1 Interlayer for Electronic Devices Field of the

I nvention The invention relates to the use of polycycloolefins in

el ectroniwodewneessand nore specifically to the use of porhpregnessype
polymers as interlayers applied to fluoropolynmer |ayers used in the
fabrication of electronic devices, the e}ectronic devices that enconpass
nor bor nenet ype pol yner interlayers and processes for preparing such
interlayers 10and el ectroni ¢ devices nmade enconpassi ng such interlayers.
Background and Prior Art Electronic devices, for exanple field effect

transistors (FETs) are 15usqftdriayirdBr Eleéte8hieDedités 0gi c capable
circuits. A conventional FET typically includes source, drain and gate

el ectrodes, a egi onducting | ayer nmade of a sem conductor (SC) naterial,
and an i nsul at-éf—'—lés}@@éﬂ@& referred to as "dielectric" or "gate
dielectric"), made of a dielectric material and positioned between the SC

| ayer 20and t hEhggmiventibectlateteto fhieauseeoh pychotdalefinsirf electraitpl e an or gani c

sem condtict or e(w)gc@ I i i b S ) rgani c

el ectronic (05 [ evgl ac@@qq\%gg’g%ggg%ﬁg%A&%?%%ng%'?oéﬁ%%%%n%glyﬁbrgn organic
field effect 2% inigiiavarsappligtty flypwpeivinehiaygis: esaddthgriapricalien of s nade
of a '?![ el e;:t i let@éME idRlvideay tHeeRcpreniti déviced that ehcomipaes kmwrn@sueut:el f'iti ve
permittivity [ d . erials,
general ly ref g&?é&i%ﬁé%ﬁrﬁaﬁ% %Eﬁaﬂgéaé;;%%é%éi@i%%v%}'equood

mobi | i t y {pegar@nesecypn \iees Bradgsnqo HEh$ e Bctor layer 30is
di sorderég or sem -ordered. WD 03/052841 Al further reports that
comercially ai, | abl e fla“Ier'é)rp IJtymers such as CYt OPTM (from Asahi d ass) or

Tefl on AFTM (f enplary low k materials. In WO 05/ 055248
the use of fluoropolyners such as CytopTM as gate 35 insulator materials is

di scl osed as beleBgoARd\EE G deise k& pletidld efBcPirsasRed (IKEE) dryi ces where

the OSC material js selected. from spl uble stituted oli es, such as
pent acend5 t et Tt e'Heﬁ%’?'a_&&r\—‘fcﬁ%aﬂ%%g&#ﬂPa@ggﬁ%%'ﬁsacgnceo?wgr%ﬁgggr ocyclic
derivatives t hefFedypicaiheineludss smitree.idipin andgats elsrofes.mst common or gani ¢
sol vents. ThergfRicBnd by RyEPATddtdofa semidbadacidr (SCh ifateplay &iidahor the

gate dielectric fo | atipn have tq .be carefuyl.ly chosen.to avpid

di ssol uti on of MEHETAR Al HiSHGaat As "OITRAlrE” O SANE SRIPEMA el ect ri
formul ati on. Snefle ®f addigkectrid madeniaraaidl positidred ketweendbell3C hayerr t hogonal to
the material ofnd fie é@g 186 de. THB §&micondWbRR iPfRRKa e 2inPGiganie gat e

devi ce, 2Re solvent Yor CZQ%;I ng érhe)e OSC, nat eri al onfto a riw ously fornmed
gate di el ect ri¥eMigpBAustor dt 809 {1 BleCHPPIEINCE ! 8rtel’f@ﬁ't§’ & &Ndi el ectric
material. 10 HorgeunerelettieniafOE-deita.oned fl uor opol ymers have certain
drawbacks with regard to the nmass production of OFET devices, specifically

poor integration into _processing and |limted styuctural in ity.
Regar di ng pr oc‘é’%%’quzlsﬂﬁ A1 dse ﬁ%’i’%d'ﬁﬁné"ho{i%“ Rbﬂa%{aﬁ'@@g&éﬁ to ot her

| ayers, %gf or texrsgiptbe (DRETS wWisirea theayale GBUIatay &ryer sragleatfreer s, and often
' dielectric material having a permittivity (€) (also known as relative

permittivity or dielectric constant (k)) of less than 3.0. Such materials,

generally referred as “low k materials”, are reported to provide good

mobility regardless of whether or not the organic semiconductor layer

is disordered or semi-ordered. WO 03/052841 A1 further reports that
commercially available fluoropolymers such as Cytop™ (from Asahi

Glass) or Teflon AF™ (from DuPont) are exemplary low k materials.

30

In WO 05/055248 the use of fluoropolymers such as Cytop™ as gate
35 insulator materials is disclosed as being advantageous for solution

processed OFET devices where the OSC material is selected from

soluble, substituted oligoacenes, such as pentacene, tetracene or
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exhi bits poor wettability. Regarding structural integrity, many

fluoropol ynmers, such as those of the CytopTM series, have | ow gl ass
transiti owotempesasures Tg (-100-130C) which can be prolpcemereiaomzen
applying a netallized gate el ectrode |ayer over such a |layer by a
20physi cal deposition nmethod such as spyé[ering. If the fluoropolyner is
heated to or above its Tg during such a Sputtering process, cracking of the
pol ymer due to built-in stress can occur and where such cracking is

avoi ded, differential expansion between the fluoropol yner and any adjacent

Hatyer caln r esudiithidtene, Ekhbf@o@ichbh@rﬁ@hﬁ/é@fhﬁrﬁbf fﬂh@s@tdji% rﬁﬂéﬁé@i&@b (

uor opol ymer s e e n series (e.qg.
Tefl on AF 24003%%%1{]] q "'ﬁ%%%)brﬂ&‘gg;% §8813’e{‘ﬁ5 -Jrﬁ &n cracki ng
probl ens, but I?ﬁelpéﬁnd@ teotgate it Is the splyeats fosithe gate ébellﬂdjnc forouratiathesi on

to additional rh:meEfoSbe 39@1@llya¢ﬁ6s@fn tohsoid BRRBIutioNVETthe WS C materigl Byi de
means or rret hog| e of

ovin ace, energ i.on for
diel ectrPc | ay ?‘é“éﬁﬁlt%‘? 99% 'egegréc fﬁrg'lué chﬁyérsé)?Vq ' PENEralWr ect
transi stors, vﬂﬂf¢feedrm as demogrthegorml ﬁmdg:’onwtemjlquhé iQSC payaperti es of the
dielectric | ayglrmﬂ’arfyhvsfh%% aﬁr@%b%tfbrnggaté?déﬁ%cm'édé&&éﬂt fapE SR, and

W t hout 35neg e transi.stor nce, Another~aimis
to provide inp S\fgé&fm@{%' "f‘ PIEURYT ¥€%’P§eQ/\E@£eeg'ﬁ qafec &aYFé'%l electric
has -3 _ one smlecteddodife gﬂmbm@h&strmwgaterdlekegtmamamﬂalbl lity with respect
to the opgani c sem conductor nmaterial, and no significant negative

i nfl uence on Vi ce |performance 5 rleI Description of the Draw ngs

Enbodi ments of TPWEVEh k& APBYE-Mentigned %é@P‘PJéF@\F\FWV% ceEply dembackst he
fol | owi ng dr awvillysegdrdRoghe endssi frodustidre cAOFE T deviess rdpaicifimallpipoart ypi cal

top gate FET diﬁY%g‘?Stl@ﬁﬁ%?rS'%ot ﬂ’]ﬁ%l’l@‘lﬂﬁég_lstgjcgwa?l %ﬁtp{aRﬁégf‘dm%“ or art:

representati on o
15 Fi gures 3, PFogggsapi gtb/ef 'é?:’ﬁ@ﬁﬁ{m%sroé‘ﬁf‘é&ﬂ?hﬁ”&f?@ well topthgalayersT devi ces
in accor dance for ehampho tHereulistrad ahbeamesyaéﬂ; anmrenbdthers, and often Figure 6 is

a schematic r Q{rﬁﬁlf?{)@&’ﬁgtt%m i&m@%t&fﬁ%lqﬁ%bﬁﬁdlngaépaccor dance with

enbodi nents of esent | nv re transfer
curves of top b‘é%f@PPjE‘F‘QiéW‘{@sas’rﬁlﬂsﬁcﬁtt%QYﬁO%é‘(ﬁﬁf@énbéVW%Qéﬁ)éénpl es D1

and D2t (a=bef ftm]gmcmesenpmaﬁrberr S(Lnees)so Z$\Aﬁlﬂ<§ﬁf@éﬁffb@fprbbférﬂa"ﬂ(ﬁnt ion The
ot R R e R
an i nterFdyer ﬁhV&ﬂCq@epﬁs@Qﬁtf@%tﬁOdnStUﬁ &% wrutaring. df é’l%ﬂWﬁOG’OIY@ersl n

heated to or above its Tg during such a sputtering process, cracking of

the polymer due to built-in stress can occur and where such cracking is

avoided, differential expansion between the fluoropolymer and any

adjacent layer can result in wrinkling of the polymer. On the other

25 hand, fluoropolymers with higher Tg, like those of the Teflon AF™

series (e.g. Teflon AF 2400 with T4 = 240°C), may overcome the

wrinkling or cracking problems, but often do not coat substrates well

and exhibit poor adhesion to additional layers.

30 One aim of the present invention is to provide means or methods for
improving the surface energy and adhesion force of dielectric layers,
especially of gate dielectric layers, in field effect transistors, while
maintaining the orthogonal solubility properties of the dielectric layer
with respect to the organic semiconductor material, and without

35 negatively affecting the transistor performance. Another aim is to
provide improved field effect transistors wherein the gate dielectric has



an el ectronic device. The invention further relates to an interlayer that
is in contact with an organic dielectric layer in an el ectronic device and
conpri seswe 2p/oegygl ool efi ni ¢ pol yner or a pol yner conpesriEopeex1004¥e1i Si ng a
pol ycycl ool efi ni ¢ pol ymer. The pol ycycl ool efinic polyners 35are preferably
nor bor nene-type addition polyners. 4 'Ij*ga_el ectronic device is preferably
an organic electronic device, and is for exanple a field effect transistor
(FET) having an inorganic sem conductor naterial or an organic field effect
transi stor (OFET) having an organic sem conductor material. 5 The
dielectric L?mé drs}neraaéeg@&ﬂ vidRegisheohegeedisotubiktyavith aelmqut@cﬁ &bl y
contains a S . CV.C r

mor bor nene- t y SLOSRsEREondBPRBRGRT oKy 13 iohiBRarttsiRpThNB ok

dr awbacks, su®h qavigpperfadRa’edn and wrinkling, that have been observed in
previ ously known devices. Thus such enbodi ments can allow for time-, cost-
and mategi al - ef ctirv iRl Qguc ion of OFETs, enploying organic

sem conduct or ielectric materials, as well as FETs
enpl oyi ng 15i norgani ¢ sem conductor materials and organic dielectric

mat eri al s, onBnbedigents af the iventien aradestilibedbeldmswitb seteresce o

pol ycycl ool ef ipd ;‘ol%m@@m%ge-type polynmers can, in conbination with the
organic dielectric layer, provide inproved surface energy, adhesion and
structural integrity of such conmbined |ayers in conparison with organic

di el ectrig | afégeredtiskachaehwie, rephegentatien béaypopl toperhte FESUdRVICEETs and
FETs. The inv%%j)%yé%ggngfaﬁel ates to nethods of using such

nor bor nene-type po rs or polymer conpositions in the fabrication of

el ectronic devices, and to electronic and optoel ectroni c devices prepared
by such 25net FigsreaRd¢ accheamiic reipresesitatiorpof ¥ nypisaldsotooh \yate FEINpPoOSi ti ons.
The invention jal&Q E{Cedg%iﬂg tb%rfb(?‘%?{' pol ycycl ool efi nic or norbornene-type
pol ynmers, or polyner blends or polyner conpositions containing them as
descri betb above and bel ow. 30 Detailed Description of the Invention As
urs]ed hgrfi n, F}ﬁg&ut@’m BhdS arelséhdniatiovrdgrebentatidns of (pdgate DETiTE_(I:_I ;JSi vg of
t he subcl ass ) : [ r t. 35(.TFTs) an
Organic Thin ielvE#%?g%gzlxg@gﬁm?@o&h%ggéa&gk% pggg‘%éfﬂg%%tgo%’bed her ei n
is inclusive of an organic dielectric material and an 5 - OFET or OTFT is

inclusive of WFglirea6 i9agehetARVeprsvttadn GRS dottam gae FBT R’fvigeeient | oned
organic éjd el e%tcéb%a%g%\;iihagmbodiments of the present invention; and

Figures 7 and 8 are transfer curves of top gate FET devices fabricated
in accordance with examples D1 and D2 (a=before stress, b=after
stress).

25
Summary of the Invention

The present invention relates to the use of polycycloolefinic polymers,

or polymer compositions comprising such polycycloolefinic polymers,
30 to form an interlayer that is in contact with an organic dielectric layer in

an electronic device. The invention further relates to an interlayer that

is in contact with an organic dielectric layer in an electronic device and

comprises a polycycloolefinic polymer or a polymer composition

comprising a polycycloolefinic polymer. The polycycloolefinic polymers
35 are preferably norbornene-type addition polymers.



As used herein, the term"interlayer” will be understood to nmean a | ayer 5
in an electronic or organic electronic device which is provided between two
ot her | awgo0M02808pPoNents of the device, for exanpl e berwa®ro@dooiel ectric
| ayer such as the gate dielectric, and an el ectrode | ayer such as the gate
el ectrode. 10In addition, it will be undgrstood that the terns "dielectric”
and "insulating" are used interchangeably herein. Thus reference to an
insulating layer is inclusive of a dielectric layer. Further, as used
herein, the term"organic electronic device" will be understood to be

i ncl usi ve of tihe élettronierdmide issgreferabjuart orgatdy eleetronicldéiee seneisal
15specific i i J : and OFETs as
defi ned abovrer%'iggl}égg %girég?%ﬁé#ﬁ%r‘%ﬁs\r{ggﬁ@ﬁ?&éﬁégg‘pﬁs}: ﬁ%/ or

crossl i nkabl e'semigeidygiermatedriianberdapia igld ellestransistar S EN 11 be

under st ood t o haR@Y an dPgamidRehiiadnd ctorematdriegs. to actinic radiation and as a
result of that reactivity enters into a crosslinking reaction, or a group
that is not reactive to actinic radiation but can, in the presence of a
crossl i nki ng ddi digtestric layeeis praferaplyca @ade distestgcravrst pod. prefagblysed
herein, the tebmtaiR®y®rop¥lyhierbe understood to mean a nol ecul e that
enconpasses a backbone of oné or nore distinct types of repeating units
(the smallest constitutional unit of the nolecule) and is inclusive of the
comonl y knowddventagealslysueh polyeysiasigfinie 'of norkaropoestyee 'addittbnt he | ke.
2ddi 11 on to t EOVREr SENRLAHE toBloicome Mo oK U Pat BN et s and |
ot her ol enont SCHESNER Wking. BokhausPeeh BBt eyinuel fpda°such
resi dues are uedeest dbdsasich@mibedingntovah alowyor timer poostt eddtrhatesib.
Further, such st glodtitdion! S16F Ere By bIdaro SRt diRagved during

i
post pol yneri zati gn Ificatlon processes, are I I xed or
co-mingl ed wi fPAEHRIS %’P ] °fﬂﬂ%€fe'%%@ﬁ mafgiiatsn &y Vb%f]ég §|?ﬁ N %/"'e" Y% th the
pol ymer When iinorganta serafoendedtopeh atedalsvasseliganis diedtdotde materiaknton or

di spersi on meqgl ssshibsr 55 i : “pol i OR' nMeans at
| east one 5po|qié§/@gr&§rl1éc; onem%f S%‘rt?‘flgrbgt ,'%@S%gég?%ﬁ.&gggggeggw(ﬂgr at | east
one pol ymer t GOPRYPEAE;tYBR PO MBI 48N, it pambination wiil the esaajtic digleplsicy mer
cgrrposi ti Ion afalyed ptdwid@impeast sutface@nergy, ddiegstomand tstiticturabimtegitgr st ood
t hat a pol yner . : >ar . r.to a
Subst rate. t o GhaBrE CP SRR Iehehs HFChibErie o Wi Sl digfecdft WlRs

Exenpl ar4’ mat éaken alonge thatdaveheasy emplatyediinisusl QBETs @ngeffe Es.
anti oxi dants, photoinitiators, photosensitizers, crosslinking noieties or
agents, reacti di | ue i en S vel in en and adhesi on
o omot er s rurTdn verl Ry 8 e8P ss S hy Ro AP SrRDe BPEN° ay
in addition t®oiRersfrretemer saaposikions|iathye i#rrigadionafeleetrgiicenconpass a
bl end of two Qevitescandio @addtirnc BRE dploecléftfortiedeRicarrepXedPBY 8LER"

pol ycy(‘és ¢ Olmeécthcr)]ds a%'a?or comprising such polymers or polymer compositions.

The invention also relates to novel polycycloolefinic or norbornene-type
polymers, or polymer blends or polymer compositions containing them,
as described above and below.

30

Detailed Description of the Invention

As used herein, the terms FETs and OFETs will be understood to be

inclusive of the subclass of such devices known as Thin Film Transistors
35 (TFTs) and Organic Thin Film Transistors (OTFTs) where a FET or TFT

described herein is inclusive of an organic dielectric material and an



"nor bornene-type" are used interchangeably and refer to addition

pol yneri zabl e nononers, or the resulting repeating unit, 20enconpassing at

| east onewoantrargEse noi ety such as shown by either Strectrmwreoidloost A2,

bel ow. The sinpl est norbornene-type or polycyclic olefin nononer

bi cyclo[ 2. 2. 1] hept-2-ene (Al) is comonlgy_referred to as norbornene.
30However, the term "norbornene-type nononer"” or" norbornene-type repeating
unit", as used herein, is understood to not only nean norbornene itself but
also to refer to any substituted norbornene, or substituted and

unsubsti t ut ed OHRIher OoyCT isCindigsiveadfi bt anheigaaic sémrcoamaawrmmeiae m of

Structures Bl ﬁaqﬂgéﬂ ffe?e}'ﬂ'gﬁgho%ﬁh% (ﬂé'%g rﬁ{m%fé thn zero. By the

substitution 8 pénde t he polyner properties
can be tailored to fulfill the needs of |nd|V|duaI 10appl i cations. The

procedur es angdsniidiosisreidahe w"uh@my@evwllm@dnaersw@éd/t&maa a layer
functlo lized noriornenes exh an ou t ol erance

to vari ous nol b & ec&??d"@%ﬂ[%ané‘f RL;\ cﬁr&g Ctie\f 'he Vﬂﬁ?rﬂ)bsr R’é’ﬁ{éder‘f %%tweierp addi tion
to pol yneri zatwomnthsr lapesnareompenespof thid depeadianexgmpipbetwesn@er s

possessing di bl @mucﬂrﬁ& irel @e HheiBefic antialeRloloBe lapduesd to form

a final material, where e&? ées and ratios of nononers used dictate the
overal | bul k BPdPeseies'estodfe resulting pol ymer. As used herein,
"hydrocarbyl” refers to a radical or group that contains 20a carbon

backbonqwer%saﬁmoﬁa&wﬂ bburIREBBAIRACIY t%Hh%t"er‘rE&FlcV‘éﬁd“ one or nore
hydr ogen ato e term ar byl group

0 rocarb C
where one or n'ﬁ?%aﬁf‘gtﬁée H?ﬁf# érﬁhgpgﬁgglymrewoﬁ%gp|re?er556 Bé@ﬂ repl aced by
a hal ogen (F, ifGlulatirg lalygr |sThelu1senenmf|madie¢écmarld)]5dr Feftees atswsaad'lydr ocar byl

group where eg gﬂe iRyl Otg?r‘ﬂ B%rﬁégﬁﬁ:@ronﬁpbé\ﬂeg” Wl Be Gﬂg@%‘i‘c?od gPB i mting

exanpl es of hydro arb but are al kyl, a
C2-C24 al keny!"°|'~é§'@9¥:§'l§ tﬁrﬁyﬁygan'asem'www 6%Y'R9 an%tf@swaérw or a
C7- Q24 drdal kybpe&fipirapamearttatiensibkylctgdevipes isnch udethe REBS end@FETsi ted to
met hyl , et hyI %QR%B H&,ﬁpr opyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, neopen hexy heptyl, octyl, nonyl, decyl and dodecyl.
Representative al kenyl groups include but are not limted to vinyl,

propenyl, but agylseansereax any bhrddaprphotsreattive apbikyybsginkapr”| wabude but

are not Ilmte ro r t I
2- but yny| Repg%& 2?1?%??{1/%4 Ce&?g' %Yﬂé"k Pcr)%up[g %g%dun%e ?H’O&% I | mted to
35cycl opht yl grmtmﬁgﬁactlaﬂdo wbn@d@dwmm ps gogsylt qfeélpﬁtesent ative
reactivity enters into a crosslinking reaction, or a group that is not
reactive to actinic radiation but can, in the presence of a crosslinking

activator, enter into a crosslinking reaction.

25 As used herein, the term "polymer" will be understood to mean a
molecule that encompasses a backbone of one or more distinct types
of repeating units (the smallest constitutional unit of the molecule) and
is inclusive of the commonly known terms “oligomer”, “copolymer”,
*homopolymer” and the like. Further, it will be understood that the term

30 polymer is inclusive of, in addition to the polymer itself, residues from
initiators, catalysts and other elements attendant to the synthesis of
such a polymer, where such residues are understood as not being
covalently incorporated thereto. Further, such residues and other
elements, while normally removed during post polymerization

35 purification processes, are typically mixed or co-mingled with the



aryl groups include but are not limted to phenyl, biphenyl, naphthyl, 8
and ant hracenyl. Representative aral kyl groups include but are not limted
t o benzylwophenasirgl and phenbutyl. The term "hal ohydr oearmpbkiiiassesed
herein is inclusive of the 5hydrocarbyl noieties nentioned above but where
there is a degree of hal ogenation that can range fromat |east one hydrogen
at om bei ng repl aced by a hal ogen atom (e."g., a fluoronethyl group) to where
al | hydrogen atons on the hydrocar byl group have been replaced by a hal ogen
atom (e.qg., trifluoronethyl or perfluoronmethyl), also referred to 10as

per hal ogenat i Opore/ﬁrerr seATRhEthel) ) r@eaIRt Renaih Kyith GieopigmieRatherainie usef ul
i n enbodi nents, g

b
hal ogenat ed, a}r@f grregﬂ)pegwgg%tvlﬁg\éggrﬁee{\%%g%fe?hy rt%\hgpes)()ﬁ?%{oﬁ%ééﬁa
|ndependently a hal ogen or a hydrogen and z is selected froman integer of

1to 25 In sopg l!%@a%réﬁmtﬁe ﬁ#ﬁh"ﬁ&lyrﬁer Béirﬂbéélr@ﬁ@ﬁf Héaln@%%'léﬁét%hé rom
hydrogen chl ori orine brom her . enbodi nent s

each X i s i ndeng{HE{ﬁ’V Ui% REF“%?(f’rtQﬂerHaéﬁI aﬁ ﬁg?i?iéo hlanfrtslea%BP%sent ative

hal ohydr ocar by pslyaret tp@rinibecar toyinediy s pecifiqp iopedie soef theepalymeenent i oned
exenpl ary hydr Qéﬁﬁgbﬁtr%n"éﬁﬁf@r the é’kﬂ@éé&%deﬁ‘bﬂ H\‘é‘i‘*?r%reﬂf Rydnegen atons are

each repI aced al o at om i.tion definitipon of the
terms "hydr ocal"BWrS?o"%&%ﬁg%‘{&@&f 597"9035'98 8 &Y%‘F'Gﬁ%?%&ﬂw are
i ncl usi ve of npolymerdosheubsteate to enablectheffotrhiagoafriayers certsmm;:tmresr epl aced by

a het er oafpm sglgebRd E%ébgﬁfr&erﬂgfaé?ﬁlé'rr{cim ?ut Bre Rot I‘%rt@ﬂ fo, %{ﬂ@erli\@t eroat om

contai ni ng noi et s can ferre or exarrg
"het er oat or nhyapﬂ%’ﬂgﬁ?tﬁsphﬁtro'"'ﬂépé? YaArecro ?n'H]"J&E Htf"eté‘?ﬁ)ﬂg ot hers,
et hers, epoxi eagegﬂsymabjrk/eetrlluents aald:ed:mdesrgecsaﬂérmdmlgra:gaﬁs and esters,

mal ei m des, 3og‘ﬁ8ﬁé Qﬁ%ﬁe@nhgﬁﬁer Wﬂcﬂésun@épsﬁﬁdptlﬂ%?glp%lyrﬁbhanes

si | oxanes, osp Ites phosp oni tes,
phosphites, phég'ﬁ‘HSH%S‘PBS’"aY)HBsaﬂﬁtﬁﬁt@st em{e@ﬁﬂ%@t@e F%’Fecrﬂ%ra%xerrpl ary

hydr ocar bw S, hadterialdr alsardncompaasch blendadfawardryhsre.i ncl usi ve of
het eroat ons, include, but are not limted to, 35-(CH2)n-C(CF3)2-0H,

- (CH2) n- C(CF3) rne%ereﬁcﬁ'@ rgsorg}ﬁ%dooléfg"‘z)dﬁﬂg@r@&eﬂn" acr(r%)
G

CH2 0) OR*, R*,
wgrer e) 2 Fﬁrd)eperfb‘éf r?‘fétrypéséfﬁ é’s%ﬁi pepblyAnd Eetgerlé’ %fﬂi tign

i ndependent |y petymmabﬂse mpahoogss, orat@]re@ﬂrltmglrlepéatrmg Chit,Cl1 hal ogenat ed or

per hal ogenat ed er“% & l s o

cycl oal k Eglzéﬁﬁhasé\n Tg"%ﬁ'&% rbf)'(')ﬁ?eennat gkq §H§§ﬁgoo necﬁ%ltgéﬁ ary

C7-Cl4 ar aI kyl S(tf,ucgrrﬂﬁ%@%gt kgloyy- The srmplest norbornene -type or polycyc ic
olefin monomer bicyclo[2.2.1]hept-2-ene (A1) is commonly referred to

as norbornene.

RO )

30 However, the term "norbornene-type monomer" or " norbornene-type
repeating unit", as used herein, is understood to not only mean
norbornene itself but also to refer to any substituted norbornene, or
substituted and unsubstituted higher cyclic derivatives thereof, for
example where m of Structures B1 and B2, shown below, is greater

35 than zero.



per hal ogenat ed C7-Cl4 aral kyl. Exenpl ary perhal ogenated al kyl groups
include, but are not limted to, trifluoronmethyl, trichloronethyl, -C2F5,

- C3F7, - GAB2120288, and -C, 1 F23. 10Exenpl ary hal ogenaCeapeo11/004281

per hal ogenated aryl and aral kyl groups include, but are not |imted groups
having the fornmula -(CH2), - C6Ffr15-vy, an?_-(CH2)"-CBFyFM_y-pC2Fq1-1224-1_q,
where X, y, q and z are independently selected integers fromO to 5, 0 to
5, 0to 9 and 1 to 4, respectively. Specifically, such exenplary

per hal ogenat ed aryl groups 15include, but are not limted to,

pent achl or ophenyl , pent &f | uor oghenyl, pentafl uorobenzyl,
4-trifluoronet hyl bepnzy petiaf]l uor ophenet™Nyl S Yegophenpropyl, and
pent af | uor ophenbut § rred enbodi g@gsent invention

t he norbor nene- 20 ilncoBpor at es stiBét types of
repeating units, one such type )d uni t enconpasses
pendent ¢rosslinkabl noi eti es at ha e degree of |atency.
By "lateficy", it is neart that-<tich groups do not —crossli at anbi ent
conditions or during the initial formng of the polyners, but rather
25crossl i nk when such reactions are specifically initiated, for exanple by
actini ¢ radi at Bpthesubstitutiosof the nodorneneowihiankahdentgroupsthar e

i ncor por at ed I&ugn{é?%raeémercaha&émaﬁed%fuimrm%wawseofma%uéung one or

nor e nor bor nene- . non rs enconpassj ng,such a, pendent cyosslinkabl e
group, fap exaiph! a‘;oﬁﬁi%%@%@wggiarﬂdln@QMeW?t EBE}‘? &p" ef‘?ﬂ?d
pol yneri zati ontorm_aiqniea)ilzerfumtimfaliaed noehmmnages kehibatl gmrevistatdiog t hereof . In
a preferred e”@&ﬁbﬂﬂgﬁén& Al PAICUTBIvaRBUBORIEHO ahd obbSBflabhedtd irfest

&

nor bor nene-type pol yner havin ne or re types repeating units 350f
Formula |, and"@® %Hﬂ”ﬂ%rﬁb%ﬁgﬁ@nﬁ9ﬁggﬁﬁ??%gF”h%§mR§86ﬁ%5&&hnnre types of
repeati ng uni tspadifi¢c-pendémst drbups,-mafomersipassddsing gifferentrfadctormaidiesent t he
conposi tion cogl2bBtands QORRF0Ea ty R&nP gl 18Rk VwRedd heltypod ymer
havi ng ofd® or nore tggegngﬁﬁrgpeakgn%,units %%Fé%%nu%éNl, or OXP a second
pol yner havi ng@BdARtIGy ofvppaomgse ¥sed dictaiedbeyenall Pulkgrropsrtiasief the. | n
anot her pr ef er rextiitergdpslyment t he conposition contains one or nore
nor bor nene-type pol yners having one or nore repeating units of Fornul ae |
and one or nore repeating units of Formula I1: 10 15111 wherein Z is
sel ected from Agused herep, tpyrroggrbylj refess ta agadical egaroun Biat gopiRins
i nclusive and gaafbdf b&Bkbdné whreddutRdardBf iSapphSpridtdlyanm sBed it
I ndependént |y sgl 8FhesleHydMdbn Stotts. ihe erm MM SIS 8 oy R rStbrd B a

hydrocarbyl group where one or more of the hydrogen atoms, but not

all, have been replaced by a halogen (F, Cl, Br, I). The term

perhalocarbyl refers to a hydrocarbyl group where each hydrogen has

25 been replaced by a halogen. Non-limiting examples of hydrocarbyls,

include, but are not limited to a C1-C2s alkyl, a C,-C,4 alkenyl, a C,-Cy4
alkynyl, a Cs-C2s cycloalkyl, a Cg-C24 aryl or a C;-C»4 aralkyl.
Representative alkyl groups include but are not limited to methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
hexyl, heptyl, octyl, nonyl, decyl and dodecyl. Representative alkenyl
groups include but are not limited to vinyl, propenyl, butenyl and
hexenyl. Representative alkynyl groups include but are not limited to
ethynyl, 1-propynyl, 2-propynyl, 1 butynyl, and 2-butynyl.
Representative cycloalkyl groups include but are not limited to
35 cyclopentyl, cyclohexyl, and cyclooctyl substituents. Representative

aryl groups include but are not limited to phenyl, biphenyl, naphthyl,

30



C25 hal ohydrocarbyl or a Cl to C25 perhal ocarbyl group where such groups
are as defined above and exenplified above and below, and with the proviso
t hat t he wonsi2/qei7gnmer enconpasses at | east one type of pcemeadiiogs28ni t t hat
is distinct fromthe one or nore repeating units of 25the second pol yner.
The repeating units of Fornulae | and Il are forned by corresponding

nor bor nene-type nononers of Fornmula | a ag’]d Ila, respectively, where Z, m
R14, and R58 areas defined above: 30 35 1In the repeating units and
mononers of Formula I, la, Il and Ila, in a preferred enbodi nent of the
present i nVENéer‘anZth'r@cenQ"‘Ré‘ﬂ@nga%vQ arélk9fg|%’upbr?némeé Ib@k abs AbEr r ed

enbodi nent, Z |s. in still another preferred
embodi nent, 'f'@'tembe%ﬂg éﬁ?’?tby' qrﬁjl%??fg?u tyly produce the desired

properties for specific applications, a conbination of norbornene nononers

wi th several difd Feﬁﬁﬂ%a?c#iﬂ%;?ie@&l"%nﬁj{ﬁ? h@rrewgslna%@l\}éeofﬁﬂley”e” zed to

obtain cantrol over the eS|on I nterface and solublllty of
the resuPting 5es3myl Peietiesdneat: gboye byl whetenthere ke ifegreaft al kyi
group att achechdlogémationathiaboar raage &bhoat least ooé hgléirdges gtohybeings nodul us

and gl ass ”a”r%g 420 PR &oﬁﬁ&%? ?‘ﬁ@orp@f%%ﬁ’btrog )%Rﬁhén? ggted from

mal ei m de, cinnamate, ‘couma epoxy
functional gr dusogem amaeedh?@ygrmbél FryBhavRINGsH eRlpaes Bsaodi fy
sol ubi l'ity chati#iegen atdm ¢6.g. Reflabrdmietelyi onpeérflabraméethybpalksy rafetred to

L e hoxyBi | v1 o SRR FARBS FBES AR RUARANESIOTlRTRhE! San B L oon.

and oxi des i n adjacen

be used to effmfwme;mth%meyﬂ%e thecrresgBt yeatien Pﬁf‘lb@e?ﬁ!eaﬂhéf fu"y
orthogonal ity pdlogé&eateal allkylogko‘ttkfbﬂt@éﬂﬁﬁiulé@zﬁgﬁew%@éﬁﬁtﬁls als. Thus, in

Shich enboch nenaeaiaraT Daiggh drienPEBRER and Y Rigifed MR, T 20 ool y
one of R5-8 i sintiger&f drie 35 dmsPMmepgrabediments esich26Rlingependerthor nore of

R5-8 dendte a é@éaﬁanﬁw%yafog@f féﬁldm\enahednerbyémcrfe andbK)adifgs aup
i ncl udi ng, but |imted to t

of, the fo 2) x-C6FyH5 vy, and
a0 - oy reliBheiistants eac R s RaehghagRvkifer nidobtiar ent y
sel ect ed i nt egiyasine: dimue. tepresemative balahydo@rbyadnt neshalocagyeare vel y.
Specifically Séb?éin;ﬁlﬁfe'ﬂ%yaﬂme' é‘t%'ré#ﬁéntn@h’éd éi@mPQatr |h§6‘rdc%‘#by39tvﬂwere an

hi h |
P Py orer eanahn bt Rimbet SRR aan BRa Are SeR EARGse WilApr opyl . and

pent af | u@ﬂophelrrﬂjagqm atom. Further still, sone preferred enbodi nents of the
present inventi on in 35particular for such enbodi nents where only one of

R' is different omH re o one is different frogmH,
enconpass a - d't'%ﬂ dﬁ%%ﬁgﬁ'ops"fgwﬁ@%t *‘F?ﬁrhyfh an@ycﬁoB%rbé( ' group
having a ter m':mad ﬂwdakox\ydrmrrtwaWrennmibsgeetfhrycblehe@wynermoetapr rhiore exanpl e

a term nal hyd&ﬂ’rﬂ&%‘a‘ﬁ&%ns Atk e%gﬁswd eRbroBfpRbRcrapet Yl ), hydroxy-
ol i goet hé;eneoxy, car bonyl oxy-

50l i goet Iene'BQ?p%‘i’ OX#%e(ngﬁe +Pg§2?§99@%@6@(9@ qra CQRARIST00d to

moieties can be referred to as, for example, either “heteroatom-
hydrocarbyls” or “heterohydrocarbyls”, including, among others, ethers,
epoxies, glycidyl ethers, alcohols, carboxylic acids, esters, maleimides,
amines, imines, amides, phenols, amido-phenols, silanes, siloxanes,

30 phosphines, phosphine oxides, phosphinites, phosphonites,
phosphites, phosphonates, phosphinates, phosphates.

Further exemplary hydrocarbyls, halohydrocarbyls, and perhalocarbyls,
inclusive of heteroatoms, include, but are not limited to,

35 -(CH2)a-C(CF3)2-OH, -(CH3)n-C(CF3)(CH3) —OH, -(CH2),-C(O)NHR?*, -
(CH2),-C(O)CI, -(CH2),-C(O)OR*, -(CH3)y,-OR*, -(CH2),-OC(O)R* and -



mean - (CH2CH20)s- with s being 1, 2 or 3; for exanple 1-

(bicyclo[2.2.1] hept-5-en-2-y1)-2,5, 8, 11-tetraoxadodecane (NBTODD) where s

I s 3 and wo(202/2878et hoxyet hoxy) et hoxy) nmet hyl ) bi cycl o[ 2cZ/EPpdi@pb+28t ene
(NBTON) where s is 2. 10 Yet further still, for such enbodi nents where only
one of R1-4 is different fromH and V\/ne_rg_only one of R5-8 is different
fromH, preferred enbodi nents enconpass group that is either a

phot oreactive or a crosslinkable group. Preferred photoreactive or
15crosslinkabl e groups enconpass a linking portion L and a functional

S e oty o Pl e | AR

denot es or A8 o'ﬁgeB?” tly i&Presapy ay n U CrbATY

3, 4-di al kyl maltImlngd@atedpnme,rhallogy:hate@caikyll eerchZiﬂkenwaHEGzeCm ndlenylk_ or

counmarin noie i 0 i i nkin
é(l r‘l‘jﬂ ﬁ ‘?J‘@Q kyI%h 3. @L&ﬁgf Kl @94 ﬂéloﬁél% ﬁ{ooéﬁ g

reaction Swta € a repeat| n d 1l

conpri si ?g a pRETH8IRISHRIRGAVAR p\?@tﬂ@%l’%@%"l?ﬁﬁm%‘a&?%ﬂb such as descri bed
above 25are f openad!duenated Gr-Cypraealkpl bor nene-type nononers that include,
but not limted to, those sel ected fromthe group consi sting of the
follow ng fornul ae: - re nis an integer froml

to 8, QL and @xwe'aéa@ﬁrhaie@wiaerwwgwnw%w@ febarepot imied o3 and
R is -H or -Q@fidordroethpkrrietiergreéthyl, ~EpRAt-CrRy, UOLF §-OfF |Eamil @y Foand ||

monomer s Copr ;Eié*vé%?%ﬂa%n%‘?ﬁ 8EPeleReiafe arTRsR ARLIPHRERE: Houoh s
20bel ow ( 1I)1()QJ)’1@3PU are not limited groups having the formula -(CH2)x- CsFy 5-ys
and -(CH3)x-CeFyHa.y-pC,FqH2:41.9, where x, y, q and z are
independently selected integers from 0 to 5, 0to 5, 0 to 9 and 1 to 4,
respectively. Specifically, such exemplary perhalogenated aryl groups
15 include, but are not limited to, pentachlorophenyl, pentafluorophenyl,
pentafluorobenzyl, 4-trifluoromethylbenzyl, pentafluorophenethyl,

pentafluorophenpropyl, and pentafluorophenbutyl.

In a preferred embodiment of the present invention, the norbornene-

20 type polymer incorporates two or more distinct types of repeating units,
where at least one such type of repeating unit encompasses pendent
crosslinkable groups or moieties that have some degree of latency. By
"latency”, it is meant that such groups do not crosslink at ambient
conditions or during the initial forming of the polymers, but rather

25 crosslink when such reactions are specifically initiated, for example by
actinic radiation or heat. Such latent crosslinkable groups are
incorporated into the polymer backbone by, for example, providing one
or more norbornene-type monomers encompassing such a pendent
crosslinkable group, for example a maleimide containing pendent

30 group, to the polymerization reaction mixture and causing the
polymerization thereof.

In a preferred embodiment the polymer composition is a blend of a first
norbornene-type polymer having one or more types of repeating units

35 of Formula |, and a second norbornene-type polymer having one or
more types of repeating units of Formula Il.



- 14 - For structural fornula 1 above, mis an integer fromO to 3, -A-R
is a pendent group having connecting, spacer or bridging group -A-selected
from (CZ2y0,20(2@8)78- (CH=CH) p- (CH2) n, (CH2) n-0, (CH2) n- OPCT/EH2)11/004281
(CH2),-CoQ4-(CH2)n, and C(0)-0; and where the end group -Ris selected from
H CzZ3, (Cz2)nCz3, OH, 0-(0)CCH3, (CH2 Q) CH3, (CH2)n-C6(Q®, cinnanmate or
p- met hoxy- ci nnamat e, coumarin, phenyl-3-'1nhdene, epoxide, CCSi (C2H5)3 or
CCSi (i -C2H5) 3, where each n is independently an integer fromO to 12, p is
an integer from1l-6, Qis independently H F, CH3, CF3 or OCH3, Z is

i ndependently Hor F, and R is independently Hor CH3. For structural
formul ae 2-5, -A- is as defined for fornula 1. The chem .cal nanes, and
wher e avai | abl B nahaqpisteged gmbodimsnhihe ?ﬁﬁBﬁ@F'@nlcﬁnﬁiﬁ%raﬁ’ance with
structural for nmﬂb@ménéitypmbojyiaer barily arfesthpblyhierhaethd one or more

5- butyl bi cycl o Az

5- hgxgl b: cgcl o{@ %oﬂ' eeg ting. ene é@ﬁg %A@#@g%gél%gd?olgmer having
oct yl bi cyci of 20Pe eTAse-tepashef reoeakpy unitsof Fooowlal. 4, 5.

decyl bi cycl o[ 2. 2. 1Thept - 2-ene (DecNB) CAS #22094-85-5, 5-(2-

henyl et hyl ) bi B

o . b phgnfe ﬁfeﬁwg eqfadtifcht S SotiReHBR SRS fns opppore
#21635- 90- 5, bﬂ@@b@lrraﬁr’ze pﬁ]mémess bavmgmﬁe@wprgm%@tt@g(%mms) CAS
#10471- 24- 6 2F6hh@|ﬁt§l|@[n21 &ébhﬁme%mtwumwd&nulatlhyl acetate

(NBCH2d y 2- (bicycl o[ 2. 2. 1] hept - 2-yl met hoxy) - et hanol
(NBCH2G y H) CAS #754231- 21- 5, 54 242-

met hoxyet hoxy) et hoxy] net hyg- pi cycllo[ R. 2. 1The 2 B CAS
#544716- 19-0, 1-bicyclo ‘ ~—eN-2-y1-7 ‘aoxadodecane
(NBTODD) CAS #307923-40- uor obut yl) 2. 2. 1] hept - 2- ene
(NBCAF9) CAS #118777-97»A 2 d ?(I’Bfor opherty chcl o]
[2.2.1] hept - 2-ene ( NBME ) CAS #848781- 71- 5,

perfl Y& ophenyl ) bi cycl o[ 2. 2. 1] hept-2-ene (NBC6F5), - 15 -

4-(trifluoronethyl )phenyl ) bi cycl o] 2. 2. 1] hept - 2- ene ( NBCH2C8H4CF3) ,
, 2, 3,3, 3-pent af | uor%prop¥ bi cycI o[ 2. 2. 1L rS-Ir)t 5- ene- 2- car boxyl at e ( FPCNB)
CAS #908372- 02wherein 7 ig s€lerted § Hema® HedrldnedtyO-, m is an integer

bi Cycl 0[ 2 2. 1irbeno 1(55€m+1.%1\maérb@é¥bﬁb¢I:(‘FH€NB§ ARAR U 2RY RBand
I:OCHNB) 2©AS #3938‘%%%% ndBFY iRtV rbALE; 80N h%/d?@cargylcgr@ oyl ate

2,2,3,3-tetraf leﬁaiphbwcarw@ré[%@@}mhabr@mbyly@mrawgugh(wmm)

bi cycl of 2. 2. 1] aea a%d/éfmbm'domﬁd é%mpﬁﬁ@@aabee ahd BefwiNBandAS
#908372- 04- 3,

OO erfluoro 0
ot hoxy) et hyl )w By pfoiss i’ﬁ% R poRRE PoStRR: Hjpasi an type of
[ 2. 2. 1] hept - 5- ape@ilyghwtyth)atl@ st—mm flopOHB) oA r#IGEIepeating units of
Rbi cycl ob% 2. Hed cord |¢mg} met hoxy) met hyl Foxi rane (M3ENB) CAS #3188-75- 8,
(4-(bicy&~o[ 2. 2. 1Thept - 5 en-2-yl)but-1-yn-1-y1l)triethyl silane 15(AkSi NB),
((4-(2-(bicyclo[2.2. 1] hept-5-en-2- ypethyl)phenyl)ethynyptriethylsil ane
(ArSi NB), (E)-Thé¢4epgdtingyenits of Porbjiiaet abddhags {drmedhoxgd pesponting- ( 4-
et hoxyphenyl )nmmem YoeBOMEFIDBE orch il b drfy (14 HeSHELNERy Quiere
] hept - 5- en- EQ%\Q - 3- (cge%@ﬁt [ en-2-yl)prop- 202-en-1-one
( NPCHVIVNB) , % %’ & Vfet hyl ) - 3, 4-
di met hyl -pH pyrrol e 2 5-di one (DMVIlI\/bNB) CAS #1031898-89-1, 1-
(2-(bicyclo[2.2.1] hept - 5- en- 2-ypekhyl ) - 3, 4-di net hyl- 1H gyr rol e- 2, 5- di one
R
DVMLBUNB)

( DMMLEt NB) CAS #1031898 A4 (bi cycl of 2. @"@ /s

5-(

5-(3, 4-di f1 uor obenzyl ) bi cycl d[ 2. 2. 1] hept - 2- ene ( NBCH2CSI - 13F2)
5-(

2

5
2,
(

hept - 5- en2-yl ) butyl) -|B vl - 1H pyrrol e-2
e- 2, 5-di one

s AN
’ﬁ y—l\—PpethyI)-B-rret
N@-en- 2-yl et hyl

251- (bi cycl o] 2. 2. 11heg
(MM MeNB), 1-(bicyclo[2¥2. 1]Tept “LH pyrpoke- 2, 5- dione
(M MeNB) CAS #442665-16-9, 1-(2-(bicyclo[2.2.1] hept-5-en-2-

ypet hyl ) 3H pyrrol e- 2, 5- dilone (M Et NB), lia

1- (6-(bicyclo[2.2.1] hept-5-en2-yl)hexyl)-3, 4-di net hyl - 1H pyrrol e- 2, 5-di one
(DVMLHXNB) , 1-(4-(2-

30( bi cycl o[ 2. 2. 1] hept - 5- en- 2- ypet hyl ) phenyl) - 3, 4- di net hyl - 1H pyrrol e- 2, 5-
di one (Et PhDVWM i NB), 2-(bicyclo[2.2. 1] hept-5-en-2-ylnethyl)-4,5-

di hydr o- 1H benzo[ e] i soi ndol e-1, 3(2H) -di one (DHNM NB), (E)-

bi cycl o[ 2. 2. 1] hept - 5-en- 2-yl net hyl 3- (4- met hoxyphenyl ) acryl ate (MeOGC nnNB)
CAS #1059706-16-8, bicyclo [2.2.1] hept-5-en-2-ylnmethyl 35ci nnamate (G nnNB)
CAS #185827-76-3, (E)-2-(bicyclo [2.2.1] hept-5- en-2-yl)ethyl

3- (4- met hoxyphenyl )acryl ate (Et MeOC nnNB), 7-(bicyclo



- 16 - [2.2.1] hept-5-en-2-yl net hoxy) - 2H chronen- 2- one (MeCounmNB) CAS
#192633-28-6, 7-(2-(bicyclo[2.2.1]hept-5-en-2-ypet hoxy)-2H chronen2-one

( Et CounNBy o 261(04817i cycl o[ 2. 2. 1] hept - 5- en- 2- y| ) but oxy) - PErPosmnei2spne
(BuCoum\B), 2-(4-(2-(bicyclo[2.2.1] hept-5-en-2- 5yl)ethyl)phenyl)-1Hindene
(Et Phl ndNB), 2-(4-(bicyclo [2.2.1] hept-5-en- 2-yl)phenyl)-1Hi ndene
(PhindNB). It will be noted that as an ékronyn1has been provided for each
of the above named chem cals, hereinafter where reference to any such
chemicals is made, it will be made through use of a chem cal's acronym 10

Especi al 'y sui Frﬁ#ﬁ'e%e?@g?rﬁ’g? Gﬁgé L6d rﬁ@lﬁ’@rﬁ&*é‘& F'&rﬁlﬁa‘?fla':‘ﬂramﬁ flal infgd 11 such

as descri bed above a one Oor nore norb rnene t R& rmno rs that
i ncl ude, but nBf ‘F”?ﬁ’F@qu&“eﬂhegg‘es%rﬁéﬁ?te'ﬂv??tdﬁﬂ He-§ F'éu% 6?15’19; ting of
the fol |l owi ng 602 ninlawthdSpreferted embeidivBert, POs8 Cli0 Aadibn 9s DIERXCH k@

NBCH2A yOAC 11 NGHEEM A bride M O bbdiNBAP s -CH,- and m is 0.
5

In order to produce the desired properties for specific applications, a
combination of norbornene monomers with several different classes
of pendent groups can be polymerized to obtain control over the
flexibility, adhesion, interface and solubility of the resulting

10 polymer(s). For example, varying the length of an alkyl group
attached to the backbone can allow control of the polymer’'s modulus
and glass transition temperature (Tg). Also, pendent groups selected
from maleimide, cinnamate, coumarin, anhydride, alcohol, ester, and
epoxy functional groups can be used to promote crosslinking and to

15 modify solubility characteristics. Polar functional groups, epoxy and
triethoxysilyl groups can be used to provide adhesion to metals,
silicon, and oxides in adjacent device layers. Fluorinated groups, for
example, can be used to effectively modify surface energy and
influence the orthogonality of the solution with respect to other

20 materials.

Thus, in further preferred embodiments of the present invention, in
particular for such embodiments where only one of R is different
from H and where only one of R>? is different from H, one or more of

25 R or one or more of R>® denote a halogenated or perhalogenated
aryl or aralkyl group including, but not limited to those of the formula -
(CH2)x-CeFyHs.y, and -(CH3)x-CeFyH4.y-pC2FqH2241.9, Where x, y, q, and z
are independently selected integers from0to 5,0to5,0to 9,and 1 to
4, respectively. Specifically such formulae include, but are not limited

30 to, pentachlorophenyl, pentafluorophenyl, pentafluorobenzyl, 4-
trifluoromethylbenzyl, pentafluorophenylethyl, pentafluorophenpropyl,
and pentafluorophenbutyl.

