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Prgeess for the polynerlsatlon of cyclic olefins and photopolyﬂpbbﬁque
conposition The present invention relates to a process for th :
pol-ymeri sation of cyclic olefins by photochenical ring- openlng nmet at hesi s
polymerisation using catalytic. anounts of la transition netal catalyst, and
- t@ conpositions conprising said ol efins together with a catalytic amunt of
'sdid catalyst Thermally induced ring-opening netathesis polynerisation
uging catalytic anobunts of metal catalysts has been known for some
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pol yners are prepared |ndustr|ally and are commercially available. However,
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charging a mme@M@mmhdwmhmsmhﬁbomMmg sdid olefins tagethel wihistt en,

nol ybdenum IQQQ taliumsalts and a substituted phenol or benzyl
al cohol as &o- {:gﬁfyg{ﬁdofts a‘%%%ggt or with the olefin nononer, and then

i rradi ating the ent| re reaction mxture with UV light. The only ol efins
mentioned a ifidded t?ﬁﬁp \@*&&@ﬁ Em:ag or
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descri be t h&UehPRIYISEs eymmepémiqmﬂweﬁ agy eQpnercially \mgv | i ght,
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addition, a free radlcal_addltlon reaction is observed as conpeting
nonn rom NS r (RS 86 discipdes'a cide odisepls BolEhely it wRGH 4 bllSd phly)
pp. 245- 270charging a two-component mixture of a metal salt selected from tungsten, molybdenum,
thenium and tantalium salts and a substituted phenol or benzyl alcohol as co-catalysts to a
reactor with the olefin monomer, and then irradiating the entire reaction mixture with
UV light. The only olefins mentioned are cyclic and acylic hydrocarbons without
functional groups or substituents. The separate storage of the catalyst components and the
process step of mixing the catalyst componeants directly before the actual reaction make
the known process technically complicated and troublesome.

In Tetrahedron Letters No. 52, pp. 45894592 (1977), C. Tanielan et al. describe the
catalyst system W(CO)4/CCl,, which, after irradiation with UV light, can be used for the
metathesis polymerisation of cyclopentene and norbornene. Metal carbonyls are volatile
and toxic, so that their use requires elaborate protective measures for physiological
reasons. In addition, a free radical addition reaction is observed as competing reaction to
form monomeric 1-chloro-2-trichlormethylcycloolefins.

It is known from H. H. Thoi et al., Journal of Molecular Catalysis, 15 (1982), pp. 245-270,
that a tungsten pentacarbonylcarbene complex of formula



that” a tungsten pentacarbonyl carbene conpl ex of formla -2- Phenyl. is a
t hermal catal yst for the ring-opening netathesis polynerisation of dinethyl-
nor bor nene and, together w th phenyl acetylene as co-catalyst, is also a
phot ocat al yst systen1for t he sane pol yneZi-sation. This catal yst system has
t he serious shortcoming that, as ready-for-use formulation, it has only
poor storage stability, the carbonyl conpound i s physiologically
unaccept abl e, and the tolerance to functional groups in cycloolefins is too
| ow. J. Feldmann et RHenglescri be in Progress in Inorganic Chem stry, Vol.

39, pp. 3-73, Edited by §ephen J. Lippard (1991), nol ybdenum and tungsten
al kyl i dene conpl exes whighkpsingly, are only poor, but together with Lew s
acids, are effective, therial catalysts for the pol ynerisation of
cycl ool efins. In WO 93/ 1317¢C s=—===8W{C0jsbed one conponent catal ysts on the
basi s of carbonyl containi /g Mo- and W conpounds and Ru- or Os-conpounds
with a polyene |igand for/the ring-opening photonetathesis of strained
cycloolefines. Wth tOM;@“catal ysts are obtained storage stable conpositions
under exclusion of light NN A Petasis et al. nention in J. Am Chem Soc.
115 (1993), pages 7208 7214 the thermal ring-opening photonetathesis of

'S not meng et fn%‘m%ﬂhi%@*%" AE Ak Poumelsi g digliny? 711V
phot ocheni %%FPP‘}‘CF‘F] |¥i§ ethey withophienyl a;;ev&exms&bﬂscatalyst,os alstna photoeaalyst t he
qual ity of systeen fo the $adi¥ plPmiHiEdion OPls ¥atadysOdyRkd NasHh &ious shortcoming that,
~ as ready-for-use formulation, it has only poor storage stability, the carbonyl compound is
physiologically unacceptable, and the tolerance to functional groups in cycloolefins is too
low.

J. Feldmann et al describe in Progress in Inorganic Chemistry, Vol. 39, pp. 3-73, Edited by
Stephen J. Lippard (1991), molybdenum and tungsten alkylidene complexes which, singly,
are only poor, but together with Lewis acids, are effective, thermal catalysts for the
polymerisation of cycloolefins.

In WO 93/13171 are described one component catalysts on the basis of carbonyl
containing Mo- and W-compounds and Ru- or Os-compounds with a polyene ligand for
the ring-opening photometathesis of strained cycloolefines. With this catalysts are
obtained storage stable compositions under exclusion of light.

N. A. Petasis et al. mention in J. Am. Chem. Soc. 115 (1993), pages 7208-7214 the
thermal ring-opening photometathesis of norbornene in using
(cyclopentadieny); Ti[ CH,-Si(CHj)s], as thermal catalysts. A photoinitiating activity is
not mentioned.

The known catalysts which can be activated photochemically thus mainly require a
co-catalyst, for which reason the quality of the resultant polymers can vary greatly owing
to the chosen nature and sequence of the reactants.

Polymers obtained from cyclic olefins by photochemical ring-opening metathesis
polymerisation can only be prepared by the known processes with a great deal of trouble
and in an economically unsatisfactory manner. Particular disadvantages are the poor



g —R R RS

to the chosen nature and sequence of the reactants. Pol yners obtained from .
cyclic ol efins by photochem cal ring-opening netathesis polynerisation can
only be prepared by the known processes with a great deal of trouble and in
an econonical |y unsatisfactory nanner. Parigcul ar ‘di sadvantages are the
poor storage stability, which only permts the conponents to be m xed
directly before the preparation, the lack of tolerance to functionalised
cyclic olefins, and the nece55|ty of using two conponents as catal yst
fystem Hence for t echni c econon1c nd environnental reasons there is a
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thermal |y stahbtaﬂmm}polymbnsm been found to be effective catal ysts for
t he photochenically i'nduced ring-opening netathesis polynerisation and,
despite the photochenical reactivity, the storage stability of m xtures of

cycl ool efi ns Iahasmfm%mmmomﬁ finsand aosingle compenententalyst ans
al so surpri si gihec leif'fhe 2681 mﬁéﬁé&xﬁﬁhﬁﬁfd{ tient Q?‘%?{ stcn
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phot ocat al yti 0 on of, a.cyglic ole or, of, at . leas

di f ferent cyc‘fq‘@p%%gh?ab*ﬂ?? §gﬁ€% etﬁataiy%@ap\ photochemxc y induced
ring-opening metathesis polymensauon and, despite the photochemical reactivity, the
storage stability of mixtures of cycloolefins and the molybdenum or tungsten compounds
is retained.

It has also surprisingly been found that the above catalysts act as thermal catalysts even
after brief irradiation in the presence of cycloolefins, so that the photochemical and
_ thermal polymerisation can be carried out together.

In one of its aspects, the invention relates to a process for photocatalytic polymerisation of
a cyclic olefin, or of at least two different cyclic olefins, in the presence of a metal
compound as catalyst, which process comprises carrying out a photochemically induced
ring-opening metathesis polymerisation in the presence of a catalytic amount of at least
one thermostable molybdenum (VI) or tungsten (VI) compound that contains at least two
methyl groups or two monosubstituted methyl groups lacking B-hydrogen atoms in the
substituent and which are bonded to the metal atom. Substituent means the substiruted

methyl group.

The cyclic olefins can be monocyclic or polycyclic fused ring systems, typically
containing two to four rings which are unsubstituted or substituted and containing hetero
atoms such as O, S, N or Si in one or more than one ring, and/or fused aromatic or
heteroaromatic rings such as o-phenylene, o-naphthylene, o-pyridinylene or
o-pyrimidinylene. The cyclic rings may contain 3 to 16, preferably 3 to 12 and, most
preferably, 3 to 8, ring members. The cyclic olefins may contain further non-aromatic
double bonds, preferably 2 to 4 such additional double bonds, depending on the size of the



: conmpound as catal yst, which process. conprises carrying out a

} phot ochemni cal | y i nduced ring-openi ng netathesi's polynerisation in the

; presence of a catal ytic ampunt of at |east one thernostabl e.nol ybdenum (V1)
or tungsten (VI) conpound that contains a#-least two nethyl groups or two
nonosubstituted nethyl groups |acking [err]-hydrogen atons in the
substituent and which are bonded to the netal atom Substituent neans the
substituted nethyl group. The cyclic olefins can be nonocyclic or
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If the cyclic olefins contain more than one double bond, for example 2 to 4 double bonds,
crosslinked polymers are formed. This feature is also observed when using (norbornenehy-
droxymethyl)norbomenecarboxylic acid esters of formula

ﬂ%(cow) —H,C ﬁg .

In a preferred embodiment of the novel process, the cycloolefins are of formula I

Q L.
wherein

Q, is a radical having at least one carbon atom which, together with the -CH=CQ,- group,
forms an at least 3-membered alicyclic ring which may contain one or more hetero atoms
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of nﬂi’ﬁgrrls reacted. The thernostability can be determ ned by storing an
ethanolic solution containing 20-% by wei ght of nononmer and -0.33 % by

wei ght of tungsten or no--|ybdenum catal yst at [err] for 96 hours in the
dark, and any polyner'forned (detectable frgmthe turbidity) i's not nore
t+han 0.2 % by weight and preferably not nore than 0.1 %by weight. If the
cyclic olefins contain nore than one double bond, for exanple 2 to 4 double
bonds, crosslinked polyners are formed. This feature is al so observed when
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'Sos(Ml)m: POs(Mx)m, Cy-Copalkyl, C,-Cyohaloalkyl, C1 Czohydmxyalkyl,

C-Cscyanoalkyl, C3-Cycycloalkyl, Cs-Cygaryl, Cr-Cygaralkyl, Cs-Cgheterocycloalkyl,
’ C;-C;gheteroaryl, C4~Clsheteroaralkyl or Ry3-X;-, is fused to adjacent carbon atoms of the
alicyclic ring;
X and X are each independently of the other -O-, -S-, -CO-, -SO-, -SO5-, -O-C(0O)-,
-C(0)-0-, -C(O)}-NRs-, -NRy¢-C(O)-, -S0-0- or -0-S05-;
Ry, R, and R; are each independently of one another C;-Ci,alkyl, C,-C;,perflucroalkyl,
phenyl or benzyl;
R4 and Ry are each independently of the other C;-Cypalkyl, C;-Cyghaloalkyl,
C,-Cyohydroxyalkyl, C;-Cgcycloalkyl, C4-Cygaryl or Cr-C,qaralkyl;
R; and R, are each independently of the other hydrogen, C,-C,,alkyl, phenyl or benzyl,
the alkyl groups in turn being unsubstituted or substituted by C;-C,;,alkoxy or
C3-Cyeycloalkyl;
R¢, Ry and Ry are each independently of one another C;-C,jalkyl, C;-C,.perfluoroalkyl,
phenyl or benzyl;
M is an alkali metal and
M, is an alkaline earth metal; and
uisOorl;
and the alicyclic ring formed with Q, may contain further non-aromatic double bonds;
Q, is hydrogen, C,-Cygalkyl, C;-Cyohaloalkyl, C;-Cjsalkoxy, halogen, -CN or Ry;-X5-;
Ry is C-Cogalkyl, Cy-Cophaloalkyl, C;-Cyohydroxyalkyl, C3-Caeycloalkyl, C4-Cygaryl or
C7-Cyearalkyl;
X, is -C(0)-0O- or -C(O)-NR;o-;
R, is hydrogen, C;-C,,alkyl, phenyl or benzyl;
and the above mentioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and
heteroaralkyl groups are unsubstituted or substituted by C,-C,,alkyl, C,-C;zalkoxy, -NO,,
-CN or halogen, and the hetero atoms of the above mentioned heterocycloalkyl, heteroaryl
and heteroaralkyl groups are selected from the group consisting of -O-, -S-, -NRgy- and
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[ermh I ndependent|ly of one another [err] phenyl or benzyl; [err]

- aid®err] are each independeny of the other [err] [err] [err] and [err] are
“each independently of the other hydrogen, [err] phenyl or benzyl, the alkyl
groups in turn being unsubstituted or sub§t6'i_t uted by [err] or [err] [err]
and [err] are each independently of one another [err], phenyl or benzyl; M
Is an alkali nmeal and [err] is an alkaline earth netal; and uis 0 or 1;
and the alicyclic ring formed with [err] may contain further non-aronatic
dfoubl e bonds; [err] is hydrogen, [err], halogen, -CNor [err]; [err] is
[err] or [errf={@dr] is -C(O-O or [err] R12 is hydrogen, [err] phenyl or

benzyl; and g‘énf‘egﬁ W, Qiéﬁ&p&*%hlzyl het erocycl oal kyl , aryl,

het eroaryl, a Zﬁ yl and eter oar al kyl groups are unsubstituted or
substituted by [err] -CN or hal ogen, and the hetero atons of the above

ment i oned heRkiep @lefine aWhiol are bapableool mbrathesis e be osedToliytirrentlp i thedrécess of

selected fro i Qz%ex%o%l,] Foreximp 2lih %o%ts‘o?hp © 30 mcjrl%r, {:J’efe%anﬁy 0.01 tg-30 mol%, and
particularly preferably 0.1 to 20 mol%, based on the total amount of cycloolefins and
olefins present.

Olefins which are capable of metathesis, and which the novel polymerisable mixtures of
formula I may additionally comprise, can be used for crosslinking or for regulating the

$ molecular weight. Examples of suitable olefins are cyclooctadiene or cyclooctatriene or
compounds having the following structures:

?% ’ t? , OF Z% ﬁ— cHy ° Furthermore, compounds
0

such as 2-butene-1,4-diol, as described in Feast, W.J., Harrison, B, J. Mol. Catal. 65, 63
(1991), or 1-hexene (rearrangements) are also suitable.

If the compounds of the formula I contain a centre of asymmetry, then the compounds
may be obtained in the form of optical isomers. Some of the compounds of formula I may
occur in tautomeric forms (for example keto-enol tautomerism). If an aliphatic C=C
double bond is present, geometric isomerism (E-form and Z-form) can also occur. In
addition, exo-endo configurations are also possible. Formuia I thus embraces all possible
stereoisomers which exist in the form of enantiomers, tautomers, diastereomers, E/Z
isomers or mixtures thereof.

In the definition of the substituents, the alkyl, alkenyl and alkynyl groups may be
straight-chain or branched, as may also the alkyl moiety or each alkyl moiety of alkoxy,
alkylthio, alkoxycarbonyl and other alkyl-containing groups. These alkyl groups
preferably contain 1 to 12, more particularly 1 to 8, and, most preferably, 1 to 4, carbon
atoms. These alkenyl and alkynyl groups preferably contain 2 to 12, more particularly 2 to
8, and, most preferably, 2 to 4, carbon atoms.

Alkyl typically comprises methyl, ethyl, isopropyl, n-propyl, n-butyl, isobutyl, sec-butyl,
tert-butyl and the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,



N=; Wi's'hydrogen, [err] phenyl or benzyl. O her olefins which are
capal®e of netathesis can be used concurrently in the process.of this .

i nvention, for exanple in anounts of up'to 40 nol % preferably 0.01 to 30
mol % and particularly preferably 0.1 to 207pol % based on the total anount
of cycloolefins and olefins present. O efins which are capabl e of

nmet at hesi s, and whi ch the novel polynerisable m xtures of forrmula I may
additionally conprise, can be used for crosslinking or for regulating the
nol ecul ar wei ght. Exanpl es of suitable oI efl ns ar cl ooct adi ene or
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Wl., Harrison Catal. 65, 63 (1991), or 1-hexene
(rearrangerrents) are al so suitable. If the conpounds of the formula I
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enanti omer s, heptadeay)s ectadticyk nenasieaylrand eicogyliradieals.s or ni xtures thereof. In
t he definitlon of the substituents, the aIkyI al kenyl and al kynyl groups
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preferably, Z2extample thedsdpropyl)wpropyl, n-butyl iso-butyl, sec-butyl, tert-butyl and the various
isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexaglecyl, heptadecyl, octadecyl, nonadecy! and eicosyl radicals.

