WO 2012/ 028279PCT/ EP2011/ 004282 -1 Gate I nsul ator Layer for Electronic
Devices Field of the Invention 5The invention relates generally to the use
of pol ycywbaol2Rsirs i n el ectroni c devices and nore speciPCir@Eeég/004282 he use
of norbornene-type polyners to formgatefinsul ator layers in the
fabrication of electronic devices, including organic electronic devices
(OEs), devices that enconpass such norbornene-type polyner gate insulator

| ayers and 10processes for preparing such devices that incorporate

nor bor nene- type pol \Gate paidatorsuapénforl EyectronBaOeavioesd and Prior Art

El ectroni c devices, for exanple field effect transistors (FETs) are 1l5used
I n display devices and | ogic capable circuits. A conventional FET typically
i ncl udes sourkield df thenlrveatigat e el ect rodes, a seni conducting | ayer nade of
a sem conduct or (SC) material, and an insulator |layer (also referred to as
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(OFETs) that ;acslgme‘iefwlfowm gite mhwadﬁwayeﬁs Anthd 0ricatiopodl dlettronid ts. A
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di scl oses enﬁuaermiv@eofgaéﬁlmtdamrdave@ d effect 30transistor (COFET)
wherein the gate insulator layer is made of a dielectric material having a

permttivity ggikdraupa &PMicAArf el ative permttivity or dielectric
const ant (k)) of Teéss than 3.0. Such materials, generally referred as "l ow

k t I rted t d d f wheth
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03/ 052843 Al dsed hredisptodesicesand Bgic capable catlifs.avacdmmraional

11 sor opol yerse sUgpicahy SNPELY oo disifland §3) oRuibkog AFTM (from

DuPont) are exe
semlconductlng layer made of a semiconductor (SC) material, and an

insulator layer (also referred to as "dielectric" or "gate dielectric"),
made of a dielectric material and positioned between the SC layer

20 and the gate electrode. Also known are organic electronic devices, for
example organic field effect transistors (OFETSs) that are useful in
display devices and logic capable circuits. A conventional OFET also
includes source, drain and gate electrodes but rather than an
inorganic semiconductor layer, an OFET includes a semiconducting

25 layer made of an organic semiconductor (OSC) material and generally
an insulator layer made of an organic dielectric material positioned
between the OSC layer and the gate electrode.

WO 03/052841 A1 discloses embodiments of an organic field effect
30 transistor (OFET) wherein the gate insulator layer is made of a
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
35 is disordered or semi-ordered. WO 03/052841 A1 further reports that
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In WO 05/055248 the use of fluoropolyners such as CytopTM as gate
S5insulator materials is disclosed as bei ng advant ageous for sol ution

pr ocessedwOBhER/dewces where the OSC material is sel ect edTipPeoonisod2ebl e,
substituted ol i goacenes, such as pentacene, tetracene, anthracene, or

het erocyclic derivatives thereof. These “OSC materials are sol uble in nost
common organi ¢ solvents. Therefore, when 10preparing a top gate OFET, the
solvents for the gate dielectric fornulation have to be carefully chosen to
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af orenent i on%?l bnkl i ng@r crackin Isuc materials often exhibit
wetting WO RP9tH9g9ng @96@?@8%5@‘2 "Qatz?ﬁ@ -adhesi on probl ens that are
nore severe than those exhibited by the low Tg materials. Thus there is a
need for a pdthasbesrt repgpotet] thetithbidbove-medtiongd flippropphiohersoare or m ng a
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good wett abi |mtq/prQ§e|$|sgm Buthfeagwssryogyctian of - Rlidaviess.f Regardma hogonal

sol ubi ity PraBeELiasy) hioresantielstiidipasspieplietag) bafdal . and no

significant negatl ve | nf nce devi ce Oo\‘% rmance. Brief Descrl ption of
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having a low ted to, or above the Ty temperature during a
metallization process, polymer cracking due to built-in stress can
occur. Even where such cracking can be avoided, differential
expansion between the fluoropolymer and any adjacent layer due to
heating can result in polymer wrinkling. Where fluoropolymers with a
higher Tg, like those of the Teflon AF™ series (e.g., Teflon AF 2400
with T4 = 240°C), have been used to overcome the aforementioned

wrinkling or cracking problems, such materials often exhibit wetting

35



Fi gure 23 depicts the adhesion force of a |ayer of an organic dielectric,
with and wi thout an adhesion pronoter, respectively, on a glass substrate
as descriwedoizn2gxanpl e C19 and C20. WO 2012/ 028279PCTrERZP2d100:2882 - 4
upper two curves, which are exenplarily abeled "c" in Figure 3, depict the
current-voltage characteristic for forward and reverse scans, illustrating
the current hysteresis of the device. The |lower two curves, which are

| abel ed "a" and "b" as exenplarily shown in Figure 53, depict the
mobi lity-volt acteriystic, ' iRy bty
obtained in the ?‘iqﬁgel%'r%%ré@ibﬁé@géﬁgpgﬁeswg”%b e\@ﬁé\;\%a'ﬁﬁ@&én%%?ﬁ ty o%){ ained in
t he saturati dhernowely Batemalg. of the I nvention 10The present invention
relates to the use of a polycycl ool efinic polyner, or a polyner
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an Orgaqc Fisel i{_E gcgg;&g@sﬁ%ﬂstor (%Zgg)véq(}ggg‘r:fé?rbg ﬁgﬁ organic

semni conduct orS'@RlIERNENS URESURN ¢ ne-type addition
polymers are structurally tailorable to overcone the previously discussed
dr awbacks obsBriafeleserigtionvof tey Deawingghus such nor bor nene-type 30addition
polymers allow for time-, cost- and material-effective production of

materi s and: BEpRImEhiTe Ble RYBRHGR b s PR QUL RIRTERAFEE BT o
seni conpict orthadobewing deawlingsgani ¢ diel ectric materials, on a |arge scale.
Further, as wll be discussed, 35such norbornene-type addition polyners

exhi bit orthqegugb FakpRits bttpVdtB OFETEddvite ih Recerdmiewiim conduct i ng

materials. They, are easil . .
er%bodlments ofythe present invention.

Figure 2 depicts a bottom gate OFET device in accordance with
20 embodiments of the present invention.

Figures 3 to 20 depict transfer curves of top and bottom gate OFET
devices fabricated in accordance with embodiments of the present
invention described in examples C1 to C18.

25 Figure 21 is the transfer curve of a bottom gate OFET device
fabricated as described in Example C19.
Figure 22 is the transfer curve of a bottom gate OFET device
30 fabricated as described in Example C20

Figure 23 depicts the adhesion force of a layer of an organic
dielectric, with and without an adhesion promoter, respectively, on a
glass substrate as described in Example C19 and C20.

35 In Figures 3 to 22, the X-axis depicts the gate voltage, left Y-axis
depicts the drain current, and the right Y-axis depicts the mobility. The



WO 2012/ 028279PCT/ EP2011/ 004282 -5 processabl e, exhibit structural
integrity that generally exceeds that of the aforenentioned fl uoropol yners,
enabl e anwefzheansye nodification of the surface energy aou/REre@vioces: nproved
adhesion to adjacent |ayers. Therefore-#4hey are especially suitable for use
in gate insulator 5layers of organic electronic devices such as FETs and
OFETs. The invention further relates to nethods and/ or processes that use
such norbornene-type addition polyners or polymer conpositions in the

f abri cati on oppet et canves,ovhichgaei exerhplariyp habelddvict es Figurth3as 10FETs and
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OFET or OIFT is inclusive of both an organic sem conductor material and the
af orenent i on§dmm§an2ﬁm_b]!§m_lgﬂc material. 25 It will be understood that
t he teags ‘dielectric" and "insul ating” are used interchangeably herein.

ere

Thus r NtRelftedBnt ﬂﬁ/@nﬁbh%létéx% thé us@cbﬂélpwégfcléméhﬁlcectrl c layer.
Further, as used herein, the term" Orlﬁlpn c el ecironi be
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o el sy afgans sehlcaidyEon ik BT eluctfeligBAYRRS Photoreact v and/or

understood to mean a group that is reactive to actinic radiation and as a
resul t 18f thabenemmtmn furthen relateisrtoca gate oxsyllatocithagt isdactardact witha group

that is not thie"e g@a"i‘ﬁé 's\éﬁu&@né‘&ét'o?'l&yéﬁﬂ'ﬁ b%ﬁgﬁiﬁw%@wé Qnlhe presence of a

crosslinking enter 1nto a crossl reaction. As used herein,
the term"’ powm@ﬂsewa P°W§Y9W@é¢fm'§dw|¥@eﬁ@é@ ao ymer composition

comprising a polycycloolefinic polymer.

20 The polycycloolefinic polymers are preferably norbornene-type
addition polymers.

The electronic device is preferably an organic electronic device, and
is for example a Field Effect Transistor (FET), comprising an
inorganic semiconductor material, or an Organic Field Effect

25 Transistor (OFET) comprising an organic semiconductor material.

Advantageously, such norbornene-type addition polymers are
structurally tailorable to overcome the previously discussed
drawbacks observed in known devices. Thus such norbornene-type
30 addition polymers allow for time-, cost- and material-effective
production of electronic devices, like for example OFETs employing
organic semiconductor materials and organic dielectric materials, or
FETs employing inorganic semiconductor materials and organic
dielectric materials, on a large scale. Further, as will be discussed,
35 such norbornene-type addition polymers exhibit orthogonal solubility
with respect to the organic semiconducting materials. They are easily



5nol ecul e that enconpasses a backbone of one or nore distinct types of
repeating units (the smallest constitutional unit of the nolecule) and is

i ncl usi vewof2idnmeszonmonl y known terns "copol yner"”, "homppolrposn/iooast the
|ike. Further, it will be understood thgt- the term polyner is inclusive of,
in addition to the polyner itself, residues 10frominitiators, catalysts
and other elenents attendant to the synthesis of such a polynmer, where such
resi dues are understood as not being covalently incorporated thereto.
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FurtherY it wl under st ood t ynmer conmposition may, in addition
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nore. 30As dedlyardserpblpmdridmessitionsol ycycl ool efin" and
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5The term "nor ne-type nonomer nor bor nene-type repeating unit", as
used herein, is understood to not only nmean norbornene itself but also to

refer to anypsigdpeld bEEEHpHIOh RPIRENSveMiosubsti tuted and unsubsti tuted
hi gher cyclic derrvatives ereof, tor exanple Structures Bl and B2, shown
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described herein is inclusive of an organic dielectric material and an
OFET or OTFT is inclusive of both an organic semiconductor material

and the aforementioned organic dielectric material.

25
It will be understood that the terms “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 inclusive of the term “organic

30 semiconductor device” and the several specific implementations of such
devices such as the FETs and OFETs discussed herein.

As used herein, the phrase “photoreactive and/or crosslinkable”,
when used to describe certain pendent groups, will be understood to
mean a group that is reactive to actinic radiation and as a result of

35 that reactivity enters into a crosslinking reaction, or a group that is not



to polynerize functionalized norbornenes exhibit an outstanding flexibility
and tol erance to various noieties and groups attached to the norbornene
ring. Inwadntiasemwo polymerization of nononmers with specirfareoipendent
groups, nononers possessing different 2afunctionalities can be randonly

pol ynerized to forma final material whére the types and ratios of nononers
used dictate the overall bulk properties of the resulting polynmer. As used
herein, "hydrocarbyl" refers to a radical or group that contains a carbon
backbone wherg %he r nore
hydr ogen atormsasfi"ﬁgﬂt(fawﬁ}Ia g?oﬂ%g@g‘!ﬁ%ﬁ eib tr e;@%@%g&%ﬁ a%roggﬁ@n% gr oup
wher e one or aebivatass eptgs 'ﬁwaé‘()j@ﬁsmkdﬂﬁ;fe%@ﬂomot all, have been repI aced by
a halogen (F, d, Br, 1). The term perhal ocar byl refers to a hydr ocar byl
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are used interchangeably and refer to addition polymerizable
monomers, or the resulting repeating unit, encompassing at least one
norbornene moiety such as shown by either Structure A1 or A2,
below. The simplest norbornene-type or polycycloolefin monomer
35 bicyclo[2.2.1]hept-2-ene (A1) is commonly referred to as norbornene.



In a preferred enbodi nent of the present invention, the polycycl ool efinic
pol ymer incorporates two or nore distinct types of repeating units, wherein
at | east woeosuekMype of repeating unit l1l0enconpasses pEm@dPRA11/004282
crosslinkabl e groups or noieties that hgye sone degree of |atency. By
"latency" it is meant that such groups do not crosslink under anbient
conditions or during the initial form ng of the polyners, but rather
crosslink when such reactions are specifically initiated, for exanple by
actinic radi atjefxQr heat. Such Naten 5crosslinkabl e groups are

i ncor por at ed e pol yner backpone for exanple, providing one or
nor e nor bor ng el moAbner s encofrpass)ng sw@h a pendent crosslinkabl e
group, for exq S ted nmal ei m de contai ni ng pendent
group, to the pelynerization reacti ommaxture and subsequently causing the
20pol yneri zation of such nononers. One consideration in the design of

di el ect5i ' " ' £ FE TS i . th
Gepos ted mcit T aidbotiiéne bl el ol iaeflilshEiBe Besflin"®

sol uti on- phas&nifr 88 eseidriereinps urttarsiaod toenehpnlyyredan arorboenefeposi tion or
formation of jlay@s Akbeb rbhs t%fé’ﬁfgﬁ%t'itﬂf@djnb?d’cﬁégtn?gﬁ?shﬂtgisiﬂﬁéan of

pendent crosslipkabl e ﬂrou s or noieties I1nto rep g units, as discussed
above, has b_eeéﬁj HBSRSHEAMh D igges Ry Clif destvativns deeipdit OTiexamRlsr dance with
the present IhSW@étlhr@s’lmgénc?(EQ,ls'ﬂ@muﬁb@lbv@;wﬁ?ﬂeazf?ﬂ%efédﬁéé|f|ld|?hll:;|@grlzf-U|HCtl onal
group otgo the y ackbane can proyide.for, changi ng sol ubl e pol ymer
chains into iq{s'&%u%ggzbgln?r@r'scﬁ{hlrﬁggﬁ ¥9%9|t9 3. small degree of
crosslinking. However, in_some enbodinments in _accordance with the present

i nvention, resistance to splvent swelling of ielpctric is also
desirabl e and_a I\ desiee of crosdh nki ny-beNheeded that for just
provi di ng i ngp e i

di stinct crogs s t BEone enbjodi g b prB3ent invention.
- 10 - qdereflQ mbodi ments © 3 nvention take

advant age of an crossl i nk¥ng For exanple, in a
preferred enbodi ne B catal yzed epoxid speni ng i s enpl oyed for
crosslinking while in another preferred embodi ment a 5phot oi nduced

di meri zation B)Ftﬂb suBgtRutioh BFtheMArB8ri&RE Withna Eénﬁéﬁﬂgr&i&tth@r preferred
enbodi nment er’g) o%s thermgl |y acbl vat ed roiﬁg[yl) mg, ?r_e el fher a

thermal |y actRQUYNES PPREHIESCaR esdatioresd i, ﬂ]ﬁh@ edg ot indiMiqyal conponent

m xt Iur &d Ir es:a]%plicatiuae.fi,ﬂm proceaiures fandomethayd eidtaraveobesy develogdd: | at e(r]I ,
a polycycl oo inic VTer.,. . reactive site . 9. n.OH group, an
2 brods i nkertd RolyePBelREORAC AMERERES Skl of HuntaindLn e

enpl oyed. |t flaxibilityeamndh delesancel te hatiou s en pietite ranedg rvipsdattached tothe
accordance w Nty i j Wy ove

descri bed 156?‘%2???%’% ﬁég'rre'tnhéydﬁpgg?ggagggg%ﬁie'?_ﬁnﬁe%@n%&ac i eving the
desired degr esificPeRAENHAIP S AAORPISTHEORSEESING differ@mtaddi ti onal _
phf)t oacjd ve Cf[jﬁ?ﬁérhélh%rsggar?b@-r,aln:@!o‘hﬂ?lpiwf me?igédhé fgﬁﬁ@ﬂﬁﬂl ?Ma}[t@riéilpprop“tate
pol ymer~conposj tions. itipn referred e [ S 0 esen

i nvention i nd’f’g&%l"@ Wpﬁétq’Hﬁ%aatlﬁsy%'%%&B@@&%ﬁﬁ@&%ﬁ%?&@@ﬂ%@&arrpl e a
preferred prgoepsertiexcoithesrasubtirsy popiménpatterning step (to provide
insolubility and patterning of

As used herein, “hydrocarbyl” refers to a radical or group that
contains a carbon backbone where each carbon is appropriately

30 substituted with one or more hydrogen atoms. The term
“halohydrocarbyl!” refers to 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
35 each hydrogen has been replaced by a halogen. Non-limiting

examples of hydrocarbyls, include, but are not limited to a C4-Cys
alkyl, a C2-C24 alkenyl, a C,-C»4 alkynyl, a Cs-Cys cycloalkyl, a Cg-Ca4



the dielectric material), and further includes an additional high
tenperature curing step via additional thermally activated crosslinking
sites in wbeopahymer (to increase the crosslinking densipCy)ep2ein/0d428t udes
25t he use of a conbi nation of various 9@9;oactive systens, e.g.,

mal ei m des, coumarins, cinnamates and bisazi des, to increase

phot oefficiency. 30 In a preferred enbodi nent the pol ynmer conposition is a
bl end of a first polynmer having one or nore types of repeating units of

bl end of _ ts of -
of Tormil a 1 EVRRETRERERrIRE: REYIRRER DI FaliEihe bEETe, P00 ' ©

contai ns, as NBIliynitedin metbyt whaylperepier isopreRyla buty sisopotyineecalylng one

or 35nore tyRrer-Mityl YRAAYI PGoBBhA, REXYTOREBHA, betyPndiylYdécyend pol yner
havi ng one or re t&oes of | n_anot her

repeat)ng units “of @orrrula 1. ° 1
preforred entiRfanvht Ranrespriaiveralkery PPsineidehuicars aotynited to
e o o e H B e om
"o, "oro- diBEAE B A a EniedTBGul; 1 10RYRY 2-PruinitiTe"ana each of
Rl, R2, R3 arhutdylanddRBEbuRBylRReprésestadive ¢cynleakytgraups melwta bdt f rom H,
a Cl to C25 r A 5 r r
per hal ocar bylt%grr%gﬁﬁ%é_e? é@ggélﬁtp%rn L b(s:)hglr)geg i %@?ji %&F’%Z@%‘g‘%ﬂ@g&%ﬁm ified
above and belRepresgataliveannarpvpyindudahutaie natlistitgbty pbenghconpasses at
Fapeat | NG Ul A o O A e T he |
and 11 are fdPrededitare eerlinliesdo benesl mienietykamb RBREPYOS: f or mul a | a
and Ila, respectively, where Z, m Rl-4, and R5-8 are as defined above:
| aha I n the rEptrmbhaiohydraratbyld msnesedd berdiarisuhaukivel ef thel and Ila, in a

30 preferred | . LAV | WS 2 - is 0, 1
o 5 Sl anot HLTBE T m b mER RN abBYE s Whert thers K4 géiiSeTr ®, |
still amet herhalpgeratien thabern rande frem gt leastpnehydnegies atom being  Furt her

preferred is réPld-‘H@éOlgi/ %ﬁﬁ‘él%?\éfﬁeéténp(ﬂ.éj.,@ﬁuéforﬁénﬁl 8$o§§ id WRERS L) f rom H
and only one hoydroRQSé§ altcs)mdsI gn (taﬁg%d];cgcoa%y'grovl}% g\}e /beze%Zre%IID%cFEgoalll 004282
halogen atom (e.qg., trifluoromethyl or perfluoromethyl), also referred
to as perhalogenation. For example, halogenated alkyl groups that
20 can be useful in embodiments of the present invention can be partially
or fully halogenated, alkyl groups of the formula C,X2,+1 wherein X is
independently a halogen or a hydrogen and z is selected from an
integer of 1 to 25. In some embodiments each X is independently
selected from hydrogen, chlorine, fluorine, bromine and iodine. In
25 other embodiments each X is independently either hydrogen or
fluorine. Thus, representative halohydrocarbyls and perhalocarbyls
are exemplified by the aforementioned exemplary hydrocarbyls where
an appropriate number of hydrogen atoms are each replaced with a
halogen atom.

30 In addition, the definition of the terms "hydrocarbyl",
"halohydrocarbyl", and "perhalohydrocarbyl", are inclusive of moieties
where one or more of the carbons atoms is replaced by a heteroatom
selected independently from O, N, P, or Si. Such heteroatom

35 containing moieties can be referred to as, for example, either

“heteroatom-hydrocarbyls” or “heterohydrocarbyls”. Exemplary
hydrocarbyls containing one or more heteroatoms encompass groups



- 12 - In order to produce the desired properties for specific
applications, a conbination of norbornene nononers with several different
cl asses olopendegizogr oups can be pol ynerized to obtain eomterediioves2t he
flexibility, adhesion, interface and solqubility of the resulting

5pol ynmer (s). For exanple, varying the [&ngth of an al kyl group attached to
t he backbone can allow control of the polynmer's nodulus and gl ass
transition tenperature (Tg). Al so, pendent groups sel ected from nal ei m de,
ci nnamate, c r y t nal groups
can be used %g%réoérqr% %}grggbﬁg gh/%ﬂ;i?gm&% J‘?cpg g%@é%yflyg%ﬁdso
characteri st |Q§éefSPd$Bé9nQ§Jr?(ﬂhygﬁ'élesgmilﬁﬁnldéﬁoﬁmlaﬁﬁl imineshad $.yl groups

can be used tgheol, SRicAPRENER, %9aﬁ€§9élﬁ)xa$1'e|s' ﬁ%spﬁmés%h@@ghmb adj acent
can be ysed to effectively

devi ce layers. .Fluorinated, gro or, exa

modi fy sur f a@XI&RmRAP ‘%‘ %?@QWH@SOP 6@'6'&%&'1%’% NS0l ution with
respectSto otmwsphﬁiﬁmberpabsphéibls%nd thaalike ef erred enbodi nent of the
present invention, very preferably where only one of R1-4 is different from

d wh | f f
oneor "nor e oF pRESHSY pbaliedh ot B ﬁs&eé?%@m%'ﬁ:& $ated aryl o
aral kyl grouppdlyeyakaéle§ipicopelymsr incaiposatasotwhos mare dintin¢iotypels0f

- (CH2) x- CGFy"r’é{aféatl it %W%?VOHQSFJ&HZtgﬁé-&reﬁ%ﬁﬁﬁgﬁmlﬁ’ q, and z

are i ndependen I'ect éd | nt egers rom O 9, and 1 to
4, resmtlv@rgﬁonm%ﬁw pdenigrosslinkatle arauPs®s meietiestbahbaveinited to,

25pent achl or %h@élyj'e r@@@ﬂ’étbﬂ@v osveméncpenmsamemqhsnguéh gFoups do

e omet e S SR G D P TR,
present i nverhéegulymers, mnerbmertnrpssxm whemn yucmecadtidRE-drel spekifiEaliyent from
H and where qhy0 {‘%Pfexgﬁm(ﬂ&? 'b% é’ét nfu? §&‘u‘at.foh°6P Meata%l{cﬂ% derrﬂ”e group t hat

is different from havi oxy, car boxy or
ol i goet4y! en@mysltmﬁa@tlggr@ws ér@rﬁq%parat@drimmthe]quyowaba@hbone Y,

al kyl car bO“Y'f@P‘éxé RNRIiRg oMeedymore MEHbBMYe Y- t PIBHORRERXY
alkyloxy ollgoet Ieneox

al kyl car bony ol i goe Ieneox noi ety,
wher e "ol | go&MGAMRRTSPO L2 sreNesal o ﬂé%weg'%w%mmp Bh s being
1, 2 or 3; fohakxaigs eréubbmtm@d ﬁ{aﬂeﬁnﬂ:l]ehﬁnitamlid\@pendentgroup to the

20121 0262 19PCH, FER04600488 kon Bihturg il Syttt eadsihg ihgoxadodecane

et hoxy)ggt hyIpdiymgcizafian of sucbpnhoaemess( NBTON) where s is 2. 5Yet further
still, 1n a preferred enbodi mrent of the present invention, very preferably

where only O1t5n fcoﬁ&d%réﬁoﬁ'lrﬁ ted @B’m fr{ﬁmji'élé’&ﬁ V@Sfe‘?la%‘#‘dr X@irPt R5-8 is

different fraom | east oneé erent fromH.Is a group
that is e.théotéprﬁr{émr%gafﬁ.w Sc'rsofgélth%l@z%ﬂoé't@ﬂd'ﬂﬁtefﬁ'é@é‘?frféd’ gr oups

of this type |§Y§Dﬂ1&@%&nauith§t&h6%mléhlu@m solflilpRabe PRbtesEihg ReEps on F.
Preferably, l[ $ sel.ected fromCl- 3
hat may be employed for the deposition or formation of layers after
the aforementioned layer . The inclusion of pendent crosslinkable
groups or moieties into repeating units, as discussed above, has been
found advantageous in some embodiments in accordance with the
present invention, as the inclusion of a latent crosslinking functional

group onto the polymer backbone can provide for changing soluble

30 polymer chains into insoluble polymer chains with only a small degree
of crosslinking. However, in some embodiments in accordance with
the present invention, resistance to solvent swelling of the dielectric is
also desirable and a higher degree of crosslinking may be needed

35 that for just providing insolubility. Therefore, it has been found

advantageous to add distinct crosslinking agents to some
embodiments of the present invention.



al kyl's, aralkyls, aryls or hetero atom anal ogs, while F does preferably
enconpass one or nore of a nmaleimde, a 3-nonoal kyl - or 3, 4-

di al kyl maveinides27epoxy, vinyl, acetylenic, cinnanmate, PoG@rEd1100428DUNATI N
noi ety, which is capable of a crossli n_I<i1Fjg_ or 2+2 15crosslinking reaction.
20 Suitable and preferred units of FornulFfa | and Il conprising a pendent
phot oreacti ve or crosslinkable group such as descri bed above are forned by
one or nore norbornene-type nononers that include, but are not limted to,

th I t t 1 | t ] ' f I : P4
{1050 5! o' R s R 0SBk rEsgRl b etk pe 0
i ndependent | pdyRnéage ghaniaf sayesal crosslinking methogdalegies. Forigxanmmies her

preferred repgd preHBUlemBbdirRE ALAR akidBitdlyzed'EPoRiied®s§ O %%@I)@ve are
derived from one orgrrffo)re nor bor nen -.Itﬁygeaqrggorrers sel ect he group
I r'al

d
consi st5i ng ofMRIOYEEI PG IRF KNG W ﬁ{lP%FéefLrePh‘?'@EQH"nggIePow

photoinduced dimerization (e.g., 2+2) crosslinking reaction is used.
Another preferred embodiment employs thermally activated
crosslinking, where either a thermally activated group is present in the
polymer, or a multi-component mixture (resin) is used, e.g., a
trifluorovinylether moiety. For the later, a polycycloolefinic polymer

10 with a reactive site, e.g., an OH group, and a crosslinker, e.g., a latent
hardener such as an isocyanate, can be employed.

It will be understood that the preferred embodiments in accordance
with the present invention are not limited to the above described

15 crosslinking methodologies, as other methods of achieving the
desired degree of crosslinking can also be used in which additional
photoactive crosslinkers, e.g., bisazides, can be employed with
appropriate polymer compositions. Additionally, preferred
embodiments of the present invention include combinations of the

20 above methodologies. For example a preferred process includes a
basic photopatterning step (to provide insolubility and patterning of
the dielectric material), and further includes an additional high
temperature curing step via additional thermally activated crosslinking
sites in the polymer (to increase the crosslinking density), or includes

25 the use of a combination of various photoactive systems, e.g.,
maleimides, coumarins, cinnamates and bisazides, to increase
photoefficiency.

In a preferred embodiment the polymer composition is a blend of a
first polymer having one or more types of repeating units of formula I,
and a second polymer having one or more types of repeating units of
formula Il

30

In another preferred embodiment the polymer composition contains,
as polynorbornene-type polymer, only a first polymer having one or

35 more types of repeating units of Formula |, or only a second polymer
having one or more types of repeating units of Formula Il.



(1)(2)(3) (4) 25 30 (5) For structural formula 1 above, mis an
integer from0O to 3, -A-Ris a pendent group having connecting, spacer or
bri dgi ng woaor/gswmap - A- 35sel ected from (CZ2), (CH2)n- pCHEER)1PAOG42BER2) n,
(CH2)n-0, (CH2)n-0- (CH2)n, (CI—IZ)n-CGQ41qg—IZ)n, and C(0)-0, and where the
end group -R - 15 - is selected fromH, Cz3, (Cz2)"Cz3, COH, 0-(0)CCHS,
(CH2CH20) CH3, (CH2)n-C6(QB, cinnamate or p-nethoxy-cinnamate, counarin,
phenyl-3- indene, epoxide, CCSi (C2H5)3 or CCS1(i-C2H5)3, where each n is

phe Sent | . ! . . . €. eacn
51 naependont 11 oteP BfgfeleBbbfintnt Bnt doliinePoBhfioqifictiolnfainSd B -
i ndependent | yiIRglerN@IRYINeRe-type PO hawngeng op mpre. epeaatingsunits ehed f or

formula 1. Prféfrﬂbfaﬁﬂaﬁar&f@éﬁn'\id?e&é?@éﬂﬁ@%it‘é’idfh‘oﬁ’hﬁwﬂlwa' formulae 1-5
10i ncl ude, but are not limted to, those selected fromthe group consisting

of the chemi cal wher e avai | abl g

nugbers, of

5- but yI%i cycl] 2. 2rene (Bu 94/81- 1
5- hexyl bi cycl o[? t Ne=etfe (HexN %%3-3, 5-
octyl bicyclo[ 2.2 6 ene (Cct NB) 11 84-4, 5
15decyl bi cycl gp2 X dhe (Deg 04 85- 5

5- (2- phenyl et hyl ) bi ¢ycl o[-2m 2R*1] hept - 2- ene ,
1,2, 3,4, 4a,5, 8, 8a-oct ahydro- 1, 4: 5, 8-di net hanonapht hal ene (TD) CAS
#21635-90-5, bicyclof 2.2. 1] hept-5-en-2-yl net Byl acetate (MeOACNB) CAS
#10471-73-6, 2-(bicyclo[2.2.1] hept-5-en-2-yl net hoxy) -

wherein Z is selected from -CHjy-, -CH2-CH,- or -O-, m is an integer

from O to 5, inclusive and each of R’, RZ, R?® and R* and Rs, RG, R’
and R® are independently selected from H, a C¢ to C2s hydrocarbyl, a
C+ to Cys5 halohydrocarbyl or a C4 to Ca5 perhalocarbyl group where

15 such groups are as defined above and exemplified above and below,
and with the proviso that the first polymer encompasses at least one
type of repeating unit that is distinct from the one or more repeating
units of the second polymer.

The repeating units of formulae | and |l are formed by corresponding

20 norbornene-type monomers of formula la and lla, respectively, where
Z,m, RM, and R>® are as defined above:
R! RS
LRz LRG
25 R3 R7

la lla

In the repeating units and monomers of formula |, la, Il and lla, in a

30 preferred embodiment of the present invention, Z is -CH,- and m is 0,
1 or 2, in another preferred embdiment Z is -CH;- and mis O or 1, and
in still another preferred embodiment, Z is -CH»- and m is 0.

Further preferred is an embodiments where only one of R™is
35 different from H and only one of R%® is different from H.



20et hyl acet at e (NBCH2d y0Ac), 2-(bicycl o[ 2. 2. 1] hept - 5-en- 2-

yl met hoxy) - et hanol (NBCH2d yOH) CAS #754231-21-5, 5-[[2-(2- nethoxyet hoxy)
et hoxy] mewbybizdsxycl o 2. 2. 1] hept - 2- ene (NBTON) CAS #544¢T6PIOH 004282
1-bicycl o[ 2. 2. 1] hept-5-en-2-y1-2, 5, 8, X112 tet raoxadodecane (NBTCODD) CAS
#307923-40-6, 5-(perfluorobutyl)- 25bicyclo [2.2.1] hept-2-ene (NBCAF9) CAS
#118777-97-2, 5- ((perfluorophenyOrethyl)-bicyclo [2.2.1] hept-2-ene
(NBMeC6F5) CAS #848781-71-5, 5-(perfluorophenyl)bicyclo[2.2.1] hept-2-ene
(NBC6F5), 5- (Bordetitbl produiserthel desitga pujperiies foeppe Gifie rap plisBCEPESBBF2) |

5- (4- fl |
30(2 2, g}t 2}' 3- ggn'(tgamﬁtﬁ%l)r{r g’gb?%'}%"%@@%% J‘ﬁﬁgby [%@ﬁé%ox§$ate
(FPCNB) CAS £bpeadentgroupsscan bespolysiesizeds @!nt@ﬂm gentpéRyer the
bi cycl of 2. 2. ﬂékﬁsnh¥5a@ﬁ@s.ancaﬂeﬁ&baérﬁ: § 616l m#gé&mﬁa 77-5,

s

bi 2- b I
(FODLNB)  CASPABORIS 268 SHamples var (156, Bei1apaRbPhRY Ayl Group o o' ¢

35bi cycl o[ 2. attathepto themackboaehmaryhidw dorfictgBlhe Ipi Wﬂbﬂé&nadﬂlldsept -

o o2, e AL LARRS BIRBRRE Wb BondaREG i sectea 1

et hoxy) net hyfrpb maléiofigde? cnr]na!pata-oawnarﬁ?PWNB)dndb (sBebhaly ester, and

2.2.1] hept -

ke ool oL 3Ry fyrltisioro s (ios Hebi b drom did BRChaiiag adito
5#3188195. g, madi tﬁQiybI“é![ Ehﬁqutﬁéﬁtm% E@J@r Incbgnal graups, epoxyrard hyl si | ane

AkSi NB I
§/pet IhyI gph(egﬂréettﬂ?lﬁgéfyyt@rr?gﬁ%:g}tlif%eé'tégﬁvnde ac;'::r):esmn 1O rBleE: cl o[ 2. 2.1]

hept - 5- en- 2 ficapg 9)%%%%%,! 13c8 538/ &5 FIuRn egfoi‘Pém Ol MCHVNB) |
(15% n; gfhglb;e?(a@ﬂé: &nébba;ﬁecﬁtoeeﬁéewavtrhodw shefaygé)enzrgy and
(bi cycl?l o[ 2. Zﬁlﬁ'ﬁéﬁ% e%r?'}(?@?rg%ﬁﬂ&f(thlgg;%%@ﬂ fﬂ-e&/ 9 8 %e 2, 5-di one
(DMM MARB) Omsternialz1898-89-1, 1-(2-(bicyclo[2.2. 1Thept - 5- en- 2-
ypet hyl ) -3, 4-di net hyl - 1H pyrrol e-2,5-dione (DW Et NB) CAS #1031898-91-5,
iséf‘né?w?{‘:'lﬂhﬁsrz'"“ preRine Sﬂﬁ%@e@w*ge%@ OIS Shept 5.
I
<”F5§5'P3W"§%> Ao S Lo, o5
5 i_cycl a e en- e rrol e- i one
M Et NBP, 1-(6 ¢ o 3logepfks LhaloSenaied araiigf'gr8up
(203 4- dlprret h?ﬂ:immngybubhet I2rm£]:d|torteosémﬂtizgymui}p{(@ﬂngSF Hs.y, and
(b1 cyelof 2, Z@SpEP an ripehilLINIBBI 9 f Shast S b Realg?. > o one
di hydr o- 1H beelested integacofrem 03 om Hn@ tpmmmyo«wsmemlm
[2.2. 1] hept - Bréxarably 'é&q\hﬁb'mﬁnéévﬁ@hbéxlz‘i?f‘ﬁé’HéPf‘hh'lt@Heto%( MeOCi nnNB) CAS

#1059706- 16- clo - en- hyl ¢ nn te (G nnNB) CAS
#185822576- 3Pé'@%)°?‘ fPBP%WEcP%rgaBU %Z]ﬁ"yé %Wtﬂyééqtrénz WA )
3- (4- met hoxyphikybnathylbeheyl pektdfliovopBenylethhl, pettafiuorophenpropyl,

[2 2. 1] hept Hchr onen- 2-one (MeCoum\B) CAS #192633- 28- 6,
7-(2- 30(bi cé%‘?%ﬁ%t%ﬁlﬁrtﬁgg'% - 2-ypet hoxy) - 2H- chr onen- 2- one ( Et Counl\B),
Further still, in a preferred embodiment of the present invention, very
preferably where only one of R'™ is different from H and where only

30 one of R*>? is different from H, at least one group that is different from
H is a polar group having a terminal hydroxy, carboxy or
oligoethyleneoxy moiety, for example a terminal hydroxyalkyl,
alkylcarbonyloxy (for example, acetyl), hydroxy-oligoethyleneoxy,

35 alkyloxy-oligoethyleneoxy or alkylcarbonyloxy-oligoethyleneoxy

moiety, where "oligoethyleneoxy" is understood to mean -
(CH2CH20)s- with s being 1, 2 or 3; for example 1-(bicyclo[2.2.1]hept-



7-(4-(bicycl o[ 2. 2. 1] hept - 5- en- 2- yOobut oxy) - 2H- chr onen- 2- one ( BuCounN\B),
2-(4-(2-(bicyclo[2.2. 1] hept-5-en-2-ypet hyl ) phenyl) - 1H ndene ( Et Phl ndNB),

2- (4- (bi cyol2012s291] hept - 5-en- 2-yl ) phenyl) - 1H i ndene @EmlerddBo4282 Wi | |
be noted that as an acronym has been 3_52§qvi ded for each of the above naned
chem cals, hereinafter where WD 2012/028279PCT/ EP2011/004282 - 17 -
reference to any such chemcals is nmade, it will be made through use of a
chemi cal's acronym Especially suitable and preferred repeating units of

| i
nor bor neme. {y g AR et ragec Y (NFODE Bewls 'S o 827

sel ect ed frorfl2#3-mpethaxyethexgtathgxpimethy)piyctgm 1ihenhid-gae
PCT/ EP2011/ 0Q4A@8P0NBYérkls NBEH2G yOACc 11 NBCH2G yOH 12 NBTON 13 NBTODD 14
NBC4AF9 15 NBCH2C6F5

5 Yet further still, in a preferred embodiment of the present invention,
very preferably where only one of R is different from H and where
only one of R*® is different from H, at least one group that is different
from H is a group that is either a photoreactive or a crosslinkable
group. Preferred groups of this type encompass a linking portion L

10 and a functional portion F. Preferably, L is selected from C4-C;;
alkyls, aralkyls, aryls or hetero atom analogs, while F does preferably
encompass one or more of a maleimide, a 3-monoalkyl- or 3,4-
dialkylmaleimide, epoxy, vinyl, acetylenic, cinnamate, indenyl or
coumarin moiety, which is capable of a crosslinking or 2+2

15 crosslinking reaction.

