Process for polynerizina cyclical olefins and photopol yneri zabl e
conposition The present invention relates to a process for the

pol ymeri zation of cyclical ol efins by photochenical ring-opening.wetathesis—
pol ymerT zatton using catal ytic anpbunts of a nol ybdenum tungsten, titanium
ni obi um or tantal um catal yst £ which a silylnethyl.-group and at |east one
hal ogen are bonded to the netal, and to conposi tions CO”prﬁiﬁ?ﬁabaﬁff
oleflnstodﬁ? thacatalytlc'am)unt of this catalyst. er ma

i nduced ring-openi ng netathesis polymnerization using catalytic amunts of
netal catalysts has already been known *dr- a relatively long time and is
described in many cases in the literature [cf., for exanple, lvin, KJ.,

A efin Metathesis 1-12, Academ c Press, London (1983)]. Polyners which can
be prepared in this way are prepared industrially and are

Verfahren zur Polymerisation von cyclischen Olefinen und photopolymerisierbare
Zusammensetzung

Die vorliegende Erfindung betrifft ein Verfahren zur Polymerisation cyclischer Olefine
durch photochemische Ringdffnungs-Metathese-Polymerisation unter Verwendung kata-
Iytischer Mengen eines Molybdin-, Wolfram-, Titan-, Niob- oder Tantalkatalysators, in
der eine Silylmethylgruppe und mindestens ein Halogen am Metall gebunden sind, sowie
Zusammensetzungen enthaltend diese Olefine zusammen mit einer katalytischen Menge
dieses Katalysators.

Die thermisch induzierte Ring6ffnungs-Metathese-Polymerisation unter Verwendung
katalytischer Mengen von Metallkatalysatoren ist schon seit Iingerem bekannt und viel-
fach in der Literatur beschrieben (siehe zum Beispiel Ivin, K.J., Olefin Mezathesis 1-12,
Academic Press, London (1983)]. So herstellbare Polymere werden industriell hergestelit
und sind kommerziell erhildich. Dagegen ist zur photochemisch induzierten Ring-
bffnungs-Metathese-Polymerisation nur wenig bekannt geworden und kommerzielle
Anwendungen haben sich bis heute nicht ergeben.

Aus US 4,060,468 ist bekannt, eine Olefin-Metathese-Polymerisation in der Weise durch-
zufithren, dass man eine Zweikomponentenmischung aus einem Metallsalz ausgewdhit aus
Wolfram-, Molybdén-, Rhenium- und Tantalsalzen und einem substituierten Phenol oder
Benzylalkohol als Cokatalysatoren in ein Reaktionsgefi# mit dem monomeren Olefin gibt
und anschlieBend die gesamte Reaktionsmischung mit UV-Licht bestrahlt. Als Olefine '
werden nur cyclische und acyclische Kohleawasserstoffe ohne funktionelle Gruppen
beziehungsweise Substituenten erwiihnt. Die getrennte Lagerung der Kata-
lysatorkomponenten und der Verfahrensschritt des Mischens der Katalysatorkomponenten
direkt vor der eigentlichen Reaktion machen das bekannte Verfahren technisch aufwendig
und umstiindlich.

Tanielan et al. [Tanielan, C., Kieffer, R., Harfouch, A., Tetrahedron Letters 52:4589-4592
(1977)] beschreiben das Katalysatorsystem W(CO)4/CCl,, das nach der Bestrahlung mit
UV-Licht fur die Metathesepolymerisation von Cyclopenten und Norbornen eingesetzt
werden kann. Metallcarbonyle sind fliichiig und toxisch, so dass deren Verwendung aus
physiologischen Grilnden aufwendige Schutzmassnahmen erforderlich macht. Zudem
beobachlet man als Konkurrenzreaktion eine radikalische Additionsreaktion unter Bildung
monomerer 1-Chlor-2-trichlormethyl-cycloalkanen.



commercially obtainable. On the other hand, only little has become known on
phot ochem cal |l y i nduced ri ng-openi ng netathesis polynerization and as- yet

t here have been no conmercial applications. It is known fromUS 4, 060, 468
to carry out an olefin netathesis polynerization by introducing a

t wo- conponent woosiées Of a netal salt chosen fromsalts of tuPgTEPYS04364

nmol ybdenum rhenium and tantal um and a substituted phenol or benzyl al cohol
as cocatalysts into a reaction vessel with the nononeric ol efin and then
irradiating the entire reaction mixture witlf UV light. Only cyclical and
~acyclical hydrocarbons w thout functional groups or substituents are
mentioned as ol efins. Separate storage of the catal yst conponents and the
process step of m xing the catal yst conponents directly before the actual
reacti on nake the known process industrially expensive and cunbersone.

Tani el an et al Aqsmiulahrﬂ'hﬁ,ﬂmw.&l.. RooneyidiJf, suMbl, Ctal. 15:245-27@ (h982)] ist

Letters 52:458%&1‘}3 IfARpEAthcUPb Iy RaibBhldinYpidx doY FbiRiel
WCO [err]Cd[err \g&ﬂch after irradiation V\A'%bl"i] w I?ght can be enpl oyed

for netathesis polynerization of cycl opentene and norbornene. Metal
carbonyls are volatil e aPnyloxi c, so that their use necessitates expensive
safety precautions for physi & ogical reasons. Furthernore, a free-radical
addition reaction with fornmation of nononeric

1-chloro-2-trichl oromet hyl - cycNgal kangs,des. Observed as a conpetin
reaction. S (Ol w ?

CHsO

ein thermischer Katalysator fir die ringdffnende Metathesepolymerisation von Dimethyl-
norbornen ist, und zusammen mit Phenylacetylen als Cokatalysator auch ein Photokataly-
satorsystem fur die gleiche Polymerisation darstellt. Dieses Katalysatorsystem hat den
schwerwiegenden Nachteil, da8 es als gebrauchsfertige Formulierung nur eine geringe
Lagerstabilitiit aufweist, die Carbonylverbindung physiologisch bedenklich ist und die
Toleranz gegeniiber fuktionellen Gruppen in Cycloolefinen zu gering ist.

Feldmann et al. [Feldmann, C., et al., in: Stephen J. prpard (Ed.) Progress in Inorganic
Chemistry, 39:3-73 (1991)] beschreiben Molybdiin- und Wolframalkylidenkomplexe, die
alleine nur schwache, aber zusammen mit Lewis-Siuren wirksame thermische Katalysato-
ren fiir die Polymerisation von Cycloolefinen sind. |

Die bekannten photochemisch aktivierbaren Katalysatoren benbtigen also stets einen Co-
katalysator, wodurch die Qualitiit der hergesteliten Polymere bedingt durch die gewihlte
Art und Reihenfolge der Reagenzien stark schwanken kann. :

Mit den bekannten Verfahren lassen sich Polymere aus cyclischen Olefinen durch photo-
chemische Ringtffnungs-Metathese-Polymerisation nur mit hohem Aufwand und in wirt-
schaftlich unbefnedxgender Weise herstellen Als besondere Nachteile werden die
mangelnde Lagerstabilitiit, die ein Mischen der Komponemen erst direkt vor der Her-
stellung zulisst, die mangelnde Toleranz gegeniiber funktionalisierten cyclischen Olefinen
sowie die Notwendigkeit der Verwendung von zwei Komponemen als Katalysatorsystem
empfunden. Es besteht daher ein Bed(lrt‘t_l'i&. ein vom technischen, wirtschaftlichen und

: dkologischen Gesichtspunkt aus verbessertes und aligemein brauchbares Verfahren zur

| Herstellung von Polynieren aus cyclischen Olefinen durch photochemische Ring-



It is known from Thoi et al. [Thoi, H H, Ivin, KJ., Rooney, J.J.,
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15: 245-270 (1982)] that a tungsten pentacarbonyl - carbene conpl ex of
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is a thermal catalyst for ring-opening netathesis

pol ymeri zati on of di net hyl norbornene and,
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Uffnungs-Metathese-Polymerisation bereitzustellen.

In der WO 93/13171 werden luft- und wasserstabile Einkomponenten- und Zweikompo-
nenten-Katalysatoren avf der Basis von Carsbonylgruppen enthaltenden Molybdiin- und
Wolframverbindungen sowie Ruthenium- und Osmiumverbindungen mit mindestens
einem Polyenliganden filr die thermische Metathesepolymerisation und eine photoakti-
vierte Metathesepolymerisation von gespannten Cycloolefinen, besonders Norbornen und
Norbomenderivaten, beschrieben. Andere polycyclische - vor allen Dingen nicht-konden-
sierte polycyclische Cycloolefine werden nicht erw#hnt. Die verwendeten Ein-
komponenten-Katalysatoren der Ruthenivmverbindungen, nimlich [Ru(Cumen)Cl,], und
[(CeHg)Ru(CH,CN),CI}*PF¢ knnen zwar durch UV-Bestrahlung aktiviert werden; die
Lagerstabilitiit der Zusammensetzungen mit Norbornen sind jedoch vllig unzureichend.
Diese Katalysatoren vermigen die bekannten Zweikomponenten-Katalysatoren nur unzu-
reichend zu ersetzen.

Petasis und Fu [Petasis, N. A., Fu, D., J. Am. Chem. Soc. 115:7208-7214 (1993)]
beschreiben die thermische ring8ffnende Metathesepolymerisation-von Norbornen unter
Verwendung von Biscyclopentadienyl-bis(trimethylsily)methyl-titan(IV) als thermisch
aktiven Katalysator. Die Katalysatoraktivitit ist jedoch niedrig, wodurch man lange
Reaktionszeiten bendtigt und zudem nur relativ geringe Polymerausbeuten erzielt. Es wird
nicht beschrieben, dass diese Katalysatoren fiir photoinduzierte -
Ringtffnungsmetathesepolymerisation von gespannten Cycloolefinen geeignet sind.

Es wurde gefunden, da8 Zusammensetzungen aus gespannten Cycloolefinen und einem
Einkomponentenkatalysator photochemisch polymerisierbar sind, wenn die Zusammen-
setzung eine Titan(IV), Niob(V)-, 'Tamal(V)-. Molybdiin(VI)- oder Wolfram(VI)verbin-
dung enthilt, in der mindestens ein Halogen und eine Silylmethylgruppe am Metall
gebunden sind. Uberraschend haben sich diese thermisch stabilen Verbindungen als wirk-
same Katalysatoren fr die photoinduzierte Ringtffnungs-Metathese-Polymerisation
erwiesen, wobei trotz der photochemischen Reaktivitit die Lagerstabilitiit von
Mischungen aus Cycloolefinen und den Titan(IV), Niob(V)-, Tantal(V)-, Molybd4n(VI)-
oder Wolfram(VI)verbindungen erhalten bleib;.

Es wurde ferner tberraschend gefunden, dass die genannten 'kmlysato_ren schon nach
einer kurzen Bestrahlung in Gegenwart von Cycloolefinen als thermische Katalysatoren
wirken, so dass die photochemische und thermische Polymerisation in Kombination ange-
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together with phenyl acetyl ene as a cocatal yst, is also a photocatal yst
system for the sane polynerization. This catal yst system has the serious

di sadvantage that, as a ready-to-use formulation, it has only a | ow storage
stability, the carbonyl conpound is phyS|oIog|caIIy .unacceptable and the

t ol erance towar%;‘;iaﬁ,gl onal groups in cycloolefins is too | owpcr/EpesshIen
et al. [Feldman, C, et al., in: Stephen J. Lippard (Ed.) Progress in

I norganic Chem stry 39:3-73 (1991)] describe nol ybdenum and

tungst en- al kyl i dene conpl exes which by thensetves are only weak but -
together with Lewis acids are active thermal catalysts for the

pol ynmeri zati on of cycl ool efins. The known catal ysts which can be
activated photochem cally thus always require a cocatal yst, which neans

that the qual it ywerdet werdpmkinnens prepared can vary greatly as a result of
t he chosen nature and sequence of the reagents. Pol ymers of cycli cal
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process, Tantal(V)-, Molybd#n(VI)- oder Wolfram(VI)verbindung durchfiihrt, in der eine Silyl-
methylgruppe und mindestens ein Halogen am Metall gebunden sind.

Die tibrigen Valenzen des Titans, Niobs, Tantals, Molybdiins und Wolframs sind bevor-
zugt mit thermostabilen Neutralliganden abges#ttigt, die in grosser Vielzahl bekannt sind.
Die Zahl der Neutralliganden kann auch die stSchiometrisch mtigliche Zahl tiberschreiten
(Solvate).

Bei den cyclischen Olefinen kann es sich um monocyclische oder polycyclische konden-
sierte und/oder {iberbriickte Ringsysteme, zum Beispiel mit zwei bis vier Ringen, handeln,
die unsubstituiert oder substituiert sind und Heteroatome wie zum Beispiel O, S, N oder Si
in einem oder mehreren Ringen und/oder kondensierte aromatische oder heteroaromati-
sche Ringe wie zum Beispiel o-Phenylen, o-Naphthylen, o-Pyridinylen oder o-Pyrimidi-
nylen enthaiten knnen. Die einzelnen cyclischen Ringe konnen 3 bis 16, bevorzugt 3 bis
12 und besonders bevorzugt 3 bis 8 Ringglieder enthalten. Die cyclischen Olefine knnen
weitere nichtaromatische Doppelbindungen enthalten, je nach Ringgrsse bevorzugt 2 bis
4 solcher zusiitzlichen Doppelbindungen. Bei den Ringsubstituenten handelt es sich um
solche, die inert sind, das heisst, die die chemische Stabilitiit und die Thermostabilitit der
Titan-, Niob-, Tantal-, Molybdiin- und Wolframverbindungen nicht beeintriichtigen. Bei
den Cycloolefinen handelt es sich um gespannte Ringe beziehungsweise Ringsysteme.

Thermostabilitiit bedeutet im Rahmen der Erfindung, dass die photokatalytisch aktiven
Titan(IV), Niob(V)-, Tantal(V )- Molybdﬁn(VI)- oder Wolfram(VI)verbindungen unter Er-
wiirmen keine aktiven Spezies fur die Ringtffnungs-Metathese-Polymerisation bilden. Der
Katalysator kann zum Beispiel bei Raumtemperatur bis leicht erhthter Temperatur wie
etwa + 40°C innerhalb von Wochen unter LichtausschluB keine Ringdffnungs-Metathese-
Polymerisation initiieren. Wihrend dieser Zeit wird nur eine unbedeutende Menge an
Monomer (wéniger als 0,2 Gew.-%) umgesetzt. Die Thermostabilitit kann zum Beispiel
bestimmt werden, indem man eine Toludl-LGSung mit 20 Gew.-% Monomer und 0,33



which is inmproved fromindustrial, econom c and ecol ogi cal aspects, for the
preparation of polymers fromcyclical olefins by photochem cal ring-opening
I on—¥HO-93/ 131 ' ' -

one- conponent and two- conponent catal ysts based on nol ybdenum conpounds and
tungst en conpounds contai ni ng carbonyl groups and rut heni um conpounds and
osnm umwospmesds with at | east one polyene |igand for POWEPISEMIGE

met at hesi s pol yneri zati on and a photoactivated netathesis pol ynerization of
tight cycloolefins, in particular nokhomene and norbonene derivatives. No

ot her polycyclical - above all non-fused polycyclical, cycloolefins are
nment i oned. The one-conponent catal ysts
-3 - of the ruthenium corrpounds used, that is to say

%(Rucggtrj]rrg%‘grg‘gﬁ!!i rr Qan |n eﬁ?ﬁilva‘%@%ybew”rac}m@on

howeverin de Polymermenge, erkennbar am
Viskosit#tsaufbau wvnd durch Ausﬂﬂlen in einem Fillungsmittel, bensp:elswe:se Ethanol,
Filtration und Trocknen quantitativ bestimmbar, nicht mehr als 0,5 Gew.-% und bevorzugt
nicht mehr als 0,2 Gew.-% betriigt,

Wenn die cyclischen Olefine mehr als eine Doppelbindung enthalten, zum Beispiel 2 bis 4
Doppelbindungen, kbnnen sich abhlingig von den Reaktionsbedingungen, dem gewiihiten
Monomer und der Katalysatormenge, auch vernetzte Polymerisate bilden.

In einer bevorzugten Ausfithrungsform des erfindungsgemiissen Verfahrens entsprechen
die Cycloolefine der Formel 1
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Q; ein Rest mit mmdestens einem Kohlenstoft‘atom 1st. der zusammen mit der
-CH=CQ,-Gruppe einen mindestens 3-gliedrigen alicychschen Ring bildet, welcher
gegebenenfalls ein oder mehrere Heteroatome ausgewahlt aus der Gruppe bestehend
aus Siliciom, Phosphor. Sauerstoff, Suckstoff und Schwefel enthilt; und der unsubsti-
tuiert oder mit Halogen, =0, -CN, -NO,, R;R,R;Si-(0),-, -COOM, -SO;M, -PO;M,

-COO(My)y.7, -SO5(My)sr, -POs(My)y, Cr-CoorAlkyl, Cy-Cog-Hydroxyalkyl
C,-Cyo-Halogenalkyl, C;-C4-Cyanoalkyl, C,-Cg-Cycloalkyl, Cs-Cy¢-Aryl,
C7-C,¢-Aralkyl, C;-Cs-Heterocycloalkyl, C;-Cy¢-Heteroaryl, C-C;-Heteroaralkyl
oder R,-X- substituiert ist; oder bei dem zwei benachbarte C-Atome mit -CO-0-CO-
oder -CO-NR4-CO- substituiert sind; oder bei dem gegebenenfalls an benachbarten
Kohlenstoffatomen des alicyclischen Rings ein alicyclischer, aromatischer oder
heteroaromatischer Ring ankondensiert ist, welcher unsubstmuert oder mit Halogen,
-CN, -Noz, RgR7RSi~<(0)y- -COOM, -SOM, PO;M -cooM ‘),,,. -S0;(My)1 0.
-PO3(M,); 5, Cy-Cap-Alkyl, C,-Cao-Halogenalkyl, C,-Cyo-Hydroxyalkyl,
C,-C¢-Cyanoalkyl, C;-C;-Cycloalkyl, C4-C;¢-Aryl, C;-C,¢-Aralkyl, C;-Cg-Hetero-



the conpositions with norbornene is conpletely inadequate. These catal ysts
are capabl e of replacing the known two-cempenent catal ysts only

i nadequat el y. Petasis and Fu [Petasis, N A, Fu, D., J. Am Chem Soc.
115: 7208- 7214 (1993)] describe thermal ring-opening netathesis

pol ymeri zati on w{, ghpenene usi'ng bi scycl opent adi enyl - ' PCT/EP95/04364
bis(trimethylsilyl)methyl-titaniun{lV) as the thermally active catal yst.
However, the activity of the catalyst is |ow,_ which nmeans that |ong
reaction times are required and furthernore &nl y relatively | ow pol yner
yields are achieved. It is not reported that these catalysts are suitable
for photoi nduced ring-openi ng netathesis polynerization of ti ght

cycl ool efi ns. d tha itio of s

cycl ool efins and a‘%ﬁ@@r@b&&%‘%ﬁéﬁp%‘ﬁ% ituiert ist;

phot ochemi cal | yX ﬁnngaumbhmvommMﬂhl-GesSa cﬁ){.asn)up&(by;-o-ﬁ(@b; O D:.
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al ogen and a sily are-bo e es
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phot oi nduced ri ng- Benrzyl bedewtenpt hesi s pol ymeri zati on, the storage stability

0l ybdenum ) f‘%"b& e mf’cbﬁ%ﬁ%@%ﬂg réf““'%%%% At N

phot ochem cal reacfs GelrstARY d, surprisingly,
that the catal yn,smmga mbwmgwonammmmmff cl-cu-mm Phenyl oder Benzyl

bedeuten, wobei die Alkylgruppen ihrerseits unsubstituiert oder mit C,-C;,-Alkoxy
oder C5-Cg-Cycloalkyl substitviert sind;
R¢» R und Rg unabhiingig voneinander C;-C,-Alkyl, C;-C;p- Perﬂuoralkyl Phenyl oder

Benzyl bedeuten;

M fir ein Alkalimetall und M, fiir ein Erdalkalimetail stehen; und

u fiir 0 oder 1 steht;

wobei der mit Q, gebildete alicyclische Ring gegebenenfalls weitere nicht-aromatische
Doppelbindungen enthiilt;

Q, Wasserstoff, C;-C,,-Alky], C,-Czo—Halogenalkyl Ci-Cyr- Alkoxy, Halogen, -CN,
R;;-X,- darstellt;

R;; C;-Cag-Alkyl, C;-C,y-Halogenalkyl, C,-C,,-Hydroxyalkyl, C;-C4-Cycloalkyl,
C¢-Cy6-Aryl oder C;-C¢-Aralkyl bedeutet;

X, -C(0)-0- oder -C(0)-NR,,- ist;

R, Wasserstoff, C,-Cy,-Alkyl, Phenyl oder Benzyl darstelit;

wobei die vorgenannten Cycloalkyl-, Heterocycloalkyl-, Aryl-, Heteroaryl-, Aralkyl- und

Heteroaralkylgruppen unsubstitniert oder mit Cy-Cy,-Alkyl, C,-Cy,-Alkoxy, -NOy, -CN

oder Halogen substituiert sind, und wobei die Heteroatome der vorgenannten Heterocyclo-

alkyl-, Heteroaryl- und Heteroaralkﬂﬁruppén aus der Gruppe -O-, -S-, -NRg- und -N= aus-

gewiihlt sind; und o |

Ro Wasserstoff, C,-C;,-Alkyl, Phenyl oder Benzyl darstelit.

Ankondensierte alicyclische Ringe enthalten bevorzugt 3 bis 8, besonders bevorzugt 4 bis
7 und insbesondere bevorzugt 5 oder 6 Ring-C-Atome.

Ist in den Verbindungen der Formel 1 ein asymmetrisches Zentrum vorhanden, so hat dies
zur Folge, da8 die Verbindungen in optisch isomeren Formen auftreten knnen. Einige
Verbindungen der Formel I kénnen in tautomeren Formen (z.B. Keto-Enol-Tautomerie)
vorkommen. Liegt eine aliphatische C=C-Doppelbindung vor, 0 kann auch geometrische



catal ysts after only brief irradiation in the presence of cycl ool efins, so.
that the photochem cal and thermal polynerization can be used in
Rt—Avert | on—retates—to = PTrOCESS for tne
photocatalytlc pol ymeri zation of a cyclical olefin or at |least two
different cyclical olefins in the presence of a netal conpound as the
cat al yswoserdsiosh i s characterized in that a phot ochen cRCTEPISY48deni ng
nmet at hesi s polynerization is carried out in the presence of a catalytic
amount of at | east one heat-stable EZEaniun(lV), ni obi um(V), tantalumV),
mol ybdenun(VI) or tungsten(Vl) conpolnd in which a silylnethyl group and at
| east one hal ogen are bonded to the netal. The ot her val encies of the
titanium niobium tantalum nolybdenum and tungsten are preferably

L o e SR Ak "
st oi chi miiglichi Diel FormgblumfaBisomiteille miglichen:Rteregisomeren, die in Form von En-
antiomeren, Taqtomemn, Diaslereomgren, E/Z-Isomeren oder deren Gemische vorliegen.

In den Definitionen der Substituenten kdnnen die Alkyl-, Alkenyl- und Alkinylgruppen
geradkettig oder verzweigt sein. Dasselbe gilt auch fiir den bzw. jeden Alkylteil von Alk-
oxy-, Alkylthio-, Alkoxycarbony}- und von weiteren Alkyl-enthaltenden Gruppen, Diese
Alkylgruppen enthalten bevorzugt 1 bis 12, bevorzugter 1 bis 8 und besonders bevorzugt 1
bis 4 C-Atome. Diese Alkengil- und Alkinylgruppen enth_ﬁltén bevorzugt 2 bis 12, bevor-
zugter 2 bis 8 und besonders bevorzugt 2 bis 4 C-Atome.

Alkyl umfafit beispielsweise Methyl, Ethyl, Isopropyl, n-Propyl, n-Butyl, iso-Butyl, sek-
Butyl, tert-Butyl sowie die verschiedenen isomeren Pentyl-, Hexyl-, Heptyl-, Octyl-,
Nonyl-, Decyl-, Undecyl-, Dodecyl-, Tridecyl-, Tetradecyl, Pentadecyl, Hexadecyl-,
Heptadecyl, Octadecyl-, Nonadecyl- und Eicosylradikale. '

Hydroxyalkyl umfaBt beispielsweise Hydroxymethyl, Hydroxyethyl, 1-Hydroxyisopropyl,
1-Hydroxy-n-Propyl, 2-Hydroxy-n-Butyl, 1-Hydroxy-iso-Butyl, 1-Hydroxy-sek-Butyl,
1-Hydroxy-tert-Butyl sowie die verschxedenen isomeren Pentyl-, Hexyl-, Heptyl-, Octyl-,
Nonyl-, Decyl-, Undecyl-, Dodecyl-, Tridecyl-, Tetradecyl, Pentadecyl, Hexadecyl-,
Heptadecyl, Octadecyl-, Nonadecyl- und Bicosylradikale.

Halogenalkyl umfaBt beispiclsweise Fluormethyl, Difluormethyl, Trifluormethyl, Chlor-
methyl, Dichlormethyl, Trichlormethyl, 2,2,2-Trifluorethyl, 2-Fluorethyl, 2-Chlorethyl,
2,2,2-Trichlorethyl sowie halogenierte, besonders flnorierte oder chiorierte Alkane, wie
zum Beispiel der Isopropyi-, n-Propyl-, n-Butyl-, iso-Butyl-, sek-Butyl-, tert-Butyl-, und
der verschiedenen isomeren Pentyl-, Hexyl-, Heptyl-, Octyl-, Nonyl-, Decyl-, Undecyl-,
Dodecyl-, Tridecyl-, Tetradecyl-, Pentadecyl-, Hexadecyl-, Heptadecyl-, Octadecyl-,
Nonadecyl- und Eicosylradikale. .

Alkenyl umfafit zum Beispiel Propenyl, Isopropenyl, 2-Butenyl, 3-Butehyl, Isobutenyl,
n-Penta-2,4-dienyl, 3-Methyl-but-2-enyl, n-Oct-2-enyl, n-Dodec-2-enyl, iso-Dodecenyl,
n-Octadec-2-enyl, n-Octadec-4-enyl.

Beim Cycloalky! handelt es sich bevorzugt um C5-Cg-Cycloalkyl, besondcfs_ um Cs- oder
C¢-Cycloalkyl. Einige Beispiele sind Cyclopropyl, Dimethylcyclopropyl, Cyclobutyl,



- 4- The cyclical olefins can be nonocyclical or polycyclical fused
and/or bridged ring systens, for exanple with—t+wo to four rings, which are
unsubstituted or substituted and can contain heteroatons, for exanple, O,
S,sNor Si, in one or nore rings and/or fused aromatic or heteroaromatic

rings, for exangbsess®enyl ene, o-naphthyl ene, o-pyridinyl ene @CTEPISH436S
pyrim di nyl ene. The individual cyclical rings can contain 3 to 16,
preferably 3 to 12, and particularly preferaly 3 to 8 ring nenbers. The
cyclical olefins can contain further non- ar8matic double bonds, preferably
2 to 4 such additional double bonds, depending on the ring size. The ring
substituents are those which are inert, i.e. which do not inpair the

hem cal stabil j¢ tabili £ .th ' ' ohi t ant al

ol ybdenum and COHGRRE HBlBxAeenn CRoers FebpRipsTnd P 1ac' o 1l ng
systens. Heat stability in the context of the invention neans that the
hot talvticak : : Ny . A .

ol ybdenum{ V1) STLIaRY é%"&fj‘ﬁ?“"‘*‘“““o urfgg'“*““‘?“'”oum Anyhie) Cyie 3 i S,
for the ri ng-opgﬁyﬁ@o‘gfm'% anﬂ'gﬁ&?w 2%“’ ﬁ'gff% . &Fye&'éﬁ‘?ﬂ%, at

room t enper at ur sekeButyl, 1 ¢Cyang-tert-Butyl snwie diepverschiedenen isomeren £lyphopeatyb@ndt he

cat al yst cannot g.aijids@tt € any ring-opening netathesis polynerization wthin
weeks with exclusion of light. During this period, only an insignificant
anount of nononer (less than

Aralkyl enthiilt bevorzugt 7 bis 12 C-Atome und besonders bevorzugt 7 bis 10 C-Atome.

Es kann sich zum Beispiel um Benzyl, Phenethyl, 3-Phenylpropyl, a-Methylbenzyl, Phen-
butyl oder o, 0-Dimethylbenzyl handeln,

Aryl enthiilt bevorzugt 6 bis 10 C-Atome. Es kann sich beispielsweise um Phenyl, Penta-
lin, Inden, Naphthalin, Azulin oder Anthracen handeln.

Heteroaryl enthiilt bevorzugt 4 oder 5 C-Atome und ein oder zwei Heteroatome aus der
Gruppe O, S und N. Es kann sich beispielsweise um Pyrrol, Furan, Thiophen, Oxazol, Thi-
azol, Pyridin, Pyrazin, Pyrimidin, Pyridazin, Indol, Purin oder Chinolin handeln.

Heterocycloalkyl enthilt bevorzugt 4 oder 5 C-Atome und ein oder zwei Heteroatome aus
der Gruppe O, S und N. Es kann sich beispielsweise um Oxiran, Azirin, 1,2-Oxathiolan,
Pyrazolin, Pyrrolidin, Piperidin, Piperazin, Morpholin, Tetrahydrofuran oder Tetrahydro-
thiophen handeln.

Alkoxy ist beispielsweise Methoxy, Ethoxy, Propyloxy, i-Propyloxy, n-Butyloxy, i-Buty!-
oxy, sek.-Butyloxy und t-Butyloxy.

Unter Alkalimetal] ist im Rahmen der vorliegenden Erfindung Lithium, Natrium, Kalium,
Rubidium vnd Clisium, insbesondere Lithivm, Natrivm und Kalium zu verstehen.

Unter Erdalkalimetall ist im Rahmén der vorliegenden Erfindung Beryllium, Magnesium,
Calcium, Strontium und Barivm, insbesondere Magnesium und Calcium zu verstehen.

In den obigen Definitionen ist unter Halogen, Fluor, Chlor, Brom und Jod vorzugsweise
Fluor, Chlor und Brom zu verstehen.

Fiir das erfindungsgemiiSe Verfahren besonders gut géeigneme Verbindungen der Formel I



0.2 %by weight) is reacted. The heat stability can be determined, for
exanple, in that a toluene solution with 20 % by melght of nononer and 0. 33
liisy { tmgsteT T obrumor-tant al um cat al yst
is stored in the dark at 50[err]C for 96 hours and any anount of polyner
formed, which can be detected by a buil d- up in viscosity, can be deternined
quant |W0t9mab5' by precipitation in a precipitant, for PETEPSI& hanol ,
filtration and drying, is not nore than 0.5 % by wei ght, and preferably not
nore than 0.2 % by wei ght. I f thegeyclical olefins contain nore than one
doubl e bond, for exanple 2 to 4 doubl e bonds, crosslinked pdlyners can al so
form depending on the reaction conditions, the nononmer chosen and the
anount of catalyst. In a preferred embodi ment of the process according to

t he '”%&Séﬂg”woﬁﬁ‘ézWMt?mw@”eSpond to the formula |

Ferner sind flir die Polymensanon Verbindungen der Fomel 1 bevorzugt, worin der ali-
cyclische Ring, den Q zusammen mit der -CH=CQ,- Gmppe bildet, 3 bis 16, bevorzupter
3 bis 12 und besonders bevorzugt 3 bis 8 Ringatome aufweist, und wobei es sich um ein
monocyclisches, bicyclischen, tricyclisches oder tetracyclisches Ringsystem handeln
kann.

Mit besonderem Vorteil 148t sich das erfindungsgem#iBe Verfahren mit denjenigen Verbin-

dungen der Formel I durchfithren, worin D

Q, ein Rest mit mindestens einem Kohlenstoffatom ist, der zusammen mitder
-CH=CQ,-Gruppe einen 3- bis 20-gliedrigen ahcychschen ng bildet, welcher
gegebenenfalls ein oder mehrere Heteroatome ausgewihit aus der Gruppe Silicium,
Sauerstoff, Stickstoff und Schwefel enthiilt; und der unsubsnmnert oder mit Halogen,
=0, iCN, -NO,, R{R,R;Si-(0),-, -COOM, -SO;M, PO,M -COO(Ml)m,
-S03(My)y12. -POsMy)yrz; C)-Cip-Alkyl, C;-Cyp-Halogenalkyl, C,-Cyp-Hydroxy-
alkyl, C;-C,-Cyanoalkyl, C;-Cg-Cycloalkyl, Cg-Cy5-Aryl, Cy-Cp-Aralkyl,
C3-Cg-Heterocycloalkyl, Cy-C,,-Heteroaryl, C4-C,2—Heueroamlkyl oder Ry-X- substi-
tuiert ist; oder bei dem zwei benachbane C-Atome in diesem Rest Q, mit -CO-O-CO-
aoder -CO-NRs-CO- substituiert sind; oder bei dem gegebenenfalls an benachbarten
Kohienstoffatomen ein alicychscher aromatischer oder heteroaromatischer Ring an-
kondensiert ist, welcher unsubstituiert oder mit Halogen, -CN, -NO,, RgR9RsSi-,
~-COOM, -SO;M, -PO3M, -COOM)y 15, -SO5(My)ypp, POs(My)yp Cy-Cip-Alkyl,
C;-Cyp-Halogenalkyl, C)-Cy,-Hydroxyalkyl, C,-C,-Cyanoalkyl, Cs-Ce-Cycloalkyl,
Cg-Cyz-Aryl, C1-Cyp-Aralkyl, Cs-Cg-Heterocycloalkyl, C5-Cyp-Heteroaryl,
C,4-C,5-Heteroaralkyl oder Ry3-X ;- substituiert ist;

X und X; unabhiingig voneinander fiir -O-, -§-, -CO-, -SO-, -so,- -O-C(O)—, -C(0)-0-,
'C(O)‘NRs‘, 'NRxoC(O)' '802'0' Odel' '0'802‘ stehen;

R;, R; und R, unabhingig voneinander C,-Cg-Alkyl, C;-Cs-Perfluoralkyl, Phenyl oder
Benzyl bedeuten; | o o

M fir ein Alkalimetall und M, for ein Erdalkalimetall stehen;

R, und R,5 unabhiingig voneinander C,-Cyy-Alkyl, C;-C,p-Halogenalkyl, _
C,-C;-Hydroxyalkyl, C3-Cg-Cycloalkyl, C¢-C,,-Aryl, C-;-Cm Aralkyl bedeuten,

R, und R, unabhingig voneinander Wasserstoff, C;-C,-Alkyl, Phenyl oder Benzyl
bedeutet, wobei die Alkylgruppen ihrerseits unsnbsntmen oder mit C,-Cﬁ-Alkoxy
oder C;-C4-Cycloalkyl substituiert sind:



[err] in which Qerr] is a radical having at | east one carbon atom which,
together with the -CH=CQ err] group, fornms an at | east 3-nenbered
alicyclical ring which optionally contains one or nore het er oat ons
chesen fromthe group consisting of silicon, phosphorus, oxygen,

ni trogen and summﬁgd which is unsubstituted or substituted HOrArssagen,
=0, -CN, -N®2, RR2R3Si.-(Of[err], -COOM -SOerr]M -PJerr]M
-COO(Merr])[err], -Sqerr](l\/[err])[err] -P err](IV[err])[err]
Cerr]-Cerr]al kyI derr] C[err]hydroxyal kyl', derr]-derr] hal oal kyl,
C[err]-C[err]cyanoaI kyl, Cferr]-Clerr]cycloal kyI

Cerr]-Cerr]aryl, C[err]C[err]araIkyI Cerr]- C[err]heterocycloalkyl

b obe) et R gy AR B 355 R ool P o

NR5 CO-; or in whi (ﬂtnwldmwy%:l ical, aromatic or heteroaromatic ring which

uns u st sghe:substi tut ed by halogen, -CN, -NJerr],
R[ err]Rlerr]R erwaex dz&?&n[& Etlﬂﬂdete%hsc%qlﬁng Legebenenfalls weitere nichtaromatische
Doppelbindungen enthiilt;

Q, Wasserstoff, C,-C,,-Alkyl, Cl-Cu-Halogena]kyl C,-C¢ Alkoxy. Halogen, -CN,
Rl 1°X2 bedeutet;

Ru CrCm'A]le. Cl-Cm-Halogena.lkyl. Cl-Cu-Hydroxyalkyl, C;-CG-CYCIOﬂk}'L
Cs-Ci2-Aryl oder C4-C;,-Aralkyl darstellt;

X, -C(0)-O- oder -C(O)-NR,,- ist; und

R;, Wasserstoff, C,-C¢-Alkyl, Phenyl oder Benzyl bedeutet;

wobeti die Cycloalkyl-, Heterocycloalkyl-, Aryl-, Heteroaryl-, Aralkyl- und Heteroaralkyl-
gruppen unsubstituiert oder mit C;-Cy-Alkyl, Cy-Cg-Alkoxy, -NO,, -CN oder
Halogen substituiert sind, und wobei die Heteroatome der Heterocycloalkyl-, Hetero-
aryl- und Heteroaralkylgruppen aus der Gruppe -0—. -S-, -NRy- und -N= ausgewihlt
sind; und

Ry Wasserstoff, C,-Cq-Alkyl, Phenyl oder Benzyl bedeutet.