Alkenyl typically comprises 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-Cicycloalkyl, most preferably Cs- or Cqcycloalkyl. Typical
examples are cyclopropyl, dimethylcyclopropyl, cyclobutyl, cyclopentyl, methylcyclopen-
tyl, cyclohexyl, cycloheptyl and cyclooctyl.

Cyanoalkyl typically comprises 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 different isomeric cyanopentyl and cyanohexyl
radicals.

Aralkyl preferably contains 7 to 12 carbon atoms and, most preferably, 7 to 10 C atoms.
Aralkyl may typically be benzyl, phenethyl, 3-phenylpropyl, a-methylbenzyl, phenbutyl
and a,a-dimethylbenzyl.

Aryl preferably contains 6 to 10 carbon atoms and may typically be phenyl, pentalene,
indene, naphthalene, azulene and anthracene.



~ Abkyl typically conprises nethyl, ethyl, isopropyl, n-propyl, n-butyl,

‘i sobutyl, sec-butyl, tert-butyl and the various i.sonmeric. pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, -7- dodecyl, tridecyl, tetradecyl,
pent adecyl, hexadecyl, heptadecyl, octadecyg, nonadecyl and ei cosyl

r-adi cal s. FWdroxyaIkyI typically conprises hydroxymnethyl, hydroxyethyl,

1- hydr oxyi sopropyl, 1-hydroxy-n-propyl, 2-hydroxy-n-butyl

1- hydroxy-iso-butyl, 1-hydroxy-sec- butyl 1- hydroxy tert-butyl and the
hydr oxy fornms of the various |soner|c pentyl hex heptyl, octyl, nonyl,
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Alkali metal in the context of this invention will be understood as meaning lithium,
sodium, potassium, rubidium and caesium, preferably lithium, sodium and potassium.

Alkaline earth metal in the context of the present invention will be understood as meaning
beryllium, magnesium, calcium, strontium and barium, preferably magnesium and
calcium.

In the above definitions, halogen will be understood as meaning fluoro, chloro, bromo and
iodo. Fluoro, chloro and bromo are the preferred meanings.

Particularly suitable compounds of the formula I for the process of the invention are those
in which Q, is hydrogen.

Further compounds of formula I which are preferred for the polymerisation are those in
which the alicyclic ring that Q, forms together with the -CH=CQ,- group contains 3 to 16,
more particularly 3 to 12 and, most preferably, 3 to 8, ring atoms, which ring system may
be monocyclic, bicyclic, tricyclic or tetracyclic.

The inventive process can be carried out with particular advantage with those compounds
of the formula I, wherein

Q is a radical having at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- 10 20-membered alicyclic ring which may contain one or more hetero atoms
selected from the group consisting of silicon, oxygen, nitrogen and sulfur; which radical is



_1 .cyanoi sopropyl, 1-cyano-n-propyl, 2-cyano-n-butyl, 1-cyano-iso-butyl,
1-cyano-  sec- butyl 1-cyano-tert-butyl and the -different -i soneric
cyanopentyl -and cyanohexyl radi cals.” Aral kyl preferably contains 7 to 12
carbon atons-and, nost preferably, 7 to X C atons. Aral kyl may typically
be benzyl, phenethyl 3-phenyl propyl, [err] phenbutyl and-
a,a-dinethylbenzyl. AryI preferably contains 6 to 10 carbon atons and may
typi cally be phenyl, pentalene i ndene, napht hal ene, azul ene and

ot hot apgubelihe SAace® by hRSetn 0 BN N0e RiRs S, BB
heﬁ er ?ﬁre yl -B@yM; RO ﬂW:FW@Hi.ams@“i)%he e:lljzrafmgazojfc Eziléol | ﬁlee
&e/t erocycl Odl&F pr e%ﬂbl 3’/ E%?%E?%?‘%gdog&%g“‘a@ Eﬁ@ﬁéﬁﬁﬁ

hetero at o~ Hexahgtenopryd s Cysheterpapdlicp OTMQ okitwd hdjmm

typical Iy fewawmmmea Jarg ssBIPb0C0.BX7RL LOENRDG Ok 6 e
pi peri di ne, p| peraéene mor photYi ne, uran and

t et r ahydr o@Ff gng Vblce‘}:% Pl}subﬂtﬂ@dypt sehstitoted by halpgeny -CN,

Iﬁ"FLZp?é%’N@’W@; MQM ”‘Qw"“‘m {rgd %i‘%y%.ﬁé's@m o
sodi um po i F Cy ﬂhﬁ elrclealiand
\Z\/lolt ?SziautTnggiglta%?h &%gmw&%ﬁ;% ﬁbﬂﬁﬂﬁeﬁg@‘%t ronti u%pand
atium prée y magn
; X and X, are each independently of the other -O-, -S-, -CO-, -8O-, -SO,-, -O-C(O)-,
-C(0)-0-, -C(O)-NRs-, -NR,(-C(0)-, -80,-0- or -0-S0,-; and
Ry, Ry and R are each independently of one another C;-Cgalkyl, C;-Cqperfluoroalkyl,
phenyl or benzyl;
M is an alkali metal and
M, is an alkaline earth metal;
R4 and Ry; are each independently of the other C;-C;jalkyl, C;-Cy,haloalkyl,
Cy-Cyohydroxyaikyl, Cs-Cyeycloalkyl, Cs-Cyparyl or Cr-Cyjaralkyl;
Rs and R4 are each independently of the other hydrogen, C,-Cgalkyl, phenyl or benzyl,
the alkyl groups in turn being unsubstituted or substituted by C,-Cgalkoxy or
Cs-Cecycloalkyl;
R¢ R7 and Rg are each independently of one another C,-Cgalkyl, C;-Cyperfluoroalkyl,
phenyl or benzyl;
uisQorl;
and the alicyclic ring formed with Q; may contain further non-aromatic double bonds;
Q, is hydrogen, C;-Cyalkyl, C,-C,haloalkyl, C;-Cgalkoxy, halogen, -CN or Ry1-X5+;
Ry is Cy-Cppalkyl, C;-Cyhalogalkyl, C;-Cyshydroxyalkyl, C-Cecycloalkyl, Cg-Cqaryl
or C+-Cjqaralkyl;
X3 is -C(0O)-O- or -C(O)-NR5-; and
R, is hydrogen, C;-Cgalkyl, phenyl or benzyl;
and the cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and heteroaralkyl groups are
unsubstituted or substituted by C;-Cgalkyl, C;-Cgalkoxy, -NO,, -CN or halogen, and the
hetero atoms of the heterocycloalkyl, heteroaryl and heteroaralkyl groups are selected
from the group consisting of -O-, -S-, -NRg- and -N=; and
Ry is hydrogen, C;-Cqalkyl, phenyl or benzyl.




In_therébove definitions, halogen will be understood as meaning fluoro, .
chtoro, bronp and iodo. Fluoro, chloro and brono -are the preferred

meani ngs. Particularly suitable conpounds of the formula | for the process
of the invention are those in which [err] i-dd0hydrogen. Further conpounds of
formula | which are preferred for the polynerisation are those in which the
alicyclic ring that [err] forns together with the [err] group contains 3 to
16, nore particularly 3 to 12 and, nost preferably, 3 to 8 rlng at ons,

which ring sys It traccllc
The i nventgl v)é %Wchgis{s ?%nﬁ,gcgﬂ%)éc%ﬁ egn&’du?ﬁ/%}? paah% ?*Q ar a vant eyvm th
t hose conpoundQ, isfa mdicalfigving as laast aoecachon Jtem Which; togeathetinith the: G Qat group,
| east one carbph, gg{, QmoV‘fU-ﬁanbEx%%%Bf‘éthﬁﬂé”'wﬁﬂ&Enﬁ £ ot 2H z%xﬂ%el%céd fioth

20- menbered alicy contai n one or rmre etero_at

icrin
sel ect ed from@h@@?&&ﬁs‘i‘g’r&‘?s’& 1G9g> HFYEER) EFBSEN W ylfur, ap Whﬁﬁ'éﬁd‘ﬁﬂdssul fur,
whi ch radi cal &n%ubsunn&ioxtlﬁfbs@mddtbytmbgm CTRsN nmgs:ham@m -SeM

OOM, DM,
adi cal [err] 00w iky PR, E%A%;ff AN
het er oar omat i cCf-Cglgydntryaliyl,s CyCyoymmbaliayl, €4-Ogcycloalkkyl, phiemd, teyzylar RyeX; or &,
Lerr], -COOM LSH;L Lreﬂer n{a]nc ring which is unsubstituted or substituted by halogen, -CN,

-NO,, RgR7RgSi-, -COOM, -SO3M, -PO3M, -COOM )y 2, -SO;(Mpy 2, -POs(M 1)y,

Cy-Cealkyl, C,-Cghaloalkyl, Cy-Cghydroxyalkyl, C,-C,cyanoalkyl, C;-Cscycloalkyl,
) phenyl, benzyl or Ry3-X;- can be fused to adjacent carbon atoms;

R;, R, and R; are each independently of one another C;-C,alkyl, C,-C,perfluoroalkyl,

phenyl or benzyl; '

M is an alkali metat and M, is an alkaline earth metal;

R, and R;3 are each independently of the other C;-Cqalkyl, C;-Cghaloalkyl,

C,-Cghydroxyalkyl or C5-Cecycloaikyl;

X and X, are each independently of the other -O-, -S-, -CO-, -SO- or -SOy-~;

Rg, Ry and Ry are each independently of one another C,-C,alkyl, C,-C,perfluoroalkyl,

phenyl or benzyl; and

Qq is hydrogen.

The process of this invention is particularly suitable for the polymerisation of norbornenes
and norbormene derivatives. Among these norbornene derivatives, those compounds are
especially preferred which conform to formula IT

Xq

wherein
X3 is -CHR ¢-, oxygen or sulfur,
R4 and R are each independently of the other hydrogen, -CN, triflucromethyl,



i or-{err?'can be fused to adjacent carbon atons; X and [err] are each .
“-i.ndependentty of the other -G, -S, -CO, -SO, [err] -OCCO-, -C(O-0,
[err] ; and [err] and .[err] are. each independently of one another [err]
phenyl or benzyl; Mis an alkali netal and.[g{{] is an al kaline earth netal
R4 and R13 are each independently of the other*Terr] [err] [err] and [err]
are each i ndependeny -of the other hydrogen, [err] phenyl or benzyl, the

al kyl groups turn being unsubstituted or substituted by [err] or [err]

[err] and [err] ¢ h Andenend |y of one another [err] phenyl or
benzyl; u is Oﬁﬁ%ﬁgd@xﬁ&%%};ﬁ@é#% formed with [err] may contain
further non-ar tang Rqp atel sach mdependbml i en rr], hal ogen, -CN
or [err] [err] (jﬁo[-&ﬁ{daﬁf [err]dﬁe[err]f‘i}fsm?g‘?'gﬁ%"ﬁn,ﬁ?él]l%?h@@lbsbenzyl;
hydrogen, [err] phenyl or benzyl; and the cycloal kyl, heterocycl oal kyl,
aryl, heteroaryl, aral kyl and heteroaral kyl groups are unsubstituted or
substituted by [err] , -CN or hakxogen, and the hetero atons of the
het er ocycl oal kyl , heteroaryl an het eroar al kyl groups are selected fromthe
group consisting of -O, -S-, [¢fAr] and -N=; and RO is hydrogen, [err]
phenyl or benzyl.

\ ity
wherein
X4 is -CHR,q-, oxygen or sulfur; -
R;o 1s hydrogen, C;-Ciaalkyl, phenyl or benzyl; and
Ry is hydrogen, Cy-Csalky! or halogen; or to formula Iv
Xs
Rz av)

wherein
X is -CHR,,-, oxygen or sulfur;
Ry is hydrogen, C,-C)salkyl, phenyl or benzyl;

Ry and R, are each independentl
y of the other hydrogen, CN, triflug
(CPI3)3SI'0-, (C}I3)3Si~ or 'COORB; and mmethYL

Ry is hydrogen, C1-Cyaalkyl, phenyl or benzyl:



| --10- Anmong this group, those conpounds of formula | are preferred wherein

. [err] is a radical having at |east one carbon atom which, together with the
[err] group, fonns a 3- to | O-nmenbered alicyclic ring which may contain a
hetero atom sel ected fromthe group consisting of silicon, oxygen, nitrogen
and sul fur, and which radical is unsubstituted or substituted by hal ogen,
-CN, [err] [err] -COOM TJ[err] [err] [err], phenyl, benzyl or [err] or an
arematic or heteroaromatic ring which is unsubstituted or substituted by
hal ogen, -CN, [#hé formuf@O@PM,[err] [err] phenyl, benzyl or [err] can be
fused to adjacent carbon atons; [err] and are each independently of one
another [err] phenyl or benzyl; Mis an alkalimetal and [err] is an
al kaline earth nmetal; [err] and [err] are each independently of the other
[err] [err] or [err] X and [err] are eaph independently of the other -0,
-S-, -CO, -SO or [err] [err] and [err]| are each independently of one
anot her [err] phenyl or benzyl; and [er}{] is hydrogen. The process of this
invention is particularly suitable for Mhe pol ynerisation of norbornenes
and norbornene derivatiwes. Among th rbornene derivatives, those

conmpounds are

(v)’

wherein
ng-C}ﬂgwgoxxgnuxsuﬁhn
Ry4 is hydrogen, C;-Cyoalkyl, phenyl or benzyl;

Y is oxygen or /N =85 and

Rys is hydrogen, methyl, ethyl or phenyl.

process of this invention:

| o)
y; 2 % 3 @

CHy
0 (0]

(0]
COOH COOCH; COOCH
| heny
o (6% ﬁb’ S,
COOH

COOCH
3 COOCH,-Phenyl



espePlally preferred which conformto formula Il wherein [err] is [err]
oxygen or sulfur, [err] 'and [err] are each independently of the other
hydrogen, -CN, trifluoronethyl, - 11- [err]-and [err] and [err] are each
i ndependently of the other hydrogen, [err] y3phenyl or benzyl; or to formula
I'I'l wherein [err] is [err], oxygen or- sulfur [err] is hydrogen, [err],
phenyl or benzyl; and [err] is hydrogen, [err] or halogen; or to fornmula IV
wherein [err] is [err] oxygen or sulfur; [err] is hydrogen, [err], phenyl

or benzyl; [err] @and [err] are each endently of the other hydrogen, CN,
trifluoronmethyl, ferr]; and [err] is fydrogen, [err], phenyl or benzyl;

- 12- or to for V

COOCH2C33 COO(CH7)3CH3
®: ©;
COOCHzCH:; COO(CHZ)30H 3
COO(CH2)5CH3 COO(CH )oCHs
(105 (L1;
COO(CHp)sCHg COO(CH,)oCHy
. o)
o
COO(CHy), 1CH3 7 _
(12); Y o(13y
C/
COO(CHy)1CHy g

0]

d/
\
O (14 hm (15), \_
W
O
m (a7 m‘ <
~ CHyCHy , N (8%

/" ™ Phenyl

% (19); © (20); 21);

@ [ ] @3 @ 4y, IED @5);

(16);
CH;
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\M‘Wé-in [err] is [err] oxygen or sulfur; [err] is hydrogen, [err], phenyl
or ~benzyl; Y is-oxygen or [err];and [err] I s hydrogen, nethyl, ethyl or
phenyl . The foll ow ng conpounds of fornmula | are particularly suitable for
t he pol ynerisation process of this inveghr on: - 13- Jerr] -14- [err]
The nol ybdenum and tungsten conpounds td be used in the practice of this

I nvention may be those which contain one netal atomor two netal atons
l'i.nked through a single. double or triple bond. The conpounds contain at

| east two, nore particularly two to six and, nost preferably, two to four
met hyl groups Ht2 nonosubsti tuted nethyl groups |acking [err]-hydrogen atons
as netal -1iga bondso The ot h&r val enci es of nol ybdenym and tungsten are
preferably g : e’ Wi t h t hegms jF¢ neutral |igandsf\(the definition of
ReEE):st j’ ft the qgpiset). This ¢agy: t hout

pr et er‘abl as the fornula V|

[err]- hydrogen

(29).

