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The present invention relates to compounds having at least two strained cycloolefins bonded
directly or via a bridging group; compositions comprising these compounds and a one-
component catalyst for thermally induced and/or radiation-induced metathesis
polymerization} a polymerization process, crosslinked polymers from the compounds
mentioned and, if appropriate, other olefins and/or cycloolefins suitable for metathesis
polymerization; carrier materials coated with these crosslinked polymers; and a
polymerization process.

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

~ catalysts of the ruthenium compounds used, that is to say [(CeHe)RU(CH3CN),CI]'PF¢” and
[Ru(cumene)Cl,),, can indeed be activated by UV irradiation; however, the storage stability
of the compositions with norbornene are [sic} completely inadequate. These catalysts are
capable of replacing the known two-component catalysts only inadequately.

Demonceau et al. [Demonceau, A., Noels A.F., Saive, E., Hubert, A.J., J. Mol. Catal.
76:123-132(1992)] describe (CgHs)3lsPRUCI, [sic], (p-cumene)RuCl,P(CgH41); and
(CsHs)slsPRUHCIH [sic] as thermal catalysts for ring-opening metathesis polymerization of
norbornene, a fused polycycloolefin. These catalysts have not found acceptance in industrial
preparation because their activity is too low. It ié therefore proposed to increase the activity
by the addition of diazo esters. It is also mentioned that only (p-cumene)RuCl,P(CgH14)s is
capable of polymerizing norbornene in a relatively short time at 60°C. Cycloocténe is also -
mentioned as a further monomer. No other cycloolefins for methatesis [sic] polymerization
are mentioned.

Petasis and Fu [Petasis, N.A., Fu, D., J. Am. Chem. Soc. 115:7208-7214 (1993)} describe
thermal ring-opening metathesis poiymerizﬁﬁon of norbornene using biscyclopentadienyl-
bis(trimethylsilyl)methyl-titanium(IV) as a thermélly active catalyst. No other cyclooiefins for
metathesis polymerization are mehtidiiefd; :



EP 287,762 describes crosslinked copolymers of a mixture of 1,2-bisnorbomenyl-ethane of

the formula
ﬂ%—‘cuzcuz—%

and a compound of the fromula [sic]

Mcuzcuz-cn.cm :

which are prepared using catalyst systems for thermal metathesis polymerization comprising
a catalyst and an activator. A disadvantage of these systems is the need to separate the
catalyst and activator, so that no storage-stable polymerizable compositions can be
provided. The catalyst and activator can be combined only directly before the
polymerization, highly reactive compositions which rapidly gel with evoiution of heat being
formed. The production of shaped articles is therefore limited to certain processes, such as,
for example, the RIM process. The resulting crossiinked polymers have high softening
temperatures. No coated materials are mentioned. |

it has now been found that compositions of compounds comprising at least two strained
cycloolefins bonded directly or via a bridge group and a one-component catalyst are
storage-stable and have an outstanding processability, even in the presence of oxygen and
moisture, depending on the choice of catalyst. These compositions can be processed by
means of the most diverse shaping processes to give crosslinked metathesis polymers
without special safety precautions. The polymers have high crosslinking densities and
outstanding mechanical and electrical properties as well as surface properties, for example
low € values and tan & values, and a very low absorption of water. The monomers used are
outstanding film-forming agents and the polymer films have outstanding properties. It has
furthermore been found that coatings in the form of crosslinked polymers which have '
exceptionally high adhesive strengths even on smooth metal surfaces are obtained with the
compositions. The storage stability eriables the use as coatings, paints, photoresists and
adhesives and the production of all types of shaped articles. The preparation of rubber-like
or thermoplastic polymers which can be crosslinked further is also possible. '

The invention relates to compounds of the formula |

(A)n-B .



in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, with the exception of 1,2-bisnorbornenyl-ethane and
norbornenecarboxylic acid norbomenemethyl ester,

The cyclic olefins can be monocyclic or polycyclic fused and/or bridged ring systems, for
example with two to four rings, which are unsubstituted or substituted and can contain
heteroatoms, such as, for example, O, S, N or Si, in one or more rings and/or fused alicyclic,
aromatic or heteroaromatic rings, such as, for example, o-cyclopentylene, o-phenylene,
o-naphthylene, o-pyridinylene or o-pyrimidinylene. The individual cyclic rings can contain 3
to 16, preferably 3 to 12, and particularly preferably 3 to 8 ring members. The cyclic olefins
can contain other non-aromatic double bonds, preferably 2 to 4 such additional double
bonds, depending on the ring size. The ring substituents are those which are inert, i.e. which
~ do not impair the chemical stability of the one-component catalysts.

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

In a preferred embodiment, the radicals a in formula | correspond to cycloolefin radicals of
the formula Il

CH——= 0
>< / w
. | .

in which

Q, is a radical having at least one carbon atom which, together with the -CH=CQ, group,
forms an at least 3-membered alicyclic ring which optionally contains one or more
heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen, nitrogen '
and sulfur; and which is unsubstituted or substituted by halogen, =O, -CN, -NO,,
RyRzR3Si-(0),-, -COOM, -SO4M, -PO3M, ~COO(M1)12, -SO3(My)1r2, -PO3(M)42,C1-
Cypatkyl, C4-Coohydroxyalkyl, CpCéohaléalkyl, C,-Cgcyanoalkyl, C;-Cgcycloalkyl, Cg-
Ciearyl, C;-Cqearalkyl, Cs-Cgheterocycloalkyl, C3-Cygheteroaryl, C,-Cigheteroaralkyl or Re-
X-; or in which two adjacent C atoms are substituted by -CO-O-CO- or -CO-NRs-CO-; or
in which an aromatic or heteroarommatic ring and/or further alicyclic rings which is [sic]
unsubstituted or substituted by halogen, -CN, -NO,, RgR;R5Si~(0),-, <COOM, -SO,M,
-PO3M, -COO(M)412, -SO3(M1)472, “POa(My)4z, C1-Copalkyl, C4-Coohaloalkyl,



C4-Caphydroxyalkyl, C,-Cecyanoalkyl, C3-Cgcycloalkyl, Cg-Cisaryl, Cy-Cygaralkyl,
C4-Cgheterocycloalkyl, Cs-Cyghetetroaryl, C,-Cqgheteroaralkyl or Rys-X4- are optionally
fused onto adjacent carbon atoms of the alicyclic ring; |

X and X; independently of one another are -O-,-S-, <CO-, -SO-, -80,-, -O-C(0)-, -C(0)-O-,
-C(O)-NRg-, -NR¢-C(O)-, -S0»-0- or -O-8O;-;

R;, R, and R; independently of one another are Cy-Cqzalkyl, C-Cyzperfluoroalkyl, phenyl or
benzyl;

R, and Ry; independently are C4-Cypalkyl, Ci-Czohaloalkyl, C4-Caoohydroxyalkyl,
C5-Cqcycloalkyl, Cg-Cqgaryl or C-Cygaralkyl;

Rs and Ry independently of one another are hydrogen, C4-Cqzalkyl, phenyl or benzyl, where
the alky! groups in turn are unsubstituted or substituted by C4-C1.alkoxy or
C3-Cgeycloalkyl;

Rs, R7 and Ry independently of one another are C,-Cyzalkyl, C4-Cqzperfluoroatkyl, phenyl or
benzyl;

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

uisOort;

where the alicyclic ring formed with Q4 optionally contains further non-aromatic double

bonds;

Q, is hydrogen, C-Caalkyl, C1-Caohaloalkyl, C(-Cyzalkoxy, halogen, -CN or Ryy-X;;

Ry4 is C4-Copalkyl, C;-Cpphaloalkyl, C4-Coohydroxyalkyl, Cs-Cscycloalkyl, Cg-Cqgaryl or

C,-Cygaralkyl;

Xz is -C(O)-O- or -C(O)-NRz-;

Ry is hydrogen, C,-Cy,alkyl, phenyl or benzy;

where the abovementioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, araikyl and

heteroaralkyl groups are unsubstituted or substituted by C4-C,zalkyl, C1-Cq,alkoxy, -NO2,

-CN or halogen, and where the heteroatoms of the abovementioned heterocycloalkyl,

heteroaryl and heteroaralkyl groups are chosen from the group consisting of -O-, -S-, -NRg-

and -N=; and - '

Ry is hydrogen, C;-Czalkyl, phenyl or benzyl.

The position of the double bond in the ring of the formula Il in relation to the free bond
essentially depends on the ring size and the preparation method for the compounds of the
formula 1.

If an asymmetric centre is present in the compounds of the formula 1, the compounds can
oceur in optically isomeric forms as a result. Some compounds of the formula Il can occur in



tautomeric forms (for example keto-enol tautomerism). If an aliphatic C=C double bond is
present, geometric isomerism (E form or Z form) can aiso occur. Exo-endo configurations
are furthermore also possible. Formula li thus includes all the possible stereoisomers which
are present in the form of enantiomers, tautomers, diastereomers, E/Z isomers or mixtures
thereof.

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

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

Hydroxyalky! includes, for example, hydroxymethyl, hydroxyethyl, 1-hydroxyisopropyl,
1-hydroxy-n-propyl, 2-hydroxy-n-butyl, 1-hydroxy-iso-butyl, 1-hydroxy-sec-butyl, 1-hydroxy-
tert-butyl and the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl
radicals.

Haloalkyl includes, for example, fluoromethyl, diﬂuorbmethyl, trifluoromethyl, chloromethyl,
dichioromethyl, trichloromethyl, 2,2,2-triflucroethyl, 2-fluoroethyl, 2-chioroethyl, 2,2,2-
trichloroethyl and halogenated, in particular fluorinated or chlorinated, alkanes, such as, for
example, the isopropy!, n-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl and the various’
isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals..

Alkenyl includes, for example, properiyl, 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-gnyl.



Cycloalkyl is preferabiy C5-Cgcycloalkyl, in particular Cs- or Cgeycioalkyl. Some examples are
cyclopropyl, dimethyicyclopropyl, cyclobutyl, cyclopentyl, methyicyclopentyl, cyclohexyl,
cycloheptyl and cyclooctyl.

Cyanoalky! includes, for example, cyanomethyl (methylnitrile), cyanoethyl (ethyinitrile), .
1-cyanoisopropyl, 1-cyano-n-propyl, 2-cyano-n-butyl, 1-cyano-iso-butyl, 1-cyano-sec-butyl,
1-cyano-tert-butyl and the various isomeri¢c cyanopentyl and -hexyl radicals.

Aralkyl preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C atoms. it
can be, for example, benzyl, phenethyl, 3-phenyipropyl, a-methylbenzyl, phenbuty! or
a,a-dimethylbenzyl.

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

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

Heterocycloalky! preferably contains 4 or § C atoms and one or two heteroatoms from the
group consisting of O, S and N. It can be, for example, oxirane, azirine, 1,2-oxathiolane,
pyrazoline, pyrrolidine, piperidine, piperazine, morpholine, tetrahydrofuran or
tetrahydrothiophene.

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

Alkali metal in the context of the presant invention is to be understood as meaning lithium,"
sodium, potassium, rubidium and caesium, in particutar fithium, sodium and potassium.

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

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



In the radicals of the formula II, Q, is preferably hydrogen.

Compounds with radicals of the formula H which are furthermore preferred are those in
which the alicyclic ring which Q, forms together with the -CH=CQ,- group has 3 to 16, more
preferably 3 to 12, and particularly preferably 3 to 8 ring atoms, where the fused ring system
can be monocyclic, bicyclic, tricyclic or tetracyclic.

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

those compounds with radicals of the formuia II in which

Q, is a radical with at least one carbon atorn which, together with the -CH=CQ,- group,
forms a 3- to 20-membered alicyclic ring which optionally contains one or more
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sutfur; and
which is unsubstituted or substituted by halogen, =0, -CN, -NO;, R{RzR38i-(0)-, -
COOM, -SO,M, -PO,M, -COO(M1)422, -SO0a{M1)112, -PO3(My)42, C4-Cyaalkyl, Cy-
C4zhaloalkyl, C4-C4;hydroxyaikyl, Ci-Cycyanoalkyl, C;-Ceeycloalkyl, Cg-Cozaryl, Cr-
Cqoaralkyl, Cs-Cgheterocycloalkyl, C3-Cqsheteroaryl, C,-Cisheteroaralkyl or Rg-X-; orin
which two adjacent C atoms in this radical Q are substituted by -CO-O-CO- or -CO-NR;-
CO-; or in which an aromatic or heteroaromatic ring and/or further alicyclic rings which are
unsubstituted or substituted by halogen, -CN, -NO,, RgR7RgSi-, -COOM, -SO3M, -POsM,
-COO(My)1s2, -SO3(My) 112, -PO3(My)1s2, C1-Cyzalkyl, C4-Cyzhaloalkyl, C1-Cyzhydroxyalkyl,
C4-C4cyanoalkyl, Cs-Cgeycloalkyl, Cg-Cezaryl, Cy-Cqoaralkyl, Cs-Cgheterocycloalkyl,
C,-Cyzheteroaryl, C4-Cqoheteroaralkyl or Rq3-X4- are optionally fused onto adjacent carbon
atoms;

X and X, independently of one another are -O-, -8-, -CO-, -SO-, -S0,-, -O-C(O)-, -C(0)-O-,
-C(O)-NRs-, ~NR1g-C(O)-, ~§02-0- or -O-SO,~; and

Ry, Rz and R; independently of one another are C,-Cgalkyl, C,~Cgperfluoroalkyl, phenyl or
benzyi;

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

R, and Ry; independently of one another are C,-C4salkyl, C4-Cqohaloalkyl,
C,-Cohydroxyalkyl, Cs-Cgcycloalkyl, Cg-Csaryl or C,-Cyaralkyl;

Rs and Ry independently of one another are hydrogen, C4-Cgalkyl, phenyl or benzyl,

where the alkyl groups in turn are unsubstituted or substituted by C;-Cgalkoxy or
C3-Cgeycloalkyl;

Re, Ry and Ry independently of one another are C4-Cgalkyl, C1-Cgperfluoroalkyl, phenyl or
benzyl;

uisOor1;



where the alicyclic ring formed with Q, optionally contains further non-aromatic double
bonds;

Q, is hydrogen, C4-C4,alky!, C4-Cyshaloalkyl, C-Cealkoxy, halogen, ~CN or Ryy-Xz-;

R¢q is C4-Cypalkyl, C4-Cyohaloalkyl, C-Cyzhydroxyalkyl, C3-Cecycloalkyl, C¢-Cyzaryt or
C,-Cyzaralky!; '

X, is -C{O)-O- or -C(O)-NR,; and

Ry2 is hydrogen, C4-Cgalkyl, phenyl or benzyl;

and where the cycloalkyl, heterocycioalkyl, aryl, heteroaryl, aralkyt and heteroaralkyl groups
are unsubstituted or substituted by C-Cgalkyl, C-Cgalkoxy, -NO,, -CN or halogen, and
where the heteroatoms of the heterocycloalkyl, heteroaryl and heteroaralkyl groups are
chosen from the group consisting of -O-, -S-, -NRg- and -N=; and Ry is hydrogen, C,-Cgalkyl,
pheny! or benzyl.