Aus dieser Gruppe sind diejenigen Verbindungen der Formel I bevorzugt, worin

Q, ein Rest mit mindestens einem Kohlenstoffatom ist, der zusammen mit der
-CH=CQ,-Gruppe einen 3- bis 10-gliedrigen alicyclischen Ring bildet, der
gegebenenfalls ein Heteroatom ausgewdhlt aus der Gruppe Silicium, Sauerstoff,
Stickstoff und Schwefel enthiilt, und der unsubstituiert oder mit Halogen, -CN, -NO,,
R;R;R;Si-, <COOM, -SO3M, -PO;M, -COOM, )y, -S03(M, )12, -PO; (M) 12,
C,-Cs-Alkyl, C;-C-Halogenalkyl, C,-C¢-Hydroxyalkyl, C,-C,-Cyanoalkyl,
C;-C¢-Cycloalkyl, Phenyl, Benzyl oder R -X- substituiert ist; oder bei dem an
benachbarten Kohlenstoffatomen gegebenenfalls'ein alicyclischer, aromatischer oder
heteroaromatischer Ring ankondensiert ist, welcher unsubstituiert oder durch
Halogen, -CN, -NO,, RgR;RgSi-, -COOM, -SO;M, -PO;M, -COO(M, )41,
-SO4(M}) 20 -PO3(My)10, Cp-Ce-Alkyl, C,-Cq-Halogenalkyl, C;-Cq-Hydroxyalkyl,
C,-C,-Cyanoalkyl, C;-C¢-Cycloalkyl, Phenyl, Benzyl oder R;3-X,- substituiert ist;

Ry, R; und R; unabhiingig voneinander C,-C,-Alkyl, C,-C,-Perfluoralkyl, Pheny) oder
Benzyl bedeuten;

M fiir ein Alkalimetall und M, fiir ein Erdalkalimetall stehen;

R, und R; unabhiingig voneinander C, -Cs Alkyl, C I-CG-Halogenalkyl C,-Cs-Hydroxy-
alkyl oder C;-C4-Cycloatkyl bedemen



POJerr]M -COO(Merr])[err], -Sqerr](lv[err])[err] -Pgerr](Merr])[err],

Cerr]-Cerr]alkyl, (err]- C[err]haloal kyl ,
= err]- ef‘ETr]L‘yonrual Kyt

C[err]-C[err]cycIoaIkyI,-C[err]-C[err]aryI, Cerr]-Cerr]aral kyl,

Cerr]-Cerr]heterocycloal kyl, Cerr]-Cerr]heteroaryl,

Cl err] -WOoNENEt er oaral kyl or Rlerr]-Xerr]- is optionadiyEPIsoe’sd fused

onto adj acent carbon atons of the alicyclical ring; X and Xl err]

i ndependent|y of one another are - , -SO, -S@-, -0-C(O -

-C(O-0, -C(O-NRerr]-, -kaferr] C(O) -SJerr]-O or
-O-SJerr]-; Rerr], Rerr] and Rerr] |ndependently of one anot her are
Cerr]-Cerr]al kyl, C[err] C[err]perfluoroal kyl, phenyl or benzyl ;

o Rty i 5 a5
Cerr]- gﬁ%’r é’WWF& 4&)’» Cir€4 Eﬁ/ ycsendent |y of

one anot heBemyEdmﬂmgen Cerr]-Cerr]al kyl, phenyl or benzyl, where

the al kuﬁd% Wre unsubstituted or substituted by
Cerr]-Cerf]al koxy Jerr]-Cerr]cycloalkyl; Rerr], Rerr] and
Rl err] independently of one another are (err]- C[err]al kyI

[ er r] - Bisbesohgere éigmrs%lrhyérﬁnﬂhgsgdmﬂé Verfahren zut ¥lyniérisa ali netal

and M epdd GBofRkidR he
y 1
al i cycl ‘fd ri ng rE‘or rre WI t WWWWM%WM“

non-aro Qerr] is hydrogen, Cerr]-Cerr]alkyl,
C[err]-C[err]haI oal kyI C[err] ( err]al koxy, halogen, -CN or Rerr]
-Xerr]-;

Ry @,
Rys |

worin

X3 -CHR,s-, Sauerstoff oder Schwefel;

R,4 und R, unabhiingig voneinander Wasserstoff, -CN, Tnﬂuormemyl (CH;);8i-0O-,
(CH3)3SI~ oder -CO0R|7, und

R;s und R, unabhiingig voneinander Wasserstoff, C;-C,,-Alkyl, Phenyl oder Benzyl
bedeuten;

oder der Forme! HI

X

Rm
worin
X; -CHRq-, Sauerstoff oder Schwefel;

Ry9 Wasserstoff, C,-C,,-Alkyl, Phenyl oder Benzyl; und
R;s Wasserstoff, C;-C¢-Alkyl oder Halogen bedeuten;



- 6- Rlerr] is (Jerr]-Cerr]alkyl, Cferr]-Cerr]hal oal kyl,
Clerr]-derr] hydroxyal kyl, derr]-Cerr]cycteattet=-€err]-Cerr]aryl or
Cerr]-Cerr]aralkyl; X2 is -C(O-0 or -C(O-NRerr]; R12 is hydrogen,
Cerr]-Cerr]al kyl, phenyl or benzyl; where the abovenentioned cycl oal kyl,

het erocycl oal kywoe@ietds heteroaryl, aral kyl and heteroaral kyl PCI/EPISO86E
unsubstituted or substituted by (JQerr]-Cerr]alkyl, Cerr]-err]al koxy,

-NJ err], -CN or halogen, and where the hetgfpatons of the abovenentioned
het er ocycl oal kyl , heteroaryl and heteroaral kyl groups are chosen fromthe
group consisting of -0-, -S-, -NR9- and -N=; and R err] is hydrogen,
Cerr]-Cerr]al kyl, phenyl or benzyl. Fused-on alicyclical rings

preferably cont gj ﬁ,!!?%] articularly preferably 4 to 7, and especially
preferably 5 or%&rdlgﬁg pP .

Xs

Rat

worin

Xs -CHR,,-, Sauerstoff oder Schwefel;

Ry Wasserstoff, C,-C,,-Alkyl, Phenyl oder Benzyl;

Ry und R,; unabhiingig voneinander Wasserstoff, CN, Trifluormethyl, (CH,),Si-O-,
(CH3)3Si- oder -COORzg; und

Rs  Wasserstoff, C,-C;,-Alkyl, Phenyl oder Benzyl bedeuten;

oder der Formel V entsprechen,

0

W,

worin
Xs -CHRy,-, Saverstoff oder Schwefel;
Rys Wasserstoff, C;-C,,-Alkyl, Phenyl oder Benzyl;

Y  Sauerstoffoder N—Ras;und

/

R,s Wasserstoff, Methyl, Ethyl oder Phenyl bedeuten,

Folgende Verbindungen der Forme! I sind fir das erfindungsgemiie Polymerisationsver-
fahren besonders gut geeignet, wobei bi- und polycychsche Systeme durch Diels-Alder-
Reaktionen zuginglich sind:



If an asymmetric center i5 present in the conpounds of the formula 1, the
conpounds can occur in optically isoneric forns as a result. Sonme conpounds

of —the formofa T Tamoctcur i tautomeric
tautomerisnm). If an aliphatic C=C double bond is present, geonetric
isomerism (E formor Z form can also occur. Exo-endo configurations are
furt herMOPUIEI®So possible. Fornmula | thus includes all peipepesaasdsb! e
stereoi sonmers which are present in the formof enantioners, tautoners,
di astereoners, E/Z isoners or m xt ur p$_ t her eof . In the definitions of the
substituents, the al kyl, al kenyl and al kynyl graoups can be straight- chain
or branched. The sane al so applies to the al kyl or each al kyl noiety of
al koxy, al kylthio, al koxycarbonyl and further al kyl-contai ning groups.
These al kyl groups preferaply contain 1 to 12, gore preferably 1 to 8, and
particul arlyy preferably 1 lo 4 C atons. These kenyl and al kynyl groups
preferablyjgontain 2 to articularly

o 4 c(do Al kyl i ncl ud@y, xanpl e, nethggy, ethyl,

i so-butyl, sec-but tert-butyl and the

various isoneric pentyl, hexgbpgheptyl, octyl, no 3decyl, undecyl ,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, “heptadecyl,
octadecyl,ononadecyl and ei cosyl radicals. '

. o
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COO(CHR)3CH3 COO(CH,)sCH;3
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COO(CH2)9CH3 COO(CHp);1CHy
CN 0, CH,O(CH,)sOCH, an,
P(Cetls); 12, Si(CH,), a3,

P(CeHs),



Hydr oxyal kyl includes, for exanple, hydroxymethyl, hydroxyethyl,

1- hydr oxyi sopropyl, 1 -hydroxy-n-propyl, 2-hydrexy—r-butyl, 1

- hydroxy-iso-butyl, 1 -hydroxy-sec-butyl, 1 -hydroxy-

-7- tert-butyl and the various isoneric pentyl, hexyl, heptyl, octyl,
nonyl, decyl, urwewsgheleslodecyl, tridecyl, tetradecyl, pentadecylpcrgrposndsss
hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals.

Hal oal kyl i ncludes, for exanple, fluoromethyl, difluoronethyl,
trifluoromethyl, chloromethyl, dichloromethyti4+<richloronethyl,
2,2,2-trifluoroethyl, 2-fluoroethyl, 2-chloroethyl,

P
¢
CHaNHCT, (14), Y (1s),
CHzNHCHg C/
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2,2,2-trichloroethyl and hal ogenated, in particular fluorinated or
chlorinated, al kanes, for exanple the isopropyl, n-propyl, n-butyl,

SO-DUL YT, Sec-puUtyl and Tert-butyl and thevarrous—Tsomerirc—pentyt—hexyl ,

heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,

pent adecyl , hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl

radi cal¥O9%M16P%eny| i ncl udes, for exanple, propenyl, i Pew ,

2-butenyl, 3-butenyl, isobutenyl, n- penta-2,4-dienyl, 3-mnethyl-but-2-enyl,

n-oct-2-enyl, n-dodec-2-enyl, iso-dogecenyl, n- octadec-2-enyl and

n- oct adec-4-enyl.  Cycloalkyl is preferably CJerr]-Cerr]cycloal kyl, ‘in

particular Cferr]-or Cerr]cycloal kyl. Sonme exanples are cycl opropyl,

di met hyl cycl opropyl, cyclobutyl, cyclopentyl, nmethylcyclopentyl,

cycl ohexyl ,9cycl oheptyl and cycl ooctyl . CyaaQ@Ikyl i ncl udes, for exanple,

cyanonethyl‘(nethyinitrile), cyanoet hyl (ethyAnltriIe), 1 -cyanoi sopropyl,

1 -cyano 2-cyano-n-butyl, 1 -cya- b ‘§/I , 1 -cyano-sec-butyl,
/," O

1- cyanderr | and thﬁWarious i somery pentyl and - hexyl
radi cal s. A | preferabBly contains 7%t o @a and ticularly
preferably 7 O A\0 C atons. It can be, for exany //benzyl, phenet hyl ,

ala

3- phenyl propyl, acmpt hyl benzyl, phenbutyl or o/
CH,
OCH3 .
(26), 27, 28),
H3CO

(29),

=

||::> (32), - (33),

» (O
r's.

(34),
CF;
(35), CH; (36),
H,CO
F,C 5
37, (38),
F;C

H,CO



[err],[err]-di

can be,
ant hr acene.

met hyl benzyl . Aryl preferably contains 6 to 10 C atons. It

for exanple, phenyl, pental ere—ndenes—naphthal ene, azul ene or

"Heteroary preferably contains 4 or 5 C atons and one or two

het eroatons fromthe group consisting of O, Sand N. It can be, for
exanpl e, pyrro
pyrimdi ne, py
preferably contains 4 or 5 C atons and one oaPtmo het er oat ons fromthe

group consisting of O, Sand N. It can be,
, 2- oxat hi ol ane,

lwookgrg. t hi ophene, oxazole, thiazole, pyridi necrEyssnaieac,
ri dazi ne, indole, purine or quinoline. Het er ocycl oal kyl

exanpl e, oxirane, aziTine,

(39), m | (40),

M (43) und M “o.

Bei den erfindungsgemiiss zu verwendenden Titan(IV)-, Niob(V)- und Tantal(V)verbin-
dungen handelt es sich um solche, die ein Metallatom enthalten. Bei den erfindungs-
gemiiss zu verwendenden Molybdsin(VI)- und Wolfram(VIverbindungen kann es sich um
solche handeln, die ein Metallatom oder zwei tiber eine Einfach-, Doppel- oder Dreifach-
bindung verbundene Metallatome enthalten. Die @brigen Valenzen des Titans, Niobs,
Tantals, Molybdiins und Wolframs sind bevorzugt mit thermostabilen Neutralliganden ab-
gestittigt, wobei die Definition der Thermostabilitiit eingangs gegeben wurde. Bei dem an
das Metallatom gebundenen Halogen handelt es sich bevorzogt um F, Cl, Br und I, bevor-

zugter um F, Cl und Br und besonders bevorzugt um F oder C. Der Silylmethylligand ent-

spricht bevorzugt der Formel VII,

-CHy-SiRygR30R3; (VID), .

worin Ry, R3p und R3; unabhiingig voneinander C,-C,;s-Alkyl, Cs- oder C4-Cycloalkyl
oder unsubstituiertes oder mit C-Cs-Alkyl oder C,-C¢-Alkoxy substituiertes Phenyl oder
Benzyl bedeuten.

Bedeuten R, bis Ry; Alkyl, so kann es linear oder verzweigt sein und bevorzugt 1 bis 12,
besonders bevorzugt 1 bis 8 und insbesondere 1 bis 4 C-Atome enthalten. Besonders
bevorzugtes Alkyl ist Methyl und Ethyl

1
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pyrazoline, pyrrolidine, piperidine, plperazine nor phol i ne,

tetrahydrofuran or tetrahydrothl ophene Al koxy s, for exarrpl e, net hoxy-
ethexy—ptepytoxy—i—propytoxy—n-butytoxy,—T=butytoxy,—sec-butytoxy and
t - but yl oxy. Al kali nmetal in the context of the present invention is to be

understood as neaning lithium sodium potassium rubidiumand cesium in
part iwobe61bs t hi um sodi.um and pot assi um Al kal i ne PCIEPISNEB84al I n t he
context of the present invention is to be understood as neaning beryllium
magnesi um cal cium strontiumand_parium in particular nmagnesi um and

cal ci um In the above definition, halogen is to be understood as neaning
fluorine, chlorine, bromne and iodine, preferably fluorine, chlorine and
brom ne. Conpounds of the fornula | which are particularly suitable for

the process according to the

Bevorzugte Substituenten fiir Ry bis Rs, als Phenyl und Benzyl sind im Rahmen der
Definitionen Methy], Ethyl, Methoxy und Ethoxy.

In einer bevorzugten Ausfihrungsform bedetiten in der Gruppe der Formel VII R, bis R3,
C,;-C4-Alkyl, Phenyl oder Benzyl.

Einige Beispiele fur die Gruppe der Formel VII sind -CH,-Si(CH;)s, 2-81(0;!-1,,);
-CHy-8i(n-C3Hy)3, -CH,-Si(n-C,Ho)s, -CH,-Si(CH;),(n-C Hy), -CH,-Si(CH3),(-CH),
~CH,-Si(CH,),(C,Hs), -CH,-Si(CH,),{C(CH,),CH(CH,),], <CH,-Si(CH;)5(n-CyHas),
-CH,-Si{CH),(n-Cy5Hjy), -CHy-Si(CHs)s, ~CHy-Si(CH,~CH)s, -CHy-Si(CeHs)(CH),
und -CH,-Si(CH,-C¢Hs)(CH,),. Ganz besonders bevorzugt ist -CH,-Si(CH,);.

Die ibrigen Valenzen der Ti(IV), Nb(V)-, Ta(V)-, Mo(VD)- und W(VI)-Atome kbnnen mit
gleichen oder verschiedenen neutralen Liganden abgesiittigt sein, beispielsweise aus der
Gruppe bestehend aus =0, =N-R;;, sekundiiren Aminen mit 2 bis 18 C-Atomen, R3,0-
R,,S-, Halogen, gegebenenfalls substituiertem Cyclopentadlenyl liberbrﬁcktem Bxscyclo-
pentadienyl, tridentaten monoanionischen Lxgandcn und Neuualhganden wxe zum Bei-
spiel Ethern, Nitrilen, CO und tertiiren Phosp_hmen und Aminen, worin die Ry, vnab- o
hiingig voneinander unsubstituiertes oder mit C;-Cs-Alkoxy oder Halogen sﬁbstimiem_s
lineares oder verzweigtes C-CisAlkyl, unsubstituiestes oder mit C,-C;-Alkyl
C,-C¢-Alkoxy oder Halogen substituiertes Cs- oder C;Cycloalkyl unsub‘sﬁmxems oder
mit C;-Cg-Alkyl, C;-Cq-Alkoxy, Cl-Cs-Alkoxymethyl C,-C;Alkoxyethyl oder Halogen
substituiertes Phenyl, oder unsubstituiertes oder mit C,-Cs- -Alkyl, C,-Q-Alkoxy.
C;-Cs-Alkoxymethyl, C;-Cq-Alkoxyethyl oder Halogen substituieries Benzyl oder
Phenylethyl darstellen; und Ry unsubstituiertes oder mit Cy-Cg-Alkoxy substituiertes
lineares oder verzweigtes C,-C,s-Alkyl, unsubstituiertes oder mit C,-Cq-Alkyl,
C;-Cs-Alkoxy oder Halogen substituiertes Cs- oder C¢-Cycloalkyl, unsubstitiertes oder
mit C,-Cg-Alkyl, C;-Cg-Alkoxy, CI-CG Alkoxymethyl, C,-CG-Alkoxyeﬂxyl _
Di(C,-Cg-alkyl)amino, Dx(C,-CG-alkyl)ammo-Cl-C,-alkyl oder Halogen subsutuxems 3
Phenyl, oder unsubstituiertes oder mit C;-Cs-Alkyl, C,-C¢-Alkoxy, Cl-C6-Alkoxymethyl-
C,-Cs-Alkoxyethyl- oder Halogen substituiertes Benzy! oder Phenylethyl bedeutet, mit

der Massgabe, dass im Fall der Titanverbindungen der Ligand nicht =O oder =N-Rg; ist.

Sekundiire Amine sind bevorzugt solche der Formel R;;R,'sﬁ-. worin Ry, und Ry unab-
hiingig voneinander lineares oder verzweigtes C;-C,g-Alkyl, Cs- oder Cs-Cycloalkyl, un-



I nvention are those in which @ is hydrogen. Compounds of the fornula I
which are furthernore preferred for the polynerization are those in which
the alicyclical ring which Qerr] forns together with the -CH=CJ err]-

group has 3 to 16, nore preferably 3 to 12, and particularly preferably 3
to 8 ring atonmswowheé0st he ri_._ng system can be nonocyclical, bi egCriErPesAi43cs

tricyclical or tetracyclical:.. The process accorditig'to the invention can
be carried out particularly advant ageously V\ngh t hose conpounds of the
formula | in which Qerr] 1is a radical with at |east one carbon atom

whi ch, together with the -CH=CQ- group, forms a 3- to 20-nenbered
alicyclical ring which optionally contains one or nore het er oat or ns
chosen fromthe

and whi ch i s uns%ﬁk‘ﬁfr&?%ﬁ* M?%r‘%ﬂ@?%ﬁ@ﬁuwﬂ% fnhbiny
Rl err] R err] R eofgrdC;Cg) znsammertmwn kenePantameth Jﬂq@der Xapentan-

-CoQ(Merr])[er f115-d1yﬁﬁdeﬁtbi| (lMs GAlky1)enthilt bevorFigh ¢ bis] Kzl‘tfnﬁlbéi&lhai b&vorzugt 1 bis 6

cerr] ers Ty i e ;g ﬁgm i propy, Dipropyt D
Cerr] - err] cybseki Methyl-ethyl-; ~ Banzyl-methyl-, Diphenyls Phenymethyjamine ngd

C3- C6het er ocycl Qﬁ(diiﬂbihy V\Wﬁm&[ err]heteroaryl, Cferr]-Cerr]heteroar aI Kyl
or R4-X-; ch two adjacent C atons in this radical

qrtt]are substltuted by -CO0-CO or -CO-NR5-CO-; or in which an
alicyclical, ar &alogen alsiweiteres Ligand amdencMetaliatomen oderials Substituent ist;hevigrzugt Fluor: d

or substituted '%er*@h@ﬂﬁﬂbesﬂers‘b@“ cngerr]Rlerr]Rerr]Si -, -COOM
-Sgerr]M -Pgerr]nerr] Merr])[err], -SOerr](Merr])[err],
'-PQerr](I\/[err])[err] Clerr]-Clerr]al kyl, Cferr]- C[err]haloalkyl

Das Cyclopentadienyl kann umnbsmmert oder mit ein bis fiinf C,-C,-Alkyl, besonders

Methyl oder -8i(C,-C,-Alkyl), besonders -Si(CH,), substituiert sein. Uberbriickte Cyclo-
pentadienyle sind besonders solche der Formel Ry4-A-Rz4, Worin Ry, unsubstituiertes oder
mit ein bis finf C;-C,-Alkyl, besonders Methyl, oder -Si(Cy-C,-Alkyl), besonders
-Si(CHy)s substituiertes Cyclopentadienyl darstellt und A fiir -CH,-, -CH,-CH,-,
-Si(CHj)y-, -Si(CHy)y-Si(CHy),- oder -Si(CH;),-O-Si(CH),- steht.

Bei Ethem als Neutralliganden kann es sich um Dialkylether mit 2 bis 8 C-Atomen oder
cyclische Ether mit 5 oder 6 Ringgliedern handeln. Einige Beispiele sind Diethylether,
Methylethylether, Diethylether, Di-n-propylether, Di-i-propylether, Di-n-butylether,
Ethylenglykoldimethylether, Tetrahydrofuran und Dioxan.

Bei Nitrilen als Neutralliganden kann es sich um aliphatische oder aromatische Nitrile mit
1 bis 12, vorzugsweise 1 bis 8 C-Atomen handeln. Einige Bexspxele sind Acetonitril,
Propionitril, Butylnitril, Benzonitril und Benzylnitril.

Bei tertiiren Aminen und Phosphinen als Neutralliganden kann es sich um solche mit 3
bis 24, vorzugsweise 3 bis 18 C-Atomen handeln. Einige Beispiele sind Trimethylamin
und -phosphin, Triethylamin und -phosphin, Tri-n-propylamin und -phosphin, Tri-n-butyl-
amin und -phosphin, Triphehylamin und -phosphin, Tricyclohexylamin und -phosphin,
Phenyldimethylamin und -phospliin, Benzyldimethylamin und -phosphin, 3,5-Dimethyl-
phenyl-dimethylamin und -phosphin.

Bei den tridentaten monoanioni‘séhen Liganden kann es sich zum Beispiel um Hydro(tris-
pyrazol- 1-yl)borate oder Alkyl(trispyrazol-1-yl)borate, die unsubstituiert oder mit ein bis
drei C,-C,-Alkyl substituiert sind [siehe Trofimenko, S., Chem. Rev., 93:943-980 (1993)],



-9 - Cerr]-Cerr]hydroxyal kyl, Cerr]-Cerr]cyanoal kyl,
Cerr]-Cerr]cycloal kyl, Cerr]-CJerr]aryl, (err]-Cerr]aral kyl,

, - Crerriteteroaryt,
Cerr]-Cerr]heteroaral kyl or Rlerr]-Xerr]- is optionally fused
onto adj acent carbon atons; X and X err] independently of one another are
-0, -wWonéies, -SO, -SOerr]-, -OCCO-, -C(O-0, PCIEPISN4IGS
-C(O-NRerr]-, -NRerr]-C(O-, -Sderr]-0 or -0-SOerr]-; Rerr], Rerr]
and Rl err] independently of one anqtfiger are Cferr]-Clerr]alkyl,
Clerr]-Cerr]perfluoroal kyl, phenyl or benzyl; Mi35 an al kali
netal and Merr] is an alkaline earth netal; R4 and R13 i ndependently of
one anot her are C[err] C[err]al kyI derr]- C[err]haloal kyl, Cerr]-
C[err]ﬁ.; ? ‘%ﬁ g‘le q{ﬁ? aryI or
derr] aral % er'gi I n I&M nQt her are
hydr og ag@f‘% %‘é‘i‘q"f II'QTM%‘?]Q e al kyl

gr oups Wn Angew. emmmmmemwo)]omahst [ tut ed by err] C[ err] al koxy or

Bei Halogen als Substituent fiir die Reste Ry, und Rys handelt es sich bevorzugt um Fluor

und besonders bevorzugt um Chlor. Die Substituenten Alkyl, Alkoxy oder Alkoxy im Alk-

oxymethy! oder -ethyl enthalten bevorzugt 1 bis 4 und besonders 1 oder 2 C-Atome. Bei-
spiele sind Methyl, Ethyl, n- und i-Propyl, n-, i- und t-Butyl, Methoxy, Ethoxy, n- und i-
Propyloxy und n-, i- und t-Butyloxy.

R;, und R; enthalten als Alkyl bevorzugt 1 bis 12, besonders bevorzugt 1 bis 8, und ins-
besondere bevorzugt 1 bis 4 C-Atome. Bevorzugt handelt es sich um verzweigtes Alkyl.
Einige Beispiele fiir R;, sind Methoxy, Ethoxy, n- und i-Propyloxy, n-, i- und t-Butyloxy,
Hexafluor-i-propyloxy und Hexa- sowxe Perﬂuorbutyloxy :

Einige Beispiele fir substituiertes Phenyl und Benzyl fiir Rs, und Ry, sind p-Methyl-
phenyl oder Benzyl, p-Fluor- oder p-Chlorphenyl oder -benzyl, p-Ethylphenyl oder
-benzyl, p-n- oder i-Propyiphenyl oder -benzyl, p-i-Butylphenyl oder -benzyl, 3-Methyl-
phenyl oder -benzyl, 3-i-Propylpheny! oder -benzyl, 3,5-Dimethylpheny! oder -benzyl,
3,5-i-Propylpheny! oder -benzyl, 3,5-n- oder -t-Butylphenyl und -benzyl. R stelit
besonders bevorzugt unsubstituiertes oder mit C;-C4-Alkyl oder C,-C4~Alkoxy substitu-
iertes Phenyl dar.

In einer bevorzugten Ausfihrungsform entsprechen die Metallverbindungen besonders
den Formeln VIII, VIIIa oder VIIIb,

Re —Me,——— Ry (vim,



Cerr]-Cerr]cycloalkyl; Rerr, Rerr] and R err] independently of one
another are (Jerr]-(err]alkyl, Cerr]-(err]perftuoroal kyl, phenyl or
benzyl; uis 0 or 1; where the alicyclical ring formed with qerr]
opti.onally contains further non-aromatic doubl e bonds; @ is

hydr ogen, ( err wébaiendsl kyl , Cerr] - err] hal oal kyl, ( err] - C RPCYTERISIHE,
hal ogen, -CN or Rerr]-Xerr]-; RL1is Cerr]-(err]alkyl,
Cerr]-Clerr]haloalkyl, Cferr]-(err]hydroxyagkyl, Cerr]-Cerr]cycloalkyl,
Cerr]-Cerr]aryl or ~Lerr]-Cerr]aralkyl; X2 is -C(O-0 or
-C(O-NR12; and Rerr] is hydrogen, Cerr]-Cerr]al kyl, phenyl or benzyl;
where the cycloal kyl, heterocycloal kyl, aryl, heteroaryl, aral kyl and
het er oar al kyl groups are |, ungubstituted or substituted by
Ad-derrlalkyl, Cerr]-C e¥]al koxy /?NJerr], -CN or hal ogen, and

where the heteroatons of th¥ heterg#cycloal kyl, heteroaryl and heteroaral kyl
gr oups are chosen fr e group consisting of -0-, -S-, -NRlerr]-

and -N=; and Rlerr] is hydrogeb@{g[-s\o.plf-]-ﬁ[- ] al kyl, phenyl or t(Mlﬂy)L
I

Preferred conpounds of the fqg fromthis group are those in which QL
Is aradical wth at |east e carwon atom which, together wth the

- CH=CQ2- group, f gs a 3- TR410- nenbered alicyclical ring which
optionally contains a heteroaton1 chosen fromthe group consisting
of silicon, oxygen, nitrogen and sulfur and is : unsubstituted or

subst i t ut ed by halogen - -NOJerrRegRer]Rlerr]Rerr]Si-, -COOM
-SOerr]Mm &

/-rl . (vmb)!
Ra \41
worin

Me, fiir Mo(VI) oder W(VI) steht;

Me, fir Nb(V) oder Ta(V) steht;

einer der Reste Rqg bis Ry, einen Rest -CH,-SiR,gRyoR3; der Formel VII bedeutet;

wenigstens einer der Reste Rgg bis Ryy F, Cl oder Br darstellt;

Ry, Ry und Ry unabhiingig voneinander C;-Ce-Alky), Cs- oder Cﬁ-Cycloalkyl oder un-
substituiertes oder mit C,-Cg-Alkyl oder C,-C¢-Alkoxy substituiertes Phenyi oder
Benzyl bedeuten; -

in Formel VIII zwei oder jeweils zwei und in Formel VIIIa zwei der iibrigen Reste von
Rag bis Ry, je zusammen =0 oder =N-R,3 bedeuten, und Ry; unsubstituiertes oder
mit C,-C4-Alkoxy substituiertes lineares oder verzweigtes Cy-Cig-Alkyl, unsubstitu-
iertes oder mit C;-C¢-Alkyl, C;-Cg-Alkoxy oder Halogen substitviertes Cs- oder
Cs-Cycloalkyl, unsubstituiertes oder mit Cy-Cg-Alkyl, C;-C-Alkoxy, Cy-Cg-Alk-
oxymethyl, C;-Cs-Alkoxyethyl, Di(C,-C,-alkyl)amino, Di(C,-C¢-alkyl)amino-
C,-C;-alkyl oder Halogen s_ubstituiertes Phenyl, oder unsubstituiertes oder mit
C,-C¢-Alkyl, C,-C¢-Alkoxy, C,-Cq-Alkoxymethyl, C,-Cq-Alkoxyethyl,
Di(C,-Cg-alkyl)amino, Di(C,-Cg-alkyl)amino-Cy-C;-alkyl oder Halogen substitu-
iertes Benzyl oder Phenylethyl darstellt, und die tibrigen Reste R;o bis Ry;

Sekundiiramino mit 2 bis 18 C-Atomen, R3,0- oder R3,S-, Halogen, unsubstituiertes

oder substituiertes Cyclbpemndienyl oder tiberbriicktes Biscylopentadienyl oder
einen Neutralliganden bedeuten, worin die R3, unabhiingig voneinander unsubstitu-
iertes oder mit C;-C¢-Alkoxy oder Halogen substituiertes lineares oder verzweigtes



-Pgerr]M -COO(Merr])[err], -SO[err](Merr])[err], -POerr](Merr])[err],
Cerr]-Cerr]alkyl, (err]-derr]hal oal kyl, '
' , er ricyamoat Kyt
C[err]-C[err]cycIoaI kyl, phenyl, benzyl or R4-X-; or in :
whi ch an allcycllcal aromatic or heteroaromatic ring which

|s unsmbwwust ed or substltut ed by hal ogen, - CRCTEPS04364]
RlerrI[Rerr]Rerr]Si-, -COOM -SOerr]M -PJerr]M COO(l\/[err])[err]
-Sqerr](Merr])[err], -PJerr](Menjl)[err], Clerr]- C[err]alkyl
Jerr]-(err]hal oal kyl, C[err]-C[err]hydroxyaI kyl, C[err].

C err]cyanoal kyl, Cerr]-Cerr]cycloal kyl, phenyl, benzyl or Rerr]-Xerr]-

is optionally fused onto adj acent carbon atons; Rerr], Rerr] and

rr in
E[[gr r% dﬂd?é%%&ﬂo?ﬁ&mnéﬁ'@‘qﬂl b‘gﬁmﬂl\*ﬁ% 224 kali netal
and I\/[err] Mtly of one
anot her ar€ q‘aﬁkbxmﬂd-ﬂlkbﬂmeﬁilﬁt{ﬁwmﬂ DKOiéﬁgralkyl)ammo
Cerr]-d ebﬁ(ﬂ‘@;ﬁiﬂﬁhﬁx 0IC,-alkyl oder Hadgeh séBsBiuidrey Bhalh, 'hbr unsub-

stitviertes oder mit C,-Cg-Alkyl, C,-Cg-Alkoxy, C,-C¢-Alkoxymethyl, C,-Cq-Alk-

oxyethyl, Di(C;-Cg-alkyl)amino, Di(C;-Cg-alkyl)amino-C,-Cs-alkyl oder Halogen

substituiertes Benzyl oder Phenylethyl darstellen; oder

in den Formeln VIII, VHIa und VIIIb die tbrigen Reste von Rso bis R“ unabhilingig von-

einander Sekundfiramino mit 2 bis 18 C-Atomen, R3,0- oder R,,S-, Halogen, un-

substituiertes oder substituiertes Cyclopentadienyl oder dberbriicktes Biscylopenta-

dienyl oder einen Neutralliganden bedeuten, worin die R, unabhéingig voneinander

unsubstituiertes oder mit C,-Cq-Alkoxy oder Halogen substituiertes lineares oder

verzweigtes C;-Cy5-Alkyl, unsubstituiertes oder mit C;-Cq-Alkyl, C;-C¢-Alkoxy

oder Halogen substituiertes Cs- oder C¢-Cycloalkyl, unsubstituiertes oder mit

C;-Cs-Alkyl, C;-Cg-Alkoxy, C,-Cg-Alkoxymethyl, C;-Cq-Alkoxyethyl,

Di(C,-C¢-alkyl)amino, Di(C,-C¢-alkyl)amino-C;-C;-alkyl oder Halogen substitu-

iertes Phenyl, oder unsubstituiertes oder mit C,-C¢-Alkyl, C,-Cg-Alkoxy,

C;-Cg-Alkoxymethyl, C,-Ce-Alkoxyethyl, Di(C,-Cg-alkyl)amino, Di(C,-C-alkyl)-

amino-C;-C;-alkyl oder Halogen substituiertes Benzyl oder Phenylethyl darstellen.

For die Reste Ryg bis Ry4 gelten die zuvor angebenen Bevorzugungen.

In einer besonders bevorzugten Ausfihrungsform werden im erfindungsgemiissen Verfah-
ren Titan-, Niob-, Tantal-, Molybdiin- oder Wolframverbindungen der Formeln VI, Villa
und VIIIb verwendet, wosin

Rjo ecinen Rest der Formel VII -CH2-Si(RyR30R3;)3,

R4 F,Cl oder Br darstellen; und

() in Formel VI Ry, und Ry, sowie R 3 und Ry, Jewenls zusammen den Rest =N-Rj; be-
deuten, oder Ry; und R,, zusammen den Rest =N-Ry3 bedeuten, und Ry und Ry,
unabhiingig voneinander unsubstitviertes oder substituiertes Cyclopentadxenyl.
R35-O- oder Halogen darstellen, oder :

b) in Formel VIIIa Ry und Ry, 2usammen den Rest =N-Rj3, bedeuten. und R3 unsubstitu-
iertes oder substituiertes Cyclopenmdxenyl R35-0- oder Halogen bedeuten, oder in
Formel VIIIa Ryy, Ryy und Ry unabhﬁnglg voneinander unsubstituiertes oder sub-
stituiertes Cyclopentadienyl, R,,-O- oder Halogen bedeuten, oder _

c) in Formel VIIIb Ry, und R,, unabhiingig voneinander unsubstituiertes oder substitu-



X and X[ err] independently of one another are -0, -S-, -CO, -SO or
-S2=+ Rerr], Rerr] and R err] independently of one another are
Cerr]-Cerr]alkyl, Cerr]-Cerr]perfluoroal kyl, phenyl or benzyl ;
and 2 is hydrogen. The process according to the invention is
particularly suwodghesesor polynerization of norbonene and nor b@CEERSN4AIES
derivatives. Particularly preférred conpounds from these norbornene
derivatives are those which correspond eithesgto the fornula Il [err]
in which X[err] is -CHRerr], oxygen or sulfur; Rerr] and R err] .

I ndependent|ly of one another are hydrogen, -CN, trifluoronethyl,
(CHerr])[err]Si-0, (CHerr])[err]Si- or -COOR[err]; and R16 and

R17 i ndependently og %Pwmﬁ i,,*lt%&&‘ﬁhog%%&&hmﬁ[ err]-al kyl, phenyl

or benzyl; or to the 70
wobei Ry bis Ry die voranstehenden Bedeutungen haben FUr Ryg, Ry, Ryy, Ryp und Ry

gelten die voranstechenden Bevorzugungen.

Ganz besonders bevorzugt werden im erﬁndungsgemissen Verfahren Metallverbindungen
der Formeln IX, IXa, IXb, IXc oder IXd verwendet,

CH,-R | CHy-R
Ry Ry
/ Mel =N°R33 . (IX), / Mel (lXa).
Ra Res S | V7

y A - Z

cH,R CHyR

Ry Ti Re (IXd),

worin

Me,; fiir Mo(VI) oder W(VI) steht;
Me, fiir Nb(V) oder Ta(V) steht;
R -Si(C;-C,-Alkyl); darstellt;



[err]

in which X[err] is -CHR[err]-, oxygen or sulfur; Rerr].

I's hydrogen, (Jerr]-(err]al kyl, phenyl or benzyl; and R err] is hydrogen,

WO 96/16105

(b)

©

()

(e)

| ogem

-23.

fir Cl1 oder Br steht; -

Phenyl oder mit 1 bis 3 C;-C,-Alkyl oder C,-C,-Alkoxy subsumxenes Phenyl
bedeutet,

Ry3 und Ry in Formel D(zusanimendieGmppe-NR,,odereinzelnunabh&ngig
voneinander F, Cl, Br, unsubstituiertes oder mit Fluor substimienes lineares oder
besonders verzweigtes C,-C,-Alkoxy, unsubstituiertes oder mit C,-C,-Alkyl oder
C;-C4-Alkoxy substituiertes Phenyloxy oder unsubstituiertes oder mit C;-C,-Alkyl
substituiertes Cyclopentadieny! darstellen;

R4y, Ryp und Rys und Ry, in Formel IXa unabhiingig voneinander F, Cl, Br, unsub-
stituiertes oder mit Fluor substituiertes lineares oder besonders verzweigtes C;-C,-
Alkoxy, unsubstituiertes oder mit Cy-C,-Alkyl oder C;-C,-Alkoxy substituiertes
Phenyloxy oder unsubstituiertes oder mit C,-C,-Alky] substituiertes Cyclopenta-
dienyl bedeuten;

Rgs in Formel IXb F, Cl, Br, unsubstituiertes oder mit Fluor substituiertes lineares
oder besonders verzweigtes C;-C,-Alkoxy, unsubstituiertes oder mit C,-C-Alkyl
oder C,-C,-Alkoxy substituiertes Phenyloxy oder unsubstitniertes oder mit
C,-C4Alkyl substituiertes Cyclopentadienyl darstellt; :

Ryy» Ry und R; in Forme] IXc unabhlingig voneinander F, Cl, Br, unsubstituiertes
oder mit Fluor substituiertes lineares oder besonders verzweigtes C,-C,-Alkoxy, un-
substituiertes oder mit C,-C,-Alkyl oder C,-C,-Alkoxy substituiertes Phenyloxy
oder unsubstituiertes oder mit C,-C,-Alkyl substituiertes Cyclopentadlenyl dar-
stellen; und

R4; und Ry, in Formel IXd unabhéingig voneinander F, Cl, Br, unsubstituiertes oder
mit Fluor substituiertes lineares oder besonders verzweigtes C;-C,-Alkoxy, unsub-
stituiertes oder mit C,-C4-Alkyl oder C,-C,-Alkoxy substituiertes Phenyloxy oder
unsubstituiertes oder mit C;-C,-Alkyl substituiertes Cyclopentadienyl darstellen.