The molybdenum and tungsten compounds to be used in the practice of this invention may
be those which contain one metal atom or two metal atoms linked through a single. double
or triple bond. The compounds contain at least two, more particularly two to six and, most
preferably, two to four methyl groups or monosubstituted methyl groups lacking
B-hydrogen atoms as metal-ligand bonds. The other valencies of molybdenum and
tungsten are preferably saturated with thermostable neutral ligands (the definition of
thermostability has been stated at the outset). This ligand without B-hydrogen atoms
preferably has the formula VI

'G-IZ‘ R (vn)v

wherein R is H, -CF;, -CRy4R97R93, -SiRygR30R3;, unsubstituted or C,-Cgalkyl- or
C,-Csalkoxy-substituted C4-C, garyl or C4-C,sheteroaryl containing 1 to 3 hetero atoms
selected from the group consisting of O, S and N; and

Ry, Ry7 and Ryg are each independently of one another C;-C,salkyl whichis .
unsubstituted or substituted by C;-C,qalkoxy, or Rys and R,7 have this meaning and Ryg is
Cs-Cyoaryl or C4~Cy-heteroaryl which is unsubstituted or substituted by Cy-Cgalkyl or
C,-Csalkoxy; and

Ry9, Ryg and Ry, are each independently of one another C;-Cgalkyl, Cs- or Cycycloalkyl,
or unsubstituted phenyl or benzyl or phenyl or benzyl each substituted by C,-Cqalkyl or
C,-Cgalkoxy.

Ryg to Ry, in the significance of alkyl may be linear or branched and contain preferably 1

to 8 and, most preferably, 1 to 4, carbon atoms. Ryg to Ry, defined as aryl are preferably
phenyl or naphthyl,



N Ris H [err], unsubstituted or [err] or [err]-substituted [err] or
containing.1 to 3 hetero atons selected fromthe group consisting of
‘and N; and [err] and [err] are -each independently of one ‘another [err]
which is unsubstituted or substituted by [grr] or [err] and [err] have this
“reaning and [err] is [err] or [err]- heteroaryl whi ch is unsubstituted or
substituted by [err] or [err] and [err] and [err] are each independently of
one another [err] or unsubstituted phenyl or benzyl or phenyl or benzyl
each substituted by [err] or [err] [err] to [err] in the significance of

al kyl may be linear or branched and contain preferably 1 to 8 and, nost

preferably, 1&%&},&1 f&ﬁﬂmrﬁanh%%&f Eﬁéﬂlﬁﬁﬁé ddifi’ ©

Iy
preferably p napht h in forrm a VI'l as aryl
i s pref er abl forphlerKIl 2HREtST ?}g(k ﬁﬂﬁfeﬁb&pﬂﬁﬂ}q ﬁ“‘?‘ﬁ'rl-ng-}OQ enyl orBYmRYEr oaryl i s

preferably pyr|d| nyI furanyl, thiophenyl or pyrrolyl. Preferred _
substltuentsf to, [ wid hin,th definiti are
net hyl , et hyl’ref ﬁ “&H&fe %ﬁ(\?ﬁ uﬁ’fj QRDFD%f?‘L?h%EHlEO% fﬂﬁé\/e
been cit ed PinSihb: &Wethax)cﬁnaaplarpmbmmbmsma twoRpchave dedmeitad previouslyind
preferred enbodi nent Iag he group Rin formula VII is H,
[err] [err] ARE |V¥Iﬁ{dlé lﬁgﬁ‘éﬁﬁob&“ﬁen which is substituted by nethyl,
et hyl, methoxy or ethoxy, [err] or [err] The other 1 to 4 valencies of the
M(VI) and Yo Prefiie B mbadint¥t SFh irVedlo! the glotf W infBkmula VII is H, -C(CH,)s,
-C(CH3),C¢Hs, unsubstituted phenyl or phenyl which is substituted by methyl, ethyl,
' methoxy or ethoxy, -CFj, or -Si(CHj)s.

ro)

The other 1 0 4 valencies of the Mo(VI) and W(VI) atoms can be saturated with identical
or different ligands selected from the group consisting of =0, =N-Rs3, secondary amines
containing 2 to 18 carbon atoms, R3,O- or R3,S-, halogen, cyclopentadienyl or bridged
biscylopentadienyl, tridentate monoanionic ligands, or neutral ligands such as arenes,
olefins, ethers, nitriles, CO and tertiary phosphines and amines, wherein the R,
substituents independently of each other are unsubstituted or C;-Cgalkoxy- or
halogen-substituted linear or branched C;-C,zalkyl, Cs- or Cecycloalkyt which is
unsubstituted or substituted by C,-Cgalkyl, C;-Cqalkoxy or halogen, or phenyl which is
unsubstituted or substituted by C,-Cgalkyl, C;-Cgalkoxy, C,-Cealkoxymethyl,
C;-Cgalkoxyethyl or halogen, or benzyl which is unsubstituted or substituted by
C;-Cgalkyl, C;-Cgalkoxy, C,;-Cgalkoxymethyl, C;-Cgalkoxyethyl or halogen, or
phenylethyl; and R4 is unsubstimted or C;-Cgalkoxy-substituted linear or branched
C,-Cysalkyl, Cs- or Cgeycloalkyl which is unsubstituted or substituted by C;-Cgalkyl,
C,-Cyalkoxy or halogen, pheny! which is unsubstituted or substituted by C;-Cqalkyl,
C,-Cgalkoxy, C;-Cgalkoxymethyl, C;-Cgalkoxyethyl, di(C,-Cq-alkyl)amino, di-
(C;-Cyalkyl)amino-C;-Csalkyl or halogen, or benzyl which is unsubstituted or substituted
by C;-Cgalkyl, C,-Cqalkoxy, C;-Cgalkoxymethyl, C;-Cqalkoxyethyl or halogen, or
phenylethyl.

Secondary amines are preferably those of formula Ry4R35N-, wherein Ry, and Ry are
each independently of the other linear or branched C;-C,galkyl, Cs- or Cgcycloalkyl, un-
substituted or C,-Cqalkoxy- or halogen-substituted benzyl or phenylethyl, (C;-Cqalkyl)4Si
or, taken together, are tetramethylene, pentamethylene or 3-oxapentan-1,5-diyl. Alkyl
preferably contains 1 to 12 and, most preferably, 1 to 6, carbon atoms. Typical examples
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; 'oﬂjuryterent | i gands sel ected fromthe group consisting of =0, [err]

- secondary amines containing 2 to 18 carbon atons, [err] or [err] hal ogen,

- cycl opentadi enyl or bridged biscyl opentadienyl, tridentate nonoani onic

| igands, or neutral ligands such as arengg. olefins, ethers, nitriles, CO
and tértiary phosphines and am nes, wherein the R32 substituents

I ndependently of each other are unsubstituted or [err] or

hal ogen-substituted linear or branched [err] which is unsubstituted or
substituted by [err] a ogen, qQr phenyl which is unsubst ed. or

subst i t ut eotrbmntoeh qrmpeft?f Fitig. disarp mlm R
substituted pt}{ @Yanisy, diuhqganmooberm;rhmhyhimﬂq, diphgnylamiro,i s unsubstit ut ed
or [err] iR or Béﬁﬂcrléhgﬁﬂééﬁigy ﬁijunsubstituted or substituted by
[err] [err]wmﬂy ﬁﬁ UNSubstituted or substituted by

[err] [err] [err] or hal ogen, or benzyl whi ch is unsubstituted or

substituted er ?! &'Hcrhﬁﬁ @%ﬁfﬂfﬂ% Yojam nes are
preferably !tlﬁé%%’aﬁ or mu err erel [errﬁmsﬁg ierﬁ are each

i ndependently of the ot her linear or branched [err] or [err] un-

substi tut edgé%?;{?gr Eibﬁiﬁﬁtéabi-kﬁt%ﬁ bn@bf%@lytﬁﬂ@l' srodpR! ]

3 oxapent arprefebl @pmyﬁpi%@%ai e SN o, Bridged pyclopegiadienyls
preferably, ;o pleferkbly GRish f foRinQIFR 3 TA-R 6 WheasiaR) @Scyclopedfdieny! which is
unsubstituted or substituted by one to five C;-Cgalkyl groups, preferably methyl, or
) -Si(C;-Caalkyl), preferably -Si(CHj)s, and A is -CHj-, -CHp-CHy-, -Si(CHg),-,
-Si(CHs),-Si(CHjz),- or -Si{CHs),-O-Si(CHz)o-.

Suitable arenes are typically aromatic hydrocarbons or fused hydrocarbons containing 6 to
18 carbon atoms, or 5- or 6-membered heterocycles or fused heterocycles containing one
hetero atom selected from the group consisting of O, S and N and containing 4 to

17 carbon atoms. Typical examples are benzene, naphthalene, naphthacene, pyrene,
pyridine, guninoline and thiophene.

Olefins as neutral ligands may typically be open-chain or cyclic mono- or diolefins
containing 2 to 8 carbon atoms. Typical examples are ethene, propene, butene butadiene,
hexene, hexadiene, cyclohexadiene and cyclooctadiene.

Ethers suitable as neutral ligands may be dialkyl ethers containing 2 to 8 carbon atoms or
cyclic ethers containing 5 or 6 ring members. Typical examples are diethyl ether, methyl
ethyl ether, diethyl ether, di-n-propyl ether, diisopropyl ether, di-n-butyl ether, ethylene
glycol dimethyl ether, tetrahydrofuran and dioxane.

Nitriles suitable as neutral ligands may be aliphatic or aromatic nitriles containing 1 to 12,
preferably 1 to 8, carbon atoms. Typical examples are acetonitrile, propionitrile, butyl
nitrile, benzonitrile and benzyl nitrile.

* Tertiary amines and phosphines suitable as neutral ligands may be those containing 3 to
24, preferably 3 to 18, carbon atoms. Typical examples are rimethylamine and
trimethylphosphine, triethylamine and triethylphosphine, tri-n-propylamine and
tri-n-propylphosphine, tri-n-butylamine and tri-n-butylphosphine, triphenylamine and tri-



: arWrret hyl am no di et hyl am no, di-n-propylam no, diisopropylam no,

di -n--but yl am no, nethyl et hyl am no, di benzyl am no, benzyl net hyl am no,
¢ di phenyl ani no, phenyl et hyl ami no and di (trimethylsilyl)anino. Hal ogen as
- ligand or substituent is preferably F andyypoost preferably, d.

Cycl opent adi enyl may be unsubstituted or substltut ed by one to five [err]
groups, preferably nmethyl, or [err] preferably [err]. Bridged
cycl opentadi enyl s are preferably those of formula [err] wherein [err] is

cycl opent adi enyl which is u subs i t.uted, or supstitut by.one to f|ve [err]
groups, prefphemﬂ?‘}osﬂbmﬁ-ﬂ‘cy ine,and toic %@‘ mﬁiﬁ?ﬁjph"’i‘ dimethylamiser |
or [err]. Suif z,t mbﬁﬂlﬂmadimbwbdi@mb hekpiine ed

n

et er ocycl o3 %m%éﬂ'aﬁ‘eﬂw@ér\ %Fg@ SRl Ry 9%@?*@%!&3%&5@& ected from

t he group consisting of 0 S and N and containing 4 to 17 carbon atons.

Typi cal [
T Chi ophan e taadie ROk < neutrgr"‘rr@"@?&sﬁﬁﬁfh SRR ol o | 1
cycli ¢ nmono-aliop(mispyrazol-hyDboraes @W“BS% o sehstitnted by praAIC, Cuatiayl es
are et hene, ﬁéﬂ&ggge sbnfoﬁﬂﬁniiblt@iéh?'k%v Igg @19431935@993@? or cycl ohexadi ene

and cycl ooct Et hers Sugf n |ga ds"ma be d| al kyl

et hers cont dCBMCQ onwgﬁﬁ‘gﬁo‘ﬁ e8ghs5 or 6
ring menber &M&E’CGCWLGC v:lamé;tyeér heRyITylv. meh AngEw,

di et hyl et hfaixr1 ﬁeﬁ) i/ ﬁﬁbe% dii so{r;ropyl et r?er :Pl n- but y’iu? er,

et hyl ene gI P R&g 4 )]et rahydrof uran and di oxane. N triles
suitgpl e as neutral | i gands may be aliphatic or aromati c nitri | es

cont #ni ng o 12 re

acetoni tri| R0t Ko Ron s SRR ADB ans BN e bR pleno. ©
nitrile. Terneanbsmmm&dkﬂndkpmepﬂkwasmalkwm@yégr aikuxymhyllpmjmub' may be
those contai jhagh Ptd #and, most preferably, 1 or 2 carbon atoms. Typical examples are methyl,

ethyl, n- and isopropyl, n-, iso- and tert-butyl, methoxy, ethoxy, n- and isopropoxy and n-,
iso- and tert-butoxy.

Ri; and Ryj contain as alkyl preferably 1 to 12, more particularly 1 to 8 and, most
preferably, 1 to 4, carbon atoms. Branched alkyl is preferred. Typical examples of of Ryq

* are methoxy, ethoxy, n- and isopropoxy, n-, iso- and tert-butoxy, hexafluoroisopropoxy
and hexa- and perfluorobutoxy.

Typical examples of substituted phenyl and benzyl for R3, and Ra3 are p-methylphenyl or
benzyl, p-flucrophenyl or p-chlorophenyl or p-chlorobenzyl, p-ethyiphenyl or ethylbenzyl,
p-n- or isopropylphenyl or p-n- or isopropylbenzyl, p-isobutylphenyl or p-isobutylbenzyl,
3-methylphenyl or 3-methylbenzyl, 3-isopropylphenyl or 3-isopropylbenzyl,
3,5-dimethylpheny! or 3,5-dimethylbenzyl, 3,5-isopropylphenyl or 3,5-isopropylbenzyl,
3,5-n- or -tert-butylphenyl and 3,5-n- or -tert-butylbenzyl. Ry, is most preferably
unsubstituted or C;-C4alkyl- or C,-C,alkoxy-substituted phenyl.

In a preferred embodiment of the invention, the molybdenum and tungsten compounds are
in particular compounds of formula VI and also of formulae VIIIa, VIIIb and VIIIc,



24.;'."-pFEI y 3 to 18, carbon atonms. Typical exanples are trinethylan ne
and t # met hyl phosphi ne, triethyl anm ne and triethyl phosphi ne,
tri-n-propylamne and tri-n-propyl phosphine, tri-n-butylani ne and
tri-n-butyl phosphine, triphenylamne and 1{g: 17- phenyl phosphi ne,
tricycl ohexyl am ne and tricycl ohexyl phosphi ne, phenyl di net hyl am ne and
phenyl di et hyl phosphi ne, benzyl di net hyl am ne and benzyl di net hyl phosphi ne,

3, 5-di et hyl phenyl di met hyl am ne and 3, 5-di et hyl phenyl di met hyl phosphi ne.
The tridentate nonoanionic |igands nay t |caIIy be

hydro(tri spyrazol -1-yl)borat or al kyl Pspyrazol 1-yl)borates, which are
unsubstituted or substituted 1 to [err] groups [q.v. S. Trofinenko,
Chem Rev., 93, pp. 943-980 (19 [err] mhereln R is Hor nethyl and

[err] and [err] are e%%6 Qs her [err] or I (q.v.
W [err] Angew. Chem 2, pp. 170 (1990)] Fﬁlogen as substTfuent of
[err] and [err] is preferably uoro™Nnd, nost preferably, chloro. The
substituents al kyl, al koxy or/al koxy i alkoxynethyl or al koxyet hyl
preferably contain 1 to 4 an nost prefékably, 1 or 2 carbon atons.