Suitable and preferred units of Formula | and il comprising a pendent
photoreactive or crosslinkable group such as described above are
formed by one or more norbornene-type monomers that include, but
are not limited to, those selected from the group consisting of the
following formulae:

(CHa)a
P1
\O/W
0]
25 @/(CHZ)W P2
O

? P3
(CHY o
30 /
o)
Q2

0

(CHzln /U\/
~0
) @r A@
R.

20

P4



16 NBC6F5 17 NBCH2C6F2 18 NBCH2C6HACF 19 3 NBal kyl1C6F5 20
PCT/ EP2011/ 004282 FPCNB 21 FHCNB 22 FOCHNB 23 FPCHNB 24 C8BPFACNB 25 PPVENB
WO 2012/028279 PCT/EP2011/004282

- 14 -

(CH)—O 0.0 ps
O T

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

Further preferred repeating units of Formula | and Il such as

described above are derived from one or more norbornene-type

monomers selected from the group consisting of the following
10 structural formulae 1 through 5 below:

0 0
Al A Al
R ~N , N
0™ O @ @
m O R' O

15
(1) (2) (3)
W
> OO
NN
0
(4)
25
O,
A
L 10
30 o

(5)

For structural formula 1 above, m is an integer from 0 to 3, -A-R is a

pendent group having connecting, spacer or bridging group group -A-
35 selected from (CZz2)n, (CH2)a-(CH=CH)p-(CH2)n, (CH2)a-O, (CH2),-O-

(CH2)n, (CH2)a-C6Q4-(CH2)s, and C(0)-0O, and where the end group -R



26 DCPD 27 EONB 28 MGENB 29 AkSi NB 30 PCT/ EP2011/ 004282 DVM HxNB 38
Et PhDVM NB 39 MM MeNB 40 M NB 41 M ENB 42 DHNM NB

WO 2012/028279 PCT/EP2011/004282
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15

20
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35

-15 -

is selected from H, CZ3, (CZ3),CZ3, OH, O-(O)CCHj, (CH2CH20),CHs,
(CH2)a-CeQs, cinnamate or p-methoxy-cinnamate, coumarin, phenyl-3-
indene, epoxide, CCSi(C;Hs); or CCSi(i-CzHs)3, where each n is
independently an integer from 0 to 12, p is an integer from 1-6, Q is
independently H, F, CH3, CF3; or OCHj;, Z is independently H or F, and
R’ is independently H or CHj;. For structural formulae 2-5, -A- is as
defined for formula 1.

Preferred monomers in accordance with structural formulae 1-5
include, but are not limited to, those selected from the group
consisting of the chemical names and, where available, CAS
numbers, of 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 (MeOAcCNB)
CAS #10471-24-6, 2-(bicyclo[2.2.1]hept-5-en-2-yImethoxy)-
ethylacetate (NBCH,GIlyOAc), 2-(bicyclo[2.2.1]hept-5-en-2-
ylmethoxy)-ethanol (NBCH,GlyOH) 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 (NBMeCgFs5) CAS
#848781-71-5, 5-(perfluorophenyl)bicyclo[2.2.1] hept-2-ene (NBCgF5),
5-(3,4-difluorobenzyl)bicyclo[2.2.1]hept-2-ene (NBCH,CgH3F2), 5-(4-
(trifluoromethyl)phenyl)bicyclo[2.2.1]hept-2-ene (NBCH2CeH4CF3),
2,2,3,3,3-pentafluoropropyl! bicyclo[2.2.1]hept-5-ene-2-carboxylate
(FPCNB) CAS #908372-02-1, 3,3,4,4,5,5,6,6,6-nonafluorohexyl
bicyclo[2.2.1]hept-5-ene-2-carboxylate (FHCNB) CAS #944462-77-5,
2,2,3,3,4,4,5,5.octafluoropentyl-bicyclo[2.2.1]hept-5-ene-2-
carboxylate (FOCHNB) CAS #99807-26-8 , 2,2,3,3-tetrafluoropropyl-
bicyclo[2.2.1]hept-5-ene-2-carboxylate (FPCHNB), bicyclo[2.2.1]hept-
5-en-2-ylmethyl perfluorooctanoate (CsPFACNB) CAS #908372-04-3,



43 MeOC1lnnNB 44 WD 2012/ 028279PCT/ EP2011/ 004282 - 23 - PFBTCNB 52
TESNB 53 PMN\B 54 mhere "Me" neans nethyl, "Et" neans ethyl, "Owe-p"
nmeans paﬂﬁoznﬁmnahoxy, "Ph" and "C6H5" nean phenyl, " C6PCIEP20MaANES2

phenyl ene, "C6F5" neans pentafluorophen¥§e in subformulae 9 and 11 " QAc"
means acetate, in sub-fornmula 25 "PFAc" ans -0C(0)-C7F15, and for each of
t he above subfornul ae having a nethyl ene bridging group (a CH2 covalently
bonded to both the norbornene ring and a functional 20group), including but

not limted tfpél‘lT §4t'r|flja§yro]28 e]'ﬁ‘rig ég ¥)t w || be understood that the

met hyl ene brid c4n ha a coval ent bond or -(CH2)p-,
and p is an iathey lmfPtlhd ECYLC!P[321 ept2 ent (PPVENB), 2-(6-bicyclo

[2.2.1]hept-5-en-2-ylhexyl)-oxirane (EONB) CAS #950896-95-4, 2-
[(bicyclo[2.2.1]hept-5-en-2-yImethoxy)methyl]-oxirane (MGENB) CAS

5 #3188-75-8, (4-(bicyclo[2.2.1]hept-5-en-2-yl)but-1-yn-1-
yhtriethylsilane (AkSiNB), ((4-(2-(bicyclo[2.2.1]hept-5-en-2-
yl)ethyl)phenyl)ethynyl)triethylsilane (ArSiNB), (E)-1-(4-(bicyclo[2.2.1]
hept-5-en-2-yImethoxy)phenyl)-3-(4-methoxyphenyl) prop-2-en-1-one
(MCHMNB), (E)-1-(4-(bicyclo[2.2.1]hept-5-en-2-yImethoxy)phenyl)-3-

10 (naphthalen-2-yl)prop-2-en-1-one (NPCHMMNB), 1-
(bicyclo[2.2.1]hept-5-en-2-yImethyl)-3,4-dimethyl-1H-pyrrole-2,5-dione
(DMMIMeNB) CAS #1031898-89-1, 1-(2-(bicyclo[2.2.1]hept-5-en-2-
yl)ethyl)-3,4-dimethyl-1H-pyrrole-2,5-dione (DMMIEtNB) CAS
#1031898-91-5, 1-(4-(bicyclo[2.2.1] hept-5-en-2-yl)butyl)-3,4-

15 dimethyl-1H-pyrrole-2,5-dione (DMMIBuUNB), 1-(bicyclo[2.2.1]hept-5-
en-2-ylmethyl)-3-methyl-1H-pyrrole-2,5-dione (MMIMeNB), 1-
(bicyclo[2.2.1]hept-5-en-2-yimethyl)-1H-pyrrole-2,5-dione (MIMeNB)
CAS #442665-16-9, 1-(2-(bicyclo[2.2.1]hept-5-en-2-yl)ethyl)-1H-
pyrrole-2,5-dione (MIEtNB), 1-(6-(bicyclo[2.2.1]hept-5-en-2-yl)hexyl)-

20 3,4-dimethyl-1H-pyrrole-2,5-dione (DMMIHXNB), 1-(4-(2-
(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-yImethyl)-4,5-
dihydro-1H-benzol[elisoindole-1,3(2H)-dione (DHNMINB), (E)-bicyclo
[2.2.1]hept-5-en-2-yImethyl 3-(4-methoxyphenyl)acrylate

25 (MeOCinnNB) CAS #1059706-16-8, bicyclo [2.2.1]hept-5-en-2-
ylmethy! 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 [2.2.1]hept-5-en-2-yImethoxy)-2H-
chromen-2-one (MeCoumNB) CAS #192633-28-6, 7-(2-

30 (bicyclo[2.2.1]hept-5-en-2-yl)ethoxy)-2H-chromen-2-one (EtCoumNB),
7-(4-(bicyclo[2.2.1]hept-5-en-2-yl)butoxy)-2H-chromen-2-one
(BuCoumNB), 2-(4-(2-(bicyclo[2.2.1]hept-5-en-2-yl)ethyl)phenyl)-1H-
indene (EtPhindNB), 2-(4-(bicyclo [2.2.1]hept-5-en-2-yl)phenyl)-1H-
indene (PhIndNB). It will be noted that as an acronym has been

35 provided for each of the above named chemicals, hereinafter where



It wll be further noted that while 54 specific exanples are provided
above, other nononers in accordance with preferred enbodi nents of 25the
present iwoenidmse7are inclusive of nononers represent edpoy/Eresmmobas2 | a and
Il'a where at |east one of Rl, R2, R3 anq7R4 or R5, R6, R7 and R8 are

hydr ocar byl s, hal ohydrocarbyl s, and perhal ocarbyls, inclusive of

het eroat ons, that include, -(CH2)n-C(CF3)2-0H, -(CH2)n-C(CF3)(CH3), -OH,

-(CH2)n-C(O) NHR*, -(CH2)n-C(0)Cl, - 30(CH2)n-C(0)OR*, (CH2)n-OR*,
- (CH2) n- O( O)re?e@a@e t(aqw 806K ShBinicARAE ndde nEaREBeaREbY thRRi@sages an
i nteger from 0 to R* i ndependently represents hydrogen, a Cl-Cl1

alkyl, a c1-@f@f ?%‘@'lét%ﬂo&ynber hal ogenated al kyl, a C2-Cl10 al kenyl, a
C2-C10 al kynyl, a C5-Cl2 cycloal kyl, a C6-Cl4 aryl, a C6-Cl4 hal ogenated or
35per hal ogenaEgnb(aaW sudakblé aHid paemlrted re:;reaiurigahnwb&Fednuta penddl ogenat ed

20151 0282 79pCHERAD ERPORR SR U0 S, A A ARGl plomens-tvee,

limted to, tmohbmerertkahiyicjude,ilitlareomdtiyited tgthose s@w?ted fmmgtheC7F15,

and -C11F r hal ogenat ed or
perhalogenatéﬁn0 E%%} J’gfbfﬂg%ﬁﬁggﬂBgf?ﬁ@?ﬁﬁg, but are not limted groups
havi ng t he fornula -(CH2) x- 5CHFYyH5 vy, and -(CH2), - C6FyH4-y- PCzFgH2z+i - q,
where x, y, q, and z are independently sel ected integers fron101to 5 0O0to
9, and 1 to 4, respectively. preferred perhal ogendBed aryl ' groups

i ncl udelObut are not limted pentachlorophenyl, pent af | uor ophenyl ,

pent af | uor obenzyl, 4-trifl uorong Benzyl pent af | uor ophenyl et hyl ,
10pentaf|uorophenpropy| 4 ' V orophenbutyl. Wile each formula I

la, Il and Ila, as well -h of the structural forvMaeNge prov@ded above
are depicted w thout |nd|». on of any stereochem stry, it should be noted
that generally each of the 15nDn ners unl ess indicated otherw se, are
obt ai ned as di ast ereoneri Ylthat retain their configuration when
convert¢fl into repeating As the exo- and endo-gjR@mers of such

di astereoneric m xtures c- - e slightly different properties, it should
be further understood that preferred enbodi nents of the 20present invention

are made to take advant agUﬁXﬂlfferences by using nononers that are

either a m xture of isorre is richin either the,84¢9- or 4ndo-isoner,
or are essentially the pu or the pure endo-isomer.

20 _Octyl
[<:: OGtNB o

_-Decyl

DecNB 6

25
l O PENB 7

30
OAc 9

MeOAcNB
35



I n another preferred enbodi mrent of the present invention the

pol ycycl ool efinic polyners have repeating units derived from nononers in
accordancwowniZv28onul a | a where one of R1-4, for exanplPeTRP201150£82
fluorinated or perfluorinated alkyl, aryk _or aralkyl group as described
above and the others of Rl-4 are H Very preferably the nononer is one of
NBCAF9. NBCH2C6F5, NBC6F5, NBCH2C6H3F2, NBCH2C6HACF3, FPCNB, FHCNB, FHCNB,
FPCHNB; C5PFACNB or PPVENB. I n another preferred enbodi nent of the present
i nvention the pol ycycl ool efinic ppolyners have repeating units derived from
35mononers in accordance with fornmula |a where one of R1-4, for exanple R1,
i i ©Hgroup as descri bEaxow

- above and the others of Rl.4 are H.
Very preferably the nonone S one of DCPD, EONB, MGZENB, AkSi NB, ArSi NB,
MCHWNB, = NPCHMVNB, DWMM NENB, DIW@I%@N%I BuNB, MVM MeNB, M MeNB, M Et NB,
DVM I—|xl\’I'B Et PhDVM i NB P N Me B, C nnNB, Et MeOC nnNB,, MeCoumB,
Et CounNB, BuCoumnNB, ndNB or PhlndNB. |In anot NBCids@fyDAed thbodi nent
of the present inventhpthe polycyclooleflnlc pol yners have repeating
units derived from 10rmnorrers |n ¢@§ nce with formula | a where one of
R1-4, for exanple R1, @p as descri bed above and the others
of R1-4 denote H. Ver fera Iy is the nononer INSBQH%GN’OBUNBZHexNB
OCct NB and DecNB. I n angther preferred enbodi nent of the present invention

t he pol¥ycl ool efinic poI yrrer have_r ting un| ts derived from nmononer s
oG | Rt

in accordance with feo 3 - for exanple is a polar
group having a hydrp car boxy, acetoxy or oI i goet hiy BTG X Y m)1 ty as
descri bed above and ot hers of R1-4 denote H Very preferably is the
mononer i s one of I\/EOcNB NB);%H %S\ngp\c’ NBCH2d yOH, NBTON or NBTODD.
One exenplary prefe present invention enconpasses a
pol ymer having a fil|$ ype of repeating unit deriveBTODD a f1fbri nat ed
nononer1f,s descri bed \abdve and a second type of 25 repeating unit derived
froma crosslinkable nononmer, also described above. A very preferred
exanpl e of such a preferred7enqholfifgnt is a pol yner Qﬁ\éﬂgg repeating units
derived from nononers in @ dance with NBCH2C6F5, ditioHally having
repeating units derived frQk pononers sel ected from DVM MeNB, DVM Et NB,
DVM BuNB and 30DVM HxNB. Anot her preferred exanpl e of such a preferred
enbodi nent is a pol yner geEtl ng units derly\@g {}O nononers in
accordgme W th BuNB, He 0 t NBs' DecNB and MeOA Hake additg onal | y

ed from nononers selected fromEON B, WO

35havi ng repeating unitsld
2012/ 028279PCT/ EP2011/ 004 2% 26 - MGENB, DVM MeNB, DVM MeNB, DMM Et NB,

DMM BuNB and DM HxNB. C,F,
@/ NBCeFs 47
25 F
NBCH,CsF, 18
F
NBCH,CgH4sCF 19
30 CF, 3

(CH,)—CF,
NBalkyiCeFs 20
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Anot her preferred enbodi nent of the present invention relates to a 5pol yner
having two, three or nore than three different types of repeating units in
accor dancwownidn2goormul a | or fornula I1. Another preferped/rroiiodosment of
the present invention relates to a polyggr. blend of a first polymer having
a first type of repeating unit in accordance with fornmula I, and a second
pol ynmer having, at |least, a 10first type of repeating unit and a second
type of repeating unit in accordance with fornmula Il. Another preferred
enbodi nent of the present ingkention relates to a polyner blend conprising

t he af orenmenti oned second poI;nerCFpeégn alternative first polyner having
two or nore types of ref Unigys ™1 @~ &ccor dance wit hppeynygl a |.215Anot her
preferred enbodi nent of ¢ present invention relates to a polynmer blend
conprising the aforenenty oned alternative first polynmer mxed and an
alternati ve second pol yner having three types of repeat units in accordance
with fdrmula Il. Another prgferred enbodi ment of the present invention
enconpass a pol yner haWng At Lﬂ@ﬁ%CKv . FI epeat unit in accorda with

formula | and at |ea§ € refeat unit iR accor danceFWGMBTf or Il where
the ratio of such fo Ito formula Il repeat units is from95:5 to 5:95.
I n anot her preferred eModi nent the ratio of such formula | to fornula |

repeat units is from80:200to 20: 80. In still another preferred enbodi nent

the ratio of such fornul a
40: 60. 10 yet anot her

to for repeat units is from®60:40 to
Wﬁ%&ﬁéﬁ the rati gbpfsh fd3ula | to
formula | repeat un from55:45 to 45:55. Another preferred enbodi nent
in accordance with g_present 30i nvention enconpasses a pol yner bl end of
one or nore polymers each ving at | east one type of repeat unit in
accordance with fornula I d one or nore polyners having repeat units that
are different fron1nor=-rn=we-unmgqﬁz H units. These other;x%ynﬁrs are
preferably sel ected pol yRers i ncéludi ng but not ARGHNE to
35pol y(1&t hyl net hac e) (PMW), polystyrene (PS), poly-4- WO
2012/ 028279PCT/ EP2011/™904282 - 27 - vinyl phenol, pol yvinyl pyrrolidone, or
conbi nati ons thereof, |ike PMMA-PS and PS-polyacrylnitrile. Exanples of
sui t abl e norbornene nononers, pol yyners and net hods 5for their synthesis are
provi ded herein and ca o bepfotigdei n US 5,468,8@%9FN§N§, 538987, US
2006/ 0020068 Al, US 20 D66775 Al dnP US 2008/ 0194740 A, which are
erence. For exanpl e, exenplary polynerizations

processygy enploying Goup VIII ansi (9&.netal catal ysts are described in
' tpég%Q§8/ 73" The pol ymer enbodi nents of the

r med “havi ngCBHwei ght aver agepwEagil ar i ght (M)
that is appropriate heir use. Cenerally, a M,,, fromb5,000 to 500, 000
is found appropriate for sone enbodi nents, while for other enbodinents
other M,,, ranges can be adVs geous. For exanple, in a preferred

enbodi ment, the polyner hag at |east 30, 000, pe i n ahbt her
preferrggl embodi ment the pQl\ype as a M of at |east 60,000. In another
preferred enbodi nent, the upper limt of the polyner's M,,, is up to

400, 000, while in another~arefery odi ment the upper limt of the
polynmer's M, is up to {250, §00. %1% WA | be under stooqE?BI si N8 an
appropriate M, is a fulhgti on of theYdesired physical perties in the

cured polyner, filns, |layefs or structures derived there from it is a

present invention ajleg

design choice and thus aRp withi n the ranges provided above is within
the sc of the prese vent®on. ferred enbodi i n acgprdance
with the present inven enconpass ¢yhe use of a p Bcorrposition for
form ng a gate insul atorAayer in organic el ectronic devices. Such a

conposition conprises, in addition tqsmmg or nore pol ycycl ool efinic pol yner

/
/
AKSINB 30

35



30conponents, a casting solvent, optionally having orthogonal solubility
properties with respect to the OSC | ayer material, and optionally one or
nore addiwover/met7ect ed from crosslinki ng agents, react iPCE/EPOINON2S?2
stabilizers, UV sensitizers, adhesion p??qpters and thermal sensitizers.
WO 2012/ 028279PCT/ EP2011/ 004282 - 28 - e sensitizers and other additives
are typically added to the conposition prior to it being used to formthe
af orenenti oned gate insulator |layer. Therefore, preferred enbodinents in
accordance with the present invention enpduqass el ectroni c devices or

opt oel ectroni ¢ 5devi ces havi ng /g obt ai ned through the use of such
pol ymer conpositions. Such elgetrgtiic or optoel ectronic devices including,
anong others, field effect tr Htors (FETs) and org@g"¢3f|eld3bffect
transi stors 10(CF f ransi stors (TFT) and organic thin film
transistors (OTFT$ ich can be top gate or bottomgate transistors, and
integra®ed circuits C) as well as such devices as Radi o Frequency
Identification (RFID) tags. For exanple, transistors made through the use
of such pol yner~Lonpositions as gate insulator or dielectric 15l ayers are
depi cted sche ﬂ{ allyc;n Flgures 1 and 2. w%ﬁg usi ng pol ynor bor nenes t hat
i ncl ude pendent™~el &i | e gr oup a pr ej%vr ed
enbodi mrent of the present onnerC|aI Babl e
sensitizers such as 1- ch ¢ i oxant hone (CPTX) or ot her
comercl@l UV sensitizers that Absorb at wavel engths different than that of
the mal ei m de group, thereby inereasing the anpbunt of absorbed incident
l'ight and undergpbihng a triplet-triplet energy transfer to the maleimnde
excited state. SI tizer can be either incorporated within the polyner
chain or added RE f: ' 3¢ wenti oned above. :% is al so
possible to use a first ¢ or INBCHNNBoet t33
absorption characteristic 3 v h, that is incorporated into
a polynts fornmed froma second lonpound of formula la or Ila having the
same | atent reactive groups as ®he first compound. This can be achieved by
adding a | ower anmount, for exanpl e020% of the first conpound to a | arger
anount, for exanple 8096 of the seggond conpound, and allowing curing to
take place at the giveg N For exanple the compound DHMM NB (43)
absorbs well at 365nm as the npound DNNINEN@ W&eﬁﬁés not, thus by
adding e.g. 20% of DHNM(\B'to t MeNB al l ows curing to take place at
365nm v hout the addition of Oa further UV sensitizer. The DMM MeNB nay
undergo reaction with the DHNM NB, WD 2012/ 028279PCT/ EP2011/ 004282 - 29 -
or alternatively, where the seﬁmnd cpnponent is not involved in the
crosslinking, may be in-solubili y the surroundi ng DHNM NB pol yner

net wor k. 5The epoxi de crossllnkl ef erably ag&pgmsg EFingupendant
epoxi de functionality- e ; with an acid N This acid
catal yst is typically oni um sal t \\whi ch under goes di ssoci ati on on
exposur%5to WV radi at or heat. | R the case of a photo acid generator
(PAG the initiation generally requires a | ow UV dose of an 1lOappropriate
wavel ength foll owed by a thermal anngaling at between 80 and 180C.
General ly, tenperatur a he rqweri{end of the aforenentioned range are

nore preferred ashid [empef at ules require ap @ atﬁﬂiphere to
prevent oxidation of rnatively, cross |n I'ng can be
thermally initiated amnd cured bXD 5baking at 180C for 30 min in a nitrogen
atnnsphgﬁe Fol | owi ng t he

\ 37
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crosslinking process the polymer network can contain residual acid fromthe
PAG. To prevent unwanted effects in the organic transistor device which
cont ai ns wbeothi@bmetri c due to such residual acid, the ecesrRembedspol yner
can be subjected to a swelling solvent_4fito which 20water and base are

di ssolved. In this manner, such residual acid can be captured, neutralized
and/ or solubilized, then renoved fromthe polynmer by further washes with
fresh swelling solvent. In another preferred enbodi nent of the present
invention, apart fromthe addition 8f conponents directly related to the
phot o crosslinking, multi-conponent roil ations can al so be added to the
nor bor nenet ype addi ti on polynmer to i certain other charagferistics.
These additional cp : | ect eONMMIHXKNIE i - dant s,
radi cal - scavengeji g, 4§ [ nponents, surface-nodification
conponents and ng 0l ogy controlling c onents. Suitable and preferred
adhesi dn pronoti ng“€onpounds i ncl ude, anbng ot hers, silanes or sul phur
cont ai ni ng conmpounds. Further still, in preferred enbodi nent of the
present invention, in the process eparing a gate insulator |ayer a
separate fornul ation, 35such as a fo ation conprising adhesi on pronoters
or a WO 2012/028279PCT/ EP2011/ scavengi ng reactive wash
solution, is used in additiongt e gate insulat (ErtPRﬂM NBcorﬁﬂ)si tion
descri bed herein. The presen Hnt i onfal so relates 1o el ectronic devices
havi ng ) 5bei ng pblaipedNLhrovgh 't he use of such pol yner conpositions.
Such el ectronic dg gs i ncluding, anong others, organic field effect
transi stors (OFET) Hin filmtransistors (TFT), integrated circuits (10
and Radi o Frequency ldentification (RFID) tags. Where such electronic

devi ce enbodi nents include transi sfors made through the 10use of such

iti } te insulator layers, such transistors

e and bot t onyaaneefigansi4tors. 15
res, Figure 1 and Figure 2 depict top
feCt transistors, respectively, in
accordance with preferred enbodi nents of the present invention. The top
gate OFET device of Figure 1 includ a substrate (1), source and drain

el ectrodes (2), an OSC | , gate insul ator 20l ayer (4), a gate

el ectrode (5), and an o ony insulator or prgiRBti on Vﬁ&er (6) to
shield the gate el ectrod twer | ayers or devices that may be | ater
provi deglj Anot her subject™>0r t present invention is a process for
preparing a 25devi ce, for exanp 8 as illustrated in Figure 1, where a)
source and

@/\/N MIENB 42
o)
25

0
@/\N O DHNMINB 43
ol
0
0)‘\/\CGH4OMe-p MeOCinnNB 44
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drain electrodes (2) are fornmed on substrate (1), b) a layer of organic

sem conducting (OSC) material (3) is fornmed overlying portions of substrate
(1) and swonore/@sxzfodrai n el ectrodes (2), c) a gate insulparmpr2iapes2s8t4) is
fornmed overlying OSC naterial (3), d) gebe el ectrode (5) is 30forned
overlying at least a part of gate insulator layer (4) and e) optionally
form ng anot her layer (6), for exanple an insulating and/or protection

and/ or stabilizing and/ or adhesive |ayer, overlying gate el ectrode (5) and

gate insulator layer (4). - 310- above, but where OSC layer (3) is forned
on substrate (1) before so rce/ﬂggéngln el ectrodes (2) are forned. The
bott om gate OFET de e iQjur € cliydes a substCairfNBl), 54%our ce and

OSC | ayer (3),6a5gate i nsul ator layer (4), a gate
ppti onal second insulator or protection |ayer (6) to
dr ai n~el eciyod further layers or devices

O cﬁ ot{\ q%h j ec pof the present inventionis a
process for preps ! [ as for exanple il EtSeCfiedNB Fgure 2,
where: a) gate etegtfode (5) formed overlying substrate (1), b) gate

i nsul ator layer (4) is formed overlylng gate el ectrode (5) and portions of
substrate (1), c) organic sen goNdye g (OSC) material layer (3) is forned
overlying gate insulator |ayer qource and drain electrodes (2) are
fornmed on at | east of  _eTgay R (gnductor MeYSimhg arfd e)
optional®y anot her (Gf) for exéﬁple n insulating and/ or protection
and/ or stabilizing or adhesive layer, is fornmed overlying source and

d portions of OSC layer (3). 20In a preferred

enbodi nent of the p#e " Odeyi@e for exanple as shown in
Figure 2, is prep§ g dedCri bed ab 9%& whergs source and
drai n el ectrodes tq/JnsuIator @%ﬂ before the
organi ¢ sem conducter |layer (3) Irs“torded. 25 In the processes of the
presenti$nventi on, as descri bed above withyrespect to Figure 1 and Figure
2, the formng of sone or all of the | g is preferably carried out using
sol ution processing techniques. Thi{ i
formul ati on or 30conposition,
exanple, the OSC or gate diel
one solvent, onto or over a

drain el ectrodes (2)
el ectrode (5), and ar
shield the source and
provi de® on top (¢

a solution, that enconpasses, for
terial, resp andttat | east
ousl y dep05|ted |§§%¢ ﬁ#oPlomed by
evaporation of t FOr formng the gate dielectric or insulator
| ayer, 20pol yner bsition embodi ment of the present invention, as
35descri bed above; enpl oyed. Very preferred deposition techniques
include, without limtation, dip coating, spin coating, ink jet printing,
WO 2012/ 028279PCT/ EP2011/ 004282 - @t ter-press printing, screen
printing, doctor blade coating, r nting, reverse-roller printing,
of fset lithography printing, flex printing, web printing, spray

coating, brush coating, or pad ng. Most preferaby spin co ng,

f1 exographi c printing, or et printing techni quéthladdBenpl d. It wll

of course be understgad tba peci fic paranmeters of any of the above
hhiques will be tailored for the specific |ayer

al characteristics desired of such |ayer

sol ution depositi on

being fornmed and th
C..-O<
30 o) C|F CF,CF,CF4
F CF, DiOxoTCNB 91
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10and device that the layer is part of. For exanple, where in sone
preferred OFETs a gate insulating | ayer having a thickness of 0.5 m crons
(pm is deeioesi?m ot her preferred OFETs such a | ayer mway/epeoffioosegl havi ng
a desired thickness of 1.0 pm Thus theogpecific paraneters needed to form
the 1.0 pmlayer will of course be different 15than those needed to form
the 0.5 pmlayer. That being said, when a spin coating deposition technique
i s enpl oyed, an appropriate anount of a polyner conposition enbodi nent of
the present invention iapgrlied to a substrate and spun, for exanple,

bet ween 500 and 2000 rp a peripd of, for exanple, 20 to 50 seconds to
20form a | ayer having a #esfredthi gckness, for exanple between 0.2 and 1.5
pm After such |ayer iFs casit oveN=t bstrate, theFgqeigat e ¥hd | ayer
are generally heated to fe e rg al volatile solvents. Such heating can
be accomplished in an ovEnForCby BNHaking the substrate on a heated surface
set to tenperature from 70 o 130C, Ffor a 25period of time from1 to 30
mnutes. It should be noted that where a spin coating technique is enployed

it is generally desi rab enpl oy a solvent that is nostly evaporated
f o
0/ 0

after the spinning is c ted, whereas when an inkjrgignpg fl eXadraphic
printing technique is u &gﬂb% éetone solvents with a high boiling
poi nt are general ly 30enpl oye eXtland equi pnent rel ated processing

i f the present invention relate to
conposit@ons that incl dne or P pol ycycl ool ef i ppaNpp! yner84or pol yner
bl ends as descri bed aba 2 and one or nore solvents, which are
preferably selected fromorganic solvents including, but not limted to,
hydr ocar bon sol vents, aromatic solvents, cycloaliphatic cyclic ethers,
cyclic ethers, esters, |actones, ketones, WD 2012/028279PCT/EP2011/ 004282

- 33 - am deswhéciMe” arrydenaetsyl, fEIoneasd ethydl "ORIetpOmddm parassol vent s or

mul ti-conponent..m xtuses_of g above. enpl.ary .solvents include
cycl oncknondnetiitede yPBnaRdLeblse Maas) REREY (e Darar S #i by et hyl

Eet ?Rel ( MEK) i"%ﬁt’hlyieamsap@ntaﬂeommwe(mmp sdhfylrrhulmaramde] 140Ac” I I
nme anl so e u R en co
methyl ot her ﬁssﬁ%%éﬁ%ﬂﬁ%@ﬁﬁ&%@é?ﬁpﬁ??ﬁ%g?%%éﬁ?f:@egﬁ%ﬁas’aﬁa&g ’
per f | uor oper Hptieaph&aidhe absye subformpuigechaving a meathylenenpidgingosrotte

concent f atti 01508 H BeVARIMFISRIAPtSbHT thRbIEIHENETTIMPRHETY it S T rom
. 9

very. eferably from1 to, 20 w % and st , preferably from?2
Lo 12 206 ASTRHRL BRBEIEG BV ok iEHEcKia 1 ol P Gk B BV BHOS e
pr Iesent | i n}/e][urimstwml masebe@;@nhq@ihé bKdgirg @rroul;wmbbnkswbced by a
pol ycycl ool ef j ni rt rm.t ate .insul at or r, or conponent
thereof, in Ocrod@?erﬂgb%ﬁ%\-/@)%ﬁé-,&ndﬁ%?%aﬁrlgge&e[rﬁé 01If @/ﬁe resulting film
Such filmproperties include, anmong others, structural integrity,
durability, rewtihbedartheesptad thatyyhiim4spleciiin examiplesmate praddedbl e and
preferr ed cr ogsdienlothit oIS dr8anCE WTH BreibREA SHAKLBMEAR of mor e

repeatigg units derived from nononers o ala ereln one or nore of
R1-4 denote dhersgsentinysntiograsggnakisivget Maswmeisviepressntedin e one of

t he DWM -t ypeormoRiErsand |RNFhefe BONRRIoNEENR! ROrRtanaR1 6kRIgR®t he gate

i | at f i S typi I | ect b

el eot r onagnett caAt | Hec gy RePHY §mhalbnioReEtyls, P R o cHiEN s e

radi ati on or ih&lusaxdi af heterbatoens,dhatimipde, -(CH»),-C(CF3),-OH,
-(CH2)a-C(CF3)(CHa), -OH, -(CH2)s-C(O)NHR*, -(CH2),-C(O)Cl, -

times. 35 Preferred enbaodinep

30 (CH,)n-C(O)OR*, (CHa)s-OR*, -(CH2),-OC(O)R* and -(CHa)s-C(O)R*,
where n independently represents an integer from 0 to 10 and R*
independently represents hydrogen, a C4-Cq alkyl, a C4-C14
halogenated or perhalogenated alkyl, a C,-Co alkenyl, a C,-Cyg

35 alkynyl, a Cs-C12 cycloalkyl, a C¢-C14 aryl, a C¢-C4 halogenated or

perhalogenated aryl, a C7-C44 aralkyl or a halogenated or
perhalogenated C7-C14 aralkyl. Suitable and preferred perhalogenated



focused IR (e.g., using a laser) for local thermal crosslinking. For
exanpl e, actinic radiation may be enployed to inage the polyner using a
wavel engtwoahiznermw1l nmto 700 nm such as from 200 toP¢@@EPaemi/of28DSe of
actinic radiation for exposure is genergqly from25 to 305,000 mJ/ cn,

al t hough hi gher energi es can be enpl oyed where appropriate. Suitable

radi ati on sources of actinic radiation include nercury, nercury/xenon,
mer cury/ hal ogen and xenon | anps, argon or xenon | aser sources, Xx-ray, oOr

" oxposed 1 oS0 R R ey 22 S preterred
enbodi ment t ch'éjﬁf@nﬁﬂb\ﬂl eﬁzf[rs. T(faj:;r '&r'é%ﬁg%%é u&@ Fbia-ké'drta?r a tenperature
from 70C to 3UR&bld and prafgrted halogereed od pefrhaldgenbledianylt £5d aRIky|
exposure bake can be . u

y

ed to_further.promte crossli.nkin f r
crossl i nkabl gr%p%mcégaw PHﬁoﬂre&%@i@gggcﬂqﬁ’Bﬁiaé’fn%m%%%g?@ﬁé?, p(;her e the
i ncr efaéiag_ temngg.y,raand)f-(&ldz:)lsa-ﬁhﬁybl‘;sﬂz%sm&-t,,uw?laee xt yeqdaggiaear;n‘
crosslinki ng; r I e iment a
crossli nkab?éﬂ%%%%ﬂ%%gﬁ%?%%g%ﬁg%@n?g?Bf grt?ﬁgrig%tdhg?gg'fe i nsul at or
| ayer, whi chrespeetivly. Ve prefeuegmarhalagenated 5y legipsiPgaps|usis, ditni c
pol ymers conpiré HollnfiRRERS, Iptthtaich IbfopHer\d! pehdfiluoPbphénylvherein at | east
one of such repeafi'_l'n unltF COpri ses . a Igrossl! i nk b# egpegdengeégrloup.
Very pref err @§MgRUG) Wﬁéw-éom?@ngmgy SRpYl: BERATHORbENY IRV | i ke
15CPTX1Gand peswtarftwdrophick@rdfyd, any Peviteftacrapbenbutyicl opent anone. | n anot her
preferred enbodi nent, the crosslinkable polynmer conposition conprises a

stabilizer ial. ar i o] t t r L nki and
iorove-shel £V as RRUELY 160N 3, o7 DRI ACEAUR GURENHILILES, 275
ant i oxi dant s feuulagspreyidechabove aresepicieddeith ot indecationaef apyi onal |y

contain one afer@icheRtisiy, AlshblidIbeited iRt SERERIIG dadtibyinaroups, i1

ortho-position to the phenolic¢ OH group..The physical, integrity of the

el ectrorf c dé‘?‘?'&%’“ﬁés'a”’rl}@?Séﬂ"@ﬁﬁFﬁch&erWﬁé’ﬁ%ﬁﬁ@%??ng of nore conpl ex
structures, Ididstef@smexiemixeustthaeretabd their beafiglaitien whehl cinverte

the bu 1+ - aogutg TRl ave B BFbrEE 0B HORRIERESERA uriner .

e built-a s ‘ 5 n urther
processing, ldikstef@esmexiarmplxtursEisrcaruhaee slightly differentpropedisssst ng with the
possi bl o hat CRY BEnp Rnet bndBrHBoRNEFpRIhBdIAnbEHRBREBIE, || oo o
ai r-curggi n ®rosert inyentipniargenade da take advastageef suelk diffefiensgErd) e when

in case of weisify AERFThEERs iHift aveleifidlr DRaubRebMRRIMErPEItas eicAnd | ayer by
capillary fo This is even nore i stic substrates are

rctgs. nEortant wpeﬁ @Iﬂa

used, 35beca®iiBel {Re &XPr QL LNACEISYNYs OLAT £35601BIMING PUTE eXQuANIt§e | ow so
t hat adhesi opufrererrfo-womert hi gh. Possi bl e sol utions suggested in prior
art

In another preferred embodiment of the present invention the
polycycloolefinic polymers have repeating units derived from
monomers in accordance with formula la where one of RM, for
example R', is a fluorinated or perfluorinated alkyl, aryl or aralkyl
group as described above and the others of R are H. Very
preferably the monomer is one of NBC4Fg. NBCH2CgFs, NBCgFs,
NBCH,CgH3F2, NBCH,CgH4CF3, FPCNB, FHCNB, FHCNB, FPCHNB,;
CsPFACNB or PPVENB.

