 4-di ope ncl uded
O monber & r i ng. digponnile G el the.dass et RAHG A 2, Snatackli zed

I n that suiss i mroghi flurars a cycllc derlvatlves of maleic.
anhydride, in pati-gul | gi ped._jn_any
of ol 5y 14,3+ WAl WL BINHRS in clains, JcbERRIcER LR, TR Tchd:
pol ynmer 20 ithidsh reomuldabilsi dni ést@fnp@ratyreu anaklgle sfibdLptasedc,

furan and-a CFOSﬁj|§dﬁﬁﬂgﬁr§&eﬂhowbbgho@OﬂtalnS two or
dlenophlles in its nolecuylar strucgture,

cIa|n15

15

20

25

30

nore

Aresin as clained in

6.
Charac@erlfbggq&ntﬁgtclalmed in claim 1 or 2, characterized in
that the dienophile is an alkyne having electron

withdrawing groups ‘attached to both sides

of the ethyne

moiety, or comprises a but-2-ene-1,4-dione moiety

included in a 5- or 6-membered ring.

4. A resin as claimed in claim 3, characterized in that

‘the dienophile is a cyclic derivatives of
anhydride, in particular a maleimide.

5. A resin as claimed in any of claims 1-

maleic

4,

characterized in that it is obtainable from a polymer
which contains moieties of a 2,5-dialkyl substituted
furan and a cross-linkihg agent which contains two or
more dienophiles in its molecular structure.

6. A resin as claimed in claim 5, characterized in that
the cross-linking agent is selected from the group

consisting of

- maleimido capped poly(alkylene oxide) s,

- malelmldq capped (poly)siloxanes, and
-~ ‘tris- and bis-maleimides in which the

maleimide

groups are connected to one another by chemical bonds or
by bridging groups which have a (number average)
molecular weight below 500 or which have up to 20 carbon

atoms in the connecting bridge(s).

AMENDED SHEET
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‘the cross-1i nki ng agent is selected fromthe;group 25 -~ conststing of .,
- -mal ei m do capped pol y(al kyl ene oxide)s, =2 ~ : - mafel m do- capped 3

()pol y)si |l oxanes, and - - tris- and b1 S- n'al ei. m des, 3N which t§he

mal ei m de groups are connected to one another by cheni¢al bonds df
30. by bridgi ng groups which have a (nunber average) nmol ecul ar
wei ght bel ow 500+ 0or C ons in_the . .
connecting bri d87( ANESi NS o Uk ?Frl%& resolrn Gds é’}aécaﬁé:&rlﬁe& &f'm 5
or 6, charact erll'zlé@tliﬁhe polymer twhitch teorgwineemadttcies ot @i 12s Sroliletlked of
a 2, 5-dial kyl substltMtfﬁfﬁrﬁqﬁ Wi i1l 3ol i) iy anicy g@ﬁyﬂ\er
copol yner .carbon nonoxi de and ol efinical |y unsaturate
conpounds 5 ©f vﬂ’ﬁ%‘?f’%d?ﬂ%ﬁ’ﬁsdel andyicdaficraa ldit jurisasunatedeicomponydsr

chai ns, @ ef er ablyicin edritesived Img&-@ﬂm:ﬁ&fymferﬁfﬂl@b in their EB'I%EQ'E and

t he oleflnlcally unséur

claim7, charact@ti2e | aé%%a,{a%"j:py iy altteFFélaézll@fq rﬁo(payyy\el}'nggfaag eh

imed in

corrpounds are almqrtmudxa and (the oleflimfiicad 1yl nnsatiradest comppands .

9. Aresin as clai magd xléglq,pyaso P %1 %’lalm 7 hcha%% %%té'r [a'g\zled Sg SLhat

t he pol yner from whi ¢ch
mol ecul ar wei ghtthe melcalllf ungaguretet, GUOEPRNGE0 axen agaphacdrar-in

the range of 15o1efithid00nl PR cular

clains 1-9,
2, 5-di al kyl

substit & SFF &F Grodpsdand taﬁé’ &

ropgge A resin as clainmed in any of

characterized.in t at % ﬁgt ai nabl e by applying the
e

ratio of from 1@hb etk zddn ipathacukhe bodym2@ from Whichoit: 1s5.

11. A cross-li mé;'b'l%.
from mal ei m do cappe

3 (G EhEbee "Rl hoteclar yesope’EnTEREC o

fAfSed -8, in a nolar

(pol y) si | oxanes r@mgteh@fgén@roes)l 2600/101 ain partlcnzﬁrcm[ theSicRAYe- OE CH2- NH2,
whereinig is anaji @oeaan,dfo.

20

- 25

30

35

10. A resin as claimed in any of claims 1-9,
characterized in that it is obtainable by applying the
2,5-dialkyl substituted furan groups and the dienophiles
in a molar ratio of from 10:1 to 1:2, in particular from
5:1 to 1:1.5.

11. A*cross-linking agent, characterized in that it is
selected from maleimido capped poly(alkylene oxide)s, and
bis-maleimides of (poly)siloxanes of the general formula
HoN-CHy [-O-SiR31pn-0-CHy-NHy, wherein n is an integer of
at least 1 and each R is independently an alkyl group, in
particular having up to 5 carbon atoms. '
12. A composition which is suitable for the preparation
of a cross-linked resin of which the cross-linking can be
reversed by heating at elevated temperature which |
composition comprises a polymer which contains moieties
of a 2,5-dialkyl substituted furaﬁ and a cross-linking
agent which contains two or more dienophiles in its
molecular structure.