Further still, some preferred embodiments of the present invention, in
35 particular for such embodiments where only one of R' is different
from H and where only one of R>? is different from H, encompass a



14 NBCAF9 15 NBCH2C6F5 16 NBC6F5 17 - 18 - NBCH206F2 18 NBCH2C6HACF3 19
NBal kyl C6F5 20 FPCNB 21 FHCNB 22 FOCHNB 23 FPCHNB 24 C8PFACNB 25 PPVENB 26
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-12-

group that is different from H that is a polar group having a terminal
hydroxy, carboxy or oligoethyleneoxy moiety, for example a terminal
hydroxyalkyl, alkylcarbonyloxy (for example, acetyl), hydroxy-

~ oligoethyleneoxy, alkyloxy-oligoethyleneoxy or alkylcarbonyloxy-

) oligoethyleneoxy moiety, where "oligoethyleneoxy" is understood to
mean -(CH2CH,0)s- with s being 1, 2 or 3; for example 1-
(bicyclo[2.2.1]hept-5-en-2-yl)-2,5,8,11-tetraoxadodecane (NBTODD)
where s is 3 and 5-((2-(2-methoxyethoxy)ethoxy)methyl)
bicyclo[2.2.1]hept-2-ene (NBTON) where s is 2.

10
Yet further still, for such embodiments where only one of R'* is
different from H and where only one of R%>?% is different from H,
preferred embodiments encompass a group that is either a
photoreactive or a crosslinkable group. Preferred photoreactive or

15 crosslinkable groups encompass a linking portion L and a functional
portion F. Preferably L denotes or comprises a group selected from
C4-C» alkyls, aralkyls, aryls or hetero atom analogs. Further
preferably F denotes or comprises one or more of a maleimide, a 3-
monoalkyl- or 3,4-dialkylmaleimide, epoxy, vinyl, acetylenic,

20 cinnamate, indenyl or coumarin moiety, which is capable of a
crosslinking or 2+2 crosslinking reaction.

Suitable and preferred repeating units of Formula | and Il comprising a
pendent photoreactive or crosslinkable group such as described above

25 are formed by one or more norbornene-type monomers that include,
but not limited to, those selected from the group consisting of the
following formulae:

(CH2)q
N\ P1
30 v/
(o]
@/(CHZ)E—W P2
O
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DCPD 27 - 21 - DHNM NB 43 MeOG nnNB 44 Ci nnNB 45 Et MeOCi nnNB 46
MeCoun\NB 47 Et CounNB 48 Et PhlndNB 49 PhlndNB50 - 22 -

WO 2012/028278 PCT/EP2011/004281

13-

P3

P4
10 (CHZ)_ m P5

where n is an integer from 1 to 8, Q' and Q? are each independently
15 from one another -H or -CH3, and R'is -H or -OCHs.

Further exemplary repeating units of Formula | and Il such as

described above are derived from one or more norbornene-type

monomers represented by the following structural formulae 1 through 5
20 below:

O o}
A “R AL N o A N
/ /
25 O R o]
(2) (3)

(1)

OMe
o U .
AN
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Di OxoTCNB 51 PFBTCNB 52 TESNB 53 PM\B 54 where "Me" neans nethyl, "Et"
nmeans et hyl, "Owe-p" neans para- 20net hoxy, "Ph" and "C6H5" nean phenyl,
"CoH4" mewoxophesyBene, " C6F5" means pent af |l uor ophenyl , PCii/EPRdfion4zel ae 9
and 11 "OAc" neans acetate, in sub-formula 25 "PFAc" nmeans -0C(0)-C7F15,
and for each of the above subformulae h \al ng a nethyl ene bridging group (a
CH2 coval ently bonded to both the norbornene ring and a functional group),
25including but not imted to 11-14, 16, 18, 19 and 54, it will be
understood that the nethylene bridging group can be replaced by a coval ent
bond or -(CH2)p and p is an integer froml1l to 6. It will be further noted
that while 54 fic exarrpl es are provi ded above, other nononers in
accordance W tH ferred _em C. esent invention are

i ncl usi ve of nononer q and Il a where at |east one
of R, R2, R3 and R4 or K % 3 e ydrocar byl s,

hal ohydr%car byl s, and perha ocaryl s, inclusive of heteroatons, that

i ncl ude, ~- (CH2) n- C( CF3) BB)0H, - ( @i2) n- C(CFS)(CI-lS) -OH, (CH2)n-C(0) NHR*,
(CH2)n-C(0)Cl, -(CH2)nC(0)OR*, (CI-12)n OR*, -(CH2)n-0OC(0)R* and
-(CI-lZ)n-C(O)R*, where n independently represents-an integer fromO to 10
and R* i ndepentbenstryctural fgrmuladpakevents ishgalindgeer, framcﬁ_iccil -ARisla a Cl-Cl1

?;2' glegnfél; gfioglr k&ﬂmﬁlg@g@mfaem g dfirlecting & 4a<anoab§e we ArC%O gggggled a
aryl, a Gg C14° é?gleaﬂora%ézha&'aé)néggh% ngr}'ﬁ?gn gﬁ%‘ﬁ&rﬁd(@z)& ar al kyl .
5Exerrp| ar y per (Gl 9 g 2dCalky(CHg)oapd G(AYiQdand ivheratte and dgroup tRd t o,
Exerpl ary hal oSseis ugd IRERICHe, (20785, Ol OUOyCey (LR ORCR, e,
but are pot 11 Htae GRS BBTARAL, ?P?fag&a?mi%nareeﬁaqz)acg%aﬁﬁn%sny I’
-(CH2) . - CBFy1- mdgyepazﬁqﬁézecsqczwhhrm &C Sii- Cg—lg,)a,ndhereae@cmm|$1dependent Iy
sel ected int egﬁﬁéﬂéﬁ%ﬁ LRirteg® fr?m50 td13 a@nqe%emofh 14 ree%ﬁcpt' vely.

g
ot 11 e § o BBARASHDCF oBhER CFaBROk uc ByARETISN Siar orabnzy

R’ is independently H or CH3 For structural formulae 2-5, -A- is as
defined for formula 1.

The chemical names, and where available CAS numbers, of exemplary
monomers in accordance with structural formulae 1-5 include, but are
not limited to, 5-butylbicyclo[2.2.1]hept-2-ene (BuNB) CAS #22094-81-
1, 5-hexylbicyclo[2.2.1]hept-2-ene (HexNB) CAS #22094-83-3, 5-
octylbicyclo[2.2.1]hept-2-ene (OctNB) CAS# 22094-84-4, 5-
decylbicyclo[2.2.1]hept-2-ene (DecNB) CAS #22094-85-5, 5-(2-
phenylethyl)bicyclo[2.2.1]hept-2-ene (PENB) CAS #29415-09-6,
1,2,3,4,4a,5,8,8a-octahydro-1,4:5,8-dimethanonaphthalene (TD) CAS
#21635-90-5, bicyclo[2.2.1]hept-5-en-2-yImethyl acetate (MeOACNB)
CAS #10471-24-6, 2-(bicyclo[2.2.1}hept-5-en-2-yImethoxy)-
ethylacetate (NBCH,GlyOAc), 2-(bicyclo[2.2.1]hept-5-en-2-yImethoxy)-
ethanol (NBCH2GlyOH) CAS #754231-21-5, 5-[[2-(2-
methoxyethoxy)ethoxy]methyl}-bicyclo[2.2.1]hept-2-ene (NBTON) CAS
#544716-19-0, 1-bicyclo[2.2.1]hept-5-en-2-yI-2,5,8,11-
tetraoxadodecane (NBTODD) CAS #307923-40-6, 5-(perfluorobutyl)-
bicyclo [2.2.1]hept-2-ene (NBC4Fg) CAS #118777-97-2, 5-
((perfluorophenyl)methyl)-bicyclo [2.2.1]hept-2-ene (NBMeCgF5) CAS
#848781-71-5, 5-(perfluorophenyl)bicyclo[2.2.1] hept-2-ene (NBCgFs),

20

25

30

35



4-trifluoronet hyl benzyl, pentafl uorophenyl ethyl, pentafl uorophenpropyl,
15and pent af | uor ophenbutyl. Wile each Fornmula I, la, Il and Ila, as well
as each oWothe/msdrgor mul ae and generic formnul ae provi dedcamr@i1aoasdepi ct ed
wi t hout indication of any stereochem stry, it should be noted that

general ly each of the 20nmononers, unless indicated otherw se, are obtained
as diastereoneric mxtures that retain-tleir configuration when converted
into repeating units. As the exo- and endo- isoners of such diastereoneric
m xtures can have slightly different propertles it should be further

understood th re rre S iijon are made to
t ake 25advant g%égéfé Eﬂ%rﬁ’ 8{‘%8} qué%@ %3 %gg Z@ﬁé&?%ﬁﬁéﬁg?)are either a

m xture of i soyié-Striflnatomnsthyl)phenyl)meydief2.2. hB\e@X{R—em (NBEbCcHa@Es), or are
a6, below 30aantparPet 3““@'%‘?’%@"*’*20 E‘“" “egﬁmeeze‘%?@?*?v‘%%?! on 150
directed to po@rﬁmg 8%‘%%5%%%6 f?%%@ q‘eégaé YO[GhEXYlt s where one
of R1-4,5for exaygbiR. . R1]hépd-5aené-20carbaxydteo(F HENB) CXS #9&64!62\47@5 aryl or
aral kyl group ,ﬂgﬁqa,staegc@ﬁeaﬁo 1016, K120 31101 Bladb Al arblox fTad er abl v

Rl is selecte rom o\ rmre preferably
35f r om subf or n@l%”&' %S #ggSOZ g %@2 3,3 tejggfluompﬁér preferred

enbodi nent of tblbysclppez6ﬂﬁept*ﬁvem-eecarbsxylataedftlﬁdHN@)pbllcy@IB@Zdﬂh&mr: mul a |
that have repegt i

phot or eagibil ve %r hcr?zm‘?ﬁ‘ﬁkﬂ\%ﬂhg’%ﬁar%aaégﬁ‘éll'?ﬂ\gﬁg? g V%@g%‘z’ rﬁ% %t hers of
Rl-4 are Pr%‘l(@rblgrtf/'ﬂqu%(BG%W@ERP@QO%\HOW] 5in one of the above

subf or mul ae 27et56x¢)mbtﬁplr)lﬁicvrflelf2€2aﬂﬂaptaZSeﬁdleRB\AENBS)ubi(thi/de 34, 35, 36,

37 and 38. Angltzl*fq &Jﬁg}gﬁfi%g‘a%“%gé %@bsb@‘é%“&'?” IS

directed to p units where one of
R1-4, for 10exféth'ﬁ}"é°i212 1,]rg,epé %engrylm%naxﬁa\ﬁthgl-axmm ONGEENBY 66%y, acet oxy
or ol igoethyl ex®rse.7518, Qﬂ-}(blaycldfzsﬁﬁl]w fbaveypbgt-1ya-pyhelehysildie 4 denote

H Prefeggbly @}16 ﬁ%?é?%@?'ﬁb@?d??z\ {We, (g t he above subfornul ae 9- 14,

and general ly r ref erred enbodi nent of the

present i nventyhgthyliphanybethymyt) H'Qihﬂéll@ﬂﬁa(/\ﬂ%NBhgﬁEé {4-st type of repeating
unit sel ected (fbr(gyad[izqo'f]h@p{,gxbﬁgmabmw WHeng1)as-( 4iescr| bed above and a

5o as doscri BelrABhER b Pac BEF M&?@@P‘fsﬂ? s"Chpodi ment i nel'ude
pol ymer s havi n@icycld[2 2t 11hept-§sm- nylmeﬁmv)mwﬁr'\% -(naplgbalea-2-yHptepubf or nul ae
IR Nt i T e
;S)lrjesent i nvent$'BIF 'il“g ﬁ" nggp@edﬂ' g‘?@ﬁqﬁwmgﬁﬁ %AS%&@ gpy{)
repeati ng uni t(2s@lieysiaid.Z tjpapf-braor-Rrydethyl)- émedmetgyhhhtmjrmede&-crl bed
oot g on dontpohey agg uoj o o el pemeron | pepetla
sel ected fr om%dl)EPP\’Be@a f“r?@’ nﬁ#?yr@&a??? g‘?"ﬁéb&é'ﬂw&)ove Preferred
e
NB o) t Iniet 1 =25
subformul ae 34, 32 ienid ¢Ks %442%6?1% §ﬁ S b S0 2" 1?£eep)att5| PN
yl)ethyl)-1H- pyrrole 2,5-dione (MIEtNB), 1-(6-(bicyclo[2.2.1]hept-5-en-
2-yl)hexyl)-3,4-dimethyl-1H-pyrrole-2,5-dione (DMMIHXNB), 1-(4-(2-
30 (bicyclo[2.2.1]hept-5-en-2-yl)ethyl)phenyl)-3,4-dimethyl-1H-pyrrole-2,5-
dione (EtPhDMMIINB), 2-(bicyclo[2.2.1]hept-5-en-2-ylmethyl)-4,5-
dihydro-1H-benzo[elisoindole-1,3(2H)-dione (DHNMINB), (E)-
bicyclo[2.2.1]hept-5-en-2-ylmethyl 3-(4-methoxyphenyl)acrylate
(MeOCinnNB) CAS #1059706-16-8, bicyclo [2.2.1]hept-5-en-2-yImethyl
35 cinnamate (CinnNB) CAS #185827-76-3, (E)-2-(bicyclo [2.2.1]hept-5-
en-2-yl)ethyl 3-(4-methoxyphenyl)acrylate (EtMeOCinnNB), 7-(bicyclo



- 25 - accordance with Formula | or Forrmula Il. Another preferred
enbodi nent of the present invention is directed to a polyner blend of a
first polwoenidneyi7gag a first type of repeating unit in actmpd@noes2sith

Formula |1, and a second polymer having, at least, a first type of
S5repeating unit and a second type of repeating unit in accordance with
Formula Il. Alternatively such pol yner -blfends can enconpass the

af orenenti oned second polymer mxed with an alternative first polyner
having two or nore types of repeat units in accordance with Formula |I.

Furth f h | bl h ti d
'ternat bve 10 naR R R A LB o A et P o (0 Beha NE] TR havi ng
three types of #1H4E3-28+6, i7s(2-(hiextelRdh hihe pivdten-ReylJathexy)t2H-shoemen-
preferred embogligrRnEtQbufNB)PYaeMicyicb{2t 11ABpi-5-¢H-2SMHbatbRyg-2+ha pol yner

havi ng at | east, one repeat, Unit i o ce W Formyla I and at | east
one repeat uni?hrpm%§WaMWWﬂBﬁoﬁg{ﬂ?&?P'Fy%\Y‘ﬁ@%ﬁrheg'ﬂfi‘?f’aﬁof such
Fornmul a ¥t o Foyljethg)phemepédtindene $EiRhINdNBY), (4% (hioydo §2.2.1]heptbtdrer
preferr ed embogigpRbnyilaH.fdeReQPhiAIE] Ok i Belnctéd Frait/d &h bbrdyapat units
is from 80: 20 tg 0: . .n ?tl anﬁjher 20preferred e%o iment ‘the ratio
of such For nul B2§ PeerproNifed for eagheal thgAhoveinamed (RHIGRIS (REBHASET 1 n yet
anot her pref er whdreerdfertineertd anlyesucht chenoitalsus made, itwvdl be traadeor nul a | |
repeat units i&r&ﬁ@hé@bﬁg éh%n‘f‘iéél%sacr%ﬁ ot her preferred enbodi ment of the
present i,nvention &nconpasses a pol yner end of one or nore pol yners each
havi ng at1 | east one type of repeat unit in accordance with Forrmula | and
one or nore poEypesisiyhavitatde mepggaefarred sepdating améts dif foemaid | &ndh

nor bor nene-typ all r rab sel ected
from pol yners gﬁrﬁ%fg%ls%%cﬁ?bg\gﬁﬁ gn]tr&%g %b%%ﬁiiﬁggﬁﬁﬁﬁént%ﬁgcyéﬁat e)
(PMVR) |, pol yshpnemers gt inglyde. utpetinyirchin, thess Wﬁﬁéldpfwmdhpdone, or
conbi nati ons t g@upafansisting dihdReRsviagdorrpolagacryl onitrile (PAN).

Exanpl es 1@¢f suitable and preferred norbornene nononers, polyners 35and

met hods for their synthesis are provided herein and can also be found in US
5,468,819, US 6,538,087, US 2( 0020068 Al, US - 26 - 2007/0Q66775 Al and

US 2008/ 0194740 Al, which are orporated into this dﬁ@licati&n by
reference. For exanple, exenp

aLy pol ymeri zations processes enpl oyi ng G oup
VIIl transition netal catal ysts ﬂrgﬁ}gescri bed in the aforenenti oned US
I

2006/ 0020068 Al . The pol yrgy epbo nts of the present invention are
formed hagi ng a wei ght avsg mol ecul ar wei ght (Mv) MéNB i s a&propri ate to
their use. Cenerally, a M om 5, 000 to 500,000 is found appropriate for
sonme enbodi nents, while for therBLﬁr[‘oodi ments other Mwv ranges can be
10advant ageous. For exanpl g - a p¥ef erred enbodi nent, the polyner has a
Mv of at |east 30,000, whi(|§ anot her preferred eniuNBent the pol yner
has a M of at |east 60,0000\ FNn anot her preferred enbodi nment, the upper
limt of the polymer's Mvis up {p 2,00,000, while in another preferred

I

enmbodi me®d the upper |im t of /ﬁep))( ymer's Mvis up to 4
HexNB

_Octyl

OctNB 5
_-Decyl

DecNB 6
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15250, 000. It will be understood that since an appropriate Mvis a function
of the desired physical properties in the cured polyner, filnms, |ayers or
st ruct ur egoderyozeafst herefrom it is a design choi ce andPCHIEP2@ENPO4MBA Wi t hi n
t he ranges provi ded above is within the scope of the present invention. 20
Preferably the aforenentioned pol yner cggpositions are used for formng an
i nterlayer provided contacting an insutfati'ng layer in an el ectronic device,
in particular in a FET or an OFET. Preferably, the insulating layer is a
gate insulator layer or part of a gate insulator layer., 25In another
preferred enbodi nent thesul ating layer is a passivation |ayer or part of
DV

a passivation |ayer. Pr ably the polynmer conposition conprises, in
addition to one or nord efi nc polynmers or (Rl mer bkends, a
casting sol vent 30optionat1yavim hogonal sol ubPI%i properties with
respect to the insulating |ayer hl , and optinally one or nore
additives selected from crosslinki agents, reactive sol vents,
stabiliz8rs, UV sensitizers, . and_thermal sensitizers. 35The present

invention also relates to ﬂ(ﬁﬁ@ c device conpri §_I ng, or Reing

obt ai ned t hrough the use of pol yjmer or pol ymer - P- conposi tion
according to the present inwetti™dA. Such el ectronic devices include, anong
others, field effect transistors (FETs) and organic field effect

transi stors (OFETs), thin yitrde stors (TFT) and ér ic thin film
transi st hs (OTFTs), whic be top gate or bot t ¢ transi stors,

i nt egrat circuits (1C) and~Radi o Frequency ldentification (RFID) tags.
For exanple, transistors made thyrough the use of a pol yner conposition
according to the present inventipn are depicted schematically in Figures 3,
4, 5 and 6. 10Turni ng now aggpnpanyi ng fi gur gggxoHpur e 10and Figure
2 depict schematic represg ons of top and bottom gate organic field
effect transistors, respectjvely, according to prior art. Thus the OFET
device ofygFigure 1 and Figure 2 prCéHd@ éubstrate (1), source and drain

el ectrodes (2), sem I=4o gtor~dgayek (8), gate dielectric |ayer 1(14), 15gat e
el ectrode (5), and se i nsul at or or protecti onNE&GRGlyOACt 0 'shiel d the
gate el ectrode fromf eér | ayers or devices that may be |ater provided.
Turning now to Figure 3, a schema#_i &Hrggresent ation of a top gate FET
20devi ce in accordance p~apref érréd enbodi ment of the presgst invention
i s provided. Such FET |devi te includes substrate (MQHQQM&é ang drain

el ectrodg@p (20), sem corguctor |ayer (30), gate electrode (50), gate
dielectric layer (40), .intecd achHéc,? ),Mdi ch is derived froma pol ymer
conpositi on enconpasg : poofcyc oGl efi ni c pol ymer %:r bl end 3of

pol ycycl ool efinic po as described above and beld optional |ayer
(60), which is for exagpf’'e a | ayer having one or nore of insulating,
protecting, stabili zi anc~adh€GHyeH jQ)gdei on., and which is di sposed
overlying gate el ect (50)Cand interlayer (70). ﬂheréﬁberl ayldr (70) can
provi de igaﬁpr oved adh€g to gate el ectrode (50) 30and/or to further |ayers
coated thereon, I|ike exanpl e optional |ayer

” @/\Cer NBCH:CeFs 16
o8 R
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(60). Another subject of the present invention is a process for preparing a

device, for exanple as illustrated in Figure 3, by a) form ng source and
35drai n evechrodexs(20) on substrate (10) as depicted, PprTodPp@gionizay a
| ayer of sem conductor material (30) over substrate (10) and source - 28 -

and drain electrodes (20), c) depositing a |ayer of dielectric materi al
(40) on seniconductor layer (30), d) depdsiting a layer of interlayer
material (70), which conprises a polycycl ool efinic polyner or a polyner
bl end or polymer conposition conprising a polycycl ool efinic 5polynmer as
descri bed above and bel o on.dielectrfc |ayer (40), e) formng gate
of the interlayer (7Q) as ¢gepicted,
50), which is K | e an insul ating
and/ or protection and/ or™e g apRd/ or adhesive layer, on the gate
el ectrode (50) and portiQns o erlayer 10(70). Turning now to Figure 4,
anot her preferred top @ enboyli nent in accordance with t 8 pr esent
inventi o® is schemati cf [ where gate elNBEHaEeH{GB} i'S deposited
onto gate dielectric | aye interlayer (70), and where the
ot her conponents of the devic? are_as geferred toin Figure 3. In a
preferred enbodi nent of ~fhe P %séht fivventi on, a device as for anpl e
depicted in Figure 4 m\ ed by a process as desbiBiabediCérar Z@ﬁw devi ce
of Figure 3 but where gat\e-el ectrode (50) is fornmed prior to depositing
interlayer material (70). Refgrring nowto Figure 5 another preferred top
gate FET @nrbodi ment i n accord?nce wth the present invention is
schematical |y 25represeptred, 1\epﬁ3b6@ﬁgy, the FET in E' re 521s anal ogous
to the FET enbodi nent gure~3 but for stabilizing g@%r (80), not shown
in Figure 3. As depicted) stabilizing |layer (80) overlies interlayer (70)
and is positioned between interlayer (70) and gate el ectrode (50).
Advant ageously, stabilizingayer (80) can serve to inprove the
30struct ymal integrity and dur abcHLty,©fF,i nterlayerH%QO by req&fing
cracking or wrinkli (@| enXt haf nay occur when the el ectronic
O

device to or above Tg he fluoropol yner, e.g., when providing the gate
el ectrode on top of it.™>Stabilizing | ayer (80) can enconpass a curable
(i.e., polymerizable or crdésslinkable) or cured 35(i.e. polynerized or
crosslinked) organic terilal . @ﬁp' , stabilizing |ayer 0) can be
overlaid or coated w tiama Fayéjﬁé?:zqqi FOCHNB e%

20
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- 29 - (60), which, as described above has one or nore of insulating,
protecting, stabilizing and adhesive functions. Suitable materials for
stabiliziwgQ 20eye827880) are silicone resins such as 5si | aoolEPRunobi2enal
pol yners. Suitable and preferred materials include, but are not limted to,
pol ysi | sesqui oxanes as descri bed for exaﬁgle in US 5,861,235, comercially
avai |l abl e pol ysi | sesqui oxanes or their "pretursors, like the materials of
the HardSi| TM series (from Gelest Inc., Mrrisville, PA USA) such as
HardSi| TM AM a fornul ati on of a 10pol ysil sesqui oxane resin 19-21%in a
m xture of al cohols, the u:terk9h§ of the AS Hardcoat TM or SHCTM seri es
(from Monmenti ve Perfor @ aterialNs/Inc., WIton, %I'%N SA) suygh as AS4000
R ial

Hardcoat TM AS4700 Hard or SHCPM 5020, or mate such as GR65CFTM
(from Techneglas Inc., Pe sburg, OH, USA). 15 The curable or cured
material of stabilizing La 80)~is typically dissolved in a solvent, for
exanpl e a sol vent ortho toQ he vent used for Eﬁﬁ% terizg of
interlayé (70). Exanpl such ortgogonal solvent% I $ﬁde, but are not
limted to, butanol and ™Opropanol. The 20solution is then deposited onto
t he device as described above and bel Sittand optionally cured to form
stabilizing |layer (80). new#to Figure 6, a bottomgate FET in
accordance wi th anot hg ed enbodi nent of the AkSENt i nvithtion is
depi cted. 25Such FET i jes substrate (10), source and drain el ectrodes
(20), semi conductor |ayer(30), gate electrode (50), gate dielectric |ayer
(40), secdhd i nsul at or | ayer (60), mhich5§§%a passi vation or protection

| ayer to shield the source and drai n_gfkectroddes (20) fromfurther |ayers or
devi ces provided on top of thedéewe€, and interlayer (70), which is 30as
descri bed above, derived from yner conposition apggjgassi iyl a

pol ycycl ool efi ni ¢ pot/ine of a polycyclolefinic polyner as

descri bed above and| pel pw. As previously nentioned, interlayer (70) can
provi de iqgproved adngsion to further |ayers deposited thereon. - 30 - The
af orenent i1 oned processes for preparing a transistor are another subject of
the present inv n. Deposition and/or formng of the |ayers and
structures of t T angl 5CFET embodi neat s dme accordance with the present
i nvention are prefRerably p i ([ Spl ution PRASA g9 teshni ques
where such techni ques are anpl e a fornulation or
conposition of a material, ; a sol ution enconpassi ng one or nore
organi ¢ sgg vents, can be depositgd or forned using preferred 10t echni ques
that include, but are not limted to, dip coating, spin coating, ink jet
printing, lettergpress printing, screen printing, doctor blade coating,
roller printing, ersenr et lithography printing,

f I exographi c printing,™ web i ng, NPryghiNgoat i 3, or pad

o

printing, followed by the & >0l vent
25 o)
0
@/\N ) DMMIMeNB 34
O
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15empl oyed to form such a solution. For exanple, an organic sem conduct or
material, an interlayer material and an organic dielectric material can
each be depasizmesk7er formed by spin coating, flexographipcTmpeonttiongst and
inkjet printing techniques in an order appropriate to the device being
formed. 20 Specifically, where interlayer (70) is deposited by solution
processi ng and enpl oying a sol ution of -@f- or nore of the pol ymer or
pol ymer bl ends as descri bed above and below in one or nore organic
sol vents, such solvents are preferably selected from but not l[imted to,
organi ¢ 25ketones such as nethyl ethyy ketone (MEK), nethyl n-anyl ketone
(MAK), cycl ohexanone and, ethers_suclf as butyl -phenyl ether, 4-
met hyl ani sol e and ar ot oxQs_such as cycl ohexyl benzgge, or
m xtures thereof. Preg concent r at iIAMIPTNRe pol ymer
material in the formubhagton is f{) 1to5 w. %although ot her
30concentrations can al so be appropriate. Organic ketone solvents with a
hi gh boi 9 ng point have been found to be especially suitabl and preferred
sol vents where inkjet and fl exogr ic/printing techniques are enployed. -
31 - thereon while not negatively afffeQti ng device performance. Wile the
appropriate thickness Qf ayern(7 sed in f gmiveRaNBy a3device is a
function of the spegqjf deviCe b€l ngyimade and the ultimte use of such a
devi ce, anong ot her K&o as gener alogui delines it has been found 5that a
preferreq t hi ckness ™¥the range of from1 to 1000 nmis appropriate for
sone devi Qe enbodi nents of the pres:a]t i nyention while for other
enbodi ments a preferred thickness i
appropriate. It will be understood, hgwe\Xer,
may be appropriate and thus ate vAthiR_t
i nvention. FET ang @ enbodi ments”in cordance with the present
i nvention preferal gnpl oy a gate dielegtric |layer (40) that consists of a
dielectriqg material™{("gate dielectric") having a permttivity (e) of 3.0 or
15l ess ("low k dielectric"), as di g:l osed in WD 031052841. In sone
preferred enbodinents E in the rang froml. 1, preferably froml1l.7, to
3.0 has been found to be appropriate whiNie in other preferred enbodi nents a
i N still other preferred EET and OFET
enbodi ments in accordance wt nt 20i nverttPORMMPNB mi &0 vi ty range
of from2.5to 3.0 a f .6 h@s been found to be appropriate. In
pref erre@QOFET and ‘ S in accordance with the present invention
that enploy a | ow e dielectric material, as 25descri bed above, for the
gate dielectric |ayer”such material is typically an organic fluoropolyner.
Suitable fluoropolyners include, f@ exanple, highly sol uble
perfl uoropolymers |ike thgse from ffhe conmercially avail able CYTOPTm seri es
(Asahi dass), Teflon AF SeriNgs \DuPont) or I—nyl@rqmﬁgw sediOes (from
Sol vay). CYTOP pol yners e descr/bed in "Mdern uoropl astics", edited

by John $&heris, John
N MINB 41
(0
N MIENB 42
0]

t hat ot her thickng,%ts ranges
ope oDMBiiHENBr es
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W ey&Sons Ltd., 1997, Chapter: "Perfluoropol yners obtained by

cycl opol yneri sation"” by N Sugiyama, pages 541ff. Teflon AF is described in
"Modern Rvoaorpi2sssi cs”, edited by John Scheris, John WecexRSansodsd. ,

1997, Chapter: "Tefl on AF anorphous 35fl uoropolynmers” by P. R Resnick,
pages 397ff. Hyflon AD is described - 32 - in "H gh Performance

Per fl uoropol yner Filns and Menbranes" V.2lrcella et. al., Ann. N Y. Acad.
Sci. 984, pages 226-244 (2003). Typically, the interlayer material
enconpasses a polymer, polyner 5blend or polyner conposition as described
above and below, that has a highgr permttivity than the gate dielectric
mat eri al and can range, in sone/preferred enbodi nents of the present
invention from 2.0 t g A0y Whije preferred i nents range of
from2.5 to 20 has bfid ound\to f priate. 108%(@%& er4€r3ed

enbodi ment of the presgnat inve @: crossl i nkabl e or crosslinked pol yner
is used as the interlayer eri al—of as a conponent thereof. It has been
found th® such a crosslinkable or crosslinked pol ymer can serve to inprove
one or nore properties 15seledied fromstructural integrity, durability,

mechani cal resisti 2110 Qﬂt&g&¢b& istivity of ielectric |ayer
& @ery sui tagﬁég Még)éﬂﬁhﬁsd

and the el ectroni ME® preferred crosslinkabl e
polynmers are for pJ e those having one or nore repeating units of
Formula | wherein on€ or nore of Rl-4 denotes a crosslinkable group, very
preferabI% units 20formed by nornponers sel ected from subfornul ae 26-50. For
crosslinﬁing, t he pol ym genepal | fter deposition thereof, 4 exposed
to el ectron beam or ¢ omafhet i€ (ablilqi c) radi atBANEIch as X-ray, W
or visible radiation, eated if it contains thermally 25crosslinkabl e
groups. For exanple, actinic radiation my be enployed to i mage the pol yner
usi ng a wavel engt 1@ n g Ne-puch as from 200 to 700 nm A
dose of actinic rg tion for gxposure is general pypukoehaRpt 0 466000
mi/cnR. Sy table Kadiation soupces include nercury, nercury/xenon,

mer cury/ hal ogen and“xenon | anps, 30argon or xenon | aser sources, X-ray.
Such exposure to actinic radi at jorl s%Q cause crosslinking in exposed

regi ons. Although other repeati
provi ded, generally sueh QS kg _Lexprovi ded Pcd&RERE NY 4mi ts that
ndenp group, Phat Qs to say eone o'fEa Rl to R4 35is a

enconpass a nmal ei m

substituted or unsuk uted mal eim de noiety. If it is desired to use a
| i ght so@0ce having a“Wavel ength outside of the photo- - 33 - absorption
band of the Wa|mlﬁjv‘or5-n, & adiat O sAhsitive photosensitizer can be
added. If the ponH= cont ai ns ti al |y {crosslinkghl- ghegPs. 4@tional ly
an initiator nmay b& Yadded to ini @ the crosslinking reaction, for

exanpl e in case the crosslinking eaction is not initiated thermally.

zs o&
O EtPhindNB 49
O PhindNB 50




In a preferred enbodi ment, the interlayer is post exposure baked at a
tenperature from70C to 130C, for exanple for a period of from1l to 10

m nut es. Wob12mprrsur e bake can be used to further pronpce/EPO@noseBi nki ng
of crosslinkable noieties within exposed portions of the polynmer. In

anot her preferred enbodi nent, the crossljnkable polynmer conposition
conprises a stabilizer material or noiéet¢ 1o prevent 15spontaneous
crosslinking and inprove shelf life of the pol yner conposition. Suitable
stabilizers are antioxidants such as catechol or phenol derivatives that
optionally contain one or mpr,e bul ky al kyl groups, for exanple t-butyl
groups, in ortho-position teg thephenolic OH group. 20 The physi cal
integrity of the electron® deki c€f6FaQbay el ement for the manufacturing
of nore conplex str req, #iélpg for exanple acti vBiOXEICNB baéﬂpl anes of
flat panel electrooptital |displays. Adhesion between the substrate and the
stack of the built-a e llayers should 25 be strong enough to w thstand

further Processing, |like for exanple air-curtain drying or wet-processing
with the use of organic ents. If the adhesion is not strong enough it
is possible that the buid{-agbove |ayer wll peel-off, for exanple in case

of air-curtain drying, ory-wll pe
when in case of wet pr%cessi ng th
| ayer by capillary forces|, TRi s |

pved over the substrate, for exanple

i S en nore inportant when plastic
substratqﬁ are used, becdusk Fh face energy of untreated plastic is
usual ly I'Ow so that adhesion f&rcgs aFe not hi gh. Possi bl e sol utions
suggested in prior art to gvercone these problens include nethods which
chem cally nodify 35the ce of the substrate, |ike for exanpl e oxygen
pl asma treatnment, or use trates pre-coated wth BE8NB onal S ayers |ike
for exanple - 34 - neta I ugjloryAns for plastic substrates. However,

met hods of chemical nodification of 8%g. dielectric polymers are linmted as
these maygnegatively inftQe helTgroperties, like for exangyse their
solubility, or may negat nde device perfofMNBe. 5 Therefore, in
a preferred enbodi nent thep vention a reactive adhesi on pronoter
is used in addition to the crosslinkabl e polynmer conposition conprising a
crosslinkabl e pol ycycloolefinic for formng the interlayer. The reactive

dhesi i St J ' i bl f
e o1, P oM AP 5he 1SR SADRL OHEYP gl bFsopedl ¢ ©

crosslinking w _per t 0 gq up 1n"the crosslinkabl e
pol ycycl @6l ef i Mty y'gn%r?”%rféls"éb RAhBhe ctGdameansuphemiient.i s a
sur f ace- act i ve'qgFrQumetahatpdnsaflapaphenyof ini subtsasilaeresand on “Oxamphearshen cal
bonding, with | ) [ YE] o adrage -deyj ce ssare for
exanpl e a 15 s%gest?{rjéaﬁ\?agg% fgﬁ%{w%?éjlr ying r&%%%ﬁ ?@Eg‘???@g?sc\eélnﬁafcjé?e\éghtog whi ch
the gate insul hecrbavgysiibfpenulapdwvingda mathyengrivridairmproupye Ctiaat i s
deposi t ed ont ocdviemtiyt B6hdatEto both the norbornene ring and a functional group),

25 including but not limited to 11-14, 16, 18, 19 and 54, it will be

understood that the methylene bridging group can be replaced by a

covalent bond or -(CHz),-, and p is an integer from 1 to 6.

It will be further noted that while 54 specific examples are provided
above, other monomers in accordance with preferred embodiments of

30 the present invention are inclusive of monomers represented by
formulae la and lla where at least one of R, R?, R®* and R* or RS, RS,
R’ and R® are hydrocarbyls, halohydrocarbyls, and perhalocarbyls,
inclusive of heteroatoms, that include, -(CH3),-C(CF3)2-OH,

35 ~(CH2)a-C(CF3)(CH3) —OH, (CH2)n-C(O)NHR*, (CH2)a-C(O)Cl, -(CH2)n-

C(O)OR*, (CH2)a-OR*, -(CH2)»,-OC(O)R* and -(CH2)n-C(O)R*, where n
independently represents an integer from 0 to 10 and R* independently



In a first type of this preferred enbodi nent, the adhesion pronoter is
20deposited on the substrate or layer on which the interlayer is |ater
formed, bwbane/depesition of the crosslinkabl e pol ycycl ecirafreoiiiomo4sl yner
conposition that will formthe interlayer. The adhesion pronoter is
deposited on the substrate, for exanple by soaking the substrate with a

sol ution of the adhesion pronoter in a-23i+table 25sol vent and then renoving
t he sol vent. The adhesion pronoter forns a thin |ayer on the surface of the
substrate, optionally under formation of chem cal bondings with the

substrate. Afterwar he crossl inkabl ol r co Ltion is deposited on
the surface ofr%f)ﬁ%egﬁ%bi'&?lggncé\%ﬁéﬂ‘ %ﬁi’ﬁat%gel‘hﬁal%gﬁa{%’e&adhesi on

promot er. Aft eperhalegeaptest alkply a3ds6hovalkesy!, aHe-Enoslkynyikat=Cgz oups of the
adhesi on pronodylozakf 81CLOF &#YPSSCL-TkaRhRGRALKY 6F pethaiddgenatd@byyter are
crosslinked for exanpl & blg w eﬁgqosuiﬁed r}gﬁl |nta§rcli y accR{ﬁll ng to this
first type of ?Hézi%r“@[r%lky o 2 hplidehaiRd 95REMAdRNal E:Fé WHE'YY a process
conpri si fg t heExtraparppeealoggrased iatityl gnoupssinbbideabet atsr netinited tevi ce
:ayer, whi ch :ﬁiﬂPQFog?é‘tﬁVPltﬁ%hﬁbrq?ﬁﬁethy@-Q?ifse, -CEﬁHh@Sp&fdbﬂgrag&@ﬁmfg”ldUCt or
whioh 15 opt | ol aar belioraas SUPEBBIATASH 81 20F HAIRY BIHER ¢ sol vent s
b) if sol vent sinaludepbetanmet notriemited gpupai hvind trenfosmutehgCaby Cedryhispg a | ayer
of the 5adhesi ter t rfac r c) depositing a
| ayer of g cr of'gs)ﬁsq iRnkazgﬁ gjﬁ’%ﬂgcé%%g B .“ﬁ‘f’@%%’??@”@é@%’?i t %:)n, whi ch
compri sedUa crigdependamivesglestodyeiegsIeirm @ 198§ trp. A4 e%‘EJr Be# above and
bel ow and opt i @3pktiyvetpnBpesifisaby, salchantempiant perhalodenatedarnytl lpeospdst r at e
cont ai ni ng the Si r ] i e qlp(p{g ent,

removi ng said 'Sgej\?ghpgpa%n@&gwfeexdp%g?tﬁatﬁéérpg)ﬁ/%r‘%b?é?ﬁghgg yc351 ‘ool efinic
pol ymer to heaReallu@ioPANEYly adi ati on that causes crossl i nki ng of the

crossl i nkabl e gt omietiyiieeraiigséaafips@pbeayletiiyd, pereatuasphenpaddyt gr oups

of the pakycyc IR I thereby formng the interlayer. 15 In a
second tage oféﬁﬁkgﬁfﬁﬂg@e (r?]ee}j%gM'odi ment the interlayer is forned froma

Crossi I nKkapl e po nMer conposition I C Cco rses a Crossi i nkapl e

| i nkabl e poly Mposi t i whi ch conpri | i nkabl

pol ]ycycl ool ef i nihfle RRIcYMRYrMANA |, a8, Htﬂmslil@,naﬂ)wemtﬁiacadﬁithé\sebmﬁrlnééi ng a

surface-active . : . C. ! oup

capabl e of cr oas'i(rg%ﬁ%rﬁ@%vhﬂg%_ﬁéﬁy%@gﬁ?ﬁé%g‘?éégllrégettyp\g't%#&'hg%c%?ggs fi nkabl e

pol ycycl ool ef i s M el e ae ) ond type o
| | ool ef | #MSigne strieit sheeld ke aetesctbat apmerally earh ofdbe ond i

the pref@0red Qahefei®NiniEsRindtc1ed P LIy, e DbESRES a8 AUIRStePddIgetibie St eps
of a) 25deposit or_.ont o ichis for

exanpl e a gat em;ﬁggﬁggbg? %é@@ﬁ%{rgg@g%%w&%?%q 95,‘3’&/& ecjo g%é%%,\%&'}gr ode, a
| ayer of a cr owrits. Asabeeexoolapdeendoigpuners ofsushniasteregmarc aiktiyesn

promoter, a cr@sphavksiiypdtisfartppop&ties] & sROLIMMEE fudihbr yndersepl, b)
removi ng the St%l

t d t he | r of,.th I 3
conposition to ﬁggPefSVgac?f“ic%?‘ﬁ')ﬁ%ggﬁl nﬁh@nperteﬁggte@é{ggté%n %F%E‘:ﬂydiréﬁ{?i tﬁge of the
crossl i nk&bl e agvantegedf sheh diffessncas by osingenoasmetshthat pos eithekabl e gr oups

of the pol ycychaaliRf 6Ms6mBd s ritRe 8RNl BleNéxtd Rfenldbt Adnd¥Clor akd t he
above processes of .t ne first and second Iypne o,@ PL ef err ed
essentially the pure advantageous isomer. For example, see Example

A7 and A16, below.

30 Another preferred embodiment of the present invention is directed to
polymers of Formula | that comprise repeating units where one of R™,
for example R, is a fluorinated or perfluorinated alkyl, aryl or aralkyl
group as described above and the others of R'* are H. Preferably R' is
selected from one of the above subformulae 15-26 and more preferably

35 from subformulae 16, 17, 18, 19 or 20.



35enbodi nent, optionally a further device layer is deposited onto the - 36
- interlayer, for exanple as described in the process above for the device
of Fi gur ewB,202/028278r 6. The use of such reactive adhesi enTmproomies281i n a
crosslinkable 5 polymer conposition of the present invention advantageously
can inprove the adhesion of a layer forned therefromto an underlying

| ayer. Thereby, the adhesion of the |nré?§ayer can be inproved w t hout
10changi ng the polymer used to formthe |ayer and potentially negatively
affecting the performance of the |layer. The surface active group of the

t dh f e i
br of er b1yt hoSoPRLLSiied A BegrBA R indiee R EniBh ' SARBREH BT,
- Si R12R13K' -' 1m9lyarers of Floamtieel t@abbpvoreneﬂim@mm’m \ahem@ ri RRY 314,
wherein R12, F?é)?sarafarké Rl“is%r;ﬁuﬁaﬁébcltmd%@%ﬂ%%lﬁhké(blé eJreap e deserbeal ogen,
0

si l azane, Cl-Cl C C12 lak 0 nal substl ut ed
C5- C20- a\rl%l oxy 51?1\63 8 %ﬂ%%ahex';s §’u ) %ﬁ@cﬁ%ﬁe @EB 'ﬁ ?@R Siﬁthogﬁd wher ei n
one or t of Rione piithepakoue mbrfonnylaal2s705a@rmdtreocelpeiew@w<9$ shopni onal |y

substituted CoLibfomhilaeCia, ast BBN8Y langsidstituted C2- C20- heteroaryl. The
crosslinkabl e group of the reactive adhesion pronoter is preferably

selected froma nal ei mde, a 3-nonoal kyl -nmal ei mde, a 3, 4-
25di al kyl mal ei Andther pnefepedyembodinmyit, of &ime poasteptt jnmtibnderdjﬂept@ toi nnamat e

or a coumarin EBI?Q‘R@rs%? F%%HH Fthat §é”Pé;SéétH1tge&’rnEéer&%JQ§é iof piedigyal ei m de

portion, 1 epoxi yt.ion, vin t1an, ci nnamate portion or a
coumarin porti SHamE ry‘sﬁ'r%cf Cle Siﬂ‘i}/’ ”%GHB@WB’FV 5RERe ACPOXY ¥onpound of
formula 111 G éligddthylenbexgimi@yias desuibbdaboretandethgrathprs pf Biérably as

defined above Gé‘ﬁ'ot%ﬁgeﬁ’%raﬁl RS @a%‘a@# Esl%%%n% %@%Bd% Spacer or

bri dgi ng group, cross I N e gro rp g 'y as defined above
and bel ow. - 8yblormulae 9y1ds apdgeperaly, i FybéemHR % or mul a
-Si R 2R131- < -' 14, or a group of the forrmula -NH Si Rl 2R13. -' 14,

15 Another preferred embodiment of the present invention is directed to a
polymer having a first type of repeating unit selected from fluorinated
repeating units as described above and a second type of repeating unit
selected from crosslinkable repeating units, also as described above.
Preferred polymers of this embodiment include polymers having a first

20 type of repeating unit selected from subformulae 16, 17, 18, 19 and 20
and a second type of repeating unit selected from subformulae 34, 35,
36, 37 and 38.

Another preferred embodiment of the present invention is directed to

25 a polymer having a first type of repeating unit selected from
fluorinated repeating units as described above, a second type of
repeating unit selected from crosslinkable repeating units, also as
described above and a third type of repeating unit selected from polar
repeating units, again as described above. Preferred polymers of this

30 embodiment include polymers having a first repeating unit of
subformula 9, a second type of repeating unit selected from
subformulae 34, 35, 36, 37 or 38, and a third type of repeating unit
selected from subformula16.

35 Another preferred embodiment of the present invention is directed to a
polymer having more than three different types of repeating units in



| -K wherein R12, R13 and R14 are each independently sel ected from hal ogen,
sil azane, Cl-Cl12-al koxy, Cl-Cl12-al kylam no, 5optionally substituted

C5- C20- arwbar/@safsopt i onal | y substituted C2- C20- het er @a@myEHPRXI /004281
wherein one or two of R12, R13 and R14 nmay al so denote Cl-Cl2-al kyl,
optionally substituted C5-C20-aryl or ?E?I onal |y substituted C2'
C20-heteroaryl. 10P is preferably selected froma naleinide, a

3-nonoal kyl - mal ei m de, a 3, 4- dial kyl mal ei m de, an epoxy, a vinyl, an
acetyl, an indenyl, a cinnanate or a coumarin group, Or conprises a

substi tuted or,4silasid bith #brARIF) B AErRGEI HhotABr si%aré@ portion, a vi nyl
portion, a cinnapate portion abI

¢ o
sel ected from ‘?’@E?S"ﬁ“e’(@fﬁ'}‘e p(?ﬁ%—ﬂvﬁm?@ ﬁlree%t)ona Boﬁ)'r & %rlen% EHZ) n,
(CH2) n- CeQ4- ( Giid) polyﬁ@ﬂ?ﬁa\nr@@ﬁ@st(ty}@)ahrexmbtnj(go.)mmn aduordancechith i s

i ndependent | 6, Z
' ndependant | g Eﬁrrﬁlﬂéqg%é s%%ﬂ ‘{ﬁer Pa\hﬁ agy Ibﬁgﬁ%ﬁf't‘rgf fy‘b@é‘f ICZQIO s

cycl ohexy! tha'teﬁe§t‘§9tb‘§‘ﬂt|§’1§‘t%839\?'ﬂ 'ieQePHB%HQHd%ﬁFPQr ancﬁ%'&l—l’& CF3 or
OCH3. Sui t abl eFameular EfAterestivadyrpocin goyneerdebrdd ednfemomnfpassntth@ Al : 25 30

R10 R" Al whe | ' ' IS as
defined above éﬁ&%gﬁﬁgﬁgﬁ%@ §°'§“ﬁ?’%§§éqﬂ§‘c |n fadagﬁg & mf%rr a Cl-Co6
al kyl group. EBPWDEANP\OTRRELYPRS OfFRPEaVMNItS B BFFoT0g n&@ﬂ' Hput yl -
ﬁS(SI (OEt)3 tDNMth&Uﬁrlé'feréSIy(Q‘/Bh%olﬂéﬁblbﬁdybab%r(c@vﬁ)a%s the 38 - As used
erein, e ter cer in rou

e knowl ot ABTERENT e alERtye SENPETEE s EHth die *‘%&?@ O
(2001). 5The gsecqndapolgmer daximgyt a%mbrcp% qfirgagat l@lltSt'@ 35944 ﬂ&ﬂ‘é He or
branched C3 tofpggfuidlkyl ene or cyclic C5 to C30 al kyl ene, each of which is
unsubstituted or nono- or polysubstituted by F, d, Br, 1 or CN, wherein

optionally one or nore non-adjacent CH2 groups are repl aced, in each case
i ndependent | y Anothesmeetemedremboginerd.of thespresagtinventiends direcied1ior1 s- |

-C(0)-, -1@ 0) 04, po1yn19|(¥r‘£\ﬂ%g at 1é¥st @heQepeatukit M accorfafde With Foehi@rt or
G- EC_ 'ns Crrmld at least one repeat unit in accordance with Formula Il where the
ratio of such Formula | to Formula Il repeat units is from 95:5 to 5:95.
In another preferred embodiment the ratio of such Formula | to
Formula Il repeat units is from 80:20 to 20: 80. In still another
20 preferred embodiment the ratio of such Formula | to Formula Il repeat
units is from 60:40 to 40:60. In yet another preferred embodiment the
ratio of such Formula | to Formula Il repeat units is from 55:45 to
45:55.