Das Alkoxy stellt besonders bevorzugt verzweigtes Alkoxy dar, das gegebenenfalls mit F
teilweise oder vollstindig substituiert ist, zum Beispiel i-Propyloxy, i- und t-Butyloxy,
Hexafluorpopyloxy und Nonafluorpropyloxy. Bei dem Phenyloxyrest handelt es sich
besonders um in den 2,6-Stellungen mit C;-C,-Alkyl substituiertes Phenyloxy, zum Bei-
spiel 2,6-Dimethylphenyloxy. Beispiele fiir substituierte Cyclopentadienylreste sind
Mono- bis Pentathethylcyclopemadienyl und Trimethylsilylcyclopentadienyl. R34 stellt
bevorzugt Phenyl oder mit C;-C,-Alkyl substituiertes Phenyl dar, besonders Phenyl,
3,5-Dimethyl-, 2,6-Dimethyl-, 3,5-Diethyl- und 2,6-Dicthylphenyl.



or to the formula IV

(rv, [err] in which X[err] is -CHR[err]-, oxygen or sulfur; Rerr] is
hydrogen, Cerr]-Cerr]alkyl, phenyl or benzyl; R20 and:-R21 independently
af one another are hydrogen, CN, trifluoronmethyl, (CH3)3Si -0,
(CHerr][err] SwoesnetédOR er1]; and R err] is hydrogen, ( err] pCi/ErPssiosdshy! ,

phenyl or benzyl;. or to the forrmla \%
-24-

Ganz besonders bevorzugte Verbindungen im erfindungsgemiissen Verfahren sind solche

der Formeln X, Xa, Xb, Xc uad Xd
(Rq3-N=),Me X, [CH,Si(CHj);] - &K
(Ry3-N=)R yMe; X (OR3,)CH,Si(CH;), - (Xa),
ReRMeX,(ORsp)CH,SI(CHy); Xo),
Rs3-N=Me,X,(OR3,)CH,Si(CH;); . o),
Ry1-TiX(OR,)CH,Si(CHs), - (Xd),
worin

Me, fiir Mo(VI) oder W(VT) steht; |

Me, fiir Nb(V) oder Ta(V) steht;

X, fiir F oder Cl steht;

Rsy; Phenyl oder mit 1 oder 2 C;-C,-Alkylgruppen subsutulems Phenyl bcdeutet.

Ry, verzweigtes gegebenenfalls teilweise oder vollstindig mit Fluor substituiertes Cs-
oder C4-Alkyl oder Phenyloxy oder mit 1 bis 3 Methyl- oder Ethylgruppen substitu-
iertes Phenyloxy darstelit;

Ry, und R,3 unabhiingig voneinander unsubstituiertes oder mit 1 bis 5 Methylgruppen sub-
stituiertes Cyclopentadienyl, X, oder Ry,O- bedeuten; und

R4; unsubstituiertes oder mit 1 bis 5 Methylgruppen substituiertes Cyclopentadienyl, X,
oder R3,0- darstelit. '

Einige Beispiele fir Titan(IV)-, Niob(V)-, Tantal(V)-, Molybdin(VI)- und Wolfram(VID)-
verbindungen sind [Cp bedeutet Cyclopentadienyl und Me bedeutet Nb(V) oder Ta(V)]:
Ti[CH,Si(CHj),]Cl;, TI{CH,Si(CH);1Brs, Cp,Ti[CH,Si(CH,)31CL,
(CH,),Ti[CH,Si(CH,),]C}, Cp,Ti{CH,Si(CHj3);1Br, Cp, Ti[CH,Si(CH,),11,
CpTi[CH,Si(CH;)3)[CH;)Cl, CpTi[CH,Si(CH;)3]B1y, [(CH3),CHOJ, Ti[CH,Si(CH;);]CL,
[(CF;),CHO), Ti[CH,Si(CH3)3]Cl, [(CF3),CHOJCpTi[CH,Si(CH,),1CL,
[(CH,),CHO]CpTi{CH,Si(CH3);]Cl, (CsHsO)CpTi{CH,Si(CH;),]Cl,
(2,6-Dimethyl-C4Hs0)CpTi[CH,Si(CH,),]Cl,

(2,6-Dimethyl-CH0), Ti[CH,Si(CH,);]Cl, (2,6-Dimethyl-CsHsO)Ti[CH,Si(CH,),],Br,
[(CH3);COJCPTI[CH,Si(CH3)3]Cl, [(CF3),(CH3)COICPTI{CH,Si(CH;)3]CL



[err] in which X[err] is -CHR err], oxygen or sulfur; Rerr] is hydrogen, -
Cerr]-Cerr]al kyl, phenyl or benzyl; Y i s oxygen or [err] ; and
' " | s—ettryt—or phenyt—
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Me(=N-CHs){OCH(CH3),}{(CH,Si(CH3)5]CI, Cp,Me{(CH,Si(CH;);ICl,,
Me(=N-C¢Hg[OCH(CF;),][(CH,Si(CH;3)]Cl,
Me(=N-2,6-diisopropylC¢Hs)[(CH,Si(CH;3)5]Cl,, _
Me(=N-2,6-diisopropylCgHs){(CH;),CHOJ{(CH,Si(CH,),]CI,
Me(=N-2,6-dimethylC¢H;)(2,6-Dimethyl-C¢HsO)[CH,SI(CH,);ICI,
Me(=N-2,6-dimethylC¢H3)((CF,),CHO)CH,Si(CH;);1Cl,
(=N-2,6-dimethylCqH;)CpMe[(CH,Si(CH3);1Cl, (C5Hs0);CpMe((CH,Si(CH;)31Cl,
(=N-3,5-dimethylC¢Hs)Mel2,6-dimethylC¢H,0)[(CH,Si(CH3),)ICI,
CpMe[OCH(CH3),1,{(CH,Si(CHj)s]Br, CpMe[OCH(CH;),l,[(CH,SI(CH,),]CL,
CpMe[OCH(CF;),15[(CH,Si(CH;),1Cl, Cp,Me(MethyD){(CH,Si(CH,)51Cl,
Cp,Me[OCH(CH;),1{(CH,Si(CH;)3]Cl, [OCH(CH;),),Me[CH,Si(CH3)31Cl,,
Me(2,6-Dimethylphenyloxy(CH30),[(CH,Si(CH;)5]CI, |
Me[CH,Si(CH;);{OCH(CH,)J(CF;0),C!, W(=N-CsHs)[(OC(CHy)sl[CH,-Si(CH3);ICl,,
(2.6-Diisopropylphenyloxy),Me[CH,Si(CH;);]Cl,, Cp,Me[OC(CH;)3J{(CH,Si(CH;3);]Cl,
CpMe[OC(CH;)(CF3),1,[(CH,Si(CH,),1CL, Mo,[{CH,-Si(CH;);XOCH,C(CH;)3)Cll,,
Mo(=N-2,6-diisopropylC¢H3),[CH,-8i(CH;)5]1CL,

W (=N-C¢H)[(OC(CH;)31,{CH,-Si(CH;)3]CL, Mo(=N-CHs),[CH,-Si(CH3);]Cl,
Mo(=N-2,6-diisopropylC¢Hy)[(OCH,C(CHy)s],{CH,-Si(CHy)3]CL

Die erfindungsgemdss zu verwendenden Titan-, Niob-, Tantal-, Molybdiin- und Wolfram-
verbindungen sind bekannt oder nach bekannten und analogen Verfahren ausgehend von
gegebenenfalls entsprechend substituierten Metallhalogeniden miﬁels_Gﬁgnardrenkﬁonen
herstellbar [Schrock, R.R., Murdzeck, J.S., Bazan, G.C., Robbins, J., DiMare, M.,
O’Regan, M., J. Am. Chem. Soc., 112:3875-3886 (1990)].

Das erfindungsgemiiBe Verfahren kann in Anwesenheit eines inerten Lsungsmittels
durchgeftihrt werden. Ein besonderer Vorteil des erfindungsgemiBen Verfahrens ist jener,
da8 bei flilssigen Monomeren das Verfahren ohne die Verwendung eines Losungsmittels
durchgefithrt werden kann. Inert bedeutet, dass sich die Wahl der Lisungsmittel nach der
Reaktivitit der Metallkatalysatoren richtet, zum Beispiel, dass protisch polare Losungs-
mittel nicht verwendet werden, wenn Substitutionsreaktionen wie der Austausch von
Halogen durch Alkoxy zu erwarten sind. Ferner ist zu beriicksichtigen, dass C=O-Gruppen
enthaltende Losungsmittel mit den Metallkatalysatoren reagieren kénnen.

Geeignete inerte Losungsmittel sind zum Beispiel protisch-polare und aprotische Losungs-
mittel, die allein oder in Mischungen aus mindestens zwei Lsungsmitteln verwendet



The foll ow ng compounds of the fornmula | are particularly suitable for the
pol yneri zati on process according to the invention, bi- and polycycli cal
systens bei ng accessible by Diels- Al der reactions: [err] -13 -
[err] - |
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werden kdnnen. Beispiele sind: Ether (Dibutylether, Tetrahydrofuran, Dioxan, Ethylen-
glykolmonomethyl- oder -dimethylether, Ethylenglykolmonoethyl- oder -diethylether,
Diethylenglykoldiethylether, Triethylenglykoldimethylether), halogenierte Kohlenwasser-
stoffe (Methylenchlorid, Chloroform, 1,2-Dichlorethan, 1,1,1-Trichlorethan, 1,1,2,2-Tetra-
chlorethan), Carbonstiureester und Lactone (Essigstiureethylester, Propionsiuremethyl-
ester, Benzoestureethylester, 2-Methoxyethylacetat, y-Butyrolacton, 3-Valerolacton,
Pivalolacton), Carbonsiiureamide und Lactame (N,N-Dimethylformamid, N,N-Diethy}-
formamid, N,N-Dimethylacetamid, Tetramethylhamnstoff, Hexamethylphosphorsture-
‘triamid, y-Butyrolactam, e-Caprolactam N-Methylpyrrolidon, N-Acetylpyrrolidon,
N-Methylcaprolactam), Sulfoxide (Dunethylsulfoxld), Sulfone (Dimethylsulfon, Diethyl-
sulfon, Trimethylensulfon, Tetramethylensulfon). tertilire Amine (N-Methylpiperidin,
N-Methylmorpholin), aliphatische und aromatische Kohlenwasserstoffe wie zum Beispiel
Petrolether, Pentan, Hexan, Cyclohexan, Methylcyclohexan Benzol oder substituierte
Benzole (Chlorbenzol, o-D:chlorbenzol 1.2,4-Tnchlorbenzol Nitrobenzol, Toluol, Xylol)
und Nitrile (Acetonitril, Propxonitnl Benzomtnl Phenylacetomml) Bevorzugte LUsungs-
mitiel sind aprotische polare und unpplage Lbsungsm:ucl

Bevorzugte Losungsmitte! sind aliphatische und aromatische Kohlenwasserstoffe sowie
Gemische solcher Lsungsmittel.

Es ist besonders hervorzuheben, dass die erfindungsgemiiss im Verfahren eingesetzten Zu-
sammensetzungen aus einem gegebenenfalls substituierten Cycloolefin und Katalysator
oft unempfindlich gegen Sauerstoff sind, was eine Lagerhaltung sowie Reaktionsaus-
filhrung ohne Schulzgas ermtighcht. Es empﬁehlt sich aber der Ausschluss von Feuchtig-
keit, also die Verwendung trockener Reaknons- und Lagerbedmgungen

Die fur das erfindungsgemésse Verfahren emgesetzten Monomere der Formel I und Kata-
lysatoren kdnnen sowohl gen'ennt als auch gememsam als Gemisch gelagert werden, da
der verwendete Katalysator eine beso_n__ders hohe Stabilitiit aufweist. Das Gemisch kann
vor der photochemischen Polymeﬁs_gt_itjn als gebrauchsfen_ige Formulierung gelagert wer-
den, was fir die'grosstechhische Anwendung des erfindungsgemiissen Verfahrens von
Vorteil ist. Die Lagerung erfolgt wegen t__jer hohen Photosensitivitit besonders im UV-
Licht zweckmssig unter Lichiausschluss.

Ein weiterer Gegenstand der Esfindung ist eine photopolymerisierbare Zusammensetzung,
enthaltend (a) ein cyclisches Olefin oder mindestens zwei verschiedene cyclische Olefine



-14 - Jerr] -15 - [err]
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und (b) eine katalytisch wirksame Menge mindestens einer mennoslaliﬂéh Titan(IV)
Niob(V)-, Tantal(V)-, Molybdi#n(VI)- oder Wolfmm(VI)-verbmdnng in der eine Silyl-
methylgruppeundmmdestensmnHalogenamMetaugebundensmd.

Die erfindungsgemisse Zusammensetzung kann zusmzhcb wem mchtt'ltlchuge offen-
kettige Comonomere enthalten, die mit den gespannten Cycloolefimm Copolymere bilden.
Bei Mitverwendung von zum Beispiel D:enen kunnen slch vernetzie Polymerisate bilden.
Einige Beispiele fiir solche Comonomm smd oleﬁmsch mono- oder dn-ungesltugte Ver-
bindungen wie Olefine und Diene aus der Gmppe Penmn. Hexen, Hepten ‘Octen, Decen,
Dodecylen, Acryl- und Methacryls&um. deren Ester und Amide, melether Styrol, Buta-
dien, Isopren und Chiorbutadien. :

Die weiteren zur Metathesepolymerisation fihigen Olefine sind in der erfindungs-
gemussen Zusammensetzung zum Beispiel in einer Menge von bis zu 80 Gew. %, bevor-
zugt 0,1'bis 80 Gew. %, bevorzugter 0,5 bis 60 Gew. % und besonders bevorzugt S bis
40 Gew. % enthalten, bezogen auf die Gesamtmenge an Verbindungen der Formel I und
weiterer zur Metathesepolymerisation fiihiger Olefine. :

Die erfindungsgem#sse Zusammensetzung kann Formulierungshilfstoffe enthalten.
Bekannte Hilfsstoffe sind Antistatika, Antioxidantien, Lichtschutzmittel, Weichmacher,
Farbstoffe, Pigmente, Flistoffe, Verstirkerftillstoffe, Gleitmittel, Haftvermittler,
viskosititserhohende Mittel und Entformungshilfsmittel, Die Fullstoffe koanen in Uber-
raschend hohen Anteilen zugegen sein, ohne die Polymerisation nachteilig zu beein-
flussen, zum Beispiel in Mengen von bis zu 70 Gew.-%, bevorzugt 1 bis 70 Gew.%,
bevorzugter 5 bis 60 Gew.-%, besonders bevorzugt 10 bis 50 Gew.-% und insbesondere
bevorzugt 10 bis 40 Gew.-%, bezogen auf die Zusammensetzung. Fiillstoffe.und Ver-
stiirkerfullstoffe zur Verbesserung der optischen, physikalischen, mechanischen und elek-
trischen Eigenschaften sind in grosser Vielzahl bekannt geworden. Einige Beispiele sind
Glas und Quarz in Form von Pulvern, Kugeln und Fasern, Metall- und Halbmetalloxide,
Carbonate wie MgCO;, CaCO;, Dolomit, Metailsuifate wie Gips und Schwerspat, natiir-
liche und synthetische Silikate wie Talk, Zeolithe, Wollastonit, Feldspate, Tonerden wie
Chinaclay, Gesteinsmehle, Whisker, Carbonfasem. Kunststofftasem oder -pulver und
Russ. Viskositiitserhtthende Mittel sind insbesondere Metathesepolymerisate, die ole-
finisch ungesittigte Gruppen aufweisen und bei der Polymerisation in das Polymer ein-
gebaut werden konnen. Solche Metamesepolymensate sind bekannt und zum Beispiel
unter dem Handelsnamen Vestenamere® kiuflich. Andere viskosititserhthende Mittel
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sind Polybutadien, Polyisopren oder Polychlorbutadien, sowie Copolymere von Butadien,
Isopren und Chloropren mit Oleﬁnen Die vnskositiitserhﬁhenden Mittel ktnnen in einer
Menge von 0,1 bis 50, bevorzugt 1 bis 30, und besonders bevorzugt 1 bis 20 Gew.-% ent-
halten sein bezogen auf die Zusammensetzung Bei der Verwendung von Fillstoffen ist es
zweckmiissig, die optische Transparenz fiir die Polymerisation zu erhalten oder die Poly-
merisation in dinnen Schichten durchzufiihren. |

Es ist beim erfindungsgemiissen Verfahren nicht notwendig, die Bestrahlung der Reak-
tionsmischung tiber die gesamte Reaktionsdauer avfrechtzuerhalten. Ist die Polymerisation
einmal photochemisch initiiert, erfolgt der weitere Reaktionsverlauf selbst im Dunkeln
selbststéndig. Vorteilhafterweise wn'd die Bestrahlung mit Licht der Wellenliinge im
Bereich von 50 nm bis 1000 nm, bevorzugt im Bereich von 200 nm bis 500 nm und ganz
besonders bevorzugt im UV-Bereich durchgefithrt. Die Bestrahlungsdauer ist von der Art
der Lichtquelle abhéngig. Vorzugsweise werden erfindungsgem#i8 UV-Laser oder
UV-Lampen eingesetzt. Die Bestmhlung des Katalysators kann.sowohl vor, wihrend, als
auch nach der Monomexenzugabe erfolgen.

Geeignete Bestrahlungszeiten sind von ei_ner Minute bis zu 8 Stunden, insbesondere S Mi-
nuten bis zu 4 Stunden. Die Reihenfolge der Zugabe von Monomeren und Katalysator ist
unkritisch. Das Monomer kann sowohl vorgelegt als auch nach Einbringen des Katalysa-
tors zugegeben werden. Ebenso kann der Katalysator vorbestrahlt und anschlieBend das
Monomer zugegeben werden. Ferner kann auch die Katalysator und Monomer enthaltende
Losung bestrahlt werden.

Das erfindungsgemiisse Verfahren wird bevorzugt bei Raumtemperatur bis leicht echthter
Temperator durchgefiihrt. Eine TemperaturerhShung dient der Erhdhung der Reaktionsge-
schwindigkeit. Die verwenditen Katalysatoren initiieren nur in Ausnahmefillen fiir sich
eine thermische Polymerisation. Bei den zur Reaktionsbeschleunigung gewlhlten Tempe-
raturen findet daher uberwxegend eine Photopolymensauon statt, Es ist aber zu erwihnen,
dass die Katalysatoren durch ausreichende Bestrahlung in thermoaktive Katalysatoren um-
gewandelt werden knnen.

Insbesondere wird das erfmdungsgemane Verfahren bei Temperaturen von -20°C bis
+110°C durchgefiihrt.

Ein ganz besonderer und tiberraschender Vorteil des erfindungsgeméissen Verfahrens be-



The titaniunm(lV), niobiumV) and tantal um(V) conpounds to be used according
to the invention are those which contain one netal atom The nol ybdenum (Vi

—andtungst-er{-—econpounds t-o—be—used accordimyg tO THE TNvenii on can be

t hose which contain one netal atomor two netal atons which are bonded via
a single, double or triple bond. The other valencies of the titanium

ni obi uwo skgésl um nol ybdenum and tungsten are pref er Z6MEPSM4PES | ed by
heat - st abl e neutral |igands, the definition of heat stability having been

gi ven above. The hal ogen bonded to.pbe netal atomis preferably F, O, Br
and 1, nore preferably F, d and Br, and particularly preferably F or d.
The silylnmethyl ligand preferably corresponds to the fornmula Vil
-CH err]-SiRerr]Rerr]R err] (Vi)

steht darin, dass die verwendeten Titan(IV)-, Nmb(V)- Tantal(V)-, Molybdiin- und Wolf-

ramverbindungen nach der Besu'ablung als menmsche Katalysatoren wirken. Daraus er-

gibt sich die Moglichkeit, die Polymen_san_on nach einer kurzen Bestrahlungszeit durch

Wirmezufuhr fortzusetzen und zu beenden, was in verschiedenen Bereichen der Herstel-

lung von Formkdrpern oder Beschichtungen wirtschafdiche und technische Vorteile bie-

tet. Insbesondere ist das kombinierte Verfahren giinstig fiir die Hersteflung von Thermo-

plasten.

Ein weiterer Gegenstand der Erﬁndung ist cin Verfahren zur photoka:alyusch indnz:emen
and nachfolgenden thermischen Polymensatlon eines cychschen Olefins oder mindestens
zwei verschiedener cyclischer Olefine in Gegenwm einer Metallve_rbmdung als
Katalysator, das dadurch gekennzeichnet ist, dass man

a) zuniichst die Cycloolefine in Gegenwart einer katalytischen Menge mmdestens einer
thermostabilen Titan(IV)-, Niob(V)-, Tantai(V)-, Molybdiin(VI)- oder Wolfram(VI)ver-

' bmdung. in der eine Silylmethylgruppe uad mmdestens e¢in Halogen am Metall gebunden
ist, bestrahlt; oder eine katalytische Menge einer tbennostabden Titan(IV)-, Niob(V)-
oder Tantal(V)verbindung, in der eine Silylmethylgruppe und mindestens ein Halogen am
Metall gebunden ist, gegebenenfalls in einem inerten Lisungsmittel bestrahit und dann
mit mindestens einem Cycloolefin vermischt; und o
b} dann die Polymerisation durch Erhltzen und ohne Bestrahlung beendet.

Fur die Verfahrensstufe a) gelten die zuvor angegebenen Bevorzugungen. Dic Bestrah-
lungsdauer héngt im wesentlichen von der gew{inschten Reaktionsfiihrung ab. Eine kurz-
zeitige Bestrahlung wird zum Beispiel dann gewiihlt, wenn man die Polymerisation nur
durch Bestrahlung initiieren und durch Erhitzen beenden will. Kurzzeitig kann eine Be-
strahlungszeit bis zu 60 Sekunden, bevorzugt 5 bis 60 Sekunden und besonders bevorzugt
10 bis 40 Sekunden bedeuten. Eine lingere Bestrahlungszeit wird zum Beispiel dann ge-
wihlt, wenn man die Polymerisation (iberwiegend unter Bestrahlung durchfthren und die
endgiiltige Polymerisation nur durch Nachtempern beenden will. |

Erhitzen in der Verfahrensstufe b) kann eine Reakﬁonstemperatur von S0 bis 200 °C, be-
vorzugt S0 bis 150 °C und besonders bevorzugt 70 bis 120 °C bedeuten.

Katalytische Mengen bedeutet im Rahmen der vorliegenden Erfindung bevorzugt eine
Menge von 0,001 bis 20 Mol-%, besonders bevoszugt 0,01 bis 15 Mol-% und ganz beson-
ders bevorzugt 0,01 bis 10 Mol-%, bezogen auf die Menge des Monomers.



-16- in which Rlerr], Rerr] and R err] independently of one another
are (Jerr]-derr]al kyl, C[err]- or (Jerr]cycloal kyt; or phenyl or benzyl
whi ch are unsubstituted or substituted by (Jerr]-Cerr]al kyl or )
Jerr]-Cerr]al koxy. Al kyl Rerr] to Rerr] can be |inear -or branched and
can preferably goveaéiasl to 12, particularly preferably 1 to 8 pcamEPescasss
particular 1 to 4 C atons. I\/bthyl and ethyl are the particularly preferred
al kyl . Preferred substituents for phenyl amg.benzyl Rerr] to Rerr] in
the context of the definitions.are nmethyl, ethyl, méthoxy and et hoxy: In
a preferred enbodinment, Rerr] to Rerr] in the group of the formula VII
are err]-Cerr]al kyI, phenyl

Ein weiterer Gegenstand der Eifindung ist ein Verfahren zur Herstellung von thermischen
Katalysatoren fiir die nngtiffnende Metalhesepolymensauon von cyclischen Olefinen, das
dadurch gekennzeichnet ist, dass man eine thermostabile Titan(IV)-, Niob(V)-, Tantal(V)-,
Molybdéin(VI)- oder Wolfram(VI)verbindung, in der eine Silylmethylgruppe und
mindestens ein Halogen am Metall gebunden ist, in Substanz oder in einem Lsungsmittel
bestrahlt.

* Bei den erfindungsgemiiss zu verwendenden Cycloolefinen handelt es sich um gespannte
Ringe. Cyclohexen als Ausnahme kann generell mit Olefin-Metathese nicht homopoly-
merisiert werden. Diese Ausaahme ist dem Fachmann bekannt und beispielsweise in Ivin

‘[Ivin, K.J. in: Ivin, K.J., Sacgusa, T. (Hzsg.), Ring-Opening Polymerisation 1:139-144
Elsevier Applied Science Publishers, London und New York (1984)] beschrieben.

Mit dem erfmdungsgem&ssen Verfahren knnen stnhlungsgehﬁmte Oligomere und Poly-
mere mit gle:chen oder vetschledenen Strukturemhelten der Fonuel X1,

worin Q; und Q, die unter der Formel 1 angegebenen Bedeutungen haben, hergestelit
werden. Fiir diese Polymeren gelten die zuvor angegebenen Bevorzuogungen. Es kann sich
um Homopolymere oder Copolymere mit statistischer Verteilung der Struktureinheiten,
Pfropfpolymére oder um Blockpolymere handeln. Sie kiinnen ein mittieres Molekular-
gewicht (Mw) von 2. B. 500 bis zu 2 Millionen Dalton, vorzugsweise 1000 bis 1 Million
Dalton (bestimmt nach GPC dmch Vergletch mit engverteilen Polystyrolstandards) auf-
weisen.

Mit dem erfindungsgemiissen Verfahren konnen thennoplastxsch verformbare Werkstofie
zur Herstellung von Fonnkﬁrpem aller Art, Beschichtungen und Rehefabblldungen herge-
stelit werden.

Je nach verwendetem Monomer k_é_n_nen die erﬁndung_sgemass. hergestellten Polymere sehr
verschiedene Eigenschaften aufweisen. Einige zeichnen sich durch sehr hohe Sauerstoff-



or benzyl. Sonme exanples of the group of the formula VIl are
-CHerr]- Si(CH[err])[err] CH[err] Sl(C[err]H[err])[err] - CH2- Si (n-
rrrn[eﬂj)[errj,
-CH err]- Sl(CH[err])[err](n C[err]H[err])
-CHerr]-Si(CHerr])[err](t-Cerr]Herr]), -CHerr]-Si(CHerr])2(C2H5),
-CH erwosingms| err])[err] (C(CH err])[err] CH(CH err]) [ erCIER5/04364
-CH2-Si (CH3) 2(n-C12H25), -CH err]-Si(CHerr])[err](n-Cerr]Herr]),
-CH err]- Si(Cerr]Herr])[err], - Perr] Si(CHerr]- C[err]H[err])[err]
-CHerr]-Si(CHerr]-Cerr]Herr])( err])[err] and
-CH[err]-Si(CH[err]-C[err]H['err])(CH[err])[err] - CH2-SIi(CH3)3 is
especially preferred. The other valencies of the Ti(I1V), No(V), Ta(V),
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which is unsubstltut ed or substituted by (Jerr]-Cerr]al koxy or hal ogen,
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Cerr]-Cerr]al koxy, Cferr]- or C[err cycl oal kyT which 1s unsubstituted or

substituted by (err]-Cerr]alkyl, Cferr]-Cerr]al koxy or hal ogen, phenyl
whi ch Piese Polymeren eignen zurHerstellungvonmedxzmxschenGemen.nnplamaten

oder Kontaktlinsen; zur Herstellung von elektronischen Bavteilen; als Bindemine] fir
Lacke; als photohirtbare Zusmmensetzungen fiir den Modellbau oder als Klebstoffe zum
Verkleben von Substraten mit niedrigen Oberfliichenenergien (zum Beispiel Teflon, Poly-
ethylen und Polypropylen), sowie als photopolymerisierbare Zusammensetzung in der
Stereolithographie. Die erfindungsgemiiBen Zusammcnsetzung_exi kinnen auch zur Her-
stellung von Lacken durch Photopolymerisation verwendet werden, wobei einerseits klare
(transparente) und sogar pigmentierte Zusammensetzungen verwendet werden konnen. Es
kénnen sowoh! Weiss- als auch Buntpigmente verwendet werden. Femner ist die Her-
stellung von Formkdrpern nach thermoplastischen Fomgebungsverfahren fiir Gebrauchs-
gegenstiinde aller Art zu erwithnen.

Die erfindungsgemiissen photohfirtbaren oder photo- und thmdhﬁrtbuén Zusammen-
setzungen eignen sich besonders zur Herstellung von Schutzschichten und Relief-
abbildungen. Ein weiterer Gegenstand der Erfindung ist eine Variante des erfindungs-
gemiifien Verfahrens zur Herstellung von beschichteten Materialien oder Reliefabbildun-
gen auf Substraten, bei dem man eine ZuSa'mmensetzung aﬁ; cyclischem Olefin, Kataly-
sator und gegebenenfalls Lisungsmittel als Schicht auf einem Triiger aufbringt, zum Bei-
spiel durch Tauch-, Streich-, Giess-, Walz-, Rakel- oder SchleudergieBverfahren,
gegebenenfalls das Losungsmittel entfernt, und die Schicht zur Polymerisation bestrahlt,
oder die Schicht durch eine Photomaske bestrahlt und anschheﬁend die mchtbestmhl:en
Anteile mit einem Losungsmitte] entfernt. Mit diesem Verfahren kdnne_n Oberfliichen von
Substraten modifiziert oder geschiitzt werden, oder es kiinnen zum Beispiel gedruckte



unsubstituted or substituted by Cerr]-Cferr]alkyl, Cerr]-(err]alkoxy,
Cerr]-Cerr]al koxynethyl, Cerr]- ([err]al koxyet hyl,
di(Cerr]-Cerr]alkyl)amno, di (CJerr]-Cerr]alkyl)amno-Clerr]-Cerr]alkyl
or- hal ogen, or benzyl or phenyl ethyl which are unsubstituted or substitued

by CJerr]-Cerrnyagboldes Clerr]-Cerr]al koxy, Cerr]- PCT/EP9S04364
-17 - ( err]al koxymet hyl, Ci'err] - err]al koxyet hyI ‘or hal ogen, with the
proviso that in the case of the titani um copppunds, the ligand is not =0 or
=N-Rerr]. Secondary amines are preferably those of the fornula

Rlerr]Rerr]N-, in which Rlerr] and R err] independently of one another are
l'inear or branched (Jerr]-Cferr]alkyl, Cferr]- or C[err]cycloal kyl, benzyl

1T, B 4 S et e

toget her are t egedipgkien$ Eﬁ'bﬂuﬂ‘a'sThe
al kyl pref er abl Y seppRtReifgesétztiorden Weitete AtwéndahgtmiopRétkead sindidit blefstellung

atons. Some exaypl Slndruckmasken, die Verwendung als strahlungshértbare Druckfarben fur den
Offset-, Sieb- und Flexodruck.

Ein weiterer Gegenstand der vorliegenden Esfindung ist ein Triigermaterial, das mit einem
erfindungsgemifiem Oligomer oder Polymer beschichtet ist und das ein Vernetzungsmittel
enthilt. Ein weiterer Gegenstand'der vorliegenden Erfindung ist ein Triigermaterial, das
mit einem erfindungsgemiBem Oligomer oder Polymer beschichtet ist. Diese Materialien
eignen sich zur Herstellung von Schutzschichten oder Reliefabbildungen durch
Bestrahlung (gegebenenfalls unter einer Photomaske) und anschiieSendem Entwickeln mit
einem Lsungsmittel. Geeignete Vemetzungsﬁitlel. die 2.B. in einer Menge von 0,01 bis
20 Gew.% enthalten sein ktnnen, sind vor allem organische Bisazide, besonders das
kinfliche 2,6-Bis(4-azidobenzyliden)-4-methyl-cyclohexanon. -

Gegenstand der vorliegenden Erﬁndung ist ferner ein beschichictes Txﬁgennatenal
dadurch gekennzeichnet, dass auf einem 'l‘ritger eine Schicht aus (a) emem cyclischen
Olefin oder mindestens zwei verschiedenen cycIischen Olefinen und (b) einer katalytisch
wirksamen Menge mindestens einer thermostabilen Titan(IV)-, Niob(V)-, Taatal(V)-,
Molybdén(VI)- oder Wolfram(VI)-verbindung, in der eine Silyhnemylgmppe und
mindestens ein Halogen am Metall gebunden ist, aufgebrachtist.

Geeignete Triigermaterialien sind beispieisweise solche aus Glas, Mineralien, Keramiken,
Kunststoffen, Holz, Halbmetallen, Metallen, Metalloxiden und Metallnitriden. Die
Schichtdicken richten sich im wesentlichen nach der gewiinschten Verwendung und
konnen z.B, 0,1 bis 1000 gm, bevorzugt 0,5 bis 500 um, besonders bevorzugt 1 bis

100 pm betragen. Die beschichteten Materialien zeichnen sich durch eine hohe
Haftfestigkeit und gute thermische und mechanische Eigenschaften aus.

Die Herstellung der erfindungsgemdssen beschichteten Materialen kann nach bekannten
Methoden wie zum Beispiet Streichen, Rakeln Gxessverfahren wie Vorhanggiessen oder
Schleudergiessen erfolgen.

Bei Beschichtungen werden oft besonders gute Resultate erzielt, wenn man zur Photo-
metathese-Polymerisation Cycloolefine verwendet, die zusitzlich eine bis drei und bevor-



are dinmethyl-, diethyl-, di-n-propyl-, di-i-propyl-, di-n-butyl-
net hyl -et hyl -, di benzyl -, benzyl- nethyl -, di phenyl and phenyl rrethyl anmi no
—aRd—gi-retystyr-aRt-re———Hetogen -as—a—furtter—tTgand-om the et al
atons or as a substituent is preferably fluorine or chlorine, and
particularly preferably chlorine. The cycl opent adi enyl . can be
unsubstwo egrestesor substituted by one to five (err]-C epcimpispisssi n
particular nmethyl or -Si(Cerr]-Cferr]alkyl) [sic], in particular Si(CH3)S3.
Bridged cycl opentadienyls are, in pajticular, those of the formula
Rlerr]A-Rerr], in which Rlerr] is cyclopentadi enyl which i$ unsubstituted
or substituted by one to five (Jerr]-(Jerr]alkyl, in particular methyl or
-Si(derr]- C[err]alkyl) [sic] in particular -Sl(CH[err])[err] and Ais

- gﬁ% g—lﬁe“ r err ? %an ﬁng?'lrl Hoi*&-il }%%@nﬁ[%ﬁlw@lyf&_ﬂ err])[err].

Et her s %he kendensierts Rig 8%?“&9 & al kyl ethers having 2 to 8 C atonms or
cyclical ethers haV|ng 5 or 6 ring nenbers. Sone exanpl es are diethyl

et her, t }%b i -n-propyl ether, di-i-propyl

et her, gﬁfﬁfé% ‘me Pgd%n &Eg{wﬁrdrret hyl ether, tetrahydrofuran

and d| oxane. N| tril es as neutral i gands can be aliphatic or aromatic

nitrilemwguMﬁy%!__wﬂerably 1 to 8 Catons. Sone exanples are '

acetonitrile, propionitri butyinitrile, benzoni tr| | e and benzylnitrile.
Beispiel Al: Herstellung von [(H,ChCHO],'l‘iCl[CHé—St(C_H,);,].

Die Herstellung erfolgt in situ durch die Umsetzung #quimolarer Mengen
CI;Ti{OCO(CHj),], und LiCH,Si(CH,); in Diethylether. -

Beispiel A2: Herstellung von Ta[CH,&(CH,)gCL,
Die Titelverbindung wird nach der Vorschrift Moorehouse und lekinson [Moorehouse.
S.. Wilkinson, G., J. Chem. Soc.; Dalton Trans., 2187-2190 (1974)] hergestelit.

Beispiel A3: Herstellung von W(=N-CgHs)[OC(CHj);],[CH,Si(CH;)5)CL

2,0 g (3,0 mmol) [(C,Hs)IN[W(=N-C¢Hs)(OC(CH,);)Cl5} in 50 ml Methylenchlorid
werden auf -78 °C gekiihlt und dann wird eine LOsung von 0,36 g (1,5 mmol)
Zn[CH,Si(CH,);), und 0,21 g (1,5 mmol) ZnCl, ber einen Zeitraum von 2 Stunden zuge-
tropft. Man lisst auf Raumtemperatur erwiirmen und riihrt weitere 2 h. Das Lsungsmittel
wird im Vakuum abgezogen und der Riickstand mit Hexan extrahiert (2 x 50 mi) und
durch Kiihlen der eingeengten Hexanltsung auf -30 °C das Produkt auskristallisiert. Man
erhilt 1,01 g (62%) der Titelverbindung.

B) Herstellung von Polymeren

Beispiel 1 bis 3: Polymerisation von Norbomen.

In einem Schlenkgefiiss wird der Katalysator in 5 ml Toluol vorgelegt. Dann wnrd _
Norbomen in Toluol zugegeben und das Gefiss verschlossen. Die Mischung wird unter
Rithren bestrahit. Nach etwa 15 Sekunden wird ein Viskosititsanstieg beobachtet. Nach 5
Minuten wird die Reaktion durch Zugabe eines Tropfens Bénza_ldehyd abgebrochen und
das Reaktionsgemisch in 100 ml Ethanol gegossen. Das ausgefallene Polymer wird
abfiltriert, mit Ethanol gewaschen und dann im Vakuum getrocknet. Das Polymer kann
durch Gelpermeationschromatographie [GPC; Losungsmittel Tetrahydrofuran, die Zahlen-
(M,) und Gewichtsmittelwerte (M,,) des Molekulargewichts werden relativ zu Poly-
styrol-Eichstandards bestimm] und 'H-NMR (Bruker 300 MHz; L8sungsmittel CDCl,)



Tertiary am nes and phosphines as neutral |igands can be those having 3 to
24, preferably 3 to 18 C atons. Sone exanples are trinethylam ne and

- phosphi ne, triethyl ani ne and -phosphine, tri-n-prtopylanm ne and -phosphi ne,
tri-n-butylam ne and -phosphine, triphenyl nethyl and -phosphi ne,

tricycl ohexyl amyigogistes Phosphi ne, phenyl di met hyl am ne and - phopelR8D4364
benzyl di net hyl am ne and phosphlne and 3, 5-di net hyl phenyl - di nmet hyl am ne
and - phosphi ne. - 18-
The tridentate nonoanionic |igands can be, F@ﬂ'exanple, hydro(tri spyrazol -1
-yl )borates or alkyl (trispyrazol-1 -yl)borates, which are unsubstituted or
substituted by one to three

charakterisiert werden.,

Ein identisches Experiment ohne Belichtung bei 45 °C ergibt keinen Viskositiitsanstieg
und nach Zugabe von Ethanol flit kein Polymer aus.