25

30

In another preferred embodiment of the present invention the
polycycloolefinic polymers have repeating units derived from

35 monomers in accordance with formula la where one of R'™, for
example R',is a photoreactive or crosslinkable group as described



WO 2012/ 028279PCT/ EP2011/ 004282 - 35 - to overcone these probl ens include
nmet hods which chemcally nodify the surface of the substrate, |ike for
exanpl e oxggere/BEsne treatnent, or use substrates pre- eQABPAOMI0D4282

addi tional layers |ike for exanple netapgoxide layers for plastic
substrates. However, nethods 5of chem cal nodification of e.g. dielectric
polynmers are limted as these may negatively influence their properties,

| i ke for exanple their solubility, or may negatively i nfl uence devi ce

Feact i ve 10 B e R e e eanl ¢
pol ymer conp®¥1& Pgﬁc@ﬁrggbg% Qﬁ'ﬁgsﬁkﬁhaﬁgbﬂgggéy%ﬂ*@éh nic for

B Tirat, crosa mKime Tt L e 61 ossT | nki hg w th
t he penaent 3@@‘42‘%3@%@%%@“ﬁ%“ﬁﬁ@f@%@"’ﬁﬁ@gﬁg“ﬁm%yc| ool ef i ni g
15pol yrﬁer, arMe@CéenNBd GiondB8, d&rible QC N BhAMC ouwmbl Bs IEtCacenm BBt i ve group
that is capaly um'l\ré e%%hggg of pp rﬁjg\qllgpl e chem cal bonding, with an

adj acent devi ce ayer j acen Ice layers are for exanple a

substrate or an underlying functional device |ayer onto which the gate
i nsul ator | a))@ra"loéh%%ﬁ'@iﬂ’éﬁ ergpodimenicef Hieaprasgpdinvardion iexodeposi t ed

onto the gat q)dlvéydl@éléfmicay@lymér@ haviel feﬁiieattk‘]@eumis abnse@rﬁ@‘rﬁrred

enbodi ment, the adhesion Er%{m t@ ﬂ{gﬁ Bl ed, on fulgsx rfate or |l ayer on
whi ch tHe gat'B°Pﬂ'§\?|f%f’b?° Qr aé‘t‘:@rw\‘ fAEu, WP&‘%QH&‘?U on '8f the

crossl i nkabl eemrh;yleyl%] o laef alkycgmaipyas desornpedidbove amdthevotherdsosfm t he
insulator la 4 4 hesl i i bstrate, for
exanpl e by sggkl né-n?%gﬁsgggfpé%%w@&ﬁgetlhégﬁﬁ'??@r?tr ?oﬁ% ;!%ﬁlggi’on pr onot er
in a suitabl dledNBeRctMBanhBPecNEwvi ng the sol vent. The adhesi on pronoter
forms a thin layer on the surface of the substrate, optionally under

formation of |ﬁmﬁmtﬁ@& pRABHetEHbBHine hN6f Tiebsidseing inviirtRineds t he

crossl itikabl e ? nposition,is dgeposued on t.he sgrface of the
batr o D ey oI RSP Sloer PR Wi HBTUEEITOMs  or 1 oroval of
any s;al vEnEﬂs mbherrmrrmrsblcodxrawrmegmwermmat kewhd e sneroffR biydber alnd gf t he
crossl i nka e e uv
xposur e, - v AR 38 pPLEsBh FBIpES hlBRY. qlEBhy, @RI O ayer
accor di ng t o aligostiyleseoxy pwiety a&depcebed@mvermwuth@nthefamftﬁhus be
prepared by %&f&fayeré&m@fﬂ‘db@y Hﬁlesﬁ'l%‘h%rﬁér R)ofleBPRJOAENEN @ substrate,

d I
ol oot 1 o, amNGARE NACHRANBAS, NEECHaGhOHod VLN KD B, whi ch i &

optionally dissolved or dispersed in one or nore organic solvents, b) if
sol vents are Qne%&EMplanfégeﬁaérﬂbsdim@m(Sf thretweeslemimxermm a Iayer of

t he adh bst r at t

| ayer of s crilmhasastee pORReEhagRers M BE AR lipE LIt ER Ved on”
10conpri ses dramasfuonhatedenpobywerdsodestiiméd apovgrand asedesdrtypedfabove
and belzgy anqeg%hﬂ Ynlid frﬁﬁ?a%rag%l\’rﬁ{#ble%oﬁc?}%e?uélga%ees% |bte|E'ie

substrate containing the adhesion pronote l'vents

present, remAAYYE- &meﬁ?d example)ofes%a m@eteméed av@pdcumemes a
pol ycycl ool efddly mePPlay Ry rdpdierit uMits aetivel FrarAathehomers hcearfdtte

15crosslinkin rossl i nk o s. of the adhesio romgt er and t he
crossl i nkabl éfg'éﬂ &ﬁgﬁbé R énﬂoﬁ@@bepg@\( Vingrepsat mun%aﬁgwg?'&ﬂrﬂ] ng the
gat e i nsul at anohayers selected from DMMIMeNB, DMMIEtNB, DMMIBuNB and

30 DMMIHxNB.

Another preferred example of such a preferred embodiment is a

polymer having repeating units derived from monomers in accordance

with BUNB, HexNB, OctNB, DecNB and MeOAcNB, and additionally
35 having repeating units derived from monomers selected from EONB,



In a second type of this preferred enbodi nent the gate insulator 20l ayer is
formed froma crosslinkabl e pol yner conposition which conprises a

crossl i nkabl2e12zpabareycl ool efi ni ¢ pol ymer and an adhesi onPprmpetienogdi ti ve
conprising a surface-active functional_#goup and a crosslinkabl e functional
group capable of crosslinking with the crosslinkable groups of the
crosslinkabl e pol ycycl ool efinic polyner. The gate insulator |ayer according
to this second type of the preferred enbodi nrent can be prepared by a

process CorrpmneEmttbmmtnﬁ@ﬁBofommm'E)Mmmmtsa BMIMBYNBghd OF onto a
device layer, which js for exanple a seniconductor | ayer or an electrode, a

| ayer of a CIQMM HPFR%@JI e polynmer conposition conprising an adhesion
pronoter, a crosslinkable polycycloolefinic polymer and a sol vent, b)
renovi ng t he Asthenprefen@ddce me&opiraenyof the bmsemtaxivédtmrpmlatesrto:arrposi tion

ar oupe 5ot nd QL NANITR! bt b8k, of B npdBFes, AltanthulalEoft Onp " ©

pol ycycl ool efrepéatinglupitsrin adeerdayced wntlhn fngmalaghoemrmmadi chnothesr . WO
2012/ 028279P
GTééP @%%ﬁ%n‘t o:ﬁhe Msiﬁyé’fltléﬁ‘?é‘la'if@% hH ér?oe 29’@?5' on

pronoters in'a Cross Preomoasi tion o0 i nvention
advant ageouslb}e%ﬁf ?rﬁj'lsbP@'Yt’ﬂ%r aawegla)ﬂr&sftyae P&?@Peﬁmgrélﬂ'tt'ﬁer efromto an

undre(r) I gld ng {%@?r%{it%@%fo?ﬁ@l@d@fdr Q%efgbnﬁ%lgﬁie@thﬁfewjl\% aétqeabgyaer can be
| \ Wi us
ngentlw ly Eé%&atyw 3 %13 Bgllﬁa gﬂgap%%%}%ﬁf pﬁ?é'nlga%' tINThe surface

active group atct:otdlmceamﬂhlfeenmnﬁ]elsmmnwmmfmedsambedmmamqu&m | ane or
silazane gro i k il ane group of
the formula ML Riion slted b L5ty iEnd Eotibising i

- NHSi R12R13Rlaiore\memt@memgcom$0éwueRand@reaﬁamatlv|¢dfeq§én@armey sel ect ed
from hal ogen, ha%cfgi’v@d?%r n%re:cfl;,%e%I (‘fﬂfé}ﬁea?ﬁh%% %'c%fd’é’ﬂd@wnﬁpt*drﬁﬂﬁ‘é hy

substituted Cb opti oha substi t ut ed sz - het er oar yl oxy,
and wher®in H©OtBer p eéﬁedr&'? oﬂi@eaha ﬁﬂp?ﬁéﬁ”él'%‘@’ﬂ@r{bf ates 13- al kyl ,
optionally Sl[!ib‘i?)im{atlb%ﬁoﬁﬁ%ﬁw theafareiienined sitdsiativetfrdt polymer

C2- C20het er oar slipkabl e group of e. reactive adhesion_pronoter
s profer abl JUSBYANE A BATUE sepaiRily R AT Ry adF o tpBRar L 5 4.
di al kyl mal ei mindts, meacoepdalyg:e avith formulahl. acetyl , an indenyl, a cinnamate or
a coumarin group, or conprises a substituted or unsubstituted nmal ei m de

portion, an Wh%g%@h‘e‘?ﬁem}dﬂ'rﬁféht Bﬁfhté Bl‘?ese"?'nt% W@n@@ R Pr a

counmar IZD pOI’tI on era e reactive eSI on ter is
sel ected of mﬁymreahamngea least |0|nevu¢@s—:‘éi Hniin @cgogdﬁn%wﬂa fmé’ 3 oup,

prefer ?bl y asandeit leadt ah@vrepéati uaﬂbﬁla@\dord*andeSwﬁhsrbnﬁbra havke &y the
connecti ng, cer, or ssli 0
preferably a§gg‘éﬂ fsagh g*aaﬂbogf%r*ﬁuﬁngpse%r“@f 'ﬁ ad%ggﬁg g% rrﬁe
formula -Si Rb&‘ﬁlﬁ&lpﬂreferred gnbodimént the fationef saJcﬂ\ldf&umZRﬁSKrmuﬂaﬁll wherein
R12, R13 and C nEhY.-S ge si l azane,
Cl- C12-¢f koxya}éﬁ{@g% ﬁgﬁf??ﬂ%@gs %{))nla %HIP gﬁtelrtp E}‘%@ C20 aryl oxy
and opti onal |emI@Qmm¢ntdh§datlmfm MY&)P(OITCEPBUQUTQOREBEMS is

from 60:40 to 40:60. In yet another preferred embodiment the ratio of

such formula | to formula | repeat units is from 55:45 to 45:55.

Another preferred embodiment in accordance with the present

30 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 including but not limited to

35 poly(methyl methacrylate) (PMMA), polystyrene (PS), poly-4-



- 38 - C2-C20- heteroaryl oxy, and wherein one or two of R12, R13 and R14 may
al so denote O -Cl2-al kyl, optionally substituted C5-C20-aryl or optionally
substi t utwo 2c/209het eroaryl. 5P is preferably sel ect estCiimraoia/opeBEei m de,
a 3-nonoal kyl -mal ei m de, a 3, 4-di al kyl pfei m de, an epoxy, a vinyl, an
acetyl, an indenyl, a cinnanmate or a coumarin group, Or conprises a
substituted or unsubstituted nmaleimde portion, an epoxide portion, a vinyl
portion, a cinnamate portion or a coumarin portion. Preferably A is

| ected f i - 0- (CH2
?gH g)cn_e%Qa?mu( Réﬁ‘ @%r@. r%@geg%bm&&%& ésé%ﬂ 0 I(S )n,

i ndependent | Ar - ged Ff$’(9rﬂ'¥)aqrb5'"iti p is an integer from1-6, Zis
i ndependently Hor F, C6Q4 is phenyl that is substituted with Q Camis
cycl ohexyl t iExamplesudfssuitaliedonbdimeRe @oimmmepelwﬁétsl arndeeEthonB, CF3 or

SR T T S T T,
above aEd bel5%468 819, ?ﬂS@rﬁBM&?aU@ é@@ﬁ/ﬂﬂmﬂént)@%{)mwﬁﬂ'ﬁg ((’ﬂOkE%/l)B
r speci i ,
E])IV(I\)/IUIObutyIo gék(/gﬁég WgL @%@ @@??reéggs use%%%"r‘r%wtﬁe terns
'spacer group’e ereB@ﬂnE@f EKQ”@I’Q}L&?@’HH@WW WHPHEale s Proeess8tnown to t he
skilled pers@in r%?m £ @oupWIA thitionedial dtdlysts&i detiibled ilthespacer

group A pref rab 2@9 0 al kyl ene or 35branched C3 to
C30 al ki0 ene ?@'9%“'%“?%?%5@6@ GE@né each of which is unsubstituted
or nono- or polysubstituted by F, d, Br, or CN, wherein WD

2012/ 028279P0HeEpayhid 0P8 ime B of mmpr@rselnlt yn\ardicor areofeemezhhadingcent CH2

by -0-
?"S?UP_SN":{ er @@@ﬂ@gﬁg@%@g@@ 'Wgﬁgfgg@%lré{ &%{BFBBHS% ﬂgw - Bé (0} -
_Q(0)-S, - CseHGenerallgea My from .00 te B0RLIHIs fonad appieeriate ®rat oms are
not | inked digeped b¥atGuiRRIRs ARANESE, OfRER e&ﬁﬁo&lﬁeﬁt"s%th@?’ﬂpe d y of each

Br o er ou b GbaEaEtdtadis Ko SEpEBb R St e
polymer has a M,, of at least 30,000, while in another preferred
embodiment the polymer has a M,, of at least 60,000. In another
preferred embodiment, the upper limit of the polymer's My, is up to
400,000, while in another preferred embodiment the upper limit of the

20 polymer's My, is up to 250,000. It will be understood that since an
appropriate M,, is a function of the desired physical properties in the
cured polymer, films, layers or structures derived there from, itis a
design choice and thus any M,, within the ranges provided above is
o5 within the scope of the present invention.

Preferred embodiments in accordance with the present invention
encompass the use of a polymer composition for forming a gate
insulator layer in organic electronic devices. Such a composition
comprises, in addition to one or more polycycloolefinic polymer

30 components, a casting solvent, optionally having orthogonal solubility
properties with respect to the OSC layer material, and optionally one
or more additives selected from crosslinking agents, reactive
solvents, stabilizers, UV sensitizers, adhesion promoters and thermal

sensitizers.
35



CH2CH2- or -CH2CH2- NH CH2CH2- or -(Si R18R19-0)p-, wth p being an 10i nteger
from2 to 12, q being an integer from1l to 3 and R18 and R19 having the
meani ngs wowvern/@Bmve. Further preferred groups A are sekewres 10082
net hyl ene, ethylene, propylene, butylengg pentylene, hexylene, heptylene,
octyl ene, nonyl ene, 15decyl ene, undecyl ene, dodecyl ene, octadecyl ene,

et hyl eneoxyet hyl ene, net hyl eneoxybut yl ene, et hyl ene-t hi oet hyl ene,

et hyl ene- N- met hyl i m noet hyl ene, 1-nethyl al kyl ene, et henyl ene, propenyl ene

and but enyl enghe 39Hé1ﬁzébé”éﬁ@%'tt§er%dé‘nﬂbé§'a‘?@ t%u@ﬁﬁ&%&e’d‘ feehehose of formul a
Al is disclosed in exanp 873 n anot her

preferred ents@RRStOR Wé'oéé?ét tP‘|°'|'§‘GI %ﬁ‘%ﬁJr tq %&75} thﬁ)ﬁfﬂ’?ﬁ@é‘ o g#t& o

p]?l ]ymer lcoml)ommlatm lahat. Tierefires ploer@linﬁi embadirpats ims%é’&mllainte wnhleferabl y
of formula crosslinka rou nd the e.insul ator
O T2 L 1RE gk O BB SRRl R B RS A P BRI L o o
more crdssl i esfitas haviegi amzgingrabtpinedhtiroagl thausel of sich palymery with the
crosslinkabl g fgﬁ‘?w tiQhst he said repeating unit of the polyner or polyner
conposi tion. n or er to inprove the processing of the functional |ayers
and the integrity of the electronic device, it is desirable to decrease the
ti me needed fHCh BlECH ORI SE OpinglacitaRis; W'@?S INRIHENIGn @MoRd pHRNSc al

properties offidideffeay BahskedbigHOTd®shd & éméaiél@effeat tﬁaasmdréf\/here

Sosubeenbent A, T B T LSl A ESRafga o
2012/ 028279PQOTEEF!2§)1MM}4282 bedtdp- gatet dobottami gatel tsamisufsforsuiandt 0 obtain,
T Onsti KL NI in iR LYol (LTS WAl Aych fliRbs HUREURNRled Wity 1 0, Make

such first Iay I NSO respect rco of a
second f unct ildeatificaticsy (RFFID) tegevEnt eemynplﬂftraea@@refmadengmm thes of

or ocessi 1l can b8 Gone Lol XA by i T L he.COgl phg D onces. whi I e
decreasifg t evefrsrr%rerfg%metﬁdr a&P%@ém k!&gwgescér?’%ej"achl eved both by
chem cal adjustnent of the di eI ectric polynmer or by changes in the process.
However, cherWheh using potyatdrbomeaetiegthaténtiude geidemtmsakeimide g"rcblmb because

el sctric. antphelidaistlibfintva deldlidh SERREMERE of ik Meft TV ¢y ey
decrease t he iBwentisan usqs camamgiaiglly heajlableddV, semsitizerargpich &g 1-usi ng hi gher
pover WV, COth%r'o”@ Sx;f/tﬁ?o%é%ﬁbﬁé'(tﬁ:?*[s)@f ‘Fro?ﬁér'&grﬁ?ﬁlar%faqfﬁ\/at mospher e

and t hgp cause unde es I'n ace of mer dielectric.
Therefore, i rﬁe&.'sm@remwam oﬁtﬂeﬁvelengmredmeéeehthammtq dhet he

maleimide group, thereby increasing the amount of absorbed incident
light and undergoing a triplet-triplet energy transfer to the maleimide
excited state. The sensitizer can be either incorporated within the
polymer chain or added to the polymer composition as mentioned
above. It is also possible to use a first compound of formula la or lla
with better absorption characteristics at a given wavelength, that is
incorporated into a polymer formed from a second compound of
formula la or lla having the same latent reactive groups as the first
compound. This can be achieved by adding a lower amount, for
example 20%, of the first compound to a larger amount, for example
80%, of the second compound, and allowing curing to take place at
the given wavelength. For example the compound DHNMINB (43)
absorbs well at 365nm whereas the compound DMMIMeNB (34) does
not, thus by adding e.g. 20% of DHNMINB to the DMMIMeNB allows
curing to take place at 365nm without the addition of a further UV
sensitizer. The DMMIMeNB may undergo reaction with the DHNMINB,

25
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20pol ynmer conposition conprises one or nore crosslinker additives. Such
additives conprise two or nore functional groups that are capabl e of

react i ng wotzhixde27pendent crossli nkabl e groups of the pe®CympetioobeBLni c

pol ynmer polymer used to formthe gate ipgulator layer. It will also be
understood that the use of such crosslinker 25additives can al so enhance
the crosslinking of the aforenentioned polynmer. Crosslinking by exposure to
W radiation is preferred. 30 The use of a crosslinker enhances the ability

oo ¢ o, o difaliey) BorosectiEmIpENS RIS
crossl i nkabl é"@?%ﬁﬁ( , IRY Rg B8P u%xklgrecpgy HF%FHF@HI"F"&D&NM! NB om a

mal ei m de, ap%ym@@allekwbrmal ei mde, a 3,4-dialkylnal eimde, an epoxy, a
35vinyl, an acetyl, an indenyl, a cinnamate or a coumarin group, Or a group

O 20 28 SRR AR s el bR SO R B o0
ci nnamat e porepoxide furctiomatiy i mcpmbtlmaimn with an avit gatadydteThid gcidhe
Crosst i nker It sBE GBIy 1 Bl Which\eh érael! dils dtialb o) 1 V2

wherein X is or a single I's a single bond
100r a spacereXposniede iLhy radiaipngjihRptghvthe case @ﬁa@qipea@dabl y sel ect ed

Egzlrzn) ( %ZQ)l’o’ méﬁﬁz afor(( HE (nf&idh g éﬁl;t?dA r@qu‘fr@ggj@)cﬂ% gte\g];aﬁ%%;c?]f an. o

n ac i nde | g

from 0 10 12 ApBriafs Waveignoth BoHes BYA the il ueAING 3t PEOTSRn " Coor0 i s

cycl ohexyl tf&ﬂand 18056 IGM@@IIW tdm@ra@nes atrttthenemrﬁdcy dfithe, CH3, CF3 or

150CH3, and P £

meani ngs gi ven a o%ﬁﬁ%ﬁ%@géﬁg 'Ing)laefé rEgQJsh‘?@ﬁef;{?n{@%a@ﬂ%déé‘fef erred

conmpounds ar geqeirec gdrqgwtroomfnqeap prevent oxidation of the polymer.
Alternatively, crosslinking can be thermally initiated and cured by

15 baking at 180°C for 30 min in a nitrogen atmosphere. Following the
crosslinking process the polymer network can contain residual acid
from the PAG. To prevent unwanted effects in the organic transistor
device which contains the dielectric due to such residual acid, the
crosslinked polymer can be subjected to a swelling solvent into which

20 water and base are dissolved. In this manner, such residual acid can
be captured, neutralized and/or solubilized, then removed from the
polymer by further washes with fresh swelling solvent.

In another preferred embodiment of the present invention, apart from
the addition of components directly related to the photo crosslinking,

25 multi-component formulations can also be added to the norbornene-
type addition polymer to improve certain other characteristics. These
additional components are preferably selected from anti-oxidants,
radical-scavengers, adhesion-promoting components, surface-

30 modification components and morphology controlling components.

Suitable and preferred adhesion promoting compounds include,
among others, silanes or sulphur containing compounds.

Further still, in a preferred embodiment of the present invention, in the
process for preparing a gate insulator layer a separate formulation,
35 such as a formulation comprising adhesion promoters or a



25 wherein RL and R11 are independently of each other Hor a G -C6 alkyl
group, A" is as defined in fornula, and nis an integer from1l to 10.

Especi al lwopoefesi7ed are DW - butyl - DM, DWM - pent y| - Divivir/E®nel 1/004282

DW - hexyl -DMM . The spacer group A" _pg@f_er ably denotes linear Cl to C30
al kyl ene or 30branched C3 to Cm al kyl ene or cyclic C5 to C30 al kyl ene, each

of which is unsubstituted or nono- or polysubstituted by F, d, Br, | or
CN, wherein optionally one or nore non-adjacent CH2 groups are replaced, in
each case '”@%B@@H&iﬁtglﬁé fchQ@v@é’@n §8Fﬂtﬁﬁ‘f 1|s ¥edQn addition 1 gatiR18-,

“0) 2, -C0)0- 3 05,00 -~ S8 0) -, 250)- s,

-Si R18R18- , . E

-CH=CH or - °r|9P|)§rH@ﬁ°8m)%9ﬁi ? tdl?&F”Q die'8in-s atons are not |inked
directly to WD 2012/028279PCT/ EP2011/ 004282 -42 - one another, R18 and R19
are i ndependdiid pregfent irnlertiorealst relatesitpleleetrbnic deviee£Bavingd2 | i near or

" Grocpo) o G SuRinehgoflI S8R Sugh' o E Hbpesitens. Sgh

- (Si R18R19- O)G@(;trwmfdepﬂdﬁﬁ ingluding nagwng bthars 2otganie fietd efieey an i nt eger

f 1t 3
p;g;nerreg groups A 56 3r?ecte tf'eﬁ}?sﬁﬁ?i'(?g?) S \ﬁlaeéﬁ)w?%i@g@;}l ene,
butyl ene, per@nd Badio F.@gu%m Idgagfigatipr (R é@ifﬁﬂfe 8F/BUAR, decyl ene,

undecyl ene, @p@&wﬁuer&vnwéﬁﬂﬁfd{h@m urﬂiqbdéqwgtawwﬂﬁéemrough the

met hyl eneoxybut I t hyl ene-t hi oet
T by e v bR et Sen SoRT e mRoSEeRY &1 Rming satermsyRIIdaYBFbpeny! ene
and but enyl erwch]tﬁaﬁshstosslnaheaad\&rmageooslyl|nolludlesbd>ﬂhkteptgmwami bbttomul a Cl

S dlsclosedf in Exanpl es AD2 and AD3 as well as in US
3,622, 321. agéé%%@%fsef erred enbodi nent of the present invention, in the

Turning now to the accompanying figures, Figure 1 and Figure 2
depict top and bottom gate organic field effect transistors,
respectively, in accordance with preferred embodiments of the
present invention.

15

The top gate OFET device of Figure 1 includes a substrate (1),
source and drain electrodes (2), an OSC layer (3), a gate insulator

20 layer (4), a gate electrode (5), and an optional second insulator or
protection layer (6) to shield the gate electrode from further layers or
devices that may be later provided.

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

25 device, for example as illustrated in Figure 1, where a) source and
drain electrodes (2) are formed on substrate (1), b) a layer of organic
semiconducting (OSC) material (3) is formed overlying portions of
substrate (1) and source and drain electrodes (2), ¢) a gate insulator
layer (4) is formed overlying OSC material (3), d) gate electrode (5) is

30 formed overlying at least a part of gate insulator layer (4) and e)
optionally forming another layer (6), for example an insulating and/or
protection and/or stabilizing and/or adhesive layer, overlying gate
electrode (5) and gate insulator layer (4).

In a preferred embodiment of the present invention, a device for

35 example as shown in Figure 1, is prepared by a process as described



20af orenenti oned processes for preparing a gate insulator |ayer or an

el ectronic device the gate insulator layer is formed froma pol yner

conposi t iwo 208178 ng a crossl i nkabl e pol ycycl ool ef i ni eCpaipgowgnoesz a
crosslinker as described above and bel oyy _and the process of formng the
gate insul ator |layer conprises the step of crosslinking the 25crosslinkabl e
groups of the crosslinker and of the crosslinkable polyner, preferably by
UV exposure. 30 The other conponents or functional Iayers of the electronic

device, Ti kea’bB@eSHQ?%f m&gébela%leﬁég IQQS e@%q\é g Pforean be

sel ected from standar I al e manu acture and applied to
the devi ce byOo¥fGthaRAHRN ﬁlﬁ%mdﬁﬁ (tzélﬁré ﬁﬁﬂ%¢1 al s and manuf acturing
nmet hods for these conponents and | ayers are known to a person skilled in
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copol yner s, ul ose ose ace
et hyl ene- chl duidher kyess @é@l@)’!@@epmymcyﬁﬁrtgp Qiftﬁ?l@ﬁETt etra-fl uoroethyl ene
copol ynmers, fiber glass enhanced pl astic, 5fluorocarbon pol yners,

hexaf | uor opr amytREEYLIB)Ct B¢ fiee bkéggdtdﬁv@mnm g robéwf&em@ptaym 2
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rubbers, and osgam@m:cqnﬁhumngd@&%l mt@mlylevay(@ngtf@rr@gﬁtmwleg

pol yi i de, @%t@%dﬁéﬁ'lﬁ?@ﬁ@ﬂhﬁb‘%ﬁ& ah& &QW@@E%OH%@%Z? 'é*?étfbﬁhéd

materi g5 a useful substrate can SO enc ass conponent
coated with &Maldeagha %692%%?'8%1”&"’%8&8 ?%Yer&E’rs )gpt'QHBWd be no

sulr }or ise t hﬂan@ﬁlﬂéﬂﬂyég (®), Subekamipte WntlhsalaltmgfaﬁdTDr be@t@@aaacam/sur face
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sult in ern definitlaon, e .embodi nent s,
e o b ot 0¥ SAMeRR BV Rr I8 P e Bia SRR Tert .
rubbi ng to i elécteonss (Heand pentians ohOS&C {dyerdByani ¢ semi conduct or in order
to 20enhance carrier nobility. The el ectrode can be deposited by liquid

coat | N9 s liclin 3% AREA¥Y: erﬁb@dlﬁf@ﬁr%ﬂhez;ﬁ':eggﬁf)ﬁ'w&%ono% viygggpm deposition

or chem cal vapor deposition l ectro materi al s and
deposi ti on example as shown in Figure 2, is prepared by a process as described

above, but where source and drain electrodes (2) are overlying gate
insulator layer (4) before the organic semiconductor layer (3) is

formed.

25
In the processes of the present invention, as described above with

respect to Figure 1 and Figure 2, the forming of some or all of the
layers is preferably carried out using solution processing techniques.
This can be done for example by applying a formulation or

30 composition, generally a solution, that encompasses, for example, the
OSC or gate dielectric material, respectively, and at least one solvent,
onto or over a previously deposited layer, followed by evaporation of
the solvent(s). For forming the gate dielectric or insulator layer, a
polymer composition embodiment of the present invention, as

35 described above, is employed. Very preferred deposition techniques
include, without limitation, dip coating, spin coating, ink jet printing,



25 nethods are known to the person skilled in the art. Suitable el ectrode

materials include, without |imtation, inorganic or organic materials, or

conposi t esoabh1tg27®wo. Exanpl es for suitabl e conduct or @cTaPeelnoLe2

mat eri al s i ncl ude pol yaniline, pol ypyr_rgée, PEDOT or doped conjugat ed

pol ymers, further dispersions or pastes of graphite or particles of netal

such as Au, Ag, Cu, Al, Ni or their mxtures as well as sputter coated or

evaporated nmetals such as Cu, C, Pt/Pd or netal oxides such as indiumtin
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spin coating technique is employed it is generally desirable to employ

a solvent that is mostly evaporated after the spinning is completed,

whereas when an inkjet or flexographic printing technique is used

organic ketone solvents with a high boiling point are generally

30 employed to extend equipment related processing times.

Preferred embodiments of the present invention relate to
compositions that include one or more polycycloolefinic polymers or
polymer blends as described above and below, and one or more
solvents, which are preferably selected from organic solvents
including, but not limited to, hydrocarbon solvents, aromatic solvents,
cycloaliphatic cyclic ethers, cyclic ethers, esters, lactones, ketones,

35



) where no nore than one of R15 andR16 is H, and one or 10both are

i ndependently a substituted alkyl, optionally substituted aryl, al koxy or
pol yal koxwogoupsz79and where either R15 and R16 is al kylpcorepasiylooi2Bese may
be fluorinated or perfluorinated. 15 Thg,rings nmay be optionally fused or
may be |linked with a conjugated |inking %roup such as -C(T1)=C(T2)-, -CC,
-N(R1)2-, -N=N-, -N=C(Rl)- . Tland T2each independently represent H d, F,
-Ca. N or |ower alkyl groups particularly Cl..4 alkyl groups; R represents

H, optionally, ‘d%%t l:}‘ymce ar‘i:ldﬁ%ét%ﬁgfluf&ﬁrieﬁ@é'drerae?HQEPuh%étaego%Wts phere R is

al kyl or aryI hese uori er pre erred OsC
materials t hanuktlatﬁpmeougetjmlx\tw% of itfm/ehpven Exermplasy sehesindRCIUdei gomer s

and derltvgtlh ldn‘ex%%sneuwésmére@t ; eﬁé%méwe QER4Ry léﬂﬂﬁ'réﬁiﬂh@tmf
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pol y(phenyl er?é 7 WPBﬁéEﬁ%%bW?ﬁwgPeW@yl %qou"&’ &\@Eg Vi (:}Mg@’ih?’%f"of‘ﬁoée

conj ugédl ed 25hetﬂvy¢masdslen bty Iypresrayl etnende@mdhembehzenéyﬂmmrb@nls Eijch as
tetracene, oronene, or sol uble,
substituted c? Etm?/@gp%?n E}naeceegye %Mﬁﬁﬂ%ﬁygubsti tuted phenyl enes
such as p- quaesflpbramyethyiderlin and pentueoipenlyydropheRanthresexi phenyl (p- 6P),
or sol uble substituted derivatives of these; 30conjugated heterocyclic

pol yner s Sucfpr%r%}wm@&h bgrtgﬁu fr{e&mégg% ficP E/ﬁf]e 6oﬁ'czeiast' tuted

t hi ophene) optlona ly su stl ute optionally
substi t10 ed pieliRigiRayNgroor W‘Sb s 'ﬁJTWﬁ §JBsﬁq ‘("lﬁ be¥©E%I enophene)

pol ybenzot hi gpbfirab! bm $@b moanmté}ﬁnmoswré(é\daslybﬁémtmwdZDMt%oI e),
pol y(3-substituted 35pyrrole), poly(3,4-bisubstituted pyrrole), polyfuran,

ol (. subst AL Tietighier SB5VEd Biefitg 5A T Tk SOOI e imrgpent
pol y( 3- subst iinvertitbranpmprises potogstinBable submsisliinked patydyioheglefip yazul ene,
pol ypyr ene; prqlgr%@ k&%ﬁﬁgﬁ&gaféanﬁﬂéﬁ*? B*F%Bﬁw ﬁ%rﬁ%@?&éf“ir%rder

pol yi nds e; ridazin triar ne conpolnds; stil bene
Sconmpounds; tiPiIEATAwR °“§thsmi°f%Pé‘élp‘P@le§I<P d.hedesHJém| me%UﬁHbf'bﬂl nes,

pht hal ocyani rpﬁepeﬁlesqheméﬂadrﬁsugrvtne@ sﬂ@l@mrﬁﬁhﬂ %gﬂtv ARAaBTlty

fl ht hal bsti t ut ed
oo P BN e A RS e 2o eg et resisiance  SiithafeLaad é?@?‘éﬁ ot o
gl im Fle and fdrassiinkddie palymers afd Mr-ex]dbdple: thpse mavirsg ionet @dmadiral ky::I

| ar or su - I | e,
bat hgpr@‘uant ﬁ%%%ﬁéﬁqm%ﬁ%élnrﬁ)vqeaq ﬁgﬁ‘eé%nf?@é% %t&ﬁ%té‘é%faam%gm 8% of
11,11, 12, 12 tmomo&&norﬁ&pﬂﬁ@zﬂ @rogslinkablgegroapeas described above, for

a,a' -bis(dit r?é)fa"r‘ﬁélé N éf the D‘MMII‘;)?@?%P?aonTEFSBCr ghé‘ldfﬁG)NsBugﬁMGEN‘Bj

di al kyl, diar substituted di radlthlop ene;

2,2 -Dbi b 2-b: 4, 5-bl d t hi oph
! enzo[Flor crossllnﬁq he égtpe E)gﬁlator formlng polymer is typically

exposed to electron beam or electromagnetic (actinic) radiation such

25 as X-ray, UV or visible radiation or IR radiation like for example
focused IR (e.g., using a laser) for local thermal crosslinking. 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

30 5,000 mJ/cm?, although higher energies can be employed where
appropriate. Suitable radiation sources of actinic radiation include
mercury, mercury/xenon, mercury/halogen and xenon lamps, argon or
xenon laser sources, x-ray, or e-beam sources. Such exposure to

actinic radiation is to cause crosslinking in exposed regions.
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enbodi nents, the above OSC conpounds and derivatives thereof are soluble in
an orthogonal solvent. In sone preferred enbodi nents in accordance with the
present 280roemigwn, the OSC naterials are pol yners or ®eOpmEPyome084282
conprising one or nore repeating units.gglected fromthiophene-2,5-diyl, 3-
substituted thiophene-2,5-diyl, optionally substituted thieno[2, 3-

b] t hi ophene-2,5-diyl, optionally substituted

t hi eno[ 3, 2- bi t hi ophene2, 5-di yl, sel enophene-2,5-diyl, or 3-substituted

sel enophene- I %r giefbrrebne@bbaimentefher g&e inshREbNRIYES id PodEeRpEaiee Wi th the
present | nvention,

t he OSC naterials aLe S tituted ol iggacenes. such as
pent acene, t A3Ked:RA gt?mgﬁ{?ﬁ%%éfﬁg) §9r &H&fgf@élycfpf @Xaﬂmlggﬂ' eé’sertorﬁﬂ?gof ,
l'ike bis(tridl to/l8iminueesyPyst)ergidsyoabakescar béiused foafukihesigrphaitey ny| )
et e 0ReEnes o8 AL 8 e EroPYRUe ot i Gihodd cBfiRoOR S
the 0s® | ayethe pglymeeswhaee E're insreased tempetatude of stioh ddjkessenvee to
r heol ogi cal i { r Foh& | 55248 Al. - 47
- Unl ess thenggﬁ?gn@gﬁgzer sﬁgﬂddsg%?g{(@g Vgﬁﬁerw?e,b?g%%%géégr ein plural
Form and vi odn FoPERISNS A STAPPAIENt 5r oS KRS ARG FHTPORYIATSS e
f oregoi ng eng@idnttsrming fhe gateansultorckayebewAthecomptieestond off al | i ng
wi thin the SCOpE of tpe i |ven(%)li Da| g h.feafure disclased in this
Speci 1116t 1 o Ot PessiBiablEPolY REs I QPEENiC BBNSts o mpBRg, feheatinter nat i ve
f eat ur e ser viumtst dfcfosmmma | eqlli, wiiezatn ak lesshbhearofmughopeatimgsynitsl ess
stated ot her wg ri%% a&Bs%lﬁ'ﬁ\taL!ﬂ@ dinsiehe g&hpshoul d be viewed as being
nmerely exenpl arﬁ;‘? a? I's to say guch a ?eat ure is a generic representation
inclusive of all species therein. It will be further appreciated that the
features di sé(%yafefﬁfr?%iaéeél&&ﬂ"?f EaMPOSItRNE peMPhisHihasasitirasdlike

enbodi nent s ICPARCanhdanseveht like MART egeldhekanBnt ityiesditanbaee a
conbi natd on i ncl udes features and/or steps that are nutually excl usive.