25 Another preferred embodiment of the present invention encompasses a
polymer blend of one or more polymers each having at least one type
of repeat unit in accordance with Formula | and one or more polymers
having repeat units that are different from norbornene-type repeat
units. These other polymers are preferably selected from polymers

30 including but not limited to poly(methyl methacrylate) (PMMA) ,
polystyrene (PS), poly-4-vinylphenol, polyvinylpyrrolidone, or
combinations thereof, like PMMA-PS and -polyacrylonitrile (PAN).

Examples of suitable and preferred norbornene monomers, polymers
35 and methods for their synthesis are provided herein and can also be
found in US 5,468,819, US 6,538,087, US 2006/0020068 A1, US



manner that 0 and/or S atons are not linked directly to one another. R18
and R19 are independently of each other H, nethyl, ethyl or a C3 to Cl2
| i near orwbramahersal kyl group. 15 Preferred groups A aCce/EPLGHD){81

- (CH2CH20) p - CH2CH2-, - CH2CH2- SCH2CH2- or - CH2CH2- NH- CH2CH2- or

-(SI R18R18-0)p-, with p being an integer from2 to 12, q being an integer
froml to 3 and R18 and R19 havi ng t he -é8ami ngs gi ven above. 20 Furt her
preferred groups A are selected from net hyl ene, ethylene, propyl ene,

but yl ene, pentylene hexylene heptyl ene, octyl ene, nonyl ene, decyl ene,

undecyl ene, b@é@?? ?@ﬁ%%&f@ﬁﬁ)ng? X\Xﬁltcﬂyal Eﬂﬁc?rﬁ)olrated

nethyleneoxybu ene ene ene-
25i m noet hyl enéto ﬁ"ﬁéph‘jﬂaélolﬂymetﬁéerﬁlﬁerﬁﬂf@ﬂémqi?o%’tﬁwpbﬁ)e and but enyl ene.

fThe synt h|eSI s pdlymehgstions Wd&@@&éé &n{mdt;hng @sapqimftfawwi@n Metdls di scl osed
or exanple i er I

for exam e | et G Bt SIS AL S SRR e
nore repfating units, preferably of formula | or Il, having a crosslinkable

group, and thﬂlﬂ@bélyh(é?@rﬁﬁéﬂnde?ﬁ@bfiﬂﬁ @én?ﬁ%htléﬁ%r@f&mhhwﬁ r which
is a conmpound conpr,i.sin abl e funct roups that

are capabl e of? P"’(?é%%%&gwq Hwo([?%%ﬁarwgtgh?(@ gb‘ﬁt '%ﬂBBroé’r'Gf%kfbﬂtﬁ' 8?1% sai d
repeat i ng uni tGehetahg, pdlyfrem 5,000cb\a0e:, 0@bisfosndiappropniaterfdesome i nprove

the processi ngerﬁﬁoallﬂ?erftk'r\%ilé’ﬂﬁfloth@yg oaﬁﬁeﬁtg%thé‘rt ﬁlgrrhﬁ%e§%fantﬂée

el ectroni,c devi I'S e5| ra ecr eas for the
process Wil e %i"éa& PIF VIS | %Pé@ﬂ?ge't'ﬁea PR F"B’f%’ﬁ'@?m é|§3(91° ¥He' | ayers
bei ng forned. RA4s 8 Maof deleaat 30,800¢cd hilbdm enetldes@qelfemedlembodlmd tbel vents

used in form “&olgh'\%?h!a%ems R 12RO 10 ARGt efé?ré?)o%m@'o% each

ot her. Were s rthogonal i t t to obtain cross ng,
typically W ¢ SééqﬂeﬁWFﬂbo ‘&efﬁ/‘?'ﬁfi‘efﬁr‘i&isdwap #2Q,8p0 tWhH%k'éaEBE}?rh rs
| ayer insol ubl @referrd?d esdpeihehbthehdppeolliyrieof thenuognti'sMpfs @p second

functiongk | S 1)' ItRhl?B%g.ghd%Pé’tobethé&?ﬁé‘e gh atpﬁ?%;g{age% Ste%eof ei ther

| ayer on the o processi ng
can be done for“"éB&%’Prﬁ Besdesiiad poysicd Rfea?”'ﬁﬁ in thr e4ced pplymerdilifieasi ng t he
ti me needed folayéld arstasdtinmdsi degiveantheesfeoth] ieisea design dhoichandanls adj ust ment

of the dielecty )ng’%id’lﬂﬁrthé’ arﬁ’g{esﬁgf’d‘\&f‘e% ét?b %ﬁ?ﬂﬁ?ﬁésc@%‘%‘f"?ﬁ@“ chemi cal

nmodi fications ric rs are ecause
sensitivity i spﬁeéﬁat '@Meﬂ'ibo%ertal n properties of the polynmer dielectric, and
for exam@le changes towards increased UV sensitivity may decrease the

Goul d i nct easel HEARLL BB FpPERHoned pF AR comiosiitsode W2 AnG (his
cause undesi ref@rr@mg@mteﬁaww@wde&d@r@acttﬂgean insulating layer lﬂ an
electronic device, in particularin a FET or an OFET. Preferably, the
insulating layer is a gate insulator layer or part of a gate insulator layer.
25 In another preferred embodiment the insulating layer is a passivation

layer or part of a passivation layer.

Preferably the polymer composition comprises, in addition to one or
more polycycloolefinc polymers or polymer blends, a casting solvent

30 optionally having orthogonal solubility properties with respect to the
insulating layer material, and optinally one or more additives selected
from crosslinking agents, reactive solvents, stabilizers, UV sensitizers,
and thermal sensitizers.

35 The present invention also relates to an electronic device comprising,
or being obtained through the use of, a polymer or polymer



pol ymer dielectric. Therefore, in a preferred enbodi nent of the present

I nvention the polyner conposition conprises one or nore crosslinker

addi ti veswoSodn2saddi ti ves 30conprise two or nore functi ecalEpgeioopest hat are
capabl e of reacting with the pendent crosslinkable groups of the

pol ycycl ool efinic pol ymer polyner used tc} formthe interlayer. It wll also
be understood that the use of such cros€/inker additives can al so enhance
the crosslinking of the aforenentioned polyner. 35 Crosslinking by exposure
to U radiation is preferred. -40 - The use of a crosslinker enhances the
ability to pat : i : an, | W se exposure
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preferably theidehfAEAtdHERFID) 564, Feraskafipl€ Ot ahdistordnadfe thiRudh thePl V1 15
R _nC(A"-P)m V2 wh - X . ' | e bond, A"

_ frEIEY |sA-Xt.-A Xd.ISO S NHf.raglng
i s a single bo'RF 8F2RONSRFEAMRgS AR ALEerding 1 theRrssent MNEMIMAL: i s
preferably sel depietedfsahenzdicglig)n FigtHRs-3, &+5GH)H6( CH2) , (CH2) n- 0,
(CH2)n-0-(CH2) n, (CH2)n-C6QLO- (CH2)n, and C(0)-0, where each n is
I ndependent |y an integer, fromO to 12, p is an.integer om1l-6 Zis
 ndependdlt 13 Fwing-noudebs meceyprarbeioFrscriobre duind FWE 4 1 o o
i ndependent | y #&piBt scliédnatic-@poesedaiionsaofitop dratbottemrgataiongant fife@‘ mul a |
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Expoct ai 'y pr CHENFEa! EIGHIGAARE SIGRIRINSISIDRPSIsalet - SWTES 200
DWM - hexyl - DMMiraimkbkecsipdesn(2)gseupcdvidyntaf layab(3), dateodielectiicmzyer (), t o C30
al kyl ene 1gr gate electrode (5), and second insulator or protection layer (6) to shield

the gate electrode from further layers or devices that may be later

provided.
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Turning now to Figure 3, a schematic representation of a top gate FET

20 device in accordance with a preferred embodiment of the present
invention is provided. Such FET device includes substrate (10), source
and drain electrodes (20), semiconductor layer (30), gate electrode
(50), gate dielectric layer (40), interlayer (70), which is derived from a
polymer composition encompassing a polycycloolefinic polymer or

25 blend of polycycloolefinic polymer as described above and below and
optional layer (60), which is for example a layer having one or more of
insulating, protecting, stabilizing and adhesive function., and which is
disposed overlying gate electrode (50) and interlayer (70). The
interlayer (70) can provide improved adhesion to gate electrode (50)

30 and/or to further layers coated thereon, like for example optional layer
(60).

Another subject of the present invention is a process for preparing a

device, for example as illustrated in Figure 3, by a) forming source and
35 drain electrodes (20) on substrate (10) as depicted, b) depositing a

layer of semiconductor material (30) over substrate (10) and source



5branched C3 to C30 al kylene or cyclic C5 to C30 al kyl ene, each of which is

unsubstituted or nono- or polysubstituted by F, d, Br, | or CN, wherein
opt i onal lyoaoe/s2780r e non-adj acent CH2 groups are repl acegpimoeash case
i ndependently fromone another, by -0-, -S-, - NH, -NRL18-, -Si RI8R19-,

-C(0)-, -C(0)o0-, -0C(0)-, -OC(O) 0-, -$ 10C(0) -C(0)-S-, -CH=CH or -CC
in such a manner that 0 and/or S atom; -24%- not Ilnked directly to one

anot her, R18 and R19 are independently of each other H, nmethyl, ethyl or a
C3 to Cl12 linear or branched al kyl group. 15Preferred groups A" are

CH2 , CH2 NH- CH2CH2- or
§S| RI)gR19 (()) p@’%@%ﬂeﬂ) (ar_%é (39)'|‘Htcg(;’ P%ﬂgoﬂza?'ef 8f f'e$8g%8"3n i nt eger
from1l to 3 andORDS mcmgumvlaygrt(% o depagitingia/laendbinéeri@Fur t her

preferred gr oumte‘hal e, Wl@?b@ﬁ’!pﬁ%@ﬁr‘arﬁlwcﬁtﬁefnﬂb fwuﬁﬁer oPaOPY! ene,
but yl ene, pent ene

undecyl ene, xme&qgeexdggﬁ Bl%'gmr@ﬁé"pﬁeqﬂﬂ %91%85! gtﬂpglﬁgyaoble?mcy one

met hyl enéoxybupqiymee Asatevgribad-aboiveetrdybeloe, on dlelectrlc layer (40), e)

et hyl ene- '\l‘nEtfi')lemd zE‘l‘éeéIQWr@@@(Sd) cW?EhDé'aél{ 5}5'0% of{HeSRYrfRr (70)

25pr openyl ene ang nf? 3}/8 Qﬁg sI I n ers i ke those of
formula O is & 9ePiSiedy ang QRHHB?I RP et gr 15 % her conponent s
or functi onal daxzqmplemflrtshlatmlgeand/onpmtelﬁmmand/br ktabulmg;abdtdrate the gate
and source and t ayer (if
used), ca@ be %@f%&%e?@?oéﬁpgfes dar e%?%??g‘ﬁ%ﬁﬁﬁ’%ﬁﬁqﬁg“%ﬂﬁz?gcm ed and
applied t t he(/®vi ce by standard nethods. Suitable materials and

manuf act uri ng nmet hods for 35t hese conponents and | ayers are known to a

person skill ed'l!;br'?nﬁ@ﬁoﬁrﬁ) ﬁpﬂrf‘ﬁea%@@ 'pP Hg'a tbg?;alté tF‘E’Ta%MBE dirfr &GPl ary

deposition net S _previously
described as wiBl3CCREINGEWitRth Q/Rb%?re"ﬂé"b‘&'!tpﬂdﬁ scle/mp ‘6?'%%?%?1%1 vapor
deposi ti on netwhdnd @@eeaecﬁm(ﬁml is epbeitédbatogate diéleatriuiager 4@ | ayer,

for exanlse a Qé‘fto?e ﬂjog (t'76) Qinf\?/ﬁkpeon}%u&!‘nﬁf c&f'i\é% Pis”of%ﬂ@%e@r i erred

el ectronic devic inventionis froml
nm (in case ofa® %Fﬁfﬁ%{%r‘? in Figurepsy I n ot her pref erred enbodi nents such

t hi ckness ranges from1l nmto 1 pm and in st|II ot her preferred
10enbodi ment s t esse [ ranges of
t hi ckness are conméeﬂg%j 3" d"{érrﬁtjs??aé%B ?nV% EBEC%%(% %f% %n]% resent

i nventi on. Varemp@LHmwstsﬂea Flayred I&:é@m%by awéoqsm a%dss@mbeﬁ Qrhe
el ectroni2® 15dgel @@@&bpmgm@t@bm whe@ faRSAB8EtrodY (BT)i 9 fornisd pAXALP! € gl ass

or plastic material.s ar St of d. Preferred plastic materials
i ncl ude, but 5 ﬁnq rﬁg{@aerrga eé'a resins, allyl esters,

benzpcyclobutenes, but adi ene- styrene, cellylose, cel l ul ose acetate,
epoxi de, epoxyRBfRIriAghow & FiguRE S, GhbBegrifdried B pajdtyIFne

embodiment in accordance with the present invention is schematically

25 represented. Specifically, the FET in Figure § is analogous to the
FET embodiment of Figure 3 but for stabilizing layer (80), not shown
in Figure 3. As depicted, stabilizing layer (80) overlies interlayer (70)
and is positioned between interlayer (70) and gate electrode (50).
Advantageously, stabilizing layer (80) can serve to improve the

30 structural integrity and durability of interlayer (70) by reducing
cracking or wrinkling problems that may occur when heating the
electronic device to or above T4 of the fluoropolymer, e.g., when
providing the gate electrode on top of it. Stabilizing layer (80) can
encompass a curable (i.e., polymerizable or crosslinkable) or cured

35 (i.e. polymerized or crosslinked) organic material. As depicted,
stabilizing layer (80) can be overlaid or coated with optional layer



20copol yners, ethylene-tetra-fluoroethyl ene copolyners, fiber glass
enhanced plastic, fluorocarbon polyners,

hexaf | uorwpropyi2ezrevi nyl i dene-fl uori de copol ynmer, hi gh @®#€emgPe11/004281
pol yet hyl ene, paryl ene, polyam de, polyimde, polyaram d,

pol ydi net hyl si | oxane, pol yethersul phone,sgol y-ethyl ene

25pol yet hyl enenapht hal ate, pol yet hyl eneterepht hal ate, pol yket one,
pol yrmet hyl met hacryl at e, pol ypropyl ene, pol ystyrene, pol ysul phone,
pol yt etraf | uor oet hyl ene, pol yurethanes, polyvinylchloride, silicone

rubbers, and sig0)c@nrs, avltRseripsd nebvkyheta@h@rcﬁnhbrwbﬁﬂneula@iﬁbyl m de, and
pol yet hyI enenaé)'lgtg%k}%é%ga f)Zﬁ’r'%ﬂﬁ \}F% ?tféound nost 30appropri ate.

Addi tional ly, Tht invention the substrate
can be any plastic, netal or glass rraterlal coated with one or nore of the

above |isted nEhEéblé'rﬁate'r’blsV\#dr |stélﬂllzirﬁ|§1ﬁ)@r?9@) érléaéllld:d’hé ﬂersrﬂsﬂguéﬂﬁg a
substrat% rreth ) _guc as, extrud n€ I&%I g %{%cﬂ %[?I h t ochem cal
t echni qués can® oé 16‘?&8%"8‘%?0 ! e rﬁfs Bl at ?ﬁé'é ¥OF: devi ce
fabrication asbutarg notwetitedat, polysilessqidoxanesaas desasitteddior exampigin ¢
;:{T‘ecoggﬂfggralgg@?g?'ﬁ%”cewgérda@l Qﬂ/’%ﬁ&@l@ sInIs%E m&%g% Br tHEF 6|03| rrggtes
in accordance RFGSHTEHR | ﬁ%@@d’f‘af‘%ﬁ@iﬁf@ﬁ 'é%lrﬁisé 8@B8§|“? 'eﬁgpr]%e'd by

| i qui d coat i ngMostis\illegPA,pd8H) such ps HamdBil™oAMs @ formodationgef @r by physi cal
vapor depesi “.9& E%Qzﬁmxaﬁeﬁ&ﬁaig.zaworn &'ﬁ‘rﬁﬂ%‘ré loPAIcdoHYIL) tﬁ@mmgﬁau Sui tabl e

el ectrode nater ositi erson skilled
inthe art. Su? El%g aéng eOfL ‘ergesies (?r E@é“er\‘/ﬂ“l%%% OIM&R%Eat i on,

i norgani c or oNMgterials iedt.cYilsdrs, CDrU8BAsosh Be A B400Hardenat B & §H 700y
el ectrode matef F’dc%a'tﬂcérlgﬁcﬁ@%é‘ﬂ'&h%ter%% ¥0¥h %9'(9R65ng8 m doped

conj ugat ed pol rrers |sperS| ons or pastes of graphite or particles
of netal such Wg'%'"%':ew’s WE: O 4Rk mixtures as wel | as sputter
coat ed orlSevaporated 15 netals such as Cu, Cr, Pt/Pd or netal oxides such

as indiumtin ?Hé%ﬁrédlgg} cu%&ﬁ%ﬁéﬁél% lskdbil |ﬁ§%y%gé§0fmyg’c§ﬂ¥jbe used and

deposited fro m con nmet hods for
appl yi ng the 2@@5%@6rsraa&qﬂventa@éremawlﬁﬁoévﬁmmwgai P e Riice with
the present inused farnhe amatedaksef intdrkgef (70N Exanpieon®ich oahsgedl net hods

known to the pg&légﬁsﬁh&lhhﬁdbu{' rter\'?qt%';'rlilteaat%dPﬁ{at%oq%?\(arlgggr%f)?ﬂof H"?le

|iteratur T

anor phou@ Sil i %@Ht'om%ﬂ‘@é‘r@%ﬁ%ﬂpﬂ wate the deyicams qﬁﬁoylbiema&swezamy t hough

mat eri al s suchb@@mmmelmrdet@mnﬁg{a@hnm dﬁ@rg 8@h as zinc oxide can
al so be enpl oyed. Exenplary methods of depositing an /or forni ng

sem conductor |ayers include CVD and PVD technol ogi es. 30In case of OFET
devi ce enbodi neuténgnowrHe fjguse Bt aibeliem pate, FERén aepprdance with

another preferred embodiment of the present invention is depicted.
25 Such FET includes substrate (10), source and drain electrodes (20),
semiconductor layer (30), gate electrode (50), gate dielectric layer
(40), second insulator layer (60), which is a passivation or protection
layer to shield the source and drain electrodes (20) from further layers
or devices provided on top of the device, and interlayer (70), which is
30 as described above, derived from a polymer composition
encompassing a polycycloolefinic polymer or blend of a
polycyclolefinic polymer as described above and below. As previously
mentioned, interlayer (70) can provide improved adhesion to further

layers deposited thereon.
35



conductor |ayer is an organic sem conductor (OSC) |ayer and can be an n- or
p- type OSC, which can be deposited by PVD, CVD or solution deposition

nmet hods. Wwoheri2sEsOSCs exhi bit a FET nobility of great ecTiErasn1bs4b8t 5

cnRv-is-1. - 44 - OSC enbodinents in accordance with the present invention
can be either OFETs where the OSC is used as the active channel material or
organic rectifying di odes (ORDs) where tHe-OSC is a |ayer el enent of such a
di ode. OSCs for such enbodi nents can be deposited by any of 5the previously
di scussed deposition nethods, but as they are generally deposited or forned

as bl anket |ayers, .solvent cqated nmethods such as,spray-,_ dip-.. web- or
pin- conti g af B AT RmETHonE At Bt RS P S yaBr Bl 2B dheafhr e
processi ng. Hosehjert ofdBepresentyevertssi t ed by any |iquid coating technique,
for exanple ink-jet deposition or via PVD 10or CVD techni ques. For sone
preferred OFET_enbodi ment he. sem conducting, |.ayer that, i rmed can be
a conposite of DERBS! Pnr?(S'rdZdrof}‘j"PW@ é?atﬁ@q%Yeraﬁ e?télx‘ﬁu'ie;?pcgéhﬁﬁ:é—'oaﬁg

seni conduxt or sOFE]T emparimhentsdn pecoiance@ittather praisentipvention abexanpl e be

m xed with an prdrR@IyBbAbInded LSINACYIGSH BroleRLig teEh&qlie®vHdig | ayer. In

some preferred enbodinents of the.i nv'_entl on, nul i E@ﬁr sem conduct or

| ayers are useSUCTEEChRIQUSS e RPSSiRie| Rl examplegfgr P& Yr 1 ayer can be
deposi t ed near comeogitibe aliachatdrial ctypitiadly faasdutiordeacdmpassing@pedor egi on can
additionally b adi i I Ash.cql C materi al
enpl oyed 1foor eﬁ‘g%??% I éegg%?gg'e%g% ﬁgﬁﬁiﬁég@i@r@gaﬁg %et-!;ﬁﬁ?% pr esent

i nventi on tan REhAIAresIhpLipStuste. byt acainet limiged & H1piceatipg 3Rt i ¢ nol ecul e
contai ni ng at teatitg, ik 2 p2ibéingnettec-presygsrinting, Semerpprdtery, @dcésrbodi nent s
of the presentj ikan, > GO0 s "o o ; from5-,
6- or 7- rrenbeP'e?g‘\_égénglrtr@pi E:&”Iréﬁﬁ@&%ﬁ%kﬁ_r%{eﬁg&hgﬁgf%ﬁ%g@r‘ﬁggéﬁﬂent s the
OSC cont ai ns aPBRERS.dlexpapPhiePEBtIRG Wek Rrigting,srEaneRBERSP8Bati ¢ ri ngs.
The OSC nat eri abatiray, dogad prottmge followdeédbyreite evagiarayior bf tiROsoleknti ng

m xt ures,qgli sp i@y&, I f s, oligoners or
pol ymer s.wléach(eaﬁ)r?"I he @?gh’ﬁts?’gqﬁ %’%Igﬂgﬁ f%reé%@_o%p?ﬁ%ggﬁ%/ contains one or
nore hetero at 8aBicondgetasdnatesdl. a8 interlayer mgterig) angkanQrganigr S, general |y
35from N, O or digledtiic iMetérialtdih @achBé idepbse® ofeyrniEr BpEpianaddtingsubst i t ut ed

wi th al kyl, al V. y hj . l. - - substituted
aryl groups, hﬁ?%%gerﬁ?f?m%gﬂél’ agéi“lr‘\. ?{éiél‘%”ﬁ?‘{"r"@f%r'”%h °c§8??ona| |y
substituted seapp@@rigteto therdevigs baingyfosmerde or aryl ami ne represented by

-N(R15) (R6), where R15 and R16 are each independently H, an optionally
e, Kb afl R e R L BN, sotBb BBl 22 KoY
these may be opnd @mpipyinglaselution ef ongles marerafitba tiodyieer eirpelwmes ri ngs can
be fused ringsprindsiddk@shonbiel aboveHOBEIBW ihi dHE HIIMBFOBRaMHE BoRents,
A1) =AT2) -, sL_ch—gélgéhts_aNrg%%%felraf)wzsl\é_lécted from, but not limited to, organic
25 ketones such as methyl ethyl ketone (MEK), methyl n-amyl ketone
(MAK), cyclohexanone and, ethers such as butyl-phenyl ether, 4-
methylanisole and aromatic hydrocarbons such as cyclohexylbenzene,
or mixtures thereof. Preferably, the total concentration of the polymer
material in the formulation is from 0.1 to 5 wt. % although other
30 concentrations can also be appropriate. Organic ketone solvents with a
high boiling point have been found to be especially suitabl and
preferred solvents where inkjet and flexographic printing techniques
are employed.

35 The interlayer (70) should be applied with an appropriate thickness to
provide sufficient wetting and adhesion for any additional layers coated



10(R)=N, -N=C(R )-, where T1 and T2 each i ndependently represent H «,

F, -C=-N or |ower alkyl groups such as Cl-4 al kyl groups; R represents H,
opt i onal lwo=uotzag178t ed al kyl or optionally substituted a&cylep2éanvdzer, where
R is alkyl or aryl can be fluorinated. 15In sone preferred electronic

devi ce enbodi nents of the present invenghon, OSC materials that can be used
i ncl ude conpounds, oligoners and derivati'ves of conpounds sel ected fromthe
group consi sting of conjugated hydrocarbon pol yners such as pol yacene,

pol yphenyl ene, pol y(phenyl ene vinyl ene), polyfluorene including 20oligoners

of those conj ugai&sh WhAlE HoRhRGAHPAY ¥FBERNg AERIHETHRA rALARB! iWhifdvieocar bons
such as tetracene, chrysene, pe tacqne, %Sene,, ryl ene, coronene, or
sol ubl e, subst?@ﬂ?@ﬂa%ﬁhi‘{}%‘@ﬁ "Hﬁr?%s@, UF?%Hﬂggrt{'@aHaQé' deYseilt At ed
phenyl enes suchunasomgfitiecspdafiy deyipe dejng magie arglityehaltiyiaté usBR)f,such
- sexi phenyl 6P td i: i X
(F:)onj uggt %dyhe'g %P (%Q?S [ ?@%gf@hg?grﬁ%%%%a%éd%ﬁg?%@ét%ﬁ !t}[ﬁ%? eﬂtgetrﬁﬁggﬁene) ,
pol y( 3, 4° bi sutrat pinfetedredthiginess)n thifangepf joraubia 1908 8a isol yt hi enof 2, 3-
b] L hi _opheng, owdrapahteyfosatsba’lcé devied eptodirentsodfxh@-presémtapbenton pol y( 3-
substituted s e t : siat
30pol y( N subst ElE B ciier sfBotHAEER SbRRTER i RSSIR L 3RRGE o o
bi subst it ut ed D@ PBP &M iHapRoRFiate- w%9rwiieﬁ%t909o¥9wgy% Ah%ix@épazol es,
pol yi sot hi anaptpidkpiees ranged Mayuhs hppropeitennd ke arepaltiindhewespetsft ed
ani | i ne) ,4qpol y{t;%-s ?éﬁtl .Eu t? I,iml l'ine), poly(2,3-bisubstituted aniline),
pol yazul ene, p ;Pd§ e', V%@ Yol i ne conpounds; pol ysel enophene;
35pol ybenzof uran; polyindol e; pol ypyridazine; benzidi ne conpounds; stil bene

conmpounds; triBETRRY OFBTSdrbbiRsent®imhtfordahce®ital ther@esent ihbentidr®r phi nes,
pht hal ocyani ne

s, [l uoropht hal ocyani nes.. naph I ni n
P o onadht o BreiaBRLERPIGh SRE Belc PARRIAD RRYRPMIFR 2 cubsti tuted
di al kyl, di ar ydietacticnatéeniait(cgntai dielertricl) Badng ararmittivite (et ofaz rdsoxyl i ¢
diimde a5d g5 @8R yidldctes’), SNsdlodblyh WoUIRIO6284 RdAn@omey! . diaryl or
bat hophenant hr B1EES gmiiB i nale renge S AN, iPeleraly from 1.7,
11, 11, 12, 12- t etor6yascvesrt fesddetochs appiiopeiateawdile in other preferred
ol Kyt i aryp puRies aYeiG My ARIPRE 0 K hprdbRutel In SuMhr Ut ¢
2 5 XV benzol Prerad B, 84 KiFsoh BPodlient 1a ActHATCASBEL 116 BRSOt nni que
of the 020 is weentiea promittivity sarigeoof fréra 216de 8.0 psfroand.Qdter 2 Gatas/es
thereof are |ipddeebdri tbtwgp%%tﬁa@é_e soluble in an appropriate solvent or

S.

m xture of appropriate solven 15Further, in sonme very preferred
enbodi nents in accordance with the present invention, the OSC materials are
pol yners or copgprefered FEI areh OFiflasmbodinenits imrecorizaatiwith the t s sel ect ed

from t hi ophene; at Sv¥htios b ' ne-2.: 5.0yl tionally
substi t utzgd t h?%ﬁggz%?é 9K ﬁﬁ%{%hgv tzaqgwfj???@@%ﬁ%ﬁ‘gﬁgﬁéﬂ'@t@u t ut ed
t hi eno[ 3,22- b] t $esFsRedabovs. faghe gate dislesttp hayss-ssich matarial s typicallyst i t ut ed
sel enophene- 2, &n drgdnic Anoadpudymeer SuipatEe eflucdpolyinsrsiirciude ofort he present
i nvention, the i i o) h as pent acene,
Letracene or anthy @h@%’*’%&?ﬁﬁ%@’%@gﬁi@%ﬁ B ORREEIRI e =
Bi s(trial kyl si $§mEERGiAllY pvaiahie foatQ@RES serieh(AsaliGlrRS). Jieflondiyny| )
het er oacenes, asrigt @iRswY of elyflon AD® series (from Solvay). CYTOP polymers
30 are described in "Modern Fluoroplastics", edited by John Scheris, John
Wiley&Sons Ltd., 1997, Chapter: "Perfluoropolymers obtained by
cyclopolymerisation” by N. Sugiyama, pages 541ff. Teflon AF is
described in "Modern Fluoroplastics”, edited by John Scheris, John
Wiley&Sons Ltd., 1997, Chapter: "Teflon AF amorphous

35 fluoropolymers" by P. R. Resnick, pages 397ff. Hyflon AD is described

~



exanple in US 6,690,029 or WO 2005/055248 Al or US 7,385,221, are also
useful . Where appropriate and needed to adjust the rheol ogi cal properties
as descriweaofamsmgranpl e i n WO 2005/ 055248 Al, sone enbedirmeraid/oed2s8t he
present invention enploy OSC conpositions that 30i nclude one or nore
organi ¢ binders. Unless the context cle y indicates otherw se, as used
herein plural fornms of the terns herein*re to be construed as incl uding
the singular formand vice versa. -47 - It will be appreciated that
variations to the foregoing enbodi nents of the invention can be nmade whil e

still falling w4Nin s REARE PUniHBRbIHED Fiffls af Ml BRirdce i scl osed in
this specification; unless stated ot hgr_ se, nay be rep acec? by alternative
features servi AFellBeetsabeAnm Y Fiaa8nSChO84: progs 286rghd 6206Rus, unl ess
stated ot herw se, each feature disclosed is one exanple only of a generic
series of equi . 1 f I r isclosed in
this speci f?ca#%'gg%gﬁ%zﬁtgh%rnég?%r%' %ég%@lpgcs”%§ %‘}t%.'%ﬁg};b@?d?'l

conbi nat iPons whlend atpalyast cempesiipn ascdesceibedrabovgrandobelewe rathas nut ual |y
eﬁzl usi vei I nf 9@?\@H&Lﬂe&ﬁwtittibhyetrfagﬁﬂ%rgﬁe(tﬁelbgﬁid MY RIital aﬁda;raatraalei rE@thI e to

all aspects o e inventjon, a u in.any.. in n,~Li kew se,
f eat urgs descr?%’gﬁ qfﬁye,{ﬁ#egrggﬁam%ﬂ%gm%iﬁsoeﬁ;m@“@ﬁ%&?-é@%gpme| y (not
i n combi nat i onyvhile#n pthegiprefepredagrpbedimants at laagerniiiero2. 3 e2 dasur es

described abovggemfSurid e bygrdphiatdiei r own right and not just as part of
an enbodi,nent of the present 1nvention. |Independent protection may be

sought for these features in addition to or alternative to any invention
presently 20cl| i apdefetied émbediment ofthe presenbinveadtioni sedosstinkable afet ai | by

reference to tRRSRAKIDIGRY XTDEES as Whé GhteAbfer mbtksldi dkbyg only and do not
limt the scope of the | nve t,g}gﬁ 25 A%)aglv F‘lnd beillow unl ESS st at ed

ot herw se perc@ﬂ?‘gaagntaﬁhgrifgrt {PESN f‘aﬁ absien 2 Fhssipae B e gi ven in
degr ees Cel si usrosShekadpalgmenfcanteerde & auprove aenet more Brapertesn ttivity")

refer valuges takrpif fréPGtr? @Al ﬁﬁé?rﬁg,""&Gn%b%tﬁ%%ﬁ@nic&lh%s}é@iw?%nﬁf the
surface energy refer to.those cal C%Ifo‘? ed from contact nc%lﬁg]lifsngas_ur enment of

the pol yners ate¥et i§istyity géthroaisdiglectns Bygr ppd e gle €WCeC. wendt,
"Estinmati on of Vehesusitatfla@edfprefererecgysiiikabdd polynsers atediometaropleAppl i ed

Pol ymer Sci encﬁ'losg%avilng’?ﬂéz)ﬂﬁc}réf‘f p étgrﬁ’fgg[ts Bﬂﬂ)i@ﬁf‘a BRRe feit gﬁé%ﬁ‘i al

35Tensi on: Measurenent,,, ory, ; fons (Surfactant Science Series
Vol ume 119)" biPose &hiRey d8A0{¢HAESintable, 9reup vV PrefdaRlInitsd; - 48 -
2004 (|1 SENQ@ O- fxmedhBmonbmerbapletted from suldébmulago2s-80t Angl e and Surface
Tensi on Measurenent” by Kenji Katoh). In the exanples that follow,

synthetic routes to sone exenplary . )
For crosslinking, the polymer, generally after deposition thereof, is

exposed to electron beam or electromagnetic (actinic) radiation such
as X-ray, UV or visible radiation, or heated if it contains thermally

25 crosslinkable groups. For example, actinic radiation may be employed
to image the polymer using a wavelength of from 11 nm to 700 nm,
such as from 200 to 700 nm. A dose of actinic radiation for exposure
is generally from 25 to 15000 mJd/cm?. Suitable radiation sources
include mercury, mercury/xenon, mercury/halogen and xenon lamps,

30 argon or xenon laser sources, x-ray. Such exposure to actinic
radiation is to cause crosslinking in exposed regions. Although other
repeating unit pendant groups that crosslink can be provided,
generally such crosslinking is provided by repeating units that
encompass a maleimide pendent group, that is to say one of R to R*

35 is a substituted or unsubstituted maleimide moiety. If it is desired to
use a light source having a wavelength outside of the photo-



5nononers and net hods for the pol ynerization of such nononers are
denonstrated. These exanples are in no way limting to the scope or spirit
of enbodiwenbr/izse7accordance with the present inventionpcigdoréinonakly, it
will be noted that for each of the synthetic routes and pol ynerizati ons,
general |y anhydrous conditions are enployed unl ess 100t herw se noted. That
is to say that where an exanple instruct33t+hat a reaction vessel is charged
with a solvent, the solvent is anhydrous and/or is sparged with an inert
gas such as ni trogen to renmove any di ssol ved oxygen. 15A. Mononer

Synt hesi s. Si S f Phl ndNB rnin 4.0 g, 0.16 nol
a%d 4- brom)pheﬂ °rH@|?'E)8Pﬁgr92? e'(ﬁr." E%VB'Ma?ﬂ%g%?éP\ﬁeagl liter :
3-neck round bpmmtosenbltltascbar(maﬁﬁeﬂl Heke polyREH)candainpikermvaliyn an addi ti on
funnel and a C&%’sﬁgi)éfﬁé gh&iﬁ”‘%ﬂﬁﬁén}’&ﬁ’%ﬁh HHBERB‘?ﬁuﬁaLeA sol uti on

of 4-bronophenyl orn rous t et rahydr of uran
(100 nL) was a e‘H°§'1"5W”§B [Fs‘”l%'@"tf%ed@ﬂm? ?%ﬁ]mﬁ Rss "ék'aﬁntly heat i ng

t he cont ént s. ofeaction RBnbt mstkated tmeximmdilyi n t he sol ution at boiling during the
25addition. After the addition is conplete, the reaction m xture was
refluxed for 1 hour. Freshly recrystallized 2-indanone (21.3 g 16 nol)
was di ssol ved ina 8Fﬁf9HPQlﬁné?‘é'mﬂﬂt @PHB?er'@YGD'Sg)O%r%PQHH%b@'Eﬁ‘i Hbaabove
Grignard sol ut ienpetatpeviicr.70ACtter130e, fstdixaintple iersa pefpHasfdront Metor eact i on

mxture vas 1 efd ifthekObodt athdE Halgl LARLLINY B RETHAG 3R N oht &t

anbi ent t%rrper a¢ure 1 C aC| | ed wat er
(1:1, 30d0n) eneplinking @f cepsshakakigdneigtesuithin experedspentiors of ghe 1 hour .
The red-orangepeélygrni ¢ | ayer was separated fromthe aqueous phase and
concentrated at reduced pressure to yield crude product (36 g, 74%yield).
The crude product was characterized by 1H 35NVR. The crude product was

di ssol ved i n t b argtBe{ pexfepd embosimestithencrosplioljablespalymes (30 g, 0.2 nol)

was addﬁf' to tb@n?bgmuh%ompr&%saJmllrz@aﬁtat@nalrar%ure@ V@ﬁré\/%fnltui(ed 4 off
overnig in a_nitr re. overni nt was stripped o

at reduceg pr eg%%ntgﬁgﬁ%s ?{10”%& ﬁ%\ﬂngr'g}%g\g%8??'£P%b?'oﬁhﬁé’aol¥@§ recrystallized
from et hyl aceeemposiligo. Sruotablg stahilizersarg @ntiowdaots sugir aslgetechvher yel | ow
solid was V\/?Shﬁﬁ'?rlmltdérﬁ@m?dé t@i%ﬁbﬁa"‘ﬁ&brﬁtatrﬁ@né bm&b%um‘y amyprl ess to
(Phi ndNE) nas SIAPROIEA2mPIB By NKRLPE B e R 1 st ook oo
10D cycl opent adiceipe (23.8 g, 0.18 nol) and all yl pent afI uorobenzene (150 g,
0. 72 nol powere prem xed and transferred to a stainless-steel autoclave. The

reactor was clgsed and three n| 0 ent cl es erfo by
pressuri zing t EePQé{E‘Pﬁf ?g”at)ﬂé?ulthgﬁpeﬁ!’i" C\/\;‘%/Vr‘ncﬁlstf\?l\gﬁléﬁ %{HE" gﬂ‘?g'é%i ng the
nitrogen t o a manufdaturing thmore@otmpdex siructures, Wes fohexarhpleeadtod-under a 10

psi g nitrogen maWSQCI?dTQn&eBF flﬁttp Qlefé?lrooﬁ]gcg'lodiéﬁla?gtﬁ&hwbﬁh the

reacti on m xture was ro er a
{Jetween t%e su\f)estrate an 8 the stack of the %nﬁt above layers should
25 be strong enough to withstand further processing, like for example air-

curtain drying or wet-processing with the use of organic solvents. If the
adhesion is not strong enough it is possible that the built-above layer
will peel-off, for example in case of air-curtain drying, or will be moved
over the substrate, for example when in case of wet processing the

30 solvent gets between substrate and layer by capillary forces. This is
even more important when plastic substrates are used, because the
surface energy of untreated plastic is usually low so that adhesion
forces are not high. Possible solutions suggested in prior art to
overcome these problems include methods which chemically modify

35 the surface of the substrate, like for example oxygen plasma treatment,
or use substrates pre-coated with additional layers like for example



and the percent conversion determ ned by gas chromat ography anal ysis. The
reaction m xture included 48% of the desired product, NBCH2CG6F5.

Distill atworoetozsmduced pressure was used to obtain thepreofara@i/ops28duct in
about 25% overall yield and at nore than 98% purity. Exanple A3. Synthesis
of NBCAF5 Dicycl opent adi ene (66.1 g, 0.50 nol) and

3,3,4,4,5,5,6,6, 6-nonaf | uorol-hexene (288 g, 1.0 nol) were prenixed and
transferred to a stainless-steel Parr reactor. The reactor was cl osed and
three nitrogen/vent cycles were perfornmed by pressurizing the reactor to
about 20 p5|gvv| nifrogen and rel easi th mtrogentoavent line. The
reaction ni xt UN& ﬂ?/é’%‘"{?e'ég@@ ﬁ@@s‘?'g %’%sﬁgfeﬁ' YFENMEERRASP and kept at
200C for 8 howhemithempdificiation ofiexd. dieleshic @iy mees]atelimiel asahesem

t enper at ur e armagn oS RIS REh el Prapalped; @L&%&aﬁm@gﬁ% por aphy

analysis. The r -on xture |n ed 5% desire oduct, NBCAF9.
The reaction ni 'B’ RESINREIRH|V )“n HENSk ?é‘&ﬁé@df%'ir@@%re to obtain the
final prbéduct in about 36%overall yield in nore than 98% purity. - 50 -

Exanpl e A4. f %?W IRI}{%T met hyl
mal ei c anhydrlmg}%gdfg fHa ?éjg?rea g Eéns;é'n\?\g}\/g MEM? tll?ea 12L
flask fitted v@cihﬁsaomeeqmmeéas use mﬂd't'%wf& giasstinkaple poiedser, and
t her nocoupl e. ddeposinbrlcempoirta bmskﬁm(metdw@dldméMbM@rmu@hydri de

di ssolved in t | uene.+,To t 663 g of 99%
am nomet %I nor'%(8 'hfeéngg g% %@?vggghg%gg?rw O?i& &%ﬁg”%&%q ‘?}ene rinse. An0
exot her mPo 34f@nctAﬁ@a||QrfﬁEEhﬂaE!te$Vaéﬁéléeré‘do%ﬁitﬂ'ktﬂﬂewﬁhi'ﬂﬁpéndﬁ@t slow y heated
(to avoid eXCG&%bylﬁﬂJa@véTgﬂﬁJ)p Mrthelcrdsﬁnhuabmapo@l@ &bbﬁdmlo%olijﬂ% add

approximately 1 omthe start ol utiQn cleared 98 m
of wat er (>100%A) g?o %fe&cé'f)f]éaq!r)o“ %Iﬁ gcte G acﬁ' §%§g%? ?k trap

i ndi cating thatapaipde péaﬁena@homasfoc@meteech@mmhbmémgomthrarned by GC

anal ysis. The #djstéviteierdse tah*y@n a!.drpmadcém d‘éWd:e Ie@teﬁ@@?@ tR A ualrae,

flltered andt eflltrater 0/() of a
1511 gnt - Bfown TR0 Pb3gudtFims BEARSHY Res \Ré@aa@ewﬁf&%h% % erai ni ng
from a previ ousstlateraper isrdepesited eoni afungtidnabl@yenthiitds dBP@%ltedAOmtorerun of
132.1 g was cohkgptepdyand found to contain 96.8% purity product and
unr eact ed di net hyl nal el c anhydride. In addition, a first fraction of 281.3
g, 99.4%purity product was collected 20 at 146-149C (0.78-1.15 Torr) and a
second fracti on afirsdPpeayof his prefeued eynbpdiveot, thaadbesloacprethater 549C
(1.15-1.%8 TortﬁéposTt@@ &Pﬂ%*é'é]ﬁiltrfa'té éFI ?'oﬁex‘f@l%ﬁ tﬁéﬁ"’r?tEHQVeroiE l51%9% purity
product was 1 nt hesi s .

”HBI) ground in

RBOLD CLoma) e MBS MhERBSCRRFLOE OL iR GFasaLkats PelFye
a nortar, and pd@enicomplosites that wilcfoamged interlayeedidta a:dhemsnsel equi pped

th h Qﬂ\eﬁh
Wi mechani C%ro?ﬁdtéﬂs apd%lt%e %%ubs?ra GFBr %&%blé ng%éﬂwﬂ%pe yielding a

t her nocoupl e. ture was ser ve
hazy 30sol uti oﬂ-‘bsArﬁt‘?\ '@t%?P'HHPB&fﬁ%é %OQW‘BVJ‘P &N Y ‘ﬁ’eB 94 nol) was
added dr @pwi sesalvent and2them remrcyinettieosbiventt Maestdhesah piontatee foramusi ng t he

temper at ur e 1 0, iiaSad) PG HLAMHOY, AsHERD BEBRAIS Bl APmatbR SO uti on

was heatedtor nt o
t he Dean- St ar kotqtﬁﬁmﬁa% QRS yitbdbe supalrate. @tf@ﬁwafﬁﬂ@ez Crassligkablef
t heoretical) opﬁolyaieetomsttmm isclepdsitéd phnaheBulNibe afiahe/ Substodtet he reacti on

m xture showeq ﬁg&@@@ut‘f‘ﬁ% 18V CeF A& g%h@k%ﬂiéromﬂj'érl Aftea}treﬁto%afsoﬁgnfpm and GC

anal ysi s ghowe esire tron was wed to

cool to rPdom t%‘()@"ﬂtéthﬁeeCfﬁﬁﬂ"fThalb!EégMpﬁ@fﬁ%ﬁﬂéﬁﬂ?n@f@"@ﬁewmi°fe sol i d.
One- hal f of ”‘lﬁekﬁ@@éllrﬂk@bm pdlyEgslo@efificPolymes atoadedlitkeeirl y onto a
colum of sil |%?ﬁpqg b(éllaﬁlo x%%?suﬁ‘%d the reaction solution was eluted from
the silica col LI°'h i 00 m of eluent showed no product (by TLC
wi th 2.5% net hanol / di chl or omet hane), but the second 1000 m, mainly

Xyl enes, ShOV\Bﬂhé’ﬂﬁeﬁé’ﬁEr éli%o_rr&ﬁ‘gQ@%l%%trt%élbyt@’ﬁi@éﬁb@‘énﬁ&cﬂh\éﬁt 60.7 g of
pr oduct . The,silica gi vi ng

o hr e S8ctes egsORTapABY; BRESqERS comPrsinG e SIS vel'y)
cont ai ni ng 150depasitingpon @ sutsdnate, ordndo redmiice Fayer ewbicaris farodxampe, 3500 n
in xylenes, was | oaded onto 1273 g silica and flushed with recycled

xyl enes. The first three 1000 ml xyl enes fractions (Bl-B3)



each showed one spot on TLC. The next 1000 ml fraction, B4, 15obtained with
tol uene as the eluent, gave one spot on TLC, but the next two 1000 mi

t ol uene fweebixms278B5 and B6) showed weak | evel s of prosuaciepeeriposence of
ot her by-products. Fractions A2, Bl, B2, B3, and B4 were conbi ned and
rotary evaporated to give 223.6 g of ane%’rl whi ch crystallized on standing.
This was 97.4% pure by GC. This was 20r ystallized from 150 m hot
heptane to yield 124.4 g at 99.9% purity. A second crop yielded 22.24 g at
99. 7% purity. Exanpl e A6. Synthesis of NBCH2mal ei m de (M MeNB)

Val ei o anhydr | dafel hbufhidh aeth SBhconBlEloH T4l 88EHLAE, M oC

25equi pped wit ani cal sﬁ? condenser and a
t her mocoupl e, %\ﬂéeer&BEP’ﬂPttelﬁ agalpscfibgd Wloéﬁ@“mgww’h!%'st%ﬁ’é‘@ﬁi/ure to
drop to 16. 5C, digkolved yr dispiengediiraay os edareicrganibrsonamts ()l if solvbatsnene (98%

purity, 1.17 nge)opdlggénf éﬁBb%@dsdda‘géﬂ/‘énfg tRer)éYJgQBﬁnﬁ\Bdanﬂa(}g?% { fopw se over

a 15-mnyte peri tenperature to
rise to 84.6C a¥Psienaramalgrion the miriasef tihe ?Ubﬂﬁ%tenp)(tjﬁﬁ’@s'mg anmechani cal | y

Zt' r rk ed whil e |agak bhg ctasslinkabis pfog}ycﬁldwelﬂirﬁc r é@k@ogfénlmrc?ﬁcD?gnw
tark trap sto 0
met hanol / di chl %%ﬁe?% eézés th%ﬁ}é R oYﬁJCIore%éﬁ i%a) %Iaénscée%? ?%egjpr oduct and

t he absence ofabeue 2ytpp aa%oedoaehl)dcomnéswacﬁql\cﬁmvmthﬂ porfeee 06 cool to
r Olomt t enper at uthe, sufbistriagd @?ntbﬂnﬁ@lﬂwﬁdﬁéﬁ?h Prémoest layebd) ij dMNérﬂls%@Jé I gs ?nd
split in ortions or n_was enden oaded onto
1600- 1100% orPEspnE aeBRUne T saN N Ak BB G B RE eane Rot ar'y
evapor ati on of pelieydonipfiined ayrnenin keafaarea@pici ragiatignsthal chdeesr oduct whi ch

was recrystal |d:r6§§hrfld‘ ﬂ&errérobenn@m@bmst& tHe/ 8d8Esi4R %rﬁbﬁéﬂ&{d at 99.4%
purity. NWVR anal ysis uct nmol %

S 7 %
-yl e The BRApSH DRRERotolPaR) 1% RO oR ik PNt R3elin at 45C 1o
renmove the o- xfprming theuntesl@yeequent NVR anal ysis reveal ed the presence of
1. 8% mal gisc anhydride (believed to be masked by o-xylene in earlier

10anal yses). T e cr r ot v ted ain nder. hi gh yacuum at
boo7aC to. b vl SatRHd bG8 Selie g iR e e RIS InTert indpe

anal ysi s showeﬁjomga deasplinkabjle oty mer clehpasitibh @vh‘reh eompanéyari de. Yield was
77.2 g (32. S%M%ggmkab'@NBQQ/cé_{ozpeﬂ%E 6(9&/@1%?%%@% Q@héslgﬁ fhotek> Exanpl e

A7. Synthesis of  exo- é ﬁ%} In\ﬁ/!im de ( o DMM Et NB)
Di et hyl nal ei ca%\qu‘{/%FP'd‘Q”@f[‘Q g8u ac%ai;uge ofio groé'ﬂ?aﬁ 8 to a reaction
vessel e@bi pedomhdkabm:hmmtloahl grhupruap@,blaof)emsslﬁ’nlamgtwumape a 20condenser

and a thernocoyp th g} d/felﬁe'c?oéﬁfxégblet ng%d ? % Ogle sol ution

to cool to 18C slurry of exo noet rnene (20.4
g, 0.149 nol) was added to di nethyl nmal ei c anhydrl de soI ut| on and
preci pitation Ohe witetleyeraddcdsdingedhiatsecypndaype bethe priséerredact i on m xture

was ggcgggggla' Lo AL RS pHIBrEE B! b HoRES B5AALNG s Sldatior f 102G

depositing onto a substrate, or onto a device layer, which is for
example a gate insulator layer, a semiconductor layer or an electrode,
a layer of a crosslinkable polymer composition comprising an adhesion
promoter, a crosslinkable polycycloolefinic polymer and a solvent, b)
removing the solvent, and c) exposing the layer of the polymer

30 composition to heat or actinic radiation that causes crosslinking of the
crosslinkable groups of the adhesion promoter and the crosslinkable
groups of the polycycloolefinic polymer, thereby forming an interlayer.