Typi cal exanmples are nethyl, ethyl, n- and isopropyl, n-, iso- and
tert-butyl, nmethoxy, ethoxy, n- and isopropoxy and n-, iso- and

tert-butoxy. [err] and [err contaRQsas alkylggéeferably 1to 12, nore
d

particularly 1 to 8 and, nosPoprefé¢rably, 1t , carRon atoms. Branched
al kyl is preferred. Typical exanpl ¢s of of R33 are tﬁbxy, et hoxy, n- and
I sopropoxy, n-, iso- and tert-DPwtoxy, hexafl uqroigopropoxy and hexa- and
perflugrobutoxy. Typi cal exanpl e f substitu phenyl and benzyl for R32
and R33 are p-net hyl pfayr—or Me Ry (VIIa)
R, Ry
Ra Raz
R39 R39
Eﬁl\\\\\; h1=////////’R«)
Me (VIIIb)
Ry Ra
Re Ry
Rse Ry
Reo Mo ==m==Me Ro (VI
Ry Ra



1 uorophenyl or p-chl orophenyl or p-chlorobenzyl, p-ethylphenyl
benzyl, p-n- or isopropyl phenyl or p-n- or isopropyl benzyl,

utyl phenyl or p-isobutyl benzyl, 3-nethyl phenyl or 3-nethyl benzyl,,
3-isopropyl phenyl. or 3- |sopropylbenzyl, 3J§;ginethylphenyl'or :

3, 5-di net hyl benzyl , 3, 5-i sopropyl phenyl or "3, 5-i sopropyl benzyl, 3,5-n- or
-tert-butyl phenyl and 3,5-n- or -tert-butylbenzyL R33 is nost preferably
unsubstituted or [err] or [err] phenyl. In a preferred enbodi nent of the

i nvention, the nolybdenum and tungsten conpounds are in particular
conpounds of fuefeimil a VII|I and also of fornmulae Villa, VIIIb and Villc,
[err] - 19- mh%mﬁxq)&ﬁqunhb(VI) or WM), at least two, preferably 2 to

e v mebly 210" P bl B R o5t el (TR

containing 1403 Vﬁl RiOHatCHy5 -CloJsRe 1o, -SiRygREIRy gmsulsstiened osCl-0galkyl- 0r S

o0 e b %wzs&ﬁg%fﬁydp%?ﬁ%‘?ﬂe‘?@b?ﬁ% St LS 5%’“4‘5%3%: ng

and [err] is {,leéwdﬁ'omt[legm}lpluenmroﬂO is unsubstituted or

subst | t ut ed [%, i Rl 4F Elch Biheb iy Gk bR &2 R Whide 1 BREBUE e or
subsututcd by C; oa{koxy, 1¥26 and Ry, have this meaning and R,g is C¢-Cygaryl or

C,-Coheteroary} which is unsubstituted or substituted by C;-Cqalkyl or C;-Cgalkoxy; and
Ryg, Rag and Ry, are each independenty of one another C;-Cgalkyl, Cs- or Cecycloalkyl,
) or unsubstituted or C;-Cgalkyl- or C,-Cgalkoxy-substituted phenyl or benzyl;

two each of the remaining substituents Rsg to Ry4 are =O or =N-Rg3, and R3; is unsubstitu-
ted or C;-Cgalkoxy-substituted linear or branched C,-C, salkyl, unsubstituted or
C,-Cgalkyl-, C;-Cealkoxy- or halogen-substituted Cs- or Cgcycloalkyl, unsubstituted
phenyl or phenyl which is substituted by C;-Cgalkyl, C;-Cgalkoxy, C;-Cgalkoxymethyl,
C,-Csatkoxyethyl or halogen, or benzyl or phenylethyl each of which is unsubstituted or
substituted by C;-Cgalkyl, C;-Cqalkoxy, C,-Cgalkoxymethyl, C;-Cgalkoxyethyl or halo-
gen; and/or
the remaining substituents Rjg to R“ are secondary amino containing 2 to 18 carbon
atoms, R3,0- or Ry,S-, halogen, cyclopentadienyl or bridged biscylopentadienyl or a neu-
tral ligand, wherein the R;, substituents are each independently of the other unsubstituted
or C,-Cgalkoxy- or halogen-substituted linear or branched C;-C,galkyl, unsubstituted or
C,-Cgsalkyl-, C;-Cgalkoxy or halogen-substituted Cs- or Cscycloalkyl, unsubstituted
phenyl or phenyl which is substituted by C;-Cgalkyl, C;-Cqalkoxy, C,-Csalkoxymethyl,
C,-Csalkoxyethyl, di(C,-C¢-alkyl)amino, di(C;-Cs-alkyl)amino-C,-Cjalkyl or halogen, or
benzyl or phenylethyl each of which is substituted by C,-Cgalkyl, C,-Cqalkoxy,
C,-Cgalkoxymethyl, C,-Cgalkoxyethyl or halogen

With respect to R and Ry to Ry, the preferred meanings previously given apply.

In 2 particularly preferred embodiment of the process of this invention, molybdenum and
tungsten compounds of formula VIII are used, wherein
a) R;g to Ry, are a radical of formula VI -CH,-R, or

_b) Ryg and R are a radical of formula VII -CH5-R, Ry and R, together are a radical
=N-Rj;, and Ry3 and Ry, together are R3,-O- or halogen, or
©) Ry3 and Ry, together and Ry; and Ry, together are the radical =N-Ry3, and Ryg and Ryg



or unPubstituted or [err] or [err] phenyl or. benzyl; two each of the

renmai ni ng substituents [err] to [err] are =0 or [err] and R33 is
unsubstitu-. ted or [err] linear or branched [err] unsubstituted or [err] or
hal ogen-substituted [err] or [err]cycloal kph.. unsubstituted phenyl or
phenyl which is substituted by [err] [err] or hal ogen, or benzyl or
phenyl et hyl each of which is unsubstituted or substituted by [err] or hal o-
gen; and/or the remaining substituents [err] to [err] are secondary am no
containing 2 to 18.car - or R32S-, hal ogen, cycl opentadi enyl
or bridged br%"cglﬁﬁib‘@ﬁ P@’Pﬂe’nyl or aznéu tal |igand, wherein the [err]
substituents ag®R, Bagimd Redprn thermeapings given abohe.rWith sespestith B RQT Eﬂe or
hal ogen- subst i - [err] unsubstltut ed or“Terr ,

hal ogen- substﬂ’?fuﬁ{"e err?%%ncgioaglggggk unsubsti tuted phenyl or phenyl
which is substrtuted by [err] [err] am no di([err])am no-[err]al kyl or

hal ogen, 8 topéiiids of Formuea v ! d b I ]
[err] or halo e v re ct tom%gag fél}dr@ﬁctﬁo F%%f%%&%@ #"éjb‘drm
meani ngs prew 'M@Q °#§F‘i1 YHev Cbrr&ileainsauioﬁrpnefdmmnt of
the process ofHLSHE,+Cyatkyl)g.on, nol ybdenum and tungsten conpounds of fornula

VIIl are used, wherein a) [err] to [err] are a radical of formula VII [err]
or b) [err] and [err] are a radical of formula VII [err] 41 and [err]

t oget her arehathemao&ﬁﬁsmnanatlﬁmmiewﬁdan erhedi8 uSeno ijae,ﬁ,ﬁﬁ%dO or
e

¥ pref
hal ogen, £ n err] and [err] together are
t he radi cal P)nﬁr anrgii rr? and iie“r %%r%

Ra

S

RsyN Me N-Rs3 (IXa),

R-H,C

N-Ra3
Ry CH,;R
wherein

Me is Mo(VI) or W(VT),
Ris H, -C(CHy)y, -C(CH,),-CHs, -C4Hs or -Si(Cy-C,alkyl),,



-20-. are a radical of fornula VII [err] and R [err] and [err] have the
nmeani ngs gi ven above. Wth respect to R R32 and R33, fhe preferred

meani ngs gi ven above apply. Among the congounds of formula VIl1lc, those
cofpounds are especially preferred in whikh [err] and [err] are a radical
of formula VII, which radical is nost preferably [err] In the process of
this invention it is nost especially preferred to use nol ybdenum and
tuhgst en conpounds of formulae IX, I Xa or | Xb, [err] wherein Me is My(VI)

or WWVI), %& ﬂﬂen{d&n' tphenyl wh’i’dh is sbtifinitsd by &y B Qy+Called vt CyMT,alkok grou s,
substituted

fl uoro- sub%t! %n?x#éar ol MW%PM@ @F?@qﬂ%&’ and he

sane neani IRy, ss ﬂmm mesmﬁg 8{R41(IPI'IBP C{@'rBl]. Ripismest preferkblydivinchbd alkekey d

Y edl Ly P .béﬁi%opoxy, A h'39tb§?’%‘f“%ﬁ¥é‘;§$‘?'hﬁ" g?&%‘ﬁ%ﬁéﬂ%”“"“”ated

nonaf | uor opsoppPRYY, iferand serfrbutory isxglugropropex ronafiporopropoxynR g lislenum and

tungsten c%pg;gdggsqare [err] [err]

Typical examples of molybdenum and tungsten compounds are:
Moo[CH,Si(CHz)s)s, W(=N-CgHs)(OCH(CH3)2)(CD[(CH,Si(CH3 )],
W (=N-CgHs)(OCH(CF3)p),[(CH,Si(CH3)3)la,

) Mo(=N-3,5-diisopropyl C¢Hs),[(CH,C(CH;),-CgHs)lo,
Mo(=N-3,5-diisopropylC¢His),[(CH,-CgHs)], Mo(=N-3,5-dimethylCsHs), [ (CH,-CgHs)l,,
Mo(=N-3,5-dimethylC¢Hs),(CHa),(tetrahydrofuran),

{(CH3)3SiCH,13Mo=Mo[ CH,Si(CHs)s13, W(=NCgHs)[CH,Si(CH;);]CL

The molybdenum and tungsten compounds used in the process of this invention are known
or can be prepared by known and analogous methods starting from metal halides and
Grignard reactions [q.v. inter alia F. Hug et al. J. Chem. Soc., Chem, Commun., page 1079
(1971) or R. R. Schrock et al., J. Am. Chem. Soc., Vol. 112, page 3875 (1990)].

The inventive process can be carried out in the presence of an inert solvent. A particular
advantage of the inventive process is that, if liquid monomers are used, the process can be
carried out without a solvent. Inert means that the choice of solvent will depend on the
reactivity of the molybdenum and tungsten compounds, for example that protic polar
solvents are not used if substitution reactions, such as replacement of halogen by alkoxy,

are to be expected.

Suitable inert solvents are typically protic polar and aprotic solvents, which can be used by
themselves or in mixtures of at least two solvents. Examples of such solvents are: ethers
(dibutyl ether, tetrahydrofuran, dioxane, ethylene glycol monomethyl or dimethyl ether,
ethylene glycol monoethyl or diethyl ether, diethylene glycol diethyl ether and triethylene
glycol dimethyl ether), halogenated hydrocarbons (methylene chloride, chloroform,
1,2-dichloroethane, 1,1,1-trichloroethane and 1,1,2,2-tetrachloroethane), carboxylates and
lactones (ethyl acetate, methyl propionate, ethyl benzoate, 2-methoxyethyl acetate,
Y-butyrolactone, 3-valerolactone, pivalolactone), carboxamides and lactams
(N.N-dimethylformamide, N,N-dicthylformamide, N,N-dimethylacetamide,
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[err] [err] [err] The nol ybdenum and tungsten conpounds used in the
pr-oces f this invention are.known or can be preparéed by known and

anal ogqus net hods starting fromnetal halides and G'ignard reactions [(.V.
inter dlia"F. Hug et al. J. Chem Soc., Ch&B- Conmun., page 1079 (1971) or
R R Schrock et al., J. Am Chem Soc., Vol. 112, page 3875 (1990)]. The
inventive process can be carried out in the presence of an inert solvent. A
particul ar advantage of the inventive process is that, if quui d nononers

are used, the pro gé,gmgg 5gmf{eans

t hat the choi d"é”g% ol Vﬁnt vvl‘lgtlﬁﬂgh ﬁgﬂégmt'é\lggreac I VI ty of a?ﬁ(ﬁ bdenum
and tungsten qpmethyRYE %rm%h%mm-eﬁ%"@%( ethyk ed
i f SUbStitUthMﬁwtsmﬁes@Hﬁ&h Ssulfaﬂé, r&hlfsxie e &nbxulfddeoxy, are to
be expect ed. abl e i ol vents are Ly I ot c and. aprotic
sol vent s, | Yg’é’ Etﬂ“%ymm}’\?égﬁ d&‘f‘%ﬂ%@a}ﬂ‘ gﬁ&ﬁ"%‘é‘%ﬁ“ o)

sol vents. NRpisic ahd arontatie hiydmkirbons, for examplespeuibldusi yihes; pemtane, hexane,

tetrahydrofuran I 0% col or di t her,

et hyl ene gl yc&¥¢ lﬂg‘?ﬁ‘ﬁlﬁ?ﬁmﬁ %ﬁ"’@i‘ﬁ?ﬁ%‘i’ﬁ&?g})ﬁﬁ(ﬁgﬁ'ﬁﬁ g@{lmé#: St et her
and triethyl ew&lgmbtnﬁneﬂhﬁmﬂﬁmwmhalnmmmm tthnec}egrlhm)andnmhyl ene
chl ori de, chloro ARAL I ) .
1,1, 2, 2- t et r ad®f Eﬂpggh’lén%)‘ car bo%%ép Mtg%x{ one W%Qggﬁéitqme,apmnc
met hyl pr opi omalwmémmlmm 2- et hoxyet hyl acet ate

[err]-butyrol actone, [err]-val erol actone, pival ol actone), carboxam des and

| actans (N, N-di net hyl formam de, N, N-di et hy] f or.mam_ de,
N, N- di rm'( hyl amfamcég: lvents are aliphatic and aromggc hydrocarbons and mixtures of such solvents.

‘<.-1

Itis to be particularly highlighted that that the compositions used in the practice of this
invention comprising an unsubstituted or substituted cycloolefin and catalyst are often
insensitive to oxygen, thereby permitting storage and also the reaction to be carried cut
without an inert gas. It is, however, advisable to exclude atmospheric moisture, i.e. to use
dry reaction and storage conditions.

The monomers of formula I and catalysts used for the inventive process can be stored
separately as well as together as mixture, as the catalyst has a particularly high stability.
The mixture can be stored prior to the photochemical polymerisation as ready-for-use
formulation, which is advantageous for the large-scale ind}xstrial application of the
inventive process. Owing to its high photosensitivity, the formulation is stored in
particular under UV light, preferably with exclusion of atmospheric moisture.

In another of its aspects, the invention relates to a photopolymerisable composition
comprising a cyclic olefin, or at least two different cyclic olefins, and a catalytically
effective amount of at least one thermostable molybdenum (VI) or tungsten (VI)
compound which contains at least two methyl groups or two monosubstituted methyl
groups lacking B-hydrogen atoms in the substituent and which are bonded to the metal
atom.

The inventive composition may contain formulation assistants, suitably those compounds
listed above as solvents. Known formulation assistants are plasticisers, dyes, pigments,
fillers, reinforcing fillers, lubricants and mould release agents.