Further, it w.l]| reci at e ) f t features described above,
are inventiv iq?c{%ﬁ%?BPeJ&ﬁe?i edﬂpggﬁ%e'ﬂ@tﬂ? %5?SSQ®@§%I ij8fyna%r enbodi nent of
the present icomeposition chmepiiseseatsitabilingi matenaber thesetyitoqureiventor e det ai |
by reference i ﬁﬁg}? | e | i only and do
not limt thgtpggtct)%ze%@ Fﬁ%&s{ﬁﬁ\l;e [ oéril(ﬁﬂgg(\&rﬁl g_@%ﬁshf%ltoy opﬁg}rd\}mgge er cent ages
are percent BPMReYHEN anyitabiepttiakilizess age anfjpyidants syehrasesaleshei 0. In the
exanpl €0 t hatpHedld| @rivayivts thatCoptisHAy dehtaMBnEXRMbAS Bully@IRpr s and
nmet hods for the Bol()}/aérrerl zation of such m)nom?‘rs a%ig dermHstrate . These

® HhorPesHeR; the

exanpl es are 9'RY ywample; R hItatpss 3 8 gPhenaliccor dance
with the pres®dtgroapention. Additionally, it will be noted that for each of
the synthetic routes and pol yneri zations, generally enploy anhydrous and
oxygen free egudifi r Wi ted,. Tk j where an
exanpl e i nstruct Ehyﬁgﬁl W%ggﬁt%ﬁgvég%ﬁ?nﬁes%%?g%% I%/\/lei/t %fég%%)c()tl ft\(/)ger?ﬁ'e t he

sol ventogreet snangfaghisieg ob mrrei ermpled/ Brugtyres dikgdor wxampla aativet gas such

S ek, o i BTG Iatedot Bl B LRGBSl Splavs s, (PO 70
g, 5.39 nol )%E’RWGGE tbs%&%éfai%ra@dcﬁhsrﬁag&tog%e Pailt-aboyg layeriseheildh a
nmechani cal sther steong Beaught terWithstapd farthdepsecessing, like fomexamph aithe

m xture cool e S i et mal.ei.c _anhydri de dissol ved j.n the

Lol uene. “To. hetaln EpyinBLa 6t BiqREsRn QTR fhe TR BF ofifargeherts. I

ami nonejgiy| néhe@dheséor( & 8ot stodng easughdes possibee B0 the budt-aboser i nse. An
exothermto | e dd I r: he m : y heated
(to avoid exgéelges'?l\@gl #%‘%ﬁﬁf]’g ?l?\r{(ta I §e|r}(f?%§@v\%ésat|€§g§'ra vmegmﬁé\aqbé)gp%

appr oxi mat el ynaved RVer K sHeskale: fobexarmale when iRecass at weh cl eared. 98 i
of water (>1Q08e68sihhaneoleeit)gatdDetRbbRE G iale Y |la9ea_b§t@arc§+ﬂlér§/ap
indicating that the reaction was conplete, Wm?h was confirme l{t}%{eéjGC

anal ysi s. ThdOtes: JMs {Revenawera i RRtvRed PIAIYIG Shstiales g tied.

filter anteicaestithersairtadeogae iy yeofanitredted plastic ¢ dsdafp lav c21tBabo yi el d)

of a light br L 1. 98, 9%, pur Q). Jo this was added. 12 r.emai ni ng
froma previ @@%&é'ﬂﬁd%?scaﬁﬁc%m&ﬁg@ré% 'Ql?ds%'H&oﬁ&sﬁg&ftsg%(gén Rﬁ?ga en
vacuum distilled. A forerun of 132 g was collected and found to contain
96.8% purity product and unreacted di nethyl nmal eic anhydride. In addition, a
first fraction of 281 g, 99.4% purity product was col |l ected at 146-149C
(0.78-1.15 Torr) and a second fraction of 920 g, 99.8% purity product was
collected at 149C (1.15-1.55 Torr). The conbined first and second fraction
of >99% purity product was 1201 g for a 87%yield.



Exanpl e A2. Synthesis of MEtNB Mal ei c anhydride (389g, 3.96 nol), ground
in a nortar, and 6300 nl 30xylenes were charged to a reaction vessel

equi pped wot2b12megivani cal stirring, a condenser, a Dean Stampdmnap2snd a

t hernmocoupl e. The tenperature was obserygd to drop to 19C, while yielding a
hazy sol uti on. Am noet hyl norbornene (90.1% purity, 600 g, 3.94 nol) was
added dropwi se over a 20 mnute period to the stirred m xture, 35causing
the tenperature to rise to 49C and giving a deep anber solution. The

sol uti on wastdeabesbrhe thesé @Xoﬁl@ﬂmfﬁcﬁudé réthod sAPhichhemicall

2012/ 028279PCT/ 11/ 00428 he wat r t ake- of%l nto the
Can ootk Mot Ba e ot indl Rubsffelf akE ! ik hdiser b st cory of
wat er was colreatmedt, oQide)SUbsmmsapm gzeatedowivlthraﬂdmanah layens Jikeifer showed a

very weak a”bqggﬁﬂé%éﬂ?g%ldea ly@r§1‘c§’r %sﬁ?@@%ﬁ’ra@s ﬁwt &P, MBfEgs 86. 8% of

5t he desired reac 0 r'oomtenperature
and fi Pt er edof shestigalanedificagionofig: digleriric p@umefmarredrmm@ aseact i on

m xture, 350¢hede né@é\wy%ﬂ%ﬁédtmﬁ er@pé}%gnnk@?ors&émlegmené 1280 g)
and the reach&wsolutlon was e\béj fromth ilica colum. The initial

1000 m of ePARRIYLBLALABEGRY gtlnﬂg9nqqéewq%pqﬁgr@%ce

nmet hanol / di chl or onet hane), but the second 1000 m, nmainly xylenes, showed
one spot on ThErefode viasa po¢farseceabodinedt tive @irdﬁer&hngenflopra)fhadtivW)- The

{1 adhy ons SRRgSCRASTORNER IS LERUIDAEIGH To st XHAPUITREER BURARET e ' or ocuc:
The remai ni ngoNpasiit apmpsising actrosshniabie paiyamlenk&émlm foomdiegl ont o
1273 g sili Cﬂwé‘ggté irié% rw{r frw@g%@\véyémonprrgo'tér.s&oﬁ@rr%%fo 00

xyl enes fractlo s (B1- each showed one spot on Om

fraction, Bafirgdperassdnk wgtwrmpnaherw that I§m@@begé%oa§rhl@ kiyowithn TLC,
but the neXttHeNpeﬂ;Q@ﬂt ﬁﬂos%ﬂhldébl% élfdiﬁi inOtfh% &r%‘é,sﬁﬁrdataé) fboiengrk |evels

of product in resence of 5 fY« l ucts. Er%? Jt B2, B3, and
B4 e & BoonbPRBAEInd Eot SP0BIJHBF Y ouE whidols £33 aaﬁ %ilveni ch
crystalli zedgmursthaﬂds wgpable of weterditiofts, foir exdm plCchémicsalvisending,

tall Hf 4 9. 9% ity. A
second orop b SR FuEERATSNEe DERIASEGh BdjuEett defiol e foh (! Y
M MeNB Mal ei @xaﬁmﬁqumaﬁe cg'arlumdenlwrygfmp@@didewca Iayacpntm vessel
equi pped wi W/h"@?h@gé’t‘é wfsh'létb'r Meﬁs%bsﬁte%r %rtdﬁﬁrctla $RAL RN 2

t her nocoupl e,, was, m Xe xyl ene, causing t e t nperature to
drop t@017C, dﬁHPF'ée?PBFQIm%gét%!ﬁ%ﬁ”%@rdﬁ%rn Ani nonet hyl nor bor nene (98%
purity, 1.17 nmol) was dissolved in 144 m o-xylene and added dropw se over

a 15-ni nute peaifost typet dcthis 'prerfedemi amlbbdjmeﬂ;!SthGQBdH”&iéﬁi'ﬂS}b@m@f% to rise
stirred wni | Sohealeahitod stibeied ot ¥er GRS Meltie el nGRiRte S iRl an
Stark trap sfapmesi bketfonesdspasitipdebtbe eroeslirkaklalpolpéyatoolefimid. TLC (2. 5%
met hanol / polymer composition that will form the insulator layer. The adhesion
25 promoter is deposited on the substrate, for example by soaking the

substrate with a solution of the adhesion promoter in a suitable

solvent and then removing the solvent. The adhesion promoter forms

a thin layer on the surface of the substrate, optionally under formation

of chemical bondings with the substrate. Afterwards the crosslinkable

polymer composition is deposited on the surface of the substrate

covered with the layer of the adhesion promoter. After removal of any

solvents, the crosslinkable groups of the adhesion promoter and of

the crosslinkable polycycloolefinic polymer are crosslinked for

example by UV exposure.
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WO 2012/ 028279PCT/ EP2011/ 004282 - 50 - dichl oromet hane) and NVR confirned

t he presence of product and the absence of non-cyclized am do acid. The
reacti on waoeld2ewed to cool to roomtenperature, filtePel/HPoomBMSE
precipitated white solids, and split i-rg®-two 600 m portions. Each portion
was i ndependently 5| oaded onto 1000-1, 100 g of silica and flushed with 6000
m of dichloronmethane. Rotary evaporation of the conbi ned el utants gave 89
g crystalline product which was recrystallized from40 m hot heptane to
give 81 g prodegatatin®datds layer agcoldify o dhigSirst sipmnefitiehprefeordact

cont ai ned asemﬁ%lalrﬂﬁﬂllscgn"fﬂhsﬁe a@@aﬁ@g by 3o d )égsa‘!&“éﬂé\%r@etr?%‘%gﬁbsequem

evapor at ed und 6V e 500"
NMR anal ysi sOfrélléﬁpeﬁlltheO'PJﬁe%@GdEatef orn.osty meem@e ayerdwhdeh ($&1i eved to be

masked by o-yi@pfe hrse%ﬁrddn%ruc@mhyé%)anTélscﬁauét éhsad’}f‘éds‘?oﬁm ary

evapor at ed agal n under g vacuu glve uct show ng <0.6
wt % maPei ¢ 1BROEiafedesCilped aboveand kelovs yshie '§93Fﬁ%’}ﬁ!|ry @'?SQWGdno
det ect abl e ngit @ispepsery i iore. oer@rélo‘ﬂ@§n|37scﬂlvér&§‘V¢)yllf6éd1)/enf§3aﬁa9 1- 71.3C

(gl asses at

Di et hyl nal e?'&?sgﬁﬁyrméﬁ'n@l%ana§°éve'ﬁs% ﬁSY)fO"Wé’sQ eﬁ%¥% El? a reaction
vessel equi paditesibnhproecdienionathess urfacengf thee Helastr Steqrd) depaysitimg @ondenser

dath the. sol ut i
(6 ool to 1805 gPp s linkatle el biictReRlc BN colBISIN MR 50, 4%,
0.149 #BI) m@@naaaelac@rczﬁsmﬁkap?gmolyptclanlﬁjw¢@@Imeuascdﬁmd:qﬂ ecipitation
of white sol aisvé aRAd ALY anewf.roh%ﬂy &hﬁﬁ@&c&g&éﬂtﬂoﬂr e@grragshani cal 1y

stirred as thfe reactlon was | ux began and the

sol ution cl e2r 8§ sypst é@tel‘?o’?F?HUE‘%éh%tadrhéﬁIQIkPrqrﬁetquéM?étq)clélsoa‘rﬁiﬁﬁt of
wat er had besm pnisleeﬂt%inbmrfgma@%w&itaranﬂrearbxpﬂbﬁ!ngw@tlam veheheated an

addi tional t reflux and, th m xt ure was then
Tl terod to VONGULOBIHnE BoNMeRle nenf Pr aB0b G el ke dtfss vi ol 43, 7
g. Thi $dwas chiosslinkied oftheherosstiekatbrgroupa of otheoatibesioh7p@®rgolet6% yi el d)
at 175-185C I npl e AS5.
Synt hesi s ofén tlﬁ%%@s&lﬁ%?g%ggéuﬁ%ﬁd“ dg @%gg%o?é'@’ﬂfaoon%me‘rl‘ ae %80 m  of
t ol uene weref%mm@élmemtgl@matqrdgkem tted with a nechanical stirrer,
Dean-Stark trap, 5condenser, and thernocouple. The m xture was observed to

coolh to 1|6|C ms?fsb@oﬁuttypéwﬂtﬁ.sa hé@rtéiﬁeﬁib%ﬂ%éﬂﬂthé‘g‘a'?@nr%ﬁléﬁﬂg 1g0 tlh)e
mechani ca STILTITI 0 nor por nen no
and a 2300 my' aygl déﬁ%fmﬁﬁs@%‘& %ﬁfgg’)ﬁagﬁ ucfcﬂ“P Q’awg‘g%h becane a
sol i]g Irr}ass acmtnpnbeblat exbsslhnkabtehmllycydoamﬂmdﬁﬂwnm ahdran wahebiat ed I

t i mate
S5 Th trom (RSHGtef éc%ﬁﬁzﬁ %t B4 tuptuonidl prabBhaRtae, Y
(>100% of trm'@sehnieaabl)e fmgtlcoa gmtmicapablae)fwaaslmlang withaphe GC anal y3| S
reveal ed thecrbggﬁﬁkmev&%@%;@#etﬁgeﬁmwwwé oy oé‘lblﬂﬂ\’@e %)‘P?QPO' to room

tenperature and 15filtered trate was 't rotary e ated to

| d 2 98.
yield 232 g 'Fhe ga(g insulator layer according to this second type of the preferred

embodiment can be prepared by a process comprising the steps of a)
depositing onto a substrate, or onto a device layer, which is for
example 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 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 a gate insulator layer.
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of alight brown liquid, (97.9 %pure by GC). The crude material was vacuum
distilled to give 624 g , 99.1% purity, at 125-128C (1.15-1.2 Torr).
20Exanpl ewb@o128psd7hesi s of DMM BuNB A 1L, 4 neck RBF eqecpmedomiodd2sa
thernmowel |, condenser with a nitrogen jgfet, addition funnel and nmechani cal
stirrer was charged with 200 nL of toluene followed by potassium DW (35g,
0.21 nol) and 18-crown-6 (5.7g, 0.021 nol, 10 nol% wth stirring. The
addi ti on 25funnel was charged with endo-/exo-NBBuBr (45 g, 0.20 nol) in 200

nL tol uene amtheaddedf@veh reabiivelbedesiBiepranibtere imascriogaligkatile 100C and an
off-white slurry was observed. . The m xtur ed to,be stirred at

d e contin
for an addi t iRSLNEE CMRRRLOPf hgpresRItiRueRipR povptintsP IV Rrbne 1 st
observed of f -imipiroee the ddhkesipreeha dayent loeme8itheeefioshtobamwndeTlyeng eact i on
was nonitore )lp%r GC whi ch reveal ed the reaction was conplete with 73. 6%
product_ and % % unr eact ed exo-/endo- NBBuBr. The reaction m xture was then
cool ed R0 roomtenperature and then quenched with the addition of 250 niL
wat er and t heheleby: ke adhesienfthegatadnsulatgrdaygqueands mriovass

35ext ract ed Withbuthatfindgthe PoRFhar aaéld%g@ﬁhqhéwgéﬁaw@ﬁa%tmuw brine,
dried over Na2S(4, EI| ered ?hnd ev. Porat edftg ql ve 559 of crude WO
2012/ 028279P(999%‘2’6 Y AUegHD the gsrormange 9f tHe1aYef- own oil. The crude
product was adsorbed onto 55g Si 02 and chromat ographed over 330 g of Si02
el uting wit h hensaface 3itive gtouEod A reaghiva taahesioblpromiferts pheferablijept ane

(3L) antD 4% Et in: 2 2 i fi.ed firagtions

yi el ded 5319%:])'96%% ﬂ%faq‘}as auébf}?rgpe%!gy\%ggﬁ%&eﬁ%mﬁg@v&hbi'ggﬁlg&gth 99. 3%
purity by HPIGToEpef theoforaple &Rt 1FNRof or amilgzpregreup efitbefosmulaldYHwi t h
and N5 wer e g Rt Hern ! B e R e R el cly T
Synt hesi o of TRED RN, BIaRNRoRy & wIRIKOYE COr 6 MAMRIa, CRYONSR 4 necked
r(ﬁund ag% ]t oneslibbtitutdd CREBRL)-andexeand pptidnaily bulsstititedaCy-Ca-hetbraargloxy, | ]
t her no , : Wt Pty (P = was rged wt
4 ot hoxyci ARGRRCRAT e Bl o7 565 KT R1IRGT pisg S G e AR o |
dry tol uene. optionatidsubsiitutedPeComary! ohaptiehiiyisubstitited® CoiC-1. 473 nol )

50C 2 which W@efo‘é‘?ﬂ added slowy to the reaction m xture at room

t enper at ur e. e reaction mxture was heated to reflux and nonitored by GC

anal ysis (aliguots were w thdrawn periodically, quenched with MeOH, and
anal yzed) . Afﬂt@r crosgiikadle groapt tha segetive adhsision RSt istpreferalbt i on was

conpl et20 and defsctéd froit @Maleintide ca\BamopbhkyEmaldinid®la 8@-r oom t enper at ure.
Excess SCOC 2 qg ItoI uene were remved be r ot any. e.v%gor‘atl on _and the crude
or oduct vas PIRKYIEICEYe: 41 FPO5E AofinYlodp aseDleas BaBRYl 2 AANENSIS Hhanoy|
chl ori de (94% gowhd)in graup, @8 coOMprises taysulysti@ied i EnsubAECedCHER

(MeOCi nnNB) : 14 e Li i t nowel |, a
condenser wt rﬁn‘?’?’?%geep?”‘édaB?@ﬁﬁ'gﬁﬁﬁip\gﬁﬁ?’ﬁﬁgﬂﬁgg’# hgg%gné}%l stirrer

was char ged WOUMBINBTHEOH (100 g, 805 nmol ), di net hyl ami nopyri di ne ( DMAP)
(4.9 9,280 mmol, 5 noNN0O), 563 nL triethylamne (4.03 nol) and 1.2 L

di chl or omet hapgy pfeRrabIy the Foatlige SdhesRM FFonictemisiseate @ bifeemiudd IS M nut es
during which tinme the addition funnel was charged with 4- nmet hoxyci nnanoyl

chl ori de (17%\2(. . 885 nol )I obt ai ned as above, 35di ssolved in 400 nL
di chl or onet hane: "Aft er addi {i on of the 4- nethoxyci nnanoyl chloride at room
tenperature, the m xture was

wherein G is a surface-active group, preferably as defined above and

30 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.

G is preferably a group of the formula -SiR'?R"R", or a group of the

formula -NH-SiR?R™R™, wherein R'?, R"™® and R are each
35 independently selected from halogen, silazane, C4-C4z-alkoxy, C1-C12-
alkylamino, optionally substituted Cs-Cyp-aryloxy and optionally substituted



WO 2012/ 028279PCT/ EP2011/ 004282 - 53 - stirred at 25C overnight. After
confirmati on of conplete reaction by GC the reaction m xture was dil uted
with 1L dvohbmyesebhane, and the resultant sol uti on waslped/prdéihioi2sx 2L)
NaHCC3 solution, (2 x 1L) NH4CI solutio (2 x 2L) brine, then dried over
Na2SO4, filtered, and 5the filtrate eva g%rated resulting in the collection
of 208 g of crude product. This was then adsorbed onto 200 g silica and
chr omat ogr aphed over 600 g of silica gel eluting with 0% to 30% EtOAc in

cycl ohexane. cThe, Cﬁ)é}gﬁd'gr?'%i( d%w%kdﬁqg ofr\Ea&B{gB'@) rzehtj!egndlg& ,&a&f al oduct

as col orl ess, 'viscous Ol Opuri tg dd| tional

fractions werdenglinbiac-ally g?m@néﬂbﬁhb?’tltl?@dgcppedawﬂ oppphomalli t y >96% by

GC, bringi ng substifutdfC,\0,5/hdtd8%n205 g) . Exanple A8. Synthesis of MeCounNB
tIF_-1 o=s: Afirst 3L, necked RBF equi pped with a mschani cal stirrer,

t her nowel |, dlth {’@ eieec‘ ‘g d cond nser nltr%&g er_was

char ged wi t h 't BRIFTER teg Py a ma 9'3“'9& ? SHETRE 633. @ 1.61 nol)
in 800 nL drﬁ@d«ﬁikyjmlmmm)ean dpexyaddiityloan éuehyhlamwadenylaagmmamaﬂe 270 nmL
(1.93 mol) trjef reaction

m xture at O dé% é}%derﬁg?éﬁalg{&%n o %Spﬁbgém%s%%?ﬂftéé%ﬁ@ﬁswﬁ tpf%d erature while
the reacti on MRlsSimidRinastienl aryeguddagortininCantiny!tporion a ﬂdnam POH#EN t he
reaction was Gl hsriRpbRion?8 h. The reaction mxture was then diluted

wi th 1L di chl oronet hane, foIIovved by washes with 1L water (2 x 1L) NaHCO3

oD 2 e b o b dE b Bt G o

onto 450 g si(CHyp-@RCEHzN, COBERATARAEH DY, CHLROO:@1oCH) | andOgel)-l ut i ng

with 0%to 1 t puri f. d fractions of
t he chromat o&(@%&ﬁ&hed]ﬁeﬁgé@%%&gls%'Bg‘?iet?qpoiﬁp&s ﬁjgsga\?i'g e&% oil (95%
yield) with g@m;%qm istlyldbyemmlyrldmﬁ KsR4usphenyl$hat iersubstituted mith
structure. her mowel |,
condensgg W t ni troge ‘%ﬁ@f}q that IS% Eéan\!a@glcgglis?@grgp%g%tﬁa&ggd W th

7- hydr oxycour%{'rh- 31‘6 H31. 04 rml) pot assium carbonate (179 35g, 1.29
nol ), NBCH2OTs (300 g, 1 08 nol) and rinsed with 1.5L dry NMP. The m xture
was heat ed t GuidBle and pséfefreddtompdund dre sepgcted drom Wemula A1:

2012/ 028279PCT/ EP2011/ 004282 - 54 - was nonitored by TLC/ 1H NMR  Proton NWR
i ndi cated the reaction was gonpleted after 54 h and the reaction m xture
was then allowed to cool to\woomtemperature. The reaction m xture was then
quencheghwi th 24L 1IN HCl, t esdl tant off-white solidAthat precipitated
was 5filtered, Washedawith /4L ter and dried to give 268 g of crude
product. This prgiuct was shargfd to a 5L RBF, dissolved in 2 L (3:1 ratio)
hept ane: tol ugpe nd refl ux 26 8 g of charcoal and filtered through
a pad of silica. The filtraffe was &ncentrated and added to an excess of
hept ane:toluene (3:1 ratio)oto give 158 g (57% 10yi el d) of pure white
crystalline product with 98.2%purity by HPLC Exanpl e A9. Synthesis of

Et MeOCi4INB 5- Norborqlzquz 4-.ethanol (NBCH A 19-liter Parr Reactor was
char ged Wi t h WereiRs R E%ou;a(ﬁ@p@m;p@maécn lﬁ@dmvgoeoIS@S(Qefn;edM)

3- but en- 1- ol .apBhklamastdlow 88d R'Pant e taps ewer iddepehadniHe6r 4i0TEG, Wi t h

o g o 32T BT3P,y rsp et DA rm%ﬁ%ﬂbém DAL SRR

reach a maxi ABI(OEt);1 BMMEbutyFt&i(OR&YS, IDMMMhexglt(Si(GiMe)spr 4 hours at 220C,
the pressure dropping to 130 psi. The reaction m xture was then allowed to
cool t qjoomterrper ature and drained, 2603 g of reaction mxture was

col | ect'€d. GCAamskddieseinnthiectermd "spacesrgrdupt, "eanceastingigrogphard n 65. 6%

NBEt OH i sonef t cul at ed
because it Isﬁpﬁ’dmﬁ@r&&f en?{?}o%rpi fh%&(':l%gsﬁ%% uteeen:Q -Pr&% A%g!) g, was
renoved by rdihany E@@bcﬁ%ﬂ?&mét 50C The resultant concentrate was
purified by distillation under high vacuumthrough a 14" columm with gl ass
hel i ces packing. Fractions,4 a found t e 96. 1% and 95. 6% pure
and wer.g col ¥ SRACES JrURA 'P' %rta?’l)’mgerimésh?% &Cﬁblef—‘ﬁ Or3. 4% and F5
3.5% al srénchetl CotdEspalkglent.orbythid Cyite@Cd, anylbhepaacrh of WM isF4+F5) =

o oaui ppea PR ERED: SFRGRHIRENE o CLRE TR Al & Mo

charged with NBCH2OH (2 g, 14.47 mmol ), DVAP (88.4




35nmy, 0.72 mmol, 5nol %, 10.1 nmL triethylamne (72.4 mol) and 25 niL

di chl oronet hane. The m xture was stirred at roomtenperature for - 55 - 45
m nut es bwbane/kmoaddi ti on of 4-net hoxyci nnanoyl chl or ipd®/EP3011/0042845. 9
mmol) in 5 nL dichloronethane fromthe ggdition funnel was started. After
this addition was conpleted, the mxturé was stirred at 25C overnight.
After confirmation of conplete reaction by GC the 5reaction m xture was
diluted with 20 nL dichl oronet hane, followed by washes with (2 x 25 i)

NaHCOB sol ut 'o‘b‘ﬁopé@/ 5%%5r Fore Mahdj §€é tCIQ%P dt%gi%é@q‘egfa): 8" i {ld“ ed over

Na2SO4 and filte ncentration o 8’9 gpude
product as a@éﬁ@?d%‘de&‘ﬂ%@@%%?lan@m Y s -Pr.e VWRi!'n Q%J‘Bcﬁjd'e purity

by GC. 10 Exanp|@®)-Ak{0)By ey, @C(@)C@urr‘dBcNEPI d@FsL@H CMN-Dr.- 4 neck
RBF equi pped her no ion ?nel and

h chani ¢

condenser Wi tc\#éﬁ 'Prsé‘ggr? mha%ﬂ‘%tkéaeﬂ’&f e%tomsmretr&tj]nﬂgmd&epﬁ\é
(2 c:43c:e+54582c1meTa@umeucm3angé Qireerep@ndehB,Oalﬂf éwobtl r(e4ﬁo me(tjlii/IZ@trt:lythAf )7 ﬁEd

iters dr nnel was charged wit
(3.9 nol) t?/i h @?g%?h%l r&%@%d@eagc@%gmﬁyp&guﬁhe reaction m'gxture previ ously
chilled to OC. Stirring at roomterrperature was continued while the

t \ NVR I
| ndi cat ed ¢ hat A g “{%A%‘%% | {CEheH: KM Sas then

Ion was CoO {IOI’I mx ure was then

di | uted wthQiﬂsz'iz:mro%thdeé CH h*zsv%d(?u{ji \ﬁas*r@s \Withhp Peings@Rr , (2 x 1L)
NaHCO3 1! ut ijptegef ﬂ'oPh dkd 1Qr 'bélngdém ﬁﬂeWoW%anﬁlR@@@Qw&Mlﬁ@e

filtrate rot gvapr)# a] 064 g of crude product as a colorless viscous
oi | (110% cr (@@ ﬁaé]' VEH 299¥6 purity by 1H NMR (consistent with the
structure). The crude product was used for next reaction w thout further

purificati on.g Jﬁh%?w@@rreé ﬁgb%sﬂ\ QPecge@ﬁEd%&Hh W&ﬂyf@ntehew mowel |,

condenser with nit ani cal ar ged 30vm th

7- hydroxycourmopweoa.dmltgleng. pentyising, hexyene disptilene, pelylens, oﬁnw&naonat e
(498.6 15 3. §dWMlehe, NRIERIERO Hode3gend 9ctaaeéy9|eﬂ'8|éth9 ﬁ bén RVP. The

m xture was heafed wth st rr|n nonj t ore NVR  The
TLC/ 1H NVR nohe ﬁ"ﬁ@xvm HEel yl%ne f?‘fﬂ-?'i‘ 8pe; Ylﬁ&? ¥red after 24h

and the reactimfioethylens e1-wasthalkylerieedtHenylere, propemdend anger at ure. Then
the reaction uenched with 50L 1IN HCl, causing the product to

precipitate 5’%’%?1\8%?? white - 56 - solid that was filtered, washed with (5
X 4L) water and dried to give 1394 g of crude product. The 1394 g crude

productyvas g‘@gn\fﬁé’si%féhhﬁéﬁh ‘P&%Férg'ﬂglé #@Hﬁfoﬁﬁﬁld%‘?{d*é’efo%d

separ at ed an ni n% onet hane sol ution was then
dried over sNagxamples ADdrasawelag iliShoaP&T: o give 864 g of crude
product. The 864 g crude product was conbined with 60 g of a pil ot

reaction's crud oduct an 8Ived in di qane and adsor bed onto
o0 o o T AN nether AT AR A BRIt e Gott n o AR SO Rp T aRe 7 0% Lo
25% Et OAc i n polgmehex potymeheonpusitidn tHatdoptainksi erie br acdreorepeblingel ded 508

g of prﬂijCt Lfarﬁtsz,i pfréféfréglyl dfgfmm}ﬁ?d | 8¥VII,SRLL|{?19V\5 tc?o?s%i%%’a%% ig}gup, and
the gate insulator layer further comprises a crosslinker which is a
compound comprising two or more crosslinkable functional groups
that are capable of reacting with the crosslinkable group of the said

repeating unit of the polymer or polymer composition.

30
In order to improve the processing of the functional layers and the

integrity of the electronic device, it is desirable to decrease the time
needed for the process while keeping or improving the physical
properties of the layers being formed. This can be maintained where
35 subsequent layers and solvents used in forming such layers are
orthogonal and thus do not dissolve each other. Where such



by HPLC. The product was then recrystallized from1.6L refluxed

hept ane: toluene (4:1 ratio) to give 480 g (57%yield) of pure white

crystal | iwe 2pmvater79pr oduct with 99.3% purity by HPLC, 1HCHRYR20ma®0£28nsi st ent
with the structure. 15 Exanple All. Synihesis of AkSi NB NBCH2CH20Ms: A 12L,
4 necked RBF equi pped with a thermowel |, nitrogen adapter, addition funnel
and mechanical stirrer was charged with 5-(2-hydroxyethyl)norbornene (420
g, 3.03 nol), 4 L dichloronmethane, and net hanesul fonyl chloride (CH3S02Cl

or MsCl) (36%&}1 r?a?ntm airfflé’urlt%bb@alﬁogrdgsllﬁkﬁ\@ ;qesnth was added to

th t
et hy! am o TPesgG o3 drstynFlinga ”rem%g@ sk lader Mg, | oq.

t he tenper at uwith vespeditethepdlpmiencoensesition 0Cadkedomgl funetisdai tayer. The

and thep 2 L Wiitoro8nCan gl BT Biostod oF ehlet Tfurcbhinnd clnet, "o

additi od was Iawpl eted, the phases were allowed to separate and t he aqueous
phase extracted with 2 L dichl oronet hane. The conbi ned di chl or onet hane

extracts wer cgEGgHhENih2 aée%éd)fawqh@gioéewa @rf 64 LRcopy 1600 i of

1 N HCl and then ed wth brine in |ons until a wash pH =6
was obser ved.EXp@P %FWB%'P%&%‘P@“@SI RAOCERS wY "?l‘i’@ﬁrﬁﬁ'éﬂ thedim8odi um

sul fate, fil tregertbd de‘V@Trﬁés'hrﬁMﬁ@%@tt%labﬁlegﬂe\deocﬁh:b)gcﬁénﬁ?céled l'iquid. NWR
was consi stent,.w i\gres Ipéﬁecontent at 93. 2%
r

th r?tt J CSC s S
No furth@r puddEPRRETf gdiglqadtn Pe R dREHSPr at ed
instability during di sti | lation. WD 2012/ 028279PCT/ EP2011/ 004282 - 57 -
NJEC12- 21 ctHoBeveAcmlmicehmqﬁifimpmrmeﬂdmlemria pokyrmeysedrie, limitedogen

adapt er , addlséeymsw@q[:v%dsmﬂﬁ GAatedlol dtail@RopBRIGCEs el 1 111 hium

brom de (369 %{ T 2 pentano Iirred until the LiBr
was di ssol veopolmeérd%r: ic, @R fog1exarpRrlekiianges towarde increased UV

5Norborneneetstaﬁslmmyamytdéaeah@ théjs%llﬁblllﬁ?/ Ehanying ﬂh@%@b&@@h ifgr2 L of

2- t ahd th dded L ut i t h
i Fated fur t HORTOPErPYt o i osiapower o 5 %era%“saae%stpas%?&ng s
2- pent anone =r8atihg afhezaod atrmosphase ahdnhbeaaadettmdefsﬁdetab(chmgieyv&s
observed to q§§%rmfa%e ﬁw%aufélyﬁ{%'r ditRiL eaching 92C, GC 1l0Oanal ysi s

i ndi cated <0.8% startin remalneéd and after 1 h at reflux, GC
anal ysis showed no remaining starting material. The m xture was cool ed to
27C and 4L diEherefarg, imadire §e@(ﬁ57é|@10@|61@1té%frth§ﬁéeﬁ¢m imventivadhghases were

separ at20l an%d%@@@ﬁ%&.@&ﬁ%@@%@%ﬁé oWrﬁJS're(@rdéankér saamlveacet ate. The
organi c porti nbi ned and rotar apor at ed The

resi due was t§‘é‘ﬁ%m§9§'¥83t"6”% @%%é‘f"ﬁt‘?fr'?of%ﬁﬁbqt'qﬁ‘?l' ﬂéoulpi rlﬁ %ﬁechl or onet hane
gs a [)| nse s;ﬁapemue oTh&c;tangimth thasp m@émobmfsslh“nl(ablalglbmw@tfm ed sodi um

I car bonat e L. e t

obt ai ned- T ARTEYRlnE b LRE NEPRES 0 o b 8% odRTRBRGE 0 T e
20filtrate rdanely lewibalsatlaiundegstood4het gwa)ﬂsepﬁdacbrqndssitnl(e% 6% purity
by GC).28he %ﬁﬂﬁ\f&ﬁ’ FQH%"IS phhfga tHéCd:‘Hé%lﬂhﬁ?ﬁge gﬂgaﬁdr%%@né%édmh Vi gr eux

col um where t ovmng ractions were co (10 Torr)-43 C
(1.15 Torr), PAY®e§, 97.5% by GC, no 2-pentanone by NVR 2. 42 C (0. 83
Torr)-44 C (0.33 Torr), 334.2 g, 98.0% by 25GC;, 3. 32 C (0.3 Torr)-44 C
(0.32 Torr), GdsglinkidgIe byp&SuredtbW/RIdistion®y prefeiral. yi el d of >93 %
purity product was 408 g (71.6% vyield); NBCH2CH2CaCSi Et3 (AkSIiNB): A 3L, 4

fomel o0 otk R ff%gyéfﬁfge?ﬁé“%@%ﬁi' d aRlihy [ PEReff Y Ghte 2dc C1On
tri et hyl et hyripsglatemayen tigoagh, thelseambdan llmragemserexuozuﬂél—m afhe reac]t i on
i 899
Tuded o1 oty SHHrBErinfe waTEIHI HRy Bbsd Pl radiahbh, 0 Noxane. 8 Then "

war med to 350C and addi i}l on funnel was charged with NBCH2CH2Br (160 g,
795.6 mol) i heaessinkg 9179@@ofAht?éarogqhah%@mr@|ebabl»51semmz&ﬂgsa

maleimide, a 3-monoalkyl-maleimide, a 3,4-dialkylmaleimide, an epoxy, a
35 vinyl, an acetyl, an indenyl, a cinnamate or a coumarin group, or a group



WO 2012/ 028279PCT/ EP2011/ 004282 - 58 - solution the reaction m xture was
allowed to warmto roomtenperature and stirred for 2h. By GC anal ysis the
reacti on weoranzpi7et ed after 2h stirring at room t enper acuwmr2oiihes28eact i on
m xture was quenched with 4L water and &i luted with 8L heptane, followed by
Swashes with (3 x 8L) water, (2 X 4L) brlne dried over Na2SO4, filtered,
and evaporated. The GC anal ysis indicated that the crude product contained
62% product and 27% by- pr oduct (Et 3Si CCSi Et3). The 178 g of crude product

was distillegdp | ags helices
packing to separ at ep{%&hig?lrg#g Gggtéguﬁdeﬁfgléimgdé"bbﬁmﬂ 3
Et 3Si CCSi Et 3i8pogidedrRstion.hyingt a@m@ﬂ %/&Q’"l%'ﬁ%lﬁmaﬂ'% O£ gAURIATIN ROTtgR. 8

43% vyi el d) boiling point = 93-97C at 0.20-0.21 mmHg. Exanple Al 2. Synt hesi S
of Et PhDVM N&/ddy piefebetly helc@dsdiiniel iy seratridnefdernBadeMlsmme) : A 1L RBF was
equi pped with a nmagnetic stir bar, condenser with nitrogen adapter. The RBF
was chdr ged khp4 br onoani | i ne (150 1%};' 872 mmol ) and di nethyl nmaleic
anhydride ( )’ (100 g, 792 mmol) in 600 nlL glacial acetic acid. The
reaction m xture was refluxed for 6h and TLC was checked in 30% Et OAc in
hept ane. By HaGWe-Pleacti on was conpl M2, and the reaction mxture was

all owed to cool overnight. The product solidified as an off-white crystal,

whi ch was fi |v¢rrﬂ=!r8ﬁ'1 Rl Avxs e dyvis () SVaPH.or @ $iRgR! otk e :slbss&* l¥@dnin Et OAc
and washed with NaHCO3 sol uti on.  The organic ie ov%r Na2SH4

(S
and af t40 cor%éﬁﬁa&tqfo‘?Prﬁ‘&&E”%thﬂ SiBE\aroYpP W Fﬁé%ﬁﬁ%ﬂ Y a¢lgete
( Br C6HADWM , ¥rthig (CZ86), SOH) £(CH=BH) R(CHAKI (OH,) L0, OHZEOYCES),, (CHBR-L

ot i DM TR, M c bt bl R BN oy

mechani cal stQ tor 62,.p iSran IRBYandrone A, gkts deehelmer(tBQH@r@,, CsQasisnol ), i odi ne
(10.6 g, 0.04 Effb'h)eé rlﬂaﬁi@%u@stﬂ?&?ﬁlﬁﬁ‘bwmde?é@ﬂg%ﬂ bPP'MPtF3§?e

m xture was stirre room tenperature unt

di sappets ed (Q% 3.28n4 aést}‘e mw'ﬂs!@ﬁfqrm%ﬂ“%gneﬁéﬁ@%arqffﬁ'ﬁrﬁ NBCH2 CH2Br
(169 g, 0.84 m@éamg@ﬁ%hfébdvb Srppsisrdahlyin isThe3 BBgH2CH2Br sol uti on was
added dropw se and the m xture was stirred at 80C for 3 h. Conpl eti on of
WO 2012/ 02827 | EP2 11/ zinc,insertiop was jndi cated by GC
anai ysis of IR 260 PIERIER Shinaigs are Frir s ot el 63 o™ o 60t and
BrC6HADVMWM (157 g, 0.56 nol) and Pd(PPh3)4 (51.8 g,0.045 nol) were added
successi vely at 60C0Then t he t%gn m xture was heated at 80C for 2h
30m n. Fghe r RS i y quenching an aliquot with dN HCl and
extracting with 0%, .ard e\ owgdd by GC. After 2h 30 min there was only
38. 8% pr oduct by ./ SO, anot her nol % Pd(PPh3) 4 was added and stirred at
80C for anot her!'1h,\\but no si gfli fi &dht change in product was observed. The
reaction m xture wapHall owed 0o cool to 10room tenperature and quenched
with 2L 1IN HCl and extracted with (2 x 4L) 50% Et OAc in cycl ohexane. The

il Ter o andVavsibra: aa fnclaiacgeshbephRer gsn el st 8L a%5rBad onto 200

g sili ca and atkylgreupgAdphad definedsibofogmaeia,sand ods @l indeger figmwd thd 0% t o
10. Especially preferred are DMMI-butyl-DMMI, DMMI-pentyl-DMMI
and DMMI-hexyl-DMMI.