In the above processes of the first and second type of preferred
35 embodiment, optionally a further device layer is deposited onto the



solution cleared. After 17 mnutes at reflux, the theoretical anount of

wat er had been collected in the Dean-Stark trap. The reaction was heated an
addi t i onawvoterz/izgar8s at reflux and then cooled to 9C TireTmPa10428AS t hen
filtered to renove solids and the filtrate rotary 30evaporated to yield
43.7 g. This was distilled in the Kugelrohr oven to collect 17.9 g (46%
yield) at 175-185C (<1 nbar). GC anal ysi36 showed 99. 0% purity. - 53 - 16C
as the citraconic anhydride dissolved in the toluene. To the nmechanically
stirred m xture, 99% am nonet hyl nor bornene (387g, 3.15 nol) and a 600 m

toluene rinse were added. The m xture i djately becane solid mass and
exhibi ted an cRBTRM 05 XBEPITAS ESSHRFG IMEPIERFS ADRYF SPLINEy (t o avoi d
excessi ve foandenige bbFiguineuX,. 4,/8 o 60C, approximately 1.5 h fromthe start

of heat-up, the solution cleared and 56 m water (>100% of theoretical) was

collected in the Dean-Stark trap. GC anal ysis reveal ed the reacti on was
conpl ete. The W%PE?@f\ﬁﬁghé?"f’%t\'/\‘k-?oa‘?'?f%bpy‘%'ﬁmte&)fﬂ aSPYRKEPI® and filtered.

The filtdate waslydher kempositamyofthepoesé tdnventiorehdv&taggo(98.cavy of a |i ght

brown |i quid, 9 ) 1l i ! distilled
to give 624 ¢ %89?[32%%%?9}6 ;Eﬁall%-gﬁffg@%??h%%@q#gw ; .dlgﬁa#%l e A9.
Endo4exo- NBCH2l@¥eeH2CH2DMM ~ ( DVM BuNB) : 15A 1L, 4 neck RBF equi pped with a
t hernowel |, condenser with a nitrogen inlet, addition funnel and nechani cal

stirrer was ch it h . t fal.l . jum DM (35g,
0.21 mol). and ‘?f%gé%h-%aﬁ?oﬂ%,"%‘,ﬁ@’%ﬁyﬁ&ghxb%%@%{?g‘hﬁ‘?ﬁé, 5.7, 6 591
mol, 10 Y % ¢hangirg the palymertiseddaifeimathe layesandaote Atidleaegativelendo-

20/ exo- NBBUBr 4ffé&ctihg thederformance ofQRe Myerol uene and added over 5 minutes.
The m xture was heated to 100C and an off white slurry was observed. The

m xture was continued to be stirred at for an additional 6.5 hours at 100C
and the col or theisgddce estive Beoun pkthegggetiveddbesion\gipmeterosdar k green and

then reddi sh bpférabhhg sil@as or eNaxdte g@mnb?@régébégyh@@um&%cﬁweal ed the
nec

reaction s conplete with 73 6%.product angd. wnr eact ed

excor | endd eBugELPTha lanh JB a0 e IR E PR PR A B EEns oaBer ar ur e

and t hen quencoitieiprmulahd &R RorRof wheeeinR waRgarGMWf pesmedchut ed with

é?oa;‘mct g|O|Ugngi-rndgbéné‘élws@leb@deﬁom%lé@@ﬁ,%%Eﬂwé"," ¢ich241keR9, elic,32d 2 and
gani y

washed with brine. dried over Na2SO4, f.iltered and
evaporated to %'%VI@"%BC.’Bﬁ%qnaéllyfd‘@sfiwg%‘h@F'%‘aéylﬁ’?%\ﬁr?do‘?‘?t'.onﬁﬁlé! crude product
was adsorbed osubst#dgdSi HC ahdterbaryimyognamiedeiovenre 886w of RS0 %el uti ng
W th pengane (ahd R'2¥dt S8 dehole Bl ANE-aifL) optithaliy Mibstithtép 0,205 (3L) and
4% Et OAc in hegt @ne E%?% Thlgpg@i}c%%!'rg t@gf §5 urli }'i eg #racti 3n52%yi el ded 31g
of product as V¢8I 8PIIReAlINs €Bi 2"(%197'.‘%%‘%%- d) with 99.3%purity by
HPLC and anot her fraction of 7.0g - 54 -
The crosslinkable group of the reactive adhesion promoter is preferably
selected from a maleimide, a 3-monoalkyl-maleimide, a 3,4-
25 dialkylmaleimide, an epoxy, a vinyl, an acetyl, an indenyl, a cinnamate or a
coumarin group, or comprises a substituted or unsubstituted maleimide
portion, an epoxide portion, a vinyl portion, a cinnamate portion or a
coumarin portion.

30 Very preferably the adhesion promoter is a compound of formula Il
G-A'-P 1
wherein G is a surface-active group, preferably as defined above and

35 below, A’ is a single bond or a connecting, spacer or bridging group, and P
is a crosslinkable group, preferably as defined above and below.



product (13.1%yield) with 99.09% purity by HPLC. The conbined yield for
the reaction was 70.9% 1H NVR and M5 were consistent with the structure of
DVM BuNB.wbBxemmB®8A10. Synt hesi s of NBCH202CCH=CHC6H40 ke T(Hre@Tho42BIB)

4- Met hoxvci nnanovl chloride: A first 3L, 4 necked round bottoned fl ask
(RBF) was equi pped with a nmechanical stigyyer, thernowel|l, and a condenser
with nitrogen adapter. The RBF was chargdd with 4- nethoxyci nnam c acid
(175 g, 982 mml) and 0.1 nL dry pyridine in 2 10L dry toluene. The
addition funnel was charged with 107.2 nL (1.473 nol) SOC 2 which was then
added slowy to the reaction mxture at roomtenperature. The reaction

m xture was heated to reflux and noni tored by g(: anal ysi s (allquots wer e
wi t hdr awn per i §d? PERTERAD Ycﬂ;@ﬁ%’ﬁéﬁt%fpﬁ“%oﬁﬁ aRdRan&r gzsenp ofdher 5 hours,
the GC anal ysi forrhGlal -MH-SIR &R Rifatvhehen RAHR P and WS arosgvhah gegrindehine

reacti on m xt I 0 € cess SOCl 2 and
t ol uelne Wer)é lrjé‘fﬂ}%c\v’/%éﬂ%H Rg}ﬁgei%ig%%orgf %Flgmo%?reg d’\’I?rEHuk an ’rr?éduct was
purified Dy di aptianaly p@bﬁt'tlée@ zqswlwoanmonf@mwy&aﬂ Gb-Cebrl ori de (94%
yield) with 98h&%r diyloky/ abd wHereih dhé Ieihad o?QGCHi‘CJ;I@HN@@ alMeenore\B) i A

second 3L, 4 n F at er with
nitrogen adapt alRB't oﬁﬁorﬁﬁﬁﬁgﬁﬁ‘@ﬁwdﬁe a?ﬁYnoélo ﬁe I}/épb%ﬁg%@r};r ged with
NBCH2COH (100 ngoslwemml) di met hyl ami nopyri di ne (DVAP) (4.92 g, 40.2 mmol,
S mol%, 563 nL triethylamne (4.03 nol) and 1.2 L dichloronethane. The

m xture stirred at erature.for 45 m nute in ich tine
The. addi t0on' brin Blerelabl SRRl ElPen & Maeimie:.d 3y BP MR s, A h& (174 o,
0.885 nol ), obdiaikykoaleimidt@negpody ssvnylkedniace@nrindeniyt i dnnaneateatar  Af t er

addi tion of th@o&namng éacsmb@f.fu% &tuﬁsqsgﬂta@anﬁélawa@ the
m xture was stirred a C, over, After confirmgtio conpl ete

reaction by CIP?W@"T%’&%Q‘?’%‘??W? ? V'Wélspo(ﬁﬁ'(?'hlae%”%’? efBﬂH’"cﬂﬂaor onet hane,
and t he resul t emimamr portiom washed with (2 x 2L) NaHCO3 sol ution, (2 x 1L)
NH4Cl solqgion, (2 x 2L) brine, then dried over Na2SO4, filtered, and the

fT'hE S vas f%i:ﬁ"%&%%%s&df (koS98 oG L (e Zﬁw%ﬁsﬁgé;%ﬁlgﬁ!ﬁf 800 g of
+~OHOHNACID,) 3OUDE(OKg)| (CHaYECeReXBHg), aRHE(0)-GB5 -

sil1ca gel e g( m? ggﬂﬁHZM 2) 3OO Hg i rﬁyneﬂlé o), 2T E(0)-C oo,
g/hgé hrf ?%dé}i&%g%hﬂ? ﬁl-? téq’éf’fr%n? G&P'ﬁ%ﬁi’@ an%ﬁtepgt%

vi scous oi | %yleld ractl ons
wer e conbi ned 18 & '%!5‘ &H@'ﬂq’ﬁﬂtlyﬂo"s':gcqg"dﬁ ?n%“ﬁﬁ i$avbstiutedwith Q. Gc,

bri ngi ng 20he toyalo iy cpdlohe8§PAhaRIB SubStitufedEnidl @ idlindepSytdritgH,F G[fH;MeCounNB
NBCH2OTs! i =s bngBL, 4 necked RBF equi pped with a nmechanical stirrer,
t her mowel |, ad8I fron funnel, and condenser with ni trogen adapter was

char ged wnth tosyl chloride (376.5 g, 1.93 nol) and 10NBCH2CH (200 g, 1.61
mol ) in 800 nlsditablélianthbesfened banpounthareasiibdtédfomifomallavis charged with
270 mL (1.93 nol) triethylam ne and the charge added slowy to the reaction
mxture gt 0 C. The reaction, mxture was stirred at roomtenperature while
the reactd®dn was nonitored TLC/GQd TLC nonitoring indicated that the
reaction was 15cqgnplete afte R The reaction m xtupa was then dil ut ed
with 1L dichl or Bret hapg,_fo by washes with 1L water, (2 x 1L) NaHCO8
solution, (2 x 1L)/S| rine, over Na2SO4 and fiItration The filtrate
was then evapor ﬂtsed\ iving 4 f cr ude product which was then adsorbed
onto 450 g silica aRd chro ogr apied over 1600 g of silica 20gel el uting
with 0% 10% Et OAc i n cycloohexane. The concentrated purified fractions of
t he chronat ogr aphy yi el ded 427 g of product as colorless viscous oil (95%
yield) with 95 3%p (] GC, . Proton NMR nsistent with the
structure. 15%%% ﬂassf_anqgr,%l@@écp%% gﬂY%ﬁedﬁ%ﬁ@?ﬁ@dt her mowel | ,

condenser wit habo\leralgiebela\daandeRm amiR Itezb @atcie ildependently Hvasa ChaBsged with

7- hydr oxycouma t e 1.29 nol),
NBCH2OTs (3006%';9' érégﬁ & eé'aﬁy p.tg?n%%ddg% WW%M§§% [%M?bgt Fure was
heat ed t g5100C(RiEY: DMM bW'i‘QSé(QM\@&r@MMHr@PW'V(éﬁOﬁ‘@ﬁ')Hored by TLC/ 1H NVR.
Proton NMR indicated the reaction was conpleted after 54 h and the reaction
m xture was then allowed to cool to roomtenperature. The reaction m xture
was then quenched with 24L 1N HCl, the resultant off-white solid that
precipitated was filtered, washed with 4L water and dried to give 268 g of
crude product. This product was charged to a 5L RBF, dissolved in 2 L (3:1
rati o) heptane: toluene and refluxed with 26.8 g of charcoal and filtered
through a pad of silica. The filtrate was concentrated and added to an -
56 - excess of heptane:toluene (3:1 ratio) to give 158 g (57% yi el d) of
pure white crystalline product with 98.2% purity by HPLC.




Exampl e Al 2. Synthesis of NBCH2CH202CCH=CHC6H40Me= 5( Et MeOCi nnNB)

5- Nor bor nene- 2- et hanol (NBCH2- 21 CH OH): A 19-liter Parr Reactor was
charged wvohoR1es8zy8(4. 6 nol) dicycl opent adi ene and 2000 PGT(EPZ017/0042B)
3-buten-1-ol. Wile stirring, the reactor was flushed three tines with
nitrogen and then seal ed under 10 psi nitrogen pressure. The reaction 10was
brought to 220C over a period of 2 hr tB&in, the pressure was observed to
reach a maxi mum of 185 psi. The reaction was stirred for 4 hours at 220C,
the pressure dropping to 130 psi. The reaction nmixture was then allowed to

cool to roomt rature and drai,ned, 2603q ,of ction m xtuy,
ol ected o ARBFEEhEre, Bl Biater B SantchPh oibu Sbbaosgs oo
NBEt OH i somer sgfl@yp@e(lmomtterthasblled perabs (seeregefure Appl. GemcaBGyl at ed
because it is ggg{d®1pol vent front). Excess 3- buten-1-ol, 1260 g, was
removed by rotary evaporation at 50C. The resultant concentrate was
purified by distillation under high vacuumthrough a 14" colum with glass
hel i ces acki nghe ErmxptA'(pnm‘erhbdmdler&tQthm@1ft@0‘mjalkyiebe 08 brabithad €:36. 6% pur e
and were coll e pand F5
L& glén’é rﬁ%‘?@hé C2IEQ Ikyﬁ%ﬂ:‘e Hr&lrwm: %r%dﬁétltu%acﬁl/c/ (

3.5% was al so foun e present urit F4+F5) =
721.8g. % Yi el o005g %SL&QB ed by . ©pBoiiofidh YraneEPTA 100 nL, 3
neck RBF equi pmece nor- bdjacérlitemﬁpg\mlubs asgiddiplaced, |hmblcasamweﬁenbaﬁtlyc

stl rrer was ch%,g%evg _26}1_&_2_ 1@§4s7 @piah;s D%B?ﬂ_% dcl)h , 0.72

tri et | am n br onet hane.

The i x[ﬂjtoe Wa@CEP) -+ 1E(QO T-0§Tﬁ(@7rp fcé)t%'r eC'riog 9' rﬁ;ﬁ'ﬁt'§§uﬁéﬁore t he

addi tion of 4-m@ahhextyiat OrsmainS afohrard®of fnkkd direcllptdénaramdther.n 5 ni

di chl oronet hane fromthe addition funnel was started. After this addition
was conpleted, the mxture was stirred at 25C overni After confirmation
of conplete reBctawRﬁyﬁrwqeﬁénﬁﬂ@'&quGﬁdﬁerHe- ma@yguerthyd egaattt o i

di chl or onet hangneak of Ipaeshddyalyaghsp. Wi th (2 x 25 nl) NaHCO3 sol ution, (2 x
15 nL) NmCl solution, (2 x 25 nL) brine, dried over Na2SO4 and filtered.

Concentration of the - 57 - filtrate gave 3.9 f crude groduct as a
col orl ess vi scBiefersrd 9rouBsHc atecéClibled. d%ﬂ&pﬂ'ho% Ehlde -tCHy-Sy GC.

Eé«ér:%az/gi?» SEALORS 6F gHzclagivm @%-HEH?I&O\WR@W&'O) ﬁ(tb‘: %ﬁﬁg\lﬁh

S: for. er

t her mowel |, ad'&?etq%ﬁo%%ﬁel ’Oatﬁ ”%%ﬁdjﬂﬁ%%’rff‘w ﬁ 0 er?ng h@?’"\ﬂ/as

char ged with tmeyneammgﬁrglden ABMIEC6HAS02C1= TsCl) (745 g, 3. 9 nol ) and
NBCH2CH2@9 (450 g, 3.26 nol) and 2 liters dry dichloromethane. 10The

addi ti on funne s charged with, 547 ni riet Iamne and added
slomy to the é%ripégfgﬁgﬁtgﬁ?@s&@ﬁ Bﬂgf‘\é‘?gém F@}f'yﬁ?ﬂ%é Y&N&ring at room
t enper at ur e waproppiene nidvlens femtylére, heayenarhephdent octyterned nbpyl&he/ 1H NVR.
After 24 hoursge |&fe0hﬁa~ad§ﬂrﬂ%eaaaaa@ue%el aekhe@éﬁ&et Qﬁ{ylérle%xpaﬁg;ubhen was

conplete. The re | on i u chl or onet hane,
ol | owed by m@ﬁ@y%epﬁvr%t e S teae T ret iy St ey 5 S0 b e,
dried ov@b Na2|8ﬁnoethylélner1emetmﬁiuikylérm EtHenylene, pmpemdplpedndo gi ve 1064 g of
crude product @gedylEQeOr!ess viscous oil (110%crude yield) with >95%
purity by 1H NWR (COI’ISI stent with the structure). The crude product was
used for next 20reaction wi thout further purification. EtCounNB: A 12L, 4
neck RBF equi pplesisynthésisof ddirasimmepromoters tlenthese wif fdimuild Ad gediseldsgd er, and
mechani cal sti h h 7- hydroxycounmarin (450 g, 2.77 nol),
3.5 L dr ?5}9 ké%%%*@%d%%?%@ﬁ?@ (498.6 g, 3.6 nol), NBCH2CH2OTs (932.6
g, 3.19 1) and 1L dry NMP. The m xture was heated with stirring to 100C

and noni t or ed lhyan'ﬂt!@rhshﬁerr@bemﬂoﬁdrﬂéhtmh&mmmyteﬂéd)mmlséuh pélye@drohat the
reaction vas compl el e A4EI RANCAGL RRc CPAEH AbIHL Up . YBSrealpued Lo

cool to roomt reac I ONn wWas uenc 1IN HCl,
causi ng the pr@fdgﬁnuleéOpHemvm aceosslinkablegpuprandthe gatelinshiatordaerf i | t er ed,

\Qggzed wi tg (5fu)<théi-%orﬂﬁ‘iﬁs aamsgrngedwh.grﬂgsdae;mh%na @pis %{&gggt nLTh]ge
chide pro ved in chl oro 0
wat er gseggr at graoa%%oagﬁmiggl ﬁ@é&lon?%rop%ma ?rr?gcwag% %arS?r%tlnﬁa"H' @ ution was

then dried over Na2SO4, filtered, and evaporated to give 864 g of crude
product. The 864 g crude product was conbined with 60 g of a pil ot
reaction's crude product and dissolved in dichloromethane and adsorbed onto
1000 g - 58 - silica and chromatographed over 4 kg silica gel eluting with
0% to 25% Et OAc in cycl ohexane. The concentrated purified fractions yiel ded
508 g of product as a fluffy light yellow solid with >97% purity by HPLC
The product was then recrystallized from1l. 6L refl uxed heptane:tol uene 5
(4:1 ratio) to give 480 g (57%yield) of pure white crystalline powder
product with 99.3% purity by HPLC, 1H NMR was consistent with the



in the CH3S02Cl1. The stirred m xture was chilled to -16C and triethyl am ne
(371 g, 3.64 nol) was added dropwi se over a 1.5 hr period, the tenperature
was obserweaoiam2s218r ease to OC during the addition. Theprcespbkatiiog28i urry
was allowed to continue to warmto 189C 20over a 4 hr period and then 2 L
wat er was added with continued stirring. After the water addition was

conpl eted, the phases were allowed to sé@rr ate and the aqueous phase
extracted with 2 L dichloronethane. The conbi ned di chl oronet hane extracts
were washed with (2 x 2 L) NaHCO3 solution followed by 1600 nL of 1 N 25HC

and then washed with_brine in 2000 Qrtions | wash = 6 was
observed. The 8r|°(§ﬂ|n5?glﬁlﬂrﬂ%8f @Sﬁaﬁ@ﬁem 'fr%(ﬁfqh? i%@"b%é’l[ pgllgme'lﬁm sul fate,
filtered, and conpesiti@vaporated to give 612.5 g of a red |liquid. NWVR was
consistent wth structure. GC anal ysis gave nesylate content at 93.2% No
further purification was attenpted since . the 30material denonstrated
nstabi 11ty dul HEeHOTPrIva B RIocesSBELYIa BRFUOTR Bers e g pped i t h
a thernokel |, aof the eigstroadajsvice, it iddidinable tbulecedasarte timehwededforgherrer was
charged with ||t 1 i 1aQfof 8 none and
stirred until P%Ebﬁ“gﬁﬁé\zg%%%grgifn\;g%vﬂgaﬁt@em\ﬁ%ﬁg%{p %,éue%c?lft;%téljlggér\%ar med to 30
C. NorborneneeP?fQQﬁ%ﬂ}?gn&ﬁloﬁﬁﬁ’%'@a@@i@d\%w eresupseqyint 1jess 8™ ded in 2 L of
2- pent anone wasoltdres uaeld gdfotring saich idersadeudrthrmgonalt dndsthus domgt and - 59 -
then diluted fy i itd i 2 total volune of
2 pent ange = Sy gB Gt ke U8R Brneio Blin S REREALOTRIAR. ' was
observed o bee@sslinging tpically WM grossliskingr a Siestifunptiond layer ta makpsushi ndi cat ed
<0. 8% st ar t i ngfirstlagér iabolubleBiitreespad tatHegolymbr edmpaditiankof <Xedoadal ysi s

Shovied 10 1 e LAl ek K EPLATng nuTHEe B 408493 69010 43, B1C and 4L

distilled water was a ear the m xture. asesS wer € separ at ed
and the aqueoutheptberdaysttracted with (2 x 2 L) ethyl acetate. The organic
portions were conbined and rotary evaporated at <30 C. The residue was

transferr to eparatary 1 | ousing 4.L of dichl ha s a
rinse sol1$/5ceint : S _@e:gﬁ%%&"\{%&g‘gﬁﬁé@%ﬁ P ge?sf'%(&?ﬂ_?e §8?€¥°§%§émgga§?€m
bi car bonat e f ofun elgpating process, waup decigasing the timeaneeggdhiord¥V =7 was

obt ai ned. The poasiikingdm s A@fiev@dadot!s By icHEMEal Adilistmdrit bt Biefileatid t he
filtrate rot arx Ievanr tercli tOS?r'hﬁ}e? 44%1% of crude product (93.6% purity by
G&C). The crude %Y'E‘& gt "Y1 §"PE RISERYm di stilled usi ng a 14-inch Vigreux
colum where the followng fractions were collected: 1. 16.9 C (10

70 bbbl g g ) 95 2
A B2 0050 hskalnS b yVholRhihy s Folbich BicoBinpontries of Bis EIiPG 4 200
>93 % purity pdiettgtiic, and for@radple ¢hahgéddgwapidd )ncréiised BCsensivil@mra@si Et 3

AkSI NB): A 3L i i 1 Al t
(AKSi NB) deceBROtRARIThAUHARE Brakess, Br LRENBRWAL Lsing! (T 0gen i th

adapter, additjop funnel and pepchani cal irrer. The
triethyl et hyny"‘QF?raW?rlLé .Cd?ug'“grP@S%g'fﬁw%‘?*‘)s'l?"ﬁyQéﬁreﬁ‘f_'”%iﬂg}oﬁlﬁ‘f: The reaction
m xture W3 coalnsasphere agithasdadsOumdesite@ehande. ibthé surfscecoféhe 899 nmmol ) was
added slowy aggyskl blefidtdor 1 h at -78C. The reaction m xture was then
warnmed to 0C aﬁ@yagdi tefé(‘}nr funnel was charged with NBCH2CH2Br (160 g, 795.6
mml) in 640 nL dry DVMSO. After slow addition of NBCH2CH2Br 30 sol ution the
reacti on m xt ufeenefse ahlagwetérted enalsodirnentrafdhe pesspat iavertonahe pslyntered f or
2h. By GC anal ysi £ &ﬁ&l} f ; g t room
t enper at #r e. Tﬁ%hﬁ%%% %n m%?lg &rnﬁa@&%t%gﬁgkﬁ Vz\antd? E“&E’ %heérddgﬁvﬁedi | ut ed
with 8L F&t anBOMPIg WA Borefergtivaalgronps thak am sanabieef reacting with ther i ne,
dL ied ﬁver Ngzﬁéwdenft ctdselirkdbleadrdusy 6ip e sty clbvtefiditEolpnar p’cgy"rﬁeii ndi cated
t hat the crude i+ ai 0 C 9 - Pro
(E: 351 oSt £t 3) Ve i BT, Ol B e (e Pitob e ¥iePleShion

crosslinker additives can also enhance the crosslinking of the

aforementioned polymer.
35

Crosslinking by exposure to UV radiation is preferred.



di stilled under high vacuumthrough a 14" columm with gl ass helices packing
to separate the triethylsilylacetylene and Et 3Si CCSi Et 3 byproduct. The
product wae 20twmsaved in >99% purity (88.8 g, 43%yi el d) powigPRmg/opesnt =
93-97.5C at 0.20-0.21 nmHg. Exanpl e Al5. Preparation of NBCH2CH2C6H4ADWM
(Et PhDVMM NB) . Brono hen 1-2 3-dineth | nal eimde BrC6H4ADVW ): A 1L RBF was
equi pped with a magnetic stir bar, condéser with nitrogen adapter. The RBF
was charged with 4-bronoaniline (150.1 g, 872 nmol) and 10di mret hyl rmaleic
anhydride (DMVA) (100 g, 792 mml) in 600 nL glacial acetic acid. The
reaction m xture was refluxed for 6h and TLC was checked in 30% Et OAc in
heptane. By TLC the reaction was conplete, and the reaction m xture was

al | oned t o coolh®vses af jhrossiirker pnbanaes the abitiyftp patters the indefaydii t e crystal ,
whi ch was filtgraghang useWhah faydvite MREGSuréty ah apsroprate whveséigied i n Et OAc

and washed with H lut.ion.” The organic |ayer was dried over Na2SO4
and after conc%’hc{\?%%c%nagé atfﬁ’r"om)phenyl- 2, 3-di nret hyl mal ei m de

(BrC6HADEM , 169.8 g, 76.5%yield) with a purity of 99.7% by GC.
CoHADMML  ( Et PhghERB3IinkAbRlgrodp BEHEGTod3RhKkeras ﬁmgg%lé’&éd"frémté‘er mowvel |,

condenser with njtrogen adarﬁ)t r, addition un,ek and. nmechani cal stirrer.
e ROr vt hEPlehiaE: T 3 pARe e mide @ hiaky g eBeeL 8 SPEXY. 04 ol )
and 800 ni degérgean Noetyh\dnpyrdeoll, d @mmaidi€pr a Themarin guoup, was gdup r ed at

roomtenperatu ok (Welol =) 4 nut es) .
o e e e el S ¥t
egasse : e mxture
was stirred at 80C for 3 h. Conpletion of zinc insertion was indicated by

GC anal ysi s of i ] By ] s cooled to 60C
and Br C6HADW v%&f@#@#gvgbg@g{ge&ngﬁmg%%g% hSéFE&(Tg]ﬁM:;?H‘.O%% nol) were
added successively at 60C. Then the reaction m xture was heated at 80C for
2h 30m n. The PeaPti on was nonitored bywfuenching an aliquot with 1N HCl
and extra}§ting with EtOAc and followed by GC. After 2h 30 min there was
only 38. 8% product by GC, so, another 2 nol % Pd(PPh3)4 was added and
stirred at 80CHi-ob(Arfdtmher 1h, but no &¥4nificant change in product was
observed. The reaction m xture was allowed to cool to room - 61 -
tenperature an ned. Wk d_. I e wi_t 50%
Et 0Ac in cycl oﬁ/gggﬁ@? %rﬂéwéém)gn%eé%rggnﬁc% S'_ﬁ@éggﬁéle e'\énv?/ags??é% b\)/‘innﬁhl&rNaHCCB,
brine, dried o%epnneslitmyspacer erridginggreupvubich it rreéferably selgstegl fovmer ude

product @as ad@rRe(CIaI-CHSCHS, @H))L CAIRD, JORIIT-CHARNENHRUEIQR00 g of
silica gel el u{%{l& V\nrtgh Oqéo 0% Etg| C. I.Nn %ﬁl ohexane hﬁ CO{)nEe[I%r at ed
purified fract A GEH-QoVaTs SReALS SqeRRRATUVG NIpast BRMEY 19 199 yi el )
wi th >94% puri pys &yineger FrambBeZAd Bidepergentlsit onF,d3sQ1o is cyclohexyl that

exo- Nor bor nenWs%SQt){htféHhMﬂl\’d);Q]iQHdeEEhd’érﬁPy“@,ﬂf, CH,, CF3 or OCHs, and P

(exo- NBCHZCHZCEH4 CSi Et.gé)A{fl NEI%)I 0- no];?]or nenv/ @henvl.br onmi de: To

1- br ono- 4- i odoBFhPERREFIIHOLfOIRIa’I] OF ORGSOl he NifeRge RIS PVe's 20 gr ans,
8. 84 mokp i n dgverdnddielawmigrdt mis 2D8/Br 4was added nor bor nadi ene (360 i,
3.54 mmol ), triethylamne (Et3N) (398 nL, 2.85npl), in a five-necked, three
15liter glass jacketed reacto urged with pitrogen, Th actor was heated
via a hot wat e#“' fang Pﬁ’? '%B%P@@g”%%?.se,@f:¥e§r{ QU € eact or
tenperature of 50C, formc acig (88% 80 nL, 1.86mmpl) was added drop w se
t hrough an addi tjon fQinnel to reveé;t0 an exothermc reaction from

occurri ng\g The Bolutdon was he nd stirred at 50C 20for 1.2%4hours and
sanpl ed ery 15 nj i thNGC [honitoring to ensure all the

1- br ono- 4-i odoben was reac ~.TJ)e reaction m xture was cool ed,
transferred to R'sepiratory fumnel ,Rand extracted with 500 mL of 10% HC
and 470 nL of heptan® The corBined aqueous |ayers were di scarded. The
conbi ned organic |layers were 25dried with 5 grans of MgSO4 and stirred for
30 m nutes. The, m xt une filtered throygh,silic | (200-425 sh) via
a chronat:;ggrapreE%rl‘ a\rl'\% cﬁfﬁ/é&deeé%%}déaﬁ 'O{ﬁaﬁgﬁﬁbﬁ%} °%'ﬁe Eﬁﬁ@é‘gﬁﬂteri al

of exo- group, A" is as defined in formula, and n is an integer from 1 to 10.




nor bor nenyl phenyl brom de (169 grans, 77% yield) was purified through a
short path distillation setup at 90C and 0.2 Torr. The 30distillation cuts
cont ai nedw620grms®s(>80%, 80 grans (>99%, and were colporiepssiilobasi ds. The
main inmpurity in the sanple was a reaction by-product, which was identified
by GCMS as a norbornadi ene dimer (NB-NB). A sanple of the pure (>99%

exo- nor bor nenyl phenyl br om de was anal yzéi via 1H NVR and was in agreenent
with the proposed 35structure and literature values. - 62 -

Exo- NBCH2CF Uggl 14CaCSi Et 1 | exo-Ar Si NBl: To exonor bor nenyl phenyl brom de

(103.8 grans, 7 Y, 0.5 ol es)
in 750 nL of an 'aleb%ﬁ\ﬁqgﬁ;\fg&é ?’@"-EBB. bmﬁinl:)ﬁ@m éﬁfgxﬁ&)%@gﬁ? grans, O.
mol ), 5PdClZ(PWé\ﬂ|2hQ B4Myr ans, 0.015 mat), and copper (1) iodide (2.86
grans, 0.015 nol), in a t hree-neck, one liter gl ass jacket ed reactor purged

wi th nitrogen. h [ Vi8S bat th a set point
of 65C. The so gBﬁg??\raér% pt %@?‘{J}égg’a ed1o§e§ PP%%F ) g@f’? P' Hours with
GC noni t 8ri ng Ier\aeucpee Qndgr%aotabk)éﬁ@%upecyﬂmCatd Cthalkylene, each of

10exo- nor bor ”%Mlclﬁh@@bﬁ%bb@ﬁh@ M\ﬁﬁmohsasﬁfgl sﬂ_BﬁltU%CM P”Cm Bﬁt {lof Was
cool ed, and ex

éjac B of a gg rans of heptane. The
conbi ned aqueo é?'g lonally 90y dé‘&meﬂf@ 88AseR rY9HPR A @yers were
filtered througiplacesi in eacheds¢ mineﬁﬁewﬁysfrpnvoaeanothea*n’aye@lﬁ af¥hy- col um
and eluted w tQH he-FNhF@“B STﬂa@Rlﬁcr(y Oa _@@m 3xe. g_r%ms of Iexo-
nor bor nenyl phe ur| n the sa e was
a reacti gﬁ b gk/(é cg&y)vxﬁ H'G/é’i%‘e ﬁ.'ad“’ Tﬁ?@"&é (é r&lengl mer ,

Et 3Si CC- CCSi Et&on& anceentbthmkeldwﬂmcﬂaﬁ@lonalarmcbhérd R'lBBnUeR‘Blmefl ed by
distillation, glﬁ@ﬁd%ﬂw 6885 ¥hkP HS] hbfify) a8 @ 3(9@&‘?@%9? aphy

col um and el ute e pt ane once nore. The mat e ranms, 35%
yield) was a pid@ched Bdy! §TPUR->98% purity). 1H NI\/R confirmed the identity
of the final product as exonorbornenylphenylethynyltriethylsiIane.

25Exampl q5AL17 f tyI n . )
1, 2- Epox359 deg%\f%ﬂ?@%&%ﬂ )(?wv%/as cha %ﬁgﬂ% CHacbét ed react or
equi pped wi th &HaeHcat é?jH?ﬁ)HZ Qh‘ aﬁat ot VI B\Piedﬂlg n
split-range priassysrdrarm 102, spllslerig amndtége‘re&ﬂnv!etbg?nahdrﬂéseqw RPed with a

nmet ering punp. Odi cycl opent adi ene (DCPD) (98% and
EPD (9:1 nol arhé\aﬁ&é@\/\nﬁan&%@ ﬁ andgchar ged to the feed wei gh tank.

Oxygen was renpved fromthe reactor headspace using (3) pressure/vacuum
Swi ngs W20h ni £ Ggemp rafstréd g roupses'Satiel geﬂdcmtfkbrﬁlrﬁémg%het etyléyd,g. The

reactor conten e hel [a t he prem x was

35nmetered int Oﬁg%‘eaﬁ"w r&ﬁ p%%ggﬁ'gé] %Xy‘fg \P@Fqgﬁ é‘#&@f‘ per:ood After

- 63 - conpl et hoylene tdrcyirne uadeaene, WEW&,MdﬂCYM ent was rapidly
cooled to 25C etRefeemrebkylethwnEamthﬁene@tMtylénén@we\f@ BidethflehBe crude

reaction 5m xt ure, of X or nene the charged to a
vacuum di sti | Ié\bﬂ?ﬁ’es'g ﬁ%é’gHﬁ'i“SFﬁW Ne StMe hVWBeﬁ"Fhe eﬁlf mantle, a
packed di28ti | | propenyleoeland p@enpleoeet i cal plates), a reflux splitter, a
wat er cool ed condenser, a condensate receiver and a vacuum punp. The

distillation st em yacuu ed.to t desi r 10 and
disti | lati on syst emyacuup ves. adLy s tegect FaB el i e ROERME  ona
the distill atiemmpleimiS &i22,8htse conditi ons were established, the refl ux
splitter was then started at the desired reflux ratio and fracti onal

O Py e e O R PN, b e R g ™ e
the substrate, the gate and source and drain electrodes and an
inorganic semiconductor layer (if used), can be selected from standard
materials, and can be manufactured and applied to the device by
standard methods. Suitable materials and manufacturing methods for
35 these components and layers are known to a person skilled in the art
and are described in the literature. Exemplary deposition methods



15t he overhead liquid fractions. Distillation reflux ratio was adjusted as
needed to affect conposition of the overhead stream The initial overhead
fracti onsweneizansizshed in the "light" conponents, whi chpaer&Eppeiimensi y

cycl opent adi ene (CPD), dicycl opentadi ene (DCPD) and epoxy decene (EPD).
After renpval of the "light" conponents,qredi um purity 20EONB (=92% is
then separated fromthe renmaining cycl opentadi ene triners (CPDT) and
epoxyoctyl tetracycl ododecene (EOID). The EOID and ot her heavies are |eft
in the still pot. The distillation process was term nated once the majority
of EO:\I B had beriludectmeMirgid éeaﬁiﬁd‘lmeilhdadid pRYioushs H ds@ibed2adRaletiras ng to Tgbl e
B, below A se - j st ldatl i M RYe B obt ai ne
fromthe first 8@?@%@??%?&0%%@35”%%%@2oggﬁ)ﬁﬂéghl OPLSSP%WEEC\INB (?98%
product . methodologies. Table A - Distillation 1st Pass 30Crude
EONB Charge36.82 kg Still Pot Tenperature: EPD 95- 100CEONB 130- 140C Over head

Tenper at i e: EPR 65- 7 0-100 5Syst em Vacuum - EONB
0150 200 mrig Coney Tedfichiters B Yoty Bl LR 13 kaitpfe 4 BT, S i o
2nd Pass Medi udietegtiie pr seMBansactprdape, kysonel prefesredreleptipaicLdeviceONB

120- 130C Over heafholithiemtsalcebrdi RGNS RS phie nby b Va€ fHom EANB (1. cHae0. 20 mrHg
10Refl ux Rati o; FONB 3:I1 Ei?%e Al8. repar%tl g‘n OE @ 4- ql h}ljdéonapht hal i c
met hyl mal ei m d8' ASTHUHAYETS 1Q DO NE) RS PEPIeEies SrRPRTIMSGATREUEBOD. 0 ni, 0. 49
mat) in 57.5 gtho¢knessuangesviroml bavtoléel 1drmopand gestilbothes prefeimegddr onapht hal i c
anhydri dej(( 80. &pfhodfinéftsTRIM @hr%%'ﬁ(ﬁﬂnﬂnf‘aﬁlﬁ’&ﬁﬁbﬂ@r%i%k@@&e@ 40 tol uene
Wi th vigorous sti rrlé}g . g I |§ht %(g& SO|II d fonyr%d. The .g;jxiiure was heat ed.
Bet ween 65-95 [@n9Rs Ydhicknersets emplaedand thusare within the S60P< 8N ut i on.
The sol uti on wie presestlinventied.l ux and water was renoved using a Dean- St ark
trap 20(8.6 g) over the course of 6 hours. The reaction m xture was cool ed

(170 ). A por VedRuarubaEAlds ineblyiseier B risatesg oL elschehicool um
chr omat oghdaphy dasicagnthddimextsuofthef presaatieseatiah. dtdnydxaagde glassasr el uent .
Twenty five, 12hfL f4BRhIsYIE MEEErRH LSS Steferred plastic materials

include, but are not limited to, alkyd resins, allyl esters,

benzocyclobutenes, butadiene-styrene, cellulose, cellulose acetate,

epoxide, epoxy polymers, ethylene-chlorotrifluoro ethylene

20 copolymers, ethylene-tetra-fluoroethylene copolymers, fiber glass
enhanced plastic, fluorocarbon polymers,
hexafluoropropylenevinylidene-fluoride copolymer, high density
polyethylene, parylene, polyamide, polyimide, polyaramid,
polydimethylsiloxane, polyethersulphone, poly-ethylene,

25 polyethylenenaphthalate, polyethyleneterephthalate, polyketone,
polymethylmethacrylate, polypropylene, polystyrene, polysulphone,
polytetrafluoroethylene, polyurethanes, polyvinylchloride, silicone
rubbers, and silicones, where polyethyleneterephthalate, polyimide,
and polyethylenenaphthalate materials have been found most

30 appropriate. Additionally, for some embodiments of the present
invention the substrate can be any plastic, metal or glass material
coated with one or more of the above listed materials. It will be
understood that in forming such a substrate, methods such as
extruding, stretching, rubbing or photochemical techniques can be

35 employed to provide a homogeneous surface for device fabrication as



25Fractions 4-12 were conbi ned and concentrated to dryness using a rotary
evaporator to give a viscous yellowoil (19.7 g). 1H NMR confirnmed the

i dentity wO2bte2ga78duct as a m xture of DHNM NB. PCT/EP2E1A0BE Al19.
Preparati on of Norbornene nethoxyethyl acetate 30(NBCH2GE yOAc) An initial
charge of 5.51 kg allyloxyethyl acetate 4qas weighed into a reactor and
heated to 210C. 0.07 kg of allyloxyethyl acetate and 0.32 kg of

di cycl opent adi ene were prem xed and charged to a netering vessel and then
netered into the reactor at a constant flow rate over a 355 hour period
once the reactwelhateapeswdtiepeewignment bédn ofjanibseatidomndudtbematéali ng

period the c@hqﬁdg@& %@Anor%@?ﬁgﬁig"ﬁtﬁ&%m - 65 - tenperature and

anal yzed by show ng thoxyet hyl acetate with
approxi mately 0.6% cycl opentadi ene triners and 0.9% tetracycl ododecene

net hoxyet hyl aneé gb®, sbbecdan@idmigreléarmdfyhalﬁad any DT crvijeat e (al |
e B2 b inidngs T bELEANLRMf! 1n2IRERARIRUE S Barel vl acerate s

acconpl i shed b a pacKed "col uim. Hi gh
purity distill ncmteﬂay f@tmadubtyémumwa@atlr\ga@ugmasmnrﬁw idihgwedF o150 to 200

morr with an gyiprddeagt 6NPEHAYSIES \szefpo%erp@sﬁaﬁ(Pfemgr&mrfé&ﬁuebv\/léa&gé of dt he
ase upon

t d b
o ren o DR VOT FiEAFE. Stitdie sletlopB el E 4hd HéepttiBhore. 5"
met hoxyphenyl)mstr(aﬁsmqunphmem) persMmuiskisy iathesartr Swjtaklenglentsrgehal cone:
To a sol ypi on @kt By WH AR [ifftatibAOBorda rﬁ@'@i?'o} érﬂc%ﬁbn@fs 3r10: 8

m xture of water a added 4 rox e ne (136g,
B ! At rap RS R ot BRI  FlePl CHR NalGT el Elige
4- Vet hoxybenza;bmiealyldjee(m!egyerIBOBEIEJQTms!oaeldle:dnmgaﬁm polymersr turthene

reaction m xt U&u@pé\ﬁ%rﬁ of ﬁé‘s%@fof Q%Prﬁie' org?érhcltegrof%@etlép%éh ab Al 9qy, vellow
sol ution resul mch was a t

ir at omte era ure for 30
minutes. 1IN H S0 105 ZFEBD R WRIT2S SPUtSH AATSd of FVRPRIAEN oot hano
and THF Wére amiettajslsoclnas@m CndPtIRd er setdlhxidesgsundhcas ayddumviirs owdshed by

t ted NaH dt
saturate gﬁf zoo _ﬁ?}gﬁéetélhﬁ)préegr Wi}ﬁ{gy(éwg‘s ysed atde SYSRY RHRd tO

yi el d orange ol1d 'was was 300nL of EtOAc two tinmes. The
25 resul t ed ye"FI"SW dR13% was dried in vacuo. Yield 133g (52% . 1H NMVR
(CDCI 3): 63.85 (s, 3H), 6.93 (m 4H), 7.47 (d, 1H), 750(d 2H), 7.75 (d,

1H), 7.96 (d, @E

1 (4- bi C&%TO[Z ggﬁﬁ] - -(Iiabnrtjarp {&ral 39(?/{)“%’10(5 foS[ a(pL{)Iyln ¥]pheny1)

( MCHVNB) *YTo aS%fBWﬂF’Bﬁt%ﬁaw@z@B E1eroRod 'memmmgcqrﬁam)m JNeDVE wer e
added 4' hydr opiesént imvehtily chalbeoswedtad.fdgn standdodmhateind and

bicycl e[ 2. 2. 1] heMod¥ il fio {i&t Eé(njsohr 'k[iﬂe‘d%3}?@%@85@%&%%&%&&% 39,

0. 115nvol). ThIS FEACtT ON M X or 24 ho'urs
An or ange susp@ﬁs‘ltél?@t'i‘@sﬂ'ly?@@"mpéh naatpaa}écarecseéqqtf:dé&om yBHPtBlYper at ure for

1 hour. 300nL @dpet amloepPsms sinden anidradiPstaliot siNdiChn@aolWeilizoadded to
result twa lay?lgﬁd%g}oh%nﬁérgaqg')sﬁcﬁ %)é%%dﬂﬁﬁm"‘é:e?%ﬁg??ﬁ Fgl@‘@s&% - 66 -

(200m.) and en -evapor orange solid. This
solid was washe®izipg GOdrEanals bﬂ@mpweyqd nésemwl?éym@bpﬂé@w&peswégl ow

solid was dri egnd/er KA sxAh%&w%@t&gaﬁfé%clugé@wmrmwa was det erm ned
e reparation o

by 1H NWMR (CDCV }1 oPg(; _
Nor bor nenyl et h i [3, thyl 1H pyrrol e-2,5-di one (NBCH2CH2DWM )

30 In case of OFET device embodiments of the present invention, the semi-
conductor layer is an organic semiconductor (OSC) layer and can be an
n- or p- type OSC, which can be deposited by PVD, CVD or solution
deposition methods. Effective OSCs exhibit a FET mobility of greater than
1x10% em?v's™,

35



Cyanonet hyl nor bornene: Al L, 4 neck RBF was equi pped with a thernmowel |,
condenser with a nitrogen inlet, stopper and nechanical 10stirrer. The RBF
was char geo 2ei2d28278| or orret hyl nor bor nene (120 g, O0.84 nolPCcTAP26%0pizse), 400
m. DMSO and solid NaCN (74.2 g, 1.51 nol). An extra 20 nL DVMSO was added to
rinse in the NaCN. The reaction m xture was stirred @-90 C for 72 hours.
GC anal ysis of an aliquot indicated all-4&karting material had been consuned
and the 15reaction was conpleted. The reaction m xture was cooled to room
tenperature. Approximately 200 nL water was poured into the flask and
diluted with 2 he organj c was se rate and he aqueous
fayer was ro- cRECRETERAMeTS 3 Ra80 e B AN TRE SEP NP E R ER Ot ner 6

conbi ned and weitherdORETH whexedioe ASC isapsevhaethe @gtive Ichamelaqauf@omowash
reached pH = 6orghlf: NER |§@Hl&de§r(0ms dihe t‘H\é%S@ﬁQBédl%l?éﬁeF%WéMrstm fate

over ni ght, f||tered a ar vacu um
(0. 94 4 orr) forYshagio {?g@énféféﬁ %&06“895%20@" k’ﬁé’@&%i f g)’qmyt . 8%
purity by GC. teqremioNsy diaallwdsdepummt e thdus, bat asitbéy emnganerdy - 1%
MIBE. The crud@e,?&é#@akortfbmfi@d %%qgé'ﬁﬁetmrgsé’&véﬂfcéeﬁsd'?ﬁé‘tho&@%ﬁkh%@ W t hout

further purification anal ysi s on ters, 0.32 mm
| D, 0.25pm fi I?RraYEé'Eo"‘Q%’O@réP"Q?s Yag,are WB!Q?"V@I‘“@OWW%?"%(ﬁ@T | nj ect or
t enperature: 23wGienDitrapemtutecpmeeasing e H@bdEr, 8C®pawpgldeposieddye: A 3L,
4 neck RBF MS?WH%QB%a%P hig&eE, %M@k#ﬂg%&%@?%p itiéh gr 0id ﬁg en inlet,

addi ti on1f unne 8 mechan stl r'rer was char ge i thium
al um num todrlﬂre VPAgsh B@I”Péts (67 g, 1.77 nol) and rrechanl cally stirred
overnight with 840 nL nmethyl-tert-butyl ether (MIBE). A thick paste

resulted and aggy édrﬂgﬁaef%pr%drqﬁgfl’ Mggd Lﬁ%&qs atﬂ%es%n]ilg? @@cth@ﬂaié’b tahonThThe

resul ting dlspers on
addi ti on funnel® fREBed RAP fER GPFWOsite of two oy MeReafiDe saMmsophdiferenti2 g, 0. 84
mol ) in 500 nLtwaBBfaemuadﬂﬂdmiSopw sxarapled al Bty e O STRm&Yid] rhdng, fopact i on

t enper at yge be - " t e
Lerber at e belgiihoRGe hHBLEyhIR § 8AG! hafkABTRCIRINEE, ShoHLAmal o
material and chedaner &n 536@6‘?{??%[@@/3%&9&?’6@@1@ Qfﬁhﬁct"ﬂ\fﬁliﬁloﬁem%“da)’e%ddl tion
time was 1h. Téemizeabucwr kaidis wes usedtr@deapleld itiidie € was then heat ed

to 35C over a tir BCf n.addi t.i.onal 30 m nutes
when GC anal ys%esrﬁ'lcg ?@él{o?ga)%?%gfl aBret 5%903 g the eq%éﬁ’ ﬁ@geétﬁlfoﬁér%ﬁf%f’ﬁre was
cool ed to - 15CGndattalnyidoped ragm)caamﬂcmngn@ﬂy log canted adjacertGushean was
added veP sl otrihsiy Riyep. hours 30 nmin, keeping the tenperature bel ow OC.
This m xture was then dlluted with 500 nmL MIBE and a second 125 ml portion
of water was added to precipitate the |ithium and al um num by-products as a
free flowi ng whihe ®Somaterialferaployeiifor elgctroniei damies emblodimentsiiom and
al umi num by- pr%&&énd@ﬁvﬁhlﬁé"p'r@é/@ﬁ |ﬁ\ién$|%htdafh @@an%nj\@%ﬁa&hase vas

e

decanted. The |i num r esi wi th additional (2

2oE00 mL). MraEmolRE B AmElR I Ble Sl Ol WA SR AR At eSS b
decants Were caepiatedings. iledomespreserdidiamboidiraents ofttbe preserdr ed, and rotary

evapor at ed, angygrijesl tH@féﬁe‘,c%ath.H@amwnﬂgsEererc}e& ﬂbm?'f' 8L ghath 20t enp