Als Katalysatoren werden eingesetzt:

A = [(H,C),CHOL,TICI[CH,-SI(CH,);]

B = Ta[CH,SHCHy),]Cl,

C = W(=N-CsHg)[OC(CH,)3),[CH,Si(CH,)4]Cl

Als Monomer wird Verbindung (1) eingesetzt.

Als Belichmngsquelle wird verwendet:

200 W Quecksilberdampf-Mitteldruck-UV-Lampe (Osram HBO 200 W72, Hersteller

Spindler & Hoyer, Gottingen).

Die Ergebnisse sind in Tabelle 1 angegeben:

Tabelle 1:

Beispiel  Norbomen  Katalysator Ausbeute M, MM,
1 500 mg 10mg A 28% 15k 15

2 500 mg 10mgB 78% 32k 1,6
3 500 mg 10mgC 9%0% 60k = 2



Clerr]-Cerr]alkyl [cf. Trofinenko, S., Chem Rev., 93:943-980 (1993)], or .

[Terr](R [err])Co(Rlerr]Rlerr]P=OQ[err]], in which R is Hor nethyl and
ne amot-her

Clerr]- C4al koxy or phenyl [cf. KIAui, W, Angew. Chem 102 661-670

(1990)] . Hal ogen as a substituent for t he radicals R32 and R33 is

pr ef er s 96rd6kosor i ne, and particularly preferably chl or POFEPISINE368UDSt i t uent s
al kyl, al koxy or al koxy in al koxynmethyl or -ethyl preferably contain 1 to
4, and in particular 1 or 2 C atons, §zanples are nethyl, ethyl, n- and

| -propyl, n-, i- and t-butyl, methoxy, ethoxy, n- and i-propyl oxy and n-,

I - and t-butyl oxy. Al kyl Rerr] and R err] preferably contain 1 to 12,
particularly preferably 1 to 8, and especially preferably 1 to 4 C atons.

Al kyl i Aﬁﬁ R nched al kyl. Some exanpl es of R32 are nethoxy,
et hoxy, DXy, n-, i- and t-butyloxy, hexafluoro-i-propyl oxy

and hexa- and perfl uor obut yl oxy Sone exarrpl es of substituted phenyl and

benzyl R érfahrenwir photokakaliisch ii&ﬂ&vd)lehﬁésdemﬁn-f' uoro- or

p- c[ﬂ orggpgg QE R@Bﬁé! 5}5 p or- - #& n-! ar |ﬂ§r opyI phenyl
Or E?Q %&ﬂ e ichmtadmmmphmghemsche ggmﬁiﬁmngs— eta-
3 51 aﬁéaueﬁin Bftmedfnzyl . Rerr]

S part f ns b | r,.substituted by
5 part nfi51 ,f&g@.ﬁ@ @@?vﬂ BHEE (% inding
m der eine Silylmethylgruppe und mindestens ein Halogen am Metall
gebundensmd.

2. Verfahren gemiiss Anspruch 1, dadurch gekennzeichnet, dass es sich bei den cyclischen
Olefinen um monocyclische Ringe oder polycyclische, iiberbriickte oder kondensierte
Ringsysteme mit 2 bis 4 Ringen handelt, die unsubstituert oder substituiert sind und
gegebenenfalls ein oder mehrere Heteroatome aus der Gruppe O, S, N und Si in einem
oder mehteren Ringen und gegebenenfalls kondensierte aromatische oder heteroaroma-
tische Ringe enthalten.

3. Verfahren gemiiss Anspruch 2, dadurch gekennzeichnet, dass die cyclischen Ringe 3 bis
16 Ringglieder enthalten.

4. Verfahren gemiiss Anspruch 3, dadurch gekennzeichnet, dass die cyclischen Ringe 3 bis
12 Ringglieder enthalten.

5. Verfahren gemiiss Anspruch 2, dadurch gekennzeichnet, dass die cyclischen Olefine
weitere nicht-aromatische Doppelbindungen enthalten.

6. Verfahren gemiiss Anspruch 1, dadurch gekennzeichnet, dass die Cycloolefine der For-
mel I

CH=——m=mmmmmm= O
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In a preferred enbodi nent, the nmetal .conpounds correspond i n particular,

totheforrrulae \Y/H VIIIa or VII—lb[err] o 19
WO 96/16105 PCT/EPISN4364
-36-
entsprechen, worin

Q, ein Rest mit mindestens einem Kohlenstoffatom ist, der zusammen mit der
-CH=CQ,-Gruppe einen mindestens 3-gliedrigen alicyclischen Ring bildet, weicher
gegebenenfalls ein oder mehrere Heteroatome ausgewithit aus der Gruppe bestehend
aus Silicium, Phosphor, Sauerstoff, Stickstoff und Schwefel enthiit; und der unsubsti-
tuiert oder mit Halogen, =0, -CN, -NOj, R;R;R;3Si-(0),-, -COOM, -SO3M, -PO3M,
-COO(M,)y2, -SO3(My)y1p, -PO3(M;)y 5, Cy-Cop-Alkyl, C;-Cop-Hydroxyalkyl
Cy-Cy-Halogenalkyl, Cy-Cy-Cyanoalkyl, Cy-Cy-Cycloalkyl, C¢-Cys-Aryl,
C;-Cy6-Aralkyl, C4-Cg-Heterocycloalkyl, C;-C,s-Heteroaryl, C,-C, s-Heteroaralkyl
oder R4-X- substituiert ist; oder bei dem z2wei benachbarte C-Atome mit -CO-O-CO-
oder -CO-NR¢-CO- substitviert sind; oder bei dem gegebenenfalls an benachbarten
Kohlenstoffatomen des ahcychschen Rings ein alicyclischer, aromatischer oder
heteroaromatischer Ring ankondensiert ist, welcher unsubstituiert oder mit Halogen,
-CN, -NO,, RgR1RgS8i-(0)y-, -COOM, -SO3M, -POsM, -COOM, )12, -S05(My)y 2,
-PO;(M))12, C1-CorrAlky), Cy-Cyy-Halogenalkyl, Cy-Cao-Hydroxyalkyl,
CrCfCYﬂllOﬂlle C3 Cg CYCIOI]le CG-CIG-Aryl CTCIG Aralkyl C3-C5-Hetet0—
cycloalkyl, C;-C;¢-Heteroaryl, C4-C,s-Heteroaralkyl oder R,3-X - substituiert ist;

X und X, unabhiingig voneinander for -O-, -S-, -CO-, -8O-, -S0O,-, -0-C(0)-, -C(0)-0-,

' -C(0)-NRs-, -NR4-C(0)-, -S0,-O- oder -O-SO,- stehen;

R,. R, und R, unabhiingig voneinander C,~C,,-Alkyl, C;-C,,-Perfluoralkyl, Phenyl oder
Benzyl bedeuten; o

R, und R,; unabhingig C;-Cyq-Alkyl, C;-C5-Halogenalkyl, C;-Cy-Hydroxyalkyl,
C;-Cy-Cycloalkyl, C¢-Cy¢-Aryl, C;-Cy4-Aralkyl bedeuten;

R; und R, unabhiingig voneinander Wasserstoff, C,-C;,-Alkyl, Phenyl oder Benzyl
bedeuten, wobei die Alkylgruppen ihrerseits unsubstituiert oder mit C-Cy,-Alkoxy
oder C;-Cs-Cycloalkyl substitniert sind; |

R¢, Ry und Rg unabhiingig vonemander C,-Cu Alkyl C,-C,,-Perfluoralkyl, Phenyl oder
Benzyl bedeuten;

M fiir ein Alkalimetall und M, fi_ircin Erdalkalimetall stehen; und

u fiir 0 oder 1 steht;

wobei der mit Q, gebildete alicyclische Ring gegebenenfalls weitere nicht-aromatische
Doppelbindungen enthilt;

Q, Wasserstoff, C,-Cyo-Alkyl, C,-Cyy-Halogenalkyl, C;-C,,-Alkoxy, Halogen, -CN,
R;;-X,- darstellt; |

R, C;-Cao-Alkyl, C,-Cyo-Halogenalkyl, C,-C,o-Hydroxyalkyl, C;-Cg-Cycloalkyl,

C-C,5-Aryl oder C,-C,4-Aralkyl bedeutet;
[ —

AL



[err]

or Br;

Cerr]

in which Me[err] is M(VI) or WVI); Me[err] is Nb(V) or Ta(V); one
of the radicals Rerr] to Rerr] is a radical CH[err]SlR[err]R[err] R err]

theeTaditalfsRerr] to R err]

Rerr], R[érr]and Rl err] independently of one another are
-Cerr]alkyl, derr]- or CJerr]cycloal kyl, or : .
WO 96/16105 PCT/EP95/04364
-37-

X, -C(0)-0- oder -C(O)-NR;,- lst,

R, Wasserstoff, C,-Cy,-Alkyl, Plienyl oder Benzyl darstellt; . :

wobei die vorgenannten Cycloalkyl-, Henerocycloalkyl- Aryl- Heﬁetoaryl— Aralkyl- und
Heteroaralkylgruppen unsubstituiert oder mit C,-Cir-Alky), C,-Cy5-Alkoxy, -NO,, -CN
oder Halogen substituiert sind, und wobei die Heteroatome der vorgenannten Heterocyclo-
alkyl-, Heteroaryl- und Heteroaralkylgmppen aus der Gruppe -O-, -S-, -NRg- und -N= ans-
gewiihit sind; und _

Rg Wasserstoff, C;-C;,-Alkyl, Phenyl oder B_enzyl darstellt.

7. Verfahren gemiiss Anspruch 6, dadurch gekennzeichnet, dass der alicyclische Ring, den
Q, zusammen mit der -CH=CQ,-Gruppe bildet, 3 bis 16 Ringatome aufweist, und wobei
es sich um ein monocyclisches, bicyclisches, tricyclisches oder tetracyclisches Ring-
system handelt. | |

8. Verfahren gemiiss Anspruch 6, dadurch gekennzeichnet, dass Q, in Formel 1fir
WasserstofT steht. '

9. Verfahren gemiiss Anspruch 6, dadurch gekennzeichnet, dass in den Verbindungen der

Formel I _ _ .

Q; ein Rest mit mindestens einem Kohlenstoffatom ist, der zusammen mit der
-CH=CQ,-Gruppe einen 3- bis 20-gliedrigen alicyclischen Ring bildet, welcher
gegebenenfalls ein oder mehrere Heteroatome ausgewithit aus der Gruppe Silicium,
Saverstoff, Stickstoff und Schwefel enthilt; und der unsubstituiert oder mit Halogen,
=0, -CN, -NO,, R{R,R;Si-(0),-, -COOM, -SOsM, -PO;M, -COOM,), 12,
-505(My)y 3, POs(Myysz, C;-Cy2-Alkyl, C;-Cyp-Halogenalkyl, Cy-Cy-Hydroxy-
alkyl, C;-C4-Cyanoalkyl, C3-Cq-Cycloalkyl, Cg-Cyp-Aryl, Cr-Crp-Aralkyl,
C;-C-Heterocycloalkyl, Cy-C,-Heteroaryl, C,-Cy,-Heteroaralkyl oder R-X- substi-
tuiert ist; oder bei dem zwei benachbarte C-Atome in diesem Rest Q, mit -CO-O-CO-
oder -CO-NRs-CO- substituiert sind; oder bei dem gegebenenfalls an benachbarten
Kohlenstoffatomen ein ahcychscher, aromatischer oder heteroaromatischer Ring an-
kondensiert ist, welcher unsubstituiert oder mit Halogen, CN, -NO;. R¢R7RgSi-,
-COOM, -SO3M, -PO;M, -COOMy)y 5. -SO3(My)yp2, -PO3(My)yspe C;-Cra-Alkyl,
C,-C-Halogenalkyl, Cy-Cyy-Hydroxyalkyl, C;-C,-Cyanoalkyl, C;-Ce-Cycioalkyl,
Cy-Cra-Aryl, Cr-Cyz-Aralkyl, C;-Cg-Heterocycloalkyl, Cy-Cyz-Heteroaryl,
C4-C12-Heteroaralkyl oder R,5-X,- substituiert ist;

X und X, unabhingig voneinander fiir -O-, -§-, -CO-, -SO-, -SO,- -O-C(O)-. -C(0)-0-,

I
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phenyl or benzyl which are unsubstituted or.substituted by
Cerr]-Cerr]alkyl or Jerr]-(er-alkoxy; in formuta VIIl two or in each
case two and in forrmula VIlla two of the other radicals of R39 to

Rlerr] each together are =0 or =N-Rerr], and Rerr] is linear or branched
C[err]-qerr]alw,‘wgi'o h I s unsubstituted or substit ut echdryEPs04364
Cerr]-{err]al koxy, C?err] or CJerr]cycloal kyl which is

unsubstituted or substituted by Clerr]- C[errégl kyl, Cerr]-Clerr]al koxy or
hal ogen, phenyl which is ~- o unsubsti t ut ed®or suhstltuted by
Cerr]-Cerr]alkyl, (err]-Cerr]al koxy, Clerr]-(err]al koxynet hyl,
C[err]-C[err]aIkoxyethyI di(Cerr]- C[err]alkyl)am'no,

R A B ey

err]-( err]al Ryl Ry und Ry unablisingig vadeinan m@menqmmlmwm'
Cerr]-Cerr]al kox Clerr]-C[err]al kyl)amno

di(Cerr]-Cerr aI %‘err err aIk or hal o and the ot her
radicals R err] hﬁgw ng 2 to 18 C

atoms, Rerr]O run mendareyoﬁt-AIkyLm-D{z-Halogenﬂkast ituted
cyel opent adi 2??' ?nae?g‘%@%ﬂ%‘{@a“%@ﬂ@%@ﬂ%@% %“%ﬂ"’“ﬁﬂea"“‘
err err]a 10 Ainab.
F[er r ] | C[C¢[a‘r r] Lu koxy bedeukea) vogheidie Allieylgtuppen ihrerseits ﬁl&ﬁﬁdﬁuﬁérkudemﬁtchq&lkoxy
-20 oder C5-C¢-Cycloalkyl substitiert sind;
Rg, Ry und R4 unabhiingig voneinander C;-Ce- Alkyl, C;-Cq-Perfluoralkyl, Phenyl oder
Benzyl darstelien;
u fiir O oder 1 steht;
wobei der mit Q, geb:ldete alicyclische Ring gegebenenfalls weitere mchtaromausche
Doppelbindungen enthit;
Q. Wasserstoff; C;-C;,-Alkyl, C,-C,-Halogenalkyl, C,-Cs-Alkoxy. Halogen, -CN,
R;;-Xo- bedeutet;
R;; C;-Cyp-Alkyl, C,-C,,-Halogenalkyl Cl-Clz-Hydroxyalkyl C3-C6 -Cycloalkyl,
Cs-C2-Aryl oder C,-C,5-Aralkyl darstellt;
X, -C(0)-O- oder -C(O)-NR;,- ist; und
R,, Wasserstoff, C,-C¢-Alkyl, Phenyl oder Benzyl bedeutet;
wobei die Cycloalkyl-, Heterocycloalkyl-, Aryi-, Heteroaryl-, Aralkyl- und Heteroaralkyl-
gruppen unsubstituiert oder mit C,-C¢-Alkyl, C;-Cq-Alkoxy, -NO,, -CN oder
Halogen substituiert sind, und wobei die Heteroatome der Heterocycloalkyl-, Hetero-
aryl- und Heteroaralkylgroppen aus der Gruppe -O-, -S-, -NRg- und -N= ausgewithlt
sind; und
Ry Wasserstoff, C,-C¢Alkyl, Phenyl oder Benzyl bedeutet.

10. Verfahren gemiiss Anspruch 6, dadurch gekennzeichnet, dass in den Verbindungen der

Formel 1

Q, ein Rest mit mindestens einem Kohlenstoffatom ist, der zusammien mit der
-CH=CQ,-Gruppe einen 3- bis 10-gliedrigen alicyclischen Ring bildet, der
gegebenenfalls ein Heteroatom ausgewihit aus der Gruppe Silicium, Saverstoff,
Stickstoff und Schwefel enthiilt, und der unsubstituiert oder mit Halogen, -CN, -NO,,
R;R,R;Si-, -COOM, -SO;M, -PO;M, -COOM, )12, -SO3(M;)1 /2. <POs (M )1 2,
C;-Cs-Alkyl, C,-Cs-Halogenalkyl, C,-C¢-Hydroxyalkyl, C,-C,-Cyanocalkyl,
C;-C-Cycloalkyl, Phenyl, Benzyl oder R 4-X-~ substituiert ist; oder bei dem an

I —
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unsubstituted or substituted by Cerr]-Cferr]alkyl, Cerr]-Cerr]al koxy or.
hal ogen, phenyl which is unsubstituted or substituted by

r r-=—€rerratkoxy—Crerri=Cferratkoxymetrhyt,
Cerr]- C[err]alkoxyethyl di(derr]-Cerr]al kyl)am no,
di(derr]-Cerr]al kyl)am no-Clerr]-C err]al kyl or hal ogen, or
benzy| waresfisao8y| et hyl whi ch are unsubstituted or substRCRERSS04IG4
Cerr]-Cerr]al kyl, Cerr]-derr]al koxy,
Clerr]-derr]al koxynethyl, Cerr]-Ggrr]al koxyethyl,
di(Cerr]-Cerr]al kyl)am no, :
di(Cerr]-Cerr]alkyl)amno-Cerr]-Cferr]al kyl or halogen; or in the
formulae VI, Villa and VIIIb t he ot her radl cal s of R[err] to R err]

| ndependexsahahbafiesPRBhlen RYORCHer Fohubthis @iigr 2 L0 18 C

atons, Rerr]- or Io en uns b uted or, substituted
cycl opentmmaﬂgﬁffi‘aﬁ m%‘gﬁ*@ﬁim oderdurch Lo o) 1 gand
i n which ﬂﬂegﬂdﬂNJ-NO;dRMSHI-DPQM GﬁlgthEﬂBMImQ(Mﬂ.ﬁear or branched

Cerr]- I m; H%ﬁ ﬁﬂ@: al koxy_ or
hal ogen, é?é )"Y 1'?,,{ %’ﬁa W I C nsu st %:ﬁt ed or
substi t ut @#Ef hal ogen,
phenleM,mhngumMﬂhggwamidmC SOpalid, l,Pliényi oﬁal kyl ,

Cerr]- ,&%W Clerr]- C[err]al koxynrethyl
derr]- (%“er a kox@hl ngl‘geiC[errrC[err;alkyl)amno

di (C[ err]al kyl or hal ogen, or
benzyIRplln mwmh;igmmdwe,-apmm: -Hallogenalkyl) C,iCHypdroxy- by
Cerr]- L)% Ekaf’&‘i‘%’gf w1 koxy, err]- C[err]al koxymet hyl ,
C[err] err]a K gerl’] err]al kyl)am no,
di (. ¥ M‘ﬂn& 1 80 plersSOprptebeBn. The
pref ermkesnmkgenawg vem@:imé:cc,tmﬁmlcqad:ﬁpemﬁmkym PhenlyPodek -
'Benzyl darstellen;
und Q, Wasserstoff bedeutet.

11. Verfahren gemiiss Anspruch 1, dadurch gekennze:chnet, dass es sich bex den cycli-
schen Olefinen um Norbornen oder Norbomndenvate handelt. -

12, Verfahren geméiss Anspruch 11, dadurch gekennzeichnet, dass es sich bei den Norbor-
nenderivaten um solche der Formel Il

worin _

X; -CHR4-, Sauerstoff oder Schwefel;

R;4 und R, 5 unabhiingig voneinander Wasserstoff, -CN, Tnﬂuonnemyl (CH;),S8i-0O-,
(CH;),Si- oder -COOR,5; und :

R, und R, unabhiingig voneinander Wasserstoff, C,-C,,-Alkyl, Phenyl oder Benzyl
bedeuten;

oder

um solche der Formel III

* ¢ - L “"s *



In a particularly preferred enbodi ment, titanium niobium tantalum

ndl ybdenum or tungsten conpounds which are used in-the process according to
the invention are those of the fornmulae VIl1, Villa and VIIIb in which R39
is aradical of the formula VII -CH err]Si(Rerr]Rerr]Rerr])[err], R40

is F, O or Brw@sghéite® in fornula VI1 Rerr] and Rerr], and ﬂ:'mm]smaid

R[err] in each case together, are the radical =N-Rerr], or Rerr]
and R[err] t oget her are the radical :I\I-R[er_r4b_and Rlerr] and R[err]

i ndependent |y of one another are unsubstituted or substituted

cycl opentadi enyl, R err]-O or hal ogen, or (b) informula VIlla

Rlerr] and Rerr] together are the radical =N-Rerr], and Rerr] is
unsubstituted or substd tuted cycl opentadi enyl, Rerr]-

hal ogen, or in fornula VIlla Rerr], Rerr] and R err]

i ndependent|y of one anot her e unsubstituted or substituted

cycl opent adi enyl . O or halogen, or (c) in formula VIIlb
Rlerr] and R err] indepenggnfly op=swe anot her are unsubstituted or
substituted cycl opent adi gy g or hal ogen, (),

worin

X, -CHR;q-, Sauerstoff oder Schwefel;

Ry Wasserstoff, C;-C;,-Alkyl, Phenyl oder Benzyl; und
Ry Wasserstoff, C;-Cs-Alkyl oder Halogen bedeuten;

oder
um solche der Formel IV
Xg
Rao av,
Rz
worin

Xs -CHR,,-, Sauerstoff oder Schwefel;

Ry; Wasserstoff, C,-C,,-Alkyl, Phenyl oder Benzyl;

Ry und Ry, unabhiingig voneinander Wassustoff CN, Tnﬂuonnethyl (CH;3);8i-0O-,
(CH,),Si- oder -COORy,; und

R,; Wasserstoff, C,-C,,-Alkyl, Phenyl oder Benzyl bedeuten;

Oder .

um solche der Formel V handelt,

T



-21 - where R29 to R33 have the above neani ngs. The above preferences

apply to R29, R30, R31, Rerr] and Rerr]. Met al conpounds whi ch are
' i he—ptocess—accordimg—totheTnvention are
those of the formulae I X, I Xa, IXb, I Xc or |Xd [err]
WO 96/16105 PCT/EPISN4364
-4] -
o]
Y .
v,
(o]
worin

Xs -CHR,4-. Sauerstoff oder Schwefel;
Ry Wasserstoff, C;-Cy5-Alkyl, Phenyl oder Benzyl

Y  Sauverstoff oder N—Rzs;und

/

Rys V{gs_serstoff, Methyl, Ethyl oder Phenyl bedeunten.

13, Verfahren gemiiss Ansprach 1, dadurch gekennzeichnet, dass es sich bei dem an die
Metallatome gebundenen Halogen um F, Cl, Br oder I handelt.

14. Verfahren gemiss Anspruch 1, dadurch gekennzeichnet, dass die leylmethylgmppe
der Formel VII entspricht,

-CHy-SiRy9R;30R3; (vI),
worin _ - )
Ryg, Ryp und R, unabhéingig voneinander C;-Cyg-Alkyl, Cs- oder Cs-Cycloalkyl, oder un-
substituiertes oder mit C,-C¢-Alkyl oder C,-Cg-Alkoxy substituiertes Phenyl oder Benzyl
bedeuten.

15. Verfahren gemiiss Anspruch 14, dadurch gekennzeichnet, dass in der Gruppe der
Formel VII R,q bis Ry; C;-C,-AlKkyl, Phenyl oder Benzyl bedeuten.

16. Verfahren gemdiss Anspruch 14, dadurch gekennzeichnet, dass die Gruppe der Formel
VII aus -CH,-Si(CHj;)3, -CH,-Si(CyHs)3, -CH,-Si(n-CyHy)s, -CH,-Si(CH3),(C,Hs),
-CH,-Si(CH;),{C(CH;3),CH(CHj),], -CH,-Si(CH3),(n-C,Hy), -CH;-Si(CH,),(t-CHy),
5-Si(CH;),(n-CgHsq), -CH,-Si(CgHy)s, -CH,-Si(CH,-CHs)s, -CH,-Si(CgHsHCHy),
-CH,-Si(n-C4Hg)s, ~CH,-8i(CH;),(n-Cy,H,s) und -CH,-Si(CH,-CgHs)(CH;), besteht.
I —
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22 - Me[err] is No(V) or Ta(V); R is -Si(Cerr]-Clerr]alkyl)[err]; Z
is d or Br; Rerr] is phenyl or phenyl which-s substituted by 1 to 3
Cerr]-Cerr]alkyl or err]-Cerr]al koxy, (a) Rerr] and R err] in fornula

| X together are the group =NR[err] or individually independently of
one another arevwpedistesBr. linear or, in particular, branched PCI/EPISN4364
A -derr]al koxy which is unsubstituted or substituted by fluorine,
phenyl oxy which is unsubsti-tuted or s&tc)st ituted by
Cerr]-Cerr]alkyl or Clerr]-€lerr]al koxy, ortycl opentadi enyl which-is
unsubsti tuted or substituted by CJerr]-Cerr]alkyl; (b) Rerr],
Rlerr] and Rerr] and Rerr] in formula | Xa i ndependently of one anot her
are F, d, Br, | inear or, in particular, branched

Cerr]-Cerr]al koxy which is unsubstituted or substituted by
fluorine, phenyl dkyWesfahren gemissanspaich il dadush gekeppaeichnetednss die Gruppe der Formel

err]-Cerr]al ky .o glmﬂj) ddrsitie] al koxy, or cycl opent adi enyl
which is unsubstituted of substit.uted by -Cerr]-Clerr]al kyl; (c) R err]
in formula IXbis F, A, Br, linear or, in particular, branche;i
Clerr]-Clerr]al kb&Wenfahmh gemiss Anspmchdndﬂdb&higckmmwidmelidtssﬂietll‘)ﬁgen Valenzen der
fcl[uori na |ohien|y|k ;ﬁgﬁ( Ik (VD)-Atome mit g lﬁklgéitddéﬂeﬁv\%hﬁgenen
err]-Clerr]a 0 rrl - 0 or .c a IS
unsubst it ut ed fie tra{ ‘{S{bﬂ' ﬁé"é\’?‘ Q%ﬁ‘ffg]&w*it'ém ﬁ'm]‘““z
Rlerr] and R[errbisil8 G‘-Atmudnakgzm RﬁﬂemmmtdegemﬁenEstubmwmm Cycle-
Br, linear or, 3&{%4 iga?]%
unsubstituted or su y Eltbagh[? Huo 1.n ﬁl \%h
unsubstituted or “%duﬁﬁ‘l gm%gﬂ%"h’éﬁﬁrm]‘mw*mm
or . iertes oder mit C,-C;Alkoxy oder Halogen substituiertes lineares oder verzweigtes
C,;-C,s-Alkyl, unsubstituiertes oder mit C;-Cg-Alkyl, C;-Cs-Alkoxy oder Halogen substi-
wiertes Cs- oder C4-Cycloalkyl, unsubstituiertes oder mit C;-C¢-Alkyl, C,-Cg-Alkoxy,
C,-Cg-Alkoxymethyl, C,-Cg-Alkoxyethyt oder Halogen substituiertes Phenyl. oder unsub-
stituiertes oder mit C,-C¢-Alkyl, C;-Cg-Alkoxy, C;-Cq-Alkoxymethiyl, C;-Cg-Alkoxyethyl
oder Halogen substituiertes Benzyl oder Phenylethyl darstellen; und R;; unsubstituiertes
oder mit C,-C¢-Alkoxy substituiertes lineares oder verzweigtes C;-C;g-Alkyl, unsubstito-
iertes oder mit Cl-_CG-Alkyl, C,-C¢-Alkoxy oder Halogen substituiertes Cs- oder
Cs-Cycloalkyl, unsubstituiertes oder mit C,-Cg-Alkyl, C;-Cg-Alkoxy, C,-Cg-Alkoxy-
methyl, C,-Cg4-Alkoxyethyl, Di(C,-C4-alkyl)amino, Di(C,-Cs-alkyl)amino-C,-Cs-alkyl,
oder Halogen substituiertes Phenyl, oder unsubstituiertes oder mit C;-Cs-Alkyl,
C,-C¢-Alkoxy, C,~-Cg-Alkoxymethyl-, C;-Cq-Alkoxyethyl- oder Halogen substituiertes
Benzyl oder Phenylethyl bedeutet, mit der Massgabe, dass im Fall der Titanverbindungen
der Ligand nicht =O oder =N-Rq ist.

19. Verfahren gemiiss Anspruch 1, dadurch gekennzeichnet, dass die Metaliverbindungen
den Formeln VIII, VIila und VIIIb entsprechen

Rg— Mg, ———Ry0 (VID,

I
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cycl opent adi enyl .which is unsubstituted or substituted by
Cerr]-Cerr]alkyl; and (e) R err] and Rlerr] in formula I Xd

j , | Frear—or— ™
particul ar, branched Clerr]- C[err]alkoxy whi ch is unsubstituted or
substituted by fluorine, phenyl oxy which is unsubstituted or

subst itwotesdeiey Clerr]-Cerr]al kyl or C[err]-{ err] al k®CI/EPSS04364
cycl opent adi enyl which is unsubstituted or substituted by

Cerr]-Cerr]al kyl . The al koxy i S4: ?grt icularly preferably branched al koxy
which is optionally partly or conpl etely substituted by F, for exanple
| -propyl oxy, i- and t-butyl oxy, hexafl uoropopyl oxy [sic] and

nonaf | uor opr opyl oxy. The phenyl oxy radical is, in particular, phenyloxy
which is substituted by CJerr]-Cferr]alkyl in the 2,6-positions, for
exanpl e 2, 6-di yl phenyl 238 .. Exanpl es of substituted cycl opent adi enyl

radi cal s are non to peptanet hyl cycl opent adi enyl and

trimethylsilylcycl drgn dlenyl R[err] is preferably phenyl or phenyl which

i's substituted by C Mep in particul ar ph¥igs), or
3, 5-di net hyl - , 6- N 3, 5- d| et hyl - and 2 6-  di et hyl phenyl .

vl | - (vm),

Re \‘1

Me, fiir Mo(VI) oder W(VD) steht;

Me, fiir Nb(V) oder Ta(V) steht;

einer der Reste R3g bis Ry4 tinen Rest -CH,-SiRogR30R4, der Formel VI bedeutet;

wenigstens einer der Reste Ry bis Ry, F, Cl oder Br darstellt;

Ryg, Ryo und Ry, unabhiingig voneinander C,-Cq-Alkyl, Cs- oder C4-Cycloalkyl, oder un-
substituiertes oder mit C;-Cq-Alkyl oder C;-Cg-Alkoxy substituieries Pheny! oder
Benzyl bedeuten;

in Formel VIII zwei oder jeweils zwexundeonnelVlnnzwel detubngenRestevon
Rgsg bis Ry je zusammen =0 oder =N-R3; bedeuten, und Rs; unsubstituiertes oder
mit C;-Cq-Alkoxy substituiertes lineares oder verzweigtes C,-Cq-Alkyl, unsubstitu-
iertes oder mit C,-C¢-Alkyl, C,-C,-Alkoxy oder Halogen substituiertes Cs- oder
Ce-Cycloalkyl, unsubstituiertes oder mit C-Cq-Alkyl, C;-Cg-Alkoxy, C,-Cq-Alk-
oxymethyl, C,-C4-Alkoxyethyl, Di(C,-Cg-alkylamino, Di(C;-C¢-alky)amino-
C,-C;-alkyl oder Halogen substituiertes Phenyl, oder unsubstitniertes oder mit
C,-Cs-Alkyl, C,-Cq-Alkoxy, C,-Cs-Alkoxymethyl, C,-Cq-Alkoxyethyl,
Di(C-Cg-alkyl)amino, Di(C;-Cg-alkyl)amino-C;-Cy-alkyl oder Halogen substitu-
iertes Benzyl oder Phenylethyl darstellt, und die tUbrigen Reste Ry bis Ry
Sekundiiramino mit 2 bis 18 C-Atomen, Rq,0- oder R;,S-, Halogen, unsubstituiertes
oder substituiertes Cyclopentadienyl oder tiberbriicktes Biscylopentadienyl oder
einen Neutralliganden bedeuten, worin die R3, unabhiingig voneinander unsubstitu-

jertes oder mit C,-C¢-Alkoxy oder Halogen substituiertes lineares oder verzweigtes
R

B



-23 - Especially preferred corrpound.s |nthe process accordi hg to the

i nvention are those of the forpulaeX=Xad Xb,. Xc and Xd
(Rlerr]-N=)[err]Me[err] X[err][CHerr]Si(CH err])[err]]

(X)1

(Rlerr]-N=) R er phdbéssiod X[ err] (ORerr])CH err] Si (CH err])[err] PCIEPISO4364
Xa

(R[ear]R[err]I\/E[err])X[err](CR[err])CH[err]Sljlg-ljerr])[err]

Xc

(R[ezr][si\lﬂvb[err]X[err](CR[err])Cl—l[err]Sl(CH[err])[err]

(Xc), Rlerr]-TiX[err](ORlerr])CHerr]Si(CHerr])[err]

(xd),in which Mel gfid .- A, \atlstinined o bnit €,-Cy- Alkyl, €,-C- Alkoxy oder Halogen
substituiertes Cs- oder C,4-Cycloalkyl, unsubstituiertes oder mit Cy-Cg-Alkyl,
C,-Cg-Alkoxy, C,-Cg-Alkoxymethyl, C,-C¢-Alkoxyethyl, Di(Cy-Cg-alkyl)amino,
Di(C;-Cg-alkyl)amino-C,-C,-alkyl oder Halogen substitniertes Phenyl, oder unsub-
stituiertes oder mit C,-Cg-Alkyl, C,-Cq-Alkoxy, Ci-C4-Alkoxymethyl, C,-Cq-
oxyethyl, Di(C,-C¢-alkyl)amino, Di(C,-C¢-alkyl)amino-C,-C;-alkyl oder Halogen
substituiertes Benzyl oder Phenylethyl darstellen; oder _

in den Formeln VIII, VIIia und VIIb die iibrigen Reste von Ryg bis Ry, unabhiingig von-
einander Sekundiramino mit 2 bis 18 C-Atomen, R3,0- oder R;,S-, Halogen, un-
substituiertes oder sﬁbstimiertps Cyclopentadienyl oder tiberbriicktes Biscylopenta-
dienyl oder einen Neutralliganden bedeuten, worin die R;, unabh#ingig voneinander
unsubstituiertes oder mit C,-Cq-Alkoxy oder Halogen substituiertes lineares oder
verzweigtes C,-C,g-Alkyl, unsubstituiertes oder mit C,-Cq-Alkyl, C,-C4-Alkoxy
oder Halogen substituiertes Cs- oder Cg-Cycloalkyl, unsubstituiertes oder mit
C,-Ce-Alkyl, C,-Cs-Alkoxy, C,-Cs-Alkoxymethyl, C,-Cs-Alkoxyethyl,
Di(C;-C¢-alkyl)amino, Di(C;-C¢-alkyl)amino-C;-Cy-alkyl oder Halogen substitu-
iertes Phenyl, oder unsubstituiertes oder mit C;-Cg-Alky}, C,-Cs-Alkoxy,
C;-Cg-Alkoxymethyl, C,-Cs-Alkoxyethyl, Di(C,-Cs-alkyl)amino, Di(C,-Cg-alkyl)-
amino-C;-C;-alkyl oder Halogen substituiertes Benzyl oder Phenylethyl darstellen.

20. Verfahren gemiss Anspruch 1, dadurch gekennzeichnet, dass man Titan-, Niob-,
Tantal-, Molybdiin- oder Wolframverbindungen der Formeln VI, VIHa und VIIIb
verwendet, worin

Ry einen Rest der Formel VII -CHy-Si(RpoR30R3;)3 und Ry F, Cl oder Br darstellen; und
(2) in Formel VHI R,; und Ry; sowie R, und R,y jeweils zusammen den Rest =N-R;; be-
deuten, oder R, und Ry, zusammen den Rest =N-Rg; bedeuten, und R,3 und R4, unab-
hiingig voneinander unsubstituiertes oder substituiertes Cyclopentadienyl, R3,-O- oder
Halogen darstellen, oder '

b) in Formel VIIIa R, und R, zusammen den Rest =N-Rj33 bedeuten, und R4, unsubstitu-
iertes oder substituiertes Cyclopentadienyl, R,z-o- oder Halogen bedeuten, oder in Formel
VIIa R, Ry, und R,; unabhiingig voneinander unsubstituiertes oder substituiertes
Cyclopentadienyl, R;,~O- oder Halogen bedeuten, oder |

¢) in Formel VIIb R, und R,, unabhiingig voneinander unsubstituiertes oder substitu-
jertes Cyclopentadienyl, Ry,-O- oder Halogen bedeuten,

wobei Ryg, Rage R31, Ry tnd Ry, die in Anspruch 19 angegebenen Bedeutungen haben.