: -2*“- tetranet hyl urea, hexanet hyl phosphoric tram de, [err]- butyrolactan1
- [e‘r] caprol actam N-nethyl pyrroli-done, N-acetyl pyrrolidone,

et hyl caprol actan), sul foxides (dinmethyl sulfoxide), sulfones (dinethyl
sytfone, diethyl sulfone, trinethylene-ggkfone, tetranethylene sulfone),
tertrary am nes (N-net hyl pi peri di ne, N-nethyl nmorpholine), aliphatic and
aromati ¢ hydrocarbons, for exanple petrol eum ether, pentane, hexane,

cycl ohexane, methyl cycl ohexane, benzene or substituted benzenes
(chl or obenz;

Lol uone. -y ORuIELERaP e HEBA T rpcee ' mplati M (BARRRGT St ol ok BORT 1

phenyl acet@nmm wdmngﬁmmom@mowmmmbmn pol ar

sol vents. 911 Fagath; and
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to oxygen ther ermtti stora d a the reaction 1o be carried
out wit hotetf %ﬁé‘g 3'1“?%?9 %&E@&g °%8€$‘§§!ﬂ“8mt°§ excl ude at nospheric
noi st ur e, i.e. to use dry reaction and storage conditions. The nononers of
formul a | cat a ts.used f.or the iLnveptdive pr.ocess cap be stored

separ at el ysa Wg‘i Ot} tiES ﬂ&ﬁ%@ﬁ&?ﬂfj’\r‘%&’ %goﬁéngm o muputes to 4
parti cul ardourshThé sequaincd oftthe adaiﬁomﬂmunmmmmeamlymdommnh Thet he
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noi st ure. nanot er |ts aspect s, Prvention relates to a

phot opol ymdlé corrposr tion comprising a cyclic olefin, or at |least two
different cyclic olefins, and a catalytically effective am)unt of at |east

gtneI teggr mt) t abl e m%en.urpﬁéf%or f, ui; sten &}V‘gél cogﬁoun y e L gwat ai ns
temperature. An increase in temperature servcstomcreasethereacnonratc Only in
exceptional cases do the catalysts themselves initiate a thermal polymerisation. Therefore
mainly a photopolymerisation takes place at the temperatures chosen for the catalysis. It
should be mentioned, however, that the catalysts can be converted into thermoactive
catalysts by sufficient irradiation. '

It is preferred to carry out the inventive process in the temperature range from -20 to
+110°C.

A particular and surprising advantage of the inventive process is that the molybdenum and
tungsten compounds employed act as thermal catalysts after irradiation. This feature
results in the possibility of continuing and terminating the polymerisation after a brief
irradiation time by applying heat, thereby affording economic and technical advantages in
different fields in the fabrication of moulded objects or coatings. The combined process is
particularly suitable for the preparation of thermoplastics.

The invention further relates to a process for the photocatalytic polymerisation of a cyclic
olefin, or at least two different cyclic olefins, in the presence of a metal compound as
catalyst, which process comprises

3) initially irradiating the cycloolefins in the presence of a catalytic amount of at least one
thermostable molybdenum (VI) or tungsten (VI) compound which contains at least two
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g¥oups | acki ng [err]-hydrogen atons in the substituent and which are bonded

..tp the metal atom The inventive.conposition may.- contain formnulation

a$si stant's,” suitably those.conpounds |isted above as solvents. Known

fQrnul ati on assistants are plasticisersyq4dyes, pignents, fillers,
reginforcing fillers, lubricants.and nould rel ease agents. -23- It is not
necessary in the inventive process to maintain the irradiation of the
reaction m xture over the entire duration of the reaction. Once the

olyneris hot ochem aII i niti d e, further reaction
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depend onsutisstueppandowhich gietbondett toethe mekad peio; drtirradiatinged eatalgtic amoursef laN

can be of ¥ R RapldablimoiEbi TP L ifpfen (VH S00B0URAI Wi HRaRRHE Vo
Sui t abl e feRftEMODEHHL srpmorawe monesyhstiated mathyl groups lgking B-hydregentaterns ar

from5 m ﬁuﬁ:e%ubméexﬁ%u &mcm?c s&ﬂuewme%c@%ﬁdmrmm sefveﬂp&q%ﬁ dﬁi\d
catalyst i s not itical NnoNer. ¢ ei t her Initially introduced
into the F%‘XE‘E‘O?“ °%HH€BE§H"€E’? %W@cﬁ&&aﬁﬂmﬁﬁc gﬁé‘a?‘&i yst. Likewise, the

catal yst @pfritnating dt Rilpteration b asdlingadiwitioubiitiehtion. t he nmonomer .

Furthernore, the solution conprising catalyst and nononer can also be
irradi ated. The inventive process is preferably carried out at room
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converted I nto_ thernoactive
erably, 10 to 40 seconds. A longer irradiation time may be chosen if, for example, the

polymcnsanon is to be carried out mainly by irradiation and the final polymerisation is to
be terminated only by subsequent heating.

Heating in process stage b) may be a reaction temperature in the range from 50 to 200°C,
preferably from 50 to 150°C and, most preferably, from 70 to 120°C.

Catalytic amounts within the scope of this invention preferably mean an amount of 0.001
to 20 mol%, more particularly 0.01 to 15 mol% and, most preferably, 0.1 to 10 mol%,
based on the amount of monomer.

A further object of the invention is a process for the preparation of thermal catalysts for
the ring-opening metathesis polymerisation of cyclic olefins, which comprises irradiating
a thermostable molybdenum (VI) or tungsten (VI) compound that contains at least two
methyl groups or two monosubstituted methyl groups lacking 8-hydrogen atoms in the
substituent and which are bonded to the metal atom, without a solvent or in a solvent.

Cyclohexene usually cannot be homopolymerised by olefin metathesis. Those skilled in
the art are familiar with this exception, which is described, inter alia, in K.J. Ivin, T.
Saegusa, Ring-Opening Polymerisation Volume 1, page 139, Elsevier Applied Science
Publishers, London and New York.

The invention further relates to radiation-cured oligomers and polymers having identical
or different structural units of formula [X



i catalysts by sufficient irradiation. It is preferred to carry out the

" inventive process in the tenperature range from-20 to +110[err] A
particul ar and surprising advantage of the inventive process is that the
mol ybdenum and tungsten conpounds enpl aygyl. act as thermal catal ysts after
irradiation. This feature results in the possibility of continuing and
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fields in the fabrication of noul ded objects or coatings. The conbi ned
process is particularly suitable for the preparation of thernoplastics. The
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olefins, in the presencé\qlda nﬁ%ak’conp0und as catal yst, whIXj) process
conprises a) initially irra.iég' g the cycloolefins in the presence of a
catal ytic anount of at |east She thernost abl e nmol ybdenum (VI) or tungsten
(VI) conpound which contains at |east two -24 - nmethyl groups or two
nmonosubst i fhérem et hyl goups | acking [err]-hydrogen atons in the

substi tuenf, ang . whi ch e nded to_the netal atom or irradiating a

catal ytic éhﬂfﬂ%ﬁ’?“étdghﬁ‘a&%"g?@‘%lﬁér nmost abl e nol ybdenum (V1) or tungsten
robSunaLT Ay IR o Do héts) Tyl be MomlobBlymers or "
monosubst i roups L.ackin rr]- rogén atons, | e

substi tuenéo%éﬁgnﬁf'%‘ﬁnﬁg ga _&F%%m'g%gﬂ?WfMP@ma‘m or in
an : nelr t f scinhame an averagdmoleoular weighbeMuaiof] bea.ﬂlﬁlb,bmhtbadm omcaghog, ]
cycl@ol ef i '&%E,qy A S n eating and wit hout

[ rra%i ati oﬁe e g?oeq @:M@E@%’X@%W%%Pm@ 8ge a). The

i rradi at i opelystyrene staudand of ngrrow distribution).

Thermoplastical materials for the fabrication of moulded articles of all types, coatings and
relief images can be prepared by the process according to the invention.

The polymers of this invention can have very different properties, depending on the
monomer used. Some are distinguished by a very high oxygen permeability, low dielectric
constant, good heat stability and low water absorption. Others have outstanding optical
properties, for example high transparency and low refractive indices. The low shrinkage is

furthermore to be highlighted. They can therefore be used in widely different industrial
fields.

The compositions of the invention are distinguished by superior bonding strength to the
surfaces of substrates. The coated materials are also distinguished by very good surface
smoothness and gloss. Among the good mechanical properties, the low shrinkage and high
impact strength are to be singled out for special mention, as well as the heat resistance.
Easy mould removal and good resistance to solvents also merit mention.

These polymers are suitable for the production of medical equipment, implants or contact
lenses; for the production of electronic components; as binders for paints; as photocurable
compositions for model construction or as adhesives for bonding to substrates having low
surface energy (for example Teflon, polyethylene and polypropylene), and as a
photopolymerisable composition in stereolithography. The compositions of the invention
Can also be used for the production of paints by photopolymerisation, for which utility
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"depends on the desired reaction procedure. A brief irradiation-is chosen
if, for exanple, the polynerisation is to be only initiated by irradiation
and termnated by heating. Brief may be an irradiation tine of up to 60
seconds preferably 5 to 60 seconds and, nost preferably, 10 to 40 seconds.
A Ionger irradiation tinme ray be chosen |36‘ for exanple, the polynerisation
Is to be carried out mainly by irradiation and the final polynerisationis
to be termnated only by subsequent heating. Heating in process stage b)
may be a reaction tenperature in the range from50 to [err] preferably from
50 to [ err]cleardtramspatenfyrand evarbpigmehted rompositonsiorte used. Hithier whﬁewmlém%t hin
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removing non-irradiated portions with a solvent. Surfaces of substrates can be modified or
protected or, for example, printed circuits, printing plates or printing rollers can be
produced by this process. In the production of printed circuits, the compositions odf the
invention can also be used as solder resists. Other possible utilities are the production of
screen printing masks and use as radiation-curing printing inks for offset, screen and
flexographic printing,

The present invention further relates to a substrate which is coated with an oligomer or
polymer prepared according to the invention and which comprises a crosslinking agent.
These materials are suitable for the production of protective coatings or relief images by
irradiation (usually through a photomask) and subsequent development with a solvent.
Suitable crosslinking agents which may be present in the materials in an amount of 0.01 to
20 % by weight, are preferably organic bisazides, more particularly the commercially
available 2,6-bis(4-azidobenzylidene)-4-methylcyclohexanone.

The invention further relates to a coated substrate having applied thereto a layer of at least
one cyclic olefin which contains a catalytic amount of at least one thermostable
molybdenum (VI) or tungsten (VI) compound that contains at least two methyl groups or
two monosubstituted methyl groups lacking B-hydrogen atoms in the substituent and
which are bonded to the metal atom.

The invention likweise relates to a coated substrate having thereon a radiation-cured layer
of at least one cyclic olefin.

Suitable substrates are typically those of glass, minerals, ceramics, plastics, wood, metals,



wherein [err] and [err] are as defined for fornula |I. The preferences
-defined above apply to these polyners. They can be honopol ynmers or

copol ymers having a random di stribution of the structural units, or block
pol yners. They can have an average nol ecyLar weight (My of, for exanple,
500 to 2 000 000 dalton, preferably 1000“t6 1 000 000 dalton (determ ned by
GPC in conparison with a polystyrene standard of narrow distribution).
Thermopl astical materials for the fabrication of noulded articles of all
types, coatings and relief inages can be prepared by the process according
to the i nvemrtilorxidesiagd petal mitrideso The ldyer thicknessen will esseitially depend o theer ent
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Phot opol yneri sabl e conposition in stereolithography. The conpositions of

the invention can al so be used for the production of paints by
phot opol yneri sation, forfwhich utility

CO(0) —H,C

The following Exampies illustrate the invention in more detail. The light source used is a
200 W mercury medium-pressure UV lamp (Osram HBO 200 W/2, supplied by Spindler
& Hoyer, Géttingen) or a UV laser (Coherent 300 Argon Laser).

Example 1: Polymerisation of norbornene

1 ml of a 0.5 % solution of W(=NC4Hs)[OC(CH3):J(CD[(CH,Si(CH;)3], (= 5 mg) in
toluene is chairged to a Schlenk reactor. Then 6 ml of a 10 % solution of norbornene in
toluene are added and the reactor is closed. With stirring, the mixture is irradiated with a
UV laser (0.5 watt) for 5 minutes. After about 15 seconds a rise in viscosity is observed.
The reaction is discontinued after 5 minutes by addition of one drop of benzaldehyde and
the reaction mixture is poured into 100 ml of ethanol. The precipitated polymer is filtered,
washed with ethanol and then dried under vacuum. The polymer is obtained in quantitative
yield and characterised by gel permeation chromatography [GPC; solvent tetrahydrofuran;
the number average (M,,) and weight average (M,,) molecular weights are determined
relative to polystyrene reference standards] and 'H-NMR (Bruker 300 MHz; solvent
CbCl,): M, = 88 000 g/mol (88k), M,, = 340 000 g/mol (340k); the content of cis-double
bond is 90 %. '

An identical experiment without exposure at 45°C shows no rise in viscosity and no



-26- clear (transparent) and even pignented conpositions to be used. Either
white or coloured pignents can be used. The production of noul ded objects
of all types by thernoplastic shaping processes nay al so be nentioned. The
.‘phot ocur abl e conpositions of the inventiion are particularly suitable for
t-he production of protective |layers and 28el i ef | mages. The invention
furthernore relates to a variant of the process of the invention for the
production of coated materials or relief inages on substrates, conprising
dppl ying a conposition of cyclic olefin, catalyst and, in sone cases,
sol vent, @elymdrpyenipitatescaftenbddition of ethanol.exanpl e by di ppi ng, brushi ng,
asting, rolling, knife-coating or spin-coating processes, renoving the
olvent, if used, and irradiating the layer to effect polynerisation, or
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résists. Cgbher s bl e | t| es are the productl on%o screen printing
masks and cﬁﬁanﬁf‘t nting inks for offset, screen and
f 'lexogr aphi c pri nt| ng. The present invention further relates to a substrate

which is coated with.an. ol igoner..of .polyner prepared according to the
i nvent i on%@ﬁ%&%ﬁ%‘g&s’n ‘ﬂé‘?‘{%tg %V Wﬁ&%ﬂ’p‘g‘ﬁese materials are
sui tabl e fAn apﬂmmsmdnedmuhwiﬁctpadm-dnmmsmaita bijegs isqproducied o catge sf by
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i n"an anoupalymeristion usmgz(foem«j:cmpm wxmpaecplamdveam (argondaser,353inemz Ades,

mor e parti gidvelof 9919 by eI Of 8kd,¥xo-dicyclopentadiene and 1 % by weight of
W(=NCH;)[OC(CH;)3](CD{(CH,Si(CHs)3], are used. A mechanically stable moulded
object characterised by excellent freedom from stress is obtained at an irradiation intensity
of 20-60 mJ/cm? and with a laser beam penetration depth of 0.1-0.2 mm.

Example 4: Determination of shrinkage

The mixture of Example 2 is applied in a layer thickness of 50 p.m and a dimension of

6 mm to a glass slide which is bonded to a silver-coated cover glass. The shrinkage caused
by the polymerisation results in warping of the cover glass. The warp can be determined
interferometrically in a Michelson interferometer by a helium-neon laser, The irradiation
is made with an argon UV laser at 351 nm and at an intensity of 0.2 W/cm?. After
irradiation, the layer thickness is measured and the absolute shrinkage is calculated as a
function of the irradiated energy. The shrinkage after irradiation for 30 seconds (6J/cm?) is
only 1 to0 2 %, whereas commercial photopolymer formulations under the same conditions
exhibit a shrinkage of 5 to 8 %.