50C to give 104 90% vi el Vi SCOUS anal ysi s
O b 0 6 O] ARG rigus bl i PR BT R e AT B PR p1enss e e

mat eri al cont aOS@dceﬂI%ﬂVlTa}EmaTbelrrgslMecpieddm 5wa1$ Gvdmedwb‘emed bhemabxt

ot o o s 5@“5*&aq%éf@%qué%m%o%@?ﬂ%wﬁ P et
{ enper at 3Pe z"ﬂské ”Igemé’&,‘t’Eﬁs Féﬁ?ﬁé?'ﬁﬂ%?@ bigads ofeeAf MAeine: 5. 280

m nut e. NBCH2GH2bbivlers foliglomets e plolyRi¥rswas equi pped with a thernowel |, Dean
Stark trap connected to condenser with a nitrogen inlet, addition
Each of the aromatic rings of the OSC optionally contains one or more
hetero atoms selected from Se, Te, P, Si, B, As, N, O or S, generally
35 from N, O or S. Further, the aromatic rings may be optionally
substituted with alkyl, alkoxy, polyalkoxy, thioalkyl, acyl, aryl or



30f unnel and nechanical stirrer. The RBF was charged with 600 nL tol uene
fol |l owed by di nethyl nal ei c anhydride (DVMMA, 92g, 0.73 nol) with stirring.
The m xt we 20ma2exfst o 14C as t he di net hyl mal ei ¢ anhydri #eTdipssialovedl i n t he
tol uene. The mi xture was warned to 25C to clear the solution. The addition
funnel was charged wi th 35am noet hyl norbornene (104 g, 0.73 nmol, 96.4%
pure) in 100 nL toluene and added drop-w%e over 15 minutes. An additional
130 nL - 68 - toluene was added to rinse in the am noet hyl norbornene and
the addition funnel was replaced by a stopper. The m xture i medi ately

exothermed to SQQ%t? d.,a V\ihite t hi ck rec'hgit te was observed. The m xture
was heated car Y 'ﬂr}eE’tadyaQIBi“Hse glegsnvehereiyoripe. cyapesMitfe ¥ARkr 30
m nut es and r edptiocedly fsubsfituted secordary eatediarytikglanvae astesgiawdedeand 13. 1 ni

wat er (99. 5% ofafrEE&HH18Y ILTa ©0l 510 it e t:
analysis r evea'lteggl t hﬁtg? g%cwgﬁ%sgc‘%%tﬁﬁe #gﬁgﬁgﬁéﬁéﬁaéﬁ’%é\@%t % DCPD
and 1. 7% unknolin@f QRtIPNaly sybstitgteg; alkylor anrertionallysubstituted are. was cool ed
t o room Henper akuxyeoapdiyakoxgrsbeps atk typidally drhplsitednflurtivec emieratéd on t he

rotary evapor a&%ga_fa%te%lﬁfluéirearpfﬁ@é@%%?ﬁ&'ﬂ{ti@ﬁg%ﬁﬂj)r‘?rqatgader hi gh vacuum

(0.94 torr) at b enperature on evaporator for 5h and
gave 179 g of crude product as dark orange col or viscous oil. GC analysis

i9 9di4 Oc/aa gd_ t Eeopu%/hweafemibuée a(?mduetrin@fs_to%rn sk Slised nhyi?s?r hheéd v\am%m was
. 4% 15w t (6] ir 1€ O =kj uae
product was ad%%nﬁ%ﬁgﬁd%%%l%%ﬁp%ﬂ a'dg(gﬂj'a%@é’éh:r%%%'t'dgﬁgbﬁgdﬁ%&/er 500 ¢
of silicdlgel ®IEANWNGER ) havhergeT(8ng T22ackindrpandentdprapesept H, 2. 5%
(1) The conoant {ates auripaay DroHE S 4ok é?“’%@% 2001 cduct

: e concentr uri fi ractions_viel ded. . roduct as
col orl ess vi scﬁeﬁée%q?g('-g ot'ﬁpgﬁﬁiu%wpeé%%%opruc}plqko{l'a \}S&?t?ti’ﬁcﬂﬁﬁqand mass
spect rum wer e toiRerswhere i’ thatkybosamlicanbe. flundinatedsC anal ysi s done on a
DB5 Columm, 30 neters, 0.32 mmID, 0.25pmfilm 75C to 300C at 15C/ min, 2

m n hol d4at 300C, Injector t erature: 275C Detect tenperature: 350C,
Ret ent i orl ot i el %ﬂi.’ﬁ’é%'[§"ﬁdneﬁg§‘.r°’fé§ € %{Eg?’d'me” Softhe prasen

Nor bor nenyl pr oipyertiom-QSGenaterialsthal cao|be @sesl victute, cgMPBOHAGH2 CH2DIVM )

Cyanoet hyl nor bgiginérs did-derivatiel JrBomsuNYWEMEEd ionte gRbdgher movel |,
condenser with a nitro nd, me hanlcﬁ%l% stirrer. The RBF

tr n i.nlet, stopper a [
was char ged vvi?‘?Pséwn@r‘gfg‘f%}‘l’%ﬁg&yﬁé‘g‘%rh@@"{:}’,m?ﬁsé&' PO¥BBEERE. DVSO and
solid NaCN (43p@dypheriyl@ge,muly(phanyienenanyléne], polyiOoverse mdtietingo rinse in
the NaCNpgThe 6|%é@%f%5§@%§g,¥x§§teﬁ hyarsea%n-&ﬂggag% conBeHESy CC anal ysis

of an aliquot Indicated all I ng materi al en consuned and the
reaction was coMRFIACSWArerRrbODSUCH AN teYAGRREVEIYY RN REHRCE om
t enper at ure. Apypeog] patyédne, cob@neri)@r solublat arbstinde@deriedtived of t he f | ask

eous. | ayer” SR BN Ea b A isRapngrgr ot o and Lhe
wer e conbi ned quaterphenyl (p-4P), p-quinquephenyl (p-5P), p-sexiphenyl (p-6P), or
25 soluble substituted derivatives of these; conjugated heterocyclic
polymers such as poly(3-substituted thiophene), poly(3,4-
bisubstituted thiophene), optionally substituted polythieno[2,3-
blthiophene, optionally substituted polythieno[3,2-b]thiophene, poly(3-
substituted selenophene), polybenzothiophene, polyisothianapthene,
30 poly(N-substituted pyrrole), poly(3-substituted pyrrole), poly(3,4-
bisubstituted pyrrole), polyfuran, polypyridine, poly-1,3,4-oxadiazoles,
polyisothianaphthene, poly(N-substituted aniline), poly(2-substituted
aniline), poly(3-substituted aniline), poly(2,3-bisubstituted aniline),
polyazulene, polypyrene; pyrazoline compounds; polyselenophene;
35 polybenzofuran; polyindole; polypyridazine; benzidine compounds;
stilbene compounds; triazines; substituted metallo- or metal-free



and washed with (3 x 500 nL) tap water until the aqueous wash 5reached pH =
6. The MIBE sol ution was dried over anhydrous sodi um sul fate overni ght,
filtered,wandizasasy evaporated to give 93.5g (99.5% yi ecu)ereottioo281 3%
purity by GC. NMR analysis indicated the material contained -1% MIBE. The
crude product was used for the next reaggion wi thout further purification.
Data: GC anal ysis done on a DB5 10 Columm, 30 neters, 0.32 mm I D, 0.25pm
film 75C to 300C at 25C/ min., hold for 2 mn at 300C, I|njector

tenperature: 275C, Detector tenperature: 350C. Am nopropyl norbornene: A 3L,
4 neck RBF waorphinepephthialdtyanihesh8uvompbtiglocyamdeeser with a nitrogen
inlet, additi s charged with LAH
pel | ets (50. e%pfh §E¥rﬁ]§e%mw°%hh ﬁ{% % "'”e@%chgEg\r@% ht with 800 ni
MIBE. A thick HE%’teéeFe%’LNt@a'kdhéu%“té'lﬁped'la 4 YR of suRstitulgd diddylti onal 200
L of MIBE werk4 Ai8iedpatitslémstetrasarboxpic dnmm@rsmd)ﬂumasd@d’udtlved to -6C

20wi th agneth b i

cyanoet hyI norggwngﬁééﬁ ! S@ﬁ%ltﬂ& Cﬁgg(y "%’ bjp&%%wﬁ%dl\ﬂ%{'ﬁg?dwa ded dropwi se
at a rate to rRarearte Earfé"b@alé'ﬁﬂ'dfﬁ'qee katiephenandepling.- 2C, but warner than
-5C. The addi td.pﬁ\er@dqmu@rﬁwtﬂwhwémm oeaur ted2aeacyaridhapaio-od. The
15 hperi od s iR e f st b2 AL 2 8% s ST S

i ndi cated no dliakyl, sybatiiuted é'lathérﬁiﬁrrYéQf sybstitied diae/lwas cool ed to -15C
(met hanoh© i cearhmém)ithwmaeh@)zrﬂ bﬂfer{iloﬂ bly:2%-paditHiopwenadiabreer y sl owy

over 3 hours e he t ure was
then dil uted qtuI'1 QSE%ﬂFﬁﬂt Q%B*g C%%U%gf gg’é‘ﬁgphﬁs ?fo ter was
added to pr ecﬂbﬁtaé?toéetlﬁéahﬂtdlﬁirluﬁilmﬂjﬂt@lfwﬁafsmﬂb'yecbkbtﬂl@@?siha’saﬁer ee flowing

white solid. AfdigbleshianagitopRatel SUN&R ortrhiRtdretdTidpprapiiatal soiidhsan
by-products were allowed to settle and the MIBE phase was decanted. The

[ithium and al um num resi dues were covered with additional 500 nL MIBE,
35t hen nilRed, FEwthereth semd vene prafered ecehndicie nthin afREddeeaWitd ther e

conbi ned, dri qﬂeeamrms@ﬁlwmtﬁéﬂds%enatbhgl@ érblpscﬂym@rs aneo;s&yﬁq@ys that 70 -
evapor at ed to ive 92 g 8% Vi S anal ysi s

|
Tnds cated 99, FADMRI.O B SheAS yiifh Selp G0 T dROBPRAP 28 ol aed
-1% MIBE. The diylu8esuliBiGHi2y 3Nbiheneduediyhaspticnadly fsobstitudechthieno[@dk:t | on

Wi thout furt he&]trF?Dél'\érﬂé?QtB -8, d%bﬁaléﬁ&ééﬂé@dsﬂh’fe ‘2 B’j'i'hl ;ﬁ%ﬁe ood.um, 30

t t
Temmer at Po: ngns'cse\%‘pagga? N G N T A

m nute. NBCF* ,2,-1 QU alr?/11 A 3L, 4 neck RBF was eqU| pped with a

10t her mowel | i-6sh ! ninlet,
addition f unneﬁaﬂeﬁé?h)rgfega chﬂtﬂl%a t%'%fﬂ%g was c 5’2‘8@ ﬁ@%
t ol uene foll ov@at%?lﬂﬁf?eﬁ‘l‘ﬁﬂt%tﬁélQ!'gﬁﬁﬁ%ﬁ"? gech mnta;@nﬁgtetgamem ) Wi t h
stirring. The antktavedeselt hetemmd:)eﬂictdenabtlws theceofs Bid(erialkyteilyigthyal ki c
anhydri desdi s 1 5Cto
clear tha’sol uc%”g\()%gelilﬁs ‘ngdst(f?ﬂa Igle-m)fn)m ﬁét‘é?}@aé’@%s YRS dPror

example in US 6,690,029 or WO 2005/055248 A1 or US 7,385,221, are

also useful. Where appropriate and needed to adjust the rheological

properties as described for example in WO 2005/055248 A1, some

embodiments of the present invention employ OSC compositions that

30 include one or more organic binders.

Unless the context clearly indicates otherwise, as used herein plural
forms of the terms herein are to be construed as including the singular

form and vice versa.
35



wi t h am nopr opyl nor bornene (92 g, 0.60 nol) in 100 nL tol uene and added
dropw se over 15 mnutes. An additional 100 nlL tol uene was added to rinse
i{] t he a@rﬁaprm?imorborngnet alnd thet ﬁddi tijo? fgggglc vvagcmxvl\rﬁ@?mmmy a

st opper. e mxture i mMmediately exothermed to and a white

preci pitate was observed. The m xture was heated carefully (to avoid
excessive foaming) to reflux over 20 m-diftes and refluxed for 3 hours. A
cl ear solution was observed and 10.7 niL water (98.2 % of theoretical) was
collected in the Dean Stark trap. GC anal ysis reveal ed the reacti on was
conplete (98.2% uct and, 25 0. 95% ..The reaction mxture was cool ed
to room terrperlzgt‘ﬁﬁ §ga%?8"?$'a}?§’f%‘ﬁ 4aratens pﬁ’ WFQ%E?QQHEE BEROIITPASY on the
rotary evapor ath@rinvammrceanibe prnadieisthilestill falting avithiy thedscomeef thiegh vacuum
verni ght And. Eave G0, Cab AU HIstiagd N AARLHOBNBRUARS Stedual. o
% i Vi i W VI u il.
it bbbt i lin b
as maj or 9 npur éqyiva od gititar plurpo ispdaoiess e jen go
silica gel andehiemmiqgsaphesh b ebfuldigaidht h

hept ane (4L), 2% EtO0A |8n hept aérjlé%rgﬁ)@oogyg%asg%%%ﬁa %&l?espdt)fﬁldé ?ﬁl\éﬂ)n{ and 3%

Et OAc i n hept aPeSIPUES feathtesconcentrated purified fracti ons 35yiel ded 1159
of product as colorless viscous oil (73.2%yield) with 100% purity by GC

1H NMR and nas r ! : Y 2 I ruct.ure. Data:
GC anal yji S doﬁg%gﬁ%afe%@%%oﬁ%@sﬁfﬁ%%é%%‘n%?t?f 'i‘%hbg%dﬁ g'ﬁ%rgﬁ' ilm 75C
to 300C d0 15CPRY ﬁ?mﬁ"}ﬁt'ﬁ”hs}“éﬂ&tc%@ﬂ@?“?’?ﬁ \é’B?EﬁaE'@ﬁﬁb$‘%[P8rcé:5U2'7‘5C,

Det ect or t enpefeaturee andZarGte Rebesn iunoally excludide 634particube. thefaaires A23.

Tricyclo[4.2.1 - [-ene- fyi 4- : :

(per 11 o of 3- ngh eihfefioly S8%pbikable fo il HRGHS gy e invention and.may, 4,
nol ) and per f | b@rsed in gy spmbinafian. dikavipe, feglurendeserized HeAeAf | uor ophenyl )
pent af | uor opr ogsslergiaecddBirgtions 2dayrbk Jusedrs par£tEiyx@dt imcémBiatish) gl ass vi al
and trangfgerred to a 0.5 L stainless steel reactor. The reactor was seal ed
and heated to 1900C for 24 hours while stirring under _a nitrogen bl anket.
The reactor wal Wibbpawpreciatas that masyypiithe featusgridesrsibedazhaven afe xt ure (169

9) \C/ivas 1530ntcemk/éa$i\%1in?merrq?v|wa§ht Qn?lﬂbﬁjq}t 4 Qat @ffaGrtS Bmwﬁﬂén%?gyﬁ% tTEe
crude produc s fract.ional istille in ie 0 e
desired pr oduciﬁ%l %reﬁgﬁtemy ﬂ'i‘ho%) /Q%éu?ri"{?qw&égﬁés&ayp%? ggﬁg%@ Exam pel
A24. Tricycl o[ hezeleatprey oadditieméo 8r gltarnative |ta@ny iavention presently
(perfluorgphenykimédy! )) (PFBTCN). Norbornadiene (1.2 g, 0.013 nol) and

3- (pent af | uor ophenyl ) pent afl uoroprop-1-ene (0.99 g, 0.0033 nol) prem xed
in a glass vial and transferred to a stainless steel reactor equipped with
a gl ass i nsert Th&lnrventiaotwoll nawsbeg dekeribechth mese ddtailbyl@derenicerto2de hour s.

The reactor m%ll%%geéxérﬂ?_%@%ﬁﬁh é@m&ét@éﬁveeoﬁip%nﬁ% h&@FhitPRe M xture
anal yzed for producéftbden i f1cation by gas chromatography (GC) and gas
S

chr omat o%aphﬁ% ERYIHAYy (GC-MB). The desired product in the
reactionad xture constituted 45.6% of the reaction mxture by GC area

per cent ages. BREfsmh&b/é?oﬁm éﬁ@é{@ﬁitéd themsré‘ﬁé(@%ﬁfaajrg%g g'pg%%g@{?ghi rTr3|)

an 8-liter stai ss steel ‘autoclave reactor was :

allyl triet hy|\yﬁ@%@pﬁa?mﬁﬁfﬁyre%?wegwew AeprRpSaeisisal Peyalugmiot ne
react or evacuatheddiefectria cansdamtad(Ypdrmittivity3) psegvalués tedem. attZ2®0.ng t o 200C
commenced, and upon achi eving 200C, the reactor 35was held for 3.75 hours

at this t%rrperature. Dur i ng this tinme, a mxture
3 Unless stated otherwise, the values of the surface energy refer to

those calculated from contact angle measurement of the polymers
according to the method described in D. K. Owens, R. C. Wendt,
"Estimation of the surface free energy of polymers", Journal of Applied
Polymer Science, Vol. 13, 1741-1747, 1969 or "Surface and Interfacial
35 Tension: Measurement, Theory, and Applications (Surfactant Science
Series Volume 119)” by Stanley Hartland (Editor), Taylor & Francis Ltd;



of 0.06 kg (0.3 nol) allyl triethylene glycol nethyl ether and 0.21 kg -
72 - (1.6 nol) dicyclopentadi ene were added to the reactor at a constant
rate of Iwo2rars218 At the end of the addition, the reaetcorEra@s/ocsl ed to
anbi ent tenperature and di scharged. The nmajor identified conponents of the
charge, as neasured by GC area, were: 75%ally, 5triethylene glycol nethyl
ether, and 23%tetraoxatetradecyl norbod®ene. The charge was distilled and
produced approxi mately 0.4 kg tetraoxatetradecyl norbornene with assay
greater than 98% (GC area). 10Exanpl e A26. Synthesis of Trioxanonanyl

Nor bor nene To -l ter il st eel t ocl s charged 3.4
kg (21.2 nol) g&?‘gF'S&Et%éf&&'gwg?;gc)oFﬁ?ﬁa@h?l petﬁér é%’f’ flo‘ﬂ dstarted,
and t he react oBudaee Tansiwnofeasureaantpbylfedjiatdbhls psi g nltrogen Heat i ng
to 200C conmenced, and upon achieving 200C, the reactor was held 15for 4.25

hours at thlste erature. thig tinme, a mxture of 006 kg (0.4 nol)
al Iyl diethyl elﬁ‘ I?@H‘plﬁétﬂ%’} #oﬁ‘%ﬁe?y’iﬁ%mbmé‘ﬁe?( Bamg gxgmplary
di cycl opént adi moaomsrs aaddedthiodstfortheazalymeriaatien obsstramonoatersarel. 17

g/mn. At the g oﬂ£ rhf3g. gﬂgbﬁ'eQQmﬂé?aﬁgﬁ%&%ag@ﬁgﬁR%'t@ﬂwé chd@’hﬁ‘”t

t enper at ure and Poahar ge or | nent
20charge, as neRiELP %‘“89 @/elg%%acg\%r,d@ncqmrhq reymea%ft'ﬁy%%@ -gl ycol nmet hyl
et her, and 26%Additionamgriewill beraotear thehfor eblod afithe ggnthesicdoates aredl and

duced t
Phan o0, &0 o8 AfTHeizhubhs. déhehahZSARRIENY boRaRiBRS 30 ntloed BR4RDT 001 Mone
(NBTODD)1 o anO@BWtSSrnQ#&% hnaldg t%ﬁe)éﬁh%tlwhﬁfpaa;bexweteomswgt ﬁa?ged 3.75
kg (18.4 nol) mdcﬁbntvéseélhyloaaegegi witbla sBtvdnt| thed SEIventSkianhylgovs started,

and the react ognc?{gp gsaq,gon vi 5nm8€€8§&?ﬁmré {ogré?%\;??gﬁg.fHeati ng

to 200C commence Ieving ere or Wwas or 3.75
hours at this @iEsPMEAOXYEENDUring this time, a nmixture of 0.06 kg (0.3 nol)
allyl triethylene glycol nethyl ether and 0.21 kg (1.6 nol)

di cycl opart adi gn the reactor at a constant rate of 1.19
g/ mn. Aﬁ%t he gn orfmﬁﬁ'ag ﬁgwe |?son the reactor was cool ed to ambi ent

tenperature and di scharged. The najor identified conponents of the charge,
as neasured by GC area, wer Example Al yynthesis af PBIENB ycol net hyl et her,
and 23% t et r aoiMattatniagse 4.0 g)@. @ ENand FhgroatupresyWasrbdirséne K&g and
Desay gr eat or °€%2ﬁ*§@&e§a@aceg i 4 el FEBRHEL T BB AMCRETTe e

t abl es ppovi delagkePoRBF ﬁnéwe&m@?am@dgw@cfunn@hawamag waitéranount of
catal yst and egsidenzeeiBtier ARAGeAtMbsphese™ 6lutisn OF aBroatdphdnye yiel d is
(pol ydi sper s, ¢ ORI RS ¢7e 18 “ﬁ?@%ﬁ%ﬁ%ﬁéﬁ?#@vé{s“ﬁ? PhI3EBE Ton of the
pol ymer (A/ B owasvagdel siwlyrysing thengdditiamfuavie! mdrileegrittlydieatingntlees B1- BS,
an amount of tgenhteRRCHthe Rﬁ)lﬂ%ﬁlténid”'ﬂ'aﬁﬁﬂw%@bdw& dt §§mhy‘2ﬂ1rin@ them xt ure of

t ol uene and neth eto ectl vely)
cont ai ne@di n Q/(%/Q? e%%?r&lg' @ﬁe&'éf] 5 %qrﬁHegeaghe ﬁ%z?ct,%'{ mpﬁg S¥A3mer ~ abnd
catal yst were Itﬁﬁltlhedlf@rsblhoed anesalryhyary@whwahlmq!anqmww gefel§B®)4 L and

6.3 ni, respec\tvby@hés)ohﬁéae.nvarﬁ% diESs g %@hé’ﬂ'(ﬁbo tdr@gﬁ‘dhécptdﬁf@Ve resi dual
oxygen and seal e cat al.

ene
(hereinafter I\PtA?“? gﬁ'&f’éﬁ%‘&'“f'ﬂ”ﬁéﬁ 3" tjﬂ'%? 5’(5‘ ﬂs%’ Z (5 m) in
a nitrogen purtpedegctor nbisture Wesnmellaxal for@-@bbvnsépllqwedm sdfrrigOACNB and

DVMM MeNB 'Bhe ”@Mﬂﬁfht%@h%ﬂl@ﬁ‘t fé?rﬁaeh @mﬁd?oéﬁ@rlé%l@%%ldiﬁkemure

descri bedYabove, y ecte he, sol ut)on
mai nt ai ned at 9@ rd 1 3097’"%@?%‘ Q\ﬁ?‘?erg 5% hter eﬁ@“%‘f‘ EXUERIEBOE it was
25al | owed to cstited tnrrbbnmrt dinecredt arnage Begardoddyeratad yespanased frenpthed

aqueous phase and concentrated at reduced pressure to yield crude

product (36 g, 74% yield). The crude product was characterized by 'H
35 NMR. The crude product was dissolved in toluene (400 g) and

potassium hydrogen sulfate (30 g, 0.2 mol) was added to the mixture.



and the polyner precipitated by pouring the reaction m xture into an excess
of ethanol. After isolating the polyner by filtration, it was dried in a
vacuum ows0 2ai2/30038 30Exanpl e B2. Co-Pol yneri zati on of BuNErandobigsl MeNB
The nononer solution was heated to 45C and catal yst m xture described above
was injected to the heated vial. The sqlagfion was maintained at tenperature
for 1.5 hours with stirring after which it was allowed to cool to room
tenperature. Residual catalyst was renoved 35and the pol yner precipitated
by pouring the mxture into an excess of - 74 - 75/25 acetone/ net hanol .

Af ter isol ati nfhé¢ heagtiohymixtureywds teéfhuadieidamvernightvinsa aitrezen atnzospheneim oven at

65C. Exanpl e | | FQQOC l?glgl T, oner

sol uti on was @aﬁrgﬁhgghi‘g%&gﬁﬁ{%gggmpt m‘l’\ﬁaﬁf%d escﬁrvlg%g]ﬁa%gdvgﬂé\r;vas
injected to thellpaapeanag salid antained| Wias seervaiallizgd fiom eddy! acetdfddrlt ure for
1.5 hours wit hms) ta obtain afyieowvdtlidiprotiueta T hel Jedlordsdlial was wdshet ogith

t enper at wr e. i . . riuREeGiipl t at ed by
pouri ng 1[5 he m@?‘gfﬁé‘%tﬂfegﬁ@Hﬁéé‘ﬁ@?&f%%’?’% gg&i 8%21%%%3%7%? ﬁgﬁvgfsfah fter
i sol ating the P& §nkh% wyeral| yield)i bais final peedust (RRINANE) Wakuum oven at 65 C.
15 Exraplesiz84 byHeNMR yer i zati on of DVM MeNB The nononer
solution was heated to 45C and catal yst m xture descri bed above was
injected to the heated via | Wy 4 i ged at tenperature for
1.5 hours with_stirring af Fé?%% %2 :gtyﬂgggvgﬁforn\/\i%@dﬁ%%gool to room
t enper at yoe. ReyaleRenEagtiens, 643.8.8s Or Lhblanthallylnentsdrormhenzeaei(ppP at ed by
nglr;??nzgh?h? gtare ma%w?@épme@ﬁ aid ﬁ'Ehé‘férr@d.etggl_eValiméiwe@tdel Afterat .
20 Exanpl e 55, ASHASE) hertatbreStiojas AT yeb bl R iRORR %, 20 5
to 45C and catR®YeIMad RY pressyezng thedeaptsoydo aksut AP eidyith ditregemeat ed
vial. The fsol Uéhd)fblmng&h@h&i'd@fyi\ teta txéﬁﬂﬁfeamﬂeere‘a@tiodnﬁxmamsv\dhth  dual
stirring after [ . wResi dua
cat al yar as. rIoBeaqrder 40 58 0YFEh bibriaPbnk 3&%%%@‘?%6?2%“%8%“ re
into an excessaftgr whichshe ceaciios miturenyps alpwed tp soPhto 99 Frmperajerer by
u) 't ralt ion, i tafﬂ@ﬁheﬂ?ér@éni aom/etai@mum@mmealtbﬁ@asﬁchr%@rlr‘atagmpehy%. 45C and
nmopol yrmeri zat i an.. . o 0 an
caral yst i xt p RS T TR e aion B TrfuaBR b 7 e IRl o The
sol uti on was niiBfitkCebs Ristilatinpeataedueed pressuse was esed tohoktain theng after

which it gas afinAWREd i@ if aBbut 25%:00Bra R YRAE ahdrR- mbieSthdH 8% Plusity st was
renoved g and the pol yner precipitated by pouring the mxture into an

excess of WD 2012/ 028278P%ﬁ%&%ugosgﬁt}‘eﬂg%gségég5 acet one/ net hanol .

After isolati n8_ t he pol yner 6y trat ied in a vacuum oven at
65 C. icyclopentadiene (66.1 g, 0.50 mol) and 3,3,4,4,5,5,6,6,6-nonafluoro-

1-hexene (246 g, 1.0 mol) were premixed and transferred to a
stainless-steel Parr reactor. The reactor was closed and three

25 nitrogen/vent cycles were performed by pressurizing the reactor to
about 20 psig with nitrogen and releasing the nitrogen to a vent line.
The reaction mixture was heated under a 10 psig nitrogen blanket and
kept at 200°C for 8 hours. The reaction mixture was allowed to cool to
30 room temperature and the conversion was determined by gas

chromatography analysis. The reaction mixture included 75% of the
desired product, NBC4Fo. The reaction mixture was then distilled at
reduced pressure to obtain the final product in about 36% overall yield
in more than 98% purity.
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Table 1. Ex Mononmer A Mononer B Catalyat Yield Mv. 10- PDI A/ B Bl MeOACNB
(10.8) DVM MeNB (15.0) 0.29 76 84 1.77 51/49* B2 DMM MeNB (19.43) BuNB
(5.41) 0.v80 280/08627%. 34 PCT/EP2011/004281
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Example A4. Synthesis of NBCH;-2,3-dimethylmaleimide (DMMiIMeNB)
Dimethyl maleic anhydride (679 g, 5.39 mol) and 6L toluene were
charged to a 12L flask fitted with a mechanical stirrer, Dean-Stark trap,
condenser, and thermocouple. The mixture cooled to 16°C as the
dimethylmaleic anhydride dissolved in the toluene. To the
mechanically stirred mixture 663 g of 99% aminomethyinorbornene
(5.39 mol) was added with a 600 ml toluene rinse. An exotherm to
34°C. was immediately observed and the mixture was slowly heated (to
avoid excessive foaming) until reflux was observed. At 109°C,
approximately 1.5 h from the start of heat-up, the solution cleared. 98
ml of water (>100% of theoretical) was collected in the Dean Stark trap
indicating that the reaction was complete, which was confirmed by GC
analysis. The mixture was then allowed to cool to room temperature,
filtered, and the filtrate rotary evaporated to yield 1656 g (>100%) of a
light brown liquid, 98.9% pure (GC). To this was added 128.2 g
remaining from a previous batch of crude material and vacuum
distilled. A forerun of 132.1 g was collected and found to contain
96.8% purity product and unreacted dimethylmaleic anhydride. In
addition, a first fraction of 281.3 g, 99.4% purity product was collected
at 146-149°C (0.78-1.15 Torr) and a second fraction of 920 g, 99.8%
purity product was collected at 149°C (1.15-1.55 Torr). The combined
first and second fraction of >99% purity product was 1201 g for a 87%
yield.

Example A5. Synthesis of NBCH,CH,maleimide (MIEtNB)
Maleic anhydride (388.6 g, 3.96 mol), ground in a mortar, and 6300 ml
xylenes were charged to a reaction vessel equipped with mechanical
stirring, a condenser, a Dean Stark trap and a thermocouple. The
temperature was observed to drop to 19°C, while yielding a hazy
solution. Amino-ethylnorbornene (90.1% purity, 600 g, 3.94 mol) was
added dropwise over a 20 minute period to the stirred mixture, causing
the temperature to rise to 49.3°C and giving a deep amber solution.
The solution was heated to reflux and after 5 hours 40 minutes the
water take-off into the Dean-Stark trap was seen to essentially stop;
48.2 ml (68% of theoretical) of water was collected. A proton NMR
analysis of the reaction mixture showed a very weak amido-acid signal
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at 6.3-6.45 ppm and GC analysis showed 86.8% of the desired
product. The reaction was allowed to cool to room temperature and
filtered to remove 71.8 g of a white solid. One-half of the reaction
mixture, 3500 ml, was loaded directly onto a column of silica gel (1280
g) and the reaction solution was eluted from the silica column. The
initial 1000 ml of eluent showed no product (by TLC with 2.5%
methanol/dichloromethane), but the second 1000 mi, mainly xylenes,
showed one spot on TLC and was rotary evaporated to give 60.7 g of
product (A2). The silica gel was flushed with dichloromethane, giving
three successive 1000 ml fractions (A3, A4, and A5 respectively)
containing 150.2 g impure product. The remaining reactant solution,
3500 ml in xylenes, was loaded onto 1273 g silica and flushed with
recycled xylenes. The first three 1000 ml xylenes fractions (B1-B3)
each showed one spot on TLC. The next 1000 ml fraction, B4,
obtained with toluene as the eluent, gave one spot on TLC, but the
next two 1000 ml toluene fractions (B5 and B6) showed weak levels of
product in presence of other by-products. Fractions A2, B1, B2, B3,
and B4 were combined and rotary evaporated to give 223.6 g of an oil
which crystallized on standing. This was 97.4% pure by GC. This was
recrystallized from 150 ml hot heptane to yield 124.4 g at 99.9% purity.
A second crop yielded 22.24 g at 99.7% purity.

Example A6. Synthesis of NBCH.maleimide (MIMeNB)
Maleic anhydride (117.0 g, 1.19 mol), charged to a reaction vessel
equipped with mechanical stirring, a Dean Stark trap, a condenser and
a thermocouple, was mixed with 860 ml o-xylene, causing the
temperature to drop to 16.5°C, while yielding a hazy solution.
Aminomethyl-norbornene (98% purity, 1.17 mol) was dissolved in 144
ml o-xylene and added dropwise over a 15-minute period to the stirred
mixture, causing the temperature to rise to 64.6°C and resulting in a
white slurry. The mixture was mechanically stirred while heating to
reflux for 5 hours. Water take-off in the Dean Stark trap stopped at
13.5 ml (64% of theoretical) after 4.5 h. TLC (2.5%
methanol/dichloromethane) and NMR confirmed the presence of
product and the absence of non-cyclized amido acid. The reaction was
allowed to cool to room temperature, filtered to remove precipitated
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20 condenser and a thermocouple, was dissolved in 120 ml toluene,
causing the solution to cool to 18°C. A toluene slurry of solid exo-
(aminoethyl)norbornene (20.4 g, 0.149 mol) was added to
dimethylmaleic anhydride solution and precipitation of white solids
immediately occurred. The reaction mixture was mechanically stirred

25 as the reaction was heated to reflux. At 102°C, reflux began and the
solution cleared. After 17 minutes at reflux, the theoretical amount of
water had been collected in the Dean-Stark trap. The reaction was
heated an additional two hours at reflux and then cooled to 9°C. The
mixture was then filtered to remove solids and the filtrate rotary

30 evaporated to yield 43.7 g. This was distilled in the Kugelrohr oven to
collect 17.9 g (46% yield) at 175-185°C (<1 mbar). GC analysis
showed 99.0% purity.

Example A8. Synthesis of NBCH.-3-methylmaleimide (MMIMeNB)
Citraconic anhydride (352 g, 3.15 mol) and 1500 mi of toluene were
charged to a 5 L flask fitted with a mechanical stirrer, Dean-Stark trap,
condenser, and thermocouple. The mixture was observed to cool to

35
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200 mL of toluene followed by potassium DMMI (35g, 0.21 mol) and
18-crown-6 (1,4,7,10,13,16 hexaoxacyclooctadiene, 5.7g, 0.021 mol,
10 mol%) with stirring. The addition funnel was charged with endo-

20 /lexo-NBBuBr (45 g, 0.20 mol) in 200 mL toluene and added over 5
minutes. The mixture was heated to 100°C and an off white slurry was
observed. The mixture was continued to be stirred at for an additional
6.5 hours at 100°C and the color changed from the first observed off-
white to dark green and then reddish brown. The reaction was

25 monitored by GC which revealed the reaction was complete with 73.6%
product and 15.6% unreacted exo-/endo-NBBuBr. The reaction
mixture was then cooled to room temperature and then quenched with
the addition of 250 mL water and then diluted with 150 mL toluene.

The aqueous layer was extracted with (2x 200 mL) CH,ClI, and organic

30 layers washed with brine, dried over Na2S04, filtered and evaporated
to give 55.3g of crude product as a brown oil. The crude product was
adsorbed onto 55g SiO; and chromatographed over 330g of SiO2
eluting with pentane (3L), 2% EtOAc in pentane (5L), 3% EtOAc in
heptane (3L) and 4% EtOAc in heptane (2L). The concentrated

35 purified fractions yielded 31g of product as a colorless viscous oil
(57.8% yield) with 99.3% purity by HPLC and another fraction of 7.0g
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product (13.1% yield) with 99.09% purity by HPLC. The combined
yield for the reaction was 70.9%. '"H NMR and MS were consistent with
the structure of DMMIBUNB.

Example A10. Synthesis of NBCH,0,CCH=CHCsH,OMe (MeOCinnNB)
4-Methoxycinnamoyl chloride: A first 3L, 4 necked round bottomed
flask (RBF) was equipped with a mechanical stirrer, thermowell, and a
condenser with nitrogen adapter. The RBF was charged with 4-
methoxycinnamic acid (175 g, 982 mmol) and 0.1 mL dry pyridine in 2
L dry toluene. The addition funnel was charged with 107.2 mL (1.473
mol) SOCI; which was then added slowly to the reaction mixture at
room temperature. The reaction mixture was heated to reflux and
monitored by GC analysis (aliquots were withdrawn periodically,
guenched with MeOH, and analyzed). After 5 hours, the GC analysis
indicated that the reaction was complete and the reaction mixture was

allowed to cool to room temperature. Excess SOCI; and toluene were
removed by rotary evaporation and the crude product was purified by
distillation to give 182 g of 4-methoxycinnamoyl chloride (94% yield)
with 98.9% purity by GC.

NBCH,0,CCH=CHCsH,OMe (MeOCinnNB): A second 3L, 4 necked
RBF was equipped with a thermowell, a condenser with nitrogen
adapter, addition funnel, and mechanical stirrer was charged with
NBCH;OH (100 g, 805 mmol), dimethylaminopyridine (DMAP) (4.92 g,
40.2 mmol, 5 mol%), 563 mL triethylamine (4.03 mol) and 1.2 L
dichloromethane. The mixture was stirred at room temperature for 45
minutes during which time the addition funnel was charged with 4-
methoxycinnamoyl chloride (174 g, 0.885 mol), obtained as above,
dissolved in 400 mL dichloromethane. After addition of the 4-
methoxycinnamoyl chloride at room temperature, the mixture was
stirred at 25°C overnight. After confirmation of complete reaction by
GC the reaction mixture was diluted with 1L dichloromethane, and the
resultant solution washed with (2 x 2L) NaHCOj3; solution, (2 x 1L)
NH4Cl solution, (2 x 2L) brine, then dried over Na,SQy, filtered, and the
filtrate evaporated resulting in the collection of 208 g of crude product.
This was then adsorbed onto 200 g silica and chromatographed over
600 g of silica gel eluting with 0% to 30% EtOAc in cyclohexane. The
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concentrated purified fractions yielded 133 g of product as colorless,
viscous oil (68.3% yield) with 98.1% purity by GC. Additional fractions
were combined to give another 71.5 g product with purity >96% by GC,
bringing the total yield 88% (205 g).

Example A11. Synthesis of MeCoumNB

NBCH,0Ts: A first 3L, 4 necked RBF equipped with a mechanical
stirrer, thermowell, addition funnel, and condenser with nitrogen
adapter was charged with tosyl chloride (376.5 g, 1.93 mol) and

10 NBCH,OH (200 g, 1.61 mol) in 800 mL dry dichloromethane. The
addition funnel was charged with 270 mL (1.93 mol) triethylamine and
the charge added slowly to the reaction mixture at 0 °C. The reaction
mixture was stirred at room temperature while the reaction was
monitored by TLC/GC. TLC monitoring indicated that the reaction was

15 complete after 48 h. The reaction mixture was then diluted with 1L
dichloromethane, followed by washes with 1L water, (2 x 1L) NaHCO3;
solution, (2 x 1L) brine, drying over Na,SO4 and filtration. The filtrate
was then evaporated giving 463 g of crude product which was then
adsorbed onto 450 g silica and chromatographed over 1600 g of silica

20 gel eluting with 0% to 10% EtOAc in cyclohexane. The concentrated
purified fractions of the chromatography yielded 427 g of product as
colorless viscous oil (95% yield) with 95.3% purity by GC; Proton NMR
was consistent with the structure.

MeCoumNB: A second 3L, 4 necked RBF equipped with a thermowell,
condenser with nitrogen adapter, and mechanical stirrer was charged
with 7-hydroxycoumarin (168 g, 1.04 mol), potassium carbonate (179
g, 1.29 mol), NBCH;OTs (300 g, 1.08 mol) and rinsed with 1.5L dry
NMP. The mixture was heated to 100°C and stirred while the reaction
was monitored by TLC/'"H NMR. Proton NMR indicated the reaction
was completed after 54 h and the reaction mixture was then allowed to
cool to room temperature. The reaction mixture was then quenched
with 24L 1N HCI, the resultant off-white solid that precipitated was
filtered, washed with 4L water and dried to give 268 g of crude product.
This product was charged to a 5L RBF, dissolved in 2 L (3:1 ratio)
heptane: toluene and refluxed with 26.8 g of charcoal and filtered
through a pad of silica. The filtrate was concentrated and added to an

25
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35
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excess of heptane:toluene (3:1 ratio) to give 158 g (57% yield) of pure
white crystalline product with 98.2% purity by HPLC.

Example A12. Synthesis of NBCH,CH,0,CCH=CHC¢H,OMe

5 (EtMeOCinnNB)
5-Norbornene-2-ethanol (NBCH,CH,QOH): A 19-liter Parr Reactor was
charged with 611 g (4.6 mol) dicyclopentadiene and 2000 g (27.7 mol)
3-buten-1-ol. While stirring, the reactor was flushed three times with
nitrogen and then sealed under 10 psi nitrogen pressure. The reaction

10 was brought to 220°C over a period of 2 hr 17 min, the pressure was
observed to reach a maximum of 185 psi. The reaction was stirred for 4
hours at 220°C, the pressure dropping to 130 psi. The reaction mixture
was then allowed to cool to room temperature and drained, 2603g of
reaction mixture was collected. GC analysis indicated the product

15 mixture to contain 65.6% NBEtOH isomers by GC (3-buten-1-ol is also
present, but not calculated because it is in the solvent front). Excess 3-
buten-1-ol, 1260 g, was removed by rotary evaporation at 50°C. The
resultant concentrate was purified by distillation under high vacuum
through a 14” column with glass helices packing. Fractions 4 and 5

20 were found to be 96.1% and 95.6% pure and were collected. In each
fraction, the trimer of DCPD,F4 -3.4% and F5 3.5% was also found to
be present. Total yield, with purity >95% (F4+F5) = 721.8 g. % Yield =
56.5%.

NBCH>CH>,0,CCH=CHCgHsOMe (EtMeOCinnNB): A 100 mL, 3 neck
RBF equipped with a thermowell, addition funnel, and mechanical
stirrer was charged with NBCH,OH (2 g, 14.47 mmol), DMAP (88.4 mg,
0.72 mmol, 5mol%), 10.1 mL triethylamine (72.35 mmol) and 25 mL
dichloromethane. The mixture was stirred at room temperature for 45
minutes before the addition of 4-methoxycinnamoyl chloride (3.13 g,
15.92 mmol) in 5 mL dichloromethane from the addition funnel was
started. After this addition was completed, the mixture was stirred at
25°C overnight. After confirmation of complete reaction by GC the
reaction mixture was diluted with 20 mL dichloromethane, followed by
washes with (2 x 25 mL) NaHCOj; solution, (2 x 15 mL) NH4CI solution,
(2 x 25 mL) brine, dried over Na,SO,4 and filtered. Concentration of the

25

30

35



84 312 1.78 B15 F NBC46 (25.0) 100 7.8 0.78 84 331 1.73 B16 F NBC49
(25.0) 100 15.5 1.55 84 292 1.85 Bl17 F NBC49 (31.2) 72.4 tt0.24/0.14

0.14 48 wo0 2012/028278 PCT/EP2011/004281

-57-

filtrate gave 3.9 g of crude product as a colorless viscous oil (93%
crude yield) with 96% crude purity by GC.

Example A13. Synthesis of Norbornenylethoxycoumarin

5 (EtCoumNB).
NBCH>CH,OTs: A 5L, 4 neck RBF equipped with a mechanical stirrer,
thermowell, addition funnel, and condenser with nitrogen adapter was
charged with tosy! chloride (CH3CsH4SO,CI = TsCl) (745 g, 3.9 mol)
and NBCH>CH20H (450 g, 3.26 mol) and 2 liters dry dichloromethane.

10 The addition funnel was charged with 547 mL (3.9 mol) triethylamine
and added slowly to the reaction mixture previously chilled to 0°C.
Stirring at room temperature was continued while the reaction was
monitored by TLC/'H NMR. After 24 hours, a proton NMR analysis
indicated that the reaction was complete. The reaction mixture was

15 then diluted with 4L dichloromethane, followed by washes with 2L
water, (2 x 1) NaHCOj3 solution, (2 x 1L) brine, dried over Na;SO4
filtered, and the filtrate rotovapped to give 1064 g of crude product as a
colorless viscous oil (110% crude yield) with >95% purity by '"H NMR
(consistent with the structure). The crude product was used for next

20 reaction without further purification.

EtCoumNB: A 12L, 4 neck RBF equipped with a thermowell, condenser
with nitrogen adapter, and mechanical stirrer was charged with 7-
hydroxycoumarin (450 g, 2.77 mol), 3.5 L dry NMP, potassium
carbonate (498.6 g, 3.6 mol), NBCH,CH,0Ts (932.6 g, 3.19 mol) and
1L dry NMP. The mixture was heated with stirring to 100°C and
monitored by TLC/NMR. The TLC/'H NMR monitoring indicated that
the reaction was completed after 24h and the reaction mixture was
allowed to cool to room temperature. Then the reaction was quenched
with 50L 1N HCI, causing the product to precipitate as an off-white
solid that was filtered, washed with (5 x 4L) water and dried to give
1394 g of crude product. The 1394 g crude product was dissolved in 4L

25

30

dichloromethane. About 500 mL of water separated and was removed:;
the remaining dichloromethane solution was then dried over Na;SOy,
filtered, and evaporated to give 864 g of crude product. The 864 g
crude product was combined with 60 g of a pilot reaction’s crude
product and dissolved in dichloromethane and adsorbed onto 1000 g

35
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g of product as a fluffy light yellow solid with >97% purity by HPLC.
The product was then recrystallized from 1.6L refluxed heptane:toluene

5 (4:1 ratio) to give 480 g (57% vyield) of pure white crystalline powder
product with 99.3% purity by HPLC; 'H NMR was consistent with the
structure.

Example A14. Synthesis of 4-norbornenyl-1-butynyltriethylsilane

10 (NBCH,CH,C=CSiEt; (AkSiNB)).
NBCH,CH,OMs: A 12L, 4 necked RBF equipped with a thermowell,
nitrogen adapter, addition funnel and mechanical stirrer was charged
with 5-(2-hydroxyethyl)norbornene (420 g, 3.03 mol), 4 L
dichloromethane, and methanesulfonyl chloride (CH3SO,C, or MsCl)

15 (369 g, 3.22 mol). An extra 500 ml dichloromethane was added to rinse
in the CH3S0,C,. The stirred mixture was chilled to -16°C and
triethylamine (371 g, 3.64 mol) was added dropwise over a 1.5 hr
period, the temperature was observed to increase to 0°C during the
addition. The resulting slurry was allowed to continue to warm to 189°C

20 over a 4 hr period and then 2 L water was added with continued
stirring. After the water addition was completed, the phases were
allowed to separate and the aqueous phase extracted with 2 L
dichloromethane. The combined dichloromethane extracts were
washed with (2 x 2 L) NaHCOj; solution followed by 1600 mL of 1 N

25 HCIl and then washed with brine in 2000mL portions until a wash pH =
6 was observed. The dichloromethane solution was then dried over
sodium sulfate, filtered, and rotary evaporated to give 612.5 g of ared
liquid. NMR was consistent with structure. GC analysis gave mesylate
content at 93.2%. No further purification was attempted since the

30 material demonstrated instability during distillation.