Preferred compounds with a radical of the formula Il from this group are those in which

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- to 10-membered alicyclic ring which optionally contains a heteroatom chosen
from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubstituted or
substituted by halogen, -CN, -NO,, R4RzR3Si-, -COOM, -SOzM, -POM, -COO(M4)1z2,
-SO03(M1)472, “POa(M;)112. C1-Cgalkyl, C4-Cghaloalkyi, C,-Cghydroxyalkyl, C4-C,cyanoaikyl,
C3-Cgeycloalkyl, phenyl, benzyl or R¢-X-; or in which an aromatic or heteroaromatic ring
which is unsubstituted or substituted by halogen, -CN, -NO,, RgR/R;Si-, -COOM, -SO3M,
-POsM, -COO(M1)412, -SO3(M4)4z2, “PO3(M)4z2, C4-Cealkyl, C1-Cghaloalkyl, C4-
Cghydroxyalkyl, C4-C,cyanoalkyl, Cs-Cgcycioalkyl, phenyl, benzyl or R(3-X¢- is optionally
fused onto adjacent carbon atoms;

Ry, Rz and R; independently of one another are Cy~-C,alkyl, C-Cperflucroalkyl, phenyl or
benzyl;

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

R4 and Ry; independently of one another are C,-Cgalkyi, C,-Cshaloalkyl C,-Cghydroxyalkyt
or C5-Cgeycloalkyl;

X and X; independently of one another are -O-, -S-, -CO-, -SO- or -SO,-;
Re, Ry and R; independently of one another are C,-C,alkyl, C;-C4perfiuoroalkyi, phenyI or
benzyl; and

Q; is hydrogen.

The cycloolefin radical of the formula Il is particularly preferably unsubstituted or substituted
cyclopropenyl, cyclobutenyl, cyclopentenyl, cycicheptenyl, cycloocteny!, cyclopentadienyl,



cyclohexadienyl, cycloheptadienyl, cyclooctadienyl and norborneny! or norbormenyi
derivatives, such as, for example, 7-oxa-2,2,2-cycloheptene, and the corresponding benzo
derivatives. Substituents are preferably C-C alkyl and C,-C,alkoxy.

Particularly suitable radicals of the formula (I are norbomenyl and norbomnenyl derivatives.
Particularly preferred compounds from these norborneny! derivatives are those which

correspond either to the formula Il
X3

Ry

in which

X3 is -CHR+4-, OXygen or sulfur;

R4 and Ry5 independently of one another are hydrogen, -CN, trifluoromethyl, (CH;)3Si-O-,
(CH3)3Si- or -COOR,7; and

R1s and Ry7 independently of one another are hydrogen, C;-C42-alkyl, phenyl or benzyl;

or to the formula IV

X4

av),

in which

X4 is -CHR¢g-, Oxygen or sulfur;

Rqg is hydrogen, C4-C,alkyl, phenyl or benzyl; and
Rqg is hydrogen, C,-Cgalkyl or halogen.
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The cycloolefin radical of the formula I} is particularly preferably norbornenyl of the formula

A

In formula 1, n is preferably an integer from 2 to 6, particularly preferably 2 to 4, and
especially preferably 2 or 3.

In formula |, B is preferably an n-valent bridging group.

Possible divalent bridging groups are, for example, those of the formula V
-Xg-Ra0-Xe- ' M.

in which

X5 and Xe independently of one another are a direct bond, -O-, -CH;-O-, -C(0)O-,
-O(0)C-, -CH-O(0)C-, -C(0)-NRyz4-, -Rz21N-(0)C-, -NH-C(O)-NRz4-, -O-C(O)-NH-,
-CH,-0O-C(O)-NH- or -NH-C(0)-0- and

R, is Co-Cqgalkylene, Cs-Cscycloalkylene which is unsubstituted or substituted by C4-C,alkyl
or C,-C,alkoxy, Cg-Cysaryiene or C;-Cyaralkylene which are unsubstituted or substituted
by C4-C,alkyl or C4-C,alkoxy, or polyoxaalkylene having 2 to 12 oxaalkylene units and 2
to 6 C atoms in the aikylene, and

Rzq is H or C4~Cgalkyl.

Alkylene Ry preferably contains 2 to 12, and particularly preferably 2 to 8 C atoms. The
alkylene can be linear or branched. Preferred cycloalkylene is cyclopentylene, and in
particular cyclohexylene. Some examples of arylene are phenylene, naphthylene,
biphenylene, biphenylene ether and anthracenylene. An example of aralkylene is benzylene.
The polyoxaalkylene preferably contains 2 to 6, and particutarly preferably 2 to 4 units, and
preferably 2 or 3 C atoms in the alkylene.

in a preferred embodiment, in formula V _

a) X5 and X are a direct bond and Ry is C,-Cgalkylene, preferably C,-Cqzalkylene, or

b) Xs and Xg are -O-, -CH,-0-, -C(0)O-, -O{0)C-, -CH»~-O(0)C-, -C(0)-NR24-, -O-C(O)-NH-
or -CH,-O-C(O)-NH-, and Ry is Cz-cmalkylene, phenyiene, naphthylene or benzylene which
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are unsubstituted or substituted by C,-C,alkyl or C;-Calkoxy, or Rz-(0-Ra2-)x-OR2z-, in
which x is a number from 2 to 4, and Ry, is -Cx-Calkylene.

Some examples of compounds of the formula | with a divalent bridging group are
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The compounds of the formula | with a bridging group of the formula V which is a pure -
hydrocarbon bridge are obtainable, for exampie, by means of Diels-Alder reaction of a cyclic
diene with a linear or branched aliphatic diene (see also

EP-A-0 287,762), substance mixtures which are either further used directly or separated
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beforehand by means of customary methods often being formed. Compounds of the formula
| with a bridging group of the formula V in which X5 and X, are not a direct bond are
obtainable from the corresponding halides or dihalides, alcohols or diols, amines or
diamines, carboxylic acids or dicarboxylic acids or isocyanates or diisocyanates in a manner
known per se by etherification, esterification or amidation reactions.

Possible trivalent bridging groups are, for example, those of the formula V!

I S
?5 (VI),
~ X~ Ry X

in which

Xs, Xg and X; are -O-, -CH,-O-, -C(0)0-, -O(0)C-, -CH,-0(0)C-, -C(O)-NRz4-, -Rz1N-(O)C-,
-NH-C(0O)-NRp¢-, -O-C(0)-NH-, -CH,-O-C(O}-NH- or -NH-C(0)-O-, and

Ry is a trivalent aliphatic hydrocarbon radical having 3 to 20, preferably 3 to 12, C atoms, a
trivalent cycloaliphatic radical which has 3 to 8, preferably 5 or 6, ring C atoms and is
unsubstituted or substituted by C,-C,alkyt or C4-C,alkoxy, or a trivalent aromatic radical
which has 6 to 18, preferably 6 to 12, C atoms and is unsubstituted or substituted by
C4-C,alkyl or C4-C,alkoxy, a trivalent araliphatic radical which has 7 to 19, preferably 7 to 12,
C atoms and is unsubstituted or substituted by C,-C,alky! or C4-C,alkoxy, or a trivalent
heteroaromatic radical which has 3 to 13 C atoms and 1 to three heteroatoms from the
group consisting of -O-, -N- and -S- and is unsubstituted or substituted by C,-C,alkyl or
C4-C4alkoxy, and

R24 is H or C4-Cgalkyl.

In a preferred embodiment, Xs, Xg and Xy are -O-, -CH,-O-, -C(0)O-, -O(0)C-, -CHx-O(0)C-
, “C(0)-NRz4-, -O-C({0)-NH- or -CHz-O-C(O)-NH-. _

Preferred radicals R,; are derived, for example, from triols, such as glycerol,
trimethylolpropane, butanetriol, pentanetriol, hexanetriol, trinydroxycyclohexane,
trihydroxybenzene and cyanuric acid; triamines, such as diethylenetriamine; tricarboxylic
acids, such as cyclohexanetricarboxylic acid or trimellitic acid; and triisocyanates, such as
benzene triisocyanate or cyanuric triisocyanate. .

Some examples of compounds of the formula | with a trivalent bridging group are
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A__ CHz'O\/ N \/D HC %
| NTlN (20},
O-H,C _ﬂg
ﬂ%— CH,0-(O)C-HN N \?’-w)c-ou,c_fg
\" I
Na N
HIO)C—OHzc .7;&
(22).

(0)-OH,C ’%

Possible tetravalent bridging groups are, for example, those of the formuta Vil

|
N

=X~ '?24‘ X VI,
’l(a

in which

Xs, Xg, X7 and Xg are -C{0)O-, -CH,-O(0)C- or -C{O)-NRy;- and

R.4 is a tetravalent aliphatic hydrocarbon radical having 4 to 20, preferably 4 to 12, C atoms,
a tetravalent cycloaliphatic radical which has 4 to 8, preferably 5§ or 6, ring C atoms and is
unsubstituted or substituted by C,-C,alkyl or C;-C,alkoxy, or a tetravalent aromatic radical
which has 6 to 18, preferably 6 to 12, C atoms and is unsubstituted or substituted by
C4-Cqalkyl or C4-C alkoxy, a tetravalent araliphatic radical which has 7 to 19, preferably 7 to
12 C atoms and is unsubstituted or substituted by C4-C,alkyl or C4-C,alkoxy, or a tetravalent
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heteroaromatic radical which has 3 to 13 C atoms and 1 to three heteroatoms from the
group consisting of -O-, -N- and -S- and is unsubstituted or substituted by C-C,alkyl or
C,-Cqalkoxy, and

R34 is H or C-Cgalkyl.

Some examples of tetrafunctional compounds from which Ry can be derived are
pentaerythritol, pyromeliitic acid and 3,4,3',4"-biphenyltetracarboxylic acid.

The same methods as for the preparation of the abovementioned compounds with a di- or
trivalent radical can be used as the preparation methods.

Some examples of compounds of the formula | with a tetravalent bridging group are

/o«mc-ﬁ%
HC .
ﬁ%— C{O)-O—H,C - € -CH,—=0-{0IC _% @3),

H,C
o-(0)C

cH,o-(O)c (O)O-Hzc—%
cnzo-(mc (O)O'W%

Polyols, such as dipentaerythritol or hexahydroxyhexane, which can be reacted with
corresponding cycloolefinmonocarboxylic acids can be mentioned as an example of
compounds which are more than tetravalent and from which the bridging group can be
derived.

In a particularly preferred embodiment of the invention, the compounds of the formula |
contain only carbon and hydrogen atoms, since the polymers of these are ecologically
valuable inasmuch as they can be recycled by simple pyrolysis processes.

The compounds of the formula | are suitable as crosslinking agents in the thermally induced
or radiation-induced polymerization of olefinically unsaturated compounds. The compounds
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of the formula 1, by themselves or together with other monomers capable of metathesis
polymerization, are outstandingly suitable for the preparation of crosslinked metathesis
polymers using thermal or photochemical one-component catalysts.

The invention also relates to a composition of
(a) at least one compound of the formula |

(A8 0

in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and

(b) a catalytic amount of at least one one-component catalyst for metathesis polymerization
which can be activated by heat or radiction,

with the exception of norbornenecarboxylic acid norbenenemethyl ester of the formula

C(0)O ——HC

in combination with a catalytic amount of at least one heat-stable molybdenum{Vi) or
tungsten(V!) compound which contains, bonded to the metal, at least two methyl groups or
two monosubstituted methyl groups, the substituent containing no hydrogen atom in the o
position.

The abovementioned preferred meanings apply to A, Band n.

Heat stability in the context of the invention means that the photocatalytically active metal
compounds form no active species for ring opening metathesis polymerization on heating.
For example, the catalyst cannot initiate ring-opening metathesis polymerization at room
temperature up to a slightly elevated temperature, such as about +40°C, within weeks with
exclusion of light. During this period only an insignificant amount of monomer (less than

0.2 % by weight) is reacted. The heat stability can be determined, for example, by storing a
toluene solution with 20 % by weight of monomer and 0.33 % by weight of metal catalyst at
50°C for 96 hours in the dark, and any amount of polymer formed, which is evident from the
rise in viscosity and can be determined quantitatively by precipitation in a precipitant, for
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example ethanol, filtration and drying, is not more than 0.5 % by weight and preferably not
more than 0.2 % by weight.

The compositions according to the invention advantageously comprise the following new
thermal and/or photochemical one-component catalysts:

1. Heat-stable ruthenium or osmium compounds which can be activated by radiation and
contain at ieast one photolabile ligand bonded to the ruthenium or osmium atom, and whose
remaining coordination sites are satisfied by non-photolabile ligands.

Organic or inorganic compounds, atoms or ions which are coordinated onto a metal centre
are designated as ligands for the ruthenium and osmium compotinds to be used according
to the invention.

Photolabite ligand in the context of the present invention means that, when the catalyst is
irradiated by light in the visible or ultraviolet range of the spectrum, the ligand is dissociated
from the catalyst and a catalytically active species for the metathesis polymerization is
formed. Nonionic photolabile ligands are preferred according to the invention.