Examples 5 to 23: The procedure of Example 1 is repeated. The process conditions and
results are shown in Table 1. The following catalysts are used:

A = W(N-phenyL){OC(CH)s][CH,Si(CHa)sl,Cl

B = W(N-phenyL){OCCH;(CF3),),{CH,Si(CH3)],

C = W(N-2,6-dimethylphenyl)(3,5-dimethylphenyl-O){CH,Si(CH,):],Cl

D = W(N-2,6-dimethylphenyl),(CHz-phenyl),

E = Mo(N-2,6-dimethylphenyl),(CH,-phenyl),

F = Mo(N-2,6-diisipropylphenyl),[ CH,-C(CHj),phenyl),
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constitute fused ring systens, or if they have the formula The foll ow ng

Exanples illustirate the invention in nore detail. The light source used is
a 200 Wrrerc medi um pressurfe U | anp ram HBO 200 W2, supplied by

(
Spijndl er & Wi \ S h)or a Iamr (Co ren&)300 Argon Laser). Exanple
1: Iyrrerisation ’ ’

or b of,
p& @, p& )
CN

C(0)-O-tert.-butyl

Q (7) and Q (8).

Examples 24-30:
These examples are carried out as in examples 5-23. The results are shown in Table 2.

—~ — —hq

(-

Key to Tables 1 and 2: Vafter reprecipitation in CHCly/EtOH,
3 RT = room temperature
3 argon UV laser (0.5 W)
) after reprecipitation in toluene/methanol

Key to Tables 3 10 5: 5)2.6-di-tcrt-butyl-4-methylphenol
Simpact strength (Charpy)
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1'm of a 0.5 %solution of [err] (=5 nmg) in toluene is charged to a

Schi enk reactor.” Then- 6 m of a 10 % sol uti on of norbarnene in toluene are
added and the reactor is closed. Wth stirring, the mxture is irradi ated
with a UV laser (0:5 watt) for 5 m nutesqayAfter about 15 seconds a rise in
Viscosity is observed. The reaction is d?gcontlnued after 5 mnutes by
addition of one drop of benzal dehyde and the reaction m xture is poured
ipto 100 M of ethanol. The precipitated polynmer is filtered, washed with
et hanol and then dried under vacugnl The polynmer is obtained in
guantitative yield and characteri 9Gn chronat ogr aphy [ GPC
sol vent tetrahydrofuran; the nunber average [err] and wei ght average [err]

nol ‘ecul ar etermned relative tq polystyrene reference

standar ds]%ﬁ-}‘—-@&m@wcw fGSHREY err] =88 000 g/ ol (88k),
My _t 340I OG&nﬂAxm:last th : riﬁ&'hhmt@il L&é&bﬁ@iﬁdﬁ%ﬁ%e% An .
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anf i oxi danbgg Mﬁg?&dﬂgn g%é.gl?
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stéreol it h@gﬁrlaﬁmteﬂnngbb)&rht us is used with which a three-dimensional
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determined accordmgto ISO 179/82, Method C, andthexmpact strength is determined
according to ISO 179/2D (Charpy method); the modulus of elasticity (flexural test) is
determined with an Instrone machine. The contact angle is determined with a microscope
goniometer. The Shore D hardness is determined with a commercially available Shore D
apparatus; swelling is determined by immersing the casting in toluene at room temperature
and measuring the weight increase of the dried specimen as a function of the time.

The following monomers are used:

%“” A= Qe

The results are reported in Tables 3 to 5.
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[err] are used. A nechanically stabte noul ded object characterised by
excellent freedomfromstress is obtained at an irradiation intensity of
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Exanpl e 4: Det erm nati on of shrinkage Thélmi xture of Exanple 2 is applied

in a layer thickness of 50 [err] and a dinension of 6 nmto a glass slide

which is bonded to a silver-coated cover glass. The shrinkage caused by the
pol ynmeri sation results in warpi ng of the cover. gI ass. The vvarp can be
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= [err] H=T[err] | =T[err] J = [err] (tetrahydrofuran) K = [err] The
fol | owi ng nononers are used [err] ‘Exanpl es 24-30: These exanples are
carried out as in.exanples 5-23. The results are shown in Table 2. Key to
Tabl és 1 and 2: l)after reprecipitation in [err] 2) RT = room
femperature 3) argon UV laser (0.5 W 4y 3&fter reprecipitation in
t ol uene/ net hanol Key to Tables 3 to 5:
9) 2, 6-di-tert-butyl -4-nethyl phenol 6)inpact strength (Charpy) - 30-
7)after crosslinking at [err] Exanples 31 to 39: Mechanical properties of
castings Standard castings for pperties are
fabricated fromthe photopol yneri sabj] e conpositions contpining a catal yst
and which are listed in Table ol ynerised by irradjation and then
subj ected to an optional ther h‘{’gos cdne. JBaeyadi ationf sources are (a) a
sel f-constructed UV oven with UEC4OWRIEI B2 TL, K BJOW10/R and 2 x
20‘1'NTL 20W 05 (Philips) at a i&ﬁ’rge'pmaﬁ&ht ok gm, anfl (b) a
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A

{. 200" Wnercury medi um pressure W |anp (Osram HBO 200 W2). The curing

+ conditions are indicated in Table 3. Mdul-us of elasticity (tensile test),
fracture strength and fl'exural elongation are determnined in accordance with
| SO 527/ 66 (Type 2). The notched inpact strength is determ ned according to
| SO 179/ 82, Method C, and the inpact strenddh is deternined according to
| SO 179/ 2D (Charpy nethod); the nodulus of elasticity (flexural test) is
determ ned with an Instrone machine. The contact angle is determned with a
m croscope goni oneter. The Shore D hardness is determned with a

commerci al |l y_avai |l abl e Shore D apparatus; swelling is determ ned by
i mersing theéd ing in toluene at roomtenperature and neasuring the

i ncrease of the dried specinen as a function of the tinme. The
(9).

fol Igg;[/vl ng mogoners are used: (1) , (3) and
The results &fe r¥Mosemed CawTabl €€ufnf© ° "3t 'th[ifiﬂ] Lert) ity >
No. lyst conditions (%) * g:::?),
31 1 A l2 15 min UV(a) RT, 6.7
% by wt 90 min 50°C o
32 1 A L0 10 min UV(a) RT, 6.7 1.05
5bywt 1h80°C |
+ 331 Al4  30minUV@RT, 49 1.03
Sbywt 40min 50°C, .
N 1 30 min 80°C
A,07% 4h UV(a)RT,
bywt  1hsoeC,
1h 100°C,
30 min 120°C
35 1 B,1.0% 2h UV(a) RT, 5.7 1.04
by wt 30 min 50°C, -
45 min 80°C,
45 min 100°C
36 1/BHTS B,1.0% 2h UV(a)RT,
(1%) by wt 30 min 80°C,
30 min 100°C,
30 min 120°C
37 9 A, 07 30 min UV(a) RT,
%bywt 1h80°C
38 1(84% B,10% 2h UV(a)RT,
by wt); by wt 30 min 50°C P
3(16% 45 min 80°C
by wt) 45 min 100°C
39 1(81% B,10% 2h UV(a) RT,
bywty  bywt 30 minS0°C, v
3(19% 45 min 80°C,
by wt) 45 min 100°C,
45 min 130°C



" Table 3 Ex.  Nbnomer Cata- ~ Quring . shrinkage

Density No. | yst condi tions Ny (%
- [err] 31 1 . A 1.2 15 min W(a) RT, 6.7
1.05 %y wt 90 min [err] 32 1 -34n 1.0 - 10 min  UW/(a) RT,
6.7 1.05 5 by w 1 h[err] 33 1 ‘A 1.4 30
mn U/(a) RT, 4.9 1.03 5 by wt 40 mn [err] 30 mn
80C 34 1 A 0.7% 4 h W(a) RT, by w 1 hf[err] Ih.err] 30
nmn 120C 35 1 B, 1.0% 2 h UV(a) RT, 5.7
1.04 by wt 30 min 50C, 45 min 80C, 45 nin 100C 36 [err] B, 1.0% 2
h UV(a) RT,T by w 30 mn [err] 30 mn 100C, 30 mn 120C 37
9 A 0.7 30 min UW(a) RT, %by w 1h [err] 38 1 (84% B,
20% 2 TedMe R Modulus Fracture hedaral” “Wioaals oF
°C) of elast- strength elonga- elasticity
city tion
Tensile test Flexural test
(N/mm?) (N/mm?) (%) (N/mm?)
31 30 384+15 55 2.040.5 207
+ 32 85 1654
33 90 1923426 41.8+13 6.0£0.8
34
35 121 1918+20 31.8+1.3 1.940.1 1560
36 130
37 62
| 38 123 1669 30.8 23 1830
: 39 113 1815%11 39.6£1.5 2904
Table 5
Ex. Notched im- Swelling in Crosslinking ShoreD  Contact
’ No. pactsuength toluene density hard- angle
(Charpy) ness with water
&J/m?) -
31 29.2+1.1 230% 64-70 65-72°
32 190 % ca. 7% 65 65-72°
33 242430 130 %
34 450 %
35 2.8410.559 1300-1600%  ca. 04 % 80
36 > 1400 %
37 . 52%
33 3.2140.109 700 % cal% 77
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t
:

3 (16% .

: 45 mn 8CC by w) 45 mn [err] 39 _
1(81% B, .1. 0% 2h WV(a) RT, _ . o 1.03 by w);
by wt ~ 30 min 50C 3 (19% - - 45 mn [err] by wt)
45°mn [err] 45 mn 130C Table 4 Ex. Tgs-. - Modul us Fracture
FI exur al Modul us of [err] of elasti- strength el onga-
elasticity city - tion Tensile test
Fl exural test [err] [err] (9 [err] 31 30
38415 5.5 2. 00- 207 3
1654 33 90, 77192326 VB RS “ta 1d%B g 34 35 121
191820 1. 873710 1.90220% 1560 36 130 37 2 38 123
1669 30.8 2.3 1830 39 113 181511
39.61.5 2.90.4 Table 5




Ex.. Notched im Swelling in Crosslinking _Shor D' Contaect No.

pact strength tol uene . density ~ hard- angl e (Char pyf
ness - “Wth water- [err] ‘31 29.21.1 . 230 % m
6a70  lerr) 32 o 190% Jillllﬁlwlllllllllllll

[ferr] 33 24.23.0 130% 34 -36- * £50'% 3

2.84[err]) 1300- 1600 % ca. 0.4 % 80 36 >
1400 % 37 52% 38 3.21[err]) 700 % cal
% 77 - 35- (236 [err] (ca 14 %97) 39 17.710. 16)

220 % 81 -36- Wiat is clained is: 1. A

process for mgécmlg ic pol ymerisation of a cyclic olefin or of at |east

two differen ins in the presence of a netal conpound as
catal yst, which process conprises carrying out a photochem cally induced

ring- openi ng1 NRiasdeestor pRNoYAIRYHS Bblyitrisitidn ¥t a cyclic olefin or of at least two different
cyclic olefins in the presence of a metal compound as catalyst, which process comprises
carrying out a photochemically induced ring-opening metathesis polymerisation in the
presence of a catalytic amount of at least one thermostable molybdenum (VI) or tungsten
(VI) compound that contains at least two methyl groups or two monosubstituted methyl

groups lacking B-hydrogen atoms in the substituent and which are bonded to the metal
atom.

2. A process according to claim 1, wherein the cyclic olefins are monocyclic or polycyclic
condensed ring systems containing two to four rings and which are unsubstituted or sub-
stituted and contain hetero atoms such as O, S, N or Si in one or more than one ring, and
which contain one or more than one fused aromatic or heteroaromatic ring.

3. A process according to claim 2, wherein the individual rings contain 3 to 16 ring
members.

e e = o o S A i e %5

4. A process according to claim 3, wherein the cyclic rings contain3 to 12 ring members.

5. A process according to claim 2, wherein the cyclic olefins contain further non-aromatic
‘ double bonds.

6. A process according to claim 1, wherein the cycloolefins have the formula I

Cﬂg%

Q

wherein

Q, is a radical baving at least one carbon atom which, together with the -CH=CQ,- group,
forms an at least 3-membered alicyclic ring which may contain one or more hetero atoms



2 _
presence of a catalytic amount of at |east one thennostable molybdenum (VI) -~
or.stungsten (VI) conpound that contains at |east two methyl groups or two

~nmonosubstituted methyl groups |acking [err]-hydrogen
substituent and which are bonded to the .netal atom iﬁ'iﬂﬁ“& Hﬂlﬂ“"rdlng
to'claim1, wherein the cyclic olefins aPeé - -nmonocycl i ¢ +0r cpolycycls c *
condensed ring systens containing two to four rings and which are

unsubstituted or sub- stituted and contain hetero atons such as 0, S, N or
Si in one or nore than one ring, and which contain one or nore than one

&Hs ed aro hrrvsbleetear&dismlér@&wa{sisﬁng bﬂﬁhccﬁx, pﬁ%s@heﬁﬁ SExyRes, Qﬁﬁlbg& dnd sElfdh ahc?
acﬁéfh.”ntg ?%ﬂl”?m B ypubsaryied g EeBodar s RGO
menbers. 5.-CO@M) WLGQO(M1 lem‘mml Q{@zbﬂkﬂl efins
T her ei ﬁh%&%ﬁ#&”ﬁ?&%ﬁib a‘*?ﬁﬁr%‘%ﬁw&r BRI G cal
havi ng at I@a@t5amibylc6§-ﬂehetaboynloﬁk3dhC3'CdeﬁmyhﬂG4+Cltshﬁcmﬂmr RgiZogr
het er o at Z‘L‘%’W’%‘?’% SRR C ot 45 ‘h%“%%% O (o DL RRG GO o ™1 ©
phosphor us, Whigh 88 gromaticos jewroarematia ring, whichyiswesuhst Qtssﬂb?ﬁg\l@ﬂbbibst i tuted
or substit Lﬁ@@elay-ml mnm_g{asl.@j“ [-eodM, LS@;'I\](. W-Cb@ay]l)lker r] [err]
o -SO3(My)15, -PO3(My)y 2, C;-Coalkyl, Ci-Coohaloalicyl, C,-Caohydroxyalkyl,

C,-Cscyanoalkyl, C;-Cyeycloalkyl, Cs-Cigaryl, C1-Cigaralkyl, C5-Cgheterocycloalkyl,
w C3-C,gheteroaryl, C4-Cgheteroaralkyl or Ry3-X;-, is fused to adjacent carbon atoms of the

alicyclic ring;

.X and X are each independently of the other -O-, -S-, -CO-, -SO-, -SO5-, -O-C(0O)-,

-C(0)-O-, -C(O)-NRs-, -NR;-C(0)-, -SO5-O- or -0-SOy-;

R}, R, and R are each independently of one another C;-C,,alkyl, C,-C;,perfluoroalkyl,

phenyl or benzyl;

'R, and R;3 are each independently of the other C;-Cppalkyl, C;-Cyohaloalkyl,

C1-Cyohydroxyalkyl, C3-Cgeycloalkyl, C¢-Cygaryl or C-Cyearalkyl;

Rs and Ryq are each independently of the other hydrogen, C,-C,.alkyl, phenyl or benzyl,

the alkyl groups in turn being unsubstituted or substituted by C,;-C;,alkoxy or

Cs-Cyeycloalkyl;

R¢, Ry and Ry are each independently of one another C;-C;,alkyl, C;-C,perfluoroalkyl,

‘ phenyl or benzyl;

M is an alkali metal and

M, is an alkaline earth metal; and

uisQorl;

and the alicyclic ring formed with Q, may contain further non-aromatic double bonds;

Q, is hydrogen, C,-Cygalkyl, C;-Cyhaloalkyl, C,-Cysalkoxy, halogen, -CN or Ryy-X5-;

Ryy is Cy-Caoalkyl, C;-Caghaloalkyl, C;-Coghydroxyalkyl, Cs-Cycycloalkyl, Cs-Cygaryl or

Cr-Cyearalkyl;

X, is -C(0)-0O- or -C(O)-NR;4-;

R, is hydrogen, C;-C,,alkyl, phenyl or benzyl.