NBCH,CH,Br: A 22L reactor equipped with a thermowell, nitrogen
adapter, addition funnel and mechanical stirrer was charged with
lithium bromide (369 g, 4.25 mol) and 4L of 2-pentanone and stirred
until the LiBr was dissolved, after which the solution warmed to 30 °C.
Norborneneethylmethanesulfonate (612.5 g, 2.83 mol) dissolved in 2 L
of 2-pentanone was then added to the LiBr solution with stirring and

35
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with a thermowell, nitrogen adapter, addition funnel and mechanical
stirrer. The RBF was charged with triethylethynylsilane (128.4 g, 915

25 mmol) in 800 mL dry THF. The reaction mixture was cooled to -78°C
and 359 mL n-BuLi (2.5M in hexane, 899 mmol) was added slowly and
stirred for 1 h at -78°C. The reaction mixture was then warmed to 0°C
and addition funnel was charged with NBCH,;CH;Br (160 g, 795.6
mmol) in 640 mL dry DMSO. After slow addition of NBCH;CH,Br

30 solution the reaction mixture was allowed to warm to room temperature
and stirred for 2h. By GC analysis the reaction was completed after 2h
stirring at room temperature. The reaction mixture was quenched with
4L water and diluted with 8L heptane, followed by washes with (3 x 8L)
water, (2 x 4L) brine, dried over Na,SQ,, filtered, and evaporated. The

35 GC analysis indicated that the crude product contained 62% product
and 27% by-product (Et3SiCCSiEts). The 178 g of crude product was



15 Exanpl e B30. Polynerization of DecNB and Phl ndNB The nonomer sol ution
(toluene (68.0 g) and nethyl ethyl ketone (12.0 g)) were stirred at 50C and
t he cat alwetosalst7gson was injected into the vials. The wCrtpPR@I/OW2SE

mai nt ai ned at tenperature for 16 hours. After residual catalyst renoval and
precipitation of the polyners into nmethagppl, the polyners were isolated and
dried in a vacuumoven at 70-8 C. 20Exanple B31l. Polynerization of BuNB
and DVM MeNB The nononer solution (toluene (488 g) and nethyl ethyl ketone
(90.0 g)) was stirred at 45C and the catal yst solution was injected into

the reactor. TdigtieKlbasr Nigh vaeuDhaihnedyal 14eaBRINGA With diass Belieey s. After

resi dual cat al val i At at ches 25each
of a 50/50 et h%nolﬁ ’599[536?%?{8?6 mgﬁ(é@h'm%ce?\l/\éh%%%gh% g\%#\g @?ﬂ vent
exchanged i nt cbYRrRdpetatbrearodesiamgs ebizanedm >§ynusity £88.84n 43%DVM MeNB and

HexNB or Cct NByidfwg bom in62193t9PBSC (dt 92801 mmm?*ﬁt hyl ethyl ketone
(18.0 g) ) 30were stirred at 45C and the catal yst solutions were injected

o the bials. dhgiis %gregﬁm@w&awgmé G BB BB "ou S

reci ners-into 95/5
met hanol / wat er BramephenwH2e3-dimeath " ‘Ja |Aq1|a Wa% oven at

60-70C. - 81 equipyedWith Batagh latnc%ﬂrmerdombh@ér with P ddNBdapleeNB and

(15 ?Bgf?em”?é‘?@%rﬂﬁ?@{y%%'t gﬁ%%% LR el (P8 ﬁ%?étrg ”Yag%?b??ﬁns
were injqgted dlmeihylrmalﬁlcaaehydnrd:e HB?M )4 00w & Sren modli inGPmlt enper at ure
Sfor 45 hours. Iéttﬁbcé%bewafrh@&babu&i mhIRYwhs 28fuSEfr BH @hd gncof the

polymers into rret noI i SO nd drj.ed |n a vacuum
oven at 65-70 ¥a@S 8%‘?‘% @9%%{Eé%wﬁ%9etﬁ93té%ﬁ§f%ﬁ\ﬁ9ﬁ 45ecNB, and
NBTODD 10The neeroptete sariditheoreaclioninishae (6B, ajlogvechtwdccmtdv;ermehhyr Iheket one
(11.3 g)) werepgiduct §6hcﬁﬁedl§§:afﬁ16kfmﬁteccﬁils?tbb’whlél‘i’wats'fﬂ@ed Ringcted into the

vials. The m xtures, wer t at t at.ur r for B38

and 16 hdérs fW?s%‘éw'tﬂ%g&’pe@ryaf?g? weLe gl a%g VeF’éP&fg% ?{b"sﬁ’rﬁég?al tation of

the pol yners iwitb NetG@asblutioa. Jbeyargasicueyer wasHded dvebiladS@siad i n a

vacuum oven at Zg&c‘cor@éﬁﬂa’n éﬂgfa?e@ron%blhﬁ ABL2 Badihfdth P dRMidENB, NBCH2CEFS
e

nd 1 he. catal yTCaBkaMTBESh s T ot i BRESAAE e It ur e ver

and the cataly

mai ntai ned at tenperature for 4.75 hours. After residual catalyst renoval
and precipit at NBE HyiC H AGs Ha DIMMb (Et PhRIMMONBE Andlt HaneckedhREF wae pol yner s

wer e isolat ed aqgipHed GritH & tiReMRASMAIMRYEBNSEr With Ritrob@ &dabtEX ad¥risiTer A
Mononer B funnel and mechanical stirrer. The RBF was charged with Zn (82.0 g,
1.26 mol), iodine (10.6 g, 0.04 mol) and 800 mL degassed N-
methylpyrrolidone (NMP). The mixture was stirred at room temperature
until the red color of iodine disappeared (ca. 2 minutes). Addition
funnel was charged with NBCH,CH,Br (169 g, 0.84 mol) in 100 mL
degassed NMP. The NBCH,CH,Br solution was added dropwise and
the mixture was stirred at 80°C for 3 h. Completion of zinc insertion
was indicated by GC analysis of hydrolyzed reaction mixture. The
mixture was cooled to 60°C and BrCgHsDMMI (157 g, 0.56 mol) and
Pd(PPh3)4 (51.8 g,0.045 mol) were added successively at 60°C. Then
the reaction mixture was heated at 80°C for 2h 30min. The reaction
was monitored by quenching an aliquot with 1N HCI and extracting with
EtOAc and followed by GC. After 2h 30 min there was only 38.8%
product by GC, so, another 2 mol% Pd(PPhs)s was added and stirred
at 80°C for another 1h, but no significant change in product was
observed. The reaction mixture was allowed to cool to room

25

30

35
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temperature and quenched with 2L 1N HCI and extracted with (2 x 4L)
50% EtOAc in cyclohexane. The combined organic phases were
washed with NaHCOg3, brine, dried over Na;SOy, filtered, and
evaporated. The 200 g of crude product was adsorbed onto 200 g silica

5 and chromatographed over 800 g of silica gel eluting with 0% to 20%
EtOAc in cyclohexane. The concentrated purified fractions yielded 30.4
g of an off-white solid product (17% yield) with >94% purity by GC.

Example A16. Preparation of exo-Norbornenylphenylethynyl-

10 triethylsilane (exo-NBCH>CH,C¢H4C=CSiEt;(ArSiNB))
Exo-norbornenylphenylbromide: To 1-bromo-4-iodobenzene (250
grams, 884 mmol) and PdCI(PPhj), (6.20 grams, 8.84 mmol) in 400
mL of anhydrous DMF, was added norbornadiene (360 mL, 3.54
mmol), triethylamine (Et;N) (398 mL, 2.85mol), in a five-necked, three

15 liter glass jacketed reactor purged with nitrogen. The reactor was
heated via a hot water bath with a 50°C set point. At an internal
reactor temperature of 50°C, formic acid (88%, 80 mL, 1.86mmol) was
added drop wise through an addition funnel to prevent an exothermic
reaction from occurring. The solution was heated and stirred at 50°C

20 for 1.25 hours and sampled every 15 minutes with GC monitoring to
ensure all the 1-bromo-4-iodobenzene was reacted. The reaction
mixture was cooled, transferred to a separatory funnel, and extracted
with 500 mL of 10% HCI and 470 mL of heptane. The combined
aqueous layers were discarded. The combined organic layers were

25 dried with 6 grams of MgSO, and stirred for 30 minutes. The mixture
was filtered through silica gel (200-425 Mesh) via a chromatography
column, which was eluted with heptane. The crude material of exo-
norbornenylphenylbromide (169 grams, 77% yield) was purified
through a short path distillation setup at 90°C and 0.2 Torr. The

30 distillation cuts contained 62 grams (>80%), 80 grams (>99%), and
were colorless liquids. The main impurity in the sample was a reaction
by-product, which was identified by GCMS as a norbornadiene dimer
(NB-NB). A sample of the pure (>99%) exo-norbornenylphenylbromide
was analyzed via '"H NMR and was in agreement with the proposed

35 structure and literature values.
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Exo-NBCH,CH,C¢H,C=CSiEt; (exo-ArSiNB): To exo-
norbornenylphenylbromide (103.8 grams, 0.417 mol) and
triethylsilylacetylene (70.2 grams, 0.5 moles) in 750 mL of anhydrous
DMF, was added dibutylamine (Bu2NH) (77.5 grams, 0.6 mol),
PdCI2(PPh3)2 (10.53 grams, 0.015 mol), and copper(l) iodide (2.86
grams, 0.015 mol), in a three-neck, one liter glass jacketed reactor
purged with nitrogen. The reactor was heated via a hot water bath with
a set point of 65°C. The solution was kept heated and stirred at 65°C
for 27 hours with GC monitoring every 3 hours to ensure that all the
exo-norbornenylphenylbromide was reacted. The reaction mixture was
cooled, and extracted with 200 mL of 10% HCI and 410 grams of
heptane. The combined aqueous layers were discarded. The
combined organic layers were filtered through a silica bed (200-425
Mesh) via a chromatography column and eluted with heptane. The
crude material contained 122 grams of exo-
norbornenylphenylethynyitriethylsilane. The main impurity in the
sample was a reaction by-product, which was identified by GCMS as
an acetylene dimer, Et3SiC=C-C=CSiEt;. Since the crude material

could not be purified by distillation, it was retreated with silica gel via a
chromatography column and eluted with heptane once more. The final
material (43 grams, 35% yield) was a pale yellow oil (>98% purity). 'H
NMR confirmed the identity of the final product as exo-
norbornenylphenylethynyltriethylsilane.

Example A17. Preparation of epoxyoctylnorbornene (EONB)
1,2-Epoxy-9-decene (EPD) (296% (31.5 Kg)) was charged to a
jacketed reactor equipped with a dedicated hot oil unit, an apparatus to
provide a split-range pressure control scheme and a feed weigh tank
equipped with a metering pump. 4.32 Kg of a premix of
dicyclopentadiene (DCPD) (=98%) and EPD (9:1 molar ratio) was
prepared and charged to the feed weigh tank. Oxygen was removed
from the reactor headspace using (3) pressure/vacuum swings with
nitrogen and then pressurized with nitrogen to 5 psig. The reactor
content was heated to 210°C and when at temperature the premix was
metered into the reactor at a constant rate over a 6 hour period. After
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completion of the metered addition, the reactor content was rapidly
cooled to 25°C.

Referring to Table A, below: A known weight of the crude reaction
5 mixture of epoxyoctyl norbornene (EONB) was then charged to a
vacuum distillation setup consisting a still pot with heating mantle, a
packed distillation column (3 theoretical plates), a reflux splitter, a
water cooled condenser, a condensate receiver and a vacuum pump.
The distillation system vacuum was adjusted to the desired set point,
10 and the oil bath used to heat the still pot to establish reflux conditions
in the distillation column. Once these conditions were established, the
reflux splitter was then started at the desired reflux ratio and fractional
distillation proceeded by periodically removing liquid fractions from the
overhead receiver. GC analysis was used to determine composition of
15 the overhead liquid fractions. Distillation reflux ratio was adjusted as
needed to affect composition of the overhead stream. The initial
overhead fractions are enriched in the “light” components, which are
primarily cyclopentadiene (CPD), dicyclopentadiene (DCPD) and epoxy
decene (EPD). After removal of the “light” components, medium purity
20 EONB (292%) is then separated from the remaining cyclopentadiene
trimers (CPDT) and epoxyoctyl tetracyclododecene (EOTD). The
EOTD and other heavies are left in the still pot. The distillation process
was terminated once the majority of EONB had been removed from the
still pot residual.

25 Referring to Table B, below: A second-pass distillation of the medium
purity EONB obtained from the first distillation was used to obtain high
purity EONB (298%) product.

Table A - Distillation 1st Pass

30 Crude EONB Charge 36.82 kg
Still Pot Temperature: EPD 95-100°C EONB 130-140°C
Overhead Temperature: EPD 65-70°C EONB 90-100°C

35 System Vacuum: EPD 2-3 mmHgEONB 0.15-0.20 mmHg
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Table B - Distillation 2nd Pass
Medium Purity EONB Charge 6.66 kg

Still Pot Temperature: EONB 120-130°C
Overhead Temperature: EONB 89-92°C

System Vacuum: EONB 0.10-0.20 mmHg
Reflux Ratio: EONB 3:1

Example A18. Preparation of 3,4-dihydronaphthalic methylmaleimide
norbornene (DHNMINB)

Norbornene methylamine (60.0 mL, 0.49 mol) in 57.5 g of toluene was
added drop wise to a 3,4-dihydronaphthalic anhydride (80.1 g, 0.40
mol) dissolved in approximately 290 g to toluene with vigorous stirring.
A light tan solid formed. The mixture was heated. Between 65-95 °C
the solid dissolved to give a clear, dark brown solution. The solution
was heated to reflux and water was removed using a Dean-Stark trap
(8.6 g) over the course of 6 hours. The reaction mixture was cooled
and then concentrated using a rotary evaporator to a very viscous
brown oil (170 g). A portion of the oil (80 g) was purified by silica gel
column chromatography using 5:1 mixture of hexanes and ethyl
acetate as eluent. Twenty five, 125 mL fractions were collected.
Fractions 4-12 were combined and concentrated to dryness using a
rotary evaporator to give a viscous yellow oil (19.7 g). '"H NMR
confirmed the identity of the product as a mixture of DHNMINB.

Example A19. Preparation of Norbornene methoxyethyl acetate
(NBCH,GIlyOAc)

An initial charge of 5.51 kg allyloxyethyl acetate was weighed into a
reactor and heated to 210°C. 0.07 kg of allyloxyethyl acetate and 0.32
kg of dicyclopentadiene were premixed and charged to a metering
vessel and then metered into the reactor at a constant flow rate over a
5 hour period once the reaction temperature was reached. At the end
of the metering period the charge was allowed to cool to room
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temperature and analyzed by GC showing 29% norbornene
methoxyethyl acetate with approximately 0.6% cyclopentadiene trimers
and 0.9% tetracyclododecene methoxyethyl acetate; the remainder is
mostly allyloxyethyl acetate (all results are GC area %). Purification of
norbornene methoxyethyl acetate is accomplished by fractional
vacuum distillation on a packed column. High purity distillation was
conducted under vacuum in the range of 150 to 200 mTorr with an
overhead temperature of 65 to 67°C. Approximately 80% of the
contained norbornene was recovered at greater than 99% purity
(based upon GC area %).

Example A20. 2-propen-1-one, 1-(4-bicyclo[2.2.1]hept-5-ene-2-
methoxyphenyl)-3-(4-methoxyphenyl)- (MCHMNB)

4'-Hydroxy-4-methoxychalcone: To a solution of sodium hydroxide
(100g, 2.50mol) in 1.8L of a 10:8 mixture of water and methanol was
added 4-hydroxyacetophenone (136g, 1.00moil). After stirring at room
temperature for 30 minutes, 4-Methoxybenzaldehyde (136g, 1.00mol)
was added to this mixture. The reaction mixture was stirred at 50°C oil
bath for 16 hours. A clear yellow solution resulted which was allowed to
stir at room temperature for 30 minutes. 1N HCl aq (500mL) and
600mL of a 1:1 mixture of dichloromethane and THF were added to
result two layers. The organic layer was washed by saturated NaHCO;
aqg (300mL x 2) and water (300mL x 3) and evaporated to yield orange
solid. This solid was washed by 300mL of EtOAc two times. The
resulted yellow solid was dried in vacuo. Yield 133g (52%). '"H NMR
(CDCl3): 83.85 (s, 3H), 6.93 (m, 4H), 7.47 (d, 1H), 7.50 (d, 2H), 7.75
(d, 1H), 7.96 (d, 2H).

2-propen-1-one, 1-(4-bicyclo[2.2.1]hept-5-ene-2-methoxyphenyl)-3-(4-
methoxyphenyl)- (MCHMNB): To a solution of K,CO3 (18.0g,
0.130mol) in 200mL of DMF were added 4’-hydroxy-4-
methoxychalcone (25.4g, 0.100mol) and bicycle[2.2.1]hept-5-ene-2-
methy! trifluoromethanesulfonate (23.3g, 0.115mol). This reaction
mixture was stirred at 100°C oil bath for 24 hours. An orange
suspension resulted which allowed to stir at room temperature for 1
hour. 300mL of dichloromethane and 300mL of 1N HCI aq were added
to result two layers. The organic layer was washed by sat. NaHCO; aq

B3
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(200mL) and water (200mL x 5), then evaporated to yield orange solid.
This solid was washed by 300mL of EtOAc two times. The resulted
pale yellow solid was dried in vacuo. Yield 16.0g (44%). The structure
was determined by 'H NMR (CDCl3).

Example A21. Preparation of Norbornenylethy!-3,4-dimethyl-1H-
pyrrole-2,5-dione (NBCH.CH,DMMI)
Cyanomethylnorbornene: A 1L, 4 neck RBF was equipped with a
thermowell, condenser with a nitrogen inlet, stopper and mechanical
10 stirrer. The RBF was charged with chloromethylnorbornene (120 g,
0.84 mol, 95.6% pure), 400 mL DMSO and solid NaCN (74.2 g, 1.51
mol). An extra 20 mL DMSO was added to rinse in the NaCN. The
reaction mixture was stirred @ ~90 °C for 72 hours. GC analysis of an
aliquot indicated all starting material had been consumed and the
15 reaction was completed. The reaction mixture was cooled to room
temperature. Approximately 200 mL water was poured into the flask
and diluted with 200 mL MTBE. The organic phase was separated and
the aqueous layer was re-extracted with (3x300 mL) MTBE. The
organic phases were combined and washed with (3x500 mL) tap water
20 until the aqueous wash reached pH = 6. The MTBE solution was dried
over anhydrous sodium sulfate overnight, filtered, and rotary
evaporated, and dried under high vacuum (0.94 torr) for 3h at bath
temp 50°C to give 112 g (100% yield) with 85.8% purity by GC. Proton
NMR analysis indicated the material contained ~1% MTBE. The crude
25 dark brown product was used for the next reaction without further
purification. Data: GC analysis on a DB5 Column, 30 meters, 0.32 mm
ID, 0.25um film, 75°C to 300°C at 25°C/min., hold for 2 min at 300°C,
Injector temperature: 275°C, Detector temperature: 350°C.

Aminopropylnorbornene: A 3L, 4 neck RBF was equipped with a

30 thermowell, condenser with a nitrogen inlet, addition funnel and
mechanical stirrer. The RBF was charged with lithium aluminum
hydride (LAH) pellets (67 g, 1.77 mol) and mechanically stirred
overnight with 840 mL methyl-tert-butyl ether (MTBE). A thick paste

35 resulted and additional 200 mL of MTBE were added to the LAH

solution. The resulting dispersion was chilled to -5.5 °C with a
methanol-ice bath. The addition funnel was charged with
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cyanomethylnorbornene (112 g, 0.84 mol) in 500 mL MTBE and added
dropwise at a rate to maintain the reaction temperature below -2°C.
(Note: the reaction temperature should not be allowed to go below -5°C
to avoid accumulation of unreacted starting material and causing a

5 potentially hazardous induction period.) Addition time was 1h. The
cooling bath was removed and the mixture was then heated to 35°C
over a 1.5 h period and stirred at 35°C for an additional 30 minutes
when GC analysis indicated no starting material remained. The
mixture was cooled to -15°C (methanolfice bath) and 125 ml of distilled

10 water was added very slowly over 3 hours 30 min, keeping the
temperature below 0°C. This mixture was then diluted with 500 mL
MTBE and a second 125 ml portion of water was added to precipitate
the lithium and aluminum by-products as a free flowing white solid.
After stirring 10 minutes, the lithium and aluminum by-products were

15 allowed to settle and the MTBE phase was decanted. The lithium and
aluminum residues were covered with additional (2 x 500 mL) MTBE,
then mixed, settled, and the MTBE decanted. The MTBE decants were
combined, dried over sodium sulfate, then filtered, and rotary
evaporated, and dried under high vacuum (0.94 torr) for 3h at bath

20 temp 50°C to give 104 g (90% yield) of a light yellow viscous oil. GC
analysis indicated 96.4% purity with 2.9% DCPD. 'H NMR analysis
indicated the material contained ~1% MTBE. The crude product was
used for the next reaction without further purification. Data: GC
analysis on a DB5 Column, 30 meters, 0.32 mm ID, 0.25um film, 75°C

25 to 300°C at 15°C/min., Injector temperature: 275°C, Detector
temperature: 350°C, Retention time: 5.280 minute.

NBCH,CH,DMMI: A 3L, 4 neck RBF was equipped with a thermowell,
Dean Stark trap connected to condenser with a nitrogen inlet, addition

30 funnel and mechanical stirrer. The RBF was charged with 600 mL
toluene followed by dimethylmaleic anhydride (DMMA, 92g, 0.73 mol)
with stirring. The mixture cooled to 14°C as the dimethylmaleic
anhydride dissolved in the toluene. The mixture was warmed to 25°C
to clear the solution. The addition funnel was charged with

35 aminoethylnorbornene (104 g, 0.73 mol, 96.4% pure) in 100 mL
toluene and added drop wise over 15 minutes. An additional 130 mL
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toluene was added to rinse in the aminoethylnorbornene and the
addition funnel was replaced by a stopper. The mixture immediately
exothermed to 50°C and a white thick precipitate was observed. The
mixture was heated carefully (to avoid excessive foaming) to reflux

5 over 30 minutes and refluxed for 2 hours. A clear solution was
observed and 13.1 mL water (99.5 % of theoretical) was collected in
the Dean Stark trap. GC analysis revealed the reaction was complete
(94.9% product with 1.8% DCPD and 1.7% unknown impurity at 7.8
minute). The reaction mixture was cooled to room temperature and

10 transferred to 5 L flask and concentrated on the rotary evaporator. The
crude product was further dried under high vacuum (0.94 torr) at 75°C
bath temperature on the rotary evaporator for 5h and gave 179 g of
crude product as dark orange color viscous oil. GC analysis indicated
the purity of crude product after drying under high vacuum was 97.4%

15 with 0.3% DCPD and 1.8% unknown impurity. The 179 g of crude
product was adsorbed in 179 g of silica gel and chromatographed over
500 g of silica gel eluting with heptane (8L), 2% EtOAc in heptane (2L),
2.5% EtOAc in heptane (2L), 3% EtOAc in heptane (4L) and 5% EtOAc
in heptane (1L). The concentrated purified fractions yielded 163.5 g of

20 product as colorless viscous oil (91% yield) with 99.8% purity by GC.
'H NMR and mass spectrum were consistent with the structure. Data:
GC analysis done on a DB5 Column, 30 meters, 0.32 mm ID, 0.25um
film, 75°C to 300°C at 15°C/min, 2 min hold at 300°C, Injector
temperature: 275°C, Detector temperature: 350°C, Retention time:

25 11.893 minute.

Example A22: Norbornenylpropyl-3,4-dimethyl-1H-pyrrole-2,5-dione,
(NBCH,CH,CH.DMMI)
Cyanoethylnorbornene: A 1L, 4 neck RBF was equipped with a

30 thermowell, condenser with a nitrogen inlet, stopper and mechanical
stirrer. The RBF was charged with chloroethylnorbornene (100 g, 0.64
mol), 300 mL DMSO and solid NaCN (43.8 g, 0.89 mol). An extra 20
mL DMSO was added to rinse in the NaCN. The reaction mixture was
stirred at ~80°C for 2 hours. GC analysis of an aliquot indicated all

35 starting material had been consumed and the reaction was completed.
The reaction mixture was cooled to room temperature. Approximately
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200 mL water was poured into the flask and diluted with 100 mL MTBE.
The organic phase was separated and the aqueous layer was re-
extracted with (3x200 mL) MTBE. The organic phases were combined
and washed with (3 x 500 mL) tap water until the aqueous wash
reached pH = 6. The MTBE solution was dried over anhydrous sodium
sulfate overnight, filtered, and rotary evaporated to give 93.5g (99.5%
yield) with 99.3% purity by GC. NMR analysis indicated the material
contained ~1% MTBE. The crude product was used for the next
reaction without further purification. Data: GC analysis done on a DBS
Column, 30 meters, 0.32 mm ID, 0.25um film, 75°C to 300°C at
25°C/min., hold for 2 min at 300°C, Injector temperature: 275°C,
Detector temperature: 350°C.

Aminopropylnorbornene: A 3L, 4 neck RBF was equipped with a
thermowell, condenser with a nitrogen inlet, addition funnel and
mechanical stirrer. The RBF was charged with LAH pellets (50.6 g,
1.33 mol) and mechanically stirred overnight with 800 mL MTBE. A
thick paste resulted due to some loss of solvent. An additional 200 mL
of MTBE were added and the resulting dispersion was chilled to -6°C
with a methanol-ice bath. The addition funnel was charged with
cyanoethylnorbornene ( 93.5 g, 0.635 mol) in 500 mL MTBE and added
dropwise at a rate to maintain the reaction temperature below -2°C, but
warmer than -5°C. The addition of cyanoethylnorbornene occurred
over a 1h period. The cooling bath was removed and the mixture was
then heated to 35°C over a 1.5 h period and stirred at 35°C for
additional 30 minutes when GC analysis indicated no starting material
remained. The mixture was cooled to -15°C (methanol/ ice bath) and
150 ml of distilled water was added very slowly over 3 hours 30 min,
keeping the temperature below 0°C. This mixture was then diluted with
250 mL MTBE and a second 250 ml portion of water was added to
precipitate the lithium and aluminum by-products as free flowing white
solid. After stirring 10 minutes, the lithium and aluminum by-products
were allowed to settle and the MTBE phase was decanted. The lithium
and aluminum residues were covered with additional 500 mL MTBE,
then mixed, settled, and the MTBE decanted. The MTBE decants were
combined, dried over sodium sulfate, then filtered, and rotary




36/ 47/ 1 7t B4 NBCH2C6F5 (12.1) DWM MeNB (20.5) MeOACNB (7.38) 1.05/10.6 85
1046 2.33 23/48/2 9t B4 NBCH2C6F5 (16.3) DVM MeNB (13.8) MeOACNB (9.93)

0. 87/ 8. 8 W8 201242789 31/33/3 6t *Mononer feed ratio t EGomEEP11i004281
determ ned by 13C-NWR 30 For each of Exanpl es B42-B47, the anmpbunt of
mononers indicated in Table 4, below, were dissolved in the anount of

sol vent shown bel ow and charged to a vir 40 ‘equi pped with a stir bar. The
vial/reactor was sparged with nitrogen to renove residual oxygen and

seal ed. The 35i ndi cated anount of catalyst N Arf was dissolved in the

I ndi cat ed evaporated to give 92 g (95.8% yield) of colorless viscous oil. GC

analysis indicated 99.7% purity. 'H NMR analysis indicated the
material contained ~1% MTBE. The crude NB(CH2)3NH; product was
used for the next reaction without further purification. Data: GC

5 analysis done on a DB5 Column, 30 meters, 0.32 mm ID, 0.25um film,
75°C to 300°C at 15°C/min., Injector temperature: 275°C, Detector
temperature: 350°C, Retention time: 6.225 minute.

NBCH,CH,CH-,DMMI: A 3L, 4 neck RBF was equipped with a

10 thermowell, Dean Stark trap connected to condenser with a nitrogen
inlet, addition funnel and mechanical stirrer. The RBF was charged with
500 mL toluene followed by dimethylmaleic anhydride (DMMA, 76.7g,
0.60 mol) with stirring. The mixture self-cooled to about 14°C as the
dimethylmaleic anhydride dissolved in the toluene. The mixture was

15 warmed to 25°C to clear the solution. The addition funnel was charged
with aminopropyinorbornene (92 g, 0.60 mol) in 100 mL toluene and
added dropwise over 15 minutes. An additional 100 mL toluene was
added to rinse in the aminopropylnorbornene and the addition funnel
was replaced by a stopper. The mixture immediately exothermed to

20 53°C and a white precipitate was observed. The mixture was heated
carefully (to avoid excessive foaming) to reflux over 20 minutes and
refluxed for 3 hours. A clear solution was observed and 10.7 mL water
(98.2 % of theoretical) was collected in the Dean Stark trap. GC
analysis revealed the reaction was complete (98.2% product and

25 0.95% DMMA). The reaction mixture was cooled to room temperature
and transferred to 5 L flask and concentrated on the rotary evaporator.
The crude product was further dried under high vacuum (0.94 torr) at
50°C bath temperature on the rotary evaporator through overnight and
gave 122 g of crude product as light yellow viscous oil. GC analysis

30 indicates the purity of crude product was 98.8% and 0.68% DMMA as
major impurity. The 122 g of crude product was adsorbed in 122 g of
silica gel and chromatographed over 360 g of silica gel eluting with
heptane (4L), 2% EtOAc in heptane (4L), 2.5% EtOAc in heptane (4L)
and 3% EtOAc in heptane (4L). The concentrated purified fractions

35 yielded 115 g of product as colorless viscous oil (73.2% yield) with
100% purity by GC. "H NMR and mass spectrum were consistent with




anount of toluene in a nitrogen purged glove box and injected into the -
83 - sealed vial/reactor. Table 4 al so provides the yields of polyners

obt ai ned wonoeaeke7synt hesis as well as My, and PDI. ExampT&EPBii2/004281

Pol yrmeri zation of DVM MeNB, DecNB, and NBXOH. 5The ampunt of nononers
indicated in Table 4, below were dissolped in a mxture of toluene and

nmet hyl ethyl ketone (65.02 nL and 12.75 nl, respectively) contained in a
vial equipped with a stir bar. The vial was sparged with nitrogen to renove
resi dual oxygen and seal ed. The anpunt of catalyst N Arf indicated in Table

4 was di SS|O| Veghel structlrec atad G EHalvlsi)stdheaorﬁ\iatDQ@blllﬁthgsd ngétevs, box. Thg
monomer sol uti t . t al yst . ipn injecte
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with stirring 30Q°6: Injarion tempgeatued: 1290e@, Detanton temperatsiiet 34pérat ure. After

resi dual cat al gsfentiBARivde: BNE3PHaaLIEY. tation of the pol yner into 15Met hanol,
t he pol yger was isolated and dried in a vacuum oven at 60C. Exanpl e B43.
a
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met hyl ethyl ketone (5dpedluyarothmetbyloB4dioxanamkRiOxel¢N)contained in a
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resi dual oxyge nd_seal e Th unt_of cat al Ni.Arf.ixndicated in Tabl e
2 wns i seol Selef r%&ﬁ@ﬁi?ig BN %"JapﬁﬁméZ%-"b%}ﬁ?'é%bgﬂ%% . "he
nmononer ggl ut i breneey 3-(rantaleuaredheoyl sedadivdrapiepdaeae Y83 9s 6127t Meh i nj ect ed
A nto thet Eeat effeid aﬂer?ige@wmﬁ?gsﬁr@#vmésm:aphﬁu gﬁﬁs%néaﬁaﬂ@b@s uretfor 16t
ours W stirring afte c was, al | owe C 0, [0 nper at ur e.
After resi dual SBANSHSSEE] A THRAS BT oL AR R a0 PeALEbiS §RRSC T ht o

Met hanol , the fooR¢rimursadilesstirangdndadaditregen hlaaketdineneagtor vwas 60C. 30

Exanpl e B44. Pglya®td apidion tepReXENB aal dh OV MINBnISred(ary) Wwhs nononer
indicated in Table 4@1@?&5}9 rous,trii| uorotol uene
]

w,, were dissolved 1 p anh
(49. 13 n1p contHIGFEY vetovag ?lioigiaéﬂ 1&&9&&“&?@8&(9"%% Fal was
sparged wi th netudegendtc wastfraetiorallydlistillelbtoxyltain @ngd (6€4 weld) Tidhamount  of
catal yst N Arfqgodingd ﬁr?atd%gg inﬂng?@{r,%rﬂs‘}"%splm@%?(}’@%réé p%'i‘&)fﬁé@é@

trifluorotoluene (7.50 nL) in a nitrogen - purged gl ove box. The

nmonomer sol ution ke t 1Loom e re agnd t tal yst, sol ution
injected into themﬁﬁm&#ﬁ\gd’mﬁ{cyfﬁags{@ﬁﬁ??%’g'q'lﬁ'g’%‘ﬁﬁlfﬁ‘.%ﬁ “er residual
catal yst removal and preci p(resfluoropdtenyhsethi)y (RFBTGND Met hanol , the
pol ymer w8 i sQbasfadBfe(hieg 0.018 RYRGHHE.-Qafior8Ph&nylExanpl e B45.
Pol ymeri zati on of FPVENB aqd Q/QNB. T(giiarTBunt ofed{mno r |nd|| cated in
Tabi e 4, bel oWPEHNEHUOGPEWRTIRAF I OABIAMOD RIEMSFSst B 2 81RSS(48' 15 ni)
contai ned in aand &ransfpniegitoch siailesdatexy readtar eqlinped ivath avgtasspar ged with
nitrogen to repRYR. TREr&4@br was sealed and heated to 1900C for 24 hours. The

reactor was cooled to ambient temperature and the reaction mixture

25 analyzed for product identification by gas chromatography (GC) and
gas chromatography-mass spectrometry (GC-MS). The desired product
in the reaction mixture constituted 45.6% of the reaction mixture by GC
area percentages.

30 Example A25. Synthesis of Tetraoxatetradecyl Norbornene

To an 8-liter stainless steel autoclave reactor was charged 3.75 kg
(18.4 mol) allyl triethylene glycol methyl ether. Stirring was started,
and the reactor evacuated of air and padded with 5 psig nitrogen.
Heating to 200°C commenced, and upon achieving 200°C, the reactor

35 was held for 3.75 hours at this temperature. During this time, a mixture
of 0.06 kg (0.3 mol) allyl triethylene glycol methyl ether and 0.21 kg



oxygen and seal ed. The anmount of catalyst N Arf, indicated in Table 4 was
di ssol ved in anhydrous trifluorotoluene (7.50 nL) in a nitrogen purged

gl ove boxwothe/matener sol uti on was kept at room tenper @CumP2@ndo428e

catal yst solution injected into the vial. The m xture 15 was stirred for 1
hour. After residual catalyst renoval a precipitation of the polyner into
Met hanol , the polyner was isolated and di'ed in a vacuum oven at 60C.
Exanpl e B46. Pol yneri zati on of BuNB and MeOC nnNB. The anounts of nononer
indicated in Table 4, below, were dissolved in a mxture of toluene (140.7

nL) and ethyl T'r?btl)ed|Eg§o§eﬁ‘?lilé}@‘\§véfé‘§@déd‘t@th‘é @ac?&éﬁtpanggné’i’aﬁh a St' r

bar. The vi al s nitrogen to renov ﬁ‘ resi gg 5
seal ed. The an‘@lﬁﬁ) f1gc%(f‘?;{f‘yftt the gpd of the additign; hertaactorvaz sogle sIBI ved in
t ol uene (9. 69 arhpienhtempetatogeanddisghdrggdoVEhédomajorTidentiiedner sol uti on was

heated to 45C. coﬁﬁoﬁ@ﬁt@l& e ERLHIf;fedQE ﬁ%ﬁs%@ﬁ%y' @?eé:r%?dw'epé 075"% pacti on

vessel and th resi cat al yst
renoval and priggthylens Qbfﬁob'l’“ettrﬁé ety and 250 tetradxkaletiadecy acet one and
nmet hanol (75: 259rbotrienen ot yerehamgswas aistilled aaﬂobrddue@kj approXimatelynooyen at

60C. 30 Exarrpl %Va Wﬁ&pﬁ&b%% rgena gh ggg;ggﬁelr%%ne bs/r&g@n pur ged

gl ove box, nDun was di ssol ved
in anhydrous cﬁ”@ﬁporoet hane (21.9 nlL) contained in a vial eqU| pped with a
stir bar. The anmount of catalyst 35N Arf indicated in Table 4 was di ssol ved
in toluen g (1. 61 nlL)ExamplenA26.0§¢nthesigeftiTdbxareoriamyl NorBomeneer sol ution

was heat € A/‘Qn%oﬂt%é gég%ﬁg’%eﬁg%%&%%%r w§§cna@%§§ 3 Eh@fﬂ 2l yst
sol uti on was t en |n e reaction vesse ure was
stirred (45C, oRGS 9'ethﬂﬁm%9W°°Eﬁ‘etMﬁ(§h\%ﬁ SKiTNBS OYAs SBTREnBRAMNE Cat al y
st Yield MX OOreldbtorAvacCatdddar aivivhdplldBéed Withbd pBRCINBogéA. Hgating to
200°C commenced, and upon achieving 200°C, the reactor was held
15 for 4.25 hours at this temperature. During this time, a mixture of 0.06
kg (0.4 mol) allyl diethylene glycol methyl ether and 0.24 kg (1.8 mol)
dicyclopentadiene were added to the reactor at a constant rate of 1.17
g/min. At the end of the addition, the reactor was cooled to ambient
temperature and discharged. The major identified components of the
20 charge, as measured by GC area, were: 72% allyl diethylene glycol
methyl ether, and 26% trioxanonanyl norbornene. The charge was
distilled and produced approximately 0.5 kg trioxanonanyl norbornene
with assay greater than 99% (GC area).

Example A27. Synthesis of Tetraoxatetradecyl Norbornene (NBTODD)
To an 8-liter stainless steel autoclave reactor was charged 3.75 kg
(18.4 mol) allyl triethylene glycol methyl ether. Stirring was started,
and the reactor evacuated of air and padded with 5 psig nitrogen.
Heating to 200°C commenced, and upon achieving 200°C, the reactor
was held for 3.75 hours at this temperature. During this time, a mixture
of 0.06 kg (0.3 mol) allyl triethylene glycol methyl ether and 0.21 kg
(1.6 mol) dicyclopentadiene were added to the reactor at a constant
rate of 1.19 g/min. At the end of the addition, the reactor was cooled to
ambient temperature and discharged. The major identified
components of the charge, as measured by GC area, were: 75% allyl
triethylene glycol methyl ether, and 23% tetraoxatetradecyl
norbornene. The charge was distilled and produced approximately 0.4

25
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35
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kg tetraoxatetradecy! norbornene with assay greater than 98% (GC
area).

B: Polymer Synthesis
5 In each of the tables provided below, unless otherwise specifically
noted, the amount of catalyst and each monomer reported is presented
as grams (g); the yield is reported as a percentage (%), the molecular
weight (My) is reported, PDI (polydispersity index) as the ratio M,,/M,
and the molar composition of the polymer (A/B or A/B/C) determined by
10  'HNMR

For each of Examples B1-B5, an amount of the specific monomers
indicated were dissolved in a mixture of toluene and methyl ethyl
ketone (72.9 mL and 12.8 mL, respectively) contained in a vial
equipped with a stir bar. For B6, the monomer abnd catalyst were both

15 dissolved in anhydrous aaa-trifluorotoluene (98.4 mL and 6.3 mL,
respectively) The vial was sparged with nitrogen to remove residual
oxygen and sealed. The amount of catalyst, (n6-toluene)Ni(CeFs)2,
(hereinafter NiAr') indicated in Table 1 was dissolved in toluene (5 mL)

20 in a nitrogen purged glove box.

Example B1. Co-Polymerization of MeOAcNB and DMMIMeNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 17 hours with stirring after which it was

25 allowed to cool to room temperature. Residual catalyst was removed

and the polymer precipitated by pouring the reaction mixture into an
excess of ethanol. After isolating the polymer by filtration, it was dried
in a vacuum oven at 60°C.

30 Example B2. Co-Polymerization of BuNB and DMMIMeNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 1.5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
35 and the polymer precipitated by pouring the mixture into an excess of
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B46 BuNB (3.83) MeOCi nnNB (17.04) 0.82 74% 780 2.04 30/ 70 B47 Et Couni\B
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75125 acetone/methanol. After isolating the polymer by filtration, it
was dried in a vacuum oven at 65°C.

Example B3. Co-Polymerization of DecNB and DMMIMeNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 1.5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
and the polymer precipitated by pouring the mixture into an excess of
75125 acetoneN\methanol. After isolating the polymer by filtration, it
was dried in a vacuum oven at 65 °C.

Example B4. Homopolymerization of DMMIMeNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 1.5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
and the polymer precipitated by pouring the mixture into an excess of
75/25 acetone/methanol. After isolating the polymer by filtration, it
was dried in a vacuum oven at 65 °C.

Example B5. Homopolymerization of FPCNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 1.5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
and the polymer precipitated by pouring the mixture into an excess of
75125 acetone/methanol. After isolating the polymer by filtration, it
was dried in a vacuum oven at 65 °C.

Example B6. Homopolymerization of CSAcNB
The monomer solution was heated to 45°C and catalyst mixture
described above was injected to the heated vial. The solution was
maintained at temperature for 1.5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
and the polymer precipitated by pouring the mixture into an excess of



-- 0.14 102 201 * Ratio of nononers in polyner determ ned by H NVMR For
each of Exanpl es B48-B55, the anount of nononers indicated in Table 5,

bel ow, wewe 2dizwrei’sed in the anobunt of solvent shown belPowerpaiiohesged to a
vial equipped with a stir bar. The vial/reactor was 25sparged with nitrogen
to renove residual oxygen and seal ed. The indicated anmount of catal yst

Ni Arf, (7-16-tol uene)N (C6F5)2 was dis§8§Ved I n the indicated anount of
toluene in a nitrogen purged gl ove box and injected into the seal ed
vial/reactor. Table 5 also provides the yields of polyners obtained for

each synthesis | | d : - I - Pol yeri zation
of DVM MeNB w?%ﬁgﬁ%é?ﬁ%ﬂﬁ@%@mg% '?%%t'mﬂ%@'@?@'n@aﬁ'ﬁ?}@hi i cated in
Tabl e 5, bel owvassrieddn ssvacre pven 8t BBnE- (170 g) and methyl ethyl ketone
(31 g) contained in vials 35equi pped with a stir bar. The vials were

sparged with nitrogen to renove resi didbledygen and seal ed. The anounts of
catal ystNi Arf, 86 - Indicated in Tabléafgh{\é»ere di 5§,p11\6eqﬂ$n tol uene |(7-9

g) in a ®trogdx piogecheglhovieMonemefBe nQno rYigld| uf 3 dns Bl t hAMB stifrred
at 45C and thd_catal yst solutions i;[iagc ed into thejvials.| The mxturds
wer e mai nt ai ngdBhi Me€hiaNBit ur eMMIMe s.|-After si du at t
5renoval and preci{(10.8ion of(16¢ pol vrrg'?'géi rt7§ net 1§§0I t?}'{éﬁ\')o g*rr/é?s wer e
i sol ated and drBZ2dDMMMeNE UuBuNBen at 76)§9 Exanpl e Bap4- B5S5, L0 g@@{gi Zlation
of BuNB and / OCPD| fee4®nountis(sof1)nononef S i ndi'cated in Tapl %5 oV

wer e di Sﬁ%l vedq B3 | DMMIMeNB | DecNB

(17.81) 7 74) 0.36 |37 65 148 |67/33

B4 '(32'\5"'“4"'1“)"9”8 ) 0.36 |74 66 2.00 | N/A

85 '(:2'31_06';? ) 0.39 |43 53 1.37 | N/A

5 |0 aﬁ"_\é’gB ) 0.39 |37 300 | 172 |NA

*determined by *C NMR.

For each of Examples B7-B19, the amount of NBC4Fg (NBCH2C¢F5 in
Example B13) indicated in Table 2, below, was dissolved in the
indicated amount of anhydrous trifluorotoluene (trifluorotoluene and
toluene in Examples B8 and B9) contained in a vial equipped with a stir
bar. The vial was sparged with nitrogen to remove residual oxygen and
sealed. For Examples B11, B12 and B17-B19 the indicated amount of
DANFABA (dimethylanilinium tetrakis(pentafluorophenyl)borate) and
(acetonitrile)bis(t-butyldicyclohexylphosphine)palladium
(acetate)tetrakis (perfluorophenyl)borate (Pd 1394) were added to the
vial after sparging but before the vial was sealed. For Examples B7-
B10 and B13-16, the indicated amount of catalyst, NiAr'was dissolved
in the indicated amount of toluene in a nitrogen purged glove box and
injected into the sealed vial. For Examples 12 and 17-19, the indicated

20

25

30

amount of formic acid was injected rather than catalyst. Table 2 also
provides the yield (%) for each polymer as well as My, and PDI where
available.

35



10in toluene (30 g) contained in vials equipped with a stir bar. The vials
were sparged with nitrogen to renove residual oxygen and sealed. In a glove
box, [Li (vBt28)2228d78B( C6F5) 4] (Li FABA) (Boul der Sci enti f ipcT@Popanys2sivead,

CO (0.009 g) was added to the vials. Next hexene-1 (1.85 g) was added to
the vials. The vials were heated to 80C__Jo the 15vials was added
(all'yl)pall adi unm(tri napht hyl phosphi ne) (‘t7rQTI uoroacetate) in the anmounts
indicated in Table 5 in 2g of toluene. The m xtures were naintai ned at
tenperature for 17 hours. After cooling the reaction mxture, they were

diluted with THF (150 mg,,H Iélg?'ermt"f%%ﬂfﬂgﬁg%ﬁ met hanol was

isolated and dried in a vaculUm oven at .. Mononer A Nbnoner

B Cataly at Yi €Ngymancroer savtiapwasdgepstigeda aseyiepiamRaBtYre@nbinen. 95 94
769 2.06 89/ 11lcdtaBsBedldtion injected into the vial. The mixture was maintained at

temperature for 2 hours with stirring after which 2 mL of distilled water

S added to the vial. After residual catalyst removal and precipitation of
the polymer into methanol, the polymer was isolated and dried in a
vacuum oven at 70-80 °C.

Example B8. Homopolymerization of NBC4F,

10 The monomer solution was then stirred at 60°C and the catalyst
solution injected into the vial. The mixture was maintained at
temperature for 1.5 hours with stirring after which 2 mL of distilled
water added to the vial. After residual catalyst removal and
precipitation of the polymer into methanol, the polymer was isolated

15 and dried in a vacuum oven at 70-80°C.

Example B9. Homopolymerization of NBC,Fg
The monomer solution was then stirred at 60°C and the catalyst
solution injected into the vial. The mixture was maintained at
temperature for 1.5 hours with stirring after which 2 mL of distilled
water added to the vial. After residual catalyst removal and
precipitation of the polymer into methanol, the polymer was isolated
and dried in a vacuum oven at 70-80°C.

20

Example B10. Homopolymerization of NBC,F,

25 The monomer solution was then stirred at 60°C and the catalyst
solution injected into the vial. The mixture was maintained at
temperature for 1.5 hours with stirring after which 2 mL of distilled
water added to the vial. After residual catalyst removal and
precipitation of the pblymer into methanol, the polymer was isolated

30 and dried in a vacuum oven at 70-80°C.

Example B11. Homopolymerization of NBC,Fy
The monomer solution was then stirred at 90°C for 16 hours. After
residual catalyst removal and precipitation of the polymer into 90/10
35 methanol/water, the polymer was isolated and dried in a vacuum oven
at 70-80°C.



(42.07) DVMM MeNB (27.74) 0.84 90 873 1.93 72/28 B50 BuNB (27.80) DVM MeNB
(42.76) 0.78 83 901.5 1.98 55/45* B51 DecNB (60.24) DVM MeNB (6.93) 0.66 95
1090 1. 84wB2H10A)28278 PCT/EP2011/004281

10

15

20

25

30

35

-77 -

Example B12. Homopolymerization of NBC.Fs.
The monomer solution was then stirred at 90°C for 16 hours. After
residual catalyst removal and precipitation of the polymer into 90/10
methanol/water, the polymer was isolated and dried in a vacuum oven
at 70-80°C.

Example B13. Homopolymerization of NBCH:C¢Fs.
The monomer solution was then stirred at ambient temperature and the
catalyst solution injected into the vial. The mixture was maintained at
temperature for 5 minutes with stirring after which 2 mL of distilled
water added to the vial. After residual catalyst removal and
precipitation of the polymer into methanol, the polymer was isolated
and dried in a vacuum oven at 70-80 °C.

Example B14-16. Homopolymerization of NBC4Fq
The monomer solutions were then stirred at 65°C and the catalyst
solutions injected into the vials. The mixtures were maintained at
temperature for 2 hours. After residual catalyst removal and
precipitation of the polymer s into methanol, the polymers were isolated
and dried in a vacuum oven at 70-80 °C.

Example B17-19. Homopolymerization of NBC4F.
The monomer solutions were then stirred at 90°C and the catalyst
solutions injected into the vials. The mixtures were maintained at
temperature for 16 hours. After residual catalyst removal and
precipitation of the polymers into 90/10 methanol/water, the polymers
were isolated and dried in a vacuum oven at 70-80 °C.
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Table 2.
Ex. |Monomer | Monomer cehonCo- C:;f" Yield| My-10° | PDI
catalyst
5 B7 ?‘2%%‘;9 60 3.5 0.34 |80 |276 1.68
B8 "(':35859 30/10 6.9 068 |71 |215 1.97
B9 "('?ga)Fg 67.5(22.5 | 6.9 068 |71 |176 2.00
o BT "('%?659 40 6.9 0.68 |70 |130 1.59
B11 r\ggé)Fg 228 10.26 0.15 |61 |468 2 81
B12 "('ECSQ)FQ 46.7 0.30/0.02 | 023 |50 |162 1.81
B13 2\12%%};2C5F5 80 4.0 039 |80 |306 7.15
o Tg14 "('55(_:359 100 3.9 039 |84 |[312 178
B15 Nfsc_:s'):g 100 7.8 0.78 |84 |331 173
B16 "('55?6';9 100 155 155 |84 |292 1.85
20 |B17 “gfgg 72.4 0.24/0.14 | 0.14 |48 | 241 1.97
B18 ;\(1?1(;53:9 72.4 0.24/0.28 | 0.14 |61 |116 163
B19 '\(’?10359 72.4 0.24/000 | 0.14 |45 |773 | 162

25 1 DANFABA Cocatalyst tt DANFABA Cocatalyst/Formic Acid
For each of Examples B20-B41, the amount of monomers indicated in
Table 3, below, were dissolved in the amount of solvent shown below
and charged to a vial equipped with a stir bar (for B31 a glass reactor

30 was used). The vial/reactor was sparged with nitrogen to remove
residual oxygen and sealed. The indicated amount of catalyst NiAr,
was dissolved in the indicated amount of toluene in a nitrogen purged
glove box and injected into the sealed vial/reactor. Table 3 also
provides the yields of polymers obtained for each synthesis as well as

35 My, and PDL
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Examples B20-21. Polymerization of NBC4Fs and DMMIMeNB
The monomer solutions (60.0 g toluene for B20 and 75.0 g for B21)
were stirred at ambient temperature and the catalyst solutions were
injected into the vials. The mixture B20 was maintained at temperature
for 3 hours with stirring after which 2 mL of distilled water added to the
vial. The B21 reaction mixture was maintained at temperature for 16
hours. After residual catalyst removal and precipitation of the polymers
into methanol, the polymers were isolated and dried in a vacuum oven
at 70-80°C.

Example B22. Polymerization of NBC,Fs and DMMIMeNB
The monomer solution (toluene (56.3 g) and trifluorotoluene (18.8 g))
was stirred at ambient temperature and the catalyst solution was
injected into the vial. The mixture was maintained at temperature for
16 hours with stirring. After residual catalyst removal and precipitation
of the polymer inte methanol, the polymer was isolated and dried in a
vacuum oven at 70-80 °C.

Example B23. Polymerization of NBCH2C¢Fs and DMMIMeNB
The monomer solution (60.0 g of toluene) was stirred at ambient
temperature and the catalyst solution was injected into the vial. The
mixture was maintained at temperature for 2 hours with stirring after
which 2 mL of distilled water added to the vial. After residual catalyst
removal and precipitation of the polymer into methanol, the polymer
was isolated and dried in a vacuum oven at 70-80 °C.