The photolabile ligands can be, for example, nitrogen (N;), monocyclic, polycyclic or fused
arenes which have 6 to 24, preferably 6 to 18, and particularly preferably 6 to 12 C atoms
and are unsubstituted or substituted by OH, C-C,alkyl, C-C4alkoxy, Cs-Cyoaryl or halogen,
or monocyclic heteroarenes, fused heteroarenes or fused arene-heteroarenes which have 3
to 22, preferably 4 to 16, and in particular 4 to 10 C atoms and 1 to 3 heteroatoms chosen
from the group consisting of O, S and N and are unsubstituted or substituted by C;-C,alkyl,
C,-C,alkoxy or halogen; or aliphatic, cycloaliphatic, aromatic or araliphatic nitriles which
have 1 to 22, preferably 1 to 18, particulariy preferably 1 to 12, and especially preferably 1 to
7 C atoms and are unsubstituted or substituted by C,-C,alkyl, C;~C,alkoxy or halogen. The
preferred substituents are methy), ethyl, methoxy, ethoxy, fluorine, chiorine and bromine.
The arenes and heteroarenes are preferably substituted by one or two radicals and
particularly preferably are unsubstituted. Preferred heteroarenes are the electron-rich
heteroarenes. The arenes and heteroarenes can be both n- and o-bonded; in the latter
case, they are then the corresponding aryl and heteroaryl radicals. The aryl preferably
contains 6 to 18, particularly preferably 6 to 12 C atoms. The heteroaryl preferably contains
4 to 16 C atoms.
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Some examples of arenes and heteroarenes are benzene, p-cumene, biphenyl,
naphthalene, anthracene, acenaphthene, fluorene, phenanthrene, pyrene, chrysene,
fluoranthrene, furan, thiophene, pyrrole, pyridine, y-pyran, y-thiopyran, pyrimidine, pyrazine,
indole, coumarone, thionaphthene, carbazole, dibenzofuran, dibenzothiophene, pyrazole,
imidazole, benzimidazole, oxazole, thiazole, isoxazole, isothiazole, quinoline, isoguinoline,
acridine, chromene, phenazine, phenoxazine, phenothiazine, triazine, thianthrene and
purine. Preferred arenes and heteroarenes are benzene, naphthalene, thiophene and
benzothiophene. The arene is especially preferably benzene, and the heteroarene is
especially preferably thiophene.

The nitriles can be substituted, for example by methoxy, ethoxy, fluorine or chiorine; the
nitriles are preferably unsubstituted. The alkylnitriles are preferably linear. Some exampies of
nitriles are acetonitrile, propionitrile, butyronitrile, pentyinitrile, hexyinitrile, cyclopentyl- and
cyclohexyinitrile, benzonitrile, methylbenzonitrile, benzylnitrile and naphthylnitrile. The nitriles
are preferably linear C4-C,alkylnitriles or benzonitrile. Of the alkylnitriles, acetonitrile is
particularly preferred.

In a preferred subgroup, the photolabile ligands are N,, or benzene, thiophene, benzonitrile
or acetonitrile which are unsubstituted or substituted by one to three C4-C,alkyl.

Non-phototabile ligand (also called highly coordinating ligand) in the context of the present
invention means that the ligand does not dissociate, or dissociates to only an insignificant
extent, from the catalyst on irradiation of the catalyst in the visible or near ultraviolet range of
the spectrum.

The non-photolabile ligands can be, for example, solvating inorganic and organic
compounds which contain the heteroatoms O, S or N and are often also used as solvents, or
cyclopentadienyl or indenyl which are unsubstituted or substituted by C4-C,alkyl,
C,-C.alkoxy, (C1-C4alkyl)sSi or (C4-C,alkyl)sSiO-. Examples of such compounds are H;0,
H,S, NH;; optionally halogenated, in particular fluorinated or chlorinated, aliphatic or
cycloaliphatic aicohols or mercaptans having 1 to 18, preferably 1 to 12, and particularly
preferably 1 to 6 C atoms, aromatic alcohols or thiols having 6 to 18, preferably 6 to 12C
atoms, araliphatic alcohols or thiols having 7 to 18, preferably 7 to 12 C atoms; aliphatic,
cycloaliphatic, araliphatic or aromatic ethers, thioethers, sulfoxides, sulfones, ketones,
aldehydes, carboxylic acid esters, lactones, optionally N-C4-C,mono- or -dialkylated
carboxylic acid amides having 2 to 20, preferably 2 to 12, and in particular 2 to 6 C atoms,
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and optionally N-C,-C,atkylated lactams; aliphatic, cycloaliphatic, araliphatic or aromatic
primary, secondary and tertiary amines having 1 to 20, preferably 1 to 12, and particularly
preferably 1 to 6 C atoms; and optionally cyclopentadienyls, such as, for example,
cyclopentadienyl, indenyl and mono- or polymethylated or trimethylsilylated
cyclopentadienyls or indenyls.

Examples of such non-photolabile ligands are methanol, ethanol, n- and i-propanol, n-, i- and
t-butanol, 1,1,1-triflucroethanol, bistrifluoromethyimethanol, tristriflucromethylmethanot,
pentanol, hexanol, methyl- or ethyimercaptan, cyclopentanol, cyciohexanol,
cyclohexyimercaptan, phenol, methylphenol, fluorophenol, phenylmercaptan,
benzyimercaptan, benzyl aicohol, diethyl ether, dimethyl ether, diisopropyl ether, di-n- or di-t-
butyl ether, tetrahydrofuran, tetrahydropyran, dioxane, diethy! thioether, tetrahydrothiophene,
dimethyl sulfoxide, diethyl sulfoxide, tetra- and pentamethylene sulfoxide, dimethyl sulfone,
diethyl sulfone, tetra- and pentamethylene sulfone, acetone, methyl ethyl ketone, diethyl
ketone, phenyl methyl ketone, methyl isobutyl ketone, benzyl methy! ketone, acetaldehyde,
propionaldehyde, trifluoroacetaldehyde, benzaldehyde, ethyl acetate, butyrolactone,
dimethyiformamide, dimethylacetamide, pyrrolidone and N-methyipyrrolidone, indenyt,
cyclopentadienyl, methyl- or dimethyl- or pentamethylcyciopentadienyl and
trimethyisilylcyclopentadienyl.

The primary amines can correspond to the formula RzsNH,, the secondary amines can
correspond to the formula R5R6NH and the tertiary amines can correspond to the formula
R;5R25R27N in which Ryg is C4-Cypalkyl, Cs- or Cgeycloalkyl which is unsubstituted or
substituted by C4-C,alkyl or C4-C,alkoxy, or Cg-Cygaryl or C;-Cy,aralkyl which are
unsubstituted or substituted by C,-C,alkyt or C-C,alkoxy, R independently has the
meaning of Rys, or Rys and Ryg together are tetramethylene, pentamethylene, 3-oxa-1,5-
pentylene or -CHp-CH,-NH-CH,-CH,- or -CH2~CH,-N(C4-Calkyl)-CH2-CHy-, Ro5 and Ry
independently of one another are as defined above [sic] and R,; independently has the
meaning of Rys. The alkyl preferably contains 1 to 12, and particularly preferably 1to 6 C
atoms. The aryl preferably contains 6 to 12 C atoms and the aralkyl preferably contains 7 to
9 C atoms. Examples of amines are methyl-, dimethyl-, trimethyl-, ethyl-, diethyl-, triethyl-,
methyl-ethyl-, dimethyl-ethyl-, n-propyl-, di-n-propyl-, tri-n-butyl-, cyclohexyl-, phenyl- and
benzylamine, and pyrrolidine, N-methylpyrrolidine, piperidine, piperazine, morpholine and N-
methylmorpholine.



-22-

In a preferred subgroup, the non-photolabile ligands are H,O, NH; and C4-C,alkanols which
are unsubstituted or partly or completely fluorinated. H,O, NH;, cyclopentadienyl, methanol
and ethano! are especially preferred.

The ruthenium and osmium compounds to be used according to the invention can be mono-
or polynuciear, for example those with two or metal centres. The metal atoms here can be
bonded via a bridging group or metal-metal bonds. Preferred compounds with several metal
centres are those of the formula Viii

32

Lig—Mf—Ap—Me—Lig| YO (vI),
Afy

in which Lig is a photolabile ligand and Me is Ru or Os, Ay, Ayg and Ay, are a bivalent

bridging group, and Ye is a monovalent non-coordinating anion. The bridging group is
preferably ionic and particularly preferably a halide, eépecia!ly preferably chloride, bromide

or iodide. The photolabile ligand is preferably identical or different arenes and Yo can be the
anions listed below, and especially chloride, bromide or iodide. One example of such
complexes is [CgHgRU(Cl)aRuCgHg]CL

Preferred catalysts according to the invention correspond to the formula IX
[(Me*(Ly2) L2605 L)L) ()

in which

Me is ruthenium or osmium;

nis0,1,2,3,4,5,6,70r8;

L, is a photolabile ligand;

Lo, La, Ly, Ls and Lg independently of one another are a non-photolabile or a photolabile
ligand;

mis1,2,3,4,5, or6;

0, P, 4, I, and s independently of one anotherare 0, 1, 2, 3, 4 or 5;

24, 23, Z3, Z4, 25, Z and z; independently of one another are 4, -3, -2, -1, 0, +1 or +2; and
L; is a non-coordinating cation or anion;
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the sum of m + 0 + p + g + r + s being an integer from 2 to € and t being the quotient of (n +
MeZ+0Zy+PpeZya+qQozy+re2Zs+5s°2g)2y

In the formula IX, L; is preferably halogen (for example Cl, Br and 1), the anion of an oxygen
acid, BF,, PFg, SiFg or AsFg.

The anions of oxygen acids can be, for example, sulfate, phosphate, perchiorate,
perbromate, periodate, antimonate, arsenate, nitrate, carbonate, the anion of a C,-
Cgcarboxylic acid, such as, for example, formate, acetate, propionate, butyrate, benzoate,
phenylacetate or mono-, di- or trichioro- or -fluoroacetate, suifonates, such as, for example,
methylsulfonate, ethyisulfonate, propylisulfonate, butyisulfonate, trifluoromethyisulfonate
(triflate) or phenylsulfonate or benzylsulfonate which are optionally substituted by C,-C alkyl,
C4-C,alkoxy or halogen, in particular fluorine, chlorine or bromine, such as, for example,
tosylate, mesylate, brosylate, p-methoxy- or p-ethoxyphenyisulfonate,
pentafiuorophenylsulfonate or 2,4,6-triisopropyisulfonate, and phosphonates, such as, for
example, methylphosphonate, ethylphosphonate, propylphosphonate, butylphosphonate,
phenyiphosphonate, p-methylphenylphosphonate or benzylphosphonate.

In formula IX, Me is preferably ruthenium, in particular Ru®*.

A group of compounds of the formula IX which is to be singled out in particular is that in
which the ligands L, L,, L3, Ly, Ls and Lg independently of one another are aliphatic,
cycloaliphatic, aromatic or araliphatic nitriles which have 1 to 22 C atoms and are
unsubstituted or substituted by C4-C,alkyl, C{-C4alkoxy or halogen, or Cg-Cqgaryl; or Ly, L,
and L; together are monocyclic, polycyclic or fused arenes which have 6 to 24, preferably 6
to 18, and particularly preferably 6 to 12 C atoms and are unsubstituted or substituted by
-OH, C¢-Cqalkyl, C{-C4alkoxy, Cg-C4zaryl or halogen, or monocyclic heteroarenes, fused
heteroarenes or fused arene-heteroarenes which have 4 to 22 C atoms and 1t0 3
heteroatoms chosen from the group consisting of O, S and N and are unsubstituted or
substituted by -OH, C4-C,alkyl, C4~Csalkoxy or halogen, and L, Ls and Lg together have the
same meaning, or individually independently of one another are N, or the said nitrile or the
said Cg-Cqgaryl.

A preferred subgroup of the above compounds of the formula IX are those in which the
ligands Ly, Ly, Ls, Ly, Ls and Lg independently of one another are N,, C;-Cyqalkylnitrile,
Cg-C1zarylnitrile, C;-C4zaralkylnitrile or C¢-Cy,aryl, or Ly, L, and L in each case together are
the groups A4 or A,
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SQG _R
37
ap )/ (A;

R32 R30 Ras Rgs

in which

Rag, Rog, Rao, Ras, Raz, Ras, Res, Ras, Ras and Ry independently of one another are
hydrogen, C4-Czoalkyl, C1-Capalkoxy, aryl or SiRssRasRs0, where, in the groups A and A, an
aromatic or heteroaromatic ring, the heteroatoms of which are chosen from oxygen, suffur
and nitrogen, can be fused onto adjacent carbon atoms; and Rss, Rgp and R independently
of one another are C-Cq,alkyl, Cs- or Cg-cycloalkyl, or phenyl or benzyl which are
unsubstituted or substituted by C,-Cgalkyl or C4-Cealkoxy, preferably C;-Csalkyl, phenyl or
benzyl, particutarly preferably C.-C,alkyl, phenyl or benzyl, and L, Lsand Ls likewise
together have this meaning, or each individually are Ny, the said nitriles or the said Cg-
C1,aryl, or an arene or heteroarene.

From this group of compounds of the formula IX which are to be singled out, preferred
compounds are those in which

Ly, L, La, Ly, Ls and Lg independently of one another are C4-Cyoalkylnitrile or Cg-
Cyoarylnitrile, or Ly, L, and L3 in each case together are the groups A, or A; and L, Lsand
L likewise together have this meaning or in each case individually are N, the said nitriles or -
the said arene or heteroarene of the formulae A and A,, in which Rjs, Rag, Rap, Rs1. Raz,
Ras. Ras, Ras. Ras and Rz independently of one another are hydrogen, C4-Cgalkyl, C4-
Cealkoxy, SiRsgRagR4p OF phenyl, where, in the groups A; and A,, a benzene ring can be
fused onto adjacent carbon atoms, and Rgs, R3e and Ry are methyl, ethyl or phenyl.

in an especially preferred embodiment of the process according to the invention, the catalyst
used corresponds to the formula IX in which

L, L, Ls, Ls, Ls and Lg independently of one another are methyinitrile, ethylnitrile or
phenylnitrile, or Ly, L, and L in each case together are the groups A or A; and Ly, L and Ls
likewise together have this meaning or in each case individually are the said nitriles,

in which Rag, Rzg. R3o, Ra1, Raz, Ras, Ras, Ras, Rgs and Ry independently of one another are
hydrogen, methyl, methoxy or phenyl where, in the groups A, and A,, a benzene ring can be
fused onto adjacent carbon atoms.
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Another particularly preferred subgroup of the compounds of the formula IX are those in
which L4, L, and L3 together are monocyclic, polycyclic or fused arenes which have 6 to 24,
preferably 6 to 18, and particularly preferably 6 to 12 C atoms and are unsubstituted or
substituted by C,-C,alkyl, C4-C,alkoxy, C¢-Cy2aryl or halogen, or monocyclic heteroarenes,
fused heteroarenes or fused arene-heteroarenes which have 4 to 22, preferably 4 to 16, and
particularly 4 to 10 C atoms and 1to 3 heteroétorhs chosen from the group consisting of O,
S and N and are unsubstituted or substituted by C4-C,alkyl, C4-C,alkoxy or halogen, and L,
Ls and Lg are a non-photolabile ligand, the previous preferred meanings also applying here.