7. A process according to claim 6, wherein the alicyclic ring that Q, forms together with
the -CH=CQ,- group contains 3 to 16 ring atoms, which ring system may be monocyclic,
bicyclic, tricyclic or tetracyclic.



i nwhi ch two adj acent C atonms are substituted by -CO O CO -or-Ferrt—or in
Wi ch an aromatic or heteroaromatic ring, which is unsubstitut eﬁﬁﬂ%
Macent

substituted by hal ogen, -CN, [err] [err] [err] [err]&ﬂ“ﬂ‘mﬁm¥

carbon atons of the alicyclic ring, X and [err] are ¢ of
the other -0-, -S-, -CO, -SO, [err] -OO-, -C(O-*O [err] [err]- and
[err] are each independently of one another [err] phenyl or benzyl; [err]
and [err] are each independently of the other [err] [err]; [err] and [err]
are each independently of the other hydrogen, [err], phenyl or benzyl, the
al kyl groups in turn being unsubstituted or substituted by [err] or [err]
[err] and [err] are each independently of one another [err] phenyl or
benzyl; Mis_an alkali nmetal and [err] is an alkaline earth netal; and u is

0 or 1; and $:HbPEcess\actording inglaim Gradersin Q- in-formuladhis bpdrogém f ur t her
non-aromati c double bonds; [err] is hydrogen, [err], halogen, -CNor [err];
Lerrl s 1erg] s Stockss'ackorttng th claim 6, whereh in formula T
Q, is a radical having at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- to 20-membered alicyclic ring which may contain one or more hetero atoms
selected from the group consisting of silicon, oxygen, nitrogen and sulfur; which radical is
unsubstituted or substimated by halogen, =0, -CN, -NO,, R;R,;R3Si-(0),-, -COOM,
-SO;M, -PO;M, -COO(M, )1 5, -SO3Mi)12, -POs(My )20 Cy-Ciaalkcyl, Cy-Ciohaloalicyl,
“ Cy-Cyohydroxyalkyl, C,-Ccyanoalkyl, C3-Cycycloalkyl, C-Cyaaryl, C;-Cpjaralkyl,

' C5-Cgheterocycloalkyl, C3-Cyoheteroaryl, C4-Cyoheteroaralkyl or R4-X-; or two adjacent
carbon atoms in said radical Q, are substituted by -CO-O-CO- or -CO-NRs-CO-; or an
aromatic or heteroaromatic ring which is unsubstituted or substituted by halogen, -CN,
-NO,, RgR7RgSi-, -COOM, -SO3M, -PO3M, -COOM)y 3, -SO3(My)y 2, -PO3s(My)112
Cy-Cpaalkyl, Cy-Cyjhaloalkyl, Cy-Cyphydroxyalkyl, C;-Cycyanoalkyl, C3-Cocycloalkyl,
Ce-Craaryl, Cr-Cyparalkyl, C3-Cgheterocycloalkyl, C3-Cjoheteroaryl, C4-Cyoheteroaraliyl
or Ry3-X;- can be fused to adjacent carbon atoms;

X and X are each independently of the other -O-, -S-, -CO-, -SO-, -8O,-, -O-C(0)-,
-C(0)-0-, -C(O)-NRs-, -NR(-C(0)-, -SO,-0O- or -0-S0O,-; and

R}, R; and R; are each independently of one another C,;-Cgalkyl, C,-Cgperfluoroalkyl,
pheny] or benzyl;

‘ M is an alkali metal and
M, is an alkaline earth metal;

R, and R, are each independently of the other C;-C;qalkyl, C;-C,,haloalkyl,
C,-Cizhydroxyalkyl, C3-Cgcycloalkyl, C4-Cyzaryl or Cr-Cpaaralkyl;

Rs and Ry are each independently of the other hydrogen, C,-Cqalkyl, phenyl or benzyl,
the alkyl groups in turn being unsubstituted or substituted by C,-Cgalkoxy or
C3-Cycycloalkyl;

R¢, Ry and Rg are each independently of one another C;-Cgalkyl, C;-Cqperfluoroalkyl,
phenyl or benzyl;

uisOorl;

and the alicyclic ring formed with Q, may contain further non-aromatic double bonds;
Q; is hydrogen, C;-Cjjalkyl, C,-Cjshaloalkyl, C;-Cqalkoxy, halogen, -CN or R;;-X5-;
Ry is Cy-Cypalkyl, Cy-Cyshalogalkyl, C,-Chydroxyalkyl, C;-Cecycloalkyl, C4-Cyqaryl
or Cy-C,qaralkyl;



- ertem————————

[‘e?-r] i s hydrogen, [err] phenyl or benzyl. 7. A process according .to claim
6,- wherein the alicyclic ring that [err] forns together with the [err]
group contains 3 to 16 ring atons, which ring system may be nonoecycli c,

bicyclic, tricyclic or tetracycllc g 8. Aprﬁf:ess “accordin
claim6, wherein [err] - in formula I ish rogen. Q@mgto

claim6, wherein in formula | [err] is a radical ha m car bon
at-om whi ch, together with the -CH=CQR- group, forms 20- fenber ed

alicyclic ring which may contaln one or nore hetero atons selected fromthe
group consiX4is AG(QFOs ot Q(@)-NRy; nitrogen and sul fur, which radical is

bsti t utged ;. of - CN, , - COOM
tm[sgrf]l l[Jer?' (ﬁyﬁ‘b é?‘%ggﬁﬁ hggﬁ&zydm; in sal[gr;}adl E::I”][err] are[err]
substit ut emﬁyhn@@@thmoqmmhmh aralieyl mm&m ZIoups 1rg

whi ch uéﬁgq@
[elrf] '?J?ﬁh‘%@hh}x&&%—uﬁ%%:%&g%& t'o” ad) 8 cen[} N on atoms gegcgr\ﬁdth%g”
are each i MGEERAWEQLfhehetemaeycieallsyl, hatgroaryband M@‘{Péﬁﬂseﬁg@(@

[err]; and ftom the @66p Cotisistinglof-GACH, me;.p@,adﬁe% hiyd of one another [err]
Ry is hydrogen, C,-Cgalkyl, phenyl or benzyl.

10. A process according to claim 6, wherein in formula I
Q, is a radical having at least one carbon atom which, together with the -CH=CQ,- group,

“ forms a 3- to 10-membered alicyclic ring which may contain a hetero atom selected from
the group consisting of silicon, oxygen, nitrogen and sulfur, and which radical is
unsubstituted or substituted by halogen, -CN, -NO, RjR;R3Si-, -COOM, -SO;M, -PO3M,
-COOMy)1p, -SO3(My)y, -PO3(My)1p2, C1-Coalkyl, Cy-Cghaloalkyl,
C;-Cghydroxyalkyl, C,-C,cyanoalkyl, C5-Cqcycloalkyl, phenyl, benzyl or R4-X-; or an
aromatic or heteroaromatic ring which is unsubstituted or substituted by halogen, -CN,
-NO,, RgR7RgSi-, -COOM, -SO;M, -POsM, -COOM s, -SO3(Mprz, -POs(Mpy 2
Ci-Cealkyl, C;-Cghaloalkyl, C,-C¢hydroxyalkyl, C,-C4cyanoalkyl, C;-Cgcycloalkyl,
phenyl, benzyi or Ry3-X;- can be fused to adjacent carbon atoms;
R;, R; and Rj; are each independently of one another C,-C,alkyl, C;-C perfluoroalkyl,
phenyl or benzyl;
M is an alkali metal and M, is an alkaline earth metal;

‘ R4 and Ry are each independently of the other C;-Cgqalkyl, Cl-Cshaloalkyl,

C,-Cshydroxyalky! or C3-Cgcycloalkyl;
X and X are each independently of the other -O-, -S-, -CO-, -SO- or -SOy-;
R, Ry and Ry are each independently of one another C;-C,alkyl, C,-C perfluoroalkyl,
phenyl or benzyl; and
Q, is hydrogen.

11. A process according to claim 1, wherein the cyclic olefin is a norbornene or
norbornene derivative.

12. A process according to claim 11, wherein the norbomene derivative is a compound of
formula I
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S |

phenyl or benzyl; Mis-an alkali netal and [err] is an alkaline earth.
metal; [err] and [err] are each independently of the other [err], [err]; _
[err]-and [err] are each independently of the other hydrogen, [err], phenyl
or "benzyl, the alkyl groups in turn being ugsubstituted '

[err] or [err] [err] and [err] are each independently of ﬂmmmﬂwtfﬂmﬁmla
phenyl or benzyl; uis 0 or 1; and the alicyclic ring forfed wiithasf esr]«tay
contain further non-aronmatic double bonds; [err] is hydrogen, [err],

hal ogen, -CN or [err] [err] ig[err] or [err] -39- [err] is -C(O-0O or
[err] and [err] is hydrogen, perr], phenyl or benzyl; and the cycl oal kyl,
het erocycl oal kyl, aryl, heterfaaryl, aral kyl and heteroaral kyl groups are
unsubstituted or substituted [err],-CN or hal ogen, and the hetero atons

of the heterocycl oal kyl, heitf I
fromthe group consisting
hydrogen, [err] phenyl ¢f bd

wherein
X3is -CHR y4-, oxygen or sulfur,

Ry4and ?215 are each independently of the other hydrogen, -CN, trifluoromethyl
q (CHs)38i-O-, (CHs);Si- or -COOR,7; and

Ry and Ry are each independently of the other hydrogen, Cl;ClzalkyL phenyl or benzyl.

and _Imteroaral kyl groups are sel ected

err] and -N=; and [errfjn)is

Rys

’
p

Xy

wherein

X4 is -CHR -, oxygen or sulfur:

Ry is hydrogen, C,-Cyzalkyl, phenyl or benzyl; and
Ryg is hydrogen, C;-Csalky! or halogen.

14. A process according to claim 11, wherein th .
’ er norbornene derivative i
formula IV ve 1s a compound of



10.. A process according to claim6, wherein in fornula | [err] is a radical
havi ng at | east one carbon atom which, together with the [err] group, forns .
a 3- to 10-nenbered alicyclic ring whi ch Y contaima hétero atom sel-ected
- fromthe group consisting of silicon, oxygen nitr and
which radical is unsubstituted or substituted by m%ﬂm “H“\

-COOM [err] [err] [err], phenyl, benzyl or [err] onmatsi ¢ *or

het er oaromatic ring whi ch is unsubstituted or substituted by hal ogen, -CN,
[err], -COOM [err] [err] phenyl, benzyl or [err] can be fused to adjacent
carbon atons; [err] and [eriXy, are each independently of one another [err]
phenyl or benzyl; Mis an alkali nmetal and [err] is an alkaline earth
metal; [err] and [err] are g&ch independently of the other [err] [err] or
[err] X and [err] are each dependentlé of the other -0, -S-, -CO, -SO
or [err] [err] and [err] p8mdent |y of one anothe{IVI,err] phenyl
or benzyl; and [err] is , ] A process according to claim1l,
wherein the cyclic ol ef fbor nene or norbornene derivative. 12. A
process according to ‘ j2t he nor bornene derivative is a
conmpound of formula I4 '

wherein
X5 is -CHR -, OXygen or sulfur;
‘ Ry, is hydrogen, C,-C;,alkyl, phenyl or benzyl;
Ry and Ry, are each independently of the other hydrogen, CN, trifluoromethyl,
(CHj3)5Si-O-, (CH,);Si- or -COORys3; and
Ry is hydrogen, C;-C;,alkyl, phenyl or benzyl.

15. A process according to claim 11, wherein the norbomene derivative is 2 compound of
formula V

wherein
X¢ is -CHRy4-, oxygen or sulfur;
Ry, is hydrogen, C;-C,jalkyl, phenyl or benzyl;

Y is oxygen or /N —Ros; and

R,s is hydrogen, methyl, ethy! or phenyl.



! wherein [err] is [err], oxygen or sulfur, [err] and [err]- are each
i ndependently of the other hydrogen, -CN, trifluaoronethyl—ferri; and [err]
and [err] are each independently of the other hydrogen, [err
benzyl. 13. A process according to clai 2}, mhere nnﬂh g @!
derivative is a conpound of formula Il wherein [e ﬂl en or
sulfur; [err] is hydrogen, [err], phenyl or benzyl; and [err |s hydr ogen,
[efr] or halogen. 14. A process according to cIa|n111 wherein ther
nor bornene derivative is a conpound of fornula IV -41 - wherein [err] is

[err] oxyg r sulfur err] is hydroge [err]., ohe or benzyl; R20 and
R21 are eagﬁg g i claife Loviseein r\%me{y (Vf)rﬂp d|tengs

[err]; and cbmpoixndsswmwmn dofitaid orit/ et atbin d@@%yﬁe@i'mﬂs Hﬁ%ﬁﬁmg
accor di ng to ? m.1 v\/riee £ t he norbornene derivative is a corrpo 3 of
formul a mge oubleoi'tn

17. A process according to claim 1, wherein two to four metal-ligand bonds are present as

methyl group or monosubstituted methyl group lacking B-hydrogen atoms and which is
bonded to the metal atom.

18. A process according to claim 1, wherein the methyl group or monosubstituted methyl
“ group without B-hydrogen atoms bonded to the metal atom has the formula VII

-CH-R (VID,

wherein R is H, -CF3, -CRygR27R13, -SiRygR30R3;, unsubstituted or C;-Cgalkyl- or

C,-Cgsalkoxy-substituted C4-C, garyl or C,4-C;sheteroaryl containing 1 to 3 hetero atoms

selected from the group consisting of O, S and N; and

Ry4, Ry7 and Ryg are each independently of one another C;-C;palkyl which is

unsubstituted or substituted by C;-C;qalkoxy, or Ryg and Ry; have this meaning and Ryg is

C¢-Cyparyl or C4-Coheteroaryl which is unsubstituted or substituted by C;-Cgalkyl or

C;-Cgalkoxy; and

Rgg, R3g and Ry, are each independently of one another C;-Cgalkyl, Cs- or Ccycloalkyl,

or unsubstituted phenyl or benzyl or phenyl or benzyl each substituted by C,-Cgalkyl or
® C;-Cgalkoxy.

19. A process according to claim 18, wherein the group R in formula VII is H, -C(CHs)s,
-C(CH,),CgHs, unsubstituted phenyl or phenyl which is substituted by methyl, ethyl,
methoxy or ethoxy, -CF;, or -Si(CHs),.

20. A process according to claim 1, wherein the other 1 to 4 valencies of the Mo(VI) and
W(VT) atoms can be saturated with identical or different ligands selected from the group
consisting of =0, =N-R3, secondary amines containing 2 to 18 carbon atoms, R3,0- or
R3;S-, halogen, cyclopentadienyl or bridged biscylopentadienyl, tridentate monoanionic
ligands, or neutral ligands, wherein the R3, substituents independently of each other are
unsubstituted or C;-Cgalkoxy- or halogen-substituted linear or branched C,-C,galkyl, Cs-
or Cscycloalkyl which is unsubstituted or substituted by C;-Cgqalkyl, C,-C4alkoxy or



wherein [err] is [err] oxygen or sulfur, [err] is hydrogen, [err] phenyl or

benzyl; Y is oxygen or N [err] and R25 is hydrogen, —n'et hyI eth

‘phenyl . 42- 16. A process according to claimi1, bdenum
(M) and tungsten (VI) conpounds are thote which c + atom or
two netal atoms |inked through a single. double or enbohd 17. A
process according to claim1l, wherein two to four rret al -I I gand bonds are

present as nethyl group or nonosubstituted nmethyl group |acking

hyd hi& I
accot i ng fo i g?%ﬁ%@mﬁ%ﬁmﬁm o s B D I o Gl
6

group with Pﬂmﬁiﬂ% ggﬁi%ﬁl‘ﬁhﬂ(ﬂ'iﬁé’@g?’b of henzyd tvchyis gRFUbSEtEcOrs or nul a
VIL [err] substituted byC alkyl C,-Cqalkoxy, C;-C alkoxyme 1 (CVCflko:Weﬁ@?bf‘ Ris H

Cont & ni ngt4oks- 8§ #ﬁ o e ?@4%8{ tflirar o, s

md kl\ll andbt[am:lre}i@ﬁdl{aM]QamC@@emawmﬂsmmbsmt@l]rmsammbye; \r/ ]e hi s

roani ng. angt RERY G reeBlond F Buiopth Bleobt il i BBty Epscn B0 § e

by [err] of{(galkyl, &}1 adiaxy, Cﬁﬁdﬂ[c@:y@etbyleCe&ﬂkomlnérﬁ@ny-aﬂnyl)ammo

anot her [ e -Calkylyamino-C,-Cyalkyl or halogen, or benzyl or phenylethyl each of which is
unsubstituted or substituted by C;-Cgalkyl, C,-Cgalkoxy, C,-Cgalkoxymethyl,
C;-Cgalkoxyethyl or halogen.