Example B24. Polymerization of NBC4Fs and PPVENBB
The monomer solution (trifluorotoluene (40.0 g), toluene (32.0 g) and
methyl ethyl ketone (8.0 g)) was stirred at 45°C and the catalyst
solution was injected into the vial. The mixture was maintained at
temperature for 16 hours. After residual catalyst removal and
precipitation of the polymer into methanol, the polymer was isolated
and dried in a vacuum oven at 70-80 °C.

Example B25. Polymerization of NBC;Fs and MeCoumNB
The monomer solution (trifluorotoluene (75 g)) was stirred at 55°C and
the catalyst solution was injected into the vial. The mixture was



For each of Exanpl es B56-B63, the anounts of the nononers 10i ndicated in
Tabl e 6, below, were charged to a reaction vial and dissolved in 166 g of
t ol uene awd 2888k nmethyl ethyl ketone. The vials werept@repagsd wth
nitrogen to renove residual oxygen and seal ed. The amount of catal yst

Ni Arf, indicated in Table 6 for each experinent were dissolved in the
anount of toluene indicated. Table 6 151 ow provi des the yields of

pol ymers obtai ned for each synthesis as well as My, PDI and repeat unit
rati os. Exanpl e B56-B57. Pol ynerization of DecNB and MGENB The nononer

solutions were_then. stirred at 40C. a he cat.al yst. 20sol.utions injected
Tt the vi el Smatngingd A EReBlatfE T e AdsS At EkioRAL Al s RembURC e <
Af ter residual andpsegpitatiosnefthe pelvmer Bde prathanelnthsf pelymessvasrer into

net hanol the pgbldiBd anawRiedsAl2i el mndvEnisRFoLg0 acvacuum oven at 80C.
25Exanpl e B58-B59. Pol yneri zati on of BuNB and MGENB The nononer sol utions

4 \ g . . [N .
Vals. T m xERiuBle B26:eR8 RolimERhasn brEING bPBRND 5 fcoching >
resi dual cat al J8¢ menamen sawkiony delusned 038 of anthagibylyatbyl katere met hanol

the pol ymer waglg.sghpver atedatamdibritNemperturdThaY eRe shtadi€solaldrg 6 bel ow
provi des the yjel ds.of ‘%oltxr{%%i bt el.bned. or._each sgln&hgm s.as well as Mw
and Mw Wh. EanSfee'nB%ré? oL Iﬁ%‘ri StTEHEP &N A %QJQI% The nononer

sol uti ons wer etentearattre feetb douroeithistirting AHearesidual gatalysmremavaéct ed into

the vial Thea fd pratisitatithr 6F tHBI gYlaheadings w@ﬁm?wwl?w%%wl%réours-tAfter
e polynmer into

. 3 me
resi dual (Patal.s renpval . and - 88 - precipitatiqn of
met hanol the péf’iﬁrrrﬁ&a\ﬂ/asd”iegdpaﬁ%%c%ogﬁpeaae:oh acuum oven at 80C.
Exanpl e B62-B63. Pol ynerizati on of BuNB and MGENB 5The nonomer sol utions
were then stirred at BDReBI0LLAymerization of RechBandPEAINBi nto t he

vi al 3 : IThe m iﬂrhlé as:onmﬁ@rl mhMr&KtBﬁfbn;%t(GBm@Pé?@ lﬂrﬁ@th@ﬂfth@l ketghe (120 ﬁr |
resi dual cata t ) ° t . VA n t hano
the polymg wed) MAERLAAT0:E: &k e EAGR0: ShbOB 4 el MR 62 E
vials. The mixtures were maintained at temperature for 16 hours. After
residual catalyst removal and precipitation of the polymers into
methanol, the polymers were isolated and dried in a vacuum oven at
70-8 °C.

20 Example B31. Polymerization of BuNB and DMMIMeNB
The monomer solution (toluene (488 g) and methyl ethyl ketone (90.0
g)) was stirred at 45°C and the catalyst solution was injected into the
reactor. The mixture was maintained at temperature for 3 hours. After
residual catalyst removal the product was divided into two batches

25 each of a 50/50 ethanol/i-butanol mixture, the two batches were
solvent exchanged into 2-heptanone.

Example B32-33. Polymerization of DMMIMeNB and HexNB or OctNB
The monomer solutions ((98.0 g) and methyl ethyl ketone (18.0 g))

30 were stirred at 45°C and the catalyst solutions were injected into the
vials. The mixtures were maintained at temperature for 3 hours. After
residual catalyst removal and precipitation of the polymers into 95/5
methanol/water, the polymers were isolated and dried in a vacuum
oven at 60-70°C.

35



Mononmer A Mononer B Catal yst/ solvent Yield Mv 100 PDI A/ B* B56 DecNB MGENB
50/ 50 B57 DecNB (48.88) MGENB (16.12) 2.45/35 95% 693 2.52 69/ 31 B58 BuNB
WO 2012/028278 PCT/EP2011/004281
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Example B34-37. Polymerization of DMMIMeNB, DecNB and AkSiNB
The monomer solutions (toluene (76.5 g) and methyl ethyl ketone (13.5
g)) were stirred at ambient temperature and the catalyst solutions were
injected into the vials. The mixtures were maintained at temperature
5 for 45 hours. After residual catalyst removal and precipitation of the
polymers into methanol the polymers were isolated and dried in a
vacuum oven at 65-70 °C.

Example B38-39. Polymerization of DMMIMeNB, DecNB, and NBTODD

10 The monomer solutions (toluene (63.8 g) and methyl ethyl ketone (11.3
g)) were stirred at 45°C and the catalyst solutions injected into the
vials. The mixtures were maintained at temperature for 3.5 hours for
B38 and 16 hours for B39. After residual catalyst removal and
precipitation of the polymers into methanol the polymers were isolated
15 and dried in a vacuum oven at 70°C.
Example B40-41. Polymerization of DMMIMeNB, NBCH,C¢Fs and
MeOACNB.
The monomer solutions (toluene (195 g)) were stirred at 45 °C and the
catalyst solutions were injected into the vials. The mixtures were
20 maintained at temperature for 4.75 hours. After residual catalyst
removal and precipitation of the polymers into 95/5 methanol/water the
polymers were isolated and dried in a vacuum oven at 70 °C.
Table 3
25  |Ex. | Monomer A | Monomer B | Monomer C gif\fgﬁ;’ Yield| M./100| PDI | A/BIC
B2 | NBC,F, DMMIMeNB .
(11.5) (8.51) - 0.39/40 |65 850 2.21 | 50/50
B2 | NBC4Fy DMMiIMeNB *
(14.4 ) (106 g) 0.49/50 |80 |992 1.74 | 56/44
B2 [ NBC.F, DMMIMeNB N
0.61/6.2 | 76 816 1.60 | 62/38
30 (20.1 g) (4.95 )
B2
NBCH,CsFs | DMMIMeNB -
(10.8) (9.18) - 0.42/4.3 | 80 1082 | 3.27 | 50/50
B2 | NBC4Fy PPVENB "
(11.19) (13.9 q) - 0.51/6.1 | 88 | 1641 | 1.45 | 50/50
B2 | NBC.F, MeCoumNB
- 1.47/14.9 | 60 7870 | 1.43 | 43/57*
35 (10.8 9) (9.24 g)
B2 | BuNB MeOCinnN "
(8.97) B - 0.43/4.3 |72 2391 3.51 | 55/45
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Ex. |Monomer A | Monomer B | Monomer C g;‘fg‘st;’ Yield| M./100| PDI | A/BIC
(16.0)_
B2 ﬁi’f‘g g:z:mm ; 0.48/49 |76 |3052 |3.36 | 74121*
B2 ?ﬁf;")B g 0.53/36 |80 |1657 |2.60 | 57/43*
(13.3)
B2 '(31%?2')3 e 03537 |72 | 1834 |2.04 | 77/23*
(8.23)
B3 g?gz')s g’?'z’;‘;NB . 0.82/93 |70 |469 |2.13 | 54/46*
o IO [ |1
B3 2‘97’_‘21)5 g“z".“é')'MeNB - 0.45/46 |75 |994 |1.85 |53/47*
B3 8‘;’;;3 ?2'\1"."2")"\"3'\'3 - 0.43/43 |60 |1020 |1.72 | 53/47*
B3 891‘_’2‘)8 g“g_"g)'“"eNB '{‘153‘2';‘8 0.787.9 |77 |774 | 247 ;12’54’4
B3 g‘;ng ?1“4'_'\;)'”"3”8 g&gge 0.68/6.9 |60 |788 |2.11 $°’44/6
B3 (fog‘)B g"i";')"\"e“B g’fg;’;'B 091092 |63 |579 |2.15 gi"‘e”
B3 (‘)1%‘_’1'\')3 8“:_“4)'“"3”3 ’é'fg;';‘s 0.90/9.1 |60 |503 |2.26 g}%’“”
B3 361ng ?1“2".“3")""'9”3 E?L(;DD 0.38/38 |68 |886 |2.03 ?7/47’6
B3 3‘;‘?:“)3 ?7%“2")'“”9”3 gsgoo 0.38/38 |68 |705 |1.83 361{47”
B4 ("1391')*2(:6& g“é'.“é')'MeNB '(‘9?3%;“’”8 1051106 |85 |1046 |2.33 51’48’2
B4 z%%?zCer 3“;'.“5')'“"6“3 ?g?;;mNB 0.87/88 |93 |974 |1.89 21/33’3

*Monomer feed ratio
+ Composition determined by *C-NMR

For each of Examples B42-B47, the amount of monomers indicated in
Table 4, below, were dissolved in the amount of solvent shown below

and charged to a vial equipped with a stir bar. The vial/reactor was
sparged with nitrogen to remove residual oxygen and sealed. The
indicated amount of catalyst NiAr" was dissolved in the indicated

amount of toluene in a nitrogen purged glove box and injected into the
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sealed vial/reactor. Table 4 also provides the yields of polymers
obtained for each synthesis as well as My, and PDI.

Example B42. Polymerization of DMMIMeNB, DecNB, and NBXOH.
The amount of monomers indicated in Table 4, below, were dissolved
in a mixture of toluene and methyl ethyl ketone (65.02 mL and 12.75
mL, respectively) contained in a vial equipped with a stir bar. The vial
was sparged with nitrogen to remove residual oxygen and sealed. The
amount of catalyst NiAr' indicated in Table 4 was dissolved in toluene
(2.59 mL) in a nitrogen purged glove box. The monomer solution was
then heated to 45°C and the catalyst solution injected into the heated
vial. The mixture was maintained at temperature for 5 hours with
stirring after which it was allowed to cool to room temperature. After
residual catalyst removal and precipitation of the polymer into
Methanol, the polymer was isolated and dried in a vacuum oven at
60°C.

Example B43. Polymerization of DMMIMeNB, DecNB, and NBXOH
The amount of monomers indicated in Table 4, below, were dissolved
in a mixture of toluene and methyl ethyl ketone (59.76 mL and 12.03
mL, respectively) contained in a vial equipped with a stir bar. The vial
was sparged with nitrogen to remove residual oxygen and sealed.

The amount of catalyst NiAr' indicated in Table 4 was dissolved in
toluene (4.07 mL) in a nitrogen purged glove box. The monomer
solution was then heated to 45 °C and the catalyst solution injected
into the heated vial. The mixture was maintained at temperature for 16
hours with stirring after which it was allowed to cool to room
temperature. After residual catalyst removal and precipitation of the
polymer into Methanol, the polymer was isolated and dried in a vacuum
oven at 60°C.

Example B44. Polymerization of PPVENB and DMMIMeNB
The amount of monomer indicated in Table 4, below, were dissolved in
anhydrous trifluorotoluene (49.13 mL) contained in a vial equipped with
a stir bar. The vial was sparged with nitrogen to remove residual
oxygen and sealed. The amount of catalyst NiAr’, indicated in Table 4
was dissolved in anhydrous trifluorotoluene (7.50 mL) in a nitrogen
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oven at $8C. 45°C. The catalyst solution was then injected into the reaction vessel
and the mixture was stirred (45°C, 3 hours). After residual catalyst
removal and precipitation of the polymer into a mixture of acetone and
methanol (75:25), the polymer was isolated and dried in a vacuum

oven at 60°C.
30

Example B47. Homopolymerization of EtCoumNB
In a nitrogen purged glove box, the amount of monomer indicated in
Table 4, below, was dissolved in anhydrous dichloroethane (21.9 mL)
contained in a vial equipped with a stir bar. The amount of catalyst
35 NiArf indicated in Table 4 was dissolved in toluene (1.61 mL) in a
nitrogen purged glove box. The monomer solution was heated to



Exanpl e B77. Pol ynerization of PPVENB and MeCounNB 10For each experi nent
the nononers were dissolved in toluene/trifluorotoluene and the catalyst in
trifl uor ovol2uenes278he nononer sol utions were then stirred/Ereati@ossp 45C
and the catal yst solutions injected into the vials. The m xtures were 45C
overnight. After residual catal yst renoval and precipitation of the
polyners into 15heptane, the polyners e isolated and dried in a vacuum
oven at 70C. Exanple B78. Polynerization of DecNB and M ENB The anounts of
nmononers indicated in Table 7, below, were dissolved in toluene (51 g) and

et hanol (0. 51 g3 COMANEN | Qo SRS FREY pRIMPREL B VBcRePLi T bar

The reactor was r gen and seal ed.
In a gl ove boxa"‘b&N MRWe wae s4r1gy (ﬂésca%iﬂéﬁfsf)o t he reactor The react or

was seal ed, pressurized with ethylene to 10 psig and was heated to 80C. To

the reactor was added (allyl)pall adi urfiabie Aapht hyl phosphi ne)
(trifluoroadetatie) in thel anount ingdicated ir Cg?a%a 7 in 3 g of tpluene.
The mi xt 8r e Eaer|aidmBmaE Al [W6nadier BeNPMoAdrEre OF 17| Widr Sv,/400 epDIcpalB/cg dnd
resi dual catlalyst remnvall the polyher that psbcipjtated withl acetone wa:
I sol ated and dri|esunmimeN VieGadNB oven ABx3RC. |WO
2012/ 028278F@FBEE%28%%/ 004 (% - e 7. |B22 MpbFher69Q Monbhte| 4843/11
Monomer / Sqhverft 6) Se \551~+ Yief% %/ 160—PDl—NB:B64—FHCONBI (21 12)] -
DMMIM N
55 0.27 © DecNB NBXOH
10 |B43|B 0.35 63% | 336 1.65 | 51/39/10
(7.03) (3.04)
(11.56)
PPVENB DMMIMeNB
B44 - 0.34 78% | 1830 1.86 | 56/44
(13.66) (8.10)
PPVENB DMMIMeNB
B45 - 0.34 94% | 1430 1.62 | 92/8
15 (20.49) (4.05)
BuNB MeOCinnNB
B46 - 0.82 74% | 780 2.04 | 30/70
(3.83) (17.04)
EtCoumNB
B47 - -- 0.14 102
(4.00)
20 * Ratio of monomers in polymer determined by '"H NMR

For each of Examples B48-B55, the amount of monomers indicated in
Table 5, below, were dissolved in the amount of solvent shown below
and charged to a vial equipped with a stir bar. The vial/reactor was
25 sparged with nitrogen to remove residual oxygen and sealed. The
indicated amount of catalyst NiAr', (n®-toluene)Ni(CgFs)> was dissolved
in the indicated amount of toluene in a nitrogen purged glove box and
injected into the sealed vial/reactor. Table 5 also provides the yields of
polymers obtained for each synthesis as well as My, and PDI.

30
Example B48-B53. Polymerization of DMMIMeNB with either BuNB or

DecNB
The amounts of monomers indicated in Table 5, below, were dissolved
in toluene (170 g) and methyl ethyl ketone (31 g) contained in vials
35 equipped with a stir bar. The vials were sparged with nitrogen to
remove residual oxygen and sealed. The amounts of catalystNiAr',



57 1550 1.51 B65 FPCNB (20.10) - 55 0.39 18 484 1.48 B66 FOCHNB (21.13)

55 0.29 47 525 1.34 B67 PPVENB (19.50)
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indicated in Table 5 were dissolved in toluene (7-9 g) in a nitrogen
purged glove box. The monomer solutions were then stirred at 45°C
and the catalyst solutions injected into the vials. The mixtures were
maintained at temperature for 1-2 hours. After residual catalyst
removal and precipitation of the polymers into methanol the polymers
were isolated and dried in a vacuum oven at 70°C.

Example B54-B55. Polymerization of BUNB and /DCPD
The amounts of monomer s indicated in Table 5, below, were dissolved
in toluene (30 g) contained in vials equipped with a stir bar. The vials
were sparged with nitrogen to remove residual oxygen and sealed. In
a glove box, [Li(OEt2)25][B(CesFs)4] (LIFABA) (Boulder Scientific
Company, Mead, CO) (0.009 g) was added to the vials. Next hexene-1
(1.85 g) was added to the vials. The vials were heated to 80°C. To the
vials was added (allyl)palladium(trinaphthylphosphine)(trifluoroacetate)
in the amounts indicated in Table 5 in 2 g of toluene. The mixtures
were maintained at temperature for 17 hours. After cooling the
reaction mixture, they were diluted with THF (150 mL). Polymer that
precipitated with methanol was isolated and dried in a vacuum oven at
70°C.

Table 5§
Ex. | Monomer | Monomer B | Cataly | Yield | M,/100 | PDI A/B*
A st
B48 | BUNB DMMIMeNB | 0.95 94 769 2.06 | 89/11
(60.86) (10.40)
B49 | BuNB DMMIMeNB | 0.84 90 873 1.93 |72/28

(42.07) (27.74)

B50 | BuNB DMMIMeNB | 0.78 83 901.5 1.98 | 55/45*
(27.80) (42.76)

B51 | DecNB DMMIMeNB | 0.66 95 1090 1.84 |87/13
(60.24) (6.93)

B52 | DecNB  |DMMIMeNB |0.66 |91 |999 1.84 | 70/30
(49.19) | (20.80)

B53 | DecNB DMMIMeNB | 0.66 84 1001 1.78 | 52/48*
(35.13) (34.67)




- 55 0.24 14 3190 1.63 B68 DecNB (40.99) MeCounN B (20.12) 150/27 0.67 68
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Ex. | Monomer | Monomer B | Cataly | Yield | M\/100 | PDI | A/B*
A st
B54 | BuNB DCPD 0.004 |90 770 4.54 | 89/11
(13.52) (1.32)
S B55 | BUNB DCPD 0.004 |89 640 5.79 |80/20
(13.52) (1.32)
= C NMR

For each of Examples B56-B63, the amounts of the monomers

10 indicated in Table 6, below, were charged to a reaction vial and
dissolved in 166 g of toluene and 29 g of methyl ethyl ketone. The
vials were then sparged with nitrogen to remove residual oxygen and
sealed. The amount of catalyst NiAr', indicated in Table 6 for each
experiment were dissolved in the amount of toluene indicated. Table 6

15 below provides the yields of polymers obtained for each synthesis as
well as My, PDI and repeat unit ratios.

Example B56-B57. Polymerization of DecNB and MGENB
The monomer solutions were then stirred at 40°C and the catalyst
20 solutions injected into the vials. The mixtures were maintained at
temperature for 3 hours. After residual catalyst removal and
precipitation of the polymer into methanol the polymer wase isolated
and dried in a vacuum oven at 80°C.

Example B58-B59. Polymerization of BUuNB and MGENB

25 The monomer solutions were then stirred at 40°C and the catalyst
solutions injected into the vials. The mixtures were maintained at
temperature for 3 hours. After residual catalyst removal and
precipitation of the polymer into methanol the polymer was isolated and

30 dried in a vacuum oven at 80°C. Table 6 below provides the yields of

polymers obtained for each synthesis as well as My, and My/M,,.

Example B60-B61. Polymerization of DecNB and EONB
The monomer solutions were then stirred at 40°C and the catalyst
solutions injected into the vials. The mixtures were maintained at
35 temperature for 3 hours. After residual catalyst removal and
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precipitation of the polymer into methanol the polymer was isolated and
dried in a vacuum oven at 80°C.

Example B62-B63. Polymerization of BuNB and MGENB
5 The monomer solutions were then stirred at 40°C and the catalyst
solutions injected into the vials. The mixtures were maintained at
temperature for 3 hours. After residual catalyst removal and
precipitation of the polymer into methanol the polymer was isolated and
dried in a vacuum oven at 80°C.

10

Table 6.
Ex. | Monomer | Monomer | Catalyst/ | Yield | Mw/100 | PDI | A/B*
A B solvent
B56 | DecNB MGENB 50/50
B57 | DecNB MGENB | 2.45/35 95% | 693 2.52 | 69/31
15 (48.88) (16.12)
B58 | BuNB MGENB | 3.5/35 95% | 614 3.27 | 88/12
(57.35) (7.65)
B59 | BUuNB MGENB | 3.5/35 96% | 633 3.35 | 69/31
(42.92) (22.08)
B60 | DecNB EONB 2.36/35 95% | 771 1.92 | 90/10
20 (58.84) (6.16)
B61 | DecNB EONB 2.36/35 96% | 756 2.15 | 70/30
(46.31) (18.69)
B62 | BuNB MGENB | 3.33/35 96% | 681 2.70 | 85/15
(55.88) (9.12)
B63 | BuNB MGENB | 3.33/35 97% | 702 2.19 | 65/35
95 (39.89) (25.11)
* Ratio of monomers in polymer determined by 'H NMR
For each of Experiments B64-B78, the amounts of monomers indicated
in Table 7, below, were charged to a reaction vial, equipped with a stir
30 bar. The monomer(s) were dissolved in the amount of the indicated
solvents for each Experiment and then sparged with nitrogen to
remove residual oxygen and sealed. The amounts of catalyst NiAr'
indicated in Table 7 were dissolved in the amount of toluene (or other
indicated solvent) while in a nitrogen purged glove box. Table 7 below
35 provides the yields of polymers obtained for each synthesis as well as

Mw and PDI.
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Example B64-B67. Homopolymerization of FHCNB, FPCNB, FOCHNB
and PPVENB
Each of the monomers was dissolved in trifluorotoluene in the amount
indicated. The solutions were then stirred at room temperature and the
5 trifluorotoluene catalyst solutions injected into the vials. The mixtures

were maintained at room temperature overnight. After residual catalyst
removal and precipitation of the polymers into methanol the polymers
were isolated and dried in a vacuum oven at 80°C. T

10 Example B68-B69. Polymerization of DecNB and MeCoumNB
For each experiment the monomers were dissolved in toluene/ethyl
acetate, while the catalyst was dissolved in toluene. The monomer
solutions were then stirred, heated to 45°C and the catalyst solutions
injected into the vials. The mixtures were stirred at 45°C overnight.

15 After residual catalyst removal and precipitation of the polymers into
acetone, the polymers were isolated and dried in a vacuum oven at
90°C.

Example B70-B73. Polymerization of BuNB or DecNB with EtCoumNB
For each experiment the monomers were dissolved in toluene/methyl

20 ethyl ketone and the catalyst in toluene. The monomer solutions were
then stirred at room temperature and the catalyst solutions injected into
the vials. The mixtures were stirred at room temperature overnight.
After residual catalyst removal and precipitation of the polymers into

95 acetone, the polymers were isolated and dried in a vacuum oven at

50°C.

Example B74-B75. Polymerization of DecNB and EtCoumNB
For each experiment the monomers were dissolved in toluene/ethyl
acetate and the catalyst in toluene. The monomer solutions were then
30 stirred, heated to 45°C and the catalyst solutions injected into the vials.
The mixtures were stirred at 45°C overnight. After residual catalyst
removal and precipitation of the polymers into acetone, the polymers
were isolated and dried in a vacuum oven at 80°C.

35
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Example B76. Polymerization of BUNB and EtCoumNB
For each experiment the monomers were dissolved in toluene/ethyl
acetate and the catalyst in toluene. The monomer solutions were then
stirred, heated to 45°C and the catalyst solutions injected into the vials.
5 The mixtures were stirred at 45°C overnight. After residual catalyst
removal and precipitation of the polymers into acetone, the polymers
were isolated and dried in a vacuum oven at 90°C.

Example B77. Polymerization of PPVENB and MeCoumNB
10 For each experiment the monomers were dissolved in
toluenef/trifluorotoluene and the catalyst in trifluorotoluene. The
monomer solutions were then stirred, heated to 45°C and the catalyst
solutions injected into the vials. The mixtures were 45°C overnight.
After residual catalyst removal and precipitation of the polymers into
15 heptane, the polymers were isolated and dried in a vacuum oven at
70°C.

Example B78. Polymerization of DecNB and MIENB
The amounts of monomers indicated in Table 7, below, were dissolved
in toluene (51 g) and ethanol (0.51 g) contained in a pressure reactor
equipped with a stir bar. The reactor was sparged with nitrogen to
remove residual oxygen and sealed. In a glove box, DANFABA (0.048
g) was added to the reactor. The reactor was sealed, pressurized with
ethylene to 10 psig and was heated to 80°C. To the reactor was added
(allyl)palladium(trinaphthylphosphine) (trifluoroacetate) in the amount
indicated in Table 7 in 3 g of toluene. The mixtures were maintained at
temperature for 17 hours. After cooling and residual catalyst removal,
the polymer that precipitated with acetone was isolated and dried in a
vacuum oven at 70°C.

20

25

30

35



83 280 1.32 76/ 27 B78 DecNB (21.08) MENB (2.17) 43 398 3.16 91/9 *
Rati o of nononers in polyner determned by 1H NMR - 92 - For each of
Experi merwe 2Bi292888, the anounts of nononers indicated iPATERRIG/08428bel ow,
were charged to a reaction vial, equipped with a stir bar. The nonomer(s)
were dissolved in the amount of the indigated 5sol vents for each Experinent
and then sparged with nitrogen to renove’resi dual oxygen and seal ed. The
anounts of catalyst NNArf indicated in Table 8 were dissolved in the anount
of toluene (or other indicated solvent) while in a nitrogen purged glove
box. Table 8 bel ow provides the yiel dsygfleRol ymers obtained for each

synt hesi s as[wel M%s TOMy, PD—ang the raildé) of MOTTET l\rﬂeﬁgat uni s found.
Exanpl e B79-B$<1. MYRET i zalLe, 8f MeoREs ek @W%N%,Jhe afmounsyof (NpROTEr s
i ndicated in| Tabla 8, bellow, were |dosgal vepventt a 1 xt urp1ayf tlol uene and
met hyl et hyl ketoEﬁCQQS 4 mL and 15.4 nlL, [5respe¢tivelly) contained in a
vi al eqwsopecbsu 1 stif-bar. The sgi al waso.spar gedzw t higgot rjogen tjo renpve
resi dual “oxyigen afd-'2éal ed  The amount of gatalysf NiArf indilcatedl|in Tabl e
9 was dissoled i pperBuene (4.5 mf) in a njtrogen|purged gl ove box.| The
monomer sol urthGﬁn S &her -heat ed t1$545C and0.-8he catlll ysp48bl utt-éh ijnj ect ed
H ad )%\'JLO | Thae i vt 1dr A 2w nt ad ~t 'F 1
I nt o t he heated—2F—ra—TFhe—mxtgre—was—np-ntatred—at—terperaturefor—4H 5
hours with stébrsr RQCHNBer which it| was alljowed to|cgol o rodmtenperature.
After residuarcagglysgt 1enoval arda5pr eci piQ'%sfion 8f thes%f’olyrﬂs?"'i nto 75[25
acet one/ gy hgnot E0E\BOYTeT Was Isolatedand dried i nfa vacuurm oyer at
65C. PPVEN
B67 - 55 0.24 14 3190 1.63
(19.50)
MeCoumN
B68 DechB B 150/27 0.67 68 8640 1.81 76/24
(40.99) ' )
(20.12)
o B69 DecB MeCoumN 150/27 0.55 66 804 1.54 57143
(29.28) B (33.54) ' '
DecNB MeOCinnN
B70 105/19 0.32 40 1840 | 1.72 58/42
(11.71) B (14.22) .
B71 BuNB MeOCinnN 105/19 0.42 66 1980 | 2.08 72/28
20 (13.67) B (11.09) ' '
B72 DechB MeQCinnN 105/19 0.32 83 1830 |2.04 74/26
(16.40) B (8.53) ) '
BuNB MeOCinnN
B73 105/19 0.42 76% 2080 |2.77 51/49
) (9.77) B (18.48)
0 DecNB EtCoumNB
B74 150/27 0.29 83 734 1.58 51/49
(11.71) (14.12)
B75 DechB EtCoumNB 150/27 0.27 85 868 1.71 70/30
(16.40) (8.47) ] '
BuNB EtCoumNB
30 | B76 58/11 0.42 88 704 2.08 70/30
(13.65) (8.47)
MeCoumN
B77 PPVENSB B 24/92 0.68 83 280 1.32 76727
(20.49) ' ‘
(4.70)
35 |prg |D°CNE | MIENB 43 398 |316 |91
(21.08) (2.17) '

* Ratio of monomers in polymer determined by '*H NMR



Exanpl e B82-B83. Pol yneri zation of MeNB and DMM MeNB The anount of nononers
indicated in Table 8, below, were dissolved in a mxture of toluene and

met hyl etwol2oieaerre (81.3 nL and 15.2 ni, respectively) PcorfPadin®o428n a vi al
equi pped with a stir bar. The vial was sparged with nitrogen to renove

resi dual oxygen and seal ed. The anpunt g catalyst NNArf indicated in Table
8 was dissolved in toluene (5.6 nL) in 2nltrogen purged gl ove box. The
nononer sol ution was then heated to 45C and the catal yst solution injected
into the heated vial. The m xture was naintained at tenperature for 1.5
hours wth stirring after V\/nich it was allowed to cool to roomterrperature
After residual _catal renpva ci,pitatio to 75/ 25
M 05 - acet oneT At Achal xR ants e BiRgs M ol Shmorprir Icadc qurm
oven at 65C. Hxaghle 8BBdlowPeleyeeharged na odadtidravidl, IBMMW@NBNBH'hestmrmunt of
monomer s i ndi C@z]}de A mEABIR () WL Qs ISP irfirE b ant btnd iRkikhtY

tol uene and net et h ective y)
contai ned in aSYV&l Se&ﬁ?% EXRF't”I%eat §P$Lh%?pa"ﬂ‘?é’ ‘gjr%\l“ "stﬁar?ed with
ni trogen to rerenveve esidlizloxpgem aend aed ek Jihedamdhatsaofmatalystf Nidat al yst Ni Arf

 ndi cated in Table neall SWLEERSLOEE L aﬁ%‘ﬁt%fﬁﬁﬁer’ré‘&% Gihkf 0gen

purged gl ove box nononer soQ en hea
catal yst sol utingirateq eelveabiwhile 'ﬂt?b“ﬁ’é’&?@d“{fga‘lj glavgebex.xTable %%'OM"al nt ai ned
at tenper at ur epfowidek. thelyields o\f\/pbtynsérsrdbltangeaffbreeaums;alrthe*susvmwellIaevved to

cool to rgomt@npﬁbq%‘gpgge%ﬁgg LS5 Pgrutg ﬁé{aﬁt’pﬁ%f fagoval and precipitation

of the polyner ace one ano t he pol yner was
isolated and dried_in a oven at 65C. Pal yneri zati on
of TD and DVM MeNBE ﬁl@%ﬁﬁﬁmﬁg&f rfﬂnm%'.zgt'm%?ﬁﬁanﬁ%@@ﬁ@e B Yol ow vere
di ssol ved i n aThe amaunt of moyloneers iadidateel inyTabid By beloet, areze (dissolved. and 17.5
M, respect i vely) nfgtebifudd: é‘n&"rr?eth@%éhgﬂgéto%g%ﬁ LidndP 4 fhie Vi al

was sparged with nltro en to rem)ve re seal ed e anount
of catal st N &SPEFttRVatedaingd Tﬁ@l‘éa%e%epe‘i’% Wéaf b3yt rivigbwes. 8 ni) in
a nitrogen purgeatggd eith hitnogen e remooaeesidoaludxygenarsd sdaiedhddieed to 45C

and the catal VoSl Ut daybENGE! ERIGRLE if PEnBPRES dibdlyed iciaier & vas

mi nt ai ned at " femperat Ut was
al lowed to coof4-? ldB R RiHREER RUIgRd glevedox: eEh%iUbﬂn%raﬁ%}B"ﬂo"r w@Sval and
precipitation wentieatedty481C antiahd Taldysarll@igd ipddiadaito thekep®d/Ner was

oones a8, JBECTAE aaRe WAB RiRbiRke Bfemot el of X Folls iy Moo A
stirring after which it was allowed to cool to room temperature After
residual catalyst removal and precipitation of the polymer into 75/25
acetone/methanol, the polymer was isolated and dried in a vacuum
oven at 65°C.

25 Example B82-B83. Polymerization of MeNB and DMMIMeNB

The amount of monomers indicated in Table 8, below, were dissolved
in a mixture of toluene and methyl ethyl ketone (81.3 mL and 15.2 mL,
respectively) contained in a vial equipped with a stir bar. The vial was
sparged with nitrogen to remove residual oxygen and sealed. The
30 amount of catalyst NiAr' indicated in Table 8 was dissolved in toluene
(5.6 mL) in a nitrogen purged glove box. The monomer solution was
then heated to 45°C and the catalyst solution injected into the heated
vial. The mixture was maintained at temperature for 1.5 hours with
stirring after which it was allowed to cool to room temperature. After

35 residual catalyst removal and precipitation of the polymer into 75/25
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acetone/methanol, the polymer was isolated and dried in a vacuum
oven at 65°C.

Example B84. Polymerization of NB and DMMIMeNB

5 The amount of monomers indicated in Table 8, below, were dissolved
in a mixture of toluene and methyl ethyl ketone (79.4 mL and 14.8 mL,
respectively) contained in a vial equipped with a stir bar. The vial was
sparged with nitrogen to remove residual oxygen and sealed. The
amount of catalyst NiAr' indicated in Table 8 was dissolved in toluene

10 (4.9 mL) in a nitrogen purged glove box. The monomer solution was
then heated to 45°C and the catalyst solution injected into the heated
vial. The mixture was maintained at temperature for 1.5 hours with
stirring after which it was allowed to cool to room temperature. After
residual catalyst removal and precipitation of the polymer into 75/25

15 acetone/methanol thanol, the polymer was isolated and dried in a
vacuum oven at 65°C.

Example B85-B86. Polymerization of TD and DMMIMeNB
The amount of monomers indicated in Table 8, below, were dissolved
in a mixture of toluene and methyl ethyl ketone (88.7 mL and 17.5 mL,
respectively) contained in a vial equipped with a stir bar. The vial was
sparged with nitrogen to remove residual oxygen and sealed. The
amount of catalyst NiAr' indicated in Table 8 was dissolved in toluene
(3.8 mL) in a nitrogen purged glove box. The monomer solution was
then heated to 45°C and the catalyst solution injected into the heated
vial. The mixture was maintained at temperature for 1.5 hours with
stirring after which it was allowed to cool to room temperature. After
residual catalyst removal and precipitation of the polymer into 75/25
acetone/methanol, the polymer was isolated and dried in a vacuum
oven at 65°C.

20
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Table 8.

Ex. | Monomer A Monomer B Catalyst | Yield | M, PDI A/B
B79 | DMMI (8.33) PENB (16.66) | 0.388 80 61258 | 1.76 33/67
B8O | DMMI (13.88) | PENB (11.90) | 0.388 78 52526 | 1.56 51/49
S B81 | DMMI (19.43) | PENB (7.14) | 0.388 75 63292 | 1.59 69/31
B82 | DMMI (17.35) | MeNB (8.11) | 0.485 55 61400 [ 1.76 50/50
B83 | DMMI (21.05) | MeNB (4.22) |0.420 47 65500 ] 1.51 69/31
B84 | DMMI (21.05) | NB (3.67) 0.420 61 79700 | 1.62 63/37
10 B85 | DMMI (13.88) | TD (9.62) 0.291 91 65900 | 1.53 53/47
B86 | DMMI (19.43) | TD (5.77) 0.291 87 57400 | 1.46 63/37

Example B87. Polymerization of DHNMINB
DHNMINB (5.50 g, 0.0180 mol), toluene (34.1 mL) and ethyl acetate
15 (11.2 mL) were added to a 100 mL glass vial along with a magnetic stir
bar. The vial was sealed with a rubber septum. The mixture was
sparged with nitrogen for 30 min. The mixture was heated to 45°C with
stirring. To this solution was added NiArf (0.087 g, 0.18 mmol)
dissolved in 1 mL of toluene. The mixture was stirred at temperature
20 for 3 h. The solution became semi-viscous and solid polymer
precipitated from solution. The mixture was cooled and the solid
filtered from the reaction mixture. GPC: M,, = 77600; M, = 39200,
Mw/M, = 1.98.

Example B88. Polymerization of 50/50 NBCH,GlyOAc and DMMIMeNB
25 DMMINB (26.6 g, 0.115 mol), NBCH2GIlyOAc (24.18 g, 0.115 mol),
toluene (190 mL) and methyl ethyl ketone (38 mL) were added to a 500
mL glass crimp cap bottle along with a magnetic stir bar. The bottle
was sealed with a rubber septum. The mixture was sparged with
nitrogen for 30 min. The mixture was heated to 45°C with stirring. To
30 this solution was added NiAr (0.744 g, 0.00153 mol) dissolved in 8.7
mL of toluene. The mixture was maintained at temperature for 1.5
hours with stirring after which it was allowed to cool to room
temperature. After residual catalyst removal and precipitation of the
polymer into methanol, the polymer was isolated and dried in a vacuum
35 oven at60°C. GPC: M, = 47200, M, = 27900, My/M, = 1.69.



DMM (19.43) TD (5.77) 0.291 87 57400 1.46 63/37 Exanpl e B87.
Pol ynmeri zati on of DHNM NB DHNM NB (5.50 g, 0.0180 nol), toluene (34.1 nl)
and et hylweceetxne27611. 2 nL) were added to a 100 nlL gl asecvwigekoialooszgr Wi th a
magnetic stir bar. The vial was sealed with a rubber septum The m xture
was sparged wth nitrogen for 30 mn. T%e m xture was heated to 45C with
stirring. To this solution was added N~ ﬁ‘(0.087 g, 0.18 mmol) dissolved
in 1l nL of toluene. The m xture was stirred at tenperature for 3 h. The
sol uti on becane sem -vi scous and solid polyner precipitated from sol ution.
The m xture wa SOk 4f b “%25' hqr’nd reaghjson m xture.
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stirring after xéy?ich it was allowed to cool to roomtenperature. After
resi dual cat al9 ®renoval and precipitation of the polynmer into nethanol,
t he pol yner was isolated and dried in a vacuum 15oven at 6C. GPC. Mv =

53900, M = 30900, Mw Nexample7R290-B9itp Felymerization sfMCHMNB: 31
DVM NB/ NBCH2G YRé&amolnts df mohdtaers indicated in Table 9, below, were dissolved
20 in dichloromethane (66.5mL) contained in a vial equipped with a stir

bar. The vials were sparged with nitrogen to remove residual oxygen
and sealed. The amounts of catalyst NiAr' indicated in Table 9 were
dissolved in anhydrous toluene (1.8 mL) in a nitrogen purged glove
box. The monomer solutions were then heated to 45 °C and the
catalyst solutions injected into the heated vials. The mixtures were
maintained at temperature for16 hours with stirring after which it was

25

allowed to cool to room temperature. Table 9 below provides the
conversions of polymer determined by HPLC in DMAc for each

30 synthesis as well as Mw, and PDI.

Table 9
Ex. | Monomer A Catalyst Yield My PDI
B90 | MCHMNB (3.60) |0.097 44 14500 |1.54
B91 | MCHMNB (3.60) | 0.194 59 11900 [1.70

35



Exanpl e B90-B91. Pol ynerization of MCHWMNB. The anounts of nononers

I ndicated in Table 9, below, were dissolved 20 in dichl oronethane (66.5nl)
cont ai nedwonog/mesak equi pped with a stir bar. The vi al speemp2epaog@ed W th
nitrogen to renove residual oxygen and seal ed. The anounts of catal yst

Ni Arf indicated in Table 9 were dissolv I n anhydrous toluene (1.8 nL) in
a nitrogen purged gl ove box. The nononeérsol uti ons were then heated to 45 C
and the 25catal yst solutions injected into the heated vials. The m xtures
were mai ntained at tenperature forl6 hours with stirring after which it was
allowed to cool to roomtenperature. Table 9 bel ow provi des the conversions

of polyner determ nedwg% HPLC in DMAc for each 30synthesis as_well as My,
and PDI. Tabl e 9E¥3mp %?r@ﬁ?»APwmryﬁtww%ﬂtacw«»(%ms%smenmsneg. 60)

0. 097 44 14500 1.3%3,480iNudebiMNPe(fBudio)3-thetByil-53-didLaltbr)) {MIOxoTCN).

The amount of monomer indicated in Table 10 below was dissolved in

5 anhydrous trifluorotoluene (20.0 g) contained in a vial equipped with a
stir bar. The vial was sparged with nitrogen to remove residual oxygen
and sealed. The amount of catalyst NiAr' indicated in Table 10 was
dissolved in anhydrous trifluorotoluene (2.0 g for B92 and 1.0 g for
B93) in a nitrogen purged glove box. The monomer solution was then

10 stirred at 45°C and the catalyst solution injected into the vial. The
mixture was maintained at temperature for 18 hours with stirring. After
residual catalyst removal and precipitation of the polymer into
methanol, the polymer was isolated and dried in a vacuum oven at 70-
80 °C. Table 10 below provides the yield of polymer obtained for each

15 synthesis.

Table 10.
Example | Monomer A Catalyst Yield
B92 DiOxoTCN (5.0) 10.20 72%
B93 DiOxoTCN (5.0) 0.10 60%

20

Example B94. Polymerization of DMMINB, NBCH,CsFs and MeOAcNB.
NBCH,CsFs (16.7 g), DMMIMeNB(11.3 g) and MeOAc (2.03 g) were
dissolved in toluene (146.5 g) in an appropriately sized reaction vial. A
solution of NiAr'in toluene was added to the monomer solution and

25 was stirred at 25°C. The mixture was maintained at temperature for 3
hours. After residual catalyst removal and precipitation of the polymers
into methanol the polymer was isolated and dried in a vacuum oven at
60°C. Table 11 below provides the yields of polymers obtained for this
synthesis as well as My, and M,,/M, and polymer composition.

30
Table 11
Monomer | Monomer | Catalyst/ | | M,/
Ex. Monomer A Yield PDI | A/B/IC
B C Solvent 100
NBCH,C¢Fs | DMMINB | MeOAcCNB 47140
B94 0.65/6.6 |87 1360 | 2.59
35 (16.7) (11.3) (2.03) n3
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purged glove box. The catalyst solution was added to the monomer
solution and the resulting monomer and catalyst mixture was
maintained at temperature for 5 hours with stirring after which it was
allowed to cool to room temperature. Residual catalyst was removed
and the polymer precipitated by pouring the reaction mixture into an
excess of n-heptane. After isolating the polymer by filtration, it was
dried in a vacuum oven at 55°C. Table 12 below provides the yield of
polymer obtained for each synthesis as well as My, M/M,, and the

ratio of monomer repeat units found.

Table 12
Monomer .
Ex. A Monomer B | Catalyst | Yield | M, PDI A/B*
B95 | DMMI NBTODD 0.29 55 73000 1.76 | 48/52
(10.41) (12.17)
B96 | DMMI NBTODD 0.32 70 55800 1.74 | 74/26
(17.35) (6.76)
*'H NMR

Example. B97 Copolymerization of DMMIMeNBand NBTON
12.72¢g (0.055 mol) of DMMIMeNBand 12.45g (0.055 mol) of NBTON
were dissolved in a mixture of toluene and methyl! ethyl ketone (94.4
mL and 18.7 mL, respectively) contained in a vial equipped with a stir
bar. The vial was sealed and sparged with nitrogen to remove residual
oxygen, then heated to 45 °C. 0.356 ¢ NiArf was dissolved in toluene
(4.2 mL) in a nitrogen purged glove box. The catalyst solution was
added to the monomer solution and the resulting monomer and catalyst
mixture was maintained at temperature for 2 hours with stirring after
which it was allowed to cool to room temperature. Residual catalyst

e was



25 was stirred at 25C. The m xture was nai ntained at tenperature for 3
hours. After residual catalyst renpval and precipitation of the polyners

i nt o met hgoabiydre27gol yner was isolated and dried in a vacuwrodsnust 60C.
Tabl e 11 bel ow provides the yields of polyners obtained for this synthesis
as well as My, and MM M, and pol yner c osition. 30 Table 11 Mononer
Mononmer Catal yst/ M/ Ex. Mononer A" Y Yield PD A/BIC B C Sol vent

was removed and the polymer precipitated by pouring the reaction

mixture into an excess of methanol. After isolating the polymer by

filtration, it was dried in a vacuum oven at 60 °C. % Yield: 57%. Final

Analytical: Mw = 65461, Mw/Mn = 1.57, Composition by 13C NMR =
5 46/54 DMMINB/NBTON.

C: Interlayer Preparation

The following examples describe the preparation of interlayers, in
accordance with the present invention, on top of dielectric layers that

10 are typically used as gate insulator layers in OFET devices. The
adhesion force of the interlayer towards a subsequent layer to be
deposited thereon is determined by contact angle measurements.
There is a general correlation between the contact angle (which is
correlated to the surface energy), and the adhesion. Thus, adhesion is

15 described in the art as the molecular force of attraction between unlike
materials. The strength of attraction is determined by the surface
energy of the material, which in turn can be determined by contact
angle measurements. Generally the lower the contact angle, the higher
the surface energy. The higher the surface energy, the greater the

20 molecular attraction, and the lower the surface energy, the weaker the
attractive forces. Therefore, for surfaces exhibiting a lower contact
angle (and thus a higher surface energy) a better adhesion of the
subsequent layer can be expected.

Unless stated otherwise, in the examples below the contact angle is

25 measured with a Kruss Srop Shape Analysis System DSA 10 equipped
with DSA1 software for analysis. A droplet of deionized (DI) water is
placed on the samples through the syringe so the volume of water is in
the range 5-100 uL. Then the image of that drop is captured to the

30 software and the contact angle is calculated by circle fitting method

implemented into DSA1 software.

Example C1. Interlayer of NBCH,C¢Fs/DMMIMeNB Copolymer
A 2.4% wiw solution of the copolymer NBCH,CgF5,DMMIMeNB(50/50)
from Example B23 in 2-heptanone is spin-coated on a glass substrate
35 that was coated previously with CYTOP™ 809M. The contact angle
measured with Dl water on top of the structure is in the range 83-87



100  NBCH2CS8F5 DVMM NB MeOACNB 47/ 40 B94  0.65/6.6 87 1360 2.59
(16.7) (11.3) (2.03)
WO 2012/028278 PCT/EP2011/004281
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degrees. For reference purposes the contact angle of the plain CYTOP
809M layer is measured with DI water, and is found to be in the range
from 112-118 degrees.

Example C2. Interlayer of NBCH:C¢Fs/DMMINB/MeOAcNB Terpolymer
A 2.4% w/w solution of the terpolymer NBCH,CgF5,DMMIMeNB/
MeOACcNB (47/40/13) from Example B94 in 2-heptanone is spin-coated
on the glass substrate coated previously with CYTOP 809M. The
contact angle measured with DI water on top of the structure is in the
range of 80 degrees, while for the plain CYTOP 809M layer the contact
angle measured with DI water is in the range from 112-118 degrees.

Example C3. Interlayer of NBCH,CsFs/DMMIMeNB and
MeOAcNB/DMMIMeNB Copolymer Mixture (1:1)

A 2.4% wiw solution of a 1:1 mixture of the copolymer
NBCH,CeF5,DMMIMeNB(50/50) from Example B23 and the copolymer
MeOAcCNB/DMMIMeNB(50/50) from Example B1 in MAK is spin-coated
on the glass substrate coated previously with CYTOP 809M. The
contact angle measured with Dl water on top of the structure is in the
range of 75-77 degrees, while for the plain CYTOP layer the contact
angle measured with DI water is in the range from 112-118 degrees.

Example C4. Interlayer of NBCH,C¢Fs/DMMIMeNB and
MeOAcNB/DMMIMeNB Copolymer Mixture (1:2)

A 2.4 % wiw solution of a 1:2 mixture of the copolymer
NBCH2CeFs/DMMIMeNB(50/50) from Example B23 and the copolymer
MeOAcNB/DMMIMeNB(50/50) from Example B1 in MAK is spin-coated
on the glass substrate coated previously with CYTOP™ 809M. The
contact angle measured with DI water on top of the structure is in the
range of 70 degrees, while for the plain CYTOP layer the contact angle
measured with DI water is in the range from 112-118 degrees.

- Example C5. Interlayer of NBCH,;C¢F5,DMMIMeNB and
NBCH.GlyOAc/DMMIMeNB Copolymer Mixture (1:1)
A 2.4 % wiw solution of a 1:1 mixture of the copolymer
NBCH,CsFs/DMMIMeNB(50/50) from Example B23 and the copolymer
NBCH,;GlyOAc/DMMI (54/46) from Example B88 in MAK is spin-coated



/13 - 97 - Exanpl e B95-B96. Copol yneri zati on of DVM MeNBand NBTODD For
each of Exanples B95 and B96 an anount of the specific nononers indicated
in Tabl e W@ 2oey@smisssol ved in a nmixture of toluene and wetrimphoi@tobazkl ket one
(73.6 nL and 13.5 nlL, respectively) contained 5in a vial equipped with a
stir bar. The vial was sparged with ni’tﬁjﬁ en to renove residual oxygen and
seal ed. The anmpunt of catalyst NArl in ated in Table 12 was dissolved in
toluene (3.8 nmL.) in a nitrogen purged gl ove box. The catal yst sol ution was
added to the nononmer solution and the resulting nmononer and cat al yst

m xture was 10g@tHd @I'a@@@u@&trémté‘ﬂ WrQV|BQ§Iy5s/|ﬂPG‘Y3'OP Bbgmt Thei ng after
which it was all cool uto r tgl(r]r[\){) eraturefE{ t{ Eir céatab%/st was
renoved and th%orﬁ%w eeacs ?q?ﬁ' (5l?rnitr?5‘fﬁ 285 H Xfure into
an excess of nrangptafr®. degrees wbdﬂ é@ruthg plaio YT ORdaydythei santagtianglei t was

dried in a vachdas@earwih D? Water@lhanhd Zahgd ﬂWnPﬁPZ’H@@WF&s\" el d of _
15pol yneg obtai ned for each synthesis as wel , and the ratio

of nononer repeat units fo % Mononer B Cat al yst
Yield Mv PDI A/ B* B95 lé?‘%ﬁ";j%% ‘;1%?)? ety %?faver
Contact angle measurmements for mterlayers prepared as described in
example C1 were carried out with different copolymers and
terpolymers. The results are summarized in table 13 below.