The spacer group A" preferably denotes linear C4 to C3p alkylene or
30 branched Cj; to C3 alkylene or cyclic Cs to C3g alkylene, each of which is
unsubstituted or mono- or polysubstituted by F, Cl, Br, 1 or CN, wherein
optionally one or more non-adjacent CH; groups are replaced, in each
case independently from one another, by -O-, -S-, -NH-, -NR'®- -SiR"®R"®-
, -C(0)-, -C(0)0O-, -OC(0)-, -OC(0)-0-, -S-C(0)-, -C(0)-S-, -CH=CH- or -
35 C=C- in such a manner that O and/or S atoms are not linked directly to



1520% Et OAc i n cycl ohexane. The concentrated purified fractions yielded
30.4 g of an off-white solid product (17%yvyield) with >94% purity by GC.
Exanpl e At8.20fymsivesi s of exo- Ar Si NB Exo- nor bor nenyl pherygirtnroniigdes283 0

1- br ono- 4-i odobenzene (250 granms, 884 nyvl) and PdCl2(PPh3)2 (6.20 grans,
8.84 mml) in 400 nL of anhydrous DMF, was added norbornadi ene (360 ni,
3.54 mmol ), triethylamne (Et3N) (398 nlL, 2.85npl1l), in a five-necked, three
liter glass jacketed reactor purged with nitrogen. The reactor was heated

via a hot watgie MadtReriR® andRC FetindYehdenty ofBathbiidta , hRARYIOBthyl

t enperature of 58C &OI‘W@C aCIgPé‘\%BO/ aﬁgy n_, 1. 86mmvol ) was added drop w se
through an adlia FatP Fumlipgaras ﬁ% | g% }Hther i ¢ reaction from
occurring. The solution was heated and stirred at 50C for 1.25 hours and
sanpl ed every ' it G itpni tQ eAsuULe al o

1- brono- 4-i 0 Oréiqﬁ@edﬂ'ng}oﬁgg% e%c‘??g%ﬁ%ne@é%@@ﬁﬁﬁ?ﬁﬁe %&E‘Gﬁ ed,
transfe?red tGHzCHemir-GtHOHFNHHGH,CHadbrexSiRAGR €60, twittbpdeing ah  10% HCl
and 470 nL of; c i rggt8dy rdegindhe
conbi ned or ga{rr]u ?@f g’g@?%@ﬁ?ﬁ?ﬁ'@%%ﬂﬁ%@?ﬁ%? a\rf/@ggdddaﬁﬂsti rr're] for 30
mi nut es. The theXReRENGRIIVENIZRAVEd t hr ough silica gel (200-425 Mesh) via a
chromat ogr aphy col umm, which was eluted with heptane. The crude nmaterial of
exo- WD 2012/028279PCT/ EP2011/ 004282 - 60, - norbgrnenyl nyl brom de (169
o o, 7706 y THTHET RRSIEHEE I OUBS Phia SEe s Pt BRI StV a P on st up. at
90C and1®@. 2 Twopylehaebutykine, pehtytene; liexyleas! heptyEng? ogtybere, (oAPkéne, 80 gr ans
(>99%, and I L ol S h >090 o-

5nor bor nenyl p ec&{/qq%r' @ﬁhgéﬁﬁ%%%'z@& ' \?’?@%ﬁ%ﬁé gtﬁglérvr\l%g&y%t%%erng%mm W th
t he proposed methylangoxybutylane; ethlenethiegthglene, ethylene-N-methyl-

Exo- NBCHCF2__jthifodthylemd O1 Srvbthl iR1HyfarRs, At : |

exonor bor nen_yll phegglgrg'cn?i] gé%t( &03. 8 gr'gan&d@rheif]@n%ﬂy %?]%and

10t ri et hyl si 18H!@R¥EY®ene (70.2 grans, 0.5 noles) in 750 nL of anhydrous
DMF, watb added di butyl am ne (Bu2NH) (77.5 granms, 0.6 nol), PdCl12(PPh3)2
(10.53 grans,-0. 015 nol and copper{J).iodid 2.86 ang. 0. 015 .nol), in
 Chreeonack. TEvRInERs of BREFRRRE bie M S rafile sl A Wsalismshal. The
react or was hexaneplevingExamptesnADr abdtADI asiwell assetUPSi,622,82165C. The
solution was kept heated and stirred at 65C for 27 hours with GC nonitoring

every 3 hour sint.hfReHprefeh@d é‘n‘n'botd*ﬂﬁeﬁiégf ﬂg}g%éﬁﬂ%%l&vﬁ,mqg%de as

reacted. The reaction m xture was c00 . extrac 0O nL of 10%
HCl and@10 G@aremMentinepd Afecessrs mIPRBENAIBaIRINSHALPE IakaroRR car ded.
20The conbi negleefraait deviod ¢he gars ndulhidradet iRr formdarél 4 palyiadr (200- 425
Mesh) via a chromat.agraphy col umm and .ekubiad V\fth hePt ane. 'll'he cr u%e

mat eri al cont%ﬂ'ﬂ%ﬂs'ﬁgﬁ %ms:gp a gfesslinkable polycycloolefinic polymer an

nor bor nenyl pheoydsaiinkey bt rdesichiplesli alzove antddelawnandithe iprgcess ofie sanpl e was
a reaction by, I | ig&nt'f' a . ne

di mer, Et3Si Cf,gp%ﬂ%:ﬁ%g% @EH‘({:%@H\ Cl‘dl,? esﬁr% %F'? a (?oufl %%%gpﬁg@tgﬁp% fied by
di stilla4i on,crosshriablegreape®fithe isresslinker geid of thecronslimeadgr aphy col um

and el uted wi RePL BRIe ¢ WP T- exis drénal material (43 grams, 35%yi el d)
was a pal e yerwl%w o] Ie'rg(?>98(fpuri ty). 1I9IrNI\/R confirmed the identity of the

P e O R L N A e e

charged to a ljkecthet substeste! tie etpotiued, windnthe 8di lageedcdrobeddliettdd , an

apparatus to f%r%\/sitgﬁdard materials, and can be manufactured and applied to the
device by standard methods. Suitable materials and manufacturing
methods for these components and layers are known to a person

skilled in the art and are described in the literature.

While various substrates are used for the fabrication of organic
35 electronic devices, for example a glass or plastic substrate, such
plastic substrates are generally more prevalent. Preferred plastic



35a split-range pressure control schene and a feed wei gh tank equi pped with
a netering punp. A prem x of dicyclopentadi ene (DCPD) (?798% WO

2012/ 0282v0oRam/ERPZO11/ 004282 - 61 - and EPD (9:1 nol ar PariEpRo1i40282 kg) was
prepared and charged to a feed weigh t_a)pg._ Oxygen was renoved fromthe
react or headspace using (3) pressure/vacuum swi ngs with nitrogen and then
pressurized with nitrogen to 5 psig. The reactor content was heated to 210C
and Swhen at tenperature the premi x was netered into the reactor at a

CouTt o 1 SuBdiards hdhe R horlithiéa 30 B BURL APodRher o

addi tion, the reactor contéent was rapi erri'ng to Table

A, below A lbedzacvelogntenss.iidadiengestyeene conommess, gedulsises gelly |

nor bor nene ( EQNRIteWaH okl TBsipBAEERAehE-chINRENINID Gt IEhatdIHd IPRERD
consisting a acked distillation colum (3

?till pot th h?atln rrantile, a

Cheor ot i cal _ GiaYIg0e telra tuoraethyIenE copolumiss. diber alnss eAbABERYEaSC,
cgnde?é‘gt ;a r:fmeira@ir_b@rmgp@lymuyh?mmnrom?yiéae}/inlga?'ﬁaé-fwzo%nhva;:utJEﬁ was
a ust e (0] e esir e e 0 a use 0] ea e
ST e 2 o caboliifet ol derdty Hoydihd, Barflehng, By 41itfe, orffiie: "once
t hese condi t ipohgetherinides apodlyarasdid, tiodydiatathylsiipkane epolyatherseiphsire,t ed at
the desired ref ' i i St '

bori oar car 1y Pouattyleiie, dcifiingfAerdithaidle ot ety Rhaepanmistaly

anal ysi s was Pedeetone 2pamethyeethaepdate. iy piopyirne e nstydene qui d

fractiorgs. DipalyddighéRe, pehtetafidroettiisnadpsigtipsthaneseeded to af f ect
conposition of the 'gﬁ rhead.stream .The initlLal oveWﬁ?d fractions are
|

enriched in PYVINYIghtoriqe, sllisneg WbRGEHS cand sdlicaness Ve gepesdibht adi ene
(2 gfﬁ), Fli cKtcIpmmﬂthatﬁmere(m)at@mbl;z'mi)d)edanelrmolya?iy)enéxﬁémmamzms ?f

e "li " . 9 arate rom
L e O BB RS RS AL SE el A2 hshind SR S8
epoxyoct yl t etengoytnastod euetad of BEITY compenearcoatedl witheanhehthieesbave left in
the stifg po |a&i@n@é§¢iél‘s[ ‘F‘P'rr]fgu'ér,ltoi:’t?, BaR B‘@%dﬁt&fﬁr&@ﬁ%t%‘?ﬁokgﬁﬁl ority of

EONB had been renove rom pot resi 30Referr] 0 Table B,

. . S .
bel ow. A sep@H_QSHaﬁ%_V"dﬁhs@ iqmlf&fmoﬁomogw%$m%w'ﬂgaeeg@hofﬁ%ulhbsu from
the first di ?Uok:ﬂ ttrh defnitisAdFbP tafatee Ml imienits hEQ@b (tRf&Imay oduct .
WO 2012/ 0282 ?P [ EP2011/ 00428%. - - : . .

also be uniformly pre-aligned by extruding, stretching or rubbing to

influence the orientation of the organic semiconductor in order to

20 enhance carrier mobility.

The electrode can be deposited by liquid coating, such as spray-, dip-
, web- or spin-coating, or by vacuum deposition or chemical vapor
deposition methods. Suitable electrode materials and deposition

25 methods are known to the person skilled in the art. Suitable electrode
materials include, without limitation, inorganic or organic materials, or
composites of the two.

Examples for suitable conductor or electrode materials include
polyaniline, polypyrrole, PEDOT or doped conjugated polymers,
further dispersions or pastes of graphite or particles of metal such as
Au, Ag, Cu, Al, Ni or their mixtures as well as sputter coated or
evaporated metals such as Cu, Cr, Pt/Pd or metal oxides such as
indium tin oxide (ITO). Organometallic precursors may also be used
deposited from a liquid phase.

30

35



Table A - Distillation 1st Pass Crude EONB Charge Still Pot Tenperature:
50ver head Tenperature: System Vacuum Reflux Ratio: 36.82 kg EPD 95-100C
EPD 65- 70&80BPR/@2sF9nmHg EPD 2: 1 EONB 130- 140C EONB 90- 100C/HBGNB/0028D- 0. 20
mHg EONB 1:1 Table B - Distillation _24_%_Pass 10 15 Medium Purity EONB
Charge Still Pot Tenperature: Overhead nperature: System Vacuum Refl ux
Rati o: 6.66 kg EONB 120- 130C EONB 89-92C EONB 0. 10-0.20 nmHg EONB 3: 1
Exanpl e Al5. Synthesis of DHNM NB

The OSC materials and methods for applying the OSC layer can be
selected from standard materials and methods known to the person
skilled in the art, and are described in the literature.

5 In case of OFET devices, where the OFET layer is an OSC, it may be
an n- or p- type OSC, which can be deposited by vacuum or chemical
vapor deposition, or deposited from a solution. Desirable OSCs have
a FET mobility of greater than 1x10° cm?v's™.

The OSC is used for example as the active channel material in an

10 OFET or a layer element of an organic rectifying diode. OSCs are
generally deposited by liquid coating to allow ambient processing.
Exemplary liquid coating methods include, but are not limited to
spray-, dip-, web- or spin-coating. In some embodiments in

15 accordance with the present invention deposition by an ink-jet means

is employed. Additionally, in some embodiments the OSC may be
vacuum or chemical vapor deposited.

The semiconducting channel may also be a composite of two or more
of the same types of semiconductors. Furthermore, a p-type channel
20 material may, for example be mixed with n-type materials for the
effect of doping the layer. Multilayer semiconductor layers may also
be used. For example the semiconductor may be intrinsic near the
insulator interface and a highly doped region can additionally be

coated next to the intrinsic layer.

25
The OSC material may be any conjugated molecule, for example an

aromatic molecule containing at least three aromatic rings. In some
preferred embodiments of the present invention the OSC contains
aromatic rings selected from 5-, 6-, or 7-membered aromatic rings,

30 and in other preferred embodiments the OSC contains aromatic rings
selected from 5- or 6-membered aromatic rings. The OSC material
may be a monomer, oligomer or polymer, including mixtures,
dispersions and blends of one or more of monomers, oligomers, or
polymers.

35



Nor bor nene net hylam ne (60.0 nL, 0.49 nol) in 57.5 g of toluene was added
drop wise to a 3, 4-di hydronapht halic anhydride (80.1 g, 0.40 20nol)

di ssol vedwonoeppsogi mately 290 g to tol uene with vi gor omsT@romniongs2 A | i ght
tan solid formed. The m xture was heateg Bet ween 65-95 C the solid

di ssolved to give a clear, dark brown s Pu’ti on. The solution was heated to
reflux and water was renoved using a Dean-Stark trap (8.6 g) over the
course of 6 hours. The reaction m xture 25was cool ed and then concentrated

using a rot aré@cﬁ%’?P%&Fkﬁm&Rc%@' sdfind cg%@’c%{ﬁ EEBB?\FHY:?WUBQ degP 9). A

portion of the ol I Uunn - chronat ogr aphy
using 5:1 mXﬂGerthefﬁ@iaﬁ‘@sS%lﬁGt%i frpm §@etT@ué’ &, Bl denN, Qwsrid.y five, 125

mL fractions wesR sohérmladichhaeibdttorislareI8cteRMPoReN, @Ndoncent rat ed
to 30dryness using a rotary evaporator to give a Vi scous yel'low oil (19.7

1H NVR canfirned heldentlt of .the product Exanpl e Al6.
%g/nt heshs of Q'ﬂl’&:ﬁfﬂg‘?gﬁé'”g\ﬁdnéﬁ BpHoM? 5“@'132‘51%‘? N%Nﬁaél?,o yrreessel and
t hen mﬁt er ed golyalkbRe, thivalkel, azyl, aaryb@ﬁsgmtg\ﬁtemamtgeooperhaloﬁelrnour peri od
once the reactj t re I € . neterin
period the cﬁﬁfﬁguﬁg'mqa}%&%%cé‘g‘?gt@ %no%éﬁ % lglﬁﬂ}tg eafﬁd anal yzgd by
GC showi ng 2%%coodaoy oetertiame atiosgeite or acgaatiee weptesgnpedtiyrat el y 0. 6%
cycl opent adi e RU¥ S o(sﬂfq;g‘e nethqx etate
t%e rgmal nder Nl?s st wﬂﬁfeﬁggn%t? tﬂqé)rg%s@tbate II R FSI Iﬁ’sé%w’%cgp
Purificpgi on bsth r?denaﬁ!ﬁré%d%ﬂm@&sﬁwteac@k&& epilgnaﬂmwbrsnbﬁ@d ayl,

fractional vagkeywy et pbwduacsxwgramsa dckadreelthePR Haal RGristakgigti | 1 ation
was 10conduct ed, under vag):('3 {PBO@%PG rang&| of . 1 0,to 200 niforr with an

over head t emY LIGSE BRY dApHP 80% of the cont ai ned

nor bornene was recovered at greater than 99% purity (based upon GC area %.
Exanpl e Al7. Bymtihgsimay)bel\dip{mﬁalw mmdrmayhaemmioeqmlacnejugﬁied

| ut | f 0 t f
vater argl et HATBIUE QLRGN ic (T -BR0k WIS A cer
stirring at roEBnaﬂéer@%qmwemnd@@tlwﬁnfwntb ek ox%é\ﬁ@aﬂ%ﬁya&y (136 g,
1.00mol ) was gt §pta(?t|éth'l'a$l e X} un@ gid\epd; RGebPEs SRS I SptigiPalff | rred at 50C

oil bath for ear owsolu ion re ted s al | owed
to stir at rc?b'?’. ﬁ#ﬁé@d@ﬂ&r ‘P%tt' yn?‘mﬁtgg%edlﬂyﬁcw ‘i Bom}ilvﬁ'aa 600nL of
a 1:1 m xtur eargf theiselthay eebptioralinfludtikatezl. e added to result two |ayers.
The organic | ayer was washed by saturated NaHCO3 aq. (300 n1_ X 2) and water

Soont. o e OAESYERAIH B tlcflal BN B9 s b AREDRoIR® actor”
Yi el d 133g (3rodelgompaundecriifgomess aad(olﬁrlvannyeS@f@@n(mum 7.47 (d,

1 7.50 (d %
1H% 4- bi cycl( o[SZe%a teg frcértﬁ_tﬁ_eegnre%_ﬁg_cn%qﬁ%(r( Ofe§§h5ugated h%% cF1Coaxr§/>[c))f:}eny1)

2- proopen- 1- ork®! XW@FW&I $h apopQlyaeenei Belysheryens. P?Q(Bbe wlegonol ) in 200nL

gf DIV:: were agggend), .:rwmwwn@mmmﬁgm @hf@@%f(tﬁésé@on?:dé}@@') and
i cyc

0.115 0#% Tﬂygf%%f?}ono%mm&far &0 ﬁﬁiené%r(# ?F‘g’ﬁgﬁi’ i’gg‘gg% oS ieh é? 24 hour s.
An or ange WOtetaeenesamyBeEmsEpeotaed®) pyrene Gerylene, coronene, or
soluble, substituted derivatives of these; oligomeric para-substituted
phenylenes such as p-quaterphenyl (p-4P), p-quinquephenyl (p-5P),
p-sexiphenyl (p-6P), or soluble substituted derivatives of these;

30 conjugated heterocyclic polymers such as poly(3-substituted
thiophene), poly(3,4-bisubstituted thiophene), optionally substituted
polythieno[2,3-b]thiophene, optionally substituted polythieno[3,2-
blthiophene, poly(3-substituted selenophene), polybenzothiophene,
polyisothianapthene, poly(N-substituted pyrrole), poly(3-substituted

35 pyrrole), poly(3,4-bisubstituted pyrrole), polyfuran, polypyridine, poly-
1,3,4-oxadiazoles, polyisothianaphthene, poly(N-substituted aniline),



suspension resulted which allowed to stir at roomtenperature for 1 hour.
300nL of dichl oronet hane and 300ni of 1N HCI aq were added to result two
| ayers. TWeo 20rxyesi7e | ayer was washed by sat. NaHCO3 aq. pCTZO®adii/oe4282 wat er
(200 nmL x 5), then evaporated to yield éange 5solid. This solid was washed
by 300m. of EtOAc two tines. The resultéd pale yellow solid was dried in
vacuo. Yield 16.0g (449 . The structure was determ ned by 1H NVR (CDCl 3).
Exanpl e A18. Synthesis of DMM Et NB Cyanonet hvl norbornene: A 1L, 4 neck RBF

i d l.et, st
and mechani cAO SubotRUERE Elinef AGTS SLoRitiied A ADORRLS 1 For bor nane.
(120 g, 0. 84 hisubstgstesbapiline)., palpazulenplBolynydese] pyragatine(74.2 g, 1.51

mol ). An extr@ymlod gﬁdébimgQEnggqgﬁetem b@ﬁgofd}af,‘hgl w| elhe reaction

m xture was stirre ana an al i quot

i ndi cated al Ip%&’%)frﬂq'%“%ﬁﬁ%‘w%ﬁwlﬂﬂ'n@e@ﬁ”é%%r?@dn%'équhé WRereion was

conpl et®ed. ThenigeehdStrifkined: eubBtitute® nestallo- bearethe el Fdrhines,
into t and. di l uted with 200

I
P RE e iRty ah e, B oR il afhyaR St HanntAd hedatines 8
re-extract ed fliarongghti@locyan NS s lred GrgéullerepbasiisN wdiatky¢onbi ned and
washed with (%ggmégh)ddgﬂg V@%ﬁ{l]og%ghéﬁémgdqﬁg@ﬁq%\@agh reached pH = 6. The

MIBE sol ution ydrous 'sodr um sul fate”overnight, filtered,
and rotary eVinbthalemetetrrcarboxilicdisideiags lueouderivatiest & A- for 3h at

bath terp 50QiaR ws\u%s%ﬂ&ee d.&&Q%oua@h &t swsht&éd% re,'w f. GC. Proton
NVR anal ysi s |nd cat ed %f?’ erla "Thé crude dark

nt ai
brown pr oductPSMENReEa¢RPoXY qukm'tderg’ &PPW@W&S%‘!”‘? urther purification.
Dat googc angloyphen@@u.aoagg m,mmdwmgsgmsnm@mmﬂr& éhcﬁﬁ}fmbtlzngC?SC
to at m 0 ect ar. t epper
Detector te aqtﬂpgdmg%tgeng "H?‘@Weg‘ X‘S&Qb St (&5@' REE ﬁgséjéqw pped
with a ther m_dmllkyl shivstitBed diatkyhgliatyh e subdtituled alidetiser with a nitrogen
inlet, diti @é}ge h Lk g€ ed with 600
mL 35t oﬁene {é&?ﬁm%% Ir@g B[Ueﬁ%'o ﬁtzat?\#y%rb ]y} Wgﬁ%ﬁgm nol )
with stirri n@mhﬂ@lmﬁwﬁum eeev%@% coep@undyangi ﬂwwm peeof\gy

2012/ 028279PGHi1e0A HP8AR8gonabSolveanhydri de di ssol ved in the toluene. The
m xXxture was warned to 250 to clear the solution. The addition funnel was

charged with ,am noeth ornene (104. 4% in 100 nL
t ol uene and AB(T(%“%PB eB\Pé’rd'Tg %ﬁh?%%ordﬂﬁcﬁd’&'it@ %Br&ﬂﬁ) nL 5t ol uene
was ad t o inversteon rthek@Sﬁnmawudiylanerﬂmymemsoamdpblwna[kjcmmpmsfng”mel was

replaced by g, 8PRfdre rla,aaﬂhgt%ﬁt‘é éﬁé@%b%&ﬂnﬁh‘?&éﬂ-ﬁé}% 296; e)g 30C and a

white thick prec Carefully (to
avoi d excess|S\W@Sﬂ8&ﬁﬁﬁb)omﬁee?-lﬁjdlybmtlm”m?mhséﬁu@ﬁbthﬂ@ﬂb[@x%d for 2

Pﬁgz)?et ;Acg:)e thz c%%?@%tse\myllggpéﬁél aﬁu%{f@u;& hiBhol B2 ) g(.@ Pgn%{ge\?feal ed the
reacti on was & rﬂi}’ etsé ?‘@%ep gdﬁ@f %Q‘ﬁuksg%tﬁ)gﬁﬁ %’P\%qu "YW

i npurit g at 7.8 mnute) The reaction m xture was cooled to room
t enper at'ure ancbtheapséferreelcbmboamherhﬂsaskacmmldanwantrrEtteeplramntthe rotary

forr) at 7ocibih e EoEele TR Y AR bl B g BB e 17
g of crude prp@c!llﬁ%@e@s, t@énalceoemwrg@tbrﬂaﬁna/|osdmleroﬂmchcc;teramuws| s indicated
the purity of héfé&?elll%ﬁig{ﬂal IEFPy“Ieﬁ{ybH‘IyD%IPd;Bjéf‘deﬁzéosg(? vacuum was 97.4%w th

0. 3% DCPD an 8% unknown | cr ude pr oduct was
adsor begl. i n Wt@m&/'sﬁﬂqﬂ&ﬂ“ﬂ heﬁfeaﬁﬁﬁ%ﬁa@%ﬁf RreaxappleginddSsi | i ca

gel el ng \g,690 /02 we 2G85/05824810Mer UB Texgmne1(2L), 2.5% EtOAc in
hept ane (2L), 3% Et OAc in hept ane (4L) and 5% Et OAc in heptane (1L). The

concentrated,purified fractions |el ded oduct as,, col.ar| ess
vi scous i | ég }‘§/| BiEd§T&A$ME d'é'a/e'bttﬂfltgf '1‘1@%!9!5 g sgss spect rum

Iayer comprises one or more organic blnders to adjust the rheological

properties as described for example in WO 2005/055248 A1.
35



were consistent with the structure. Data: GC anal ysis done on a DB5 Col um,
30 neters, 0.32 M ID, 0.25pmfilm 75C to 300C at 15C/mn, 2 mn hold at
300C, | njwoter2/mearper ature: 275C, Detector tenperature: PBFBB201IR®04L82 | On
time: 11.893 mnute. 30 Exanple A19: Synpthesis of DVM PrNB 35

Cyanoet hvl nor bornene: A 1L, 4 neck RBF Was equi pped with a thernowel |,
condenser with a nitrogen inlet, stopper and nechanical stirrer. The RBF
was charged w th chl or oet hyl norbornene (100 g, 0.64 nol), 300 nL DVSO and

the Nach mhanBedin SR dleafl) ifciafsidu PRl ds e SRR 66 -
stirred at - douns@f the feums hemginaargl tpshe constinediasginsiudingitbat ed al |

starting mat efihglhlaPackri @R Fieaees. and the reaction was conpleted. The
reaction mxture was cooled to roomtenperature. Approxi mtely 200 nL water

was poured into.the flask. and diluted. with 100 nL MIBE. 5The organjc phase
s oorr at edt HilBERPRIEGESed thal Griaians © theoreasea srPROTISDRoOk: ) " Mioe
The f)r gﬁni c phedegentivecanrs nmﬂmdila@ﬂﬁdw‘ﬁ_\g?itlﬁ? Dh_eEéKbp’d_bLtl_ﬁ) wat er
until the aq -wash r pH.= 6. T on Li over
anhydrovs. sdnieTidls Baehisarelilstiorep B il PRafaionBSs S1E8, Vo i ve
93. 5g (99. 5%0atbgiwise) nvayt be 9epBxeduby ap dteraativelfgatanalsgsvisgithdi cat ed t he
mat eri al contgy NE Ofl{rd next
reaction vvithsgéﬁg’% %%W&rié{ﬁ‘?gﬂ’gﬁ&%t a: CIQ@%%#%E#EB éﬂéhg'r?%a DB5
Col unm,1@0 nedasisfeaturexdigrlqssd ehowdhe viewed/aebengomrely e2ewniam., hol d
for 2 mn at tRAP(S tol SH\ESLER ol REARGTAEWH §enérie FepretditaGoRindlasRer G Al e:
350C. Am nopropyl norbornene: A 3L, 4 neck RBF was equi pped with a
t her mowel | , cscﬂl‘)%: €% "h a nitrogen inlet, addition funnel and mechani cal
stirrer. The RBF was charged with LAH pellets (50.6 g, 20 1.33 nol) and
mechani cal | y Ibwill bedudher apgheciatachtr@idheitfeMliBes disdlbsed ipHsise resul t ed due
to sonme | oss i added and the
resul tiqg di ss%[eercﬁg‘rﬁﬁf\ﬁargdﬁmf‘ﬁgh{dtlgé'é‘lt%éq)%j% gtnrre ano g:?nce. bath. The
addi ti on f unrAcofganemurihethewptasesy nnantion exsarimeere @ coBBngtion. 635 nol )
emperature Lar oo s auIEd DN SEDhat S EnRLBITRAEIRING rartheAdt | of
Cyanaet hyl ol iAs:ABD BSRIELUA AN OF e Erdtutes Geettike PRGVBaRFe was
r e_rmveg and3tihe?mltiivé mgwe_mewhhg%ht@ad adt ;ﬁ&&cbé%velf aia émBobirg_%h't cﬂdand
stirred at [ iti m nut es when anal ysi s indicated no
e e tinyenligh.

startingy 30 The m xture was cooled to -15C (nethanol/ ice
bath) and 150 nl of distilled water was added very slowy over 3 hours 30
mn, keepi ng theinvembionaw il rowdieodeoaibeathirs margdatail hyseféeremcgi touthed wi t h
250 . MBE 3BflofieEREMRHE0 WhichHUrklifls EVELAT 4Rd d3ARloCimR tReec! pi tat e
the lithium andoalnﬁfnénum by-_’prolguctrs IaSSSS'ree fyl%\(\?\n&ng I 'Ee solid. After
stirring 10 mcepeedf theneventignum and

25 Unless stated otherwise percentages are percent by weight and
temperatures are given in degrees Celsius.

In the examples that follow, synthetic routes to some exemplary
monomers and methods for the polymerization of such monomers are
demonstrated. These examples are in no way limiting to the scope of

30 embodiments in accordance with the present invention. Additionally, it
will be noted that for each of the synthetic routes and polymerizations,
generally employ anhydrous and oxygen free conditions unless
otherwise noted. That is to say that where an example instructs that a

35 reaction vessel is charged with a solvent, the solvent meets the above

condition and/or is sparged with an inert gas such as nitrogen to
remove any dissolved oxygen and water.



al um num by- products were allowed to settle and the MIBE phase WO

2012/ 028279PCT/ EP2011/ 004282 - 67 - was decanted. The lithiumand al um num
resi dues wereixnsrped with additional 500 nL MIBE, thenPrirsedoiisei2st ed, and
t he MIBE decanted. The MIBE decants vverg conbi ned, dried over sodium
sulfate, then filtered, and rotary evap Bated to give 92 g (95.8%yield)
50f colorless viscous oil. GC analysis indicated 99. 7% purity. 1H NMR

anal ysis indicated the nmaterial contained -1% MIBE. The crude NB(CH2) 3NH2
product was used for the next Lﬁawn Wi ogé further purification. Data:
GC anal ysis done on a DB5 Col u POEERYNBESS ym 1D, 0.25pmfilm 75C
to 300C at 15C/ mn., Injector 10tenperature: 275C, Detector tenperature:
350C, Retentikxample AL. Sybthesist ef DNHBHVIENB 1Cl1 DMW : A 3L, 4 neck RBF
was equi pped with a thernowell, Dean Stark trap connected to condenser with

char gecs v t h 2ty ﬁ‘%%":"‘*"}yﬁ# (REeTS, TRU R rahg BL toliiine MR FPT Wa°
76.7g, 0.60 riargesta a2k flagh fittadewith,a me@h?@|'¢alc§§t5f%d0cearh§tﬁrk 14C as the
di rrgt hyl mal le'tFa mérﬁ@rdaﬁéothwﬁowumee Trd Hﬁmr?%léwwseng \rAllar med
;g‘l nggr ggyfngﬁﬁé‘ éq i on )gcgqfq)alsts:oﬂvefﬁ réntt%é)‘l'%‘?reqhgn :dd\émdtdropvm se
over 15 m lrlutrﬁechd’rmwatlvllsgrrreldainl)dtﬂfb BBStg)beGB% aAtnacheéthlylhorsormedel n t he

am nopropyl n ne e t opper .
The mxtar e \RrainEMERcad g AN BB R fiend?se AR o8 ot
250bserved T Grvasummediatelyabsereed @nd the middute vias sowdy beated oani ng)
to reflux vl %gom @k’éé‘s%u@é'?oérﬁ r{g})iﬁﬁllfréfluﬁ\A}%'?zseﬁeﬁl e@pé@*@t' on was

observed and eoretica was col ected in the
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and WO 2012/ Qefair 998 RN Y #b#83a previous batch of crude material and

and both batches were then vacuum distilled. A forerun of 132 g was

20 collected and found to contain 96.8% purity product and unreacted
dimethylmaleic anhydride. In addition, a first fraction of 281 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
o5 (1.15-1.55 Torr). The combined first and second fraction of >99%

purity product was 1201 g for a 87% yield.
Example A2. Synthesis of MIEtNB

Maleic anhydride (389g, 3.96 mol), ground in a mortar, and 6300 ml|

30 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. Aminoethylnorbornene (90.1% purity, 600 g, 3.94 mol) was
added dropwise over a 20 minute period to the stirred mixture,

35 causing the temperature to rise to 49°C and giving a deep amber
solution. The solution was heated to reflux and after 5 hours 40



- 68 - chromat ographed over 360 g of silica gel eluting with heptane (4L),
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mn hold at 300C, Injector tenperature: 275C, Detector tenperature: 325C,
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A2, B1, B2, B3, and B4 were combined and rotary evaporated to give
223 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

g at 99.9% purity. A second crop yielded 22 g at 99.7% purity.

25
Example A3. Synthesis of MIMeNB

Maleic anhydride (117 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 m| o-xylene, causing the
temperature to drop to 17°C, while yielding a hazy solution.
Aminomethylnorbornene (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°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/

30
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75% al lyl triethylene glycol nethyl ether, and 23% norbornenyl -

10t et r aoxadodecane. The charge was distilled and produced approxi mately 0.4
kg nor borwenyiZmsraoxadodecane with assay greater than P8¥EPBG1AILE) .
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sol uti on was MatGngséE@taﬁﬁhm_aP&;t m xture descri bed above was
injected to the heated vial. The solution was nmaintained at tenperature for

17 hours with stirringcg)ga %Qah ghg tl‘(‘@ﬁ aAfI g%eq)“hﬂ" m)é to room

tenperature. Residual hoved e porymer precipitated by

pouri ngp@d he reaction mxture |nto an 20excess of ethanol. After isolating
t he ponrrer Himethynagliedm anhydiide (d8i76ai & 14 9melluwasehargeds®®@ Exanpl e

B2. Co- Pol ymaphgfbh ¥@s8E| 84MNB pady YVhé&MRical stirring, a Dean-Stark trap,
a condenser and a thermocouple, was dissolved in 120 ml toluene,
causing the solution to cool to 18°C. A toluene slurry of solid exo-
aminoethylnorbornene (20.4 g, 0.149 mol) was added to

25 dimethylmaleic anhydride solution and precipitation of white solids
immediately occurred. The reaction mixture was mechanically stirred
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

30 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
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.
35 purity



The nononer solution was heated to 45C and catal yst m xture described above
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Exanpl e B3. Co-Pol yneri zati on of DecNB and DVM MeNB The nononer

solution was heated to 45%%@%@ _ tﬂ%éﬁuémﬁﬁpf;emi bed above was

injected to the heated vi € sol ution was nalntai ned at tenperature for
1.5 hours with stirring after which it was W) 2012/028279PCT/ EP2011/ 004282
- 71 - al | owdeitragopisornhydnidsy (332 8pér th M) ardsi Rt @dtelugse WBEE r enoved
and theApol K@fﬁrﬁé§$6%'$;ﬂtwe|€§l@ﬁtt@@%ﬂtmg rfué@hémgtau?@rlreﬂtmem%ﬂeﬁappg _752' 25
" & veuum dRressesand Teaaaine. s sRoryauas b EHeERosAR tBNE The
_m)_nomardsol ut1h63|® wshéletttai:fbrtioaﬁh(}d?dé_djesawdtin_rfhe!twlmenéeﬂ'@rtihbed above ¥\as
injected to t al . 0 Q | n erature for
1.5 hours w trﬂggﬁﬁﬁfgg%ggﬁﬁgﬂ%‘i@% ﬁ%ﬂgﬁ%ﬁ%@ﬂ#q‘a}ho@g%rfé {% room

t enper at ur e. Ré&bimolplandaa 80Pl telwenermsedwerel addedpdhemixtyieeci pi t at ed by
pouring the m el f :

o0l at Png ¢ haTEaraely B EXLRAR! Rlast AP ISR TERAN (B0 et 65
15Exanpi@ B5.THRsre vas heatesncaefhofis anpid xssrsivesfopmtinghtavas heat ed

to |45C_I_ﬁnd C?btﬁ_ln(STAthGWi,%tﬁiﬁéﬁiPﬁéltéWt &@Mffrdm&hé][ﬂt@ﬁtlcﬁdwefﬁ@-dﬁmhé?ﬁt ed
vial . e sol ution was in ed a r.at ur or.1l. ours, wi
Stirring. afs SO SR D DRaTIaRaterdg 0hg of Sredibtical s solFeetresi dual
cat al yst was indhe\DhratdatkiteapoGrranalysecrgMezaed dhdyegpction wast he m xture
I nto an exces / e t | | r by
i tration, 10Re, TS RGRELAR IR 1SpbBltd AU b Aberdfi And™
Horopol ygrer i Adtered. dihedaiet®whsethesniniery evapeiaied hayield&72dd (88 256) and
ol Ut on nas S L O B B 8 Rt e s er
which it was \aq%e'&tﬂeg&em'g%e&%n,5&%%@%%& A25r RANC Etﬂéry was
renmoved 30andrérie pol ymer precipitated by pouring the mxture into an
excess of 75/25 acetone/ nethanol. After isolating the polyner by

! g 250 o9 RIS sl of s s

A 1L, 4 neck RBF equipped with a thermowell, condenser with a
nitrogen inlet, addition funnel and mechanical stirrer was charged with
200 mL of toluene followed by potassium DMMI (35g, 0.21 mol) and
18-crown-6 (5.7g, 0.021 mol, 10 mol%) with stirring. The addition

25 funnel was charged with endo-/exo-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

30 reddish brown. The reaction was 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

35 extracted with (2x 200 mL) CH,Cl, and organic layers washed with
brine, dried over Na,;SOy, filtered and evaporated to give 55g of crude



Mononmer A Mononer B Catal yst Yield MelO-3 PDI A/B Bl MeOACNB (10. 8)
DVMM MeNB (15.0) 0.29 76 84 1.77 51/49* B2 DMM MeNB (19.43) BuNB (5.41) 0.39
85 WO 2012/028279 PCT/EP2011/004282

-52.

product as a brown oil. The crude product was adsorbed onto 55¢
SiO; and chromatographed over 330 g of SiO; eluting with pentane
(3L), 2% EtOAc in pentane (5L), 3% EtOAc in heptane (3L) and 4%
EtOAc in heptane (2L). The concentrated purified fractions yielded

5 31g of product as a colorless viscous oil (58% yield) with 99.3% purity
by HPLC and another fraction of 7.0 g product (13.1% yield) with
99.09% purity by HPLC. The combined yield for the reaction was
71%. 'H NMR and MS were consistent with the structure of
DMMIBuUNB.