13. A composition which is suitable for the preparation
of 'a cross-linked resin of which the cross-linking can be

AMENDED SHEET
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25 at least 1 and each Ris |ndependently an al kyl geoup, i.n .., e
fpartlcular having up to 5 carbon atons. 12, A éenp03|tlgn swhj ch |svgoﬂ
siltable for the prepar.ati on of a crOss 4|nked resin of swii ch the°°v °
cross-1linking can be ' reversed by heafing at “éFavafed teénperaturess’ "ee
which 30 conposition conprises a polynmer which contains noieties

of+a 2, 5-di al kyl substlé %ed furan and glcross IlnklngEF agent which
contains two or FBYEXEPENBBNRPREIRG 3% elevated LemRetREIre (Whikihir e.

13.: A conp05|t|oaomposhtiensuomﬁ&dseécu pdeymee patibéh ofordains mefetfies

cross-1linked res f ss- 11 nki

reversed by heatéljﬁg8 ?!Q*%gh% ?%é&ﬁwzﬁ?ﬁ r%&ﬁﬁﬁpg)agent WQ%ﬁﬂxﬁﬂQﬁ%ﬁPs
conprises a pol yhee thm@reomtSnﬁmakkykﬂsuhstltuted fwfams direnidpEhi | e and a
cross-1inking aggoi &@159 gﬁgﬁégﬁgé _ two or nore 2,5-dial kyl

substituted furans In it ol ecul ar structure. 14 A
pol ynmer whi ch |51%U|%3EW¥VWQ# Whechh g frittadnl offer the prepagaddon iofked

resin of which t@§o§£0§§nlkédlkfé&r§%f Rfhich the créd@IBatkiNg haat ijg at
el evated tenperature tains noieties of a

2, 5-di al kyl subs:f?’t'%’f%%é?@( Q'F%Ffdlglc?t ele"rﬂieé] i RFTAE WS WG @olymer
15, AKit of paf¢enu&dmﬂlmcnenmésﬂﬁﬁad(z F-hiE gllgdarsaibstituted fura@f aad

Cross- I|g¥ed rez#gﬂgg gglé%lgfgaéﬂégﬁi |nk|ng can be reversed by

heati ng el ev enperature characterized in that it
conprises a firskSpaktkilts of pant@mmhiisiing sa sydibahdre ildx v heo prrepag-ardioat | es
of a 2,5 of & a&ffcyéssmﬁééé ‘i‘:te%q.nf ARG & 1P b AT tma%gt R&ankide

conprising a cross-1inking agent, whi ch contains two or
di enophi l es in |’-T%V€'rﬁﬂeéh¥fyar eatifg: gle elevated tpgperafuresf parts which is

suitable for the;wﬁz&raiﬂm 3@ that Qft owplSsdd RKEdrRsigaref which the
oSl ENY Csniag g SAMRESGRLD AL R dEPY Ae
dialkyl substltuted furan and a second part of the kit
comprising a cross-linking agent which contains two or
more dienophiles in its molecular structure.
16. A kit of parts which is suitable for the preparation |
20 of a cross-linked resin of which the cross-linking can be
reveréed by heating at elevated temperature,
characterized in that it comprises a first part
comprising a polymer which contains moieties of a
dienophile and a second part comprising a cross-linking
25 agent which contains two or more 2,5-dialkyl substituted
furans in its molecular structure.
17. A composition which compfises a polymer containing
moieties of a 2,5-dialkyl substituted furan as defined in
claim 7, and a buffer having a pH in the range of

30 2-7 (when measured in water at 20 °C) or an acid having a
pKa in the range of 2-7 (when measured in water at
20 °QC).

18. A process for re-moulding a cross-linked resin
comprising heating a resin as claimed in claim 1 at a
35" temperature which is sufficiently high to convert it into

(s
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conpr|5|ng a pol ymer which contains noieties of a .di enophi | e and a
sgeond part conprising a cross-linking 25 . agent mh|ch contai ns two:0fs »"
nore 2,5-dial kyl substituted furans jn i.ts nol ecul:ar structure 'a~3:".
17. A conp05|t|on whi ch conprises a polyner tontaining - - ol eties of Tee”
a 2,5-dialkyl substituted furan as defined in claim?7, and a buffer
haV|ng a pHin the range of 30 2-7 (when neasured in water at 20

[err] tC) ortan aci dli@iicm.g moulding t%@bt&ﬂd&ﬂ rlélraﬂﬁd)fm%J th@‘ﬁ@sﬁ%@ﬁured

in water a

proces re-moul ding a
cross-linked reshaPe 0ahd' %@fﬂﬁ &g ﬁ@gﬁeﬁﬁté‘rree i‘&cib i §iu|§§élcilﬁn§|1¥ m 1
at a 35 t enjosw atairsoididty ithesuielsiiai.ently high to convert it into
a liquid, noulding the obtained liquid into the desired shape and cool i ng
to a tenperature which is sufficiently lowto solidify the resin
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