-
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Me2 is Nb(V) or Ta(V); Xerr] is For Ad; Rerr] is phenyl or phenyl
which is substituted by 1 or 2 (Qerr]-Cerr]al kyl groups; Rerr] 1is

ich Fs—eptiona
substituted by fluorine, or phenyloxy, or phenyl oxy which is
substituted by 1 to 3 nmethyl or ethyl groups; Rerr] and R err]
i ndepewieosriepsof one anot her are cycl opent adi enyl whi chci/EPsp&Ishst it ut ed or
substituted by 1 to 5 nethyl groups, X err] or Rerr]O; and Rerr] is
cycl opent adi enyl which is unsubstitysed or substituted by 1 to 5 nethyl
groups, Xerr] or Rerr] onme exanples of titanianm(lV),
ni obi um(V), tantal um(V), nolybdenum(Vl) and tungsten(VI) conpounds are [Cp
is cyclopentadi enyl and Me is Nb(\/) or Ta

Oof ore i sproti [k MLM%WM&MJ&E&J errl,
?pCI[-|[ er]r w&m

Op[err]Tl[CH[err]Sl(CH[err])[err]]Br Op[err]Tl[CI—I[err]Sl(CI—I[err])[err]]I
CpTi [CH[err]Si(f[q—(z. err])[err]][CHerr]1Q;  CHyR

CpTi [ CH rl[efr]Si(CHerr])[err]]Br| -], :

[(CHerd)[errf CHO [err]Ti[CH err] Si( err]ferr]] o
[(CFlerr]\Nerr CHO][err]Ti[CH[err]Si( rrlp[erd] l,_

(CFlerr]) r Ti[CH err (CH err rrAd

%(CH[err])[ m B [CHerr (CH err])[*8rr] ] A, (IXa),
(Jerr]H efr] ){CpTi[CH err]Si(CH err])] (4, 6-Y net hyl -
de r]%rr]())OpTi[CH[err]Si(CI-I[err][‘%{] \

r
(2, 6-di nEt hyl err]H err] O 2Ti [ CH errSi ierr])[%m]]d

(2, 6-di net hyl %err]H[err]O)Tl[CH[err]Sl(Cl-l[ rr])[err]][err]Br
[(CHerr])[err]COCpTi[CH err]Si(CHerr])[err]]C, = .
[(CF[err])[err err])CQ CpTi[CH err] Si (CH réi)[err]]CI
Me(=N-C err] H rr’f [G:H(CH[err])[er I1[(CHenrFSI (CH err])[err]]d,
Co[err]Me[(CH grr]Si(CH err])[err]d[er

I\/b(:N-C[err]H[ rr])[OCH(CF[err])[err]]]

r],
(]CI—|[err§/54ferr])[err]]Cl, Me( =N-
- (IXc),

RS :_;Mez s=======N-Rj, (IXDb), R Mﬂq\
YA ' Y A
CH,R

R—Ti R, X9
Z

worin

Me, fiir Mo(VI) oder W(VI) steht;

Me, fiir Nb(V) oder Ta(V) steht;

R -Si(C;-C,-Alkyl); darstellt;

Z  fiir Cl oder Br steht;

Ry Phenyl oder mit 1 bis 3 C;-C,-Alkyl oder C,-C,-Alkoxy substituiertes Phenyl
bedeutet,

(a) Ry; und Ry, in Formel IX zusammen die Gruppe =NR;, oder einzeln unabhiingig

S
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-2?- 2, 6d||sopropylC[err]H[err])[(Cl—l[err]Sl(CH[err])[err]CI[err]
Me(=N-2, 6-
d||sopropylC[err]H[err])[(CI—I[err])[err]CI—IO][(CH[err]Sl(CH[err])[err]]CI
Me¢=N-2,6-dinmethylJerr]Herr])(2, 6-

dimethyl -C err] [CH err]Si (CHerr])[err]]d, M(=N 2, 6- pcT/EPIS/I04364
d|methylC[err]IXF%?"F}@CF[err])[err]CHO)[CH[err]Si(CH[err])[err]]CI,
(=N-2, 6- d|methylC[err]H[err])C[err]I\/E[(CH[e%]Si(CH[err])[err]]CI,
(C[err]H[err]O)[err]C[err]I\/E[({-CH[err]Si(CH[é [D[err]]d, (=N 3,5-
dimethyl Jerr]Herr])M[2,6-dinethylerr]Herr]0)][(CH er r]Sl(CH[err])[err
Hida, Cpl\/b[OCI—|(CI—|[err])[err]]2[(CH[err]S|(CH[err])[err]]

CoMe[ CCH(CH[ err][err %éﬁg{f&ﬂ rr err CI h oder
CpMe[ OCH( CF3) 2] 2[ ( Cl‘-'ég‘? %M‘H neares
Cp2Me[ OCH( CH] er r ] ) [ besohiidrs erpweiglesiCy-CatAlkoly, Elwbﬁlﬂemsodermﬁcrqs Alkyl oder

OCH( CH d
11| ARy Moy oy o

Me[ CH err] Si ( CH[ er r $Y58 r]1oferr]d, .

W=N-C err] H er () [ RCRGGhndt Riz)und iRy iﬂmum-mummel@mq F, G| Bs, npsub-
stituiertes oder mit Fluor substituiertes lineares oder besonders verzweigtes C,-C,-
Alkoxy, unsubstituiertes oder mit C,-C,-Alkyl oder C,-C,-Alkoxy substituiertes
Phenyloxy oder unsubstituiertes oder mit C14C4-Alkyl substituiertes Cyclopenta-
dienyl bedeuten;

(©) Ry in Formel IXb F, Cl, Br, unsubstituiertes oder mit Fluor substituiertes lineares
oder besonders verzweigtes C,-C,-Alkoxy, unsubstituiertes oder mit C;-C,-Alkyl
oder C,-C,-Alkoxy substimiéf_tes Phenyloxy oder unsubstituiertes oder mit
C,-C,4-Alky! substituiertes Cyclopentadienyl darstellt;

(d) Ry;. Ry und Ry in Formel IXc unabhiingig voneinander F, Cl, Br, unsubstituiertes
oder mit Fluor substituiertes lincares oder besonders verzweigtes C,-C,-Alkoxy, un-
substituiertes oder mit C,-C-Alkyl oder C,-C,-Alkoxy substituiertés Phenyloxy
oder unsubstituiertes oder mit C,-C4 Alkyl substituiertes Cyclopentadxenyl dar-
stellen; und -

(e) Ry, und Ry, in Formel IXd unabhﬁnglg voneinander F, CI, Br, unsubstituiertes oder
mit Fluor sﬁbstituiertes lineares oder bésonders‘ verzweigtes C,-C4-Alkoxy, unsub-
stituiertes oder mit C;-C,-Alkyl oder C;-C4-Alkoxy substituiertes Phenyloxy oder
unsubstituiertes oder mit C;-C,-Alkyl substituiertes Cyclopentadienyl darstelien.

22. Verfahren gemiiss Anspruch 1, dadurch gekennzeichnet, dass man Titan-, Niob-,
Tantal-, Molybdiin- oder Wolframverbindungen der Formeln X, Xa, Xb, Xc und Xd ver-

wendet,
(Ry3-N=);Me,X,[CH,Si(CH;);] ™,
(R33-N=)R;Me;X (OR3,)CH,Si(CH;), (Xa),
RoRaMEXORCHSICH), (X,
' Rss‘N=M°2xa(0R32szi(CHs)s ' Xc),

R,;-TiX,(OR;,)CH,Si(CH5), (Xa),
_ R
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© (2,6-diisopropyl phenyloxy)[err]Me[CH err]Si(CHerr])|[ rr]]Cl[err],
Cp[err]Me[OC(CH err])[err]][(CHerr]Si (CH err ])[err]]

—W&%&W]]W]( CCHETTTITerTITO,
Mo[err][(CH err]-Si(CHerr])[err])(OCH err ]C(CI—I[err])[err])Ci][err]
Mo(=N-2, 6-diisopropylCerr]Herr])[err][CHerr]- Sl(CH[err])[err]]CI
W=N@0wist£serr])[(OC(Cl-I[err])[err]]([er ][ CH err] - Si pCHERSOSIGerr] | Cl

Mo(=N-Clerr]Herr])[err][CHerr]- Si(CHerr])[err]]d,

Mo(=N-2, 6- d||sopropylC[err]H[err])[4(1:H[err]C(CH[err])[err]][err][CH[err] S
[ (CH[err])[err] 14. The titanium niobium tantalum nolybdenum and
tungst en conpounds to be used according to the invention are known or can
be prepared by known and anal ogous processes starting fromoptionally
correspondi ngly substituted netal halides by neans of Gignard reactions

[ Schrock, R R, Mirdzeck, J.S., Bazan, G C., ‘Robbins, J., D Mare, M,

O Rega¥of™M , J. Am Chem Soc., 112:3875-3886 (1990)]. The process

accor dMeg mﬂmM)loﬂuEW(VDmehan be carried out in the presence of an inert

sol veny Wﬁh age of the process according to the invention
S one f"h Ny he case o I quid nmonomers, the process can be carried out

wi t houXs "Inert neans that the choi ce of solvent depends on

t he remg;t Imﬁylddérmhﬂdﬁimc-mﬁﬂkﬁgﬁ@pmiﬁbsw £WIC pol ar

hal ogdpioye P OB ot e bo taken

e be taken

i nt o accouder €yr @W@W‘Wﬂ mtdwu@mmlmsm -t he net al
cat al yst s.jertes Phenyloxy darstellt;
Ry, und Ry; unabhiingig voneinander unsubstituiertes oder mit 1 bxs S Methylgruppen sub-
stituiertes Cyclopentadienyl, X, oder R4,0- bedeuten; und
R, unsubstituiertes oder mit 1 bis 5 Methylgruppen substitmems Cyclopentadzenyl. X,
oder R,,0- darstelit.

23. Vexfahren gemiiss Anspruch 1, dadurch gekennzeichnet, dass man Titan(IV)-,
Niob(V)-, Tantal(V)-, Molybd&n(V1 - oder Wolfram(VI)verbindungen der Formein
Ti[CH,Si(CH;)3]Cl;, Me(=N-2,6-dimethylC¢H,;)(2,6-Dimethyl-C4HO)[CH,Si(CH3)3]CL
TifCH,Si(CHj)3)Br,, Mo(=N-2,6-diisopropylC¢H)[(OCH,C(CHs)3],[CH,-SH{(CH,),]Cl,
Cp, Ti{CH,Si(CH;),ICl, Me(=N-2.&dnisoproplesHs)((CH3)zCH01[(CH,SKCH;);lCl
(CH,), Ti[CH,Si(CH,)31C1, Cp,Mef(CH,Si(CH;)31Cl,,
Cp,Me[OC(CH;);JI(CH,Si(CH,)51Cl,

Cp,Ti[CH,Si(CH;)s]Br, Cp, THI{CH,Si(CH3),ll, MO(—N'CsHs)z[CHz St(CHs)sICI
CpTi[CH,Si(CH3)s][CH;]Cl, Me(=N-2,6-diisopropylCgHa)[(CH,Si(CH;)sICly,
CpTi{CH,Si(CH,)3)Br,, CpMe[OCH(CH;),1,[(CH,Si(CH;),1Cl, :
(CHsO)CPTi[CH,Si(CH;),]Cl,

[(CH,),CHOL, Ti{CH,Si(CH,);]C1, Mo(=N-2,6-diisopropylC¢Hs),[CH,-Si(CH5),]Cl,
[(CF;),CHO}, Ti{CH,Si(CH3);]Cl, (2,6-Dimethyl-CsHs0), TH{CH,Si(CH3);]CL
[(CF;),CHOICPTi[CH,Si(CH,)5ICl, (2,6-Dimethyl-C¢HO)Ti{CH,Si(CH,);),Br,
[(CH;),CHOJCPTi[CH,Si(CH;);]C1, Me(=N-C4Hs)[OCH(CH;),)[(CH,Si(CH,);]ClL,
(2,6-Dimethyl-C¢HsO)CpTi[CH,Si(CH,)]C1, CpMe[OC(CH; XCF3),1,[(CH,Si(CH3),1Cl,
[(CH;);COICpTi[CH,Si(CH3)3]Cl, W(=N-CgHy){(OC(CH;);][CH,-Si(CH;);1Cl,,
[{CF;),{CH,)COJCpTi{CH,Si(CH,);]Cl, (=N-2,6-dimethylC4H,)CpMe[(CH,Si(CH3)3]Cl,
Me(=N-CHs){OCH(CF3),][(CH,Si(CH,),]Cl, CpMe[OCH(CH;), ], [(CH,Si(CH,),]Br.
Me(=N-2,6-dimethylC¢H; X (CF;),CHO)CH,Si(CH;:ICl,
{OCH(CH,),)},Me[CH,Si(CH;)4]Cl,,

(C¢Hs0),CpMe[(CH,Si(CH;)5]CL

A 0



Suitable inert solvents are, for exanple, protic-polar and aprotic

sol vents, which can be used by thenselves or rmmnixtures of at |east two
sol vents. Exanples are: ethers (dibutyl ether, tetrahydrofuran, dioxane,
ethyl ene gl ycol nononethyl or dinethyl ether, ethylene glycol nonoethyl or
di et hyl et her wologi¢isd ene gl ycol diethyl ether, triethyl ene gPgTEPISKSIGEL hy|
et her), hal ogenated hydrocarbons (nethylene chloride, chloroform

1, 2-di chl or oet hane, o -48 - . -25
- 1,1, 11-trichl oroet hane, .1,1, 2, 2-tetrachl or oet hane), carboxylic "acid
esters and | actones (ethyl acetate, nethyl propionate, ethyl benzoate,

2- met hoxyet hyl acetate, y-butyrolactone, [err]-val erol actone,

i val ol act ' ' a6 t NN- di met hyl f | de,
e At 1
h t hyl ph J 3 | act
?I_:;:[rtﬁﬁl Fyf{glmm&pymﬁﬂbx}zwqéqmﬁ}]mgt hél ggjlpr)r ol acg;) , ;3| ?gx?g]es
i met hyl su W%W%tgﬁ ?‘?%nf?e{’é{* SitcieRfe
hyl ? 4
r ety e o e O o CH Si(CHk A Mol (SH SHOH X _JE 99)CIl,,
oder (=N-3,5-dimethylCgH,)Me[2,6-dimethylCgHy0)][(CH,Si(CH;);)]C1 verwendet,
wobei Cp Cyclopentadieny]l und Me Nb(V) oder Ta(V)) bedeutet.

24. Verfahren gemiss Anspruch 1, dadurch gekennzeichnet, dass die Titan(IV)-, Niob(V)-,
Tantal(V)-, Molybdiin(VI)- und Wolfram(VI)-verbindungen in einer Menge von 0,001 bis
20 Mol-% eingesetat werden, bemgen auf die Menge des Cycloolefins.

25. Verfahren zur photokatalytisch induzierten und nachfolgenden thermischen Polymeri-
sation eines cyclischen Olefins oder mindestens zwei verschiedener cyclischer Olefine in
Gegenwart einer Metallverbindung als Katalysator geméiss Anspruch 1, dadurch gekenn-
zeichnet, dass man S

a) zundichst die Cycloolefine in Gegenwart einer katalytischen Menge mindestens einer
thermostabilen Titan(IV)-, Niob(V)-, Tantal(V)-, Molybdéin(VI)- oder Wolfram(VI)-
verbindung, in der eine Silylmethylgrappe und mindestens ein Halogen am Metall
gebunden ist, bestrahlt; oder eine katalytische Menge mindestens einer thermostabilen
Titan(IV)-, Niob(V)-, Tantal(V)-, Molybdiin(VI)- oder Wolfram(VI)-verbindung, in der
eine Silylmethylgruppe und mindestens ein Halogen am Metall gebunden ist, gegebenen-
falls in einem inerten LOsungsmittel bestrahlt und dann mit mindestens einem Cycloolefin
vermischt; und

b) dann die Polymerisation durch Erhitzen und ohne Bestrahlung beendet.

26. Zusammensetzung, enthaltend (a) ein cyclisches Olefin oder mindestens zwei ver-
schiedene cyclische Olefine und (b) eine katalytisch wirksame Menge mindestens einer
thermostabilen Titan(IV)-, Niob(V)-, Tantal(V)-, Molybd:in(VI)- oder Wolfram(VI)-ver-
bindung, in der eine Silyimethylgruppe und mindestens ein Halogen am Metall gebunden
sind.

27. Beschichtetes Triigermaterial, dadurch gekennzeichnet, dass auf einem Triiger eine
Schicht aus (a) einem cyclischen Olefin oder mindestens zwei verschiedenen cyclischen
Olefinen und (b) einer katalytisch wirksamen Menge mindestens einer thermostabilen
Titan(IV)-, Niob(V)-, Tantal(V)-, Molybdin(VI)- oder Wolfram(VI)-verbindung, in der
S

T



met hyl pi peri di ne, N nethyl norpholine), aliphatic and aromatic hydrocar bons;

for exanple petrol eum et her, pentane, hexane, cycl ohexane, -
- effe—or—stbsti t uted—benzenmes—(ThOrobenzene,

o-di chl orobenzene, 1, 2,4-trichlorobenzene, nitrobenzene, toluene, xylene)

and nitriles (acetonitrile, propionitrile, benzonitrile,

pheny| awetssnetosi | e). Preferred solvents are a protic pd@CAVEPSSMISoN- pol ar

sol vent s. Preferred solvents are aliphatic and aromatic hydrocarbons and

m xtures of such sol vents. It is tggbe particularly enphasized that the

conpositions of an optionally substituted cyclool efin and catal yst which

are enpl oyed according to the invention in the process are often

i nsensitive to oxygen, which allows storage and a reaction procedure

Wi thout e Silyiéthylvappe httinbesténs BinTFalbgehiaf Metall Fobutidert f¢, abfgsbratit {0 say

the use,of dry reaction and storage conditions, is advisable. The

nononmer sof the formula | and the catal ysts enpl oyed for the process

according to the invention can be stored both separately.and together as a

m xt Urezs?fdf&:ﬁ&ﬁé&é&ﬁhﬁéﬁd%@ﬂ%ﬁﬁﬁﬂ%@%ﬁi&ﬂohgaﬂ poryt Y- Before
t he phot ochem cal . pol | jon, the m xtyr€ can be Stored as a
ready-t&%%ﬁ%@ﬁ%’#@w ge for use of the process
according to the invention on a large industrial scale. Because of the high
phot 0395§.‘ﬁéf¥1ﬁ:&%&ﬂﬂ@&ﬁd&ﬂi%&ddﬁhé&&ﬁdﬁh¢%ﬁ@% TRigFemgnt !y W th

e
exclusi any .of aus lmtzm gemiiss Anspruch 1 hergesteliten Polymer aufgebracht ist.

30. Verfahren zur Herstellung von beschichteten Materialien oder Reliefabbildungen auf
Triigern, bei dem man eine Zusammensetzung gemiss Anspruch 26 anfbringt, gegebenen-
falls das Lissungsmitte} entfernt, und die Schicht zur Polymerisation bestrahit und
gegebenenfalls thermisch nachhirtet, oder die Schicht durch eine Photomaske bestrahit,
gegebenenfalls thermisch nachhirtet, und anschlieBend die nichtbestrahiten Anteile mit
einem Lisungsmittel entfernt. ' :

' * ¢ L M S *
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The inventi gyyglopeod/al ates to a photopolynerlzable conposition conprising
(a) a cyclicalofefrtn or at least two different cyclical olefins and (b) a
catalytically active anobunt of at |east one heat-stable titaniun(lV),

ni obi um V), tantalumV), nolybdenun(Vl) or tungsten(Vl) conpound in which a
silylmethyl group and at |east one hal ogertare bonded to the netal. The
conposition according to the invention can additionally conprise other
non-vol atil e open-chain conononmers whi ch form copolyners with the strained
cycl ool efins. If dlenes for pl e, are co-used, crossllnked polyners can
form Some &rogessdsl grizingoyalicaholsting and photopol ble comp

- 26 -

The present invention relates to a process for the polymerization of cyclical olefins by
photochemical ring-opening metathesis polymerization using catalytic amounts of a
molybdenum, tungsten, titanium, niobium or tantalum catalyst in which a silylmethyl group
and at least one halogen are bonded to the metal, and to compositions comprising these
olefins together with a catalytic amount of this catalyst. '

Thermally induced ring-opening metathesis polymerization using catalytic amounts of metal
catalysts has already been known for a relatively long time and is described in many cases
in the literature [cf., for example, Ivin, K.J., Olefin Metathesis 1-1 2, Academic Press, London
(1983)]. Polymers which can be prepared in this way are prepared industrially and are
commercially obtainable. On the other hand, only littie has become known on
photochemically induced ring-opening metathesis polymerization and as yet there have been
no commercial applications.

It is known from US 4,060,468 to carry out an olefin metathesis polymerization by
introducing a two-component mixture of a metal salt chosen from salts of tungsten,
molybdenum, rhenium and tantalum and a substituted phenol or benzyl alcohol as
cocatalysts into a reaction vessel with the monomeric olefin and then irradiating the entire
reaction mixture with UV light. Only cyclical and acyclical hydrocarbons without functional
groups or substituents are mentioned as olefins. Separate storage of the catalyst
components and the process step of mixing the catalyst components directly before the
actual reaction make the known process industrially expensive and cumbersome.

Tanielan et al. [Tanielan, C., Kieffer, R., Harfouch, A., Tetrahedron Letters 52:4589-4592
(1977)] describe the catalyst system W(CO)s/CCl,, which, after irradiation with UV light, can
be employed for metathesis polymerization of cyclopentene and norbornene. Metal
carbonyls are volatile and toxic, so that their use necessitates expensive safety precautions
for physiological reasons. Furthermore, a free-radical addition reaction with formation of
monomeric 1-chloro-2-trichloromethyl-cycloalkanes is observed as a competing reaction.

It is known from Thoi et al. [Thoi, H.H., lvin, K.J., Rooney, J.J., J. Mol. Catal. 15:245-270
(1982)] that a tungsten pentacarbonyl-carbene complex of the formula



-

are olefinically nmono- or di-unsaturated conpounds, such as ol efins and

di enes fromthe group consisting of pentene, hexene, heptene, octene,
decene and dodecyl ene, acrylic and nmethacrylic acid, esters and ami des

t hereof, vinyl ether, styrene, butadiene, isoprene and chl orobut adi ene.

The other ol efins which are capabl e of netatZresis pol yneri zation are
contained in the conposition according to the invention, for exanple, in an
anount of up to 80 % by weight, preferably 0.1 to 80 % by wei ght, nore
preferably 0.5 to 60 % by weight, and particularly preferably 5 to 40 % by
wei ght, based on the tot@™axount of conpounds of the formula | and ot her

ol efi ns capabl e of netathesi s\ pol ynerizati on. The conposition according
to the invention can conpri se GBFRW(@D);on auxiliaries. Known auxiliaries
are antistatics, antioxidanty, light stabilizers, plasticizers, dyes,

pignents, fillers, reinfgugng fillers, lubricants, adhesion pronoters,

vi scosity-increasing agent$ and nold rel ease auxiliaries. The fillers can
be present in surprisingly high contents w thout adversely influencing the
pol ynmeri zation, for exanple in amounts of up to 70 % by wei ght, preferably
1 to 70 % by is\eitignnal catalgstforaingrapeningSmetathesis dolymerizatidn of diraethylootbarriepe and,

preferably 1 : ' ' 9

el ght base3°%eﬁhﬁ?%"e'%éﬁ_@§#??'%n? 835 (BeREft s s Bhibigalfsy psieth 0 1 <dine
rei nf orci ng Polymearization: Thigisatalyst gysters hep thecsgrioup Hisgdvantagetbel ap rdaadyalacise
el ectri cal E'T&]@ﬁ!létbﬁ?it has/@mi?a%% eio?‘glet&gdl]gty,sla%am& l%ogﬁ&isqiwﬁanogmduy
T o opaesgtabis, BB tlerancs towards funchiona groups M cydlbalefas I oo ow.

Feldman et al. [Feldman, C., et al., in: Stephen J. Lippard (Ed.) Progress in Inorganic
Chemistry 39:3-73 (1991)] describe molybdenum- and tungsten-alkylidene complexes which
by themselves aire only weak but together with Lewis acids are active thermal catalysts for
the polymerization of cycloolefins.

The known catalysts which can be activated photochemically thus always require a
cocatalyst, which means that the quality of the polymers prepared can vary greatly as a
result of the chosen nature and sequence of the reagents.

Polymers of cyclical olefins can be prepared by photochemical ring-opening metathesis
polymerization by the known processes only with a high expenditure and in an economically
unsatisfactory manner. The lack of storage stability, which allows mixing of the components
only directly before the preparation, the lack of tolerance towards functionalized cyclical
olefins and the need to use two components as the catalyst system are found to be
particular disadvantages. There is therefore a need to provide a generally usable process,
which is improved from industrial, economic and ecological aspects, for the preparation of
polymers from cyclical olefins by photochemical ring-opening metathesis polymerization.

WO 93/13171 desctribes air- and water-stable one-component and two-component catalysts
based on molybdenum compounds and tungsten compounds containing carbonyl groups
and ruthenium compounds and osmium compounds with at least one polyene ligand for the
thermal metathesis polymerization and a photoactivated metathesis polymerization of tight
cycloolefins, in particular norbornene and norbornene derivatives. No other polycyclical -
above all non-fused polycyclical, cycloolefins are mentioned. The one-component catalysts



r

MyCO3, CaCO3 and dolomte, netal sulfates, such as gypsum and baryte,
naturally occurring and synthetic silicates, such as talc, zeolites,

wol | astonite and fel spars, aluninas, such as china clay, rock powders,

whi skers, carbon fibers, synthetic fibers, powdered plastics and carbon

bl ack. Viscosity-increasing agents are, in-Barticular netathesis polyners
whi ch contain olefinically unsaturated groups and can be incorporated into
t he pol yner during the polynerization. Such netathesis polyners are known
and are conmmercially obtainable, for exanple under_the tradenane

Vest enamer e[ 8kthe rutagnigm compeyads ysednthabisde sav KGehRuGHCNCHiRFeatdne,

pol yi sopre ng[m{g?mﬁéneqolzp,rdahﬂd&rj%ctmgby U\ﬁ&adia?@i;}ﬁmee@metuﬁradé teiability of
i soprene and, chl or opr.ene ol éfins. vi.scpsity-increasing agents
be_bont ai nedheFodoRTIgtR il pogSens Ecomiptel isdihbit s tae AR Eban e
parti cul ar| yreptaeingrthé kyovin two-&impénient catalgsts onlyarseeteqoatetyne conposition. |f
fillers are used, it is expedient to obtain optical transparency.for the
pol yrmeri zation or to carry out the polynerization in thin | ayers. In the

process accoPetasig and FuBetagiseNiA.dri, 0.t J.iAm.féhenndioss 111720872764 (1088)hdesesibe

i rradi ati on @brhilfingRpehing mdththbsis Eo@iﬁ%ﬁz&d&ﬁ o Abiofhefid dlngtiscylobbrRtadienyl-

reaction. Once the pol ){merl zat1 on hasS been . L
bis(trimethylsilyl)methyl-titanium(IV) as the thermally active catalyst. However, the activity of
the catalyst is low, which means that long reaction times are required and furthermore only
relatively low polymer yields are achieved. lt is not reported that these catalysts are suitable

for photoinduced rin_g-opening metathesis polymerization of tight cycloolefins.

It has been found that compositions of strained cycloolefins and a one-component catalyst
can be polymerized photochemically if the composition comprises a titanium(iV), niobium(V),
tantalum(V), molybdenum(\ll) or tungsten(V1) compound in which at least one halogen and a
silylmethyl group are bonded to the metal. These thermally stable compounds have
surprisingly proved to be active catalysts for photoinduced ring-opening metathesis
polymerization, the storage stability of mixtures of cycloolefins and the titanium(lV),
niobium(V), tantalum(V), molybdenum(VI) or tungsten(Vl) compounds being retained in spite
of the photochemical reactivity.

It has furthermore been found, surprisingly, that the catalysts mentioned act as thermal
catalysts after only brief irradiation in the presence of cycloolefins, so that the photochemical
and thermal polymerization can be used in combination.

The present invention relates to a process for the photocatalytic polymerization of a cyclical
olefin or at least two different cyclical olefins in the presence of a metal compound as the
catalyst, which is characterized in that a photochemical ring-opening metathesis
polymerization is carried out in the presence of a catalytic amount of at least one heat-stable
titanium(IV), niobium(V), tantalum(V), molybdenum(V1) or tungsten(VI) compound in which a
silyimethyl group and at least one halogen are bonded to the metal.

The other valencies of the titanium, niobium, tantalum, molybdenum and tungsten are
_preferably satisfied with heat-stable neutral ligands, a very large number of which are known.
"The number of neutral ligands can aiso exceed the stoichiometrically possible number

(solvates). B
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-27 - initiated photochemcally, the further course of the reaction

t akes pl ace independently, even in the dark. The irradiation is

advant ageously carried out with light of a wavelength in the range from 50
nmto 1000 nm preferably in the range from 200 to 500 nm and especially
preferably in the UV range. The duration of-4$e irradiati on depends on the
nature of the light source. UV lasers or WV | anps are preferably enpl oyed
according to the invention. The irradiation of the catalyst can be carried
out both before or during and after the addition of the nonomers.

Suitable irradiation tines are one mnute to 8 hours, in particular 5

mnutes to 4 yHalhlical OBfifSelinaRCRoRdeyeital acsblydyeiitaPfusbd BndfB SYitRjed ridg Gystems,
catal yst is not Cri t| nononer | nt ré)duced i.nt o

the reacti on '¢e@gP %\%{ﬁll-n Q&%@ﬁ%fm& ngggfﬁ?&qgg%tﬂﬂt;eg%é‘%%ﬁ?ﬁé? cqn g e

the catal yst hetaroditemss| ferdxatmpié, 0s 150 Nedra8idn and of horerngsnarnd/érifesedbatdmatic or

rradi ated. | helaa il Blod MRl e BRI, o FAPHIRBRE Lol B LR B2 1 o

out at room tpyrimidinyienes The individyal tyclical sings cah centainBdo d 6eprefaiabiy 8ite A8 candn

tenperat ure iRefERNGPrdbablyE 6 &fing MambeRNThd Bficlical olefins can contain further non- |
aromatic double bonds, preferably 2 to 4 such additional double bonds, depending on the
ring size. The ring substituents are those which are inert, i.e. which do not impair the
chemical stability and heat stability of the titanium, niobium, tantalum, molybdenum and
tungsten compounds. The cycloolefins are tight rings or ring systems.

Heat stability in the context of the invention means that the photocatalytically active
titanium(lV), niobium(V), tantalum(V), molybdenum(VI) or tungsten(VIl) compounds
compounds form no active species for the ring-opening metathesis polymerization when
heated. For example, at room temperature to slightly elevated temperature, for example
+40°C, the catalyst cannot initiate any ring-opening metathesis polymerization within weeks
with exclusion of light. During this period, only an insignificant amount of monomer (less than
0.2 % by weight) is reacted. The heat stability can be determined, for example, in that a
toluene solution with 20 % by weight of monomer and 0.33 % by weight of titanium,
molybdenum, tungsten, niobium or tantalum catalyst is stored in the dark at 50°C for 96
hours and any amoimt of polymer formed, which can be detected by a build-up in viscosity,
can be determined quantitatively by precipitation in a precipitant, for example ethanol,
filtration and drying, is not more than 0.5 % by weight, and preferably not more than 0.2 %
by weight.

If the cyclical olefins contain more than one double bond, for example 2 to 4 double bonds,
crosslinked polymers can also form, depending on the reaction conditions, the monomer
chosen and the amount of catalyst.

In a preferred embodiment of the process according to the invention, the cycloolefins
correspond to the formula |



-

catalysts used initiate a thermal polynerization by thenselves only in
exceptional cases. A photopolynerization chiefly takes place at the

t enper atures chosen for accel eration of the reaction. However, it should be
mentioned that the catal ysts can be converted into thernoactive catal ysts
by adequate irradiation. The process aced&-ding to the invention is
carried out, in particular, at tenperatures from-20[errr]C to +110[err]C
It is a quite particular and surprising advantage of the process according
to the invention that the titaniun(lV), niobiumV), tantalum(V), nolybdenum
and tungsten conpounds gﬂgc_rzg::ggztherrral catal ysts after the irradiation.

This results in the possNpility/of continuing and ending the p(gl ymeri zation
by supplying heat after a“gho irradiation time, which of f er Decononi ¢ and

i ndustrial advantages in vadous areas of production of shaped articles or
coatings. In particular, the'conbined process is favorable for the
preparation of thernoplastics. The invention also relates to a process
for photocatal ytically induced and subsequent thernmal polynerization of a
cyclical ol @gfwhichr at |l east two different cyclical olefins in the presence

of a netal %ﬁrrpmilsng raad?ca1i ngviﬁga gtallegsﬁtohe\@ha}b%n aitgm Qmm?c:rh?gg%me% '\auﬂh itﬁ‘e -t(ﬂ-?:tCQa group,

' forms an at least 3-membered alicyclical ring which optionally contains one or more
heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen,
nitrogen and sulfur; and which is unsubstituted or substituted by halogen, =0, -CN,
-NO;, R1R2R;5Si-(0),, -COOM, -SO3M, -PO3;M, -COO(M,)12, -SO3(M1}1s2, -POz(My)12,
C4-Caoalkyl, C1-Caohydroxyalkyl, Ci-Caghaloalkyl, C+-Cecyanoalkyl, C;-Cscycloalkyl, -
Ce-Cisaryl, C-Crsaralkyl, Cs-Ceheterocycloalkyl, Cs-Cisheteroaryl, C4-Cigheteroaralkyl
or R;-X~; or in which two adjacent C atoms are substituted by -CO-O-CO- or -CO-
NRs-CO-; or in which an alicyclical, aromatic or heteroaromatic ring which is
unsubstituted or substituted by halogen, -CN, -NO., R¢R;RsSi-(O),, -COOM, -SOzM, -
PO:M, -COO(My)1r2, -SOa(M1)112, ~PO3(M1)12, C1-Caoallkyl, C4-Caohaloalkyl,
C1-Cxohydroxyalkyl, C-Cescyanoalkyl, Cs-Cgcycloalkyl, C¢-Crsaryl, C;.Cysaralkyl,
Cs-Cgheterocycloalkyl, Cs-Cgheteroaryl, C,-Cigheteroaralkyl or Ry3-X;- is optionally
fused onto adjacent carbon atoms of the alicyclical ring;

X and X, independently of one another are -O-, -S-, -CO-, -SO-, -SO,-, -O-C(0)-, -C(0)-0-,
~C(0)-NRs-, -NR1p-C(O)-, -S0,-O- or -O-SO,-;

R,, R2 and R; independently of one another are C;-Cyqalkyl, C-Cyzperfiuoroalkyl, phenyl or
benzyl;

R4 and Ry; independently are C,-Cypalkyl, C1-Cohaloalkyl, C-Caohydroxyalkyl,
Ca-Cgeycloalkyl, Cs-Cisaryl or C~Ciearalkyl; |

Rs and Ry independently of one another are hydrogen, C,-Ci.alkyl, phenyl or benzyl, where

 the alkyl groups in turn are unsubstituted or substituted by C;-Cy.alkoxy or

_ Cs-Cgeycloalkyl;
Rs, Rz and R independently of one another are C:-Calkyl, C,-Cizperfluoroalkyl, phenyl or
benzyl;
M is an alkali metal and M, is an alkaline earth metal; and
uisOort;
where the alicyclical ring formed with Q, optionally contains further non-aromatic double
bonds;

Q: - is hydrogen, Ci-Cxpalkyl, Ci-Coohaloalkyl, C-Cizalkoxy, halogen, -CN or Ry-Xo-;



~

-28 - a) the cycloolefins are first irradiated in the presence of a
catal ytic anount of at |east one heat-stable titaniun(lV), niobiumV),
tantal um(V), nolybdenum(VI) or tungsten(Vl) conpound in which a silylnethyl
group and at |east one halogen is [sic] bonded to the netal; or a catalytic
amount of a heat-stable titaniun(lV), niobies(V) or tantalunm(V) conpound in
which a silylnmethyl group and at | east one hal ogen is [sic] bonded to the
metal is irradiated, if appropriate in an inert solvent, and then m xed
with at |east one cycloolefin; and ébé the polynerization is then ended by
heati ng and Ru isi{orEz0alid Sei-Gronalpalkyl, Gricopydrpareliyb Co-Ceeyalealkyh SedesdifiATy t o
process stage a) Q.,.'Eﬂ&,—glw@t lon of the irradiation essentially depends on

t he desired jeact pr o . Brief irradiation is chosen, for exanple,
if the poly Qb&-@%%‘g@ﬁ o be initiated by irradiation and is to be

ended by R;. is hydrogen, C,-Cialkyl, phenyl or benzyl;

' where the abovementioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and
heteroaralkyl groups are unsubstituted or substituted by C;-Calkyl, C1-Cyzalkoxy, -NO,, -CN
or halogen, and where the heteroatoms of the abovementioned heterocycloalkyl, heteroatyl
and heteroaralkyl groups are chosen from the group consisting of -O-, -S-, -NRg- and -N=;
and
Rg is hydrogen, C,-C1zalkyl, phenyl or benzyl.

Fused-on alicyclical rings preferably contain 3 to 8, patticularly preferably 4 to 7, and
especially preferably 5 or 6 ring C atoms.

If an asymmetric center is present in the compounds of the formula |, the compounds can
occur in optically isomeric forms as a result. Some compounds of the formula | can occur in
tautomeric forms (for example keto-enol tautomerism). If an aliphatic C=C double bond is
present, geometric isomerism (E form or Z form) can also occur. Exo-endo configurations
are furthermore also possible. Formula i thus includes all the possible stereoisomers which
are present in the form of enantiomers, tautomers, diastereomers, E/Z isomers or mixtures
thereof.

In the definitions of the substituents, the alkyl, alkenyl and alkynyl groups can be straight-
chain or branched. The same also applies to the alkyl or each alkyl moiety of alkoxy,
alkylthio, alkoxycarbonyl and further alkyl-containing groups. These alkyl groups preferably
contain 1 to 12, more preferably 1 to 8, and particularly preferably 1 to 4 C atoms. These
alkenyl and alkynyl groups preferably contain 2 to 12, more prefefably 2 to 8, and particularly
preferably 2 to 4 C atoms.

Alkyl includes, for example, methyl, ethyl, isopropyl, n-propyl, n-butyl, iso-butyl, sec-butyl,
tert-butyl and the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl
radicals. '

Hydroxyalkyl includes, for example, hydroxymethyl, hydroxyethyl, 1-hydroxyisopropyl,
1-hydroxy-n-propyl, 2-hydroxy-n-butyl, 1-hydroxy-iso-butyl, 1 -hydroxy-sec-bu_tyl, 1-hydroxy-



heating. Brief can nmean an irradiation time of up to 60 seconds, preferably
5 to 60 seconds, and particularly preferably 10 to 40 seconds. A |onger
irradiation time is chosen, for exanple, if the polynerization is chiefly
to be carried out with irradiation and the final polynerization is to be
ended only by after-heating. Heating in pfocess stage b) can nean a
reaction tenperature of 50 to 200[err]C, preferably 50 to 150[err]C, and
particularly preferably 70 to 120[err]C. Catal ytic anounts in the context

f th

o1l Ty R VA Rl B ). Bacil o Sl ety
10 nol % bas eilieey, telradeoyh pehtadécyl, hexadeuylyheptadediiictateeylf nanadaty and elcasys
to a process{)% s éhe preparation of thermal catalysts for ring- opening
net athesis p ci/?rﬁérl zation of cyclical olefins, which is characterized in

that a heat- stable titaniun(l V) ni obi um(V), tantal um(V), nolybdenum VI)
or tungsten( wai M dggés it éré]\’ﬁ &bh\éhg?mwbr&sahm ﬁm%rahe{wﬁ%hnomﬁemyn

hal ogen is [sIcC IS 1 di at ed bul k o a sol vent .

The cycl ool eflichioraraethy, h@@&’%@@f’(ﬁ %&‘W@'Q”ﬁ%"h}"n@'ﬂﬂ?’%ﬁ)’b?é’h!&’?%{hﬂed rings.

Cycl ohexene, 2@&2-trichloroethyl and halogenated, in particular fluorinated or chlorinated, alkanes, for

| example the isopropyl, n-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl and the various
isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals.