10
Example A7. Synthesis of 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,
quenched 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% vyield)
with 98.9% purity by GC.

15

20

25

NBCH,0,CCH=CHCe¢H4sOMe (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

30 NBCH,O0H (100 g, 805 mmol), dimethylaminopyridine (DMAP) (4.9 g,
40 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,

35 dissolved in 400 mL dichloromethane. After addition of the 4-
methoxycinnamoyl chloride at room temperature, the mixture was




76 1.34 65/35 B3 DMM MeNB (17.81) DecNB (7.74) 0.36 37 65 1.48 67/ 33 B4
DWM MeNB (25.44) - 0.36 74 66 2.00 NV A BS FPCNB
WO 2012/028279 PCT/EP2011/004282
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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) NaHCOj; solution, (2 x 1L)
NH,4Cl solution, (2 x 2L) brine, then dried over Na,SO,, filtered, and

S 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 concentrated purified fractions yielded
133 g of product as colorless, viscous oil (58% yield) with 98.1%

10 purity by GC. Additional fractions were combined to give another 72 g
product with purity >96% by GC, bringing the total yield 88% (205 g).

Example A8. Synthesis of MeCoumNB

NBCH,OTs: A first 3L, 4 necked RBF equipped with a mechanical
stirrer, thermowell, addition funnel, and condenser with nitrogen
adapter was charged with tosyl chloride (377 g, 1.93 mol) and
NBCH,O0H (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
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,SO,4 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
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% vyield) with 95.3% purity by GC; Proton NMR
was consistent with the structure.

15
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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
35 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



(21.62) - 0.39 43 53 1.37 VA B6 C8ACNB (41.62) - 0.39 37 300 1.72 NA
*determ ned by 13C NVR For each of Exanples B7-B19, the anount of NBC4F6
( NBCH2C6RSOi2n1228a7pl e B13) indicated in Table 2, bel ow, paagEprdiig®ei2zsed i n
the indicated amount of anhydrous triflggrotoluene (trifluorotoluene and
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bar. The vial was sparged with nitrogen to renove residual oxygen and
seal ed. For Exanples Bll, Bl12 and B17-B19 the indicated anmount of DANFABA
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For Exdnpl es filt2reddvashdd witth4L 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 excess of heptane:toluene (3:1 ratio) to give 158 g (57%

10 yield) of pure white crystalline product with 98.2% purity by HPLC.

Example A9. Synthesis of EtMeOCinnNB

5-Norbornene-2-ethanol (NBCH,CH,0OH): 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
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, 2603 g of
reaction mixture was collected. GC analysis indicated the product
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
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) = 722 g. % Yield =
56%.
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NBCH>CH,0,CCH=CHCgH,OMe (EtMeOCinnNB): A 100 mL, 3 neck
RBF equipped with a thermowell, addition funnel, and mechanical
stirrer was charged with NBCH,0H (2 g, 14.47 mmol), DMAP (88.4

35 mg, 0.72 mmol, 5mol%), 10.1 mL triethylamine (72.4 mmol) and 25
mL dichloromethane. The mixture was stirred at room temperature for




30i ndi cated anount of formic acid was injected rather than catalyst. Table
2 also provides the yield (%9 for each polyner as well as W, and PD where
avai | abl evo 200/@28272/ 028279PCT/ EP2011/ 004282 - 73 - ExanpCe/HBZ011/004282
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stirred at 60C and the c®&xminyple Ambutsmhlegjgefed(:bnhmahe vial. The
m xture was mai ntai ned at 30tenperature for 1.5 hours with stirring after

which 2 nL of I t al yst
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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

20 indicated that the reaction was complete. The reaction mixture was
then diluted with 4L dichloromethane, followed by washes with 2L
water, (2 x 1L) NaHCOj; solution, (2 x 1L) brine, dried over Na;SO4
filtered, and the filtrate rotovapped to give 1064 g of crude product as

25 a colorless viscous oil (110% crude yield) with >95% purity by H

NMR (consistent with the structure). The crude product was used for
next reaction without further purification.

EtCoumNB: A 12L, 4 neck RBF equipped with a thermowell,
condenser with nitrogen adapter, and mechanical stirrer was charged

30 with 7-hydroxycoumarin (450 g, 2.77 mol), 3.5 L dry NMP, potassium
carbonate (498.6 g, 3.6 mol), NBCH,CH,OTs (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

35 allowed to cool to room temperature. Then the reaction was quenched
with 50L 1N HCI, causing the product to precipitate as an off-white
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Tabl e 2. Ex. r so vent vent/ Co- catal'yst” Catal -
by ﬂBLc The product was then recrystalllzed from 1.6L refluxe

heptane:toluene (4:1 ratio) to give 480 g (57% yield) of pure white
crystalline powder product with 99.3% purity by HPLC; '"H NMR was

consistent with the structure.

15
Example A11. Synthesis of AKSINB

NBCH,CH,0Ms: 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)
(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
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) NaHCO3; solution followed by 1600 mL of 1 N HCI
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 613 g of a red
liquid. NMR was consistent with structure. GC analysis gave mesylate
content at 93.2%. No further purification was attempted since the
material demonstrated instability during distillation.
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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 (613 g, 2.83 mol) dissolved in 2 L
of 2-pentanone was then added to the LiBr solution with stirring and
then diluted further with an additional 2L of 2-pentanone (total volume
of 2-pentanone = 8 L). The solution was then heated to reflux, and
was observed to become a white slurry. Upon reaching 92°C, GC
analysis indicated <0.8% starting material remained and after 1 h at
reflux, GC analysis showed no remaining starting material. The
mixture was cooled to 27°C and 4L distilled water was added to clear
the mixture. The phases were separated and the aqueous phase
extracted with (2 x 2 L) ethyl acetate. The organic portions were
combined and rotary evaporated at <30 °C. The residue was
transferred to a separatory funnel using 4 L of dichloromethane as a
rinse solvent. The product was washed with (2 x 1L) saturated sodium
bicarbonate followed by 1L brine washes until a final wash pH =7 was
obtained. The product was dried over sodium sulfate, filtered, and the
filtrate rotary evaporated to give 440 g of crude product (93.6% purity
by GC). The crude product was then vacuum distilled using a 14-inch
Vigreux column where the following fractions were collected: 1. 17
°C (10 Torr)-43 °C (1.15 Torr), 20.6 g, 97.5% by GC, no 2-pentanone
by NMR; 2. 42 °C (0.83 Torr)-44 °C (0.33 Torr), 334.2 g, 98.0% by
GC; 3. 32 °C (0.3 Torr)-44 °C (0.32 Torr), 53 g, 93.5% by GC, 3.5%
CPD trimer. Total yield of >93 % purity product was 408 g (71.6%
yield);

NBCH,CH,C=CSiEt; (AKSINB): A 3L, 4 necked RBF was equipped
with a thermowell, nitrogen adapter, addition funnel and mechanical
stirrer. The RBF was charged with triethylethynylsilane (128.4 g, 915
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
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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

5 washes with (3 x 8L) water, (2 x 4L) brine, dried over Na;SOy, filtered,
and evaporated. The GC analysis indicated that the crude product
contained 62% product and 27% by-product (EtsSiCCSiEts). The 178
g of crude product was distilled under high vacuum through a 14”
column with glass helices packing to separate the

10 triethylsilylacetylene and Et;SiCCSiEt; by-product. The product was
obtained in >99% purity (88.8 g, 43% yield) boiling point = 93-97°C at
0.20-0.21 mmHg.

Example A12. Synthesis of EtPhDMMINB

15 Bromophenyl-2,3-dimethylmaleimide (BrCsHsDMMI): A 1L RBF was

equipped with a magnetic stir bar, condenser with nitrogen adapter.
The RBF was charged with 4-bromoaniline (150.1 g, 872 mmol) and
dimethyl maleic anhydride (DMMA) (100 g, 792 mmol) in 600 mL
glacial acetic acid. The reaction mixture was refluxed for 6h and TLC
was checked in 30% EtOAc in heptane. By TLC the reaction was
complete, and the reaction mixture was allowed to cool overnight. The
product solidified as an off-white crystal, which was filtered and
washed with MeOH. Crystals were dissolved in EtOAc and washed
with NaHCOs; solution. The organic layer was dried over Na,SO4 and
after concentration gave bromophenyl-2,3-dimethylmaleimide
(BrCgH4sDMMI,170g, 76.5% yield) with a purity of 99.7% by GC.

20

25

NBCH,CH,CsH,.DMMI (EtPhDMMINB): A 3L, 4 necked RBF was
equipped with a thermowell, condenser with nitrogen adapter, addition
30 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
35 100 mL degassed NMP. The NBCH,CH,Br solution was added
dropwise and the mixture was stirred at 80°C for 3 h. Completion of
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zinc insertion was indicated by GC analysis of hydrolyzed reaction
mixture. The mixture was cooled to 60°C and BrCeH,DMMI (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 temperature and quenched with 2L 1N HCI and extracted with (2
x 4L) 50% EtOAc in cyclohexane. The combined organic phases were
washed with NaHCOs3, brine, dried over Na,SQy,, filtered, and
evaporated. The 200 g of crude product was adsorbed onto 200 g
silica 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 A13. Synthesis of exo-ArSiNB

Exo-norbornenyiphenylbromide: To 1-bromo-4-iodobenzene (250
grams, 884 mmol) and PdCIz(PPhs), (6.20 grams, 8.84 mmol) in 400
mL of anhydrous DMF, was added norbornadiene (360 mL, 3.54 mmol),
triethylamine (EtsN) (398 mL, 2.85mol), in a five-necked, three 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 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 dried with 5 grams
of MgSO4 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-
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norbornenylphenylbromide (169 grams, 77% yield) was purified
through a short path distillation setup at 90°C and 0.2 Torr. The
distillation cuts contained 62 grams (>80%), 80 grams (>99%), and
were colorless liquids. A sample of the pure (>99%) exo-
norbornenylphenylbromide was analyzed via '"H NMR and was in
agreement with the proposed structure and literature values.

Exo-NBCH,CH,CgH4C=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 (BuaNH) (77.5 grams, 0.6 mol),
PdCl;(PPh3), (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-
norbornenylphenylethynyltriethylsilane. 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 A14. Synthesis of 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. A premix of dicyclopentadiene (DCPD) (298%)

100
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icated in Table 3, below, vwefe dissolved in the anmount of
sol vent shown bel ow and charged to a vial equipped with a stir bar (for

B31

tor 30was used). The vial/reactor was sparged with nitrogen to
ual oxygen and seal ed. The indicated anount of catalyst N Arf,
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foed meightanke PXygenayan refovedsiremahieigacteisheadspace
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 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
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,
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 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 epoxydecene (EPD). After removal of
the “light” components, medium purity EONB (292%) is then
separated from the remaining cyclopentadiene trimers (CPDT) and
epoxyoctyltetracyclododecene (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.

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.
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Example A15. Synthesis of 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

20 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

25 was cooled and then concentrated using a rotary evaporator to
achieve 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

30 dryness using a rotary evaporator to give a viscous yellow oil (19.7 g).
'H NMR confirmed the identity of the product as DHNMINB.

Example A16. Synthesis of NBCH,GlyOAc

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

35
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oven at 60- 7@CHydroxy-4-methoxychalcone: To a solution of sodium hydroxide

(100 g, 2.50 mol) in 1.8L of a 10:8 mixture of water and methanol was
added 4-hydroxyacetophenone (136 g, 1.00mol). After stirring at room
temperature for 30 minutes, 4-Methoxybenzaldehyde (136 g, 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 HCI aq
(600mL) and 600mL of a 1:1 mixture of dichloromethane and THF
were added to result two layers. The organic layer was washed by
saturated NaHCO3; aqg. (300 mL x 2) and water (300 mL 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): 53.85 (s, 3H), 6.93 (m, 4H), 7.47 (d,
1H), 7.50 (d, 2H), 7.75 (d, 1H), 7.96 (d, 2H).
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1-(4-bicyclo[2.2.1]hept-5-ene-2-methoxyphenyl)-3-(4-methoxyphenyl)-
2-propen-1-one (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 bicyclo[2.2.1]hept-5-ene-2-
35 methyl trifluoromethanesulfonate (23.3g, 0.115mol). This reaction
mixture was stirred at 100°C oil bath for 24 hours. An orange
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10 Cyanomethylnorbornene: A 1L, 4 neck RBF was equipped with a

thermowell, condenser with a nitrogen inlet, stopper and mechanical
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
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 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 95.8% purity by GC.
Proton NMR analysis indicated the material contained ~1% MTBE.
The crude 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.
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NBCH,CH,DMMI: A 3L, 4 neck RBF was equipped with a thermowell,
Dean Stark trap connected to condenser with a nitrogen inlet, addition
funnel and mechanical stirrer. The RBF was charged with 600 mL

35 toluene followed by dimethylmaleic anhydride (DMMA, 92g, 0.73 mol)
with stirring. The mixture cooled to 14°C as the dimethylmaleic
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anhydride dissolved in the toluene. The mixture was warmed to 25°C
to clear the solution. The addition funnel was charged with
aminoethylnorbornene (104 g, 0.73 mol, 96.4% pure) in 100 mL
toluene and added drop wise over 15 minutes. An additional 130 mL
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
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
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% 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 164g of 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: 11.893 minute.

Example A19: Synthesis of DMMIPrNB

Cyanoethylnorbornene: A 1L, 4 neck RBF was equipped with a
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
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stirred at ~80°C for 2 hours. GC analysis of an aliquot indicated all
starting material had been consumed and the reaction was completed.
The reaction mixture was cooled to room temperature. Approximately
200 mL water was poured into the flask and diluted with 100 mL MTBE.

5 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%

10 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 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,

15 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,

20 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

25 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

30 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

35 free flowing white solid. After stirring 10 minutes, the lithium and
aluminum by-products were allowed to settle and the MTBE phase
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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 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(CH32)sNH, product was used for the next reaction without further
purification. 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., 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
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 warmed to 25°C to clear the solution. The addition
funnel was charged with aminopropylnorbornene (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 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 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 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
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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 yielded
115 g of product as colorless viscous oil (73.2% vyield) with 100%

5 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: 325°C, Retention
time: 12.634 minute.

10
Example A20. Synthesis of DiOxoTCN

Norbornadiene (77 g, 0.84 mol) and perfluoro (5-methyl-3,6-dioxanon-
1-ene or 3-(pentafluorophenyl) pentafluoroprop-1-ene (93 g, 0.21 mol)
were premixed in a 250 mL glass vial and transferred to a 0.5 L
stainless steel reactor. The reactor was sealed and heated to 190°C
for 24 hours while stirring under a nitrogen blanket. The reactor was
cooled to ambient temperature and the reaction mixture (169 g) was
concentrated by rotovap to obtain 140 g of the crude product. The
crude product was fractionally distilled to obtain 65 g (57% yield) of
the desired product in more than 87% purity by GC area percentages.

15

20

Exampel A21. Synthesis of PFBTCN

Norbornadiene (1.2 g, 0.013 mol) and 3-(pentafluorophenyl)

25 pentafluoroprop-1-ene (0.99 g, 0.0033 mol) premixed in a glass vial
and transferred to a stainless steel reactor equipped with a glass
insert. The reactor was sealed and heated to 1900C for 24 hours. The
reactor was cooled to ambient temperature and the reaction mixture
analyzed for product identification by gas chromatography (GC) and

30 gas chromatography-mass spectrometry (GC-MS). The desired
product in the reaction mixture constituted 45.6% of the reaction
mixture by GC area percentages.

Example A22. Synthesis of NBTODD

35 To an 8-liter stainless steel autoclave reactor was charged 3.75 kg
(18.4 mol) allyl triethylene glycol methyl ether. Stirring was started,
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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

5 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% norbornenyl-

10 tetraoxadodecane. The charge was distilled and produced
approximately 0.4 kg norbornenyitetraoxadodecane with assay
greater than 98% (GC area).

Example A23. Synthesis of NBTON

15 To an 8 liter stainless steel autoclave reactor was charged 3.4 kg

(21.2 mol) allyl diethylene 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 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 disdharged. The major
identified components of the charge, as measured by GC area, were:
72% allyl diethylene glycol methyl ether, and 26%
norbornenyltrioxanonane. The charge was distilled and produced
approximately 0.5 kg norbornenyltrioxanonane with assay greater
than 99% (GC area).
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30 B: Polymer Synthesis

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
35 molecular weight (My) is reported, PDI (polydispersity index) as the
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ratio My/M, and the molar composition of the polymer (A/B or A/B/C)
determined by 'H NMR

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 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(CgFs)2, (hereinafter NiArf) indicated in Table 1 was
dissolved in toluene (5 mL) 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
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.

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
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 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
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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 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.

10

15 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

20 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.

25 Example B6. Homopolymerization of CBAcNB

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

30 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.

35
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Table 1.
Ex |Monomer A | Monomer B gsatta' Yield |M.10° |PDI | A/B
B1 | MeOAcNB DMMIMeNB .
5 (10.8) (15.0) 0.29 | 76 84 1.77 51/49
B2 | DMMIMeNB | BuNB
(19.43) (5.41) 0.39 | 85 76 1.34 65/35
B3 | DMMIMeNB | DecNB
(17.81) (7.74) 0.36 | 37 65 1.48 67/33
B4 | DMMIMeNB | -
10 (25.44) 0.36 | 74 66 2.00 N/A
B5 | FPCNB -
(21.62) 0.39 | 43 53 1.37 N/A
B6 | CBAcNB -
(41.62) 0.39 | 37 300 1.72 N/A
*determined by **C NMR.
15
For each of Examples B7-B19, the amount of NBC4Fg (NBCH,CgF5 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
20 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
25 (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
30

indicated amount of formic acid was injected rather than catalyst.
Table 2 also provides the yield (%) for each polymer as well as M,
and PDI where available.

35
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Example B7. Homopolymerization of NBC4Fg

The monomer solution was then stirred at ambient temperature and
the catalyst solution injected into the vial. The mixture was

5 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.

10 Example B8. Homopolymerization of NBC,Fq

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

15 precipitation of the polymer into methanol, the polymer was isolated
and dried in a vacuum oven at 70-80°C.

Example B9. Homopolymerization of NBC4F,

The monomer solution was then stirred at 60°C and the catalyst

20 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

25 and dried in a vacuum oven at 70-80°C.

Example B10. Homopolymerization of NBC4F4

The monomer solution was then stirred at 60°C and the catalyst
solution injected into the vial. The mixture was maintained at

30 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.

35
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Example B11. Homopolymerization of NBC4Fs

The monomer solution was then stirred at 90°C for 16 hours. After
residual catalyst removal and precipitation of the polymer into 90/10

5 methanol/water, the polymer was isolated and dried in a vacuum oven
at 70-80°C.

Example B12. Homopolymerization of NBC,Fo.

The monomer solution was then stirred at 90°C for 16 hours. After

10 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.

15 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

20 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 NBC,F,

The monomer solutions were then stirred at 65°C and the catalyst

25 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.

10 Example B17-19. Homopolymerization of NBC,F,.

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
35 were isolated and dried in a vacuum oven at 70-80 °C.
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B14 (25.0) 100 0.39 84 |[312 1.7

B15 "(’Ega)Fg 100 7.8 0.78 |84 |331 1.73

B16 "('Escs)Fg 100 15.5 155 |84 |202 1.85

20 |47 "('3',310559 72.4 10.24/014 | 014 |48 |241 1.97

B18 "(‘3',3103'):9 72.4 M0.24/0.28 | 014 |61 |116 1,63

B19 "('3'?103'):9 72.4 M0.24/0.00 | 0.14 |45 [77.3 | 162

1 DANFABA Cocatalyst 11t DANFABA Cocatalyst/Formic Acid

25

30

35

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
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
Mw, and PDI.



5into the heated vial. The m xture was maintai ned at tenperature for 16
hours with stirring after which it was allowed to cool to roomtenperature.
Aft er reswgual2/esd7al yst renoval and precipitation of thecparyern4i28t 0

Met hanol , the polyner was isolated and. g}gl ed in a vacuum oven at 60C. 10
Exanpl e B44. Pol yrmeri zation of PPVENB and DVM MeNB The anmount of nononer

I ndi cated in Table 4, bel ow, were dissolved in anhydrous trifl uorotoluene
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sol ution vvasuﬁb?)f“%ﬁomﬁbﬁz"ﬂ-’é'ﬁﬁér(gptﬁ gqgﬁ@pr{%%rj%féﬂa@gtygé@?éroﬁg?}” ect ed
into tlhe vijalzwefﬁﬂetm%dta!ra_enmﬂt %mpem:tuf@lanﬂ_theLu.‘ataNslteblu‘tmiﬁOkuefel cat al yst
renoval _an [ . |.NtO ol ., the polynmer was
i sol at €@l and 8#"1%53 rﬁ tﬁ%a"i%'&m%@%ﬁmg@ré% W%?a%%ﬁtg% abol ymeri zati on of
PPVENB and DnNEmysnBturaSoTRBeheursumith stirnmg after whidh Camddofi distiiddd evater bel ow,
e OSSOl Yy R A STd BB AN S RalimBlrkaRal  ned 10 3 vial

equi pped with a stir lal was s arg rogento renove
resi dual oxydemrgiatwedreds Wsaﬁfﬁéhfe%ifjué catalyst iemeval anddi cated in

Table 4 was d;sré&m.téménl&mewapm&sﬁmtbfmema}sal ufélgo( Mm&R Weie i N a nitrogen
30purged gl ov. oner solution v§s7 %ﬁt’ roomterrper ature and

the catHDyst @8@3?%&“%%@{%6 Varuem pEep Chixture was stirred for 1

hour. After residual catalyst renoval and precipitation of the polynmer into
Met hanol , the pol yixampts B220|Rudlythexizaticon efINBC &y aadDMMIMeNBt 60C. WO
2012/ 028279PCT/ EP2011/ 004282 - 82 - Exanple B46. Pol ynerization of BuNB and

MeOG nnNB.  Th, Qi meP oﬁ%ﬂ’@élu%ﬂgé%? a'?ldTﬁf‘?llu%r oILlPé‘rké’ye ?eztgﬁ

di ssolved in a mxture of tol 3 )
5cont ai ned i rvas stigedsafiappiantipipesatirera Fhe %@')ﬁ Aoluken ¥as ged with

nitrogetbto rigfERtéEd iMtd thealialOXyee migtfiteSeas pthintdiReduBMpefrature for
16 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.

20 Example B23. Polymerization of NBCH,C¢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

25 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 NBC,Fs and PPVENBB
30 The monomer solution (trifluorotoluene (40.0 g), toluene (32.0 g) and

methy! 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
35 and dried in a vacuum oven at 70-80 °C.



catalyst NiArf indicated in Table 4 was dissolved in toluene (9.69 nL) in a
nitrogen purged gl ove box. The nononer sol ution was heated to 45C. The

cat al yst wol2gidegeas then injected into the reaction vegsalp2di@anist he
m xture was stirred (45C, 3 hours). Aft?ly resi dual catalyst renoval and
precipitation of the polyner into a mixture of acetone and met hanol
(75:25), the polyner was isolated and dried in a vacuum oven at 60C.
15Exanpl e B47. Honopol yneri zati on of EtCounNB In a nitrogen purged gl ove

box, the amount ofg ﬂﬁg@?gs gsnﬁ,peq,zhﬁ FWJ@B@FPEJ‘IHWM@@E"{NBSO' ved in

anhydrous di chloro contained 1n"a vial equipped with a stir

bar. The ano of catal yst Ni indicated in Table 4 was disso|lved in
tol uene (1. Gﬁhﬂwqwrﬁeﬁéﬂlpﬁ'f’é‘ "r'lﬂlb‘i?ho&é'&e@?dqé Q%)Y"asl'ﬁ%"ﬁﬂrﬁfr%r? Gol ution

was heat ed tmr}fhﬁtﬁeda'ételmts@lmn &rdwhjémwgﬁt(otﬂn@rmam Ehéednxmm:teg\ln/bfsi o
reacti on vessel. and t re e :
Monomer5 A MorfBREF! F/b%et tﬁg}ped:a rf’?th 'S d‘\ﬁﬁ\;/rf(%d %&?h’/s
DVM MeNB (11.r56)ov|9écalnl mﬂe@l[ﬁﬁétldﬂwﬂhe polymer into methanol, the polymer

was isolated and dried in a vacuum oven at 70-80 °C.

Example B26-B29. Polymerization of BUNB or DecNB and

MeOCinnNB
10

The monomer solutions (toluene (103.8 g) and methyl ethyl ketone
(18.3 g)) were stirred at ambient temperature and the catalyst
solutions were injected into the vials. The mixtures were maintained
at temperature for 16 hours with stirring. After residual catalyst

15 removal and precipitation of the polymers into methanol, the polymers
were isolated and dried in a vacuum oven at 70-80 °C.

Example B30. Polymerization of DecNB and PhindNB

The monomer solution (toluene (68.0 g) and methyl ethyl ketone (12.0

20 g)) were stirred at 50°C and the catalyst solution was injected into the
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.

25

Example B31. Polymerization of BUuNB 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

30 reactor. The mixture was maintained at temperature for 3 hours.
After residual catalyst removal the product was divided into two
batches each of a 50/50 ethanol/i-butanol mixture, the two batches
were solvent exchanged into 2-heptanone.

35
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Example B32-33. Polymerization of DMMIMeNB and HexNB or OctNB

The monomer solutions ((98.0 g) and methyl ethyl ketone (18.0 g))
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.

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 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

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
and dried in a vacuum oven at 70°C.

Example B40-41. Polymerization of DMMIMeNB, NBCH,CsF5s 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
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.



78% 1830 1.86 56/ 44 B45 PPVENB (20.49) DVM MeNB (4. 05)

1.62 92/8 B46 BuNB (3.83) MeOGi nnNB (17.04) --

10

15

20

25

30

35

-- 0.34 94% 1430

0.82 74% 780 2.04

WO 2012/028279 PCT/EP2011/004282
-79-
Table 3
Ex. | Monomer A | Monomer B lé:llonomer gslt:g]stu Yield| M,/100| PDI | A/B/C
B2 2513%1)':9 %‘Y‘s“f)'MeNB . 039/40 |65 |850 |2.21 |50/50*
B2 ?ﬁ%’;s) 3"6"“(;”3’)'9”3 049/50 |80 [992 |1.74 | 56/44*
B2 ?12%%423 a%"g '3;'6”8 0.61/62 |76 |816 |1.60 |62/38*
B2 g%%';'zcs':s '(%'f’:“é')'MeNB ; 042/43 |80 |1082 |3.27 | s0/50*
B2 m%ﬂ; 222553 - 051/6.1 |88 |1641 |1.45 | 50/50*
B2 z%%s';s; ?géchf;)’“NB - 1.47/14.9 | 60 | 7870 |1.43 | 43/57*
B2 (B;&B) '\é'eocmnN ; 0.43/4.3 |72 |2391 |3.51 |55/45*
(16.0)
B2 alzNzB) '\éleocmnN - 0.48/49 |76 |3052 |3.36 |74/21*
: (10.8)
B2 (D1e1°7N)B 'é'eoc'“”N ] 0.53/3.6 |80 |1657 |2.60 |57/43*
: (13.3)
B2 (D%fg‘)B '\éleocmnN - 0.35/3.7 |72 |1834 |2.04 |77/23*
(8.23)
B3 (%?&T)B (F;ﬁ'zgfiNB ] 0.82/93 |70 |469 |2.13 | 54/46*
“ |aes  lazay ol 250259 |78 | 760 | 173 | aoisr-
B3 E?L‘I)B '(32"2""\4)”\"9"”3 3 045146 |75 |994 |1.85 | 53/47*
B3 8?2;3 '(32'\1".'\2")”"'6”3 ] 04343 |60 |1020 |1.72 | 53/47*
B3 gifg‘)B '(31'\(;'."9")'“"9”3 a‘fg‘z’;‘B 0.787.9 |77 |774. |2.47 |4a2/54/41
B3 8&32?21)8 8!\il\él)lMeNB é'fgg;lB 0.68/6.9 |60 |788 |2.11 | 50/44/6t
B3 ?ﬁcgli 8'\:.“7")"\"6“8 é‘fgi?';‘B 0.91/92 |63 |579 |2.15 :4’46’10
B3 8%‘?;")3 g“{i'_'g)'MGNB g‘fgi?';‘B 0.90/9.1 |60 |503 |2.26 ;12’43”5
B3 ?1?21)8 8hg.kg;MeNB E?L?DD 0.38/38 |68 |886 |2.03 |47/47/6t
B3 882‘_’:")8 3%“;;MENB &?JS?DD 0.38/38 |68 |705 |1.83 36’47’17
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Ex. Mononmer A Mnoner B

C Cata lyst Yield MK 00 PDI A/B/C* B47 Et CounNB (4.00) -- -- 0.14
WO 2012/028279 PCT/EP2011/004282
_80_

Ex. | Monomer A | Monomer B g"°”°me’ gzltj;{ft” Yield| M/100| PDI | A/BIC
B4 | NBCH,CoFs | DMMIMeNB | MeOACNE 5348129
) 20 5) v 105/106 |85 | 1046 | 233 |2
B4 | NBCH,CoFs | DMMIMeNB | MeOAGNE 31/33/36
os) s 8) 1500 087588 |93 |o74 | 189 |3

*Monomer feed ratio
1 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

sealed vial/reactor. Table 4 also provides the yields of polymers
obtained for each synthesis as well as M,,, 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 NiArf 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



51 Ratio of nononers in polynmer determ ned by H NVR For each of Exanples
B48- B55, the ampunt of nononers indicated in Table 5, below, were dissolved
in the amwonbioRsxzel vent shown bel ow and charged to a viral/erquitppedz with a
stir bar. The vial/reactor was 1lOspargegqw th nitrogen to renove residual
oxygen and seal ed. The indicated anount of catalyst N Arf,

(16-toluene) N (C6F5)2 was dissolved in the indicated anmount of toluene in a
ni trogen purged glove box and injected into the sealed vial/reactor. Table

5 al so provi @ﬁa%téb%rgbslmn Altrad v (B Femobe abSRttha ﬁ%&y@éﬁ%n’%’é@ﬂ%@' s as wel |

as 15Mw, and _PDI ynerization o

8- Pol th either
BuNB or DecNgh%émé’Mﬁrﬁ@ag;liy% ﬁ*ér'§dlcr%¢‘ééﬂ dablend vt €'3§°"6?§?MH\N wer e

di S|SO| ved in tbmlemn@t 07 AL)in @h@tr@@émphrgﬁé@glod@bcfae Kr%lm@hoemt ained in
vial s equi pp

bar he, Vi th.nitrogen to
renove resi dlfé’l"wb%i/&’@r? %ﬁ& tgeeagpg&o 8aﬁﬂ%ﬁ}es°%%%6§ts£|% ’Nf']dff;{e ndi cat ed
in Tabl® 5 wént® thiesseateddviah Tbeé ueixturewas ghaintaiaedi atrtegererpturgefor gl ove
box. The non s h h tal yst
ol uti ons i nj Lep ol b YhaNGeer Vet bR aitwetito 800) i i 0
tenperature ftamp@ratufeu Afteraesigual eatalMal remaovaland peeeipiation @f the
precipitati O’boq))flmTeP‘FntB%léfFPdn%l'mé)p hieRhs idW1aR %ABdHieinea i SOl ated and
dried in a vacuum oven at 83 e B54- B55. Pol yneri zation of BuNB and
/ DCPD The arrd@ﬁ!-‘é’"bpvﬁﬁrﬂir@r i nd| cated in Table 5, below, were dissolved
in toludhe (30 g) contained in vials equipped with a stir bar. The vials
wer e sparged w t hErahiplg 844. oPoymerzation of #PVENBeandDMMMMeNBed. | n a
gl ove box, [Li(CEt2)2.5][B(C6F5)4] (Li FABA) (Boulder Scientific Conpany,

Vead, OO (OGRS AHUSEER PIEHRTaND. beiow,wero dissolyed . o ¢ e

vi al s. The viiaaghydreustifiuaroteugne (494 3 h’é—)\ﬂ%tglf\ﬁ&‘slna@w@d equnpped

(allyl)pall a@h%ﬁrﬁtsﬁlrr@é}htm RO é}?ér@b@'\ﬁlitHWQ Sﬁ%%Md?/etﬂé%uﬁﬁmunt S
i ndi catesl in Tabl e

t ol uene.” The intaj ped 5at
t enper at ure fBYIER "I‘f(‘ﬂl??ab%f t?e@(%q"l‘ﬂgot?ﬁéarééc@l@n '\f,?\g rT‘Z'” AR wer e
di | uted wi th 4Tias(diSSolved.in Relhydesus trifludroesiuphed7es0 mit)inrehhasyen was
i sol ated and drigg in.a,.vacuum oven at 70C.. Tabl e, 5
purged glove box. e monhomer solltion was kept at room
temperature and the catalyst solution injected into the vial. The

mixture was stirred for 1 hour. After residual catalyst removal and

20 precipitation of the polymer into Methanol, the polymer was isolated
and dried in a vacuum oven at 60 °C.
Example B45. Polymerization of PPVENB and DMMIMeNB.
25 The amount of monomer indicated in Table 4, below, were dissolved

in anhydrous trifluorotoluene (56.15 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

30 purged glove box. The monomer solution was kept at room
temperature and the catalyst solution injected into the vial. The
mixture was stirred for 1 hour. After residual catalyst removal and
precipitation of the polymer into Methanol, the polymer was isolated
and dried in a vacuum oven at 60°C.

35



Ex. Mononmer A Mononer B Cataly st Yield Mv 100 PDI A/ B* B48 BuNB (60. 86)
DVM MeNB (10.40) 0.95 94 769 2.06 89/11 B49 BuNB (42.07) DVM MeNB (27.74)

0.84 WO 2012/028279 PCT/EP2011/004282
-82-

Example B46. Polymerization of BuNB and MeOCinnNB.

The amounts of monomer indicated in Table 4, below, were dissolved

in a mixture of toluene (140.7 mL) and ethyl acetate (25.3 mL)
5 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 (9.69 mL)
in a nitrogen purged glove box. The monomer solution was heated to
45°C. The catalyst solution was then injected into the reaction vessel
and the mixture was stirred (45°C, 3 hours). After residual catalyst

10
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.
i5 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
NiAr' indicated in Table 4 was dissolved in toluene (1.61mL) ina
20 nitrogen purged glove box. The monomer solution was heated to
45°C. The catalyst solution was then injected into the reaction vessel
and the mixture was stirred (45°C, 3 hours).
Table 4.
25 Cata
Ex. | Monomer A | Monomer B Monomer C st Yield | My/100 | PDI | A/B/C*
ys
DMMIMeNB | DecNB NBXOH
B42 0.22 | 63% | 690 1.60 | 46/43/11
(11.56) (10.55) (0.76)
DMMIMeNB | DecNB NBXOH
30 |B43 0.35 | 63% | 336 1.65 | 51/39/10
(11.56) (7.03) (3.04)
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
35 (20.49) (4.05)
BuNB MeOCinnNB
B46 -- 0.82 | 74% | 780 2.04 | 30/70
(3.83) (17.04)




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) DVMM MeNB (6.93) 0.66 95 1097 1.84 87/13 B52

WO 2012/028279 PCT/EP2011/004282
-83-
Cata |
Ex. | Monomer A | Monomer B Monomer C st Yield | M,/100| PDI | A/B/IC*
ysS
EtCoumNB
B47 - - 0.14 102
(4.00)
5 * 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
10 sparged with nitrogen to remove residual oxygen and sealed. The
indicated amount of catalyst NiAr’, (n-toluene)Ni(CsFs), 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
15 My, and PDI.

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
equipped with a stir bar. The vials were sparged with nitrogen to
remove residual oxygen and sealed. The amounts of catalystNiArf,
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

20

25 , :
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.

30 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
35 sealed. In a glove box, [Li(OEt;),5][B(CeFs)s] (LIFABA) (Boulder
Scientific Company, Mead, CO) (0.009 g) was added to the vials.
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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

S 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
10 Ex. | Monomer | Monomer B | Cataly | Yield | My/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
15 (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 1097 1.84 |[87/13
20 (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)
o5 B54 | BUNB DCPD 0.004 |90 770 454 |89/11
(13.52) (1.32)
B55 | BUNB DCPD 0.004 |89 640 5.79 |80/20
(13.52) (1.32)
* C NMR
30

For each of Examples B56-B63, the amounts of the monomers
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
35 sealed. The amount of catalystNiAr', indicated in Table 6 for each
experiment were dissolved in the amount of toluene indicated. Table



0.004 90 770 4.54 89/11 B55 BuNB (13.52) DCPD (1.32) 0.004 89 640 5.79
80/20 * 13C NWR 30 For each of Exanples B56-B63, the anpunts of the
nononer s wodbakerioi n Tabl e 6, bel ow, were charged to apcearbéianoszsal and
di ssolved in 166 g of toluene and 29 g_gk nethyl ethyl ketone. The vials
were then sparged with nitrogen to renove residual oxygen and 35seal ed. The
anount of catalystN Arf, indicated in Table 6 for each experinent were

di ssolved in the anbunt of toluene indicated. Table

6 below provides the yields of polymers obtained for each synthesis
as well as M,,, PD! and repeat unit ratios.

Example B56-B57. Polymerization of DecNB 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 wase isolated

10 and dried in a vacuum oven at 80°C.

Example B58-B59. Polymerization of BUuNB and MGENB

The monomer solutions were then stirred at 40°C and the catalyst
solutions injected into the vials. The mixtures were maintained at

15 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. Table 6 below provides the
yields of polymers obtained for each synthesis as well as My, and
Mw/Mu.

20 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
temperature for 3 hours. After residual catalyst removal and

25 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

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.

30

35
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2012/ 028279PCT/ EP2011/ 004282 - 86 - Exanpl e B64. Honopol ynerization of

spar ged wi th it FiinBEWas s ol AlHlErGiE R [ERRIEDT | 207 e
Scat al yst Ni Arindigaded ol e solytion wase)then sdiress atirgemtamperaturasgndatived to
15 trifluorotoluene catalyst solutions injected into the vials. The mixtures
were maintained at room temperature overnight. After residual
catalyst removal and precipitation of the polymer into methanol the
polymer was isolated and dried in a vacuum oven at 80°C.