In this subgroup, L,, L, and L5 are preferably benzene or naphthalene, and the non-
photolabile ligand is preferably H,O, NH3, C4-C,alkanol or -alkanethiot which is unsubstituted
or substituted by fiuorine, aliphatic ethers, thioethers, sulfoxides and sulfones having 2 to 8
C atoms, dimethylformamide or N-methyipyrrolidone.

In another preferred subgroup of compounds of the formula X, the compounds are
ruthenium and osmium compounds of the formula X

[LiMe)Lg)s 22V i ).

in which L, is a photolabile ligand and Lg is a non-photolabile ligand, Me is Ru or Os, Y, is a
non-coordinating anion and x is the numbers 1, 2 or 3. For the photolabile ligands, non-
photolabile ligands, Me and Y;, the abovementioned preferred meanings apply. Particularly
preferably, L, is N, or a nitrile, such as, for example, C4-C,alkyinitrile (acetonitrile),
benzonitrile or benzylnitrile, Lg is NH; or an amine having 1 to 12 C atoms, Y, is a non-
coordinating anion and x is the number 1 or 2.

Catalysts which are particularly suitable for the present invention are (tos is tosylate and tis
is 2,4,6-triisopropylphenylisulfonate); Ru(CH;CN)g(tos),, Ru(CH3CH,CH)g{tos)s,
Ru({CH;CN)e(CF3S03);, RU(CH3;CH3CN)g(CF3803)2, Ru(CgHe)2(tos)s,
[Ru(CHs)(CeHsOCHa)I(BF 4)2, [Ru(CeHg)(CeHsi-propy)I(BF )z, [RU(CeHe)(1,3,5-
trimethylphenol)](BF )2, [Ru(CgHg)(hexamethylbenzene)l(BF ), [Ru{CgHg)(bipheny)}(BF ).,
[Ru(CeHg)(chrysene))(BF 4., [Ru(CgHg)(naphthalene)}(BF )., [Ru(cyclopentadienyl)(4- '
methylcumyl)JPFg, [Ru(cyanophenyl)g)(tos)., [Ru(cyanophenyl)sl{CF3SOs)s,
[Ru(CeHs)(tetramethylithiophene)a)(tos),, [RU{CeHg)(CH,CN)sl(tos)s,
[Ru{CgHg)(tetramethyithiophene)s}(CF3SO3)2, [Ru(CgHg)(CHCN)II(CF3S03)s,
[Ru(CgHg)(CH3OH)s)(tos),, [Ru(CgHgCH;OH)sl(tis)2, [Os(NH3)sN2I(PFe)2,
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[Ru(NHz)sN2J(PFg)2, [Ru(NH3)s(CHaCN)IBF 4, [RU(CgHe(NHa)al(tis)2,
[Ru(C¢He(tetrahydrothiophene)a](CF3S03)z, [Ru((CHs)2S)sCeHal(tos)., [Ru(dimethy!
sulfoxide);CgHg}(PFe)2, [Ru{dimethylformamide),CgHg](PFe)2, [Ru(CsHg)Cla], and
[0s(CeHs)Cla]..

Ruthenium and osmium catalysts to be used according to the invention are either known and
in some cases commercially obtainable, or can be prepared analogously to known
processes. Such catalysts and their preparation are described, for example, in Gilkerson,
W.R., Jackson, M.D., J. Am. Chem. Soc. 101:4096-411 (1978), Bennett, M.A., Matheson,
T.W., J. Organomet. Chem. 175:87-83 {1979), Moorehouse, S., Wilkinson, G., J. Chem.
Soc.; Dalton Trans., 2187-2190 (1974) and Luo, S., Rauchfuss, T.B., Wilson, S.R., J. Am.
Chem. Soc. 114:8515-8520 (1992).

2. Heat-stable molybdenum(V!) or tungsten(Vl) compounds which can be activated thermally
or with radiation and contain, bonded to the metal, at least two methyl groups or two
monosubstituted methyl groups, the substituent containing no hydrogen atom in the a
position.

The other valencies of the molybdenum and tungsten are preferably satisfied by heat-stable
neutral ligands, a large number of which are known. The number of neutral ligands can
exceed the stoichiometrically possible number (solvates). Heat stability has been explained
above. At temperatures above 50°C, for example 60 to 300°C, these molybdenum and
tungsten compounds can also be activated thermally.

The molybdenum and tungsten compounds to be used according to the invention can be
those which contain one metal atom, or two metal atoms which are bonded via a single,
double or triple bond. The methyl group or monosubstituted methyl group which is bonded to
the metal is bonded at least twice, particularly preferably two to six times, and especially -
preferably two to four times, as a ligand. The other valencies of the molybdenum and
tungsten are preferably satisfied by heat-stable neutral ligands, the definition of heat stability
having been given above. This ligand preferably corresponds to the formula XI

-CH>-R {Xn,
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in which R is H, -CF5, -SiRgsR30R«0, “CR41R2R¢3, Cs-Cyearyl which is unsubstituted or
substituted by C,-Cgalky! or C;-Cgalkoxy or C,-Cqsheteroary! having 1 to 3 heteroatoms from
the group consisting of O, S and N; and

Ru1, Ra and Ry independently of one another are C4-Cyoalkyl, which is unsubstituted or
substituted by C4-Cypalkoxy, or Res and Ry, have this meaning and Rg; is Cg-Cooaryl or
C4-Cgheteroaryl, which is unsubstituted or substituted by C,-Cgalkyl or C4-Cealkoxy; and

Rss Rag and Ryo have the abovementioned meanings.

Alkyl Rys to Res can be linear or branched and can preferably contain 1 to 8 and particularly
preferably 1 to 4 C atoms. Aryl Ryg to Ry is preferably phenyl or naphthyl.

Aryl R in formula Xl is preferably phenyl or naphthyl.
Heteroaryl R in formuta X1 is preferably pyridinyl, furanyl, thiophenyl or pyrrolyl.

Preferred substituents for Rss to Res in the context of the definitions are methyl, ethyl,
methoxy and ethoxy. Examples of the radicals R3; to Ry3 have been given above under the
compounds of the formula 1.

In a preferred embodiment, the group R in formula Xl is H, -C(CHjg)s, -C{CH3),CgHs, phenyl
which is unsubstituted or substituted by methyl, ethyl, methoxy or ethoxy, -CF; or -Si(CHj3)s.

The other valencies of the Mo(V1) and W(VI) atoms are optionally satisfied with identical or
different ligands from the group consisting of =0, =N-Ry,, secondary amines having 2 to 18
C atoms, R450-, RS-, halogen, optionally substituted cyclopentadienyl, bridged
biscyclopentadienyl, tridentate monoanionic figands and neutral ligands, such as, for
example, ethers, nitriles, CO and tertiary phosphines and amines, in which the Rys
independently of one another are linear or branched C;-Cygalkyl which is unsubstituted or
substituted by C4-Cgalkoxy or halogen, Cs- or Cgcycloalkyl which is unsubstituted or
substituted by C,-Cgalkyl, C;-Cgalkoxy or halogen, phenyl which is unsubstituted or
substituted by C;-Cgalkyl, C4-Cealkoxy, C,-Cgalkoxymethyl, C,-Cgalkoxyethyl or halogen, or
benzyl or phenylethyl which are unsubstituted or substituted by C;-Cgalkyl, C;-Cgalkoxy, C,-
Cgalkoxymethyl, C,-Cgalkoxyethyl or halogen; and Ry, is linear or branched C,-Cqgalky!
which is unsubstituted or substituted by C;-Cgalkoxy, Cs- or Cgcycloalkyl which is
unsubstituted or substituted by C,-Cgalkyl, C;-Cgalkoxy or halogen, phenyl which is
unsubstituted or substituted by C4-Cgalkyl, C{-Cgalkoxy, C-Csalkoxymethyl, C,-
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Csalkoxyethyl, di(C,-Cgalkyl)amino, di(C,-Cgalkyl)amino-C,-Cjalkyl or halogen, or benzyl or
phenylethyl which are unsubstituted or substitued by C4-Cgalkyl, C4-Cgalkoxy,
C,-Cgalkoxymethyl, C,-Cgalkoxyethyl or halogen.

Secondary amines are preferably those of the formula RR¢7N-, in which R and Ry;
independentiy of one another are linear or branched C4-Cqgalky!; Cs- or Cgcycloalkyl; benzyl
or phenylethyl which are unsubstituted or substituted by C4-Cgalkoxy or halogen, or
(C4-Cealkyl)sSi; or Res and Ry together are tetramethylene, pentamethyiene or
3-oxapentane-1,5-diyl. The alkyl preferably contains 1 to 12, and particularly preferably 1 to
6 C atoms. Some examples are dimethyl-, diethyl-, di-n-propyl-, di-i-propyl-, di-n-butyf-,
methyl-ethyl-, dibenzyl-, benzyl-methyl-, diphenyi- and phenyl-methylamino and
di(trimethyisilyl)amino.

Halogen as a ligand or a substituent is preferably F or Cl and particularly preferably Cl.

The cyclopentadienyl can be unsubstituted or substituted by one to five C;-C,alkyt, in
particular methy! or -Si(C4~-C,alkyl) [sic], in particular Si{CH3);. Bridged cyclopentadienyls
are, in particular, those of the formula R4g-A-Ryg, in which Rz is cyclopentadienyl which is
unsubstituted or substituted by one to five C4-C,alkyl, in particular methyl or -Si(C¢-C,alkyl)
[sic], in particular -Si(CHs)s, and A is <CHa-, -CHy-CHy-, -Si{CH3)2-, -Si(CH;3);-Si(CH3).- or
-8i(CH3)9~0-Si(CHg),-.

Ethers as neutral ligands can be dialky! ethers having 2 to 8 C atoms or cyclic ethers having
5 or 6 ring members. Some examples are diethyl ether, methyl ethy! ether, diethy! ether, di-
n-propy! ether, di-i-propy! ether, di-n-butyi ether, ethylene glycol dimethyl ether,
tetrahydroforan [sic] and dioxane.

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

Tertiary amines and phosphines as neutral ligands can be those having 3 to 24, preferably 3 -
to 18 C atoms. Some examples are trimethylamine and -phosphine, triethylamine and '
-phosphine, tri-n-propytamine and -phosphine, tri-n-butylamine and -phosphine,

triphenylamine and -phosphine, tricyclohexylamine and -phosphine, phenyldimethylamine
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and -phosphine, benzyldimethylamine and -phosphine and 3,5-dimethylphenyl-
dimethylamine and -phosphine.

The tridentate monoanionic ligands can be, for example, hydro(trispyrazol-1-yl)borates or
alkyl(trispyrazol-1-yl)borates, which are unsubstituted or substituted by one to three
C,-Caalkyl [cf. Trofimenko, S., Chem. Rev., 83:943-980 (1883)}, or

[Cs(R's)Co(Rs0Rs1 P=O)3]e. in which R’ is H or methyl and R, and Rs, independently of one
another are C4-C,alkyl, C;-C,atkoxy or pheny! [cf. Ki&ui, W., Angew. Chem. 102:661-670
(1990)].

Halogen as a substituent for the radicals Ry, and Rys is preferably fluorine, and particularly
preferably chiorine. The substituents alkyl, alkoxy or alkoxy in a|koxyinethyl or -ethyt
preferably contain 1 to 4, and in particular 1 or 2 C atoms. Examples are methyl, ethyl, n-
and i-propyl, n-, i- and t-butyl, methoxy, ethoxy, n- and i-propyloxy and n-, i- and t-butyloxy.

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

Some examples of substituted phenyl and benzyl Ry, and R¢s are p-methyiphenyl or benzyl
[sic], p-fluoro- or p-chloropheny! or -benzyl, p-ethylphenyl or -benzyl, p-n- or i-propylphenyl
or -benzyl, p-i-butylphenyi or -benzyl, 3-methyl-phenyl or -benzyl, 3-i-propylpheny! or
-benzyl, 2,6-dimethylpheny! or -benzyl, 2,6-di-i-propylphenyl or -benzyl, 2,6-di-n- or -t-
butylphenyl and -benzyl. Rys is particularly preferably phenyl which is unsubstituted or
substituted by C4-C4alkyl or C;-C,alkoxy. |

in a preferred embodiment, the molybdenum and tungsten compounds correspond, in
particular, to one of the formulae XIi to Xllc
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in which :

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

at least two, preferably 2 fo 4, of the radicals Rs3 to Rsg are a radical -CHy-R of the formula
X1, in which R has the abovementioned meanings;

in each case two of the other radicals of Rg3 to Rsg are =0 or =N-Ry, and Ry, has the
abovementioned meanings; and/or

the other radicals from Rs; to Rsg are secondary amino having 2 to 18 C atoms, R4s0- or
R4sS-, halogen, cyclopentadienyl or bridged biscyclopentadienyl or a neutral ligand, in which
Rys has the abovementioned meanings. The preferred meanings given above apply to the
radicals R and Rag to Rgs.