Alkenyl includes, for example, propenyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, n-
penta-2,4-dienyl, 3-methyl-but-2-enyl, n-oct-2-enyl, n-dodec-2-enyl iso-dodecenyl, n-
octadec-2-enyl and n-octadec-4-enyl.

Cycloalkyl is preferably Cs-Cgcycloalkyl, in particular Cs-or Cecycloalkyl. Some examples are
cyclopropyl, dimethylcyclopropyl, cyclobutyl, cyclopentyl, methylcyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl.

Cyanoalkyl includes, for example, cyanomethyl (methylnitrile), cyanoethyl (ethylnitrile),
1-cyanoisopropyl, 1-cyano-n-propyl, 2-cyano-n-butyl, 1-cyano-iso-butyl, 1-cyano-sec-butyl, 1-
cyano-tert-butyl and the various isomeric cyanopentyl and -hexyl radicals.

Aralkyl preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C atoms. It
can be, for example, benzyl, phenethyl, 3-phenylpropyl, o-methylbenzyl, phenbutyl or
o,c-dimethylbenzyl.

Aryl preferably contains 6 to 10 C atoms. It can be, for example, phenyl, pentalene, indene,
naphthalene, azulene or anthracene.

Heteroary preferably contains 4 or 5 C atoms and one or two heteroatoms from the group
consisting of O, S and N. It can be, for example, pyrrole, furan, thiophene, oxazole, thiazole,
pyridine, pyrazine, pyrimidine, pyridazine, indole, purine or quinoline.

Heterocycloalkyl preferably contains 4 dr 5 C atoms and one or two heteroatoms from the
group consisting of O, S and N. It can be, for example, oxirane, azirine, 1,2-oxathiolane,



an exception, generally cannot be honopol ynerized with ol efin netathesis.
Thi,s exception is known to the expert and described, for exanple, in Ivin
[Ivin, KJ. in: lvin, K J., Saegusa, T. (editors), Ri ng-Qpening

Pol ynmerisation 1 :139-144 ElseV|er App|led SC|ence Publ i shers, London and
New York (1984)]. -29 -
Radi ati on-cured oligoners and pol yners haV|ng I dentical or different
structural units of the formula X

pyrazoline, pyrrolidine, piperidine, piperazine, morpholme tetrahydrofuran or
tetrahydrothiophene.

Alkoxy is, for example, methoxy, ethoxy, propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, sec-
butyloxy and t-butyloxy.

Alkali metal in the context of the present invention is to be understood as meaning lithium,
sodium, potassium, rubidium and cesium, in particular lithium, sodium and potassium.

Alkaline earth metal in the context of the present invention is to be understood as meaning
beryllium, magnesium, caicium, strontium and barium, in particular magnesium and caicium.

In the above definition, halogen is to be understood as meaning fluorine, chiorine, bromine
and iodine, preferably fluorine, chlorine and bromine.

Compounds of the formula | which are particularly suitable for the process according to the
invention are those in which Q: is hydrogen.

Compounds of the formula | which are furthermore preferred for the polymerization are those
in which the alicyclical ring which Q forms together with the -CH=CQ,- group has 3 to 16,
more preferably 3 to 12, and particularly preferably 3 to 8 ring atoms, where the ring system
can be monocyclical, bicyclical, tricyclical or tetracyclical.

The process according to the invention can be carried out particularly advantageously with

those compounds of the formula | in which

Q, is a radical with at least one carbon atom which, together with the -CH=CQ;- group,
forms a 3- to 20-membered alicyclical ring which optionally contains one or more
heteroatoms chosen from the group'consisting of silicon, oxygen, nitrogen and sulfur;
and which is unsubstituted or substituted by halogen, =0, -CN, -NO,, R;R2R3Si-(O).,
-COOM, -SOzM, -PO3M, -COO(M1)1s2, ~SO3(M1) 12, ~PO3(M1)112, C1-Cralkyl,
C,-Cizhaloalkyl, C4-Cqohydroxyalkyl, C4-Cscyanoalkyl, Cs-Cecycloalkyl, Ce-Coaryl,
Cr-Cizaralkyl, Cs-Ceheterocycloalkyl, Cs-Cizheteroaryl, C,-Cisheteroaralkyl or Re-X-;
or in which two adjacent C atoms in this radical Q,are substituted by -CO-O-CO- or
-CO-NR3s-CO-; or in which an alicyclical, aromatic or heteroaromatic ring which is
unsubstituted or substituted by halogen, -CN, -NO,, RgR7RgSi-, -COOM, -SO.M,
-PO3sM, -COO(Mi)1r2, -SO3(M1)1r2, -PO3(M1)112, C1-Co2alkyl, C-Cyzhaloalkyl,



[ERR] in which Qerr] and Q err] have the meanings given under fornula 1,
can be prepared by the process according to the invention. The preferences
stated above apply to these polyners. They can be honopol yners or
copolynmers with random di stribution of the structural units; graft polyners
or bl ock polyners. They can have an average9ml ecul ar wei ght (Mwy) of, for
exanple, 500 to 2 million Dalton, preferably 1000 to 1 nillion Dalton
(determ ned by GPC by conparison with pol ystyrene standards of narrow

di stribution). Thernopl astj cally deformabl e materjal or e production
of shaped articl e&1&fyArORYIECs- ﬂ?P?ﬂ‘gﬁ’aéﬁécﬁcﬁ%{B@Eﬁi %‘&EFWL%”E@FF iy,

prepared by the pmmﬁstemyabalkylgcg-omhaeroawl,em-cQheteroamwlpoRyMHs gptiepaliyed
according to the inv kﬁn can, ha & V§C{"¥§1dl fferent properties, dependi ng on

t he nmononer used. fuss et S3'RoR A gui shed by a very hig
per meabi | i t y XandoXyigdependentlyhifeine@nother aent-aid s CQoD- h@z-sﬁhﬁ(mr,t-?(@hﬁ-

| ow absorption of sé@r)encil andﬂ_ﬁéd%’gv_%@%sérq@c_%@g optical properties, for

exanpl e high tran frractive indices. The | ow shri nka eis
furthernore o, BeanshBrindepengently ofaneiangther arethesaligsh GiHeaperfiyproalivs, BE’@W' Ph

very different m@g dal fields. As |ayers on the surfaces of carrier
materials, R COMROS! L ioNS AT ki ebidE melen i On

R4 and Ria independently of one another are C4-Calkyl, C4-Cizhaloalkyl, C;-
Cizhydroxyalkyl, Cs-Cgcycloalkyl, Cs-Cizaryl or C-Ciqaralkyl;

Rs and Ry, independently of one another are hydrogen, C:-Csalkyl, phenyl or benzyl, where
the alky! groups in turn are unsubstituted or substituted by Cs-Cealkoxy or
Cs-Cecycloalkyl;

Re, Ry and R, independently of one another are C,-Cealkyl, Cs-Ceperfluoroalkyl, phenyl or
benzyl;

uisoOor1;

where the alicyclical ring formed with Q4 optionally contains further non-aromatic double
bonds;

Q. is hydrogen, C;-Cyalkyl, C4-Cizhaloalkyl, C;-Csalkoxy, halogen, -CN or Ry4-Xz-;

Ry is C1-C12élkyl, C1-Cqzhaloalkyl, C,-Cyohydroxyalkyl, Cs-Cecycloalkyl, Cg-Cioaryl or
C7-Cqaralkyl;

Xz is -C(0)-O- or -C(O)-NR;2; and

Rz is hydrogen, C;-Cgalkyl, phenyl or benzyl;

where the cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and heteroaralkyl groups are
unsubstituted or substituted by C4-Cealkyl, C1-Cealkoxy, -NO,, -CN or halogen, and
where the heteroatoms of the heterocycloalkyl, heteroaryl and heteroaralkyl groups
are chosen from the group consiéting of -O-, -8-, -NRs- and -N=; and

Rs is hydrogen, C,-Csalkyl, phenyl or benzy!.

Preferred compounds of the formula | from this group are those in which

Q4 is a radical with at least one carbon atom which, together with the -CH=CQ>- group,
forms a 3- to 10-membered alicyclical ring which optionally contains a heteroatom
chosen from the group consisting of silicon, oxygen, nitrogen and sulfur and is
unsubstituted or substituted by halogen, -CN, -NO., RR2RsSi-, -COOM, -SO;M,
-PO3M, -COO(M1)12, -SO3(M1)112, -PO3(M1)1r2, Cy4-Cealkyl, C1-Cghaloalkyl,
C4-Cghydroxyalkyl, C1-C4cyandalkyl, Cs-Cecycloalkyl, phenyl, benzyl or R4-X-~; or in



are distingui shed by a high adhesive strength. The coated materials are
furthernore distinguished by a very high surface snoot hness and gl oss. O
t hé good mechani cal properties, the |ow shrinkage and the high inpact
strength, as well as the heat stability is [sic] to be enphasized in
particular. The easy release fromthe noldthd the high resistance to
solvents is [sic] furthernore to be nentioned. These pol yners are
suitable for the production of medical equipnent, inplants or contact

| enses; for the productign of el ectronic conponents; as hinders for
coatings; as phot WhiGh apialicxcliealarpmatiper ﬂ'?fﬁmﬁﬂﬂ'&ﬁﬂcéﬁﬁé"{m‘ifﬂﬁ upsukstitutad or

adhesi ves for gl usmnmﬁwﬁy ﬁél@@en\/\ﬂ-@h NDY, am,h@s:e -COON), -SO:M POMACTEM 1) 112,
ngl ?n pol yet hyI 3(I9l3,,2, plgé) 1 1,2, &1- sa}kyl %S-d/\ﬁaloalﬁ)ﬁ 8 -Cghydroxyalkyl, C;.
Cacyanoalkyl, Cs-Cecycloalkyl, phenyl, benzyl or Ry3-X;- is optionally fused onto
adjacent carbon atoms;
R, Rz and R; independently of one another are C,-C,alkyl, C-Cyperfluoroalkyl, phenyi or
benzyl;
M is an alkali metal and M, is an alkaline earth metal;
R, and R,; independently of one another are C;-Cealkyl, C1~-Cghaloalkyl, C,-Cshydroxyalkyl or
Cs-Cecycloalkyl;
X and X, independently of one another are -O-, -S-, -CO-, -SO- or -SO.~;
Rs, Rz and R; independently of one another are C1-Caalkyl, C;-Csperfluoroalkyl, phenyl or
benzyl;
and Q; is hydrogen.

The process according to the invention is particularly suitable for polymerization of
norbornene and norbornene derivatives. Particularly preferred compounds from these
norbornene derivatives are those which correspond either to the formula 1l

X, (1,
R14
R15

in which

X3 is -CHR;6~, OXygen or sulfur;

Ris and R1s independently of one another are hydrogen, -CN, trifluoromethyl, (CH;);Si-O-,
(CHs)sSi- or -COOR;7; and '

R1e and Ry; independently of one another are hydrogen, C4-C1z-alkyl, phenyl or benzyl

or to the formula I}
X,

)



phot opol yneri zabl e conposition in stereolithography. The conpositions
according to the invention can al so be used for the production of coatings
by "‘phot opol ynmeri zation, it being possible on the one hand for clear
(transparent) and even pignmented conpositions to be used. Both white and
col ored pignents can be used. The productidh-of shaped articles by

t hernopl asti ¢ shaping processes for all types of comodity articles may
furthernore be nentioned. The phot ocurabl e or photo- and thernocurable
conpositions according to the invention are particularly suitable for the
production of protective coatings and inmages in relief. The invention also
rel ates to anwhichant of the process according to the invention for the

production . CC d rial [ relief images on substrates in which a
conpositi onq{ﬂfs ﬁ%r %eenoqqgﬁ‘fﬁj catal yst and optionally solvent is
appl i ed as & whydragenaCelialkel phdnyt orbemaylt andy di ppi ng, brushi ng, pouring,

rolling, knid e i I V%‘M .ing processes, the solvent is
renoved, if ﬁd"'ﬁ?@'gﬁggﬁ'e@‘ g?l thgﬁﬁla@ef is irradiated for polynerization, or
the |ayer i9riathademuwaiiM hr ough a phot omask and the non-irradiated portions
are then renoved with a solvent. Surfaces of substrates can be nodified or
protected by this process,, or, for exanple, printed circuits, () nting
plates or printing rolls nI; be produced. In the production of printed
circuits, the conpositionglaccogding to the invention can al so be enpl oyed
|:E;

as solder resists. O hey b2 uses are the production of screen
printing masks and use 45 & Beii on- cur abl e printing inks for offset,
screen and fl exographic printing.

in which

X5 is -CHRz2-, oxygen or sulfur;

R2; is hydrogen, C;-Cyzalkyl, phenyl or benzyl;

Rz0 and Rz; independently of one another are hydrogen, CN, trifluoromethyl, (CH3)3Si-O-,
(CHj3)3Si- or -COORzs; and

R2s is hydrogen, C,-C4zalkyl, phenyl or benzyi;.

or to the formula V

V),

in which -
Xe is -CHR24-, oxygen or suifur;
‘Rzs is hydrogen, C4-Cszalkyl, phenyl or benzyl;

Y is oxygen or N—R, ;and

R2s is hydrogen, methyl, ethyl or phenyl.



The present invention also relates to a carrier material which is coated
with an oligonmer or polyner according to the invention and conprises a
crosslinking agent. The present invention also relates to a carrier

material which is coated with an oligonmer or polynmer according to the
invention. These nmaterials are suitable for12+te producti on of protective
coatings or inmages in relief by irradiation (if appropriate under a

phot omask) and subsequent devel opnent mﬁth a solvent. Suitable crosslinking
agents, which can be contained, for exanp in an anpunt of O. ? 0 20 %
by wei ght, anBe ieliowing compoupdsgfihe fasmule| aiegart\cwaﬂmwr foF therfiolymerizafion
comercial ly pnscasé atdording o thé frivéntioh, B> RAA polycybslsystemBibig airessitie H§ Digls-
The present ﬂrent n furthermore relates to a coated carrier mat eri al ,
characterlze& ChT4ACERMSY | ayer of (a) a cyclical olefin or at |east two
different cyclical olefins and (b) a catalytically active anmbunt of at

| east one heat-stable titani I'V), niobium(V), tantalum(V), nolybdenum(Vl)
or tungsten(Vl) cgonpound in ich a silylmeth group and at |east one
hal ogen is [sic] [bonded to t WS appli to arrier.

(1 ) {2), (3),
COOH _ COOCH,
o)
o
COOCH,CH,
COOCH, phem(4), 6
Y 00CH phony COOCH,CH,
o ) 0
COO(CH,),CH, COO(CH,);CH,
(), @,
COO(CH,),CH, COO(CH,);CH,
o o)
COO(CH,),CH, COO(CH,),,CH,
(8), (9),
COO(CH,),CH, COO(CH,),,CH,
. ? % CN (1 O), CH,0(CH,),OCH, (1 1 ),
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oxi des and

Suitable carrier materials are, for exanple, those of gl ass,
m nerals, ceramcs, plastics, wod, sem netals, netals, netal
nmetal nitrides. The | ayer thicknesses essentially depend on the desired use

and can be, for exanple,
particularly preferably 1 to 100 [err]m TH8-coated materials are
di stingui shed by a hi gh adhesive strength and good t her nal
properties.
i nvention can be carried out by known nethods,
kni fe-coating, p@uring processes,
pouri ng. Parti ar,kgHg 0 esu
cycl ool efi ns Aﬂ "dditioﬂg?*y 1:
further doubl ébond—afi@Hér e pol /
of the invention are used for the photonetathesis polynerization.
follow ng exanples illustrate the invention further.

and pref

CH,NHCH, //o '
(14), K (15),
CH,NHCH, . ' \O :

Vd
C
Il
0
o] [o]
[+] [+] .
& (), 4 (17,
/\O \NH
C C/
Il |
[s] o]
0 0
o]
7 (18), c\// (19),
c/ ~cH, c/N\cH,cu,
| |
[+] [+

% (20), 7 (21),
\

0.1 to 1000 pm preferably 0.5 to 500 [err]m

. and nechani cal

- The production of the coated materials according to the

for exanpl e brushi ng,

guch as curtain pouring or whirler

k% areicaf,t en achieved in congggs i f

@r one to three, rably one,
cal fused ring systenms in the context

The



A) Preparation of catalysts Exanpl e Al: Preparation of

[(Herr]OQ[err]CHO [err]Tid (CHerr]-Si (CHerr])[err]]. The preparation is
carried out in situ by the reaction of equinolar amounts of
Cllerr]Ti[OCCO(CH err])[err]][err] and LiCH err]Si(CH err])[err] in diethyl
et her. Exanmpl e A2: Preparation of Ta[ CH-ek4- Si (CH err])[err]]C[err]. The
title conpound is prepared in accordance with the instructions of

Moor ehouse and W/ ki nson [ Moorehouse, S., WIkinson, G, J. Chem Soc.;
Dalton Trans., 2187-2190 (1974)]. Exanpl e A3: Preparation of
VV:NLCIerr]H[err]‘[CIXC}{err])[errq [err][CH err]Si(CHerr])[err]]d. 2.0 g

(3.0 mmol ) of
YRy e e ThDb R (o Ger ) err]) O [psg)) i 50

[(CJerr]Herr]
m of nmethyle 3[err] C and a solution Of 0.36 g
(1.5 mmol ) of Zn[C Si(CHerr])[¥ err] and 0.21 g (1.5 mmwol ) of
ZnCl[err] are then add€d dropw se over—&’period of 2 hours. The mxture is
allowed to warmto roomtenperature and is stirred for a further 2 hours.
The solvent is stripped off in vacuo and the residue is extracted with
hexane (2 x 50 nl}, and the product 4s crystallized out by cooling the
concentrated hexafje solution to -30[flerr]C. 1.01 g (62 %9 of the title

H [o}

conmpound i s obt d.

(24), (25),
CH, o
cH,
OCH,
(26), 27), (28),
H,CO _

(29), (31),

—
[45]
o

Y

L

(32), ® (33), C (@a),

CFg

(35), CH, : (36),



-32 - B) Preparation of polyners Exanmple 1 to 3: Polynerization of

nor bornene. The catalyst is initially introduced into 5 mM of toluene in a
Schl enk vessel .- Norbornene in toluene is then added and the vessel is
closed. The mixture is irradiated, while stirring. After about 15 seconds,
an increase in viscosity is observed. Aftef85 m nutes, the reaction is

I nterrupted by addition of one drop of benzal dehyde and the reaction

m xture is poured into 100 mM of ethanol. The pol ynmer which has
precipitated out is filtered off, washed with ethanol and then dried in
vacuo. The pol yner can be characterized by gel perneation chromatography

[ GPC, sol vent tetyeahydrofuran, the nunber-average (Merr]) and weight-
aver age val ues ( YAof the nol ecul ar ght are determned in relation
to a polystyren « FC

"Q (37), B .(3§),
20w 00

a
v

(41), I @ (42),

The titanium(IV), niobium(V) and tantalum(V) compounds to be used according to the
invention are those which contain one metal atom. The molybdenum (VI and tungsten(V1)
compounds to be used according to the invention can be those which contain one metal
atom or two metal atoms which are bonded via a single, double or triple bond. The other
valencies of the titanium, niobium, tantalum, molybdenum and tungsten are preferably
satisfied by heat-stable neutral ligands, the definition of heat stability having been given
above. The halogen bonded to the metal atom is preferably F, Cl, Br and |, more preferably
F, Cl and Br, and particularly preferably F or Cl. The silylmethyl ligand preferably
corresponds to the formula Vil

-CH2-SiR2sRaoRat B (Vi)



calibrated standard] and [err]H NVR (Bruker 300 MHz; sol vent CDd 3). An
identical experinment w thout exposure to light at 45[err] C gives no
increase in viscosity and, after addition of ethanol, no pol yner
precipitates out. The catal ysts enpl oyed are: A _
((Herr]OQJlerr]CHO [err]Tid[CH err]-Si (CHi6rr])[err]]. B =

Ta[CH err]Si(CH err])[err]]C[err] C=

W=N-Cerr]Herr])[OC(CH err])[err]][err][CH err]Si (CHerr])[err]]err].
Conmpound (1) is enployed as the nononer. The Iight source used is: 200 W
mercury vapor mnmedi um pressure W |anp (Gsram HBO 200 W2, manufacturer

Spi ndl er andn WPIAR.,, B BAd RL{ iR@sehdentlyldiene @nbihef aRr G-CRakM, CL of Tabyeickikyl,
or phenyl or benzyl which are unsubstituted or substituted by C+-Csalkyl or C4-Cealkoxy.

Alkyl Rzo to R3; can be linear or branched and can preferably contain 1 to 12, particularly
preferably 1 to 8, and in particular 1 to 4 C atoms. Methyl and ethyl are the particularly
preferred alkyl.

Preferred substituents for phenyl and benzyl Rz to Rs; in the context of the definitions are
methyl, ethyl, methoxy and ethoxy.

In a preferred embodiment, Rz to R3; in the group of the formula VIl are C4-Cqalkyl, phenyl
or benzyl.

Some examples of the group of the formula VIl are -CH,-Si(CHa)s, -CH2-Si(C2Hs)s, “CH2-Si(n-
CsHy7)a, “CH2-Si(n-C4Hp)s, -CH2-Si(CH3)2(n-CaHg), ~-CH2-Si(CHa3)2(t-C4Hg), ~CH2-Si(CHa)2(C2Hs),
~CHa-Si(CH3){C(CH3).CH(CHa)z], -CH2-Si(CHg)2(n-C12Hzs), ~CH2-Si(CH3)2(n-CisHsr), -CH2-
Si(CeHs)3, ~CH2-Si(CH2-CgHs)s, ~CH2-Si(CH2-CeHs){CHa). and -CH,-Si{CH,-CgHg)(CHa)o. -
CH.-Si(CHs)s is especially preferred.

The other valencies of the Ti(lV), Nb(V), Ta(V), Mo{Vl) and W(VI) atoms can be satisfied by
identical or different neutral ligands, for example from the group consisting of =0, =N-Ras,
secondary amines having 2 to 18 C atoms, Rs20-, Rs2S-, halogen, optionally substituted
cyclopentadienyl, bridged biscyclopentadienyl, tridentate monoanionic ligands and neutral
ligands, for example ethers, nitriles, CO and tertiary phosphines and amines, in which the
radicals R;; independently of one another are linear or branched C;-Cqgalkyl which. is
unsubstituted or substituted by C;-Cealkoxy or halogen, Cs- or Cscycloalkyl which is
unsubstituted or substituted by C;~Cgalkyl, C;-Cgalkoxy or halogen, pheny! which is
unsubstituted or substituted by C,-Csalkyl, C;-Csalkoxy, C:-Csalkoxymethyl, C,.Cealkoxyethyl
or halogen, or benzyl or phenylethyl which are unsubstituted or substituted by C,-Cgalkyl, C;-
Csalkoxy, C,-Cealkoxymethyl, C,-Cgalkoxyethyl or halogen; and Rg3 is linear or branched Cy-
Cisalkyl which is unsubstituted or substituted by C4-Cealkoxy, Cs- or Cecycloalkyl which is
unsubstituted or substituted by C4-Cealkyl, C,-Cgalkoxy or halogen, phenyl which is
unsubstituted or substituted by C;-Cealkyl, C,-Cgsalkoxy, C,-Cealkoxymethyl, Ci-
Cealkoxyethyl, di(C;-Csalkyl)amino, di(C;-Cealkyl)amino-C,-Caalkyl or halogen, or benzyi or
phenylethyl which are unsubstituted or substitued by C,-Cgalkyl, C;-Cgalkoxy, C;.



Tabl e 1: Exanpl e Nor bor nene Cat al yst Yield Merr]

Merr]/Merr] 1 500ng 10ngA - 28% 15k 1.5 2
500ny 10ngB 78% : 32k 1.6 3 500ng 10ngC
90% 60k 2
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Cealkoxymethyl, C4+-Csalkoxyethyl or halogen, with the proviso that in the case of the titanium
compounds, the ligand is not =0 or =N-Rgs.

Secondary amines are preferably those of the formula RssRasN-, in which Ras and Ras
independently of one another are linear or branched C,-Cigalkyl, Cs- or Cscycloalkyl, benzy!
or phenylethyl which are unsubstituted or substituted by C;-Cgalkoxy or halogen, or (C;.
Cealkyl);Si; or together are tetramethylene, pentamethylene or 3-oxapentane-1,5-diyl. The
alkyl preferably contains 1 to 12, and particularly preferably 1 to 6 C atoms. Some examples
are dimethyl-, diethyl-, di-n-propyl-, di-i-propyl-, di-n-butyl-, methyl-ethyi-, dibenzyi-, benzyl-
methyl-, diphenyl- and phenyl-methylamino and di(trimethylisilyl)amino. '

Halogen as a further ligand on the metal atoms or as a substituent is preferably fluorine or
chiorine, and particularly preferably chiorine. |

The cyclopentadienyl can be unsubstituted or substituted by one to five C-Csalkyl, in
particular methyl or -Si(C+-Caalkyl) [sic], in particuiar Si(CHj3)s. Bridged cyciopentadienyls are,
in particular, those of the formula Rss~A-Rag, in which Ras is cyclopentadienyl which is -
unsubstituted or substituted by one to five Ci-C,alkyl, in particular methyl or -Si(C+-Caalkyl)
[sic], in particular -Si(CHs)s, and A is -CHg-, -CH2>~CHp-, -Si{CH3),, -Si(CHj3)2-Si(CHs), or
-Si(CH3)s-O-Si(CHa)..

Ethers as neutral ligands can be dialkyl ethers having 2 to 8 C atoms or cyclical ethers

having 5 or 6 ring members. Some examples are diethyl ether, methyl ethyl ether, diethyl

ether, di-n-propyl ether, di-i-propy! ether, di-n-butyl ether, ethylene glycol dimethyl ether,
 tetrahydrofuran and dioxane.

Nitriles as neutral ligands can be aliphatic or aromatic nitriles having 1 to 12, preferably 1 to
8 C atoms. Some examples are acetonitrile, propionitrile, butylnitrile, benzonitrile and
benzylnitrile.

Tertiary amines and phosphines as neutral ligands can be those having 3 to 24, preferably 3 -
to 18 C atoms. Some examples are trimethylamine and -phosphine, triethylamine and
-phosphine, tri-n-propylamine and -phosphine, tri-n-butylamine and -phosphine,
triphenylmethyl and -phosphine, tricyclohexylamine and -phosphine, phenyldimethylamine
and -phosphine, benzyldimethylamine and -phosphine and 3,5-dimethylphenyl-
dimethylamine and -phosphine.



PATENT CLAI V5: 1. Process for the photocatal ytic polynerization of a
cyclical olefin or at least two different cyclical olefins in the presence
of a nmetal conpound as the catal yst, characterized in that a photochemn cal
ri ng-openi ng netathesis polynerization is carried out in the presence of a
catal ytic anount of at |east one heat-stabt#8titaniun(lV), niobiun(V),
tantal um(V), nol ybdenum(VI) or tungsten(Vl) conpound in which a silylmethyl
group and at | east one hal ogen are bonded to the netal. 2. Process
according to claim1l, characterized in that the cyclical olefins are
nonocyclical rings or polycyclical, bridged or fused ring systenms with 2 to
4 rings, hWni (e Aidantdts withoahighie tigaridsscahdie| tonlerampledhyaib(trispaiazyl- -phscrates one
or nore heter | | e or
more rings. atioBLePuRTTT MBS MRS uRbyBufoa Ot suBsulloBBY ot b hiBEP
3. Process a&adiaikpidch ESI'QflmnkO,ZS Gh%maB@‘er 93:843-P80 (T&QB)]thCs(f’(sDCPQ(BavRuFFF%%)s],
contain 3 t 0 Ginich 9T BP ety artt RE'eAG 8 ird668HdiPof ShelAritfBr dre C;-Coalkyl, -

characterized In that the c flca rrngs con ring nenbers.
Cqalkoxy or phenyl [ef. Kl&ui, W., Angew Chem. 102:661-670 (1990)].

Halogen as a substituent for the radicals Rs, and Rg; is preferably fluorine, and particularly
preferably chlorine. The substituents alkyl, alkoxy or alkoxy in alkoxymethyl or -ethyl
preferably contain 1 to 4, and in particular 1 or 2 C atoms. Examples are methyl, ethyl, n-
and i-propyl, n-, i- and t-butyl, methoxy, ethoxy, n- and i-propyloxy and n-, i~ and t-butyloxy.

Alkyl Rs2 and Rg; preferably contain 1 to 12, particularly preferably 1 to 8, and especially -
preferably 1 to 4 C atoms. Alkyl is preferably branched alkyl. Some examples of Rg; are
methoxy, ethoxy, n- and i-propyloxy, n-, i- and t-butyloxy, hexafluoro-i-propyloxy and hexa-
and perfluorobutyloxy.

Some examples of substituted phenyl and benzyl Rs. and Rs; are p-methylphenyl or benzyl
[sic], p-fluoro- or p-chlorophenyl or -benzyl, p-ethylphenyl or -benzyl, p-n- or i-propylphenyl or
-benzyl, p-i-butylphenyl or -benzyl, 3-methyl-phenyl or -benzyl, 3-i-propyiphenyl or -benzyl,
3,5-dimethylphenyl or -benzyl, 3,5-i-propylphenyl or -benzyl, 3,5-n- or -t-butylphenyl and
-benzyl. Rqs is particularly preferably phenyl which is unsubstituted or substituted by
Cy-Caalkyl or C4-Calkoxy.

In a preferred embodiment, the metal compounds correspond, in particular, to the formulae
Viil, Villa or Viilb '

Ra4 Rao

NS

Re3 Met R0 S v,

/N

R4z : Ra1




5. Process according to claim2, characterized in that the cyclical olefins
contain further non- aromatic double bonds. 6. Process according to claim
1, characterized in that the cycloolefins correspond to the formula |

[err] in which Qerr] is a radical having at |east one carbon atom

whi ch, together with the -CH=CQ@ group, -19- forns an at |east 3-nenbered
alicyclical ring which optionally contains one or nore [err]

R43 R39

NS

Mer————Reo | (Vilia),
N\
R« R4
R40 R39
N
/N

R#2 _ R4t

(Viiib),

in which

Me; is Mo(VIl) or W(VI);

Me, is Nb(V) or Ta(V);

one of the radicals Rag t0 R4 is a radical -CH2SiR2gR30Rs1 of the formula VII;

at least one of the radicals Rgy to Ry is F, Cl or Br;

Rze, Rap and Ra; independently of one another are C;-Cgalkyl, Cs- or Cecycloalkyl, or
phenyl or benzyl which are unsubstituted or substituted by C;-Cgalky! or C1-Cealkoxy,;

in formula Vill two or in each case two and in formula Viila two of the other radicals of Rsg to
Ras each together are =O or =N-Ra3, and Rgs is linear or branched C;-C1galkyl which
is unsubstituted or substituted by C;-Cealkoxy, Cs- or Cgcycloalkyl which is
unsubstituted or substituted by C;-Csalkyl, C,-Csalkoxy or halogen, phenyl which is
unsubstituted or substituted by C,-Cealkyl, C;-Csalkoxy, C-Cealkoxymethyl,
C,-Cealkoxyethyl, di(C+-Cealkyl)amino, di(C4-Cgalkyl)amino-C,-Csalkyl or halogen, or
‘benzyl or phenylethyl which are unsubstituted or substituted by C;-Cealkyl,
C,-Csalkoxy, C,-Cealkoxymethyl, C;-Cealkoxyethyl, di(C,-Cgalkyl)amino,
di(C1-Cealkyl)amino-C4-Csalky! or halogen, and the other radicals Rag to Ras are
secondary amino having 2 to 18 C atoms, R0~ or R32S-, halogen, unsubstituted or
substituted cyclopentadienyl or bridged biscyclopentadienyl or a neutral ligand, in
which the Rs; independently of one another are linear or branched C;-Csgalkyl which
is unsubstituted or substituted by C;-Cealkoxy or halogen, Cs- or Cecycloalkyl which is



- 34- het er oat ons chosen fromthe group consisting of silicon,

phosphorus, oxygen, nitrogen and sul fur; and which is
unsubstituted or substituted by hal ogen, =0, -CN, -NJ err],
Rerr]Rerr]Rerr]Si-(Qu, -COOM -SOerr]M -PJerr]M -COQMerr]), 2,
-Sgerr](Merr])[err] -PJerr](Merr])[err}20- Jerr]-Cerr]al kyl,
Cerr]-Cerr]hydroxyal kyl, Cerr]-Cerr]haloalkyl, Cerr]-Cerr]cyanoal kyl,
Cerr]-Cerr]cycl oal kyl, C[err] Cerr]aryl, C[err] C err]aral kyl
C3- C6het er ocycl oal kyl , C[terr -Clerr]heteroaryl, %ﬁ C[err]heteroara,lk}/
or R4- X- Ungybstity ehercsvbetiites dy foerlky, SoSmalkaryeorhaingen pheryt which is

- CO Ot CO or o tCO Nﬁélﬁétltuted or substitute€By;C,CTgalkiyl, d;uoaal a;g: @LJOEHIRb*WﬁéthyI
aromatic or heter ic.rin suns
SLbeti tut od by haCaseARoney, ey, d S Cehlrng G-Coagor % elaggp. o
- gg err % ?/ll\/[ - Pq] )e{ ibehtyl or phenylethyl @ﬁl&(wlﬂr@umé%ﬁﬂﬂe}d or-stittituted by@melal)(yler r],
- err err
Clerr]-Cerr]hydroX gj’ 5?'%8%? rdd:[cégkﬁwé C%I&{xﬁétrnﬁ[ &fél@éﬁl&ﬁéﬂﬁﬂo
Cerr]-derr]cycl @lde?salksdIaamq-Cepealkql@ryalogeq @rr] (err]aral kyl,
Cerr]-Jerr H‘fﬁb%lﬂﬁﬂé‘é Vﬁ‘l' ’Wia, anfd Al e dtRér dabRbRI? Riyio: R44 independently o; one

Cerr]- C[err]heteroara ky! Rerr]-Xerr]- 1s optional

se
onto adj acent car BBAthaE %rﬁ;ﬁee?nma'amo(!wmg@a!o 18 9@“’"3@’ zﬁmﬁ')({' &tee§- halogen
i ndependent |y of qQRAsubdtiftdtbdr substituted cyciSpentadiéhy! or Biidged-biédyélopéntadiefty ot &) -

O S ert]-: R er PRURTERN it e For BhbArcehiil af ore Bt e s or brapened

C err] - err] al kylCi-Gjedeyt whichds urjgubstititedros sLibstitytedh hy @y4Cealkoxy or halogen, Cs- or-
Cecycloalkyl which is unsubstituted or substituted by C,-Cealkyl, Ci-Cealkoxy or
halogen, phenyl which is unsubstituted or substituted by C4-Cealkyl, C;-Cgalkoxy,
C,-Cealkoxymethyl, C;-Cealkoxyethyl, di(C;-Cealkyl)amino, di(C,-Csalkyl)amino-
C,-Csalkyl or halogen, or benzyl or phenylethyl which are unsubstituted or substituted
by C,-Csalkyl, C;-Csalkoxy, Ci-Cgalkoxymethyl, C,-Csalkoxyethyl di(C,-Cealkyl)amino,
di(C-Csalkyl)amino-C;-Csalkyl or halogen.

The preferences given above apply to the radicals Rz to Rgs.

In a particularly preferred embodiment, titanium, niobium, tantalurh, molybdenum or tungsten

compounds which are used in the process according to the invention are those of the

formulae VI, Vllla and Villb in which

Rss is a radical of the formula VIl -CH,Si(R2gR30R31)3,

R«w isF, ClorBr; and

(a) in formula Vil R4y and R4z, and Rys and Ru4, in each case together, are the radical
=N-Rss, or R4t and Ry2 together are the radical =N-R3; and R43 and Ry, independently
of one another are unsubstituted or-substituted cyclopentadienyl, Rs>-O- or halogen,
or

(b) in formula Vliia Ry; and R4 together are the radical =N-Ras, and Ra; is unsubstituted or
substituted cyclopentadienyl, Rs>~O- or halogen, or in formula Villa R4, Rs2 2and Rys
independently of one another are unsubstituted or substituted cyciopentadienyl,
R32-O- or halogen, or

(c) in formula Vilib Rs and R4 independently of one another are unsubstituted or
substituted cyclopentadienyl, Rs>-O- or halogen,



benzyl; R4 and R err] independently are (Jerr]-Cerral kyl,
Cerr]-Cerr]haloalkyl, (err]-(err]hydroxyal kyl,

Cerr]-Cerr]ycloalkyl, Cerr]-Cerr]aryl or (Jerr]-Ce[err]aral kyl; R err]
and R err] independently of one another are hydrogen, Cerr]-Cerr]alkyl,
phenyl or benzyl, where the al kyF2§roups in turn are unsubstituted
or substituted by CJerr]-(err]al koxy or Cerr]-Cerr]cycl oal kyl ;
Rlerr], R err] and R err] independently of one anot her are

Clerr]-Cferr]al k %:rr -Clerr]perfluoroal kyl, pheny nzyl ;
Mis an alk hef%éesalp Ba‘fﬁ[tBF ?POY%'“SE"'B%J he O&P&efprmeaappwa Rgs: iRso, ?Bsor
1; where t heRghhg Rl i cal ring formed with (JQerr] optionally contains
further non-aromatic doubl e bonds; err] i s hydrogen,
Cerr]-Cerr]alkyl, (err]-Cerr]hal oal kyl, Cerr]-err]al koxy, hal ogen,
- CN or R er iMstxiompeupds Which arébspecialiypreferably lugéd inGhe prdcesy acaording teethiy | |

dar R S B

hydrogen, Cerr]-(err]al kyl, phenyl or benzyl; where the abovenenti oned
cycl oal kyl, heteroc tazggl kyl, aryl, heteroaryl, aral kyl and heteroaral kyl
groups are unsubsti or substituted by (Jerr]-(err]al kyl,
Clerr]-Cerr]R#tkoxyf -NJerr], -CN or hal ogen, and where the heteroatons of

t he aboverrenﬁ{ed het er ocycl oal kyl, heteroaryl
CH;—R

Me1== N-R23 Ry Ry

//// (1), \\\Me///’ (IXa),

R43 | R 43/ \

R
Z y4 N
CH,R
CH2-R |
/ R4‘|
R43 Me,
R Me2 NR,, (IXb), 2\ (IXc),
. .
Z Z
CH2-R
R41 —Ti R42 (IXd),
Z

in which
Me; is Mo(V1) or W(VI);



-35 - and heteroaral kyl groups are chosen fromthe group consisting of
-0-, -S-, -NRerr]- and -N=; and Rerr] is hydrogen, (err]-(err]alkyl,
phényl or benzyl.
ical ring which JQerr] forns together with the -CH=C{J err]groups

the alicycl

has 3 to 16 ring atons, the ring system be

tricyclical

according t
I

7. Process according to claim®6, characterized in that

Ag a nonocyclical, bicyclical,

or tetracyclical ring system 8. Process according to claim
6, characteri.zed in that Q in formula | is hydrogen. 9. Process

?Vlecgl ai
R

y4

Raz

(a)

(b)

()

(d)

i
is -Si(Cy-Csalkyl)s;

isClorBr, _

is phenyl or phenyl which is substituted by 1 to 3 C,-C,alky! or C;-C,alkoxy,

Ras and Ry, in formula X together are the group =NRjg; or individually independently
of one another are F, Cl, Br, linear or, in particular, branched C-Caalkoxy which is
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or
substituted by C1-C4alkyl or C4-C,alkoxy, or cyclopentadienyl which is unsubstituted
or substituted by C4-C,alkyl;

Ra1, Rz and Rys and R, in formula 1Xa independently of one another are F, Cl, Br, -
linear or, in particular, branched C,-C,alkoxy which is unsubstituted or substituted by
fluorine, phenyloxy which is unsubstituted or substituted by C4-C,alkyl or C.C,alkoxy,
or cyclopentadienyl which is unsubstituted or substituted by C;-C.alkyl;

R4 in formula IXb is F, Cl, Br, linear or, in particular, branched C4-C,alkoxy which is
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or
substituted by C:-Calkyl or C~C,alkoxy, or cyclopentadienyl which is unsubstituted
or substituted by C-C,alkyl; _

Ra1, Rs2 and Rys in formula IXc independently of one another are F, Cl, Br, linear or,
in particular, branched C,-C,alkoxy which is unsubstituted or substituted by fluorine,

ghg(v)%p%a}‘)gerl zed in that in the conpounds of the formula

~_ phenyloxy which is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, or

(e)

cyclopentadieny! which is unsubstituted or substituted by C,-C,alkyl; and

R41 and Rz in formula 1Xd independently of one another are F, Cl, Br, linear or, in
particular, branched C4-C,alkoxy which is unsubstituted or substituted by fluorine,
phenyloxy which is unsubstituted or substituted by C,-C,alkyl or C;-C,alkoxy, or
cyclopentadienyl which is unsubstituted or substituted by C;-Calkyl.