20 Example B66. Homopolymerization of HexNB

HexNB, toluene (81.31g) and MEK (15.98g) were mixed together,
sparged with nitrogen for 30 min, then heated to 45 °C. The amount of
catalystNiArf and solvent (toluene), indicated in Table 6, was added to
the monomer mixture. The mixture was stirred for 16h then cooled to

25 room temperature. Residual catalyst was removed and the polymer
precipitated by pouring the mixture into an excess of ethanol. After
isolating the polymer by filtration, it was dried in a vacuum oven at 60
°C.

30 Example B67. Homopolymerization of BuNB

BuNB, toluene and MEK were mixed together, sparged with nitrogen,
then heated to 45 °C. The amount of catalystNiArf and solvent
(toluene), indicated in Table 6, was added to the monomer mixture.
35 The mixture was stirred for 2h then cooled to room temperature.
Residual catalyst was removed and the polymer precipitated by
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overni ght a V@BOUNDBENB Tab| EONB EX. | YBe@Er PodMnprel B (ot eby[sea/10
sol vent (58.84) (6.16)
B61 | DecNB EONB 236/35 | 96% | 756 215 | 70/30
15 (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% | 702 219 | 65/35
(39.89) (25.11)
B64 | DMMIBUNB | - 0.52/5.23 | 82% | 622 2.10
20 (21.9)
B65 | PPVENB |- -
19,50 0.24 14% | 3190 | 1.63
B66 | HexNB . -
o T5) 0.49/9.21 | 72% | 720 1.83
B67 | BuNB . ;
’s 300 1.15/11.6 | 88% | 897 2.96

* Ratio of monomers in polymer determined by 'H NMR

AD. Additive preprations
Example AD1: Preparation of the Adhesion Promoter - 3,4-dimethy!l-1-
30 [3-(triethoxysilyl)propyl}-1H-pyrrole-2,5- dione (DMMIPrTEOS)

To an appropriately sized reaction vessel equipped with a thermowell,
Dean Stark trap connected to condenser with a nitrogen inlet, addition
funnel, and mechanical stirrer. was charged 2.2L of cyclohexane followed

35 by dimethylmaleic anhydride (DMMA, 107.8 g, 0.85 mol) and pyridine (3.5
mL, 0.042 mol) with stirring. A slight endotherm was observed (20 to
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14°C) as the dimethylmaleic anhydride dissolved in the cyclohexane. The
mixture was warmed to 25°C and a turbid solution was observed. The
addition funnel was charged with 3-aminopropyltriethoxysilane (189.2 g,
200 mL, 0.85 mol) which was added slowly over 15 minutes. An
additional 300 mL cyclohexane was added to rinse in the 3-
aminopropyltriethoxysilane and the addition funnel was replaced by a
stopper. The mixture immediately exothermed to 24°C and a white turbid
solution was observed. The mixture was heated carefully (to avoid
excessive foaming) over 30 minutes to reflux. A clear solution was
observed at 40°C and again turned to a white turbid solution at 70°C. The
reaction mixture was refluxed for 1h at 70°C and aliquot was analyzed and
indicated that the reaction was completed (88% product with 11% DMMA
and no 3-aminopropyltriethoxysilane). The reaction mixture was cooled to
room temperature and the cyclohexane layer decanted to a 5L flask
leaving the white polymeric residue (120 g). The cyclohexane layer was
concentrated on the rotary evaporator at 60°C bath temperature. The
residue was transferred to a 500 mL RBF and dried under high vacuum
for 2h at 7 °C bath temperature to give 132 g of crude product as a
viscous oil (crude purity 96.5% with 3.2% DMMA). The crude product was
further purified via Kugelrohr distillation at 150-170°C oven temperature
under vacuum 0.15-0.2 torr to give 64.4 g (23% yield) of product with
99.7% purity by gas chromatography (GC) as a clear liquid. '"H NMR and
mass were consistent with the desired structure. Pot residue was 60.6 g
and total polymeric residue was 180.1g (64%). Data: GC analysis
performed on a DB-5MS Column, 25 meters, 0.32 mm ID, 0.52pum film,
heat from 75°C to 200°C @15°C/min, then 200°C to 300°C hold for 2 min
@300°C, Injector temperature: 200°C, Detector temperature: 350°C,
Retention time: 9.250 minutes.

Example AD2. Preparation of Crosslinker - 1.4-
Bis(dimethylmaleimido)butane

To an appropriately sized reaction vessel equipped with a thermowell, a
septum, condenser with nitrogen inlet and mechanical stirrer was charged
DMMA (28.6 g, 0.226 mol) in 110 mL glacial acetic acid. The reaction
mixture was heated to 35°C, and a clear solution was observed. Then
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neat butane-1,4-diamine (10 g, 0.113 mol) was added slowly and rinsed in
with 30 mL of glacial acetic acid. The reaction mixture exothermed to
75°C and was then heated to 118°C and maintained there for 3h during
which time a light yellow solution resulted. The reaction was monitored by

5 GC (aliquot quenched with ice/water and filter the precipitate and
dissolved in CHCl,) and found to be complete after 3h stirring at 118°C.
The reaction was cooled to room temperature, quenched with 500 g of ice
cubes and diluted with 500 mL water and stirred for 30 minutes. A white
product as a precipitate was filtered and washed with 1L water and dried

10 under vacuum. The white precipitate was triturated with 1L water for 1h in
a sonic bath. The white precipitate was again filtered and then dried
under vacuum to give 29.8 g (87% yield) product with 99.03% purity by
GC as a white powder. MS, 'H NMR, and "*C NMR were consistent with
the desired structure. The melting point of the product was 127-130°C.

15 Data: GC analysis performed on a DB-5MS Column, 25 meters, 0.32 mm
ID, 0.52um film, heat from 75°C to 300 °C@30°C/min, hold for 6 min
@300°C, Injector temperature: 200°C, Detector temperature: 350°C,
Retention time:7.745 minutes.

20 Example AD3. Preparation of Crosslinker - 1,6-
Bis(dimethylmaleimido)hexane

To an appropriately sized reaction vessel equipped with a thermowell, a
septum, condenser with nitrogen inlet and mechanical stirrer was charged
25 DMMA (26 g, 0.206 mol) in 100 mL glacial acetic acid. The reaction
mixture was heated to 35°C, and a clear solution observed. Then neat
hexane-1,6-diamine (12 g, 0.103 mol) was added slowly and rinsed in with
20 mL of glacial acetic acid. The reaction mixture exothermed to 75°C
and was then heated to 118°C and maintained there for 3h during which
30 time a light yellow solution resulted. The reaction was monitored by GC
(aliquot quenched with ice/water and filter the precipitate and dissolved in
CHCl;) and found to be complete after 3h stirring at 118°C. The reaction
was cooled to room temperature, quenched with 500 g of ice cubes and
diluted with 500 mL water and stirred for 30 minutes. A white product as a
35 precipitate was filtered and washed with 1L water and dried under
vacuum. The white precipitate was triturated with 1L water for 1hin a
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sonic bath. The white precipitate was filtered and dried under vacuum to
give 30.4 g (88.6% yield) product with 99.02% purity by GC as a white
powder. MS, '"H NMR, and '3C NMR were consistent with the desired
structure. The melting point of the product was 122-125°C. Data: GC

5 analysis performed on a DB-5MS Column, 25 meters, 0.32 mm ID,
0.52um film, heat from 75°C to 300 °C @30°C/min, hold for 6 min
@300°C, Injector temperature: 200°C, Detector temperature: 350°C,
Retention time: 8.590 minutes.

10 C: Device Preparation

A top gate OFET is prepared as follows. A substrate of Corning 1737
glass is sonicated in 3% Decon90 for 30min at 70°C, washed twice
with water and sonicated in MeOH, then dried by spin off on the spin
15 coater. Gold source and drain electrodes of 30nm thickness are
thermally evaporated through a shadow mask onto the substrate,
creating a channel L = 50 ym and W = 1000 um. The substrate is
treated with the surface treatment formulation Lisicon™ MO0O01
(available from Merck KGaA, Darmstadt, Germany) for 1min, washed
20 with isopropyl alcohol and dried by spin off on the spin coater.

The OSC Formulations Lisicon™ §$1200 or SP320 (available from
Merck KGaA, Darmstadt, Germany) are spun onto the substrate after
above treatment and then annealed for 1 min at 100°C on a hotplate.
In the next step the dielectric layer is spun according to the conditions
described in examples C13-20 below. A 30 nm gold layer is thermally
evaporated through a shadow mask onto the dielectric layer to form
the gate electrode.

25

A bottom gate OFET is prepared as follows. A substrate of Corning
30 Eagle XG glass is sonicated in 3% Decon90 for 30 min at 70°C,
washed twice with water and sonicated in MeOH, then dried by spin
off onthea spin coater. A 30nm aluminium layer is then thermally
evaporated onto the substrate through a shadow mask to form the
gate electrode. The dielectric is spun, annealed and cured according
35 to the conditions described in Examples C1-12. In the case of latent
reactivity provided by an EONB or MGENB moiety (examples C1-4) it
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is necessary to employ a reactive washing step after post annealing
using Lisicon™ MQO08 (available from Merck KGaA, Darmstadt,
Germany) in which the dielectric is covered in M008 for 1 min, rinsed
twice with THF and then spun to dryness. Following dielectric

5 deposition, silver source and drain electrodes of 30nm thickness are
evaporated onto the dielectric, creating a channel L = 50 ym and W =
1000 pm. The substrate is treated with the surface treatment
formulation Lisicon™ M001 (available from Merck KGaA, Darmstadt,
Germany) for 1min, washed with isopropyl alcohol and dried by spin

10 off on the spin coater.

The OSC Formulations Lisicon™ S1200 and S1036 (available from
Merck KGaA, Darmstadt, Germany) are spun onto the substrate after
above treatment and then annealed for 30 s at 100°C on a hotplate

15 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 (or VD = -40V) respectively

20 using the following equations:

L oID

*

" W*Cox*VD VG

Hun =

_ 2L  osqrtID
W*Cox OVG

Hsar
25
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.

30 Example C1. OFET comprising a Gate Insulator of Example B56

DecNB and MGENB 50:50 ratio co-polymer is formulated as a 15%
w/w solution in 2-heptanone including 0.7% (by weight of polymer) of
365nm PAG. The solution is spun at 1500rpm for 30sec, annealed for
2 min at 120°C on a hotplate and irradiated under 365nm UV light

35
(11mW/cm2) for 30sec before a post-anneal of 3min at 120°C on a
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(DWMM PrTECS) To an appropriately sized action vessel equipped with a
thermowel |, Dean Stark trap connected to condenser with a nitrogen inlet,
addi tion funnel, and nechanical stirrer. was charged 2.2L of cycl ohexane

fol | owed hotplate. Spin coated Merck Lisicon S1200 ™ formulation is used in
this example. The transfer curve is depicted in Figure 3.

Example C2. OFET comprising a Gate Insulator of Example B56

DecNB and MGENB 50:50 ratio co-polymer is formulated as a 15%
w/w solution in 2-heptanone including 0.7% (by weight of polymer) of
365nm PAG. The solution is spun at 1500rpm for 30sec, annealed for
2 min at 120°C on a hotplate and irradiated under 365nm UV light
(11mW/cm2) for 30sec before a post-anneal of 3min at 120°C on a
hotplate. Inkjet printed Merck Lisicon S1200 ™ formulation is used in
this example. The transfer curve is depicted in Figure 4.

10

Example C3. OFET comprising a Gate insulator of Example B56

15 DecNB and MGENB 50:50 ratio co-polymer is formulated as a 15%
w/w solution in 2-heptanone including 0.7% (by weight of polymer) of
p-isopropylphenyl (p-methylphenyl)iodonium tetrakis
(pentafluorophenyl) borate. The solution is spun at 1500rpm for
30sec, annealed for 2 min at 120°C on a hotplate and irradiated under

20 254nm UV light (1mW/cm2) for 30sec before a post-anneal of 3min at
120°C on a hotplate. Spin coated Merck Lisicon S1200 ™ formulation
is used in this example. The transfer curve is depicted in Figure 5.

Example C4. OFET comprising a Gate insulator of Example B57

25 DecNB and MGENB 69:31 ratio co-polymer is formulated as a 15%
wiw solution in 2-heptanone including 0.5% (by weight of polymer) of
p-isopropylphenyl (p-methylphenyl)iodonium tetrakis
(pentafluorophenyl) borate. The solution is spun at 1500rpm for
30sec, annealed for 2 min at 120°C on a hotplate and irradiated under

30 254nm UV light (1mW/cm2) for 30sec before a post-anneal of 3min at
120°C on a hotplate. Spin coated Merck Lisicon S1036 ™ in toluene is
used in this example. The transfer curve is depicted in Figure 6.

Example C5. OFET comprising a Gate Insulator of Example B64

35 DMMIBuUNB homopolymer is formulated as a 17% w/w solution in 2-

heptanone including 0.7% (by weight of polymer) of 1-chloro-4-
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avoid eXCGSSIWIl@ﬂﬁmmW/@MfZ) @9200@5668 ﬁpcéﬁ%HLMercﬁ( Elsfi‘@dn salagip on was 10
observed at 40C aadga%ﬁal n tur

|te turb 0C. The
Coact 1 on i xinrseadn B PAtal dnedndfersin s depidet 0lobhefysed and
i ndi cat®ed that the reaction was conpleted (88% product with 11% DMVA and no
3- ani nopr opy|Examphe G i OBEF)comiprisingca GaterinsulatonefExampleé B47r oom
tenperature and the cycl ohexane | ayer decanted to a 5L flask 15| eaving the

white pol ymergy @:Ju‘?ﬁN@W‘??&ééglﬂﬁer E%r%%t%ﬁ%@ﬁ?d%‘%fw \a“@ﬁjti‘"o‘?\”uﬁeé‘t rated on

the rotary evaporator 3 eratu ue was transferred
to a 500 niL mptamnwncéudmd@r? /hl(BYlW%GDUﬁf pelyner) &f tzclosatdr t enperature

to give 132 r@ oy thiAHtREHE! TRE sdlMticHt Sp @ lat 1S0BASMPIYT I308e86. 5% Wit h

di gft%l) Hwa\ﬂtg\l) on aé‘c %Q?Jm#mé?%e ’Qe{ﬁga{jl'{f'ﬁ ?ﬂ}ébg‘n%g(#ésori'ﬁrr to

gle\cl:e 64. 4 gI 2 %git ¢1 thVwenm)ddu200set hSPh ¢éatedr Meyck L isiesn S”er@métmgraghy
as a c r i esire
Strucrore. pos usgkit s ARHR, XIS MRRSIIHAE RORERIGRY iFHurdd. “T50 T

(649 . Data GC anal ysi s 259_erformed on a DB-5M5 Columm, 25 neters, 0.32 mm

ID, 0.52pm f ExampeCH. QREToMprising aBaterdnsulatarmobExempledBde hol d f or
2 mn @0C, Injector tenperature: 200C, Detector tenperature: 350C,

?ezen}sl O?dtl f[?ecr\?’B?aFr{H thurglt54°‘:@ ERIPbyEXis fBFriilEH?lafté\H'.aiH‘a<3If5%3rv(i)/t$\ﬁI i nker -I
i s(dinme ma ut an si ze action vesse
equi pped wi t I5OH tﬂ‘?ﬂe? ngngeﬁ‘ﬁrﬁo M&%’g‘ﬂn\ﬁtﬁﬁ% r'P'F’ofg’ér?eqsﬁl Cet and
nmechani cal stanmealedvésr ngﬁm‘fﬁmhbﬂﬂafe gndOrradtatediynder 368hmL gl aci al
aceti ¢ aci d. (NpfichRFhHicH2) it 32688 8B Eod@aTEr iR LIicorT siFoo>l Ut on

was observed.
20 is used in this example. The transfer curve is depicted in Figure 9.

Example C8. OFET comprising a Gate Insulator of Example B26

BuNB and MeOCinnNB 55:45 copolymer is formulated as a 13% w/w
solution in 2-heptanone including 1.0% (by weight of polymer) of 1-
25 chloro-4-propoxythioxanthone. The solution is spun at 1500rpm for
30sec, annealed for 2m at 120°C on a hotplate and irradiated under
365nm UV light (11mW/cm2) for 200sec. Spin coated Merck Lisicon
S1200 ™ is used in this example. The transfer curve is depicted in

Figure 10.
30
Example C9. OFET comprising a Gate Insulator of Example B2
with B26 as a sensitizer.
MeDMMINB and BuNB 65:35 ratio co-polymer and BuNB and
35 MeOCinnamateNB 55:45 ratio copolymer are combined in a 4:1 ratio

and are formulated as a 13% w/w solution in 2-heptanone The
solution is spun at 1500rpm for 30sec, annealed for 2m at 120°C on a



WO 2012/ 028279PCT/ EP2011/ 004282 - 89 - neat butane-1,4-diamne (10 g, 0.113
nol ) was added slowy and rinsed in with 30 nL of glacial acetic acid. The
reacti on woxoviwesmgot hermed to 75C and was then heat ed POTEP3G1aMES2

mai nt ai ned there for 3h during which tigg a |ight yellow solution resulted.
The reaction was nonitored by 5GC (aliquot quenched with ice/water and
filter the precipitate and dissolved in CH2A 2) and found to be conplete
after 3h stirring at 118C. The reaction was cooled to room tenperature,

quenched. wi ¢ mdightg ohid ireRiStdeEsnaBEUY (er Wb U Hgntat er and stirred

for 30 m nutes. ite product as a precipitate s filtered and washed
w21 et erOaAINemes FGERA b eated Mlersk s concs 208 4F és waed
triturated wihhthislex@hple. e transferautosiis depidted ThEighiré a1pr eci pi tate was
again filtered and then dried under vacuumto give 29.8 g (87%yi el d)

her e cdnel st drriPlh 1, A, Soniidolls SaiiHiadRer poeRPIs B, O

product was 127-130C. 15Data: GC analysis perforned on a DB-5M5 Col um, 25
meters, 0.32 MaDMMINBImmopolymehisdormutatedss ad 3%oov/@a@olationnn 2ol d for 6
mn @O00C, | : ; ra ~_8B50C,
Retention ti weé@h@ggé%ﬁﬁggg\?b?g@gmgaﬁgpbgp&gml ﬁ%H[) oéfossl i nker -

1, 6- Bi s(di mRTRPP¥UINiexaRIBPRexdhe sriution inHppepat dOO05pry tosBls@sst i on vessel
equthOIO_e%31 \lfvl ttha_rméaheﬁ foreh at azatzmtdm h@)‘i’;ﬁgd@éléﬁﬂ iwiaaihtle'ijtqrﬁﬂ@rmmmt | and |
mechani st,i,y,ner S ar ge : in aci a
acetic acid. l’l’“é'gmﬁm\@r}?"ﬁg&fj%rm %?Qé'f gea?%ﬁz@%&?&hﬂcan gﬁ%\dg_ggl ution
observed. Thds usedtintbisaexarhpte.dT kertraasferXgye Os tepictet)inkiguadded] sl owl y
and rinsed in with 20 nL of glacial acetic acid. The reaction m xture

exot hermed t 0. | ' eg9 for 3h
duri ng whi Ch%%%ﬁ@@?ﬁﬁfé%ﬁf?ﬁrﬁsgpa?gﬁ?g;ﬁ%ﬁg%‘?ﬂ%g??gﬁ% %g was
nonitored by GC gal i quot @uenched with ice/water and filter thoe precipitate
and di st®l vedBYNBABECMaDMAING 33:0% soolvamepiefermylated ap a1 3% Wiy at

118C. The r eagiligen Wo2-IfapthadnkadnERQAMG ONGRI (BY U Eightl e pegtery 611500 g of

i ce cubes and_di | u%ed Wt ht 500 n%hmte@‘andlla}g rred fortigoaiﬂnutfes. A white
product as a SBEPMs&HIPPorEthigXanthene othe saIUHeHS SR A Br'%8nd dri ed
under vacuum30Res, aninealqr fori 2mt att £2 0% ohra hatpdatedand timmadiatedtuerderor 1h in
a WO 2012/0 : ol P kg recipitate
was fil tered@ﬁﬁﬁgﬁgﬁgééﬁw&%nﬁr%%qsgg §8&4gg£%é’8'}/%%%ﬁe+§?}?product
with 99®2% puit2QQ ™his eseddn thigexamplewdde. tramsfer BUNWR|s deRictatimVR wer e
consi stent wigjgyrleglesired structure. The nelting point of the product was
122-125C. Data®™ GC 5anal ysis perforned on a DB-5MS Col utm, 25 neters, 0.32

] ector ¢ oneramle C oo ef Rt SrRTTsing:n GafeUnstiatescot Raatpiof 1t no:
8.590 m nutes.
MeOAcNB and MeDMMINB 51:49 ratio co-polymer is formulated as a
25 13% w/w solution in 2-heptanone including 0.5% (by weight of
polymer) of 1-chloro-4-propoxythioxanthone. The solution is spun at
1500rpm for 30sec, annealed for 2m at 120°C on a hotplate and
irradiated under UVA (320 - 400nm) UV light (0.35W/cm2) for 30sec.
Spin coated Merck Lisicon S1200 ™ is used in this example. The
30 transfer curve is depicted in Figure 14.

Example C13. OFET comprising a Gate Insulator of Example B15

NBCsF9 homopolymer is formulated as 10% solid weight in mixture of
80/20 perfluoroperhydrophenanthrene with HFE7500 and spun at 500rpm

35 for 10sec then at 1000rpm for 20sec followed by annealing for 2 min at



10C. Device Preparation Atop gate OFET is prepared as follows. A substrate
of Corning 1737 glass is sonicated in 3% Decon90 for 30m n at 70C, washed
twi ce w twowaixnsand sonicated in MeOH, then dried by spcmmrbéiiomshe spin
coater. CGold source and drain el ectrod_e% 50f 30nm thickness are thernally
evaporated through a shadow nask onto thé substrate, creating a channel L =
50 pmand W= 1000 pm The substrate is treated wth the surface treatnent
formul ation Lisicon TM M)O1 (available from Merck KGaA, Darnstadt, Gernmany)

for 1m n, p k e spin
coater. The %@dg%ﬁ%g?@g\tg %@cgggrgﬂb%%w g)%(;anhglaaﬂ Ogb%m%érzgm Mer ck
KGaA, Darnsté@lﬁh's@?a’fﬁﬂﬂ?)TWéf%ﬁf SHVE '§t¢@%@§§t'ﬂdf@%ﬁt‘t§ above treatment
and then annealed for 1 mn at 100C on a hotplate. In the next step the

dielectric | amrm'gtse 1) GEET cbmprisinghe Gatedhsutatord¢EEKaRfislei B6§Xanpl es
C13-20 below. A 30 nmgold layer is thermally evaporated through a shadow

Grat (s pr epdtSaFRETRHTRRYF A EENEN LR EduRes idiatedahi a0 e

soni cat ed i n 1% Belidm@igtitoin Bixtuierofa80/20erflasioperhydrophenarithiemteer and

sonicated in |

al um ni um | av?a{ﬁ.pﬁs t?@ﬁ der na é:zﬁﬁrgmg@ggggégﬂfeor?ﬂ] g@ghﬁ 5?@ tégrough a
shadow mask tf@llo\mdrbvra@ngahrw tarecminpak 1 0GHe o @ hedplate. Merelplisicemneal ed
and cured aceprziov @fﬁ@féﬂﬁu%‘%ﬂ' is iR H%Hé%ﬁ'\ﬁm & FrepinRteCdord. I n the
case of1Q atent reactivi rovi ded by an EONB or NB noi ety (exanples
Cl-4) it woisgepigedindi FEF@Oll/ 004282 - 91 - is necessary to enploy a
reactive washing step after post annealing using Lisicon TM M)08 (avail abl e
from Merck K@dample Gt5@FEGcompyising avBate Insealatol ef Example B66ered in
MDO8 for 1 mn, rinsed twwce wwth THF and then spun to dryness. Foll ow ng
dielectric 5 t 1 ; d m

t hi ckness ar ?%\E)g%o'{r ﬁagngS%Hﬁﬁ%tgggrsl 127‘5?? gglfifWe@ﬁ ;Hnerﬁ% e = 50 pm
and W =15.000 3nd spnmatsmprrai% 10see than aly15dram fes %ﬁﬁé@l@w%ay rrent

fornul ation Ldrﬁie‘éﬁ Té\ﬂ ‘M?@rla( 3;’0@"’@58?1 8 Hdtﬁ@t%ﬂ@fc%%co%m@dﬁ Ger many)

for 1m n,

qhol and d in 10poff on the spin
oo e @Sl rwﬂaﬂq robded i Bie aamle” Th letsior CUDE Fabl o f 1 om

Merck KGaA, [gspisteddh, Figureet®) are spun onto the substrate after above
treatnment and then annealed for 30 s at 100C on a hotplate For the

el ectrical i t and
connectzgl vi SEIBELE TR BFINREIRIReF SRR SRR B A8T T
anal yzer Linear and saturation nobility is calculated at VD = -5V and VD
-60V (or VD BuMB\homepplmenislfprmylatgd @ase12.604 solichyeiahiainidasaneland al p

PUN- W Cox’s Ré}\fs@o?bm faﬁqoéé@tHenla%fsoBrMh fopgaséé/?almd% L and Ware
| engt h and wi dth

ann e CI t Flcn2], 1D
drai n currentdl P‘E‘g tf% L"‘é’&@é%gb g(c)ﬁn th Laé rP'D Fﬁ% Zgate
vol tage, VD =08Caformutati@gis used in this example. The transfer curve is
25 depicted in Figure 18.

Example C17. OFET comprising a Gate Insulator of Example B48

BuNB/DMMIMeNB 0.9/0.1 ratio copolymer is formulated as 15% solid
weight in decane and spun at 500rpm for 10sec then at 1500rpm for 30sec
followed by annealing for 1 min at 100°C on a hotplate. Merck Lisicon
SP320 ™ OSC formulation is used in this example. The transfer curve
is shown in Figure 19.

30

Example C18. OFET comprising a Gate Insulator of Example B61
35



30Exanpl e C. OFET conprising a Gate Insul ator of Exanple B56 35 DecNB and
MEENB 50:50 ratio co-polyner is fornmulated as a 15% w w solution in

2- hept anowe 2omai2eztbng 0. 7% (by wei ght of pol ynmer) of 36PamEPAG1/0742682
solution is spun at 1500rpm for 30sec,_ggnealed for 2 mn at 120C on a
hot pl ate and irradi ated under 365nm UV [ight (11mWVWcnR) for 30sec before a
post -anneal of 3min at 120C on a WD 2012/ 028279PCT/ EP2011/ 004282 - 92 -
hot pl ate. Spin coated Merck Lisicon S1200 TMfornulation is used in this

exanpl e. The De?nfm@?moi?rééxﬁpw%w@m%r i5ifgkh Bladed @samﬁ/oes&iéjo OFtE_T
conprising a Ca nsyl ator_o a C an ; ratio

co- pol ymer i s"%@ﬁﬁd[‘éf@@“&saﬁd f@%"ﬁt\/ﬁ%‘gﬁ’m R@n@%%ﬂ\%?gﬁgﬁgrqrﬂ@ﬁdi ng

0. 7% (by wei giisenffofloivedery aaheabbgfoPAGinTate1 G®1G bnoa hiotplapeiMetckl 500r pm
for 30sec, anng 2 A . aQn. : LLr a¢li.at ed under
365nm i gﬂ"tr@'?ﬁg‘?/ég%%)M%?Cg%éé@?%é@g'rsgu%é)%@sﬁilgr?%ggqd%f E@% n at 120C on
a hot plate. ItFAjsder puive:isclerictad in Eigune 20.200 TM fornul ation is used in
this exanple. The transfer curve is depicted in Figure 4. Exanple C3. OFET

conpri sing a THd BxamplesCaACa8 ShoWThst Seatd HRAMBratt MRl ooheo0 ratio
co-polymer is for nPJ at eﬂeas a 1506 w.w solution in Z_Tlf]éat one 1 ncl uding
0. 7% (by wei dHESER KYED F‘)'s&I“'tﬁ-?"sBHr‘éﬁﬁ/l“pﬁ%Wga’C'ﬁ- P?&Fep?ﬁenyl )i odoni um
ggt rakis (pelrttaxidismlr,gph_erylt)srimwageod W@tth iag:aﬁd onhggpaaugplanbilgtﬁooapm 1‘28r
sec, annea n aon at. nd irradi at under
25anm UB 1 | ot ope R B Tebep i oftitit SepiiSe Mfcieh ridleRiali #h: *120¢ on
a hotplate. Sgiablepgoed thamsiktdripgrbeam8B1E0 TM fornul ation is used in this
exanple. The transfer curve is depicted in Figure 5. Exanple C4. OFET

conpri si ng ?1Ifé?érﬁdlé‘%#@t@FEQ'fc%iﬁﬁb@t@%@ﬂ%%mﬁh@%ﬁﬁ ratio
co- pol ymer i or Imul a 0 W W i - udi ng
0.5% (by wei MI ynmer) of p-isopropyl phenyl (p-nethyl phenyl)iodonium
tetrakis (pentafl uorophenyl) borate. The solution is spun at 1500r pm for

ggzec, U1\a/51|n_ealmdottom gate ORET i2pfepured dwofglonse ﬁasdb‘strrtlamibﬁcefﬂnimrgderlzgg
nm [ C 0 te e n at on
a hot pl ate. g?p‘i‘#%étﬁgﬂsr %gﬁﬁﬁgﬁﬁgﬁﬁéﬁﬁﬁ,fﬁ??g 'ﬁg}é{ 7§ggsed inthis
exanpl e. The washed twicewitle watedapdciaicatedAindle®Hs. thExalngd bgspiOFET

L ) ; . .
Formul ated ad hoAhESHRERaEH ASG R B o R R AT oy et gt
of pol yner) d&vapogalest ente-tharsuhstraterbpaugics shazow prasiofarnpthe

20 gate electrode.

The substrate is soaked with 1% solution of DMMI-propyl-
triethoxysilane in PGMEA, spin-off and washed with IPA.

A 17% solution of the homopolymer of DMMIBUNB (see example B64)
containing 0.7% (w/w to polymer) of the sensitizer CPTX in MAK is
coated by spin-coating, and UV cured for 4 minutes under 11mW/cm?
365nm irradiation.

25

Silver source and drain electrodes of 30nm thickness are thermally
30 evaporated through a shadow mask onto the substrate, creating a

channel length L = 50 um and channel width W = 1000 um. Next the

surface treatment formulation Lisicon™ M001 (available from Merck

KGaA, Darmstadt, Germany) is applied for 1 min, washed with

isopropyl alcohol and dried by spin off on the spin coater. Next the
35 OSC Formulation Lisicon™ S1200 (available from Merck KGaA,



pr opoxyt hi oxant hone. The solution is spun at 1500rpm for 30sec, anneal ed
for 2mat 120C on a hotplate and irradi ated under 365nm WV |ight (11nW cnR)
for 200sewo 28p/mszoat ed Merck Lisicon S1200 Tmis used iPoTiEHR2GI10888D| €. The
transfer curve is depicted in Figure 7 Ex_arrple C6. OFET conprising a Gate
| nsul at or of Exanple B47. Et Counm\B hormcp) lymer is fornulated as a 14% w w
solution in 2- heptanone including 0.7% (by wei ght of polyner) of

1-chl or o- 4- propoxyt hi oxant hone. The solution is spun at 1500rpm for 30sec,
anneal ed for t 65nm WV | i ght
(11mN cn?) fo@ tgégoé: Hﬁ%@&ffi%ﬁ/@ PCE %épgg{ﬁg?gggpgﬁh’% used in this
exanpl e. The tffP%iﬁtﬁféraQﬂjﬁ'lﬂé‘ asnerlisdcioed min et JOPECan mhatplatec7. OFET
conprising a Gate Insul ator of Exanple B30. DecNB and Phl ndNB 54: 46

co- polyrre{ ilgg réﬂ!fﬁ.&l@%w@&héch%?’a&YéWsﬁf@|dﬂt2@ﬂréﬁ§i%t8?:‘é6h?dﬁ§?ﬁ§@‘léte sol gtlon
is spun a r or, 2m on e an

i rradi & ed urR:fQ?R% Rleeviq PBW[@%W%W?ME’”@BF@H@ d Merck

Li si con S120(roby|-wiethegysitarieni s exanpl e. The transfer curve is depicted in
Figure 9. Exanple C8. OFET conprising a Gate I nsul ator of Exanple B26 BuNB
and NEOC! N oiile CPPLGPBT don MG R AIB MRl o7 11

2- hept anone i

chl or o- 4- pr oadhenionx Promoter The sol ution is spun at 1500rpm for 30sec,

anneal ed for 2mat 120C on a hotplate and irradi ated under 365nm W Ilght

(11nWer®) fog b%‘f’l@?’r?@e\tésmF'E'F‘i’s’ﬂl FébéYEH(‘é‘s Hé§bﬁ9é‘d ﬂmn—gﬂ\(b'53uﬁ@ld inthis
exanpl e. The transfer c mpl e C9. OFET

comri o1 ng o WhSET Hi SRR Bf BPaRRBEC UBS AtV S OMYIDTOBNG 11 ser. VD
2012/ 028279PGietingb114A048 8mMmitte84 - hotplate and irradiated under UVA (320
- 400nm WV light (0.35WcnR) for 205ec Spin coated Merck Lisicon 81200 ™

Example Clo. RAREE sffows he ERRRrEH dPuleyHRRITE ComBrSI G (o
honopol ygrer |<ygfaormdleé@@ac Mwnaw\ww'tmwadmamm QIOm@tﬁraﬁdjlﬁe i ncI udi ng

0. 7% (by wei dymphridoh b@%ﬁéeﬁhéu?@'ﬁé’nd‘ﬂ%%ﬁﬁﬁﬂ PxRgsRane. The
solution is spun at 1500r r 30‘%3[9\)' anneal for 2mat 120C on a

hot pl ate and nefrf%rmn%'%ﬁ%n?seaﬁ hegpse P HY 8RDFSIBY PTEFBRIEE.  Spi n

coated Merck Lisicon S1200 TMis used in this exanple. The transfer curve
i's depicted iforfmgghanical charagiedséildn a@lass cubstiate g seaked evitmsd at or  of

sol uti ogp (n- 0lked A8 XA BBy e a s B B B AMER” S Bty & T
chl or o- 4 pr opwashéd withalitAokd.7 Wiselutmruof e hemapolymer 05 QM PHBLMB 30sec,
anneal ed for (%g‘saéxa}ﬁ&g !9@4)6‘c5'ﬁtfa§4 f\l/éeb Z%W/\erﬂﬁggn?qg%s%@é}% i ght

(7mNcnR) for pin’c I'sicon used in this

exanmpl e.  The sRiBamoREiNge ande U\s cueast tqrédm'ﬂutaSgWéermli&m 3dmm  oFET
conprising a jRdeatigisul ator of Exanpl e Bl MeOACNB and MeDVM NB 51:49 ratio
co-polymer is fornmulated as a 2513% w w sol ution in 2-heptanone including

; .

0.5% ( b2'5 el g/btrepefrence sample is prepared by the process as described above,
but without the step of soaking the substrate with 1% solution of
DMMI-propyl-triethoxysilane in PGMEA.

Mechanical tests are performed for both samples in 180°-geometry
30 adhesion tests with the use of a Mecmesin machine (Multitest 1-i).

Figure 23 shows a graph of the adhesion force vs. distance for both
samples. It can be seen that the adhesion between the glass
substrate and the DMMIBuUNB polymer layer including the adhesion
promoter DMMI-propyi-triethoxysilane is significantly improved,
compared to the DMMIBuUNB polymer layer without adhesion
promoter.

35



pol ymer) of 1-chl oro-4-propoxythi oxant hone. The solution is spun at 1500r pm
for 30sec, annealed for 2mat 120C on a hotplate and irradi ated under UVA
(320 - 409o0mp12ddsioght (0.35WcnR) for 30sec. Spin coat edTMpea@h/obi2g82 con
S1200 TMis used in this exanple. The §Q§r_ansfer curve is depicted in
Figure 14. Exanple Cl13. OFET conpri sing Gate Insul ator of Exanple B15 WO
2012/ 028279PCT/ EP2011/ 004282 - 95 - 100C on a hotplate. Merck Lisicon S1200
TM OSC fornulation is used in this exanple The transfer curve is depicted

3 | \ : g Aoy of Exanple B65
NBCH2 CF2 CHF O PPVENBE; ' 0% sol i d wei ght in
m xture of 8SCELEABSIHINET oroperhydrophenanthrene vmth HFE7500 and spun at
500rpm for | Osec then at 1000rpm for 20sec followed by annealing for 2 mn

at 100C on a Agbitbat gatéV@FEQ' ld preput eafh%lm@wTM @Sssfratéruf @lorAihg s used in

t hi I 16 | e C15.
I S e AR AR bR e bR R BET &
formul at ed asvdsheddwickiwlithveagbt and siﬂneatedjjﬁd‘ded-huheatdrﬁwbgmmnr | Csec

hotpl ate.  Nerdop e SBiT Epatty AFoar ARMRERUT By oPls el thetmall exanmi o.
The transfer exappsates dell ihecslbsirategbreugly a sheowprasicisforart®e conpri si ng

a Gate |nsul 396 Actrs@gp! € B67 BuNB honopol yner is fornulated as 12.5%
solid wei ght in decane and spun at 500rpmfor | Gsec then at 1500rpm for

30sec f1Q | owed npealing for 1 mn at 1 plate I si con
SP320 TM osc"ra? Saliition okthechamonolymer egﬁﬁﬂ%&hﬂﬁ SEe8X%3pP ecgi@i
éi)dep: ct EQBI rednitginireg é&he&ﬂ%bﬁ;ﬁiw/\m&'bdtmr)l 2Iriiy5% bRl BMM$—uIdat or 122/

anpl e iQ ted as
solid wei ght %qﬁﬁmﬁ/@wfﬂzH?MA%OB%%%G@R?%%%J ctoﬁi?\& g)tyn#g Orpm for i
30sec fol | onexpatingakiéalredfaradifferentrtime WBRC BimW/hothBEGBM Mer ck Li si con
SP320 TM OSC;f 9K [géjoq;lon is used in this exanple. The transfer curve is

1

shown iqp Fi gure anpl e C18. OFET conprising a Gate Insul ator of
Exanpl e B61

Silver source and drain electrodes of 30nm thickness are thermally
evaporated through a shadow mask onto the substrate, creating a
channel L = 50 ym and W = 1000 pym. Next the surface treatment
formulation Lisicon™ MO001 (available from Merck KGaA, Darmstadt,
20 Germany) is applied for 1 min, washed with isopropyl alcohol and
dried by spin off on the spin coater. Next the OSC Formulations
Lisicon™ S1200 (available from Merck KGaA, Darmstadt, Germany) is
spun onto the substrate after above treatment and then annealed for
1 min at 100°C on a hotplate.