In a particularly preferred embodiment, molybdenum and tungsten compounds of the
formula X!l which are used in the composition according to the invention are those in which
a) Rs3 to Rgg are a radical of the formula XI -CH,-R, or

b) Rs3 and R4 are a radical of the formula XI -CH2-R, Rss and R together are the radical
=N-R4,, and Rs; and Rgg together independently of one another are Rys-O- or halogen, or’
¢) Rs3 and Rg4 together and Rs; and Rgs together are the radical =N-Ryy, and Rs; and Rsg
are a radical of the formula XI -CH,-R,

where R, Ry and Rys have the above meanings. The above preferred meanings apply to R,

R4s and R45.

Particularly preferred compounds of the formula Xlic are those in which Rs3, Rs4 and Rgs are
a radical of the formula X!, the radical of the formula X! particularly preferably being
-CH>-Si{C4-Caalkyl)s.

Molybdenum or tungsten compounds which are especially preferably used in the
composition according to the invention are those of the formulae XIli, Xilla or Xlilb

Rss R

N

Me

/ N-Rg; ' (XIm),
N\
Rss CHy-R
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R
Rg-N Me N-Rg (XIIta),
CH,-R
R-H,C R
N
Me=— NRg (XIL),

in which

Me is Mo(VI) or W(VI),

R is H, -C(CHg)s, ~C(CH3)2~-CgHs, -CgH5 or -Si(C4-Cgalkyl)s,

R is phenyl or phenyl which is substituted by 1 to 3 C;-C,alkyl or C4-C,alkoxy,

Rss3 is linear or branched C4-C alkoxy which is unsubstituted or substituted by fluorine and
Rsq4 has the same meaning as Rx; or is F, Cl or Br. Rs; is particularly preferably branched
alkoxy, which is optionally partly or completely substituted by F, for example i-propyioxy,
i- and t-butyloxy, hexafluoropopyloxy [sic] and nonafluoropropyloxy. Rss is preferably Cl.

Some examples of molybdenum and tungsten compounds are:
W(=N-CgHs){(OC(CH3)3)(CI)[(CH;Si(CH3)a)lz, [(CH;3)2SiCH.]sMo=Mo[CH,Si(CHa)s]a,
W(=N-CgHs)(OC(CF3)2CHs)2l(CH2SI(CHs)s)l2, W(=NCgH3)CH,Si(CHs)s]5Cl,
Mo(=N-2,6-dimethylCeHz)2[(CH2-CgHs)l2, WI2,6-(CH3),CeH3NJ2(CH,-CeHs)s,
Mo(=N-2,6-diisopropyliCqHa)2[(CH2-CeHs)l,
Mo(=N-2,6-diisopropylCgHs)2[(CH,C(CH3)2-CgHs))> and
Mo(=N-2,6-dimethylCgH3)2(CH;),(tetrahydrofuran)

The molybdenum and tungsten catalysts to be used according to the invention are known or
can be prepared by known and analogous processes starting from the metal halides by
means of Grignard reactions [see, for example, Hugq, F., Mowat, W.,, Shortland, A., Skapski,
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A.C., Wilkinson, G., J. Chem. Soc., Chem. Commun. 1079-1080 (1971) or Schrock, R.R.,
Murdzeck, J.S., Bazan, G.C., Robbins, J., DiMare, M., O'Regan, M., J. Am. Chem. Soc.,
112:3875-3886 (1990)].

3. Heat-stable titanium(IV), niobium(V), tantalum(V), molybdenum{(Vi) or tungsten(Vl)
compounds in which a silylmethy! group and at least one halogen are bound to the metal.
These one-component catalysts are particularly photocatalytically active.

The titanium{IV), niobium(V) and tantalum(V) compounds to be used according to the
invention are those which contain one metal atom. The molybdenum(V1) and tungsten(V1)
compounds to be used according to the invention can be those which contain one metal
atom, or two metal atoms which are bonded via a single, double or triple bond. The other

~ valencies of the titanium, niobium, tantalum, molybdenum and tungsten are preferably
satisfied with heat-stable neutral ligands, the definition of heat stability having been given
above. The halogen bound to the metal atom is preferably F, Cl, Br and |, more preferably F,
Cl and Br, and particularly preferably F or Cl. The silyimethyl ligand preferably corresponds
to the formuta XIV

-CH-SiRssR3eR4g xav),

in which
Rss, Rag and Ry, independently of one another are C4-C;g-alkyl, Cs- or Cgeycloalkyl or phenyl
or benzyl which are unsubstituted or substituted by C;-Cgalkyl or C4-Cgalkoxy.

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

Preferred substituents for phenyl and benzyl Rss to Ry in the context of the definitions are
methyl, ethyl, methoxy and ethoxy.

In a preferred embodiment, R3; to Ry in the group of the formula XIV are C4-C alkyl, phenyl
or benzyl. '

Some examples of the group of the formula XIV are -CH,-Si(CHj)s, -CH2-Si(C2H5)s, ~CHa-
Si(n-C3Hyz)s, ~CH2-Si(n-C4Hg)s, -CH2-Si(CH3)2(n-C4Hg), ~-CH3-Si(CH3),(t-C4Hy), -CH2-



SI{CH3)2{C2Hs), ~CHz-Si(CHa)2[C(CH3),CH(CHz)2], ~CH2-Si(CHg)o(n-CraHas), ~CHz-
Si(CHsg)2{n-C1gH37), -CH2-Si(CgHs)s, -CHz-Si(CH2-CeHs)a, ~CH2-8i(-CgHs)(CHs), and -CHy-
Si{CH,-CgHs)(CHa)a. -CH2-SI(CHy); is especially preferred.

The other valencies of the Ti(IV), Nb(V), Ta(V), Mo(VI) and W(VI) atoms are optionally
satisfied by identical or different neutral ligands, for example selected from the group
consisting of =0, =N-Ry,, secondary amines having 2 to 18 C atoms, R¢sO-, R¢sS-, halogen,
optionally substituted cyclopentadienyl, bridged biscyclopentadienyl, tridentate monoanionic
ligands and neutral ligands, such as, for example, ethers, nitriles, CO and tertiary
phosphines and amines, in which the Ry independently of one another are linear or
branched C4-Cysalky! which is unsubstituted or substituted by C,-Cealkoxy or halogen, Cs- or
Cecycloalky! which is unsubstituted or substituted by C,-Cgalkyl, C-Cgalkoxy or halogen,
phenyl which is unsubstituted or substituted by C-Cgalkyl, C{-Cgalkoxy, C4-Ceatkoxymethyl,
C+-Cgalkoxyethyi or halogen, or benzy! or phenylethyl which are unsubstituted or substituted
by C4-Cgalkyl, C1-Cgalkoxy, C4-Cealkoxymethyl, C4-Cgalkoxyethyl or halogen; and Ry, is
linear or branched C,-C4galkyl which is unsubstituted or substituted by C4-Cgalkoxy, Cs- or
Cecycloalkyl which is unsubstituted or substituted by C4-Cgalkyl, C4-Cealkoxy or halogen,
phenyl which is unsubstituted or substituted by C-Cgalkyl, C4-Cgalkoxy, C4-Cgalkoxymethyl,
C4-Cgalkoxyethyl, di(C;-Cgalkyl)amino, di(C,-Csalkyl)amino-C,-Csalkyl or halogen, or benzyl
or phenylethyl which are unsubstituted or substituted by C-Cgalkyl, C-Cgalkoxy,
C,-Cesalkoxymethyl, C;-Csalkoxyethyl or halogen, with the proviso that in the case of the
titanium compounds, the ligand is not =0 or =N-Rg,.

The meanings and preferred meanings of Ry and Rys, of secondary amines, of halogen as a
further ligand on the metal atoms or as a substituent, of cyclopentadienyl, ethers, nitriles,
tertiary amines and phosphines as neutral ligands and of tridentate monoanionic ligands
have been given above. The meanings and preferred meanings of alkyl, alkoxy or alkoxy as
a substituent in alkoxymethyl or -ethy! have likewise been given above. .

In a preferred embodiment, the metal compounds correspond, in particular, to the formulae
XV, XVa or XVb
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N AN
/

Ry " Ry Ry Ry

in which

Me, is Mo(VI) or W(Vi);

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

one of the radicals Rgp to Ry, is a radical -CHz-SiR3R30Rsp of the formula XIV;

at least one of the radicals Rgg to Ry4 is F, Cl or Br;

Rss, Rag and Ry independently of one another are C4-Cgalkyl, Cs- or Cgcycloalkyl, or phenyl
or benzyl which are unsubstituted or substituted by C4-Cealkyl or C,-Ceaikoxy;

in formula XV two or in each case two and in formula XVa two of the other radicals of Re, to
Rys each together are =O or =N-Ry,, and Ry, is linear or branched C,-Cygalkyl which is
unsubstituted or substituted by C,-Cgalkoxy, Cs- or Cgcycloalkyl which is unsubstituted or
substituted by C4-Cgalkyl, C-Cgalkoxy or halogen, phenyl which is unsubstituted or
substituted by C;-Cgalkyl, C{-Csalkoxy, C4-Cealkoxymethyl, C4-Cgalkoxyethyl, di(C-
Cgalkylamino, di(C-Cgalkyl)amino-C,-Caalkyl or halogen, or benzyl or phenylethyl which are
unsubstituted or substituted by C4-Cgalkyl, C;-Cgalkoxy, C;-Csalkoxymethyl, '
C4-Cgalkoxyethyl, di(C4-Cgalkyl)amino, di(C4-Cgalkyl)amino-C4-Csalkyl or halogen, and

the other radicals are secondary amino having 2 to 18 C atoms, R450- or RysS-, halogen,
unsubstituted or substituted cyclopentadienyl or bridged biscyclopentadienyl or a neutral
ligand, in which the R¢s independently of one another are linear or branched C,-Cygalkyl
which is unsubstituted or substituted by C-Cealkoxy or halogen, Cs- or Cecycloalkyl which is
unsubstituted or substituted by C;-Cealkyl, C{-Cgalkoxy or halogen, phenyl which is
unsubstituted or substituted by C;-Cgalkyl, C-Cgalkoxy, C4-Cealkoxymethyl, C,-
Cealkoxyethyl, di(C4-Cgalkyl)amino, di(C,-Cgalkyl)amino-C,-Csalky! or halogen, or benzyl or
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phenylethyl which are unsubstituted or substituted by C,-Cgalky!, C+~Cgalkoxy,
C+-Cgalkoxymethyl, C,-Cgalkoxyethyl, di(C4-Cgalkyl)amino, di(C4-Csalkyl)amino-C4-Csalkyl or
hatogen; or

in the formulae XV, XVa and XVb the other radicals independently of one ancther are
secondary amino having 2 to 18 C atoms, RsO- or RsS-, halogen, unsubstituted or
substituted cyclopentadienyl or bridged biscyclopentadieny! or a neutral ligand in which the
R4s independently of one another are linear or branched C,-Cygalky! which is unsubstituted
or substituted by C;-Cgalkoxy or halogen, Cs- or Cgcycloatkyl which is unsubstituted or
substituted by C4-Cgalkyl, C4-Cealkoxy or halogen, pheny! which is unsubstituted or
substituted by C4-Cgalkyl, C,-Cgalkoxy, C;-Cgalkoxymethyl, C,-Cgalkoxyethyl, di(C,-
Cealkylyamino, di(Cs-Cealkyl)amino-C4-Cjalkyl or halogen, or benzyl or phenylethyl which are
unsubstituted or substituted by C;-Cgalkyl, C4-Cgalkoxy, C,-Cgalkoxymethyl,
C,-Cgalkoxyethyl, di(C,-Cgalkyl)amino, di(C4-Cgalkyl)amino-C,-Csalkyl or halogen.

The preferred meanings given above apply to the radicals Rgp to Rys.

in a particularly preferred embodiment, metal compounds which are used in the process
according to the invention are those of the formutae XV, XVa or XVb in which

Rgp is a radical of the formula XIV -CH,SiR33R30R4g and Ryg is F, Cl or Br; and

(a) in formula XV Rz¢ and Ry,, and Ry and Ry, in each case together, are the radical =N-
Ru4, Or R74 and R, together are the radical =N-Ry, and Ry; and Ry, independently of one
another are unsubstituted or substituted cyclopentadienyl, R4s-O- or halogen, or

(b) in formula XVa R4 and Ry, together are the radical =N-Ry4, and Ry is unsubstituted or
substituted cyclopentadienyl, R4s-O- or halogen, or in formula XVa Ry4, Ry and Ry;
independently of one another are unsubstituted or substituted cyclopentadienyl, R4s-O- or
halogen, or

(¢} in formula XVb Ry and Ry, independently of one another are unsubstituted or
substituted cyclopentadienyl, Rss-O- or halogen,

where Rjg to R4 have the above meanings. The above preferred meanings apply to Rss,

R391 R40! R44 and R‘S’

Metai compounds which are especialfly preferably used in the process according to the -
invention are those of the formulae XVI, XVla, XVIb, XVic or XVid
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Ro4 Ry

AN N o

/ MSI=N-RG -(XVI). ‘ Mﬁl (XVII),
Ry3

/ "
VI,

R35 Me, =——=N-Rg; R M\ XVIc),
yA yA
CHyRos
R'n Ti Rn (XVId),
YA

in which

Me, is Mo(V1) or W(VI),

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

Rys is -Si(C41-Cqalkyl)s;

Zis Clor Br;

Re3 is phenyl or phenyl which is substituted by 1 to 3 C-C,alkyl or C4-C,atkoxy,

(a) Ryz and Ry, in formula XVI together are the group -NRg; or individually independently of
one another are F, Cl, Br, linear or branched C4-C,alkoxy which is unsubstituted or
substituted by fluorine, phenyloxy which is unsubstituted or substituted by C-C,alkyl or C4-
C,alkoxy, or cyclopentadienyl which is unsubstituted or substituted by C4-C alkyl;

(b) Ry4, Ryz, R73 and Ry4 in formula XVla independently of one another are F, Cl, Br, linear
or, in particular, branched C;-C,alkoxy which is unsubstituted or substituted by fluorine,
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phenyloxy which is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, or
cyclopentadienyl which is unsubstituted or substituted by C4-C,alkyl;

(c) Rys in formula XVib is F, Cl, Br, linear or branched C,-C,alkoxy which is unsubstituted or
substituted by fluorine, phenyloxy which is unsubsfituted or substituted by C-C,alky! or C4-
C.alkoxy, or cyclopentadienyl which is unsubstituted or substituted by C-C,alkyl;

(d) Ry4, Rz2 and Ry; in formula XVic independently of one another are F, Cl, Br, linear or, in
particular, branched C;-C,alkoxy which is unsubstituted or substituted by fluorine, bhenyloxy
which is unsubstituted or substituted by C-C,alkyl or C;-C,alkoxy, or cyclopentadienyl which
is unsubstituted or substituted by C4-C,alkyl; and

(e) Ry; and Ry, in formula XVid independently of one another are F, Cl, Br, linear or, in
particutar, branched C,-C,alkoxy which is unsubstituted or substituted by fluorine, phenyloxy
which is unsubstituted or substituted by C,-Calkyl or C;-C,alkoxy, or cyclopentadienyl which
is unsubstituted or substituted by C4-C,alkyl. The alkoxy is particularly preferably branched
alkoxy which is optionally partly or completely substituted by F, for example i-propyloxy, i-
and t-butyloxy, hexafluoropopyloxy [sic] and nonafluoropropyloxy. The phenyloxy radical is,
in particutar, phenyloxy which is substituted by C,-C,alkyl in the 2,6-positions, for example
2,6-dimethylphenyloxy. Examples of substituted cyclopentadienyl radicals are mono- to
pentamethylcyclopentadienyl and trimethylsilylcyclopentadienyl. Rg; is preferably phenyl or
phenyl which is substituted by C,-C,alkyl, in particular phenyl or 3,5-dimethyl-, 2,6-dimethyl-,
3,5-diethyl- and 2,6-diethylphenyl.