The alkoxy is particularly preferably branched alkoxy which is optionally partly or completely
substituted by F, for example i-propyloxy, i~ and t-butyloxy, hexafluoropopyloxy [sic] and
nonafluoropropyloxy. The phenyloxy radical is, in particular, phenyloxy which is substituted
by C,-Caalkyl in the 2,6-positions, for example 2,6-dimethylphenyloxy. Examples of
substituted cyclopentadienyl radicals are mono- to pentamethyicyclopentadienyl and
trimethylsilylcyclopentadienyl. Rs; is preferably phenyl or phenyl which is substituted by
Ci-Caalkyl, in particular phenyl or 3,5-dimethyl-, 2,6-dimethyl-, 3,5-diethyl- and 2,6-
diethyiphenyl.



Qerr] is aradical wwth at |east one carbon atom which, together with the
-CH=CJQ err]- group, forms a 3- to 20-nenbered allcycllcal ring
which optionally contains one or nore het er oat ons chosen fromthe
group consisting of silicon, oxygen, nitrogen and sul fur; and
which is unsubstituted or substituted by haB8gen, =0, -CN, -NJerr],
Rlerr]Rerr]Rerr]Si-(Oferr], -CooOM -Sgerr]M -PJerr]lM
COO(l\/[err])[err] -Sgerr](Merr])[err], -PCIerr](l\/[err])[err]

err err]al k hal h I kyl ,
QS b oy iEanetialy pe{%qu%ovn?%v%%a{%?s Sosing toghe veRfid 41 oSk ot e
Gort]-Gorr] merer oy L el Rerer oar al Kyl or RA-x. or
.0 which two adj acent éRé%C%ﬁ)éM#ﬁ&Ecﬁq@(&E}a)ﬁet Qerr]are s.ubsi [ t(&’ed by
-C0O0CO or - - CONRS-CO-; or in V\:hl ch an alicyclical, aromatic or
ol ogen. CmeN N arr] (Rl NERaex ORaiCHREHAL P8 PT SEPe s b
PJerr1M -COQI\/[err])[err] -SQerr](I\/[err])[err] -Pgerr](Merr])[err],

err err]al kyl :
g[[e”} g[[e”} hyd?loxyal K %ﬂns@[bgﬁ?h err] cyanoal kyl , (Xo) [sic),

Cerr]-Cerr]cycloalkyl, Cerr]-CJerr]aryl, Cerr]-Cerr]aral kyl,

Clerr]-derr] heter ocyclngNeywegxm¢H5$i({IH3)J1et eroaryl, (Xc),
Cerr]-Cerr]heteroaral kyl or Rlerr]-Xerr]- is optionally fused
onto adj acent carbon atons; X and X/ err] independently of one anot her are
-0, -S, -CO, -SO, -RflefalQRe)CHISUCER)s, -C(O)-O, (Xd),

-C(O-NRerr] - -NR[err] C(O-, -Sderr]-0- or -0802-; R1, R2 and R3
| ndependent |y of one anot her are Jerr]-Cerr]al kyl, : ‘
Cerr]-Cd err]"bylhfq‘uoroal kyl, phenyl or ' benzyl ; Mis an al kali netal

and Merr] igu&n aémi(wmermvt)h nmetal; Rerr] and R err] independently of
one anot her é %{e.r ébal kyl , C[err] d err] hal oal kyl

Cerr]-Cerr] %rd?&l \Q a err] - C[err]cycloal kyl, C{err]-Clerr]aryl or
Cerr]-Cerr]Xral quorQ],err] and R err] independently of one another are

o oupe T i ar o BReEo HenREY o betifiRaey 1 PG ouply' S P o,
Rsz  is branched Cs- or Csalkyl which is optionally partly or compl ely substltute by
fluorine, or phenyloxy, or phenyloxy which is substituted by 1 to 3 methyl or ethyl
groups; '
R4z and Ryg independently of one another are cyclopentadienyl which is unsubstituted or
substituted by 1 to 5 methyi groups, X, or Rs20O-; and
Rs1  is cyclopentadienyi which is unsubstituted or substituted by 1 to 5 methyl groups, X,

or Rs0-.

Some examples of titanium(lV), niobium(V), tantalum(V), molybdenum(VI) and tungsten(VI)
compounds are [Cp is cyclopentadienyl and Me is Nb(V) or Ta(V)}:
Ti[CH2Si(CH3)5]Cls, TI[CH,Si(CH3)3]Brs, Cp2Ti{CH,Si(CH3)s]Cl,
(CH3)2Ti[CH,Si(CH,)5]Cl, Cp-Ti[CH.Si(CH3)3]Br, Cp2Ti[CH2Si(CHa)s]1,
CpTi[CHSi(CHa)s][CHs]Cl, CpTi[CH2SI(CH3)s]Br2, [(CH3)2CHOJ,Ti[CH,Si(CHa)sICl,
[(CF3).CHOLTI{CH,Si(CH3;)3]Cl, [(CF3).CHO]CpTI[CH.Si(CHa,)s]Cl,
[(CH3)>CHO]CpTI[CH.Si(CH3):]Cl, (CeHsO)CpTIi[CH2Si(CH3)s]Cl, (2,6-dimethyl-
CsHso)CpTi[CHzSi(CH3)3]Cl, (2,6-dimethyl-CgH50). Ti[CH.Si(CH3)3]ClI,
(2,6-dimethyl-CgHsO) Ti{CH.Si(CHz)s)-Br, [(CH3)3CO]CpTi[CHZSi(CHa)s]CI,
[(CF3)2(CH3)COJCPTI[CH,Si(CHg)s]Cl, Me(=N-CeHs)IOCH(CHs)][(CH2Si(CHa)s]Cl,
Cp2Me[(CH2Si(CH3)s]Clz, Me(=N-CgHs)[OCH(CF3)2][(CH2Si(CH3)s]Cl, Me(=N-



Cerr]-derr]cycloal kyl ;

-36 - Rlerr], Rerr] and R err] independently of one another are
geéerr]-Cerr]alkyl, (err]-Cerr]perfluoroal kyl, phenyl or benzyl ;
uis Oor 1, where the alicyclical ring formed with Qerr] optionally
contains further non-aromatic doubl e .-24-bonds; err] I s hydrogen,

Cerr]-Cerr]alkyl, (err]-Cerr]haloalkyl, (Jerr]-(err]al koxy, hal ogen,
-CN or Rerr]-X2-; Rerr] is (err]-Cerr]alkyl, (err]-Cerr]hal oal kyl,

d | kyl, - | oal kyl I
o A b G SACAASEASLRE S {271 Lo

[ err] - err loasdtropylCURRINCHRCHOINCHLSI(CHLEIC!, MRE-N-2 B-diethylCeHs)(2,6-
het er ocycl oal k rXethyIaCE Wf 3)‘& M%i% %I and heteroaral kyl groups are
g dlmethyICsH3)((CF3)2CHO)[CHZSI(CHa)S]CI (=N-2,6-

dimethylC¢H3)CpMe[(CH2Si(CH3)s]Cl, (CeHs0).CpMe[(CH,Si(CHa)s]Cl, (=N-3,5-
dimethylCg¢Hs)Me[2,6-dimethylCgH30)J[(CH2Si(CH3)3)]Cl,
CpMe[OCH(CHs)2]o[(CH,Si(CHs)s]Br, CpMe[OCH(CHs)2][(CH2SI(CH:)s]Cl,
CpMe[OCH(CF3)2]2[(CH2Si(CH3)3]Cl, Cp2Me(Methyl)[(CH,Si(CHa)3]Cl,
Cp2Me[OCH(CH,)2]J[(CH2Si(CHa)3]Cl, [OCH(CHs3)2):Me[CH,Si(CH3)2]JCl2, Me(2,6-
dimethylphenyloxy)(CH30)2[(CH-Si(CH3)3]Cl,
Me[CH:Si(CHs)3]JOCH(CH3)}(CF30)Cl, W(=N-CsHs)[(OC(CHs)s]{CH2-Si(CHa)s]Cl2,
(2,6-diisopropylphenyloxy).Me[CH,Si(CHj3)s]Cla,
Cp2Me[OC(CHs)s][(CH,Si(CHs)s]Cl, CpMe[OC(CH3)(CFs)2][(CHZSi(CHa)s]Cl,
Mo:[(CH.-Si(CH3)3){OCH2C(CH3)s)Cl)2, Mo(=N-2,6-diisopropylCeHs)2{CH2-
Si(CHs)s]Cl, W(=N-CgHs)[(OC(CHg)s][CH.-Si(CHs)s]Cl, Mo(=N-C¢Hs)2[CH-
Si(CHs)s]Cl, Mo(=N-2,6-diisopropylCeHs)[(OCH.C(CHs)s].[CH-Si(CHs)s]Cl.

The titanium, niobium, tantalum, molybdenum and tungsten compounds to be used
according to the invention are known or can be prepared by known and analogous
processes starting from optionally correspondingly substituted metal halides by means of
Grignard reactions [Schrock, R.R., Murdzeck, J.S., Bazan, G.C., Robbins, J., DiMare, M.,
O’Regan, M., J. Am. Chem. Soc., 112:3875-3886 (1990)]. '

The process according to the invention can be carried out in the presence of an inert solvent.
A particular advantage of the process according to the invention is one that in the case of
liquid monomers, the process can be carried out without using a solvent. Inert means that
the choice of solvent depends on the reactivity of the metal catalysts, for exampie that protic
polar solvents are not used if substitution reactions, such as the replacement of halogen by
alkoxy, are to be expected. It should be furthermore be taken into account that solvents
containing C=0 groups can react with the metal catalysts.

Suitable inert solvents are, for example, protic-polar and aprotic solvents, which can be used
by themselves or in mixtures of at least two solvents. Examples are: ethers (dibutyl ether,
tetrahydrofuran, dioxane, ethylene glycol monomethyl or dimethyl ether, ethylene glycol
monoethyl or diethyl ether, diethylene glycol diethyl ether, triethylene glycol dimethyl ether),
halogenated hydrocarbons (methylene chioride, chloroform, 1,2-dichloroethane, '



unsubstituted or substituted by Cl-C6al kyl, (err]-Cerr]al koxy, -NJerr],

-CN or hal ogen, and where the heteroatons of the heterocycl oal kyl,
het eroaryl and het eroaral kyl groups are chosen fromthe group
consisting of -O, -S, -NR[err]- and -N=; and R err] is hydrogen,
Jerr]-Cerr]al kyl, phenyl or benzyl. 10-2%¥ ocess according to claim 6,

characterized in that in the conpounds of the formula | err] 1is a
radical with at |east one carbon atom which, together with the -CH=C{J err] -
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metal and Merr]| 1s an al kalinhe ear nmet al ; and Rl err]
i ndependently of one another are Cerr]-Cerr]alkyl,

Clerr]-C err pratbeed oivents by diiphslicdrid drpshaties lipdrisddrbéris and mixtures of such solvents.
Cerr]-Cerr]cycl oal kyl ;
it is to be particularly emphasized that the compositions of an optionally substituted
cycloolefin and catalyst which are employed according to the invention in the process are
often insensitive to oxygen, which allows storage and a reaction procedure without an inert
gas. However, the exclusion of moisture, that is to say the use of dry reaction and storage
conditions, is advisable.

The monomers of the formula | and the catalysts employed for the process according to the
invention can be stored both separately and together as a mixture, since the catalyst used
has a particularly high stability. Before the photochemical polymerization, the mixture can be
stored as a ready-to-use formulation, which is of advantage for use of the process according
to the invention on a large industrial scale. Because of the high photosensitivity, in particular
in UV light, storage is expediently with exclusion of light.

The invention also relates to a photopolymerizable composition comprising (a) a cyclical
olefin or at least two different cyclical olefins and (b) a catalytically active amount of at least
one heat-stable titanium(IV), niobium(V), tantalum(V), molybdenum(V1) or tungsten(VI)
compound in which a silyimethyl group and at least one 'halogen are bonded to the metal.

The composition according to the invention can additionally comprise other non-volatile
open-chain comonomers which form copolymers with the strained cycloolefins. if dienes, for
example, are co-used, crosslinked polymers can form. Some examples of such comonomers



X and X[ err] independently of one another are -O, -S-, -CO, -SO or

-Serr]-; Rerr], Rerr] and Rlerr] independently of one another are
Cerr]-Cl[err]alkyl, Cerr]-Clerr]perfluoroal kyl, phenyl or

benzyl ; -37 - and Q2 is
hydr ogen. 11. Process according to clai rRé- characterized in that the
cyclical olefins are norbornene or norbornene derivatives. 12. Process

according to claim1l; characterized in that the norbornene derivatives are

are olefinically mono- or di-unsaturated compounds, such as olefins and dienes from the
group consisting of pentene, hexene, heptene, octene, decene and dodecylene, acrylic and
methacrylic acid, esters and amides thereof, vinyl ether, styrene, butadiene, isoprene and

_ chlorobutadiene.

The other olefins which are capable of metathesis polymerization are contained in the
composition according to the invention, for example, in an amount of up to 80 % by weight,
preferably 0.1 to 80 % by weight, more preferably 0.5 to 60 % by weight, and particularly
preferably 5 to 40 % by weight, based on the total amount of compounds of the formula 1
and other olefins capable of metathesis polymerization.

The composition according to the invention can comprise formulation auxiliaries. Known
auxiliaries are antistatics, antioxidants, light stabilizers, plasticizers, dyes, pigments, fillers,
reinforcing fillers, lubricants, adhesion promoters, viscosity-increasing agents and mold
release auxiliaries. The fillers can be present in surprisingly high contents without adversely
influencing the polymerization, for example in amounts of up to 70 % by weight, preferably 1
to 70 % by weight, more preferably 5 to 60 % by weight, particularly preferably 10 to 50 % by
weight, and especially preferably 10 to 40 % by weight, based on the composition. A very
large number of fillers and reinforcing fillers for improving the optical, physical, mechanical
and electrical properties have been disclosed. Some examples are glass and quartz in the
form of powders, beads and fibers, metal and semimetal oxides, carbonates, such as
MgCOs;, CaCO; and dolomite, metal sulfates, such as gypsum and baryte, naturally
occurring and synthetic silicates, such as talc, zeolites, wollastonite and felspars, aluminas,
such as china clay, rock powders, whiskers, carbon fibers, synthetic fibers, powdered
plastics and carbon black. Viscosity-increasing agents are, in particular metathesis polymers
which contain olefinically unsaturated groups and can be incorporated into the polymer
during the polymerization. Such metathesis polymers are known and are commercially
obtainable, for example under the tradename Vestenamere®. Other viscosity-increasing
agents are polybutadiene, polyisoprene or polychlorobutadiene, as well as copolymers of
butadiene, isoprene and chloroprene with olefins. The viscosity-increasing agents can be
contained in an amount of 0.1 to 50, preferably 1 to 30, and particularly preferably 1 to 20 %
by weight, based on the composition. If fillers are used, it is expedient to obtain optical
transparency for the polymerization or to carry out the polymerization in thin layers.

In the process according to the invention, it is not necessary to maintain the irradiation of the
reaction mixture over the entire duration of the reaction. Once the polymerization has been



those of the formula Il

(). [err] 1n which X3 Is -CHRl err]-, oxygen or sulfur; R14 and

Rl érr] independently of one another are hydrogen, -CN, trifluoronethyl,
(CHerr])[err]Si-0, (CHerr])[err]Si- or -COORerr]; and R err] and

Rlerr] independently of one another are hy&fogen, (err]-Clerr]-alkyl,
phenyl or benzyl; or those of the fornmula II1

initiated photochemically, the further course of the reaction takes place independently, even
in the dark. The irradiation is advantageously carried out with light of a wavelength in the
range from 50 nm to 1000 nm, preferably in the range from 200 to 500 nm, and especially
preferably in the UV range. The duration of the irradiation depends on the nature of the light
source. UV lasers or UV lamps are preferably employed according to the invention. The
irradiation of the catalyst can be carried out both before or during and after the addition of
the monomers.

Suitable irradiation times are one minute to 8 hours, in particular 5 minutes to 4 hours. The
sequence of the addition of the monomers and catalyst is not critical. The monomer can be
both initially introduced into the reaction vessel and added after introduction of the catalyst.
Likewise, the catalyst can be irradiated beforehand and the monomer then added.
Furthermore, the solution comprising catalyst and monomer can also be irradiated.

The process according to the invention is preferébly carried out at room temperature to
slightly elevated temperature. An increase in temperature increases the rate of reaction. The
catalysts used initiate a thermal polymerization by themselves only in exceptional cases. A
photopolymerization chiefly takes place at the temperatures chosen for acceleration of the
reaction. However, it should be mentioned that the catalysts can be converted into
thermoactive catalysts by adequate irradiation.

The process according to the invention is carried out, in particular, at temperatures from
-20°C to +110°C.

It is a quite particular and surprising advantage of the process according to the invention that
the titaniuin(lV), niobium(V), tantalum(V), molybdenum and tungsten compounds used act
as thermal catalysts after the irradiation. This results in the possibility of continuing and
ending the polymerization by supplying heat after a short irradiation time, which offers
economic and industrial advantages in various areas of production of shaped articles or
coatings. In particular, the combined process is favorable for the preparation of
thermoplastics.

The invention also relates to a process for photocatalytically induced and subsequent
thermal polymerization of a cyclical olefin or at least two different cyclical olefins in the
presence of a metal compound as the catalyst, which is characterized in that



[err] 1in which X[ err] Is -CHRl err]-, oxygen or sulfur; Rerr]
is hydrogen, Cferr]-Clerr]alkyl, phenyl or benzyl; and Rl err] S
hydrogen, Cerr]-Cerr]al kyl or hal ogen; or those of the formula IV

[err]
-28 -

A ]

a) the cycloolefins are first irradiated in the presence of a catalytic amount of at least one
heat-stable titanium(lV), niobium(V), tantalum(V), molybdenum(VI) or tungsten(VI)
compound in which a silyimethyl group and at least one halogen is [sic] bonded to the metal;
or a catalytic amount of a heat-stable titanium(IV), niobium(V) or tantalum(V) compound in
which a silylmethyl group and at least one halogen is [sic] bonded to the metal is irradiated, if
appropriate in an inert solvent, and then mixed with at least one cycloolefin; and

(b) the polymerization is then ended by heating and without irradiation.

The preferences stated above apply to process stage a). The duration of the irradiation
essentially depends on the desired reaction procedure. Brief irradiation is chosen, for
example, if the polymerization is only to be initiated by irradiation and is to be ended by
heating. Brief can mean an irradiation time of up to 60 seconds, preferably 5 to 60 seconds,
and particularly preferably 10 to 40 seconds. A longer irradiation time is chosen, for
example, if the polymerization is chiefly to be carried out with irradiation and the final
polymerization is to be ended only by after-heating.

Heating in process stage b) can mean a reaction temperature of 50 to 200°C, preferably 50
to 150°C, and particularly preferably 70 to 120°C.

Catalytic amounts in the context of the present invention preferably means an amount of
0.001 to 20 mol%, particularly preferably 0.01 to 15 mol%, and especially preferably 0.01to
10 mol%, based on the amount of the monomer.

The invention also relates to a process for the preparation of thermal catalysts for ring-
opening metathesis polymerization of cyclical olefins, which is characterized in that a heat-
stable titanium(IV), niobium(V), tantalum(V), molybdenum(V1) or tungsten(VIl) compound in
which a silyimethyl group and at least one halogen is [sic] bonded to the metal is irradiated in
bulk or in a solvent.

The cycloolefins to be used according to the invention are strained rings. Cyclohexene, as
an exception, generally cannot be homopolymerized with olefin metathesis. This exception is
known to the expert and described, for example, in lvin [lvin, K.J. in: lvin, K.J., Saegusa, T.
(editors), Ring-Opening Polymerisation 1:139-144 Elsevier Applied Science Publishers,
London and New York (1984)].



in which Xerr] " is -CHR[err]-, oxygen or sulfur; Rerr] S
hydrogen, Cerr]-C[err]al kyl, phenyl or benzyl; R err] and R err]
i ndependent|y of one another are hydrogen, CN, trifluoronethyl,

(CHerr][err]Si-0,. _ (CHerr])[err]Si- or -COOR[err]; and Rerr]
I's hydrogen, Cerr]-Cerr]al kyl, phenyl or-2®nzyl; or those.of the fornula
\% [ ERR] I n which Xerr] I s -CHR24-, oxygen or sul fur;
Rl err] is hydrogen, Cerr]-Cerr]al kyl, phenyl or benzyl;

Radiation-cured oligomers and polymers having identical or different structural units of the

formula XI

=—CH - CQr—
NG T (X1),
Qi

in which Q, and Q. have the meanings given under formula |, can be prepared by the
process according to the invention. The preferences stated above apply to these polymers.
They can be homopolymers or copolymers with random distribution of the structural units;
graft polymers or block polymers. They can have an average molecular weight Mw) of, for
example, 500 to 2 million Dalton, preferably 1000 to 1 million Dalton (determined by GPC by
comparison with polystyrene standards of narrow distribution).

Thermoplastically deformable materials for the production of shaped articles of all types,
coatings and images in relief can be prepared by the process according to the invention.

The polymers prepared according to the invention can have very different properties,
depending on the monomer used. Some of them are distinguished by a very high
permeability to oxygen, low dielectric constants, good heat stability and low absorption of
water. Others have outstanding optical properties, for example high transparency and low
refractive indices. The low shrinkage is furthermore to be emphasized in particular. They can
therefore be used in very different industrial fields.

As layers on the surfaces of carrier materials, the compositions according to the invention
are distinguished by a high adhesive strength. The coated materials are furthermore
distinguished by a very high surface smoothness and gloss. Of the good mechanical
properties, the low shrinkage and the high impact strength, as well as the heat stability is

* [sic] to be emphasized in particular. The easy release from the mold and the high resistance
to solvents is [sic] furthermore to be mentioned. ‘

These polymers are suitable for the production of medical equipment, implants or contact
lenses; for the production of electronic components; as binders for coatings; as photocurable
compositions for model construction or as adhesives for gluing substrates with low surface
energies (for example Teflon, polyethylene and polypropylene), as well as a



Y | soxygenor [err] ;and - R25 I s hydrogen, nethyl, ethyl

or phenyl.

13. Process according to claim1, characterized in that the

hal ogen bonded to the netal atomis F, C, Br or L. 14. Process according

to claim1l,
formula VII

characterized in that the silylnethyl group corresponds to the
[err] -30-

photopolymerizable composition in stereolithography. The compositions according to the
invention can also be used for the production of coatings by photopolymerization, it being
possible on the one hand for clear (transparent) and even pigmented compositions to be
used. Both white and colored pigments can be used. The production of shaped articles by
thermoplastic shaping processes for all types of commodity articles may furthermore be
mentioned.

The photocurable or photo- and thermocurable compositions according to the invention are
particularly suitable for the production of protective coatings and images in relief. The
invention also relates to a variant of the process according to the invention for the production
of coated materials or relief images on substrates in which a composition of a cyclical olefin,
catalyst and optionally solvent is applied as a layer to a carrier, for example by dipping,
brushing, pouring, rolling, knife-coating or whirler pouring processes, the solvent is removed,
if appropriate, and the layer is irradiated for polymerization, or the layer is irradiated through
a photomask and the non-irradiated portions are then removed with a solvent. Surfaces of
substrates can be modified or protected by this process, or, for example, printed circuits,
printing plates or printing rolls can be produced. In the production of printed circuits, the
compositions according to the invention can also be employed as solder resists. Other
possible uses are the production of screen printing masks and use as radiation-curable
printing inks for offset, screen and flexographic printing.

- The present invention also relates to a carrier material which is coated with an oligomer or

polymer according to the invention and comprises a crosslinking agent. The present
invention also relates to a carrier material which is coated with an oligomer or polymer
according to the invention. These materials are suitable for the production of protective
coatings or images in relief by irradiation (if appropriate under a photomask) and subsequent
development with a solvent. Suitable crosslinking agents, which can be contained, for
example, in an amount of 0.01 to 20 % by weight, are, above all, organic bisazides, in
particular the commercially available 2,6-bis(4-azidobenzylidene)-4-methyl-cyclohexanone.

The present invention furthermore relates to a coated carrier material, characterized in that a
layer of (a) a cyclical olefin or at least two different cyclical olefins and (b) a catalyticailly
active amount of at least one heat-stable titanium(1V), niobium(V), tantalum(V),
molybdenum(VI) or tungsten(Vl) compound in which a silyimethyl group and at least one
halogen is [sic] bonded to the metal is applied to a carrier.



-39 - in which R29, R30 and R31 independently of one another are
Cerr]-Clerr]Jalkyl, Cerr]- or (Jer]cycloal kyl, or phenyl or benzyl which
are unsubstituted or substituted by CJerr]-Cferr]lkyl or

Jerr]-Cerr]al koxy. 15. Process according to claim 14, characterized in
that in the group of the formula VII, R erdl-to Rerr] are
Cerr]-Cerr]al kyl, phenyl or benzyl. 16. Process according to claim 14,

characterized in that the group of the formula VIl consists
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pouring or whirler pouring.

Particularly good resuits are often achieved in coatings if cyclooiefins which additionally
contain one to three, and preferably one, further double bond and are polycyclical fused ring
systems in the context of the invention are used for the photometathesis polymerization.

The following examples illustrate the invention further.

A) Preparation of catalysts

Example A1l: Preparation of [(H3C),CHOJ, TiCI[CH.-Si(CHa)s].
The preparation is carried out in situ by the reaction of equimolar amounts of
Cl,TifOCO(CHs).]. and LiCH,Si(CHa); in diethyl ether.

" Example A2; Preparation of Ta[CH2Si(CHs)sICle.
The title compound is prepared in accordance with the instructions of Moorehouse and
Wilkinson [Moorehouse, S., Wilkinson, G., J. Chem. Soc.; Dalton Trans., 2187-2190 (1974)].

Example A3: Preparation of W(=N-CgHs)[OC(CH3)3][CH2Si(CH3)s]Cl.

2.0 g (3.0 mmol) of [(C2Hs)4]N[W(=N-CgHs)(OC(CHs)5)Cla] in 50 mi of methylene chioride are
cooled to -78°C and a solution of 0.36 g (1.5 mmol) of Zn[CH.Si(CH,);}. and 0.21 g

(1.5 mmol) of ZnCl, are then added dropwise over a period of 2 hours. The mixture is
allowed to warm to room temperature and is stirred for a further 2 hours. The solvent is
stripped off in vacuo and the residue is extracted with hexane (2 x 50 ml), and the product is
crystallized out by cooling the concentrated hexane solution to -30°C. 1.01 g (62 %) of the
titte compound is obtained.



18. Process according to claim1, characterized in that the other val encies
of the Ti(1V), Nb(V), Ta(V), M(VI) and WVI) atons are satisfied by
idéentical or different neutral |igands fromthe group consisting of =0,
=N-R[err], secondary am nes having 2 to 18 C atons, R320-, R32S-, hal ogen,
optionally substituted cycl opentadi enyl, bi@dged bi scycl opent adi enyl
tridentate nonoanionic |igands and neutral ligands, in which the R err]

i ndependent|y of one another are linear or branched C[err]-Clerr]alkyl

which is uns bstituted 1pr substituted by Clerr]-( err]al koxy or hal ogen,
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the titani um conpounds, the Iigand is not =0 err 19. Process’
according to claiml1, characterized in that the netal conpounds correspond

to the formAmiieMidal expériment aftBodtlekpdsure to light at 45°C gives no increase in viscosity and,
after addition of ethanol, no polymer precipitates out. '

The catalysts employed are:

A =_ [(H3C).CHOLTICI[CH2-Si(CHa)].

B = Ta[CH,Si(CH3)a]Cls

C = W(=N-C¢Hs)[OC(CH3)al[CH2Si(CH3)3]Cl.

Compound (1) is employed as the monomer.
The light source used is:
200 W mercury vapor medium-pressure UV lamp (Osram HBO 200 W/2, manufacturer

Spindler and Hoyer, Géttingen).

The results are shown in Table 1:

~ Table 1:
Example Norbornene Catalyst Yield M MM,
1 500 mg 10mg A 28 % 15k- 15
2 500 mg 10mgB 78 % 32k 1.6

3 i 500 mg i0mgC 90 % 60k 2
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PATENT CLAIMS:

1. Process for the photocatalytic polymerization of a cyclical olefin or at least two different
cyclical olefins in the presence of a metal compound as the catalyst, characterized in that a
photochemical ring-opening metathesis polymerization is carried out in the presence of a
catalytic amount of at least one heat-stable titanium(iV), niobium(V), tantalum(V),
molybdenum(V1) or tungsten(Vl) compound in which a silylmethyl group and at least one
halogen are bonded to the metal.

2. Process according to claim 1, characterized in that the cyclical olefins are monocyclical -
rings or polycyclical, bridged or fused ring systems with 2 to 4 rings, which are unsubstituted
or substituted and optionally contain one or more heteroatoms from the group consisting of
O, S, N and Si in one or more rings and optionally contain fused, aromatic or heteroaromatic
rings.

3. Process according to claim 2, characterized in that the cyclical rings contain 3 to 16 ring
members.

4. Process according to claim 3, characterized in that the cyclical rings contain 3 to 12 ring
members.

5. Process according to claim 2, characterized in that the cyélical olefiﬁs contain further non-
aromatic double bonds.

6. Process according to claim 1, characterized in that the cycloolefins correspond to the
formula |

CHZ—_——CQ,

<*

Q,

in which
Q, is a radical having at least one carbon atom which, together with the -CH=CQ, group,
forms an at least 3-membered alicyclical ring which optionally contains one or more

A




heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen,
nitrogen and sulfur; and which is unsubstituted or substituted by halogen, =0, -CN,
-NO;, RiR2R3Si-(0)y, -COOM, -SO3M, -PO3M, -COO(M1)1/2, ~-SO3(M1)172, -PO3(M1)112,
C4-Capalkyl, C1-Caohydroxyalkyl, C1-Cxphaloalkyl, C1-Cecyanoalkyl, C;-Cscycloaikyl, Cs-
Ciearyl, C7-Cisaralkyl, Cs-Cgheterocycloalkyl, Cs-Cisheteroaryl, C,-Cisheteroaralkyl or
Rs-X-; or in which two adjacent C atoms are substituted by -CO-O-CO- or -CO-NRs-
CO-; or in which an alicyclical, aromatic or heteroaromatic ring which is unsubstituted
or substituted by halogen, -CN, -NO,, RgR;RgSi-(0O),, -COOM, -SOzM, -PO;M,
-COO(M1)12, -SO3(My) 12, -PO3(M1)472, C1-Copalkyl, C4-Coohaloalkyl,
C,-Cxohydroxyalkyl, C4-Cgcyanoalkyl, Cs-Cgcycloalkyl, Cg-Cisaryl, Cr-Ciearalkyl,
Cs-Cgheterocycloalkyl, Cs-Cgheteroaryl, C4-Cisheteroaralkyl or Ry3-X:- is optionally - -
fused onto adjacent carbon atoms of the alicyclical ring;

X and X, independently of one another are -O-, -S-, -CO-, -SO-, -SO,-, -O-C(O)-, -C(O)-O-,
-C(0O)-NRs-, -NR5-C(O)-, -802-O- or -O-SO,~; '

R, Rz and R; independently of one another are C4-Cqzalkyl, C1-Cyzperfluoroalkyl, phenyi or
benzyl;

R; and R,; independently are C;-Caoalkyl, Ci-Cxhaloalkyl, Ci-Caphydroxyalkyl,
Cs-Cseycloalkyl, Cs-Ciearyl or C-Cyearalkyl;

Rs and R independently of one another are hydrogen, C+-Czalkyl, phenyl or benzyl, where
the alkyl groups in turn are unsubstituted or substituted by C:-C.alkoxy or

. Ca-Cgcycloalkyl;
Re, R7 and Rs independently of one another are C1-Caalkyl, C+-Cyzperfluoroalkyl, phenyl or
benzyl; _
M is an alkali metal and M; is an alkaline earth metal; and
uisOori;
where the alicyclical ring formed with Q, optionally contains further non-aromatic double
bonds;

Q. is hydrogen, C4-Czoalkyl, C4-Caohaloalkyl, C,-Cyzalkoxy, halogen, -CN or Rq1-Xo-;

Rs1  is C4-Coalkyl, C1-Caphaloalkyl, C1-Coohydroxyalkyl, Cs-Cscycloalkyl, Cs-Cisaryl or
C;-Cqearalkyl; :

X, is -C(0O)-O- or -C(O)-NRiz;

Rz is hydrogen, C4-C1zalkyl, phenyl or benzyl;

where the abovementioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and

heteroaralkyl groups are unsubstituted or substituted by C,-Cizalkyl, C1-C.alkoxy, -NO;, -CN

or halogen, and where the heteroatoms of the abovementioned heterocycloalkyl, heteroaryl
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in which Me[err] is M(VI) or WVI); Me[err] is Nb(V) or Ta(V); one of the
radicals Rlerr] to Rlerr] is aradical -CHerr]SiRerr]Rerr]Rerr] of the

formula VII; at least one of the radicals Rerr] to Rerr] is F, d or Br;
R29, Rerr] and R err] independently of one another are
Clerr]-Cerr]alkyl, Cerr]- or err]cyclodkyl, or phenyl or benzyl
whi ch are unsubstituted or substituted by CJerr]-(ferr]al kyl or
Cerr]-Cerr}al koxy; in fornula VIII tvvo or in each case t wo and in formul a

VIIla two of the other radicals of ci"lﬁr ngt ch ther re
=0 or =N- R @Pfretesptalieylgroyps;are oo, Togh ey ot eRISSUB0 Pf <05 B TR AN e
I S unsubstifapied or substituted by Cferr]-(err]al koxy, C[err] or

_C[A,ir ' Teyel ogl iy 'l‘ya/f@de%t]dr%malkyl, phenyl or benzyl.

7. Process according to claim 6, characterized in that the alicyclical ring which Q, forms
together with the -CH=CQ.-groups has 3 to 16 ring atoms, the ring system being a
monocyclical, bicyclical, tricyclical or tetracyclical ring system.