25 Charge carrier mobility obtained from bottom gate transistors prepared
with different UV-curing time is shown below in Table C1. Times in
Table C1 are reported in seconds (s) and represent the minimum and
optimum times (Min and Opt) needed to crosslink the polymer layer and
30 achieve the mobility indicated for each additive, if any.
Table C1
Additive Min>0.8cm?/Vs Opt >1cm*/Vs
None 180s 300s
35 0.7% CPTX 120s 240s
0.5% bisDMMI-butyl | 90s 120s




WO 2012/ 028279PCT/ EP2011/ 004282 - 96 - DecNB/EONB 0.7/0.3 ratio copol yner
is formulated as 16% solid weight in decane and spun at 500rpm for 10sec
then at MOQrpm28p 30sec fol |l owed by annealing for 1 nmPoTAP2000G26N a

hot pl ate. Merck Lisicon SP320 TM 0 SC iggrr_ul ation is used in this exanple.
The 5transfer curve is depicted in Figure 20. The exanples Cl-Cl8 show t hat
a gate insulator according to the present invention is suitable for use in
an organic field effect transistor, where it shows good wetting and

ort hogonal solubility 10properties with respect to the organic

sem conductor_materi al an& (?nabl es good transi stor. gerfor mance, Exanple
Cl9. OFET corfp¥anples GlHa &21 tudherdemanstratadhakdevice pegrenance ssnothot t om

gate OFET is pegpiweRdnfiSericddd 9y\Esing s ddhéside ppdmékes or aocrb8girkeXG gl ass is
soni cated in 3% Dec n90df or. 30 mn %t n?Oﬁvwashec{.tV\ﬁq%e@\(/ﬂdt.h wat er and

soni cat ed i n WRIREEHRA H?P'@@eﬁ%gﬁ Qs \oNUMiRAUgH UME AdImpraves) nm

al umi niim | ayathessort Aenadhievedhl | y evaporated onto the substrate through a
shadow mask to formthe 20gate el ectrode. The substrate is soaked with 1%
solution of DWM -propyltriethoxysilane in PGVEA, spin-off and washed with

| PA. 25 A 17% sol ution of the honmopol yner of DVM BuNB (see exanpl e B64)
containing 0.7% (W w to polyner) of the sensitizer CPTX in MAK is coated by
spin-coating, and W/ cured for 4 mnutes under 11nWcnR2 365nm i rradiation.
Silver source and drain electrodes of 30nmthickness are thermally
30evapot@t ed t hrough a shadow mask onto the substrate, creating a channel

|l ength L = 50 pm and channel width W= 1000 pm Next the surface treatnent
formul ati on Lisicon TM MD01 (avail able from Merck K&GA, Darnstadt, Gernany)
is applied for 1 mn, washed with isopropyl alcohol and dried by spin off
on the spin coater. Next the 350SC Fornul ation Lisiconrm S1200 (avail abl e
from Merck K&A, - 97 -

15

20

25

30

35



Darmst adt, Germany) is spun onto the substrate after above treatnent and
then annealed for 1 mn at 100C on a hotpl ate. Figure 21 shows the

char act erwethz/g27dhe transi stor conprising the 5organi eceiprb@atoni2e2

pDVM BuNB wi t h t he adhesi on pronoter DMQ@Q - propyl -triethoxysilane. Exanple
C20. OFET conprising a Gate Insulator w thout Adhesion Pronoter 10A bottom
gate OFET is prepared as described in Exanple D3, but wherein the step of
soaking the substrate with DVMM -propyltriethoxysilane is omtted. Figure 22
shows the characteristic of the trdateat Glaiaspri sing the 15organic

di el ectric pDVMM BuNB wi t hout adhesi on pronoter. The conpari son between

Figure 21 ang 22 ehguachibe fAPehst @ nRBIAEIBRAS LenPOind ibpRRRERY by the

use of the adhesion pronote anlca chara erisatton-a glass
substrate is soa@anwlentrgmgmwpeoﬁa@fgml\msylaipylawmmpuym@me in

DI\/I\/I Bulﬁzpl n-of f ﬁﬁwmﬁéflmctﬁbl ffer, Oy & 0 Igvr/?nle‘f'tdo@%%@éltlbﬁecd?ﬁ Qi‘ﬁ'ngyé‘er of

(see exarr&?e !Bﬂé cont ai ni ng O. w of TX 1n MA oat ed by
spi n-coating, anBOMEYSIRYBIIRGPAYMEIut es under 11mW cn2 365nm i rradi ati on.
25A reference sanple is prepared by the process as descri bed above, but

wi t hout the step0f soakj he substr.ate wt.h % ol uti

DWM - propyl - €ri eﬁ?&%}EFF@%@f fyeb@%ﬂré'wgﬂﬁ?'ﬁl jée[ perforrred for
both sanples in pﬁwmmeflychQMmristaesmmamehettypeMymfera Mecmesi n
machine (Multitest 1-i). Figure 23 shows a graph of the adhesion force vs.

di stand® for both sanples. It can be seen that the adhesi on between the
gl ass substr8te &Saletnsuiton BYRBagePding to Hlaim ilnen 2.dwvhgreinethgdhesi on

pronoter DW -prgp I ared to
Fhe. Dt BuNS pol Ler) Sher pe nole adhan o prona; Bloe o[y pedthg AT

2012/ 028279PCT/ E é?ﬁm B@@Zﬁg" t cg@ssli OEO¥R1. OFET conprising a Gate
Insulator with a Crosslinker A bottomgate OFET is prepared as follow A
substrate of onj cated i.n % con9Q for 30 mn
t 70CISnashdd + e FORGePYpY ghaouie J8ER B MIREN i BaRRERt by spi n

crosslinkable group is a latent crosshnkable group

5. Gate insulator layer according to claim 3 or 4, wherein the
pendent crosslinkable group is a maleimide, a 3-

20 monoalkylmaleimide, a 3,4-dialkylmaleimide, an epoxy, a vinyl,
an acetyl, an indenyl, a cinnamate or a coumarin group, or the
pendant crosslinkable group comprises a substituted or
‘unsubstituted maleimide portion, an epoxide portion, a vinyl
portion, a cinnamate portion or a coumarin portion.

25
6. Gate insulator layer according to one or more of claims 3 to 5,
wherein the first type of repeating unit having a pendent
crosslinkable group is derived from any one of the following
monomers:
30

(CHz)n P1

(CHz)n_W P2
35 Y



off on the spin coater. A 30 nmalumniumlayer is then thermally
evaporated onto the substrate through a shadow mask to formthe gate

el ect r odewoh0R/kg29sol uti on of the honopol yner of DVM BebB/Epa@e/nexsnpl e
B64) containing either 0.7%PTX (W w t_o](ppl_yrrer), or 0.5% bi s-DW - butyl
(Wwto polynmer) in MAK, or no additives, is coated by spin-coating, W
cured for different time under 11nmWcnR2 365nmirradiation. 15 Silver source
and drain el ectrodes of 30nmthickness are thernmally evaporated through a
shadow nmask onto the substrate, creating® channel L 350 pmand W= 1000

i pn Lisicon TM MDO1 (avail able from
, \ed~tor 1 mn, washed with

i sopropyl al cohol and d by spin offf t he spin coater. Next the OSC
Formul ati ons LisiconTM S 0 (avail
Germany) is spun onto the substrate -after gbove treatnent and then anneal ed
for 1 ndn at 100C on a hotplate. 25 Charge carrier np 4Ilty obt ai ned from
bottom gate transi stors prepared th different UV-cufi'ng time is shown
below in Table d. Tinges '(@HT,?bl C are reported in seconds (s) and
represent the mni e sd Opt) needed to crosslink
the polyner |ayer a ated for each additive, if
any. Table d Add None 180s 300s 0. 7% CPTX
120s 240s 0. 5% bi sD O Ps5

10 ' (CH,);—0
(7 )

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.

Merck KG&GA, Darnst adt,

i eve the nDblllt
M n>0. 8cnm2Ns Opt

7. Gate insulator layer according to one or more of claims, wherein
the polycycloolefinic polymer comprises a second type of
repeating unit which is distinct from the first type of repeating

20 unit.

8. Gate insulator layer 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

R1
R2

R3

m R*

30 I

wherein Z is selected from -CH,-, -CH2-CH»- or -O-, m is an
integer from 0 to 5, each of R', R?, R® and R* are independently
selected from H, a C4 to C,5 hydrocarbyl, a C4 to Cs

35 halohydrocarbyl or a C4 to C2s perhalocarby! group.



120s WO 2012/ 028279PCT/ EP2011/ 004282 - 99 - Exanples Cl19 to C21 further
denonstrate that device performance is not negatively influenced by using
an adhesiwo 2proonsz7er or a crosslinker, while certain adeamrERges/ oDi2Re
shorter UV illumnation time and inpraqvgsh Sadhesi on are achieved. 10 15 20
25 30 WO 2012/ 028279PCT/ EP2011/ 004282 - 100 - Patent Clains 1. Gate

i nsul ator layer that is in contact with a sem conductor |layer in an

el ectronic device, said gate insulator layer conprising a

5p|ol ycyfl O|O| ]95.' anaﬂ@filr%mvétorz myg dteoydm tt@cm@l oF Mare &toaad_rm§'1t% ?,l -
pol ycycl ool efinic pol yner. e ipsulator layer accordin o claim1l,
wherein the pol yd’&rg?'@énrg?? HP&%&’%&"‘FSPOAYWMH%Q% pe ‘g’dﬂ?Fﬁer. 10 3.
Gate insul ator | aypes @fcopéeatig Uaits lofiformiular | 2nd Wner & morédypes of

pol ycycl ool efinic Lyner j first type of repeating unit having a
pendent _crossli n(&ﬁ?@“ﬁgo‘tﬁg@@&?@@”i nsul ator | ayer according to claim 3,
wher ei Pt he pendent crosslinkable group is a latent crosslinkable group. 5.

Gate insulator |ayer acgordi te claim3 or 4, t e pendent
crosslinkabl e group jsva pefe{prdg, a 3- 20 Neifri de, a

3, 4-di al kyl mal ei mi d a‘vinyl, an gcety y liindenyl , a cinnamate
or a coumarin group

pdant crosslinkabl g rises a
substituted or unsdb el m de portfon, sportion, a vinyl
portion, a cinnamate po oF % coumarin portion. 2 6. te insul ator

| ayer ab®ording to one of nore of claims 3 to 5 whegrein the first type of
repeating unit having a pendent crosslinkable group is derived fromany one
of the follow ng nononers:

wherein Z is selected from -CH»,-, -CH2-CH>- or -O-, m is an
integer from 0 to 5, each of R’, R2, R® and R* and R5, RS, R’ and
R® are independently selected from H, a C4 to C25 hydrocarbyl, a

15 C4 to C,5 halohydrocarbyl or a C4 to C35 perhalocarbyl group,
and wherein the repeating units of formula | are distinct from the
repeating units of formula Il

20 10. Gate insulator layer according to one or more of claims 8 or 9,

wherein the repeating units of formula | and formula |l are
independently of each other formed by norbornene-type
monomers selected from the group consisting of the following
subformulae:

25
C .
Methyl
@/ MeNB 2
30
_-Butyl
BuNB 3

/Hexyl

35 HexNB 4




30 WD 2012/028279PCT/ EP2011/ 004282 -101 - oP4 where n is an integer
fromlto 8 QL and @ are each 15i ndependently of one another -H or -CH3,
and R i swoHomros©@€H3. 7. Gate insul ator |ayer accordi ngcir@Epenea/oonsnor e of
claims, wherein the polycycloolefinic_ nmer conprises a second type of
repeating unit which is distinct fromthe first type of repeating 20unit.
8. Gate insulator |layer according to one or nore of clains 1 to 7, wherein
t he pol ycycl ool efi nic pol yner conprises one or nore types of repeating
units of formula I 25 301 whe n ZOctylsel ected from -CH2-, -CH2-CH2- or

-0-, mis an integer fromO t ach of Rl, R2, R3 and e 5
i ndependently selected fromH to C25 hydrocarbyl a o C25
35hal ohydrocarbyl or a G to per hal ocar byl group. WO
2012/ 028279PCT/ EP2011/ 004282 Decw

5 DecNB 6

(O

7

’ g

15 @A MeOAcNB  °
@ NBXOH 10

20

_CH,CH,OAC
@/\ NBCH,GlyOAc 11

o~ CH:CH,0H
25 NBCH.GlyoH 12
o (CHCH O Me
@/\ NBTON 13
30 /(CH CH,0),Me
@A NBTODD 14

@/ NBC.Fs 15

35



- 102 - 9.Gate insulator |ayer according to one or nore of clains 1 to 7,
wherei n the polycycl ool efinic polynmer conprises one or nore types of

r epeat i ngwonots2ef79f ormula | and one or nore types of repeapengomrsts of
formula 11 1011l wherein Z is Mﬂeq _from-CH2-, -CH2-CH2- or -0-, m
is an integer fromO to 5, each of Ri1, , R3 and R4 and R5, R6, R7 and R8
are independently selected fromH, a ClL to C25 hydrocarbyl, a Cl to C25

hal ohydrocarbyl or a Cl to C25 perhal ocarbyl group, and wherein the

repeating units of fornula I S t fromthe re j upits of
; ] Etr;gmr ding to onepﬁéégggsgﬁ clténs 8

atre._di
formula I'l. 10. Gate insul at ¢
l of formula | and fornula Il are

or 9, wherein the repeating
i ndependently of each other fo d by norbornene-type nononers sel ected

fromthe group consisting of th folbgﬂ%ng subf ornul ae:  PCT/ EP2011/ 004282
Cct NB 55 DecNB 6 PENB 7 TD 8 N@/ NBCeFs 17

F

(’ O NBCH,CcF, 18
F
10
NBCH,Ce¢H4CF 19
3

3

(CH,);—C¢F,
NBalkylCeFs 20
15
_CH,C,F,
@/U\ FPcng 21
20
@/u\ CH,CH,C, F FHCNB 22
_CH,(CF,),CFH
25 @)‘\ 2CF5)3 FOCHNB 23
_CH,CF,CF,H crchng | 24
30
@A CsPFACNB 25

35



10 NBCH2G yOAc 11 NBCH2d yOH 12 NBTON 13 NBTODD 14 NBCAF9 15
2012/ 028279PCT/ EP2011/ 004282 - 107 - M ENB 42 DHNM NB
WO 2012/028279

10

15

20

25

30

35

- 105 -

SiEt,

WO

PCT/EP2011/004282

PPVENB
DCPD
EONB

MGENB

AKSiNB

ArSiNB

MCHMNB

NPCHMNB

DMMIMeNB

27

28

29

30

31



43 MeOC nnNB 44 G nnNB 45 Et MeOC nnNB 46 MeCounNB 47 Et CounNB 48 Et Phl ndNB
49 WO 2012/ 028279PCT/ EP2011/ 004282 - 108 - PhlndNB 50 Di OxoTCNB 51

PFBTCNB 50 bbf3s279 PCT/EP2011/004282
-106 -
o)
\
@/\/N DMMIEtNB  3°
c o)
o)
@/\AN ) DMMIPINB 36
o)
10
o)
\
N DMMIBuNB 37
@/\/\/ (
15
o)
\
N DMMIHxNB 38
@/\/\/\/ (
20
o)
A\
N 30
‘ EtPhDMMINB
o)

= ¢
N ) MMIMeNB 40
30
N MINB 41
()

35 O



53 PMNB 54 25where "Me" neans nethyl, "Et" nmeans ethyl, "Ove-p" neans

par a- met hoxy, "Ph" and "C6H5" mean phenyl, "C6H4" neans phenyl ene, " C6F5"
means penyefbiranepbenyl, "OAc" neans acetate, "PFAC" neaos/erdGa0p4+6y F15,
and for each of the above subfornulae_q?”ipg a net hyl ene bridging group,
such net hyl ene 30bridging is incusive of 'a coval ent bond or -(CH2)p-, and p
is an integer from1l to 6. WD 2012/028279PCT/ EP2011/004282 - 109 - 11

Gate insulator |ayer according to one or nore of clainms 1 to 10, wherein

t he pol yner conposition conprises a®|lend of a first polycycloolefinic

pol ymer and a second pol ycycl ool efi ni ymer. 5 12. Gate insulator |ayer
according to claim 11, mhereln the firsst | ycycl ool efinic _pol ynmer 42

conpri ses one or nore type cpea nits of fornul MIENBind t he second
pol ycycl ool efi ni ¢ pol ymer c( i ses one nore types of repeating units of
1MOrmnaIIJJIvmaeinZ aeMedfﬁbm CH2-, -CH2-CH2- or -0-, mis

an intdger fromO0 to 5, each of Rl, R2, R3 and R4 and R5, R6, R7 and 20R8
are i ndependently sel ected froan Y Cl to C25 hydrocarbyl, a G to C25
hal ohydrocarbyl or a Cl tg ; 5 group, and wherein the

repeating units of for are di s\in om the rep I its 43
formula I'l. 2513. Gate “{ ¢ ding to ongngnﬂdgg of clainms 1
to 12, wherein the pol ynet~0 oSition further conprises one or
nore of a solvent, a crosslinkihg ageats” an optional reactive solvent, a
stabilif®r, a UV sensitizer and aOthermal sensitizer. 30 WO
2012/ 028279PCT/ EP2011/ 004282

o oMo MeOCinnNB

15 /ﬂ\\//“\
o) Xx_-CeH,OMe-p .
@/\/ \ﬂ/\/ EtMeOCinnNB 46
20 0O
OBt
0 X0 MeCoumNB 47

0 o. _0
EtCoumNB 48
_
. o
‘ EtPhindNB 49

44

25

35



- 110 - 14. Gate insulator layer according to one or nore of clains 1 to
13, wherein said polyner or polynmer conposition contains one or nore
r epeat i ngwonbiz2Bavi ng a crosslinkabl e group, and the gete/mppsiujoaier | ayer
futher conprises an adhesi on pronoter -vitg8&h is a 5conpound conprising a
surface-active functional group and a crosslinkable functional group that
is capable of crosslinking with the crosslinkable group of the repating
unit of the polyner or polyner conposition. 1015. Gate insulator |ayer
according to claim 14, wherein the adhesrormt er is a conmpound of

i-—-

formula Il GA-PIIl 15wherein Gis g e-active group, A" is a single
bond or a spacer, connecting or bridg p, and P is a crosslinkable
group. 16. Gate insul ator |ayer-ac to claim14 of 15, vvherelébthe
20surface active group of the [ [
prefergbly of formula SiB
f or mul NH- Si R12R13r <'

14, or a silazane group, preferably of
wherein R12, R13 and R14 are each

i ndependently sel ected hal ogen, silazane, Cl-Cl12-al koxy,

Cl- C12- al kyl am no, opti ORaf’l y substituted C5-C20-aryl oxy and 25optionally
substituted C2-C20-heteroaryl o>1;y and wherein one or two of R12, R13 and

R14 may al so denote Cl-Cl2-al ké a(g optionally substituted C5- C20 aryl or
an optionally substituted QoT2ghete CF;30 WO

2012/ 028279PCT/ EP2011/ 82 |-1 Gate |nsul at or orggng to
one or %Dre of claims |L4 Xp 16 ':'L\]/Sﬁ'éel n the crossli nkagléxgj—g’i\géof t he

adhesi on pronoter is | gctet ‘Fom a mal eim de, a 3-nonoal kyl -mal ei m de, a
3,4- dial kyl nal ei m de, an epexy, a vinyl, an acetyl, an indenyl, a
5ci nnamate or a coumarin gro or the crosslinkable group conprises a
substituted or unsubstituted makei m de portion, an epoxide portion, a vinyl
portion, a cinnamate portio a coungein portion.
15 F F PFBTCNB 52
F FC
F2 F
F

TESN 53
) @L N
i(OC,H,),
" O PMNB o4

25 where “Me" means methyl, “Et” means ethyl, “OMe-p" means
para-methoxy, “Ph” and “CgHs" mean phenyl, “Ce¢Hs” means
phenylene, “CsFs” means pentafluorophenyl, “OAc” means
acetate, “PFAc” means —OC(0)-C;F s, and for each of the above
subformulae having a methylene bridging group, such methylene

30 bridging is incusive of a covalent bond or -(CH3),-, and p is an
integer from 1 to 6.

35



1018. Gate insulator |layer according to one or nore of clainms 14 to 17,
wherei n the adhesion pronoter is a conpound having the follow ng structure
20where SVBLERIABKRI4 is as defined in claim16, A is aspdefmpp@d/iods2sz! ai m 16
and Rl and R11 are each independently_l—* _a ACl-C6 al kyl group. 2519. Gate
i nsul ator |ayer according to one or nore of clains 1 to 18, wherein said
pol ymer or pol ynmer conposition contains one or nore repeating units having
a crosslinkable group, and the gate insulator |ayer conprises a crosslinker
which is a ¢ o] : i S omr i td-o@l groups
that are 30conanio ennaRetd) e dcBioifBp SIEBE AL fahed LoI! Ot
repeating unit ofwhejginpte relyneer gempesitiaoepmerisesma blemd eha dirshsul at or

| ayer according i i i R ¢ ound of
formula I'V1 or I@Igg@lli’da)l(gﬁ?I\?\{m\?\%‘goélﬁgg%Z79&1@#@%%?8%0@%2 - 112 -
HA_ni C(A"-P)mi V2 REPEIn X is A"-X -A", X is 0, S, NH or a single bond, A"
is a 59 ngle bond or a spacer, connecting or bridging group, P has the

(o 0l afm 10° o2 53, BPGalb fryBr ApeBlainia Bicia 0l , WIR e AR 3L ker i o
sel ected froma mMy@iloﬁldﬁnimp@lyrrtf_rrcmrhpriseabeiemrdaa,ora_types of _
3 4-di al kyl mal e B eatidd ARO fofnkid Vi andtheCELahd pBlydyRifIUtnica, of nnamt e

or a coumarin group, or the cros r’s a substituted or

unsubstit ut ed nalPSIYMEECHBIRTISGS, ORS OF okiedypesrafirereatingiuiyts @brtion, a
ci nnanmet@® porti Ofo@fuld Igounmarin portion.

R1 RS
L R2 LRS
R3 R7
1 5 m R4 m R®

wherein Z is selected from -CH»-, -CH2-CH»- 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 C4 to C35 hydrocarbyl, a
C1 to Czs halohydrocarbyl or a C4 to C5 perhalocarbyl group,
and wherein the repeating units of formula | are distinct from the
repeating units of formula Il.

20

25 13. Gate insulator layer according to one or more of claims 1 to 12,

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.
30

35



15 22. Gate insulator |ayer according to one or nore of clainms 19 to 21,

wherein the crosslinker is a conmpound of the follow ng formul a 25wher ei n

R1 and RMoaoe/iegependent|y of each other H or a Cl- Cecalgpgéiigonep, A"

has the nmeaning of claim21 and is prefldfably sel ected from (CZ2)n,

(CH2)n- (CH=CH) p-(CH2) n, (CH2)n-O (CF12)n0-(CH2)n, (CH2)n-C6QLO-(CH2)n, and

C(0)-0, where each n is independently an integer fromO to 12, p is an

integer from1-6, Z 30is independently Hor F, C6QLO is cyclohexyl that is

substituted Mt hGate hswatardepenhdee@idingito pnecHamotsdfmiaiog3.to2B, Gate

i nsul ator |ayer i t | . in the
%%Q?ﬁﬁ‘ej golPRer o ﬂﬂ?\}rﬁe‘f’lﬁ:oﬁ{rﬁd%@%ﬂ doPtaifis JHELE |

pol ymer conposition ;' conpri ses a sol ve aving orthogona
sol ubi lity propefaredepeghngddpischayipgnerassiiakablesgirwbntthg 9piger. w0

2012/ 0_2?279PCT/ Efdd }étb?@él;?e?rll‘futﬁérfcorlﬁﬂ%'i_sé’g|a‘r‘1Cd(i¢H1@§ibﬁf%%in¢ot!é®|vMﬂEth ) i@lé pol ymer
conposktion conprisin ol ycycl ool efinic po M. rein _the, polyner -
cont ai ﬁs one or %W@O?Jé‘@e 'T'ﬁaglﬂﬂ sy eh@&é}’%ﬁﬁgﬂqﬂi%?gpm , and
further 5conpri scrupsiinkabieefinetiopabgrd gy theet isletipadde of cooss limkimp mdthof
clainms 14 to 18. .25, Pal. (o) | Q4 r . r ition
conprising a pol'[y"c?e _rloosgll'é?ixﬁilec&%ydyﬁfeﬁ‘,eo%r%@ign%'Ill%?go r%la)?'ﬂggﬁfai ns one or

10nore repeati ngpqe/ym%r ¢tempogit®ncr ossl i nkabl e group, and further conprising
a crosslinker as defined in one or nore of clains 19 to 22. 26. Pol ymer
or pol Xﬁer conposition according to claim24 or 25, 15wherein the

pol ycydPool ef Pni SatRiRsiptardayer aeeonsing to claia 4. wheeeiprthe adhesignt o 6.

27. Gate insul at pforhaisris & cORIpYIRY fFfepasid (Ipn according to one or

G-A'-P 1]

15 wherein G is a surface-active group, A’ is a single bond or a
spacer, connecting or bridging group, and P is a crosslinkable
group.

16. Gate insulator layer according to claim 14 of 15, wherein the

20 surface active group of the adhesion promoter is a silane group,
preferably of formula SiR'?R'R', or a silazane group, preferably
of formula -NH-SiR'?R"*R", wherein R'?, R"® and R are each
independently selected from halogen, silazane, C4-C12-alkoxy,
C1-C12-alkylamino, optionally substituted Cs-Cy-aryloxy and

25 optionally substituted C,-Czp-heteroaryloxy, and wherein one or
two of R'?, R"® and R" may also denote C;-C1p-alkyl, an
optionally substituted Cs-Cxo-aryl or an optionally substituted C,-
Cao-heteroaryl.

30
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nore of clainms 1 to 26, conprising a solvent, a crosslinkable
20nor bor nene-type polyner and one or nore of a crosslinking agent, a W
sensi ti zewoantk/@se7adhesi on pronoter. 28. Gate insul at or PCagpPeo10/004282 yer
conposition according to claim 27, wherfithe norbornene-type pol yner
conprises repeating 25units derived froma norbornene-type nononer sel ected
from DVM MeNB, DWVM Et NB, DVM Pr NB or DMM BuNB. 29. Gate insulator layer
or polymer conposition according to claim27 or 28, where the UV sensitizer
is CPTX and tlHe $HtednsulatoBlvi accpcdinhganaoraner moreymﬂa:ipen'seﬂrﬂomem;%o Gat e

to 29 wher o the men M oRe el Bralie B e AR PR nTeE 231 o o
DWMM - hexyl - DMM . S€ tgdimm@méemwgpzolm@mwl maleimide3a. 3 45 32. 10
33. 15 dialkylmaleimide, an epoxy, a vinyl, an acetyl, an indenyl, a
5 cinnamate or a coumarin 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.

10 18. Gate insulator layer according to one or more of claims 14 to 17,
wherein the adhesion promoter is a compound having the
following structure

o)

15 R A1

20 1213 14
where SIR'“R 'R is as defined in claim 16, A' is as defined in

claim 16 and R'® and R" are each independently H or a AC4-Cs
alkyl group.

25 19. Gate insulator layer according to one or more of claims 1 to 18,
wherein said polymer or polymer composition contains one or
more repeating units having a crosslinkable group, and the gate
insulator layer comprises a crosslinker which is a compound
comprising two or more crosslinkable functional groups that are
capable of crosslinking with the crosslinkable group of the
repeating unit of the polymer or polymer composition.

30

20. Gate insulator layer according to claim 21, wherein the
crosslinker is a compound of formula IV1 or IV2

35
P-X-P V1



34. 20 25 35. 30 36. 35 Gate insulator |ayer or polyner
conposition according to one or nore of clains 27 to 31, where the adhesion
pronot er we 20d2pr9pyl - Si (OEt)3, DWW -butyl -Si (CEt) 3, Dwbiraredyioesdst OVE) 3
or DWM - hexyl -Si (Ove) 3. Gate insul at or 11&er or pol yner conposition
according to one or nore of clains 1 to 31, conprising a polycycl ool efinic
pol ymer conprising repeating units derived from a norbornene-type nononer
sel ected from BuNB, HexNB, OCctNB, DecNB, NBC4F9, and PPVENB. Gate insul ator
| ayer or pol ymer conposition according to one or nore of clains 1 to 32,

conprising a pol }Lﬁ){n@@mp | ni c polyner conprisjpg crosslinkable repeating
units derived froma r bOr nene- type nononer selected from EON B, MGENB,

DVM MeNB, DWVM Et NB, DMM PrNB, DWVM BuNB and DVWM HxNB, Gate insul ator |ayer
or pol ymer corrplowrier@m lxq§wok'nA" e ie®, 8r Nmbea0§|n§|@b§ﬁdlAt%t§3 g g
conpri & ng a po ol efinic polyner conpri si repeatin erive

f r(r)nr% a%no?bor lr[:eng r@%% n%fn%rspgéﬁg&%‘%% %Rﬂdgmgx&r@upeﬁﬁe %hﬁcNB and
repeating units devdning dfrodaina 15pahdrmdse- t3ype4nononer sel ected from EONB,
MGENB, DVM MeNB, DWVM Et NB, DWVM PrNB, DVMM BuNB and DVM HxNB. Use of a

pol ycycl ool efi ni ¢ polymer, or a polyner conposition conprising a

pol ycycl ool eRilni Gatelipswiatersiayef agedrding daclaim térar 20, wheareis thet o 34, for

formng a gate | BRUSHREblEYRIug BRind érdézngﬂer?sc&ei@ciéu frong @ conduct or

| ayer i1b an el ectronjc, devi evi c risi % 8ate
i nsul at'dr | ayer Maleimige;, g %‘6‘?‘1@'&%@ W Melaimidegant.4- %'éHﬁ%f@ gtidaganayer,

wherein said gat éPbia?Ué iy, éﬁh@étylsaﬁQﬁ@Qnilr AiAn BRI AERIT PEoBRIFIFET
conposition as defined |n on

2012/ 028279PCT/ EBIRHR Yolhsgd o5t jakanis 9'°EPe%‘E’P8HFESé’eW&%“t\ﬁgébPB| ng to
cl ai m 36, whi ch ussabstitugedincaleireldd pbftiect, ar epsxigeqsortionER)vinyhin film

trans) stor (TP pohfYif S Bhiihibtedbriot! &7 a Youiighis porfignency | dent i fi cation
1529
22. Gate insulator layer according to one or more of claims 19 to 21,
wherein the crosslinker is a compound of the following formula

10 2 O 10
20 R A i c1
B! N
R R
o) o)

25 wherein R and R"" are independently of each other H ora Cy-
Ce alkyl group, A" has the meaning of claim 21 and is preferably
selected from (CZ3),, (CH2)a-(CH=CH),-(CH3)n, (CH2)n-O, (CH3),-
O-(CH2)n, (CH2)s-C6Q10-(CH2)s, and C(0)-0O, where each n is
independently an integer from 0 to 12, p is an integer from 1-6, Z

30 is independently H or F, CsQ1o is cyclohexyl that is substituted
with Q, Q is independently H, F, CH3, CF3 or OCHs.

23. Gate insulator layer according to one or more of claims 1 to 22,
wherein the polymer composition further comprises a solvent
35 having orthogonal solubility properties with respect to the
organic semiconductor layer.



538. Electronic device according to claim36 or 37, which is a top gate or
bottom gate OFET. 39. Process for preparing a bottomgate OFET of cl ai m 38,
whi ch conwoieew2tive fol | owi ng steps: a) depositing a garerairesitineads: (5)
100n a substrate (1), b) depositing a-MdBer of dielectric material
conprising a polycyclool efinic polynmer, or conprising a polyner conposition
conprising a polycycl ool efinic polyner, as defined in one or nore of clains
1 to 34, on the gate el ectrode (5) and the substrate (1) to forma gate

i nsul ator layer (4), c) depositing 15a |ayer of organic sem conducting

material (3 n ' htd e source
and dlr ai n( el) ggt rggg%@(%ﬁzfolgﬁnﬁg %Q&%@%ﬁ%%?@eéf%gsgﬁggnéd&ﬂgg%’ﬁg&%duct gr

layer (3), e) opPPhiyFloplefipsnalymerawberrip theRalymey camaiers ore P6r exanpl e
an insul ating ang{gre r@b@bﬂﬁgimﬂt@ﬁd(/mg $erdddiinkhbie grsliprarkdadriiest ve | ayer,

N e LS R T R

the follow ng stel@msad4 teepBsi ti ng source and drain 25el ectrodes (2) on a
substrate (1), b) depositing a | ayer of organic sem conducting material (3)
on the substrate (1) and the source and drain electrodes (2), c) depositing
a layer of d28l ePolaycianlefinial pelymerieriprjysgisioyyesitionefampusing gner, or

S008T i ped i n bacPoCYERBIERIE S¥ ARIAVREIIA BeRIVALT ASnsTods B VIET, o6
gate i Hg)m at or | B\ASE reppating uniffoBayingp arefdliakablecgrai M fgthet | east a

part of the gatecompiistiPa dragelinkér) as akfinBliiRdAd ¥r ARIESIfdIAIMENT her
| ayer (6), which, is,for exanple an insulating and/or protection and/or

stabilizing and/t?riadhesi ve |l ayer, on the 35gate electrode (5 and the gate
i nsul ator |ayer (4).

26. Polymer or polymer composition according to claim 24 or 25,
15 wherein the polycycloolefinic polymer is as defined in one or
more of claims 3 to 6.

27. Gate insulator layer or polymer composition according to one or
more of claims 1 to 26, comprising a solvent, a crosslinkable
20 norbornene-type polymer and one or more of a crosslinking
agent, a UV sensitizer and an adhesion promoter.

28. Gate insulator layer or polymer composition according to claim
27, where the norbornene-type polymer comprises repeating
25 units derived from a norbornene-type monomer selected from
DMMIMeNB, DMMIEtNB, DMMIPrNB or DMMIBuUNB.

29. Gate insulator layer or polymer composition according to claim
27 or 28, where the UV sensitizer is CPTX and the solvent is
30 MAK, cyclohexanone or cyclopentanone.

30. Gate insulator layer or polymer composition according to oneor
more of claims 27 to 29, where the crosslinking agent is DMMI-
butyl-DMMI|, DMMI-pentyl-DMMI or DMMI-hexyl-DMMI.
35
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31.

32.

33.

34.

35.

36.
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Gate insulator layer or polymer composition according to one or
more of claims 27 to 31, where the adhesion promoter is DMMI-
propyl-Si(OEt);, DMMI-butyl-Si(OEt);, DMMI-butyl-Si(OMe)3 or
DMMI-hexyl-Si(OMe)s.

Gate insulator layer or polymer composition according to one or
more of claims 1 to 31, comprising a polycycloolefinic polymer
comprising repeating units derived from a norbornene-type
monomer selected from BUNB, HexNB, OctNB, DecNB, NBC4Fg,
and PPVENB.

Gate insulator layer or polymer composition according to one or
more of claims 1 to 32, comprising a polycycloolefinic polymer
comprising crosslinkable repeating units derived from a
norbornene-type monomer selected from EONB, MGENB,
DMMIMeNB, DMMIEtNB, DMMIPrNB, DMMIBuNB and
DMMIHXNB,

Gate insulator layer or polymer composition according to one or
more of claims 1 to 33, comprising a polycycloolefinic polymer
comprising repeating units derived from a norbornene-type
monomer selected from BuNB, HexNB, OctNB, DecNB and
repeating units derived from a norbornene-type monomer
selected from EONB, MGENB, DMMIMeNB, DMMIEtNB,
DMMIPrNB, DMMIBUNB and DMMIHxNB.

Use of a polycycloolefinic polymer, or a polymer composition
comprising a polycycloolefinic polymer as defined in one or more
of claims 1 to 34, for forming a gate insulator layer that is in
contact with a semiconductor layer in an electronic device.

Electronic device comprising a gate insulator layer that is in
contact with an organic semiconducting layer, wherein said gate
insulator layer is fomed from a polymer or polymer composition
as defined in one or more of claims 1 to 34.
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37.

38.

39.

40.

- 115 -

Electronic device according to claim 36, which is an organic field
effect transistor (OFET), thin film transistor (TFT), integrated
circuit (IC) or Radio Frequency Identification (RFID) tag.

Electronic device according to claim 36 or 37, which is a top gate
or bottom gate OFET.

Process for preparing a bottom gate OFET of claim 38, which
comprises the following steps: a) depositing a gate electrode (5)
on a substrate (1), b) depositing a layer of dielectric material
comprising a polycycloolefinic polymer, or comprising a polymer
composition comprising a polycycloolefinic polymer, as defined
in one or more of claims 1 to 34, on the gate electrode (5) and
the substrate (1) to form a gate insulator layer (4), ¢) depositing
a layer of organic semiconducting material (3) on the gate
insulator layer (4), d) depositing and the source and drain
electrodes (2) on at least a part of the organic semiconductor
layer (3), e) opfionally depositing another layer (6), which is for
example an insulating and/or protection and/or stabilizing and/or
adhesive layer, on the source and drain electrodes (2) and the
organic semiconductor layer (3).

Process for preparing a top gate OFET of claim 38, which
comprises the following steps: a) depositing source and drain
electrodes (2) on a substrate (1), b) depositing a layer of organic
semiconducting material (3) on the substrate (1) and the source
and drain electrodes (2), ¢) depositing a layer of dielectric
material comprising a polycycloolefinic polymer, or comprising a
polymer composition comprising a polycycloolefinic polymer, as
defined in one or more of claims 1 to 34, on the OSC layer (3) to
form a gate insulator layer (4), d) depositing a gate electrode (5)
on at least a part of the gate insulator layer (4), e) optionally
depositing another layer (6), which is for example an insulating
and/or protection and/or stabilizing and/or adhesive layer, on the
gate electrode (5) and the gate insulator layer (4).