Especially preferred compounds in the process according to the invention are those of the
formulae XVii, XViia, XVilb, XViic and XViid

(Rg3-N=);Me, X, ,CH,Si(CH;)s | (XvI),

(Rgz-N=)Ry;Me, X, (OR ;) CH,Si(CHs); (XVIIa),

R72R73Me,X (ORg)CH,Si(CHs)s  (XVIb),

Re3-N=Me,X,(OR)CH,Si(CH;)s (XViic),

Ry1-TiX,(OR4p)CH,Si(CHs)s (XVIld),
in which

Me, is Mo(Vi) or W(VI);
Me, is Nb(V) or Ta(V);
Xais For Cl; -
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Rgsis phenyl or phenyl which is substituted by 1 or 2 C,-C,atkyl groups;

R, is branched C;- or C,alkyl which is optionally partly or completely substituted by fiuorine,
or phenyloxy, or phenyloxy which is substituted by 1 to 3 methyl or ethyl groups;

R;, and R;; independently of one another are cyclopentadienyl which is unsubstituted or
substituted by 1 to 5 methyl groups, X, or Rg,0-; and

R;, is cyclopentadienyl which is unsubstituted or substituted by 1 to 5 methyl groups, X, or
R7:0-.

Some examples of titanium(1V), niobium(V), tantalum(V), molybdenum(Vl) and tungsten(VI)
compounds are [Cp is cyclopentadienyl and Me is Nb(V) or Ta(V)]:
TI{CH,SI(CH,);]Cls, TI{CH,Si(CH,)s]Brs, Cp,Ti[CH,Si(CH,)5]Cl,

(CH,), TifCH,Si{CH,)]Cl, Cp,Ti[CH,Si(CH,)s]Br, Cp,TI[CH,Si(CH,):},
CpTi[CH,SHCH,),JICH,IC!, CPTI[CH,SI(CHa)s]Br,, [(CH,).CHOLTI[CH,SI{CHy)sICl,
[(CF4),CHOLTI[CH,Si(CH,),]Cl, [(CF),CHOJCPpTI[CH,Si(CH3),ICl,
[(CH,),CHOCPTI[CH,Si(CH,);]Cl, {CsHsO)CpTi[CH,Si(CH,):]Cl, (2,6-dimethyi-
C:HsO)CpTi[CH,Si{CH,),]C|, (2,6-dimethyl~C¢Hs0),Ti{CH,Si(CH,)5]C},
(2,6-dimethyl-CgHsO)Ti[CH,Si{CH,):1.Br, [(CH1)sCOJCpTi{CH,Si(CHs),]Cl,
[(CF3),(CH3)COJCPTI[CH,Si(CH,),]CI, Me(=N-CgHg)[OCH(CH,),JI(CH,Si(CH,),]CI,
Cp,Me[(CH,Si{CH,),]Cl,, Me(=N-CHs)[OCH(CF;),]J[{CH,Si(CH,),]ICl,
Me(=N-2,6-diisopropylCsH,)[{CH,Si{CH,)J]Cl,,
Me(=N-2,6-diisopropylC¢H.)[(CH,),CHOJ[{CH,Si(CH,),]Cl,
Me(=N-2,6-dimethyIC¢H,)(2,6-dimethyl-CsH;O)[CH,Si(CH,),]C!,
Me(=N-2,6-dimethylCH)((CF;),CHO)CH,Si(CH,).]CI,
(=N-2,6-dimethylC;H,)CpMef(CH,Si(CH,),]CI,

(CsH50),CpMe[(CH,Si(CH,)s]Cl,
(=N-3,5-dimethylC¢H;)Me[2,6-dimethylCH,O)][(CH.Si{CH;),)]CI,
CpMe[OCH(CH,),L,[{CH,Si{CH,);]Br, CpMe[OCH(CH,),L[(CH,Si(CH,),ICI,
CpMe[OCH(CF;),].{(CH,Si{CH.),]Cl, Cp,Me(Methyl)[(CH,Si(CH,),]CI,
Cp,Me[OCH{CH,),]J[(CH,Si(CH.),]Cl, [OCH(CH,),],Me[CH,Si(CH,),]CL,
Me(2,6-dimethylphenyloxy)(CH;0),[{CH,Si(CH,),]Cl,
Me[CH,Si(CH,)s)JOCH(CH,))(CF40),Cl, W(=N-C Hs)[{OC(CH;),]JICH,-Si{(CH;),]Cl,,
{2,6-diisopropylphenyloxy),Me[CH,Si(CH,),]CL,,
CpMe[OC(CHo)JI(CH,SI(CHs)IC!, CpMe[OC(CH)(CF 1) LICH,SICH:)IC!,
Mo,[(CH,-Si(CH,);)(OCH,C(CH,)5)Cl],, Mo(=N-2,6-diisopropylCsH,)2[CH.-
Si(CH,)5]Cl, W(=N-CgHg)[(OC(CH,)a)ICH,-Si(CH;);)C1, Mo(=N-C¢Hs),JCH,-
Si(CH,),ICI,
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Mo(=N-2,6-diisopropyiCsH,)[(OCH,C(CH,),LLICH,-Si{CH,),CL.

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

4, Other suitable photoactive one-component catalysts are niobium(V) or tantalum(V)
compounds which contain at least two methyl groups or fwo monosubstituted methyl groups
bonded to the metal, the substituent containing no hydrogen atom in the o position. These
compounds are also thermal catalysts.

The niobium(V) and tantalum(V) compounds to be used according to the invention contain
one metal atom. The methyl group or monosubstituted methy! group which is bonded to the
metal is bonded at least twice, particularly preferably two to five times, and especially
preferably two or three times, as a ligand. This ligand preferably corresponds to the formula
Xi

-CH,-R (X1)
where R has the meanings and preferred meanings given above.
The other valencies of the niobum and tantaium atom are preferably satisfied with heat
stable neutrai ligands, a large number of which are known. The number of neutral ligands
can atso exceed the stoichiometrically possible number (solvates). The definition of heat
stability has been given in the introduction.

The meanings and preferred meanings of neutral ligands have been given above.

In a preferred embodiment, the niobium and tantalum compounds correspond, in particular,
to the formula XVIil '
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R“\ /

/Me\ Rg XV,

Rgs Res '
in which
Me is Nb(V) or Ta(V),
at ieast two, preferably 2 or 3, of the radicals R, to Ry are a radical -CH,-R of the formula
X, in which R has the meanings and preferred meanings given above,
two of the other radicals from R, to Rgs together are =0 or =N-R,,, and R,, is linear or
branched C,-Csalkyl which is unsubstituted or substituted by C,-Cealkoxy, Cs-or
C,cycloalkyl which is unsubstituted or substituted by C,-Cialkyl, C,-Cealkoxy or halogen,
phenyl which is unsubstituted or substituted by C1-Csalkyl, C,-Cqalkoxy, C,-Csalkoxymethyl,
C,-C.alkoxyethyl, di(C,-Csalkyl)amino, di(C,-Cealkyl)amino-C,-Csalky! or halogen, or benzyl
or phenylethyl which are unsubstituted or substituted by C,-Cealkyl, C,-Csatkoxy,
C,-Cgalkoxymethyl, C,-Cealkoxyethyl, di(C,-Cqalkyl)amino, di(C,-C.alkyl)amino-C,-C,alkyl or
halogen; and/or
the other radicals from R, to Ry independently of one another are secondary amino having
2 to 18 C atoms, RO-, R,sS-, halogen, cyclopentadienyl or bridged biscyclopentadienyl or a
neutral ligand, in which the R,; independently of one another are linear or branched C,-
C,salkyl which is unsubstituted or substituted by C,-Csalkoxy or halogen, C;- or Cecycloatkyl
which is unsubstituted or substituted by C-Cialkyl, C,-C¢alkoxy or halogen, phenyt which is
unsubstituted or substituted by C,-Cealkyl, C,-Cgalkoxy, C;-Cealkoxymethyl,
C,-Cqalkoxyethyl, di(C,-Csalkyl)amino, di(C,-Csalkyl)amino-C,-C,alkyl or halogen, or benzy!
or phenyethyl which are unsubstituted or substituted by C}-Cealkyl, C,-Cqalkoxy,
C,-Csalkoxymethyl, C,-Cealkoxyethyl, di(C;-C.alkyl)amino, di(C,-Calkyl)amino-C,-C,alkyl or
halogen.

in a particularly preferred embodiment, the niobium and tantalum compounds of the formula
XVl used are those in which

a) Ry, to Ry are each a radical of the formula XI -CH-R, or

b) Ry, and R, are each a radical of the formula Xi -CH,-R, R, and Rgs together are the
radical =N-R,,, and Rg is unsubstituted or substituted cyclopentadienyl,

R4s-O- or halogen, or
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¢) Rey, Res and Rg, are each a radical of the formula XI -CH,-R, and Res and R, together are
the radical =N-Ry,, or

Rz, Ras, Res and Rg; are a radical of the formula XI -CH,-R and Ry is unsubstituted or
substituted cyclopentadienyl, R,s-O- or halogen,

where R, R,, and R, have the above meanings. The above preferred meanings apply toR,
R, and Rys.

Niobium and tantalum compounds which are especially preferably used in the process
according to the invention are those of the formulae IXX, IXXa or IXXb

ChrR, CH,-Rv

\RB (XXa
CHTRV CHz-Rv
CH,R,
/ -
R‘,’I‘IQC_—MC\ (IXXb)'
Res
CH,R,
in which

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

R, is H, -C(CHa)s, -C(CH,),-C¢Hs, -CeHs or -Si{C-Calkyl)s,

Res is phenyl or pheny! which is substituted by 1 to 3 C,-C,alkyl or C;-C,alkoxy,

R, in formula IXX is the group -CH,-R or F, Cl, Br, linear or, in particular, branched
C,-C,alkoxy which is unsubstituted or substituted by fiuorine, phenyloxy which is
unsubstituted or substituted by C,-C,alky! or C,-C,alkoxy, or cyclopentadienyl which is
unsubstituted or substituted by C,-C,alkyl;

Rgz. Res and R, in formula IXXa independently of one another are F, Cl, Br, linear or, in
particular, branched C,-C,alkoxy which is unsubstituted or substituted by fluorine, phenyloxy
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which is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, or cyclopentadienyl which
is unsubstituted or substituted by C,-C,alky}; and

Rg, and R, in formula IXXb independently of one another are F, Cl, Br, linear or, in
particular, branched C,-C,alkoxy which is unsubstituted or substituted by fluorine, phenyloxy
which is unsubstituted or substituted by C,-C,alky! or C,-C,alkoxy, or cyciopentadienyl which
is unsubstituted or substituted by C,-C,alkyl. The alkoxy is particularly preferably branched
alkoxy, which is optionally partly or completely substituted by F, for example i-propyloxy, i-
and t-butyloxy, hexafluoropopyloxy {sic] or nonafluoropropyloxy.

Some examples of niobium(V) and tantalum{V) compounds are [Cp is cyclopentadienyl and
Me is Nb(V) or Ta(V}]:

Me[CH,Si(CH,);]s, Cp,Me[(CH,C(CH,),-CgH;)]s, Me(=N-2,6-dimethylC¢H;)(CHs)s,
Me(=N-C¢H3)[OC(CH,)][(CH,Si(CHa)s)]., Me(=N-2,6-diisopropylCeH,)[(CHy-CeHs)la,
Me(=N-CgHs{OCCHS(CFs3),l[(CH,Si(CHa)s)lo, CPME[OCCH,(CF3)LI(CH,-CeHs)l,
Me(=N-2,6-diisopropylCsHs)[{CH,C(CH,),~-CsHs)].Cl, Cp,Me(CH;),[OCH(CH;),)],
Me(=N-2,8-dimethylC¢H)[(CH,-C¢Hsls, CPMe[OCH(CH,),LI(CH,Si(CH,)s)l,
Cp,Me[(CH,-CeHs)}s, Me[CH,Si(CHg)al:Cl,, Me[CH,Si(CH,)s[OCH,C(CH5);)..,
Cp,Me[3,5-dimethylC,H;O)J[(CH,Si(CH.)a)],, Me(2,6-diisopropylphenyloxy),(CH,)s,
Cp,Me(CHs),, Me(2,6-dimethylphenyloxy),(CH,)s, Me[CH,Si(CH;),]s{OCH(CH;)l,,
CpMe[OC(CH,)aL[(CH,-C¢Hs)], and Cp,Me[(CH,Si(CH,)s)]s.