8. Process according to claim 6, characterized in that Q. in formula 1 is hydrogen.

9. Process according to claim 6, characterized in that in the compounds of the formula |

Qq is a radical with at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- to 20-membered alicyclical ring which optionally contains one or more
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur;
and which is unsubstituted or substituted by halogen, =0, -CN, -NO,, R;R:R1S8i-(0),,
-COOM, -SOzM, -POsM', -COO(M1)112, -SO3(M1)1r2, ~PO3(M1)112, C1-C1oalkyl,
C,-Cizhaloalkyl, C+-Czhydroxyalkyl, C,-Cscyanoalkyl, Cs-Cecycloalkyl, Cs-Cyzaryl,
C;-Cqqaralkyl, Cs-Cgheterocycloalkyl, C3-Cioheteroaryl, C4-Cioheteroaralkyl or Rge-X-;
or in which two adjacent C atoms in this radical Q,are substituted by -CO-0O-CO- or -
CO-NRs-CO-; or in which an alicyclical, aromatic or heteroaromatic ring which is
unsubstituted or substituted by halogen, -CN, -NO,, RsR;RgSi-, -COOM, -SO;3M, -
POsM, -COO(M1)1s2, ~-SO3(M1)112, -PO3(M1 )12, C1-Crzalkyl, C1-Cyzhaloalkyl, _
C,-C1zhydroxyalkyl, C,-Cscyanoalkyl, Cs-Cecycloalkyl, Ce-Cizaryl, C-Cqoaralkyl,
Cs-Ceheterocycloalkyl, C3-Cizheteroaryl, C4-C12heteroaralkyl or Ry3-X;- is optionally
fused onto adjacent carbon atoms;

X and X, independently of one another are -O-, -S-, -CO-, -SO-, -SO.-, -0-C(0)-, -C(O)-O-,
-C(O)-NRs-, -NR;g-C(O)-, -802-0- or -O-§0;-; |

Ri, R2 and R; independently of one another are C1-Cealkyl, C4-Ceperfluoroalkyl, phenyl or
benzyl;

M is an alkali metal and M, is an alkaline earth metal;

Rs and Ry independently of one another are C4-Cizalkyl, Ci~Cyzhaloalkyl,
C1-Czhydroxyalkyl, Cs-Cscycloalkyl, Ce-Croaryl or C-Croaralkyl;

Rs and Ry, independently of one another are hydrogen, C,-Cealkyl, phenyl or benzyl, where
the alkyl groups in turn are unsubstltuted or substituted by C,-Csalkoxy or
C3-Cscycloalkyi; :
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unsubstituted or substituted by Clerr]-Cerr]alkyl, Cerr]-(err]al koxy or
hal ogen, phenyl which is . unsubstituted or substituted by
derr]-Clerr]alkyl, derr]-Cerr]al koxy, derr]-Cerr]al koxynethyl,
Cerr]-Cerr]al koxyethyl, di(derr]-Cerr]lkyl)am no,

di(dJerr]-Cerr]alkyl)am no-C[err]-C err]ad&yl or hal ogen, or

benzyl or phenyl ethyl which are unsubstituted or substituted by
Cerr]-Cerr]al kyl, - Cerr]-Cerr]al koxy,

<(1I:|[ (ea ]er ?][ ez:dga]l_r.{;( Oxcigetpa%qqmq'lty o on(e:[aeng e?glkeoé¥8£aWI,’C,-Csperﬂuoroalkyl, phenyl or

di(Cerr]-Cerr] defiggl;) am no-C err]-Cerr]al kyl or hal ogen, and the other
radi cal s RS%FQ%Q 4}3 are . secondary am no having 2 to 18 C atons,
Rlerr]0- or rr]'S-, hal ogen, unsubstituted or substituted
cycl opent adwberd the Iahcyomaj ¢ing mrwylcmtmﬁmmanellmonwnmfurtbennoa-karbmgamdoublen
which the Rerr] ph pendently of one another are linear or branched
Cerr]-Cerr]al kyI i s unsubstituted or substituted. b

G o]~ er Rhal kiayeoRonmn o emlot Gt hARARE oo, baioggn. N OTR ke

unsubsti t ut g4, ie fC,%{Elﬂkyl LGt ghaivalkil oCI-C iR drbXylafdyk 0,-Csboidalkyt, & Laril drOXy O
hal ogen, phenyl 'Cf: %'E‘f' unsubstituted or substituted by

Cerr]-Cerr]alk {-Clerr]al koxy, Cerr]-(err]al koxynet hyl ,
Cerr]- C[erb(j;tsl-l@t@)&@bbyl-(}(oyl‘{ﬂs[geand] C err]al kyl)am no,

di | kyl hal
benzyl o prersTEOgPr R G Bhbha SEEBEE, Y < Uoet Tt ut ed by
Clerr]-Cer §[q<tt)p cycloalkyl, heteropygieglkytjasyl; hetenoany aralkyl and heteroaralkyl groups are

Qerr]-Cerr]al kaxsiBaiitydd or'dubstitltotlo§ 'l GHalkgi £80dlkoxy, -NO., -CN or halogen, and

g: g g[ :; ; } g[[ :; ; } &%ﬁfﬂ ’}'SPPF%(’@'@FPI therhetgrpayaigalkyl hetesparyland heterparajigyl.groups

fo& mul ag VI, Vatd ehosen frain the grdup w\bsﬁngeﬂosa-lgs mg%mwr; ;and R err]
I ndependent Ly . ) f secondary am no having 2 to 18 C
at ons, R[erb?bsﬁ{ygr%%[néﬂ ngll,(y"rfg'[ég\ggbﬁ,beﬂﬁ unsubstituted or substituted

cycl opent adi enyl or bridged biscyclopentadi enyl or a neut r al

ligand in WapOpyobd d-cEdin bﬁﬂf@%ﬂéﬁ%&én d mﬁaﬁﬂg{:[@mﬁugdé bf¥hiforffula |

branched err - which I's unsu or_substituted
by Jerr]-cPerr] s %W ith 3} Iggsh one cpehonator which, together with Jbe (s Pz 9H U
i s unsubst i t ut edfopms a6 nolmaﬂoérhd elissclidal ﬁﬁgwnionlobﬂbnauﬂcemalns@[ mténbatdm)xy
O arr1-rorr 2 CaRBenBA e U borsftinl Bt Bidon Blyadn HinS8 BT bid SEF aRd i
' unsubstituted or substltuted by halogen, -CN, -NO,, R1RzR3Si-, -COOM, -SO;M,
-PO3M, -COO(M)1s2, -SO3(M1)1s2, -PO3(M1)12, C1-Cearlkyl, C1-Cshaloalkyl,
C4-Cghydroxyalkyl, C:-C4cyanoalkyl, Cs-Cecycloalkyl, phenyl, benzyl or R¢-X-; or in
which an alicyclical, aromatic or heteroaromatic ring which is unsubstituted or
substituted by halogen, -CN, -NO,, RgR7RgSi-, <COOM, -SOzM, -POM, -COO(M1)1s2,
~S03(Mi)1s2, ~PO3(M1)12, C1-Cealkyl, C1-Cghaloalkyl, C,-Cghydroxyalkyl,
C,-Cscyanoalkyl, Cs-Cecycloalkyl, phenyl benzyl or R1s-Xs- is optionally fused onto
adjacent carbon atoms;
R,, Rz and R; independently of one another are C1-C4a|kyl C-Cyperfluoroalkyl, phenyl or
benzyl;
M is an alkali metal and M, is an alkaline earth metal;
R, and R,3 independently of one another are C,-Cealkyl, Ci-Cghaloalkyl, C,-Cghydroxyalkyl or
Cs-Cecycloalkyl;
X and X; independently of one another are -O-, -S-, -CO-, -SO- or -SO,-;
. Rs, Ry and Rg independently of one another are C,;-C,alkyl, C,-C perfluoroalkyl, phenyl or
benzyl;
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Cerr]-Cerr]al koxymethyl, Clerr]-Cerr]al koxyet hyl,
di(Cerr]-Cerr]alkyl)amno, di(Cerr]-Clerr]alkyl)am no-

Clerr]-Cerr]al kyl or halogen, or benzyl or phenylethyl which are
unsubstituted or substituted by err]-Cerr]alkyl,
Cerr]-Clerr]al koxy, (err]-Clerr]al koxynet®§t, Cerr]-err]al koxyethyl,

di(Cerr]-Cerr]alkyl)amno, di((err]-Cerr]alkyl)amno-Clerr]-Cerr]alkyl
or hal ogen. . 20. Process according to claim1l, characterized in that
titanium niobi . faptal um nol ybdenum or tungsten conpounds of the

f or nul ae vn?,"dw'ﬁéyéiﬂgﬁf\-/mb in which R39 is a radical of the fornula V|
-CHerr]Si(Rerr]Rerr]Rerr])[err], Rerr] is F, d or Br; and (a) in

formula VIII r . . . i
b " ot o Eibaf ol g hadff hid ot 88 AZRGeomers o
radi cal =N- Rherhoynenediervatives. and Rl err] independently of one another are
unsubstituted or substituted cyclopentadienyl, Rerr]-[err]- or hal ogen, or
-42 -

12. Process according to claim 11, characterized in that the norbornene derivatives are

those of the formula Il

Xs (i,

in which

Xs is -CHR¢-, oxygen or sulfur;

R:4 and R;s independently of one another are hydrogen, -CN, trifluoromethyl, (CH;)sSi-O-,
(CHg)sSi- or -COOR;7; and

Rys and R,z independently of one another are hydrogen, C,-Cyz-alkyl, phenyl or benzyl;

or those of the formula Il
x4
ﬂ.O an),.
|:‘18
in which
Xa is -CHR -, Oxygen or sulfur;
Rig is hydrogen, C-Czalkyl, phenyl or benzyl; and
Ris is hydrogen, C-Cgalkyl or halogen;
or those of the formula IV

s



(b) informula Villa R41 and R42 together are the radical =N-Rerr], and
Rlerr] is unsubstituted or substituted cycl opentadienyl, Rerr]-O or _
hal ogen, or in formula Villa R err], Rerr] and R err] independently of one
anot her are unsubstituted or substituted cycl opentadi enyl, Rerr]-O or

hal ogen, or (c) in formula VIIIb Rlerr] a8 R err] independently of one
anot her are unsubstituted or substituted cycl opentadienyl, R err]-- or

hal ogen, where R err], Rerr], Rerr], Rerr] and R err] have the neanings

given in claim19, are usgd. 21. Process according to clai IT(NIP’
characterized in that netg@§t conpounds of the forrmulae I X, |Xa, |Xb, |IXc or
| Xd [err] CH2- R CH2-R
. 20
R21
in which
Xs is -CHR22-, oxygen or sulfur;
Rz _is hydrogen, C4-Cyzalkyl, phenyl or benzyi;

- Rzo and R, independently of one another are hydrogen, CN, trifluoromethyl, (CH3)3Si-O-,
- (CHs)3Si- or -COORg;; and
Rzs is hydrogen, C4-Czalkyl, phenyl or benzyl;
or those of the formula V |

O
V),
Xs Y
6]
in which :
Xs is ~CHR4-, Oxygen or sulfur;
Rz is hydrogen, C4-Czalkyl, phenyl or benzyl;
Y _ is oxygen or N—R,, ;and
Ras is hydrogen, methyl, ethyl or phenyl.

13. Process according to claim 1, characterized in that the halogen bonded to the metal
-atomis F, Cl, Brorl.

14. Process according to claim 1, characterized in that the silylmethyl group corresponds to
the formula Vil '

-CH,-SiR,sRsoRs: (Vi)
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43 [err] in which Me[err] is Mo(VI) or WVI); MJferr] is No(V) or Ta(V);
R Is -Si(C -Cdalkyl)3; Z is G or Br; R33 is phenyl or phenyl
which is substituted by 1 to 3 err]-Cerr]Jalkyl or err]-derr]al koxy,
(a) Rlerr] and Rlerr] in fornula I X together are the group =NR[err] or

I ndi vidual |y i ndependently ~39-

in which Rag, R and Ras independently of one another are C;-Csalkyl, Cs- or Cecycloalkyl,
or phenyl or benzyl which are unsubstituted or substituted by C,-Cgalky! or C;-Cealkoxy.

15. Process according to claim 14, characterized in that in the group of the formula VII, Rz,
to Rs; are C-Cqalkyl, phenyl or benzyl.

16. Process according to claim 14, characterized in that the group of the formula Vi consists
-CH,-Si(CHg)s, -CH2-Si(C2Hs)s, -CH2-Si(n-CsHy)s, -CH2-Si(CHa)2(C2Hs),
-CH.-Si(CH3)2[C(CH3)2CH(CH3).], -CH2-Si{CH3)2(n-C4Hs), ~CH-Si(CH3)x(t-C4Ho),
-CH,-Si{CH3)2(n-C1sHa7), -CH2-Si(CsHs)s, -CH2-Si(CH2-CeHs)s, -CH2-Si(Ce-Hs)(CHs)2,
-CH.-Si(n-C4Hg)s, ~CH2-Si(CHg)2 (n-C12H25) and - CH»-Si(CHz-CeHs)(CHa)e.

17. Process according to claim 14, characterized in that the group of the formula Vil is -CHg-
Si(CH3)s.

18. Process according to claim 1, characterized in that the other valencies of the Ti(lV),
Nb(V), Ta(V), Mo(VI) and W(VI) atoms are satisfied by identical or different neutral ligands
from the group consisting of =0, =N-Ra3, secondary amines having 2 to 18 C atoms, Rs,0-, -
Rs2S-, halogen, optionally substituted cyclopentadienyl, bridged biscyclopentadienyl,
tridentate monoanionic ligands and neutral ligands, in which the R3 independently of one
another are linear or branched C,-C,galky! which is unsubstituted or substituted by
-G1-Cealkoxy or halogen, Cs- or Cecycloalkyl which is unsubstituted or substituted by
C1-Cealkyl, C1-Cealkoxy or halogen, phenyl which is unsubstituted or substituted by
Ci-Cealkyl, C,-Cealkoxy, Ci-Cealkoxymethyl, C1-Cealkoxyethyl or halogen, or benzyl or
phenylethyl which are unsubstituted or substituted by C-Cealkyl, C1-Cealkoxy,
C1.Csalkoxymethyl, C,-Cgalkoxyethyl or halogen; and Ras is linear or branched C,-Cygalkyl
which is unsubstituted or substituted by C,-Cgalkoxy, Cs- or Cscycloalkyl which is
unsubstituted or substituted by C,-Cgalkyl, C1-Cealkoxy or halogen, pheny! which is
unsubstituted or substituted by C-Cealkyl, C-Csalkoxy, C;-Cealkoxymethyl,
C-Cealkoxyethyl, di(C;-Cgalkyl)amino, di(C1--Csaikyl)amino-c1-03alkyl or halogen, or benzyl
or phenylethyl which are unsubstituted or substitued by C,-Csalkyl, C;-Csalkoxy,
C:-Csalkoxymethyl, C-Csalkoxyethyl or halogen, with the proviso that in the case of the
titanium compounds, the ligand is not =O or =N-Ras. :

19. Process according to claim 1, charactérized in that the metal compounds correspond to
the formulae VI, Villa and Villb '

S
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of one another are F, O, Br, linear or, in particu'l ar, branched

Cerr]-Cerr]al koxy which is unsubstituted or substituted by
fl'uori ne, phenyl oxy which is unsubstituted or substituted by -
Cerr]-Cerr]alkyl or err]-Cerr]al koxy, or cycl opentadi enyl which is
unsubstituted or substituted by CJef®i-Jerr]alkyl; (b) Rerr],
Rlerr] and Rlerr] and Rerr] in forrmula | Xa i ndependently of one anot her
‘are F, d, Br, - linear or, in particular, branched

Cerr]-Cerr]al koxy which is unsubstituted or substituted by

fluorine, phenyloxy which is unsubstituted or substituted by
Cerr]-Cerr]alkyl or (Jerr]-{err]al koxy, or cycl opent adi enyl which
is unsubstituted or substituted by CJerr]-Cerr]al kyl; (c) Rlerr] in
formula IXb is F, d, Br, li r or, in paRstcular, branched
Cerr]-Cerr]al koxy which is unsybstituted or substituted by
fluorine, phenyloxy which is unsusstitdted or substituted by
Cerr]-Cerr]alkyl or Jerr]-Cerr] oxy, or ¢ clopentadienyl(V ichis
unsubsti t ut ed oR4Ebstitut e gerr]-Cfr]al kyl; (d) Rerr],
Rlerr] and Rlerr] in fornula I%E(V%ae ndently of one another are F, d
Br, linear or, in particufar, bragched Cl- C4al koxy which is
unsubstituted or substituted by4! uorine, R4 phenyl oxy which is
unsubstituted or substituted by Cl-C4al kyl or Cl-C4al koxy, or

cycl opent adi enyl which is unsubstituted or substituted by
Jerr]-Cerr]alkyl; and (e) Rlerr] and Rlerr] in fornmula I Xd

i ndependently of one aR3ther are F,R®, Br, linear or, in

particul ar, branched C&a(r]-{ erifal koxy which is unsubstituted or
substituted by fluorine, phenyl oxy which is unsubstituted or
substituted by (Jerr]-(err yl or (Jerr]-(err]al koxy, or

cycl opent adi enyl which i s ufs§fostitouted B substituted by (Viiia),

Cerr]-Cerr]al kyl,.

R42 R#1

R40 R39

N
AN

in which

Me, is Mo(Vl) or W(VI);

Me, is Nb(V)or Ta(V); |

one of the radicals Rgg to R4 is a radical -CH»SiR2gR30R31 of the formula VII;

at least one of the radicals Rg 10 Ras is F, Cl or Br;

Rzs, Raso and Rg; independently of one another are C-Cealkyl, Cs- or Cgcycloalkyl, or
phenyl or benzyl which are unsubstituted or substituted by C;-Cealkyl or C-Cealkoxy;

in formula VIl two or in each case two and in formula Viila two of the other radicals of Ras to
R.4 each together are =O or =N-Rs3, and Ras is linear or branched C4-Cigalkyl which

~ is unsubstituted or substituted by C;-Cealkoxy, Cs- or Cscycﬁoalkyl which is

(Vlilb),

S
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-44 - are used. 22. Process according to claim 21, characterized in
that titanium niobium tantalum nolybdenum or tungsten conpounds of the
formul ae X, Xa, Xb, Xc and Xd
(Rlerr]-N=)[err]Me[err] X[err][CH err]Si(CH err])[err] (X,
(Rlerr]-N=)RlerrMei X[err](OR[err])CH err] SAlEH err])[err](Xa),
Rerr]Rerr]Me[err] X[err](ORerr])CHerr]Si (CHerr])[err]
(Xc) [sic], -
unsubstituted or substituted by C;-Cealkyl, C1-Cealkoxy or halogen, phenyl which is
unsubstituted or substituted by C;-Cealkyl, C1-Cealkoxy, Ci-Csalkoxymethyi,
C;-Csalkoxyethyl, di{C;-Cealkyl)amino, di(C:-Cealkyl)amino-C,-Cgalkyl or halogen, or
benzyl or phenylethyl which are unsubstituted or substituted by C,-Cgalkyl,
C,-Cgalkoxy, C,-Cealkoxymethyl, C1-Cgalkoxyethyl, di(C4-Csalkyl)amino,
di(C+-Cealkyl)amino-C,-Csalkyl or halogen, and the other radicals R3g to R43 are
secondary amino having 2 to 18 C atoms, R3,0- or R32S-, halogen, unsubstituted or
substituted cyclopentadienyl or bridged biscyclopentadieny! or a neutral ligand, in
which the Rs; independently of one another are linear or branched C,-Cssalkyl which
is unsubstituted or substituted by C4-Cealkoxy or halogen, Cs- or Cscycloalkyl which is
unsubstituted or substituted by C;-Cealkyl, C,-Csalkoxy or halogen, phenyl which is-
unsubstituted or substituted by C4-Cealkyl, C;-Cealkoxy, Ci-Cealkoxymethyl,
C,-Cealkoxyethyl, di(C4-Cealkyl)amino, di(C,-Csalkyl)amino-C,-Caalkyl or halogen, or
benzyl or phenylethyl which are unsubstituted or substituted by C,-Csalkyl,
C1-Csalkoxy, C4-Csalkoxymethyl, C;-Cealkoxyethyl, di(C-Csalkyl)amino,
di(C,-Csalkyl)amino-C,-Cgalkyl or halogen; or
in the formulae ViII, Villa and Vllib the other radicals of Rjs to-Rss independently of one
another are secondary amino having 2 to 18 C atoms, R:0- or R3»S-, halogen,
unsubstituted or substituted cyclopentadienyl or bridged biscyclopentadienyl or a
neutral ligand in which the Rs; independently of one another are linear or branched
- C4-Cqgalkyl which is unsubstituted or substituted by C,-Cealkoxy or halogen, Cs- or
Cscycloalkyl which is unsubstituted or substituted by C.-Cealkyl, C;-Cealkoxy or
halogen, phenyl which is unsubstituted or substituted by C,-Cgalkyl, C,-Cgalkoxy,
C,-Cealkoxymethyl, C,-Cgalkoxyethyl, di(C,-Csalkyl)amino, di(C,-Cealkyl)amino-
~ C4-Cgalkyl or halogen, or benzyl or phenylethyl which are unsubstituted or substituted
by C;-Cealkyl, Ci-Cealkoxy, Ci-Cealkoxymethyl, C;-Cealkoxyethyl,
di(C+-Cealkyl)amino, di(C1-Cealkyl)amino-C+-Csalkyl or halogen.

20. Process according to claim 1, characterized in that titanium, niobium, tantalum,
molybdenum or tungsten compounds of the formulae VIii, Villa and VIlib in which

R is a radical of the formula VI -CH,Si(R2sRa0R31)s,

Rais F, Cl or Br; and _

(a) in formula VIl R4y and Rz, and Rys and Ry, in each case together, are the radical
=N-Rgs, or R41 and Ry, together are the radical =N-Rs; and Rys and R4 independently of one
another are unsubstituted or substituted cyclopentadienyl, Rs-O-or halogen, or

[
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Rlerr]-N=Me[err] Xa(OR[err])CH err][err]Si(CHerr])[err]

(Xc), Rlerr]-TiX[err](ORerr])CH err]Si(CHerr])[err]
(Xd), in which Me[err] is M(VI) or WVI); Me[err] is No(V) or Ta(V);
X err] is For d; Rerr] is phenyl or phenyl which is substituted by 1
or 2 (Jerr]-Cerr]alkyl groups; R32 is braf@hed C[err]- or ([err]alkyl
which is optionally partly or conpletely substituted by fluorine,
or phenyl oxy,. or phenyl oxy which is substituted by 1 to 3 nethyl or ethyl

e Unqubst | t Jo fomuls VR T age Bl PoeiRatara v elsab-iEn na e Spns B BAPY of
Rlerr]-; and sttituted Syciymentauieryl RspQy br idlogen, ios informila MillaRa(Rgrand Res
S l_JbSt | tuted ?#de})eﬁgenﬁly%?wg Ln&ﬁ&’ﬁg ’ung(lgb%iiﬂed or substitutearcygfgggﬁtadi&gﬁ, Ri-Oror

halogen, or

(c) in formula VllIb R4y and R4z independently of one another are unsubstituted or
substituted cyclopentadienyl, R3»-O- or halogen,

where Rz, Ras, R31, Rz and Ra; have the meanings given in claim 19,

are used.

21. Process according to claim 1, characterized in that metal compounds of the formulae X,
IXa, IXb, iXc or iXd

CH2R | CH2-R
N o
/ Meil—=—— N-R33 (IX), Mel< (IXa),
R43 R42
Ra3 Z 7
CH2-R CHz2-R
Ra1
R43 Me2 ====== N-R33 (IXb), R4 Me2 - (IXe),
R42
Z yA
e
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23. Process according to claim1, characterized in that titaniun(lV),

ni obi um' V), tantalum'V), nol ybdenum(VI) or tungsten(Vl) corrpounds of the

formula Ti[CH err]Si(CHerr])[err]]derr],

Me(=N-2, 6-di nethyl CJerr]Herr])(2 di n‘ethyl-C[err]H[err])[CH[err]Sl(CH[err
)

, 6-
])[err]]CI, Ti[CH err]Si(CHerr])[err]]Br[e431,
Mo(=N-2, 6-diisopropylCerr]Herr])[(OCH err] C(CH er r])[err]][err][CH[err]-S
|(CH[err])[err]]CI Cp[err]Ti[ [err]Si( CHerr])3]d,
Me(=N-2, 6- dllsopropyIC[err]H[err [(CH err])[err]CHO[(CH err]Si (CH err])[er
rj]d, (CJ-l[err])[err]T|¢m~|RS|( [err])[err]]d,
Cp[err]l\/b[( I’I’]SI err])[err]]C[err],
Cp[err] Me[ OC( err])[e r]][(CH err]Si(CHerr])[err]]C,
45 - Cp2Ti[CH err] Si{CH3) 3] Br, Cp2Ti[CH2Si (CH err])3]1,
!\/b(_:I\I-C[er r])2[ 28|(CHB)[err]]CI, (IXd)
CpTl[CHZS( ’
Me(=N-2, 6- d||sopropyl rr]H3)[(CHZS|(CH[err])[err]]C[err],
OpTl[CHZSl(CH[err])[e rj]Br2, CpMe[OCH(CH3)[err]]2[(CH2SI (CH3)3]d,
(derr[Herr]OCpTi[CHASI (CH3) 3], '

Z

in which

Me; is Mo(VI) or W(VI);

Me: is Nb(V) or Ta(V);

R is -Si(C4-Caalkyl)s;

Z is Cl or Br;

Rss  is phenyl or phenyl which is substituted by 1 to 3 C,-Calkyl or C;-C,alkoxy,

(a) R4s and Ry, in formula IX together are the group =NRg; or individually independently
of one another are F, Cl, Br, linear or,.in particular, branched C;-Cjalkoxy which is
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or
substituted by C;-C,alkyl or C4-Caalkoxy, or cyclopentadienyl which is unsubstituted
or substituted by C4-C,alkyl;

(b) Ra1, R4z and Rys and Ry, in formula 1Xa independently of one another are F, Cl, Br,
linear or, in particular, branched C;-C,alkoxy which is unsubstituted or substituted by
fluorine, phenyloxy which is unsubstituted or substituted by C,-Caalkyl or C,.Csalkoxy,
or cyclopentadienyl which is unsubstituted or substituted by C,-C,alkyl;

(c) Raa in formula IXb is F, Cl, Br, linear or, in particular, branched C;-C,alkoxy which is
unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or
substituted by C,-Calkyl or C4-Calkoxy, or cyclopentadienyl which is unsubstituted
or substituted by C,-C,alkyi; ' :

(d) Rs1, Raz and Ry in formula iXc independently of one another are F, Cl, Br, linear or,
in particular, branched C,-C,alkoxy which is unsubstituted or substituted by fluorine,
phenyloxy which is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, or
cyclopentadienyl which is unsubstituted or substituted by C;-C,alkyl; and

(e) R41 and R, in formula 1Xd independently of one another are F, Cl, Br, linear or, in
particular, branched C,-C,alkoxy which is unsubstituted or substituted by ﬂudrine,
phenyloxy which is unsubstituted or substituted by C;-Caalkyl or C,-C,alkoxy, or
cyclopentadienyl which is unsubstituted or substituted by C4-C,alkyl,

I




CH3) 2CHQ 2Ti [ CH2Si (CH[err]) 3] A,

2,6-diisopropylerr]H3)2[ CH2-Si (CH3) 3],
rr])ZCHO]2T|[CHZS|(CH[err])[err]]CI

i met hyl - C[err]H[err]O)2T|[CHZSl(CH[err])[err]]Ci

2CHQ CpTi [ CH2Si (CH3) 3] CI, -44 -

I met hyl - C[err]H[err]O)T|[CHZSl(CH3)3]ZBr

2CHO CpTi [CH2SI (CH3) 31, Me(=N-Clerr]Hs)[OCH(CH3) 2] [(CH2Si (CH3) 3],
i met hyl - C[err]H[err]O)OpTl(CHZSl(CH[err])B]O
OC(CI-B)‘\"@F[Sé@r])Z]Z[(G-lZSl(CHB)[err]]CI

err )3CO]CpT|[CHZS|(CI—B)[err]]CI

C[(e £ '{r&[sé%qgé%g %%ga t‘éa?acge%& Lnetrhal &tgrjﬁtm, nJoblum tantalum,

2

, 6-di nahb[ybdérmm dHungstén CorvpoyridsHBtHeTomnIREIX, Xa, Xb, Xc and Xd
Cerr]H5)[OCH(CF[err])2][(CHSI (CH errr])3]C,

Me[ OCH(CH3) 2] 2[ (CH2Si (CH[ err])[err]]Br,

Me( =N- 2, 6- di net hyl { er (Red-NiMer&CH80OHa)P S (CH3) [err] O, X,
[CCH(CH3)[err][err]]2Me[CH2SI (CH3)3] O [err],

H 0) 2CpMe CHZS
S e el (e e o GGl
e ——

(Xc) [sic],

2, 6-d | ph
&Mﬂ&ﬁﬁﬁﬁhﬁiwnumeGQQC| err].
Cp2Me[ OCH(CH err]) 2] R
W = I\I-C[err]H[err])[(O(f_ﬂhF %‘Sﬁ;{)%héé@l?%)[err]]d (Xc),
Mo2[ (CH2-Si (CH3)[err]) (OCH2C(CH err])3)d ]2, or

N- 3, 5- di et hyl (- o[ TAN H O CH2Si (@hi3) 3
](, in m.LﬂE@y.gg;g}ﬁmgﬁenﬁ and qle;r}\lbg\e/;rz)r)lrgg\/)) I(S|c])a3]eqerr

used. 24. Process according to claim1, characterized in that the
titani un(l V)inwhichbi un(V), tantalum(V), m)l ybdenum( V1) " and tungsten(Vl)

conmpounds arnge e r’rqg WOWI) opv\?(ol)anount of

Me. is Nb(V) or Ta(V),

Xa is F or Cl;

Rs;  is phenyl or phenyl which is substituted by 1 or 2 C4-C,alkyl groups;

Rs:  is branched Cs- or Calkyl which is optionally partly or completely substituted by
fluorine, or phenyloxy, or phenyloxy which is substituted by 1 to 3 methyl or ethyl
groups;

Rs2 and R43 independently of one another are cyclopentadienyl which is unsubstituted or
substituted by 1 to § methyl groups, X, or R3.0-; and

Ra41 is cyclopentadienyl which is unsubstituted or substituted by 1 to 5 methyl groups, X,
or Rz.0-,

are used.
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* 23. Process according to claim 1, characterized in that titanium(IV), niobium(V), tantalum(V),
molybdenum(V1) or tungsten(Vl) compounds of the formula
Ti[CH,Si(CHa3)3]Cls, Me(=N-2,6-dimethylCsHs)(2,6-dimethyl-CsHsO)[CH,Si(CH:)s]Cl,
Ti[CH2Si(CH3)s]Br3, Mo(=N-2,6-diisopropylCsH3)[(OCH-C(CH3)sl.[CH-Si(CHs)s]Cl,
Cp:Ti[CH,Si(CH5)3]Cl, Me(=N-2,6-diisopropylCsHa)[(CHs).CHO][(CH-Si(CH3)s]Cl,

~ (CH3)2Ti[CH:SI(CH3)5]Cl, Cp2Me[(CH.Si(CHs)s]Cl2, '
Cp2Me[OC(CH3)s][(CH2Si(CHs)s]Cl,

LR O PR



a

0.001 to 20 nol % based on the anmpbunt of the cycl ool efin. 25. Process for
phot ocat al ytically i nduced and subsequent thernmal polynerization of a
cyclical olefin or at least two different cyclical olefins in the presence
of a nmetal conpound as the catal yst according to claim1, characterized in
that a) the cycloolefins are first irradi-s4%d in the presence of a

catal ytic anount of -at | east one heat-stable titaniunm(lV), niobiumV),
tantal um(V), nol ybdenum(VI) or tungsten(Vl) conpound in which a silylnethyl

arount of  JCRIACHLBRErIeIBr G TR b R oo e HGH IRl Conpound |
-46 - whe Wl[@HQSI(IQI-I;;m{CH}{jCI BAGTHN- mdmbrdp@mﬂamwzsmngﬁmz; s [sic] bonded
to the met abpjrfC"I'lzr“-{l(%q"aﬂﬁzs COM{OCH(CHs) LI(CH:SI(CHs)IC,
(CeHsO)CpTi[CH.Si(CH3)s]Cl,
[(CH3)2CHOLTI[CH2Si(CHa)s]Cl, Mo(=N-2,6-diisopropylCeHs)2[CHz-Si(CHa)sICl,
[(CF3)2CHO)Ti[CH,Si(CH3)s]Cl, (2,6-dimethyl-CeHs0).TI{CH,Si(CHs)sIC,
[(CF3)2CHOJCPTI[CHSi(CHa)s]Cl, (2,6-dimethyl-CeHsO) Ti{CH,Si(CHa)s2Br,
[(CH3)2CHOICPTi[CH.Si(CHa)3]Cl, Me(=N-CgHs)[OCH(CHs).][(CH2Si(CHs)3]Cl,
(2,6-dimethyl-CeHsO)CpTi[CH.Si(CHa)sICl,
~ CpMe[OC(CHg)(CFa)2]o[(CH2Si(CH3)s]Cl,
[(CH3)sCO]ICPTi[CH2Si(CHy)3]Cl, W(=N-CgHz)[(OC(CHa)s)[CH2-Si(CHa)s]Cla,
[(CF2)2(CHs)COICPTI[CH,Si(CHa)s]Cl, (=N-2,6-dimethylCsHs)CpMe[(CH,Si(CHa)ICl,
Me(=N-C¢H3z)[OCH(CF3).])[(CH,Si(CH3)s]Cl, CpMe[OCH(CHs).]L[(CH-Si(CHs)s]Br,
Me(=N-2,6-dimethylCsH3){(CFs),CHO)[CH2Si(CHa)s]Cl,
[OCH(CH3)2].Me[CH.Si(CH3)s]Clz,
(CsHs0)CpMe[(CH:Si(CHa)sIC!, Me(2,6-dimethyiphenyloxy)(CHzO)={(CH2Si(CHz)sICl,
Cp.Me(methyl)[(CH,Si(CHs)s]Cl, Me[CHzSi(CHs)s]OCH(CHg)J(CFs0).Cl,
(2,6-diisopropylphenyloxy):Me[CH;Si(CHz)]Clz,
CpMe[OCH(CF3)2J2[(CH.Si(CH3)s]Cl, Cp2Me[OCH(CHs)=][(CHSi(CHa)s]Cl,
W(=N-CgH5)}[(OC(CHj3)slo[CH,-Si(CH3)s]Cl, Moz[(CH,-Si(CHz)s)(OCH.C(CHs)s)Cll,, or
(=N-3,5-dimethylCsHa)Me[2,6-dimethylCsHsO)J[(CH2Si(CHs)s)]C, in which Cp is
cyclopentadienyl and Me is Nb(V) or Ta(V)) [sic]
are used.

24, Process according to claim 1, characterized in that the titanium(1V), niobium(V),
tantalum(V), molybdenum(VI) and tungsten(Vi) compounds are employed in an amount of
0.001 to 20 mol%, based on the amount of the cycloolefin.

25. Process for photocatalytically induced and subsequent thermal polymerization of a
cyclical olefin or at least two different cyclical olefins in the presence of a metal compound as
the catalyst according to claim 1, characterized in that

a) the cycloolefins are first irradiated in the presence of a catalytic amount of at least one
heat-stable titanium(iV), niobium(V), tantalum(V), molybdenum(Vi) or tungsten(Vi)
compound in which a silylmethyl group and at least one halogen is [sic] bonded to the metal;
or a catalytic amount of a heat-stable titanium(IV), niobium(V) or tantalum(V) compound in '

AR



appropriate in an inert solvent, and then m xed with at |east one
cycloolefin; and (b) the polynerization is then ended by heating and

wi f hout irradiation. 26. Conposition conprising (a) a cyclical olefin or
at least two different cyclical olefins and (b) a catalytically active
anount of at |east one heat-stable titani udfl-V), niobiun(V), tantalunm(V),
nmol ybdenum(V) or tungsten(Vl) conpound in which a silylnmethyl group and at
| east one hal ogen are bonded to the netal. 27. Coated carri er rrateri al ,

h t d t I I f f t '
Cycl 1 cal - of SRR aRimelyl Goud i ot easlonp taiaab 3 < heRdRerto 1S ekl Tdatec
heat - st al(alvia)épﬁr@p‘riawhlaivi)memhmbém,rﬁdd)them aiterd with( af)leastohy bytsoolefinyahd or -
tungsten t
oo o] bor bR eraRioH s WarPaior by Fepli a8 it eiionc,  POF " 097

material which is coated with an oligonmer or polyner prepared according to

claim1 and %H Sftiofl chmprsihg Uy Biefin or &3 Bifffefct Byt lfH?éfﬁ\E'aﬁh

characteri ze p%at oacf 8 %@aﬂgc?&?mr I?)?re a?aeé(ﬁﬁéccoreﬁy 3 laim1l is

applied to bg,cp’qa@ﬂucally active amount of at Ieast one heat-stable tltamum(lV) oblum(V)
tantalum(V), molybdenum{VI) or tungsten(Vl) compound in which a silylmethyl group and at

least one halogen are bonded to the metal.

27. Coated carrier material, characterized in that a (a) a cyélical olefin or at least two
different cyclical olefins and (b) a catalytically active amount of at least one heat-stable
titanium(IV), niobium(V), tantalum(V), molybdenum(Vl) or tungsten(VIl) compound in which a
silylmethyl group and at least one halogen is [sic] bonded to the metal is applied to a catrier.

28. Carrier material which is coated with an oligomer or polymer prepared according to claim
1 and comprises a crosslinking agent.

29. Coated carrier material, characterized in that a layer of a polymer prepared according to
claim 1 is applied to a carrier.

30. Process for the production of coated materials or images in relief on carriers, in which a
composition according to claim 26 is applied, the solvent is removed, if appropriate, and the
layer is irradiated for polymerization and, if appropriate, after-cured by means of heat, or the
layer is irradiated through a photomask and after-cured by means of heat, if appropriate, and
the non-irradiated portions are then removed with a solvent.
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30. Process for the.production of coated materials or images in relief on
carriers, in which a conposition according to claim26 is applied, the
sol vent is rempved, if appropriate, and the layer is irradiated for

pol ymeri zation and, if appropriate, after-cured by neans of heat, or the
layer is irradiated through a photonmask and7after-cured by neans of heat,
i f appropriate, and the non-irradi ated portions are then renoved with a
sol vent . : :

Process for polymerizing cyclical olefins and photopolymerizable composition

Abstract

Process for the photocatalytic polymerization of a cyclical olefin or at least two different
cyclical olefins in the presence of a metal compound as the catalyst, in which a
photochemical ring-opening metathesis polymerization is carried out in the presence of a
catalytic amount of at least one heat-stable titanium(lV}, niobium(V), tantalum(V),
molybdenum(VI) or tungsten(VI) compound in which a silylmethyl group and at least one
halogen are bonded to the metal. The process can also be carried out by first performing the
> irradiation and ending the polymerization by heating. '
The process is suitable, for example, for the production of thermoplastic shaping
compouhds, coatings and images in relief.



} which a

silylmethy! group and at least one halogen is [sic] bonded to the metal is applied to a carrier.

28. Process for the production of coated materials or images in relief on carriers, in which a
composition accb‘rding to ¢laim 26 is applied, the solvent is removed, if appropriate, and the
layer is irradiated for polymerization and, if appropriate, after-cured by means of heat, or the
layer is frradiated-through a photomask and after-cured by means of heat, if appropriate, and |
the non-irradiated portions are then removed with a solvent.
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(57) Abstract

The invention concerns a process for the photocatalytic polymerization of a cyclical olefin or of at least two different cyclical olefins
in the presence of a metal compound as catalyst. Photochemical ring-opening metathesis polymerization is carried out in the presence of
a catalytic amount of at least one heat-stable titanium(IV), nlobinm(V), tantalum(V), molybdenum(V1) or tungsten({VI) compound in which
a silylmethy! group and at least one halogen are bonded to the metal. The process can also be carried out such that irradiation is fisstly
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{57) Zusaammenfassung

Verfahren zur photokatalytischen Polymerisation eines cychlehon Olefins oder mindesténs zwei verschiedener cyclischer Olefine in
Gegenwant einer Metallverbindung als Katalysator, wobei man eine photochemische Ringtffnungs-Metathese-Polymerisation in Gegenwart
einer katalytischen Menge mindestens einer thermostabilen Titan(IV)-, Niot(V)-, Tantal{V)-, Molybdiin(VI)- oder Wolfram(VI)-verbindung
durchfthrt, in der eine Silylmethylgrupe und mindestens ¢in Halogen am Metall gebunden sind. Das Verfahren kann auch so durchgefihrt
werden, dass man zuniichst bestrahlt und die Polymerisation durch Eshitzen beendet. Das Verfahren eignet sich zum Beispiel zur Herstellung
von thermoplastischen Formmassen, Buchichmngen und Reliefabbildungen.