10

Table 13
Ex. Monomer A | Monomer B[ Monomer C | Ratio| Ratio| Ratio| Contact
of Al of B| of C| Anglew.
H20 (°)
C6 NBCH,Ce¢F 5 100 86
15 C7 FHCNB 100 107-09
C8 FOCNB 100 109
C9 DecNB DMMINB NBXOH 39 51 10 82-84
C10 DecNB DMMINB NBTODD 36 47 17 81-82
20 C11 PPVENB DMMINB 92 8 106-07
C12 PPVENB DMMINB 56 44 103-08
C13 | NBCH,C¢Fs| DMMINB MeOAcNB 31 33 | 36 80
C14 | NBCH,CsFs| DMMINB MeOAcNB 23 48 29 80
25 Example C15. Interlayer of NBCH,CsFs Homopolymer

A 2.4% w/w solution of a the homopolymer NBCH;C¢Fs in MAK is spin-

coated on the glass substrate coated previously with CYTOP™ 809M.

The contact angle measured with DI water on top of the structure is 97

degrees, while for the plain CYTOP layer the contact angle measured
30 with DI water is in the range from 112-118 degrees.

Example C16. Interlayer of Mixture of NBCH,C¢Fs Homopolymer and
NBTODD/DMMIMeNBCopolymer
A 2.4 % wiw solution of a 1:1 mixture of the homopolymer NBCH,CgF 5
and the copolymer NBTODD/DMMINB (50/50) in MAK is spin-coated
on the glass substrate coated previously with CYTOP™ 809M. The
contact angle measured with DI water on top of the structure is 63

35



0.29 55 73000 1.76 48/ 52 B96 DVMM (17.35) NBTODD (6.76) 0.32 70 55800 1.74
74/ 26  25*1H NMR Exanpl e. B97 Copol yneri zati on of DVM MeNBand NBTON
12. 72g (Ow02b127mb37sof DVM MeNBand 12.45g (0. 055 nol) of pNBEBR) MeILS81

di ssolved in a mxture of toluene and nethyl ethyl ketone (94.4 30nL and
18.7 mL, respectively) contained in a y'lﬁll _equi pped with a stir bar. The
vial was sealed and sparged with nitrogen to renove residual oxygen, then
heated to 45 C. 0.356 g NN Arf was dissolved in toluene (4.2 nlL) in a

ni trogen purged gl ove box. The catal yst solution was added to the nononer

sol ution and t e85 Wvhild SorRBYIEIR @VTloPahey e corthetaifle Wasadtreat ai ned at
tenperature for. ch it was allowed to cool to

ours with stirri after
r oom t enper at UVl [ﬂe&?tahhﬁ'"g%a{?%‘? from g?’-ﬁ 9ehbved and the pol yner
precipitated by pouri ng the reaction mxture into an excess of nethanol.
After isol ati ngExampiolyfelntenayer jof Mixtuge of NBGidLC ol Homepplimesandm oven at

60 C. % ¥ield: 57% Fi naNB&MHROCH.CH,0AYDMMiIMeNB cmlylane—f 1.57, Conposition
by 13C NVR = 546/ 24, DMVISRINETIY 15 miAlLe bANE ndThSBa Al NBCH,CoF s
and the copolymer NBCH,OCH,CH,OAc/DMMINB (56/44) in MAK is
spin-coated on the glass substrate coated previously with CYTOP™
809M. The contact angle measured with DI water on top of the
10 structure is 67 degrees, while for the plain CYTOP layer the contact
angle measured with DI water is in the range from 112-118 degrees.

Example C18. Interlayer of Mixture of NBCH,C¢Fs Homopolymer and
MeOAcNB/DMMI Copolymer
A 2.4% wiw solution of a 1:1 mixture of the homopolymer NBCH,CgF5

15 and the copolymer MeOAcNB/DMMINB (50/50) in MAK is spin-coated
on the glass substrate coated previously with CYTOP™ 809M. The
contact angle measured with DI water on top of the structure is 71
degrees, while for the plain CYTOP layer the contact angle measured

20 with DI water is in the range from 112-118 degrees.

Examples C19-21. Interlayers of Mixtures of NBCH,CsFs Homopolymer
and PMMA
Mixtures of the homopolymers NBCH,CsFs and PMMA (with a M,, of
15,000, commercially available from Sigma-Aldrich), in various ratios
25 are dissolved in MAK to give a 2.4% w/w solution. The solution is spin-
coated on the glass substrate coated previously with CYTOP™ MAK.
The contact angles are measured with DI water on top of the structure.
the results are summarized in Table 14 below. For the plain CYTOP
layer the contact angle measured with DI water is in the range from
30 112-118 degrees.

35



The foll ow ng exanpl es describe the preparation of interlayers, in
accordance with the present invention, on top of dielectric layers that 10
are typi cablyivrerisas gate insul ator |ayers in OFET deviecegpP2dih@oeadhesi on
force of the interlayer towards a subsequent |ayer to be deposited thereon
is determ ned by contact angle rreasurepqafzsi. There is a general correlation
bet ween the contact angle (which is correlrated to the surface energy), and
t he adhesion. Thus, adhesion is 15described in the art as the nol ecul ar
force of attraction between unlike materials. The strength of attraction is
determ ned by the surface energy of thapbmeigrial, which in turn can be
determ ned by contact pngl.e . erall he | t he cont act
angl e, the higher he sg%ft'gc!\éﬁgﬁgéW@ %@thaﬁgks\ﬁ#m)energy, t he
greater the 20npl ecul at attragolymer and the | ower the surface [energy, the
weaker the attrlacidqge forces. Theyefore, flor surfaceg exhibitijng a | ower
cont act ﬁ]gl e (lapd—thus } sion of the
subseque | ayer €20 be expected:1 Unl ess sftated ot hé7wi se, in |the exanples
bel ow t he cont act—angte s neasured—wth—aKruss—Srop—Shape—Anal ysis System
DSA 10 equi pped WG] DBAL softwdi® for analysis. A aBopI et of |dei oni zed
(D) water is placed on the sanples through the syringe so the vol une of

water is in the range 5-100 pL. Then the inmage of that drop is captured to
the software and t heExamplec€22irigteslayer o NEGHCelbis/BMNIMeNR: anid t i ng net hod

NBCHD oS VM VBB, ConoL 1 e ool e AR () ol yrrer

. 0
NBCH2C6F51DVM m@%&%@%ﬁﬁ?ﬁrﬂf&ﬁiﬂrgwﬁfff%e 5oR8¥M&lone i s spin-coated on
a gl ass subst r MBEHSIhaDMIAMeNB(%Q50) Fomobsample BRA3 @vidChe mopoYiherThe
Fange B3.80 - B Ol O B B K o e ot
the plain CYTa®" gI@@pqug?élf)s{rgF%%@Gp@dewyﬁﬁldyiﬂ\m&%élpgﬂéﬁl{.] ound to be in
t he rangd¥ r oncdritactldiyyld eggaesed Mtabpivateton tapt efrtheyséructidre is in the
NBCH2C6F5/ DVWM Mﬁ(ﬂ%‘i‘&%% HegRUs/ Wilepf)o?ftﬁé)/ Wivcsalcb iléé’érfi’rf\e %_Bﬁtatc?r pol ymer

NBCH2C6F51DVM NeNB/~ MeOACNB™( 47/ 40/ 13 rom Exanpl e 4 ept anone is
spi n-coat ed on2f 8’@?%1%%[9@[!‘6&\ aél"’é‘t%rdét'%ah%ﬁﬂﬂeo ’%WFW‘QWWSSOQM The
contact angle neasured with DI water on top of the structure is in the
10r ange of 80 dkegexamplathClleC22showehpt, dyrapPiiop s@OoMriaygein t he cont act

angl e measur eda¥idrafbe Withhe iisvdrlioh6ntb M0RshiABE kilr khE daeges. Exanpl e
C3. Interaoayer of NBCH2C6F5/ DIV VeNB Cog%oalxgrer M xt ure

NEN?BH an I\/EOﬁcN

(1:1) A 2. 4% wP'eAaNGHHBHICaNYY fedycad, ARddhus fae SURsS RBEM

NBCH2C6F51DVM bitineXi60 f&roe chnde iBcasrdes], BR6 paneld tdthecplpol satator layer

MeOAcNB/ DVM Mewgﬁégl/iﬁ@rlaf gPpm Exanple Bl in MAK i s spin-coated on the gl ass
substrate coated previ ougl y with CYTOP 809M The contact angl e neasured
with DI water gn_to the structure is in the range of 75-77 degrees,

whi l e for,the rQFH@i‘GﬁaTaéVé‘r the contact angle neasured with DI water is
in the rafnge from 112-118 degrees. Exanple C4. Interlayer of
NBCH2C6F5/ DMM feemgah @ FtoiacNBpanad as kelodsp &l sibstrate of Geenipd 17874 2.4 % w w

SE;)I ut: ontg a %maﬁmé §6Mb|§te@fint3% ngrraf 365@8%??5?%&@%%9/ gflJ)_ from
VK |5 spi n- collRdraiEr Bt SERicele EUEOR ahEh dried - s, Wi PR Gy TP
809M The cont aeatearfspld seuzsaiaed diaintelertredasewitb 30nopthigknelse aser uct ure i s
in the ragpge obvabrdRE 68 thalubstrb®, ctéftiny alcRafmdiQP=I5ayeh dieweent act
angl e 1000 uym. The substrate is treated with the surface treatment

formulation Lisicon™ MO001 (available from Merck KGaA, Darmstadt,

Germany) for 1min, washed with isopropyl alcohol and dried by spin off

on the spin coater. The OSC Formulation Lisicon™ S1036 (available

35 from Merck KGaA, Darmstadt, Germany) is spun onto the substrate
after above treatment and then annealed for 1 min at 100°C on a



30nmeasured with DI water is in the range from 112-118 degr ees. Exanpl e
C5. Interlayer of NBCH2C6F51DVM MeNB and NBCH2Ad y0OAc/ DMM MeNB Copol yner

M xture (WOLp12AR8s2y8% wW w sol ution of a 1:1 m xture of treTEPPalpIERS1
35NBCH2C6F5/ DMM MeNB( 50/ 50) from Exanpl e B23 and t he copol yner

NBCH2d yOAc/ DMM (54/46) from Exanpl e _B§3§ in MAK is spin-coated - 100 - on
the gl ass substrate coated previously w ’}31 CYTOP 809M The contact angle
nmeasured with DI water on top of the structure is in the range of 70
degrees, while for the plain CYTOP | ayer the contact angle neasured with DI

\lNat erl is in tcgﬁotb%GEABfé)@étliéZa)ﬂe?%fdPQT(B?S“ﬂ ($9aRTH @ 3CASERD is Bpah her
nterl ayers nt.act angl e asur, nt er S pre ed_a
described in e%%tﬁgtbg C&g|%$®53g1$§§§5%m f%lrg Scﬁr# gg@@fp'ﬁ%g?{)/ﬁglagaand
terpol ymers. Theatedan a Sotplatesfondeminzaid! 44 Ct Apl isteryisefrom a sphatian i 13 Ex.
Mononer A Monog@in Bn M1 esBledG Usdtrate #bmfa Badd, & ohitidh Matihak. dhek £30t act
Angl e w. 5H20 (*31 Cq NBCH2 C6 .

nm gold layer is évaporated onto the interlayer as the gate electrode.

For the electrical characterisation the sample is placed in a probe

station and connected via Suess PH100 probe heads to an Agilent

4155C semiconductor analyzer. Linear and saturation mobility is

calculated at VD = -5V and VD = -60V respectively using the following

10 equations:
o L , 0ID
Huv ="y Cox* VD oVG
_ 2L  0OsqriID
15 Hsr = Cox  OVG

wherein L and W are length and width of the channel, Cox = dielectric
capacitance [F/cm?], ID = drain current, sqrt ID = square root of
absolute ID values, VG = gate voltage, VD = drain voltage.

20 Example D1. OFET comprising an Interlayer of Example C1.
Typical transfer curves measured for the device made with S1036 and
comprising an interlayer of Example C1, taken as-prepared and after
20 minutes electrical stress at VG = -40V and VD = -40V are depicted

25 in Figure 7 and show no influence of the interlayer on the electronic

characteristics of the device.

Example D2. OFET comprising an Interlayer of Example C2.
Typical transfer curves measured for device made with S1036 and
comprising an interlayer of Example C1, taken as-prepared and after
30 20 minutes electrical stress at VG = -40V and VD = -40V are depicted
in Figure 8 and show no influence of the interlayer on the electronic
characteristics of the device.

The examples D1 and D2 demonstrate that the transistor devices
35 containing an interlayer according to the present invention are stable
under electrical stress.
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The examples in Section C and D show that, by applying an interlayer
according to the present invention onto a gate insulator layer in an
organic field effect transistor, it is possible to increase the surface
energy and adhesion force towards further layers applied on top of the

S insulator, while maintaining the orthogonal solubility properties of the
insulator with respect to the organic semiconductor material, and
without negatively affecting the transistor performance.
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51 10 82-84 C10 DecNB DVM NB NBTODD 36 47 17 81-82 Cl1 PPVENB DM NB 92 8
106-07 Cl12 PPVENB DM NB 56 44 103-08

WO 2012/028278 PCT/EP2011/004281

- 105 -

Patent Claims

1. Interlayer that is in contact with a dielectric layer in an electronic
device, said interlayer comprising a polycycloolefinic polymer or a
5 polymer composition comprising a polycycloolefinic polymer.

2. Interlayer according to claim 1, wherein the polycycloolefinic
polymer is a norbornene-type polymer.

10 3. Interlayer according to claim 1 or 2, wherein the polycycloolefinic
polymer comprises a first type of repeating unit having a pendant
crosslinkable group.

4. Interlayer according to claim 3, wherein the pendant crosslinkable
15 group is a latent crossslinkable group.

5. Interlayer according to claim 3 or 4, wherein the pendant
crosslinkable group is a maleimide, a 3-monoalkylmaleimide, a 3,4-
dialkylmaleimide, an epoxy, a vinyl, an acetyl, an indenyl, a

20 cinnamate or a coumarin group, or the pendent crosslinkable group
comprises a substituted or unsubstituted maleimide portion, an
epoxide portion, a vinyl portion, a cinnamate portion or a coumarin
portion.

25 6. Interlayer according to one or more of claims 3, wherein the first

type of repeating unit having a pendant crosslinkable group is
derived from one of the following monomers:

(CHa)y, P1
\o/\v
30 Y
O

35



C13 NBCH2C6F5 DVM NB MeOAcNB 31 33 36 80 Cl4 NBCH2C6F5 DVM NB MeOACNB 23 48
29 80 25Exanple C15. Interlayer of NBCH2C6F5 Honopol yner A 2.4% w w

sol uti on wb 201hg2780onopol ymrer NBCH2C6F5 in MAK i s spi n- peatepdoianoi2Be gl ass
substrate coated previously with CYTOPTm 809M The contact angl e neasured
with DI water on top of the structure i 7 degrees, while for the plain
CYTOP | ayer the contact angle neasured ith DI water is in the range from
112- 118 degrees. Exanple Cl16. Interlayer of M xture of NBCH2C6F5

Honopol ymer and NBTODD/ DVM MeNBCopol ynmer A2.4 % w w solution of a 1:1

m xture of the honopol yner NBCH2C6F5 and?t he copol yner PRBTCDD/ DVMM NB
(50/50) in MAK i s spin-caogted Qng)pe_gl S substrate coated previously with
CYTOPTm 809M The cont ag gl e neasuNed i td' DI water on top of the
structure is 63 -101 - Udegrlees, whi l r the plain CYTOP | ayer the
contact angle nmeasured w DI wategp” s Nn the range from 112-118 degr ees.
Exanpl e g:l?. Interlayer of M xture of NBGR2 C6F5 Honopol yner and

0 P4

(0]
() L
10 (CH,)—O o o) P5
" O

where n is an integer from 1 to 8, Q' and Q? are each
15 independently of one another -H or -CH3, and R'is -H or -OCHs.

7. Interlayer according to one or more of claims 1 to 6, wherein the
polycycloolefinic polymer comprises a second type of repeating
unit that is distinct from the first type.

20
8. Interlayer according to one or more of claims 1 to 7, wherein the
polycycloolefinic polymer comprises one or more types of
repeating units of formula |
25 R
LR2
R3
m R*
I
30

wherein Z is selected from -CH»-, -CH3-CHo»- or -O-, mis an
integer from 0 to 5, each of R', R, R® and R* are independently
selected from H, a C4 to Cy5 hydrocarbyl, a C to Cas

halohydrocarbyl or a C, to C,s perhalocarbyl group.
35



SNBCH2OCH2CH20Ac/ DVM MeNB Copol yner A 2.4 % w w solution of a 1:1 m xture
of the honopol yner NBCH2C6F5 and the copol ynmer NBCH2OCH2CH20Ac/ DMV NB

(56/ 44) iwolNM/G28278pi n-coat ed on the gl ass substrate coatedpps@winssly wth
CYTOPTm 809M The contact angle neasured with DI water on top of the
10structure is 67 degrees, while for t_hf%f)l_ai n CYTCP | ayer the contact

angl e neasured with DI water is in the nge from 112-118 degrees. Exanple
Cl18. Interlayer of M xture of NBCH2C6F5 Honopol ymer and MeOAcNB/ DVM

Copol ynmer A 2.4% w w solution of a 1:1 m xture of the honopol yner NBCH2C6F5
and the copol ygrer IMePAGBAENAYHING toSEHDED miofe MK alrfis IRbrB, GARdreth e t he gl ass

substrate coated previ O'JS|%f.\Mth| CYTOPTm 809M The caont act tan&gl e, measur ed
with DI water on tOp% °t°i‘1 ol paé/{nbﬁ.recqngpn]sfso%(ber8reg1,or%?ﬁ>eeaf UPiER pl ai n
CYTOP | ayer the coffermulahgnd anesasumede wepdatibg unitseaf foemila Hhe range from
112-118 degrees. Exanples Cl19-21. Interlayers of M xtures of NBCH2CG6F5
Hormopol yger and PMVA M xt ures_of the honopol yner g 2C6F5 and PMMVA (with
a Mv of 15,000, counergijall \%kf| abl e from Sigy iegh), in various
rati os 25are di ssol Vg give a 2.4% on" The solution is
spi n- coated on the |gl as j{rate coated p 4 M1k, CYTOPTm MAK. The
contact angl es are fitagur et DI water ofi Depfo eNstfructure. the
results are summarized in Tabt® %4 bel ow. For the plai n CYToP | ayer the
contact angle neasured wi;th DI water is in the range from 30112-118
degrees. 1g9- 102 - Table 14. Ex. Ratio NBCH2CGFS/P pol ymer Contact Angle
w. H20 () C19 1:3 70 C20 1:1 67

wherein Z is selected from -CH,-, -CH2-CHs»- or -O-, m is an

integer from 0 to 5, each of R', R% R® and R* and R®, R®, R” and
R® are independently selected from H, a C; to Czs hydrocarbyl, a
C1 to Cy5 halohydrocarbyl or a C4 to C,5 perhalocarbyl group, and

15 wherein the repeating units of formula | are distinct from the
repeating units of formula Il.
10. Interlayer according to one or more of claims 1 to 9, wherein the
polycycloolefinic polymer comprises two, three or more than three
20 different types of repeating units selected from formulae | and Il
R! R
LRZ’ LRB
R3 R’
25 . AW

wherein Z is selected from -CH,-, -CH,-CH,- or -O-, m is an

30 integer from 0 to 5, each of R', R?, R?® and R* and R®, R® R and
R® are independently selected from H, a C to C2s hydrocarbyl, a
C, to C25 halohydrocarbyl or a C, to C,5 perhalocarbyl group, and
wherein the repeating units of formula | are distinct from the
repeating units of formula |l.
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C21 3:1 70 Exanple C22. Interlayer of NBCH2C6F5/ DMM MeNB and

10DVM MeNB/ NBTON Copol ymer M xture (1:1) A 2.4%w w solution of a 1:1

m xt ur e oWotzhe/meysl yner NBCH2C6F51DMM MeNB( 50/ 50) fr ompExarpéia/oBR281 and t he
copol ymer DMM MeNB/ NBTON (52/48) from Exanple B97 in MAK i s spin-coated on
the gl ass substrate coated previously y\n'lég_CYTCP 809M The 15 contact angle
nmeasured with DI water on top of the strucCture is in the range of 58-60
degrees, while for the plain CYTOP | ayer the contact angle nmeasured with DI
water is in the range from 112-118 degrees. The exanples Cl-C22 show t hat,

by appl yi ng ani{.ntiafdrryer atEordiL RO SERBE Mok o cldiPsigeant Wk réintiRean
insultator |ayer, the t(:ont agt ﬁp?ql e Sf0 a? S|Lﬂn|{| cantlg r dL{fedf and t hus
the surface ener gy SBRATIHHALT hIG T Mand forinyin I arksinde %Bﬁ%’é e to the
pl ai n i nsul at or | @ash ethehtumedneenpebpenenebty pfewiooeners paleatedfrods A t op
gat OFET is prepargd gasup ebh§dhing Of HEPBIIbRIR) SibfeRhlidey 1737 glass is
soni cated in 3% Decon90 for 30mn at 70C, washed 2 tinmes wth water and son
icated i MeOH, then dried by spin off on the spin coater. Gold source and
drain electrodes with 30nmthick are 30evaporated onto the substrate,
creating a channel L = 50 pm and 1000 pm The substrarﬁﬁ is trgeated with
the surface treatnent formulatio gi con TM MDO1 (avail abPe from Merck
K&GA, Darnstadt, Gernany) for 1m m~washed wi th isopropyl al cohol and dried
by spin off on the spin coat er he M&fylFor mul ati on Li si conTM S1036

D

(avai | ablg 35from Merck KGaA, stadt, Germany) is quﬂ?ﬁ%to t he
substrate after above treatne d then annealed for 1 at 100C on a -

103 - hotplate. A dielectric |ay of CYTOP TM (9% in FC-43, Asahi) is spun

onto the cool ed substrate (500 f8utyl0 s and 2000 rpmfor 20 s) and
heated on a hotplate for 2 mn 00C. An interl ayer f{gn#ﬁ solugion is
spun on the cool ed substrate f 2. 4% sol ution in MKY"Hen a 30 5nm
gold layer is evaporated onto t interlayer as the gate el ectrode. For the
el ectricdb characterisation the,sanpHexjls placed in a probe station and

connected via Suess PH 100 prdgpge hfads to an Agil ent 41?_?6%%@71 cogduct or
a

anal yzer. Linear and saturatic pility is calcul ated = -5V and VWD =
-60V respectively using the fol ’ow ng 10equati ons:

Octyl
[{:I/ OctNB S
20

Decyl
[z::I/ DecNB 6
PENB 7

D 8
30
OAc g
MeOAcNB
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L. aw Pup, = w?* cox* VDavG 2L * asqrtlD PSAT = W* cox avG wherein L
and Ware length and width of the channel, Cox = dielectric capacitance

[ F/cn2], wD2w1dnei7?® current, sqgrt | D = square root of alpsolmrb@1lobi2sal ues,
VG = gate voltage, VD = drain voltage. Exanple D . OFET conprising an
Interl ayer of Exanple C . Typical transﬁg curves neasured for the device
made with S1036 and conprising an interl gér of Exanple O, taken
as-prepared and after 20 mnutes electrical stress at VG = -40V and VD =
-40V are depicted in Figure 7 and show no influence of the interlayer on
the el ectronic characteristics of the device. Exampl e D2. OFET
conprising an Interlayer of Exapple IC2. Typical transfer curves neasured
for device made with S1036 ang SOHg an interlayerNBKCEXanpléOG,
taken as-prepared and after 3p2 inutes electrical stress at VG = -40V and
VD = -40V are depicted in Figure~8 and show no influence of the interlayer

on the electronic characteristiss ofcHIEHASAE ce. The exanples D1 and D2
denonstrate that the tra dé&i ce$ 35cont ai ni ng 'qéerla en4
according to the present tion are stable under 8&@%#? BQV“gtress. -
104- The exanples in Sectiva C and D show that, by applying an interl ayer
according to the present iny iLQn OCHQCRH, @Rt e i nsul ator layer in an
organic field effect trang gf, i® is“poSsible to iqﬁ§§§§§|%€ sypf ace
energy and adhesion forceltowdrds further |ayers appli ¥ % of the
Sinsul atgp, while maintainimg the orthogonal solubility properties of the
insulator with respect tg ok gapCHAHOpMeduct or material, and w t hout
negatively affecting th I@ si stor performance. 10 15 R@T 30 43105 -
Patent C ains 1. Interl § that is in contact with a dielectric layer in
an el ectronic device, sait™ nterlayer conprising a polycycloolefinic

pol ymer or a 5pol yner co i B-C Gy & pol ycycl ool efinic pol yner.
2. Interlayer according aim’1, wherein the pol ycypppbpb ni c 1ol yner
is a norHérnene-type pol . 103.Interlayer according to claim1l or 2,

wherein the pol ycycl ool efinic

C,F
@/ 49 NBC4F9 15
O

S NBC6F5 17

25 F
NBCH,CsF, 18
F
NBCH2CsH4sCF 19
30 CF, 3

(CH,);—C4Fs
| NBalkylCeFs 20
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pol ymer conprises a first type of repeating unit having a pendant
crosslinkable group. 4. Interlayer according to claim3, wherein the
pendant cwoeidmkawl e 15group is a | atent crossslinkabl ecgmpog.i/0bs281
Interlayer according to claim3 or 4, wherein the pendant crosslinkable
group is a nmaleimde, a 3-nnnoa|ky|nalelﬁg a 3,4- dialkylnaleimde, an
epoxy, a vinyl, an acetyl, an indenyl, OC|nnanate or a counarin group,
or the pendent crosslinkable group conprises a substituted or unsubstituted
mal ei m de portion, an epoxide portion, a vinyl portion, a cinnamate portion
or a coumarin portion. 256.Interlyer according to one or nore of clains 3,
wherein the first type of repeatiing upptcfiavi ng a pendant crosslinkable
group is derived fromone Towﬁh@SnDnoners WePRINE/ 028278 - 106
- PCT/ EP2011/ 004281 P3 P4 where n is an integer from1l to 8, Q1
and 2 are each 15i ndepende of one another -Hor -CH3, and R is -H or
OCH3. 7. Interlayer according go one or nore of claims 1 to 6, wherein the

polycycléolefinic pol yrer onprlses a second type of repeating unit that is
distinct fromthe first t HCaFg FHCNB 22

_CH_(CF CFH
10 2(CF)y FOCHNB 23

@)‘\ _CH CF CF H FPCHNB 24
15

o)
/u\ 25

CsPFAcCNB

20
PPVENB 26

DCPD 27
25

EONB 28

30 [{:]/A\ /\\T7 MGENB 29

SiEt,

@/\/ AkSINB 30
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20 8. Interlayer according to one or nore of clains 1 to 7, wherein the

pol ycycl ool efinic polynmer conprises one or nore types of repeating units of
formul a Iwo 20ik/mobegein Z is selected from-CH2-, -CH2- Cpt/mPhor1@e428iM i S an
integer fromO to 5, each of Rl, R2, R3 and R4 are independently sel ected
fromH a Cl to 025 hydrocarbyl, a Cl t 5 hal ohydrocarbyl or a Cl1 to C25
per hal ocar byl group. - 107 - 9.Inter|é3é "according to one or nore of
claims 1 to 8, wherein the polycycl ool efinic polyner conprises one or nore
repeating units of forrmula | and one or nore repeating units of fornula I
1H 10 wherein Z is selected from-CH2-, -CH2SIE&R2- or -0-, mis an integer
fromO to 5, each of R, R2, R3 and R4 agdr R5, R6, R7 and R8 are

i ndependently selected fromH, a Y C25 hydrocarbyl, a G to C25

hal ohydrocarbyl or a Cl to C25 pe ncar byl ~ group, andAngavi n tRd
repeating units of forpf are st1nct fromthe repeating units of
formula LI. 10. Interl§ according to one or nore of clains 1 to 9,
wherein ?he pol ycycl ool™e¥+ni ¢ pol ymer conprises two, three or nore than
three different types.of repeating units selected fromfornulae | and |

1H wherein Z is sel g¢dted from-C H2-, -CH2-CH2- or -0-, mis an 30i nteger
fromO to 5, each ot \R R20 R6le R7 and R8 are
i ndependent |y sel ected from rocar byl meH@Ng o C38

hal ohydrocarbyl or a Cl to C2% p gr oup, and wherein the
repeatinggunits of formula I are digtinct fromthe repeating units of

formula I1. - 108 - 0
(O
O NPCHMNB 33
N
15
O
o)
@/\N ) DMMIMeNB 34
20 O
0
\
N DMMIEINB 39
25 @/v O
o)
WN ) DMMIPINB 36
o)
30
o)

N DMMIBUNB
@/\/\/ (
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11. Interlayer according to one or nore of clains 8 to 10, wherein the
repeating units of formula | and fornula Il are independently of each other
formed bywoeobansese-type nononers sel ected fromthe gregp/rrongiosdsng of
the foll ow ng subfornul ae: NBXOH 10 NBCH2d yOAc 11 NBCH2G yOH 12 NBTON 13
NBTODD 14 NBCAF9 15 NBCH2C6F5 16 NBCGF_SH.%_NBCHZCGFZ 18 NBCH2C6HACF 19 3
NBal kyl C6F5 20

o)
\
@/\/\/\/N DMMIHXNB 38
5 O
o
\
N
O EtPhDMMINB 39
10 (’ 0
0
N MMIMeNB 40
15 /
0
o)
N 41
MINB
()
20 0
o)
\

N MIENB 42
o)
25
o)
Bpag SN
7+~ )
O

@/\O)k/\cswwe_p MeOCinnNB 44

30
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FPCNB 21 FHCNB 22 FOCHNB 23 FPCHNB 24 CBPFACNB 25 PPVENB 26 DCPD 27 EONB 28
MGENB 29 AkSi NB 30 ArSi NB 31 MCHMI\B
WO 2012/028278 PCT/EP2011/004281

-113-

@AOJ\/\CSHS CinnNB 45
5 0o X _-CsH,OMe-p
@/\/ 7(\/ EtMeOCinnNB 46
o)
L
10 @/\O o o MeCoumNB 47

0 o. _O
EtCoumNB 48
_
iy (D
‘ EtPhindNB 49

<

25 O PhindNB 50
F)
c._0

30 0" CF " CF,CF,CFs
F CF, DiOxoTCNB 91

F

35



32 NPCHWN\B 33 DVM MeNB 34 DWVM Et NB 35 DVM PrNB 36 DVM BuNB 37 wher e
"Me" neans nethyl, "Et" neans ethyl, "Owe-p" nmeans para-nethoxy, "Ph" and
"CoH5" neao 2pteenyi7s " C6H4" neans 15phenyl ene, " C6F5" ne&03/EP2011/004281

pent af | uor ophenyl, "OAc" neans acetate, "PFAc" neans -0C(0)-Cr7F15, and for
each of the above subfornmul ae having a_yge hyl ene bridgi ng group, such
met hyl ene bridging group is inclusive of a covalent bond or -(CH2)p-, and p
is an integer from1 to 6. 20 12. Interlayer according to one or nore of
claims 1 to 11, wherein the polyner conposition conprises a blend of a

first polycycloolefinic poly nd a second pol ycycl ool efinic pol yner.
2513. Interlayer according te<claiml1l2, -wherein the first polycycloolefinic
pol ymer conprises one or noretyfpesfFof fepeating units of forrmula |, and
t he second pol ycycl ool ef i ni oll ymer Ye®RnpEi ses one or PRBTCNBpes S8t
repeating units of formula IIFBE o [/ 028278PCT/ EP2011/ 004281 - 115 -
5 F
2 F F
@\ TESNB 53
Si(OC,H,),

10 " O PMNB 54

where “Me* means methyl, “Et” means ethyl, “OMe-p" means
para-methoxy, “Ph” and “Cg¢Hs” mean phenyl, “CgH4” means

15 phenylene, “CsFs” means pentafluorophenyl, “OAc” means
acetate, “PFAc” means —OC(Q)-C+F 5, and for each of the above
subformulae having a methylene bridging group, such methylene
bridging group is inclusive of a covalent bond or -(CH3),-, and p is
an integer from 1 to 6.

20

12. Interlayer according to one or more of claims 1 to 11, wherein the

polymer composition comprises a blend of a first polycycloolefinic
polymer and a second polycycloolefinic polymer.

25 13. Interlayer according to claim 12, wherein the first polycycloolefinic
polymer comprises one or more types of repeating units of

formula |, and the second polycycloolefinic polymer commprises
one or more types of repeating units of formula Il

30

35



i1 10 15 14. 20 15. 25 30 16. 35 wherein Z is selected from
-C H2-, -CH2-CH2- or -0-, mis an integer fromO to 5, each of RlL, R2, R3
and R4 angioRb12/026278R7 and R8 are i ndependently sel ect edptmmreddion2€il to C25
hydrocarbyl, a Cl1 to C25 hal ohydrocarbyl or a Cl1 to C25 perhal ocar byl
group, and wherein the repeating units_?{Stornula | are distinct fromthe
repeating units of formula Il. Interlayer according to one or nore of
claims 1 to 13, wherein the polyner or pol yner conposition further
conprises one or nore of a solvent, a crosslinking agent, an optional
reactive solvent, a stabilizer, a UV sensitizer and a thermal sensitizer.
Interlayer according to one or nore of clains 1 to 14, wherein the pol yner
or polymer conposition contains one or nore repeating units having a
crosslinkabl e group, and the interlayer further conprises an adhesion
pronoter which is a conpound conprising a surface-active functional group
and a crgsslinkable functional group that is capable gf Reacting with the
sai d crogslinkablﬂ gr oy of e Pepating U™ N e qugpr or pol ymer
conposition. Interla ‘ég”to claim1l ¢ t he adhesi on
pronoter is a conpo Ul a1 R7

m R*

10

wherein Z is selected from -CHj-, -CH2-CH»- or -O-, mis an
integer from 0 to 5, each of R', R%, R® and R* and R®, R®, R” and
R® are independently selected from H, a C; to Cys hydrocarbyl, a
C1 to Czs5 halohydrocarbyl or a C¢ to Cy5 perhalocarbyl group, and
wherein the repeating units of formula | are distinct from the
repeating units of formula Il.

15

14. Interlayer according to one or more of claims 1 to 13, wherein the
polymer or polymer composition further comprises one or more of
a solvent, a crosslinking agent, an optional reactive solvent, a
stabilizer, a UV sensitizer and a thermal sensitizer.

20

15. Interlayer according to one or more of claims 1 to 14, wherein the
polymer or polymer composition contains one or more repeating
units having a crosslinkable group, and the interlayer further
comprises an adhesion promoter which is a compound comprising
a surface-active functional group and a crosslinkable functional
group that is capable of reacting with the said crosslinkable group
of the repating unit of the polymer or polymer composition.

25

30

16. Interlayer according to claim 15, wherein the adhesion promoter is
a compound of formula Il

G-A'-P "
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GA-PIIl - 116 - wherein Gis a surface-active group, A" is a single bond
or a spacer, connecting or bridging group, and P is a crosslinkable group.
517. | nt ewbayevo2sazgording to claim 15 or 16, wherein theCImrh@cmoes8ti ve
group of the adhesion pronoter is a silane group, preferably of fornula

Si R12R13K. -. 14, or a silazane group, pIg rably of fornula -

NH Si R12R13K. -. 14, wherein R12, R13 and 4 are each independently sel ected
from hal ogen, silazane, Cl-Cl2-al koxy, Cl- 1 0Cl12-al kyl am no, optionally
substituted C5-C20-aryl oxy and optionally substituted C2-C20-heteroaryl oxy,
and wherein one orwhgRiG |81325urﬁilo% Meﬂfbuﬁﬁﬁ'ﬂéglr@%"%ﬁd Gt=aCl2-al kyl, an

|1 b d I b
Bo- hoter varyl . 15asen cnarragept AP FBUPoat s asE e o e 15 1o

17, wherein the crarogpi nkabl e group of the adhesion pronoter is selected
froma naleimde, a 3- rmnoalkyl mal ei m de, a 3, 4- dialkylmaleim'de an

epoxy, a vi nyl C an i nden cin te or,.a co 20 group,
or the cPossli H@Bf‘ge E?%&B%‘Hﬁmq €° éagn 38 YRgTe B} ey ‘ﬂ'{
mal ei mi de portion,granpefthe déhwomponmoeemsrayﬂnlqmrgnoup, peefenahiwnﬁt e portion
75 To 16, wher oi n Baipa SERIRN e"rféaa‘y'%za?"é?"%ggf%ﬁ%ﬁﬂ%@“ﬁe°f claim
fol | owi ng struct ur'i él& ﬁ% R \M’f\gT% I?‘nglé r% €£&2%efined in claim 17,
A is as defined iindependantl§y sehected fmmuihlalldgeemr silezarte, i Gvd@pealdony,|Gy-H or a
C -C6 al kyy grou 5 I I of clainms 1 to
kgl 9 po? ZylhMifd, c@%%na%@%gﬂltﬂﬁb& 8525 yIoRP R

19, wherein the p ILtion C S . one or nore

repeating units haRHtl?@‘aé{yéPE?étPfedLQb'ICéo RN RYY: t"rﬁ‘éj VReTEN QD8O F ur t her
conprises a crossltwokefR¥hRthang Ri* ceaypalsodienoite G1sC peplkylpanr  mor e

crosslinkabl e f“”uathHT}n%h%%BHﬂgtéJ‘ééatl %ﬁ'ﬁ‘ﬂﬁ“ gPﬁénélﬁaﬁfﬂsﬂﬂjtéﬁ’ \W.Lh the

crosslinkable gro ymer polyner
conposi tion. o etaiRAYlaccor ding to cl ai m 20, vvherel n the crosslinker
is a conddund of formula I'V1 or 1V2 15 P-X-PIV1 H4, C(A"-P)rnl V2 20wherein X

Is A'-X-A, Xygl Slnperlag/e g‘EEQFdnrgqrﬁi o Br ﬁ-Pd}g q{%ladr?s 5 Fd 'I"?'ﬁh@r%”r?' or a

spacer, connectl ng or % iml6, and m
is 2, 3 or 4. the crosslinkable group of the adhesion promoter Is selected from

a maleimide, a 3-monoalkyl-maleimide, a 3,4-dialkylmaleimide, an
epoxy, a vinyl, an acetyl, an indenyl, a cinnamate or a coumarin

20 group, or the crosslinkable group comprises a substituted or
unsubstituted maleimide portion, an epoxide portion, a vinyl
portion, a cinnamate portion or a coumarin portion.

19. Interlayer according to one or more of claims 15 to 18, wherein

25 the adhesion promoter is a compound having the following
structure
o)
10
ri2 | i At
30 Ng— A
4\
R R14 R11
o]
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22. Interlayer according to claim?20 or 21, wherein the crosslinkable
25group of the crosslinker is selected froma naleimde, a 3-

monoal kylwoabejomse, a 3, 4-di al kyl mal ei i de, an epoxy, acviEPgéi/oasacet yl ,
an indenyl, a cinnamate or a coumarin group, or the crosslinkable group
conprises a substituted or unsubstltuteg yalelnlde portion, an epoxide
portion, a vinyl portion, a 30ci nnamate &ortlon or a coumarin portion. 23.
Interlayer according to one or nore of clains 20 to 22, wherein the
crosslinker is a conmpound of the following fornula - 118 - wherein Rl

?Ed R11 are ipde{)%@_ gtém‘%ﬁ”ﬂaﬂ& é&&@méﬂ wclathlngii @Id%emﬁwm A" has

e neani ng of claim nd ig prefara cte :

( CH2) n- ( CHECH) p-(éihaz Gaz"){ 45 ’% ri%’ ?‘dlé ‘{"cﬂi&) 0'—C(SCH2)n, and
C(0) -0, where eaclalkyl |g$oumdependently an integer "fromoO to 12, pis an
integer from1-6, Z is independently Hor F, C6010 is cycl ohexyl that is
substitut.ed w ) is independently H F, . CF3 0 . .Interlayer
accor di ns to o#g gpte%ygr BECUIONG O qn%/er Q@,feﬂgé%éﬁnﬁ %Weg%'i‘@ii%@”?ﬂte | ayer
conprises a fl uor qguiymeeor pblytrest| copgpositicrocahtapst anevoemare wepeatodg cl ai ns 1
to 24, wherein th%rﬁtwfﬁrﬁdeh(‘crbés}iﬁkab% %09 tSn&"tl’?é it fiafer A% [erc’r part of a

gate dlelectrlc | ayer | ayer accor one or re o laims 1 to
24, wherein the dlc'éﬂn&fﬁqsca P&iﬁéll'”\‘%r ‘&h'ﬁ%%?\Fé’t’“W'Tda?%mp”FthetW%?/’er
according to one anoro¢resslinkdtdé fenctiohal gupsiteatcare dapabée e€teaning devi ce
is an organic ele r e

som condugtormat HEMe oRS¥laGECBlodd bR AR TSRS ol BTHRDT, o0
further conprises R?%‘BPV@hPOW&iRr@"EﬁQ%anaI sol ubi l'i ty properties wth
respect to the organic sem conductor material. Polycycl ool efinic polyner or
D yrer Sonparal' dRsTRVRE sBLAM g BOLMN oo RhEld e BMRer MIETE 1 (1
pol ymer contains Cross abl e group,
conprising an adhé?gn@ﬂptm%%ﬂoémub?s“ﬂ‘e%i\@j in one or nore of claims 15 to
19. -1195 29. 30. 10 31. 15

P-X-P V1
HamC(A"-P)m V2
20 wherein X is A"-X'-A", X'is O, S, NH or a single bond, A" is a

single bond or a spacer, connecting or bridging group, P has the
meaning of claim 16, and mis 2, 3 or 4.

22. Interlayer according to claim 20 or 21, wherein the crosslinkable
25 group of the crosslinker is selected from a maleimide, a 3-
monoalkyl-maleimide, a 3,4-dialkylmaleimide, an epoxy, a vinyl,
an acetyl, an indenyl, a cinnamate or a coumarin group, or the
crosslinkable group comprises a substituted or unsubstituted
maleimide portion, an epoxide portion, a vinyl portion, a
30 cinnamate portion or a coumarin portion.

23. Interlayer according to one or more of claims 20 to 22, wherein
the crosslinker is a compound of the following formula

35



32. 20 33. 25 34. 30 35. 35 Pol ycycl ool efi ni ¢ pol yner or

pol ymer conposition conprising a polycycl ool efinic polyner, wherein the

pol ymer owohaixesmge or nore repeating units having a crpesgreedabi281 gr oup,
conprising a crosslinker as defined in one or nore of clains 20 to 23.

Pol ycycl ool efi ni ¢ pol yner or pol yner cggpggition according to claim28 or
29, wherein the polycycloolefinic poly Is as defined in one or nore of
claims 3 to 6. Interlayer, polymer or polymer conposition according to one
or nore of claims 1 to 30, conprising a polycycl ool efinic polymer that
contains a first type ofcrepeatinglunit selected fromfluorinated repeating

units and a second RYpe repeatl " selected fromcro flinkable
repeating units. Inte ﬁ r conposition accordiﬁg to claim3l
conprising a polycycl bl inic that contains repeating units

derived froma norhgnrnene-type rmn mer €l ected from NBCH2C6F5, NBC6F5,
NBCH2C6F2, NBCH2C6HACF3 gnd NBal kyy C6F6, and repeating units derived froma
nor bor nehe-type nononer selected from DVMM MeNB, DVM Et NB, DVM Pr NB,

DVM BuNB and DMM HxNB. Use of a1]ool ygycl ool efinic polymer, or a polyner
conposi ti on conpr iviaiginaRPaandtRE| atd isdepeodently akeactsotier HhetaiGh-Gae or

mor e OfICIt al m|3 1 tapyd fodpperfl%é”ﬂme%%nl iy S d13e R 1 thlisiptefefasignt act Wi th
an insul at or ayer n an.el e ni Vi opri sing an
interlayer that ?%t%%ﬂpabfééﬁ h(%al'ﬂ??'? kéﬁrgﬁ)hgéﬁng &'g'ah&fe( 2P'he
interlaygp is for MCH&EMQH@)@JW@J(GMzM and C ()9 nwheo epch prier

conposi tion as defihdestiden) ardhteBliGrdh ol & difinfegerHaiftEnyC. devi co

according to claim whi c n for FET) thin film
transi stor (TFT), '? mdégﬁaﬁsa 36 ‘&w tSE(SG)'S(‘}VC }aﬁl E?i Wt8ntification
(RFID) tag. - 120@vith Q6Q Eliedépenmdenttyeh) EeCH@,c@Fdlon@Gkba claim 34 or 35,
which is a top gate or bottom gate FET.

15 24. Interlayer according to one or more of claims 1 to 23, wherein the

dielectric layer comprises a fluoropolymer.

25. Interlayer according to one or more of claims 1 to 24, wherein the
dielectric layer is a gate dielectric layer or part of a gate dielectric

20 layer.

26. Interlayer according to one or more of claims 1 to 24, wherein the
dielectric layer is a passivation layer.

25 27. Interlayer according to one or more of claims 1 to 26, wherein the
electronic device is an organic electronic device that further
comprises an organic semiconductor material, and the
polycycloolefinic polymer composition further comprises a solvent
having orthogonal solubility properties with respect to the organic

30 semiconductor material.

28. Polycycloolefinic polymer or polymer composition comprising a
polycycloolefinic polymer, wherein the polymer contains one or
more repeating units having a crosslinkable group, comprising an

35 adhesion promoter as defined in one or more of claims 15 to 19.



537. A process for preparing an el ectronic device according to one or nore
of clains 34 to 36, which conprises the follow ng steps: a) depositing
source anstodomimsekectrodes (20) on a substrate (10), bpcaaposiitodszgr a | ayer
of sem conductor material (30) on the substrate (10) and the source and
drain el ectrodes (20), c) lodepositing_ﬁg$gyer of dielectric material (40)
on the sem conductor |ayer (30), d) dep ting an interlayer (70)
conprising a polycyclool efinic polymer, or conprising a polyner conposition
conprising a polycycloolefinic polyner, as defined in one or nore of clains

1 to 32, on they dird)ip&iciddlefir Polyfriéd or S9ly #RP S poRttich @&hﬁnéﬁ #l ectrode
(50) on at least a Part of the |pterla er ﬁ?g% )) optiqnal | ge'poleng
anot her | ayer (GOPPWFH‘?"?@'?BPYFX%{N%@% e, 2glyme n‘borgﬂﬁ]Fdilnep?ot ection
and/ or st abi | i zi ngnenediepeatitig eits davingea crasslinkablgareupl ernposieg(@0) and

the interlayer (7Q}ossAAR8r a8HRARES iMBAE'HINMSIEI S Fhifs2Gfo 29herein the gate
electrodg (50) is deposited on the dielectric layer (40) before the
r

i nterlay (70). 25 30
30. Polycycloolefinic polymer or polymer composition according to

claim 28 or 29, wherein the polycycloolefinic polymer is as defined
in one or more of claims 3 to 6.

10 31. |Interlayer, polymer or polymer composition according to one or
more of claims 1 to 30, comprising a polycycloolefinic polymer
that contains a first type of repeating unit selected from fluorinated
repeating units and a second type of repeating unit selected from
crosslinkable repeating units.

15

32. Interlayer or polymer composition according to claim 31,
comprising a polycycloolefinic polymer that contains repeating
units derived from a norbornene-type monomer selected from
NBCH,CsFs NBCgFs NBCH,CgF2 NBCH,CgH4CF3 and

20 NBalkylCgFs and repeating units derived from a norbornene-type
monomer selected from DMMiIMeNB, DMMIEtNB, DMMIPrNB,
DMMIBuUNB and DMMIHxNB.

33. Use of a polycycloolefinic polymer, or a polymer composition
25 comprising a polycycloolefinic polymer as defined in one or more
of claims 1 to 32, for forming an interlayer that is in contact with
an insulator layer in an electronic device.

34. Electronic device comprising an interlayer that is in contact with
30 an insulating layer, wherein the interlayer is formed from a
polycycloolefinic polymer or polymer composition as defined in
one or more of claims 1 to 32.

35. Electronic device according to claim 34, which is a field effect
35 transistor (FET), thin film transistor (TFT), integrated circuit (IC) or
Radio Frequency Identification (RFID) tag.
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Electronic device according to claim 34 or 35, which is a top gate
or bottom gate FET.

A process for preparing an electronic device according to one or
more of claims 34 to 36, which comprises the following steps: a)
depositing source and drain electrodes (20) on a substrate (10),
b) depositing a layer of semiconductor material (30) on the
substrate (10) and the source and drain electrodes (20), c¢)
depositing a layer of dielectric material (40) on the semiconductor
layer (30), d) depositing an interlayer (70) comprising a
polycycloolefinic polymer, or comprising a polymer composition
comprising a polycycloolefinic polymer, as defined in one or more
of claims 1 to 32, on the dielectric layer (40), e) depositing a gate
electrode (50) on at least a part of the interlayer (70), f) optionally
depositing another layer (60), which is for example an insulating
and/or protection and/or stabilizing and/or adhesive layer, on the
gate electrode (50) and the interlayer (70).

Process according to claim 37, wherein the gate electrode (50) is
deposited on the dielectric layer (40) before the interlayer (70).