The niobium and tantalum compounds to be used according to the invention are known or
can be prepared by known and analogous processes starting from the optionally substituted
metal halides via Grignard reactions and/or substitution reactions [Schrock, R.R., Murdzeck,
J.8., Bazan, G.C., Robbins, J., DiMare, M., O'Regan, M., J. Am. Chem. Soc., 112:3875-
3886 (1990)].

5. Other suitable photoactive one-component catalysts are titanium(lV) compounds which
contain, bonded to the metal, at least two methyl groups or two monosubstituted methy!
groups, the substituent containing no hydrogen atom in the o position. These compounds
are also thermal catalysts.

The titanium(IV) compounds to be used according to the invention contain one metal atom.
The methyl group or monosubstituted methyl group which is bonded to the metal is bonded
at least twice, particularly preferably two to four times, and especially preferably two or three
times, as a ligand. This ligand preferably corresponds to the formula Xl



-CH,R X1)
where R has the meanings and preferred meanings given above.

The other valencies of the titanium atom are preferably satisfied with heat-stable neutral
ligands, a large number of which are known. The number of neutral ligands can also exceed
the stoichiometrically possible number (solvates). The definition of heat stability has been
given in the introduction.

The neutral ligands are, advantageously, identical or different ligands, for example from the
group consisting of secondary amines having 2 to 18 C atoms, R;0-, RS-, halogen,
cyclopentadienyl, bridged biscyclopentadienyl, tridentate monoanionic ligands and neutral
ligands, for example ethers and amines, in which the R, independentiy of one another are
linear or branched C,-C,alkyl which is unsubstituted or substituted by C,-Cgalkoxy or
halogen, Cs- or Cgcycloalkyl which is unsubstituted or substituted by C,-Cgalkyl, C,-Cealkoxy
or halogen, phenyl which is unsubstituted or substituted by C,-Cealkyl, C,-Cgalkoxy,
C,-Csalkoxymethyl, C,-Cqalkoxyethy! or halogen, or benzyl or phenylethyl which are
unsubstituted or substituted by C,-C,alkyl, C,-Cgalkoxy, C,-Cgatkoxymethyl, C,-Cgalkoxyethyl
or halogen.

The meanings and preferences of R,;, of secondary amines, of halogen as a further ligand
on the metal atoms or as a substituent, of cyclopentadienyl, ethers, nitriles, tertiary amines
and phosphines as neutral ligands and of tridentate monoanionic ligands have been given
above. The meanings and preferred meanings of alkyl, alkoxy or alkoxy as a substituent in
alkoxymethy! or - ethyl have likewise been given above.

In a preferred embodiment, the titanium(lV) compounds correspond, in particular, to the -
formulae XX '

g
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at least two, preferably 2 or 3, of the radicals Rg; to Ry, are a radical -CH,-R of the formula
X1, in which R has the meanings and preferred meanings given above; and

the other radicals R, to Ry, are secondary amino having 2 to 18 C atoms, RysO-, ResS-,
halogen, cyclopentadienyl or bridged biscyclopentadienyl or a neutrat ligand, in which the Rgs
independently of one another are finear or branched C,-C,,alkyl which is unsubstituted or
substituted by C,-Cgalkoxy or halogen, Cs- or Cecycloalkyl which is unsubstituted or
substituted by C,-Cgalkyl, C,-Csalkoxy or halogen, phenyl which is unsubstituted or
substituted by C,-Cqalkyl, C,-Cealkoxy, C,-Cealkoxymethyi, C,-Csalkoxyethyl, di(C,-
Cealkyl)amino, di(C,-Calkyl)amino-C,-C;alkyl or hafogen, or benzyl or phenylethy! which are
unsubstituted or substituted by C,-Csalkyl, C-Csalkoxy, C;-Cealkoxymethyl, C,-
Cealkoxyethyl, di(C,-Calkyl)amino, di(C,-Cealkyl)aminoC,-Cjalkyl or haiogen.

in a particularly preferred embodiment, the titanium(IV) compounds of the formula XX which
are used in the process according to the invention are those in which

a) Rg; to Ry, are a radical of the formula XI -CH,-R, or

b) Rg; and R, are a radical of the formula Xl -CH,-R, and Ry and Ry, independently of one
another are unsubstituted or substituted cyclopentadienyl, R,s-O- or halogen, or

¢) Re7, Rgs and Ry, are a radical of the formula Xi -CH,-R, and Ry, is unsubstituted or
substituted cyclopentadienyl, R,s-O- or halogen,

where R and R have the above meanings. The above preferred meanings apply to R and

Res.

Titanium(lV) compounds which are especially preferably used in the process according to
the invention are those of the formulae XXla or XXib

CHy-R, ' CHR,
Ry——Ti——Rg OX),  RBO—7 Rgy (KIB),
CHz R, CHz-R,

in which

R, is H, -C{CHj),, -C(CH,),-C¢Hs, -CgH5 or -Si(C,-C,alkyl);, and

Rg7 and Rg; independently of one another are F, Cl, Br, linear or, in particular, branched C,-
C.alkoxy which is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted
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or substituted by C,-C,alkyl or C,-C,alkoxy, or cyclopentadienyl which is unsubstituted or
substituted by C,-C,alkyl. The alkoxy is particularly preferably branched alkoxy, which is
unsubstituted or partly or completely substituted by F, for exampie i-propyloxy, i- and t-
butyloxy, hexafluoropropyloxy and nonafluoropropyloxy.

In a preferred embodiment of the invention, the titanium(lV) compounds contain a halogen
atom, in particular Cl or Br, bonded to the titanium if the radical R in the group -CH-R is
-SiR3sRR40. Compounds which are especially preferred are then those of the formuta XXII

CH,-SiR33R39R 49
Rg—Ti CH,-SiR3sRa5R 40 eaan),
Y,
in which
Y,is F, ClorBr,

Ras, Rse and Ry, independently of one another are C,-Czalkyl, Cs- or C,-cycloalkyl or phenyl
or benzyi which are unsubstituted or substituted by C,-Cgalkyl or C,-Cgalkoxy; and

Rg; is the group -CH,-SiRs:RsR 0. F, Cl, Br, linear or, in particular, branched C,-C,alkoxy
which is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or
substituted by C,-C,alkyl or C,-C,alkoxy, or cyclopentadienyl which is unsubstituted or
substitu_ted by C,-C,alkyl. Rss, Ry and Ry, are preferably C,-C,alkyl, phenyl or benzyl, and
Rs; is preferably Cl, C,- or Calkyl which is unsubstituted or substituted by fiuorine, or phenyl
or benzyl which are unsubstituted or substituted by C,-C alky! or C,-C,alkoxy,

Some examples of titanium(IV) compounds are [Cp is cyclopentadienyl}:
TI{CH,SHCHg)s)s, TIIOCH(CF3),LI(CH,SI(CFg)sl, CPTI[(CH,C(CH5),-CeHe),Cl, CPTI(CH,-
CeHs)ls: TICLICH,SI(CHs)a)lo, [OCH(CF,),ITI[(CH,-CeHg)ls, CPBITI[(CH,C{CH;),-CeHs)l.,
CpTif2,6-dimethylCH;O)J{(CH,Si(CHs)s)}. THOCH(CH,)LI(CH,-CeHs)l.,
CITI{OCH(CH,)JI(CH;Si(CHy)s)lo. CPTIIOCH(CF,),]I[(CH-CeHs)lz, CpTi(methyl)s,
CpTi(methyl),JOCH{CH,),], TI{CH,Si(CH,).].Br,, Ti(2,6-dimethyiphenyloxy),(CH,),,
Cp,Ti{CHa),, TIICH,SI(CH,),J,JOCH(CH,)] and Ti(2,6-diisopropylphenyloxy).{CH,),.

The titanium(IV) compounds to be used according to the invention are known or can be
prepared by known and analogous processes starting from the r‘r'aetal halides by Grignard
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reactions or other known substitution reactions [see Clauss, K., Bestian, H., Justus Liebigs
Ann. Chem., 654:8-19 (1962)}.

6. Other suitable photocatalytically active compounds are ruthenium or osmium compounds
which contain at least one phosphine group, at least one photolabile ligand, and optionally
neutral ligands bonded to the metal atom, a total of 2 to 5 ligands being bonded, and which
contain acid anions for balancing the charge. Total in the context of the invention means the
sum of the phosphine groups, photolabile ligands and neutral ligands. The neutral ligands
are also called non-photolabile ligands. Preferably 2 to 4, and particularly preferably 2 or 3,
ligands are bonded in total. |

The osmium compounds are also thermally active catalysts. The ruthenium compotnds are
also thermal catalysts if the phosphine group contains no finear alky! or alkoxy group, but
bulky groups, for example secondary and tertiary alkyl or alkoxy groups (i-propyl or i- and t-
butyl), or cycloalkyl groups, or phenyl groups or phenyloxy groups which are unsubstituted
or substituted by 1 to 3 C,-C,alky! or -alkoxy.

The phosphine group is preferably tertiary phosphines having 3 to 40, more preferably 3 to
30 and particularly preferably 3 to 24 C atoms.

The other valencies of the ruthenium and osmium are preferably satisfied with heat-stable
neutral ligands, a large number of which are known. The number of neutral ligands can aiso
exceed the stoichiometrically possible number (solvates). |

In the ruthenium and osmium compounds to be use& according to the invention, a
monophosphine can be bonded one to three times and preferably two or three times and a
diphosphine can be bonded once to the metal atom. Preferably 1 or 2 photolabile ligands are
bonded in the ruthenium and osmium catalysts. The phosphine ligands preferably
correspond to the formulae XXill and XXllla

PRosRe2Res (XX,

Re1Rez2P-Z-PRgsRe2 (OCHla),

in which Ry, Ry, and R, independently of one another are H, C,-Ccalkyl, C,-C,,cycloalkyl
which is unsubstituted or substituted by C,-C.alkyl, C,-Cghaloalkyl or C,-C,alkoxy, or
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C.-Ciearyl which is unsubstituted or substituted by C,-Cealkyl, C,-Cghaloalkyl or C,-Cealkoxy,
or C,-C,garalkyl which is unsubstituted or substituted by C,-Cgalkyl, C;-Cshaloalkyl or
C,-Cqalkoxy; the radicals R, and R, together are tetra- or pentamethylene which is
unsubstituted or substituted by C,-Calkyl, C-C¢haloalkyl or C,-Cgalkoxy, or tetra-or
pentamethylene which is unsubstituted or substituted by C,-Cealkyl, C,-Cshaloalkyt or
C,-C.alkoxy and fused with 1 or 2

1,2-phenylene, and R;; has the meaning given above; and

Z, is linear or branched C,-C,,alkylene which is unsubstituted or substituted by C,-C,alkoxy,
1,2- or 1,3-cycloalkylene which has 4 to 8 C atoms and is unsubstituted or substituted by C,-
C,alkyl or C,-C,alkoxy, or 1,2 or 1,3-heterocycioalkylene which has 5 or 6 ring members and
one heteroatom from the group consisting of O or N and is unsubstituted or substituted by
C,-C.alkyl or C,-C,alkoxy.

The radicals Ry, Rg, and Rg; are preferably identical radicals.

If Rey, Rez @and Rg; are substituted, the substituents are preferably C,-C,alkyt, C,-Chaloalkyl
or C,-Calkoxy. Halogen is preferably C! and particularly preferably F. Examples of preferred
substituents are methyl, methoxy, ethyl, ethoxy and triflucromethyl. R,,, Rq, and Ry, are
preferably substituted by 1 to 3 substituents. Substituents are preferably in one or both ortho
and/or meta positions relative to the C atom of the P-C bond in the phosphine.

Alkyl Ry, Rg, and Rg3 can be tinear or branched and can preferably contain 1 to 12, more
preferably 1 to 8, and particularly preferably 1 to 6 C atoms. Examples of alkyl are methyl,
ethyl, n- and i-propyl, n-, i- and t-butyl and the isomers of pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyt
and eicosyl. Preferred examples are methy), ethyl, n- and i-propyl, n-, i- and t-butyl, 1-, 2- or
3-pentyl and 1-, 2-, 3- or 4-hexyl.

Cycloalkyl Ry, Ry, and Rg; are preferably C;-Cqeycloalkyl, and particulariy preferably Cs- or
Cccycloalkyl. Some examples are cyclobutyl, cycloheptyl, cyclooctyl and, in particular,
cyclopentyl and cyclohexyl. Examples of substituted cycloalkyl are methyl-, dimethyl-,
trimethyl-, methoxy-, dimethoxy-, trimethoxy-, trifluoromethyl-, bistriflucromethyl and -
tristrifluoromethylcyclopentyl and -cyclohexyt.
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Aryl Ry, Ry, and Ry, are preferably Cq-Cy.aryl, and particularly preferably phenyl or naphthyl.
Examples of substituted aryl are methyl-, dimethyl-, trimethyl-, methoxy-, dimethoxy-,
trimethoxy-, trifluoromethyl-, bistrifiuoromethyl and tristrifluoromethyiphenyl.

Aralkyl Rq,, Rs; and Ry, are preferably C,-Cysaralkyl, where the alkylene group in the aralky!
is preferably methylene. The aralkyl is particularly preferably benzyl. Examples of substituted
aralkyl are methyl-, dimethyi-, trimethyl-, methoxy-, dimethoxy-, trimethoxy-, triflucromethyl-,
bistrifluoromethyl and tristrifluoromethylbenzyl.

Examples of optionally substituted or fused tetra- or pentamethylene bonded to the P atom
are

0 0O g-ao

Other suitable phosphines are cycloaliphatics which have 6 to 8 ring carbon atoms and are
bridged with a =PRa group, for example

in which Ra is C,-Cqalkyl, cyclohexyl, benzyl, or phenyl which is unsubstituted or substituted
by 1 or 2 C,-C,alkyl.

Linear or branched alkylene Z, is preferably 1,2-alkylene or 1,3-alkylene having preferably 2
to 6 C atoms, for example ethylene, 1,2-propylene or 1,2-butylene.

Examples of cycloalkylene Z, are 1,2- and 1,3-cyclopentylene and 1,2- or 1,3-cyclohexylene.
Examples of heterocycloalkylene Z, are 1,2- and 1,3-pyrrolidine, 1,2- and 1,3-piperidine and
1,2- and 1,3-tetrahydrofuran.