21. A process according to claim 1, wherein the molybdenum and tungsten compounds are
compounds of formulae VI, VIIia, VIIIb and VIIc,
RM\ / ”
Res /M e\ Rao (VI
Ry, Ry
Rso Ry Ri N
39
@ \ /
/ Ry
Ry
Rez Re



-
or. unsubstltuted phenyl or benzyl or phenyl or benzyl each substituted by
[err] or [err] 19. A process according to clai m18, mhereln the group«R I n

formula VIl is H [err] [err] unsubstituted phenyl
substituted by methyl, ethyl, methoxy or-# hoxy, [er !! Mﬂ ﬂ!ﬂg "{A
process according to cI aim 1, wherein the other 1 to he

Mo(VI) and WVI). atons can be saturated with identical or dlfferent | i gands
selected fromthe group consisting of =0, [err] secondary am nes containing
2 to 18 carbon atons, [err] orRRBZS-, hal n, cycl opentadi enyl or bridged
bi scyl opent adi enyl, tridentate Fonoani oni ¢|Ti gands, or neutral |igands,
wherein the R32 subst%uents | hdependent | y{ of each her are unsubstituted
or [err] or hal ogen-s tituted |inear or pranche ] [err] or [err]

whi ch is unsubstituted oNsubsfituted by [err] -43- hal ogen, or
phenyl which is unsubstitut gr substituted My [err], [err] or hal ogen, or
benzyl which is unsubstltut ed ¢ Sobstrtu by [err] or hal §¥&ab), or

phenyl et hyl ; and [err] upstituted or r] Iinear or branched [err]
or [err] which is unsubs rtutefd or substitputed
whi ch is unsubstitutegror substituted by [

[err] or hal ogen, phenyl
or hal ogen, or benyl

or phenyl ethyl each oRghgwhich i s unsubstitufed or sub®#ii t ut ed by [err],

[err] or hal ogen. Ry Ry,

o Rag Rsg

Rao Me —— Reo (VIc),
Ry Ry
wherein
Me is Mo(VT) or W(VD),
at least two of the substituents Ryg to Ry are a radical -CH,-R of formula VII, R is H,
. -CF3, -CstquRu, -SiR29R3°R31, unsubstituted or CrCs&lkY]r or

C-Cgalkoxy-substituted C4-C, garyl or C,-C,sheteroaryl containing 1 to 3 hetero atoms
selected from the group consisting of O, S and N;

Ry¢, Ry7 and R, are each independently of the other C;-C,palkyl which is unsubstituted or
substituted by C,-C;qalkoxy, or Ry and Ry7 have this meaning and Ryg is C4-C,paryl or
C4-Csheteroaryl which is unsubstituted or substituted by C;-Cgalkyl or C,;-Cgalkoxy; and
Rag. Ryg and R3; are each independently of one another C;-Cgalkyl, Cs- or Cecycloalkyl,
or unsubstituted or C,-Cgalkyl- or C;-Cgalkoxy-substituted phenyl or benzyl;

two each of the remaining substituents R3g to R44 are =O or =N-Ry3, and Ry is unsubstitu-
ted or C;-Cgalkoxy-substituted linear or branched C,-C,galkyl, unsubstituted or
C,-Cgalkyl-, C,-Cqalkoxy- or halogen-substituted Cs- or C4cycloalkyl, unsubstituted
phenyl or phenyl which is substituted by C,-Cgalkyl, C,-Cqalkoxy, C,;-Cqalkoxymethyl,
C,-Cgalkoxyethyl or halogen, or benzy! or phenylethyl each of which is unsubstituted or



21. A process according to claim1, wherein the nol ybdenum and .t ungsten
~conpounds are conpounds of fornulae VIIl, VIIla, Vi+Hb-and Villic, [err] '
[err] at |east two of the substituents [err] to [err ““‘L [err]
of formula VII, Ris H [err] unsubstituté3-or kﬁ&‘@ﬂl“ ining 1
to 3 hetero atoms sel ected fromthe group consrst ahd ™, [err]
and [err] are each independently of the other [err] whi ch is unsubstituted
or substituted by [err] or [err] and [err] have this meani ng and [err] is
[err] or [esajstiniiedby Cs-Ciamkybet, L jaliesty OC, -Eyklks ﬁ:&&ﬁ{i d&lkbkyehytlop hilb- and
phenyl or phenyl |ch |s substltuted by [err] [err hal ogen,” or benzyl

or phenyl etﬁﬁ]1 Rt of which is unsubstituted or -45 - substituted by

[err] or halte regmining substitueis R @R}/ dré gecondary ianitmésntiahgt DtoRB cattion

iiEFBSZLtyaS?*é%? Rty d%argsw%@h?%%n@ewﬁa oty T

wherein the tr[ala g4nds whereint the R,s substitieatstars catbjindependenyly of thdmhextxmsubsnmtcd

unsubst i t ut %gcorcmo&] & naltdeAEBsRNRS bl o Srank AGPE, € A NGRG Hsrtrild b

unsubsti t ut ed ]
Ci- 6a1kyl- C,-Cgalkoxy or halogen-substituted Cs- or C4cycloalkyl, unsubstituted

phenyl or phenyl which is substituted by C;-Cgaikyl, C;-Cgalkoxy, C;-Csalkoxymethyl,
Cy-Csalkoxyethyl, di(C,-Cg-alkyl)amino, di(C,-C¢-alkyl)amino-C,-Csalkyl or halogen, or
benzyl or phenylethyl each of which is unsubstituted or substituted by C,-Cgalkyl,

“ C-Cealkoxy, C;-Cqalkoxymethyl, C,-Cgalkoxyethyl or halogen.

22. A process according to claim 21, which comprises using molybdenum and tungsten
compounds of formula VII, wherein

a) R3g to Ry, are a radical of formula VII -CH,-R, or

b) R3¢ and Ry are a radical of formula VI -CH,-R, Ry; and Ry, together are a radical
=N-Rj33, and Ry; and Ry, together are R3,-O- or halogen, or

©) Ry3 and Ry, together and Ry, and Ry, together are the radical =N-Rg3, and R3g and Ryg
are a radical of formula VII -CHy-R,

wherein R, R3; and Ra; are as defined in claim 21.

23. A process according to claim 21, which comprises using molybdenum and tungsten
compounds of formulae IX, IXa or IXb,

)
AVl
/Me\———— N-Ry3 (XD,
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[é%r] or hal ogen-substituted [err] or [err] unsubstituted phenyl or phenyl
whi.ch is substituted by [err], [err] or hal ogen, or benzyl .or phenyl et hyl
each of which is unsubstituted or substituted by -ferr] [err] or g ogen.

22. A process according to claim?21l, whic#6€eonprise l m. and
t ungst en conmpounds of formula VII1, wherein a) [errs“““m a radical

of fornmula VII [err] or b) [err] and [err] are ar cal *of formula VI
[err] and [err] together are a radical [err] and [err] and [err] together
are [err] or halogen, or c) [err] dlerr] together and [err] and [err]
together are the radical [err] and@ rr] and [err] are a radical of formula
VII [err] wherein R, [err] and [erf] are as defined in claim2l1. 23. A
process according to claim21, whig¢h conprises using nol ybdenum and
tungsten conmpounds of_ fornul ae | | Xa or I Xb, [err] E%‘?r] wher ei n
Me is Mo(VI) or WVI )R,33 ISTHTE ﬁ—m?réq‘aa&nyl or phenyl( chis
substituted by 1 to 3 [err] or [erf] groups, [err] is unsubstituted or
fluoro-substituted |inear or, pref Frably, branched [err] and

CH,R

N
aw

Me is Mo(V]) or W(V]),

R is H, -C(CHy);, -C(CH3)y-CgHs, -C4Hs or -Si(C-Caalkyl)s,

Rs3 is phenyl or phenyl which is substituted by 1 to 3 C;-C,alkyl or C;-C alkoxy groups,
Ry; is unsubstituted or fluoro-substituted linear or, preferably, branched C,-C,alkoxy, and
R4, has the same meaning as Ry, oris F, Cl or Br.

R-H,C

N-Ra3

24. A process according to claim 23, wherein Ry, is branched alkoxy or branched alkoxy
‘ which may be partially or completely fluorinated.

25. A process according to claim 23, wherein Ry, is chloro.

26. A process according to claim 23, wherein the molybdenum and tungsten compounds
are selected from the group consisting of:

Mo,[CH,Si(CHa)sls, W(=N-CeHsOCH(CH,)](CH{CH,Si(CHs):l,,
W(=N-CgHs){OCH(CF3);,{CH,Si(CHs)s]2
Mo(=N-3,5-diisopropylCeHs)2(CH,C(CH;)y-CoHsly,
Mo(=N-3,5-diisopropylC¢Hj;),{CH,-C¢Hsl,, Mo(=N-3,5-dimethylC¢H3),[CH,-CHsls,
W(=NC¢H;)[CH,Si(CH;),]C! or Mo(=N-3,5-dimethylCgH;)2(CHjy),(tetrahydrofuran).

27. A process for the photocatalytic polymerisation of a cyclic olefin or at least two



R42 has the sane neaning as [err] or is F, O or Br. 24. A process o
according to claim23, wherein [err] is . branched al koxy or branched al koxy
whi ch nmay be partially or. corrpl etely fluorjnated—257 A process accordi ng
te claim?23, wherein [err] is chloro. 26." 4ﬂ'proces ﬁm a|m23
wher ei n the nol ybdenum and tungsten conpounds are S‘m’m‘g ‘“ gr oup
consisting of: [err] [err] M(=N-3 [err] [err] [er rer f] 27. Aprocess
for the photocatal ytic polynerisation of a cyclic olefin or at |east two

di fferent cydifferenotydlicrsefing ik i pésencs ofa mbtabcdRpiind s FRAIYIE vaficlEprodésy St ,
whi ch procesg, n&ﬁf%é' ses a) initially irradiating the cycloolefin or

cycl ool efins™i presence of a catalytic anount of at |east one

t her nost abl a)mmﬁmmmwm oycidalefiys becyclodldfinsdm thecpreskned of dcatalytic amoumt

Lore] - hydr ogore: st e Hosklf, R Bt Q}ﬁﬁ"’?ﬁ““?ﬂ’%gﬁﬂ’%@é%%&nm

atom or irradeast ngmsﬁw&g@m prtwomonesubstitated meghsy Mstlmlrgﬁ-hmgen
mol ybdenum (abmns % tHels@Bstitdht and which H&Mﬂb H&Et Abms §91
met hyl groups or tﬂ\?gh'gonosu stitut ed nmet hyl grou S Iack| n err|= Jnen
atoms in t he*BoHY A¥t OBR p3table mol QTHERN AN ﬁmommd! a

sol vent | or | | Contiing ﬁﬁéist&%ﬂﬁﬂiyl gigs wmﬁbﬂéﬁmm%%@ﬁxﬁé@yﬁm | east
one cycl 0ol &gl Bires atoms in the substiraent and which are bonded to the metal atom, without &
solvent or in an inert solvent, and then mixing the catalyst with at least one cycloolefin;

“ and

b) terminating the polymerisation by heating and without irradiation.

28. A process according to claim 1, wherein the molybdenum (VI) and tungsten (VI)

compounds are used in an amount of 0.001 to 20 mol %,, based on the amount of the
cycloolefin.

29. A composition comprising (a) a cyclic olefin or at least two different cyclic olefins and
(b) a catalytically effective amount of at least one thermostable molybdenum (VI) and
tungsten (VI) compound which contains at least two methyl groups or two monosubstitu-
ted methyl groups lacking B-hydrogen atoms in the substituent and which are bonded to
the metal atom.

® 30. A coated substrate having applied thereto a layer of (a) a cyclic olefin or of at least two
different cyclic olefins and (b) a catalytically effective amount of at least one thermostable
molybdenum (VI) or tungsten (VI) compound which contains at least two methyl groups
or two monosubstituted methyl groups lacking B-hydrogen atoms in the substituent and
which are bonded to the metal atom.

31. A substrate coated with an oligomer or a polymer prepared according to claim 1 and
which contains a crosslinking agent.

32. A coated substrate to wh:ch is applied a layer of a polymer prepared by the process of
this invention.

33. A process for the production of coated materials or relief images on substrates, which
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b) term nating the polynerisation by heating and without irradiation. 28. A
‘process according to claim1, wherein the nol ybdenum (VI) and tungsten (V)
conpounds are used in an anmount of 0.001 to 20 nol anount
ofa the cycl ool efin. 29. A conposition congg8ising (amlﬂlﬂmf'wnﬂmﬁm or at

| east two different cyclic olefins and (b) a catalytical |y erfective anount

- of at |east one thernostable nol ybdenum (VI) and tungsten (VI) conpound
whi ch contains at |east two nethyl groups or two nonosubstitu- ted nethyl

| ackicosioh i p.the. i i ch.are bonded
20 i he ot af CapHSiabply(y ©Eidihiien aehl b Ui 6 UEL e Refelofld e 001 C¢
(a) a cycli cOXPW; Hnsed, impdiating the dayer woetitict pelymetisatipp|and subsequentlysmbiecting a
talytical Yy , d Vi
or tungst 2n“’§v§9‘3 Sodat? B pptiondl posiaird, o Madisilg e LR G SN o)
monosubst i t 8E® 'ﬂﬁ%@ﬁ emeving ghe nonrradiatid ROERCNE Y2 solvente

substituent and which are bonded to the nmetal atom 31. A substrate coated
with an oli r.or a | yner pre d according to claim2l and i ¢ch
contains a g?'g%m? %%mﬁ@gﬁwﬁ@%@aﬁgﬂ%wmsm lied a
:cayer hof a polyyxtmsa_ i m:remyeﬂ% bkﬁhﬂea_vhifmmpﬁstkm f’;ﬁxigrwmm' asmbé@& A process
or the pro n.o at e t al s_or J es, on.substrates,
whtoh " coniiyaiBud D5t Saesth (V) Bopipd hich cobaRe RIeRf i mid giies
substrate, 8w mogosibstimtidunethyl groupsslacking Briydrogen atpnisio theasubstituentedntiect
pol yneri sat i | &6 i | ayer to an

ofHlc 1P BDHARE Rl i, SfnolE bolferkt B M 17

optional postcure, or irra ayer throug o- mask and
t“after renoving the non-irradiated portions with a solvent.



"~ 34 A process-f-or the preparation of thermal catalysts for the ring-opening"
met athesi s Pol ynerisation of cyclic olefins, which conprises irradiating a

-ualiterpest abl e nol ybdenum (VI) or tungsten (V) conpound whi ch contains at:
|east two methyl groups or two monosubst it ed net hyl groups | acki ng
err]-hydrogen atons in the substituent and which are bonded to the netal
aéom W thout a solvent or in a solvent.

1

Process for the polymerisation of cyclic olefins and photopolymerisable composition

Abstract of the Disclosure

A process for photocatalytic polymerisation of a cyclic olefin or of at least two different
cyclic olefins in the presence of a metal compound as catalyst, which process comprises
carrying out a photochemically induced ring-opening metathesis polymerisation in the
presence of a catalytic amount of at least one thermostable molybdenum (VI) or tungsten
(VD) compound which contains at least two methyl groups or two monosubstituted methyl
groups lacking B-hydrogen atoms in the substituent and which are bonded to the metal

“ atom. The process may be carried out by first irradiating and terminating the
polymerisation by heating. The process is suitable for fabricating moulded articles,
coatings and relief images.