In a preferred embodiment, the phosphine ligands correspond to the formula XXIll in which
Rq1, R, and Ry, independently of one another are H, C,-Cgalkyl, cyclopentyl or cyclohexyl
which are unsubstituted or substituted by C,-C,alkyl, or phenyl which is unsubstituted or
substituted by C,-C,alkyl, C,-C,alkyl [sic] C,-C,atkoxy or trifiuoromethyl, or benzyl which is
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unsubstituted or substituted by C,-C,alkyl, C,-C,alkyl [sic] C,~-C,alkoxy or trifluoromethy!.
Particutarly preferred examples of phosphine figands of the formula XXIil are (C¢Hs)sP,
(CeHsCH )P, (CsHag)sP, (CHa)iP, (CHs)sP, (n-C3Hy)sP, (FCoHy)sP, (n-CHe)sP, (CeHs)HP,
(CeHsCH,)HP, {CsHy1),HP, (C-Hs)HP, (n-CsHy)HP, (i-C3H;)HP, (n-C,Ho) HP, (CsHs)H, P, (n-
'CHgH,P, (CeHsCHL)H,P, (CsHy)H,P, (CHa)HP, (CHy)HP, (C:Ha)H,P, (n-CsHnH,P, (i-
C3HpH,P, PH; (2-methyl-CgH,)sP, (3-CHy-CeHy)sP, (4-C,Hs-CeHy)sP,(4-CHy-CeHy)oP, (2,4-di-
CH,;-CeHy)sP, (2,8-di-CH3-CgH,)sP, (2-C,Hs-CeH,)sP(3-CoHg-CeH,)sP, (2-n-C3HrCgH,),P, (3-n-
CsHr-CoHe)sP, (4-n-CsHr-CgH)sP, (2--CsHr-CgH,)sP, (3--CsHr-CoHa)sP, (4-1-C5Hr-CeHy)sP.
(2-n-C,Hg-CeH,)sP, (3-n-CHg-CeHy)sP, (4-n-CHg-CeHy)sP, (2-i-CiHg-CeHa)sP, (3--CHe
CeHa)sP, (4-1-C4Hg-CeH,)sP, (2-4-CHg-CeHy)sP, (3-t-CHe-CeHy)oP, (4-t-C4Hy-CeH,)oP, (2-CHy-
6-1-C,Hg-CsH3)sP, (3-CH3-6-1-C,Hg-CeH1)aP, (3-CH;3-6-1-CHg-CeMa)sP, (2,6~di-t-CHg-CeH3)sP,
(2,3-di-t-C,Hg~-CsHs)sP and (2,4-di-t-C Hg-CeHs)sP.

Organic or inorganic compounds, atoms or ions which are coordinated onto a metal centre
are designed as ligands for the ruthenium and osmium compounds to be used according to
the invention.

The meanings and preferred meanings of photolabile ligands and non-photolabile ligands
(also called highly coordinating ligands) have been mentioned above.

in a preferred embodiment, the Ru and Os catalysts to be used according to the invention
contain only photolabile ligands, phosphine groups and anions for balancing the charge. The
catalysts which contain an arene group as photolabile ligands, a tertiary phosphine group,
and mono- or bivalent anions for balancing the charge are especially preferred.

Suitable anions of inorganic or organic acids are, for example, hydride (H®), halide (for

example F°, CI®Br® and I®), the anion of an oxygen acid and BF S, PF.S, SbF.° or AsF°. It
should be mentioned that the abovementioned cyclopentadienyl is a ligand and an anion.

Further suitable anions are C,-C,,-, preferably C,-C,-, and particularly preferably
C,-C,alcoholates, which, in particular, are branched, for example correspond to the formuia

R,R,R,C-Oe, in which R, is H or C,-C,calkyl, R, is C,-Ccalkyt and R, is C;-C,oalkyl or phenyl,
and the sum of the C atoms of R, R, and R, is 11. Examples are, in particular, i-propyloxy
and t-butyloxy.
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Other suitable anions are C,-C,;-, preferably Cs-C,,-, and particularly preferably

C,-C,.,acetylides, which can correspond to the formula R,-C=C®, in which R, is C,-C,salkyl,
preferably a-branched C,-C,,alkyl, for example of the formuta R,R,R,C-, or is phenyl or
benzyl which are unsubstituted or substituted by 1 to 3 C,-C.alkyl or C,-C,alkoxy. Some
examples are i-propyl-, i- and t-butyl-, phenyl-, benzyl-, 2-methyl-, 2,6-dimethyl-, 2-i-propyl-,
2-i-propyl-6-methyl-, 2-t-butyl-, 2,6-di-t-butyl- and 2-methy-8-t-butylphenylacetylide.

Thé meanings and preferred meanings of anions of oxygen acids have been mentioned
above.

H®, FS, CI°, Br®, BFS, PFe°, SbFS, AsF®, CF380,°, CeHs-S0O,°, 4-methyl-CiHs-SO,°,
2,6-dimethyl-C,H5-Soae, 2,4,S-trimethyl-(:e,i-ls-sos6 and 4-C:F3-C:.;H5-SOSe and
cyclopentadieny! (Cp®) are particutarly preferred.

The number of non-photolabile ligands depends on the number of phosphine groups, the
size of the non-photolabile ligands and the number of photolabile ligands.

in a preferred embodiment, thé ruthenium and osmium compounds particularly preferably
correspond to one of the formulae XXIV to XXIVf

Rerl{Me?*(Z™)n (XXIV),

Ro7l,LaMe?*(Z™ ), | (XXIVa),
(Rg7)sLaMe* (Z)yp (XXIVb),
(Ro7sL M (2™ (XXIVc),
Rg7L LoMe2*(Z*), md).
RerL L, Me™ (Z (XXTVe),
RgrLiLaMe24(Z™),, v,

in which

R is a tertiary phosphine of the formula XXl or XXllia;
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Me is Ru or Os;

n is the numbers 1, 2 or 3;

Z is the anion of an inorganic or organic acid;

{a) L, is an arene or heteroarene ligand,

(b} L, is a monovalent photolabile ligand different from L,; and
(¢) Ls is a monovaient non-photolabile ligand.

For Rg,, Le. Lg and L, [sic}, the preferred meanings stated above for the individual meanings
apply.

in the formulae XXIV to XXIVf, n is preferably 1 or 2 and especially 1. For Ry, the preferred
meanings stated for the phosphine ligands of the formula XXill apply, and in particular the
phosphines are tertiary phosphines.

Ruthenium and osmium compounds which are especially preferably used in the process
according to the invention are those of one of the formulae XXV to XXVf

(RoqRosRogPILgMe*(Z1 ), | (XXV),
(RgaRosRogP)aloMe(Z1), (XXVa),
(RoqRosRogPILoL1gMe>*(Z" ), - : (XXVb),
(RoaRosRogPsLoMEH(Z! )y &KXV,
(RoaRgsRoeP)LoL oM (Z"), XXV,
(RaqRosRogP)LgLroMe> (Z1 ) - (XXVe),
(Ro4RosRogP)Lg(Lo) ") XXVD),

n which

Me is Ru or Os;

Z in formulae XXV to XXVe is H®, cyclopentadienyl, CI°, Br®, BF .2, PF,°, SbF°, AsF°,
CF3S0;°, C¢Hs-SO,°, 4-methyl-CoHs-SO.°, 3,5-dimethyl-C;Hs-SO,°, 2,4,6-trimethyl-C,Hs-
S0,° and 4-CF,-C¢Hs-SO,° and in formula XXVf is H®, cyclopentadienyl, BF.°, PF.°, SbF°>,
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AsF, CF,S0.°, CHs-S0.°, 4-methyl-CeHs-SO°, 2,6-dimethyl-C.Hs-SO,°, 2,4,6-trimethyl-

CeHs-SO,° or 4-CF,-CHs-SO,°,

Rs:, Res and Ry independently of one another are C,-Csalkyl or -alkoxy, cyclopentyl or
cyclohexyl or cyclopentyloxy or cyclohexyloxy which are unsubstituted or substituted by 1 to
3 C,-C.alkyl, or phenyl or benzyl or phenyloxy or benzyloxy which are unsubstituted or
substituted by 1 to 3 C,-C,alkyl;

Ly is C¢-Cysarene or Cs-C gheteroarene which are unsubstituted or substituted by 1to 3
C,-C,alkyl, C,-C,alkoxy, -OH, -F or CI;

L, is C4-Cgalkyl-CN, benzonitrile or benzyinitrile; and

Lso Is H,O or C,-Cqalkanol.

Preferred arenes and heteroarenes are benzene, toluene, xylene, trimethylbenzene,
naphthalene, biphenyl, anthracene, acenaphthene, fluorene, phenanthrene, pyrene,
chrysene, fluoranthrene, furan, thiophene, pyrrole, pyridine, y-pyran, y-thiopyran, pyrimidine,
pyrazine, indole, coumarone, thionaphthene, carbazole, dibenzofuran, dibenzothiophene,
pyrazole, imidazole, benzimidazole, oxazole, thiazole, isoxazole, isothiazole, quinoline,
isoquinoline, acridine, chromene, phenazine, phenoxazine, phenothiazine, triazines,
thianthrene and purine. More preferred arenes and heteroarenes are benzene, naphthalene,
cumene, thiophene and benzothiophene. The arene is especially preferably benzene or a
benzene which is substituted by C,-C,alkyl, such as, for example, toluene, xylene,
isopropylbenzene, tert-butylbenzene or cumene, and the heteroarene is preferably
thiophene.

If the preparation of the ruthenium and osmium cataiysts is carried out in solvents which can
coordinate to a metal atom, such as, for example, alkanols, solvated Ru/Os cation
complexes which are aiso included in the scope of the use according to the invention can
form.

Some examples of ruthenium and osmium compounds to be used according to the invention
are [Tos is tosylate]: (C¢H,,).HPRu(p-cumene)Cl,,

(C¢H.1)sPRu(p-cumene)Cl,, (CeH,,);PRu{p-cumene)(Tos),, {(C:H,,)}sPRu(p-cumene)Br;,
(CeH11)sPRu(p-cumene)CIF, (C.H,):PRU{C.H;)(Tos),,

(CeHy1)sPRU{CH;-CoHs)(T08),, (CeHs,),PRU(i-C;H-CeH:)(Tos),,

(CsH11)sPRu(chrysene)(Tos),, (CsHq)sPRu(biphenyl)(Tos),,
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(CeHq1)2PRulanthracene)(Tos),, (CeHi1)sPRU(C;oHg)(ToS),, (i-CsHy)sPRu(p-cumene)Cl,,
(CH,)sPRu(p-cumene)Cl,, {n-C,H,)sPRu(p-cumene)Cl,, [(CeH11)sPLRUCHS-CN)(Tos),,
{CeHy1)sPRU(CH;-CN)(C,Hs-OH)(Tos),, (CeH,,)sPRU(p-cumene)(CH;-CN)(PFe),,
{CsH,)sPRu(p-cumene){CH,-CN),(Tos),, (n-C,Hg); PRu(p-cumene)(CH,-CN),(Tos),,
{CeH11):PRU(CH;-CN),Cl,, (CsH11)sPRU(CH5-CN),Cl,,
(CeHy1)sPRu(p-cumene)(C,HsOH(BF,),, (CeH,1)sPRu(p-cumene)(C,H;OH(BF ).,
(CeHy1)sPRu(p-cumene)(C,HsOH,(PFg),, (CeHyy)sPru(CeHy1)(C,H;OH(Tos),,
{C¢H11)sPOs(p-cumene)Cl,, (i-CsH,);POs(p-cumene)Cl,, (CH;)sPOs(p-cumene)Cl,,
{C¢H;):POs(p-cumene)Cl, and RuCl,(p-cumene)[(C¢H,;),PCH,CH,P(CeHy;).).

The ruthenium and osmium compounds to be used according to the invention are known or
can be prepared by known and analogous processes starting from the metal halides (for
example MeX; or [Me-areneX,}, and reaction with phosphines and ligand-forming agents.

7. Other suitable one-component catalysts are divalent-cationic ruthenium or osmium
compounds with a metal atom to which are bonded, acts [sic], 1 to 3 tertiary phosphine
ligands with, in the case of the ruthenium compounds, sterically exacting substituents,

.optionally non-photolabile neutral ligands and anions for charge balancing, with the proviso

that in ruthenium (trisphenyiphosphine) dihalides or hydride-halides, the phenyi groups are
substituted by C,-C,salkyl, C,-C shaloalkyl or C,-C,zalkoxy.

The ruthenium and osmium compounds preferably contain 2 or 3 tertiary phosphine groups. -
Phosphine groups in the context of the invention are understood as meaning tertiary
phosphines. The number of additional non-photolabile neutral ligands depends on the one
hand on the number of phosphine ligands and on the other hand on the valency of the
neutral tigands. Monovalent neutral ligands are preferred.

In a preferred embodiment, the divalent-cationic ruthenium and osmium compounds to be
used according to the invention contain 3 phosphine groups and 2 monovalent anions for
charge balancing; or 3 phosphine groups, two monovalent or one divalent non-photolabile
neutral ligand and two monovalent anions for charge balancing; or 2 phosphine groups, one
monoanionic, additionally monovalent non-photolabile neutral ligands and one monovalent
anion for charge balancing.

The meanings and preferred meanings of non-photolabile ligands (also called highly
coordinating ligands) have been mentioned above.
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Sterically exacting substituents in the context of the invention are understood as meaning
those which shield the ruthenium and osmium atoms sterically. It has thus been found,
surprisingly, that linear alkyl groups as substituents in the phosphine ligands give ruthenium
compounds without any thermal activity for metathesis polymerization of strained
cycloolefins. It has also been found that in the case of osmium compounds, linear alkyl
groups as substituents in the phosphine ligands surprisingly have an excellent
thermocatalytic activity for the metathesis polymerization of strained cycloolefins; however,
phosphine ligands with sterically exacting substituents are also preferably used for the
osmium compounds. it has furthermore been found that the steric shielding of
triphenylphosphine ligands is inadequate in ruthenium dihalides and ruthenium hydride-
halides, and such catalysts have only a moderate catalytic activity for the metathesis
polymerization of strained cycloolefins. Surprisingly, the catalytic activity can be increased
considerably if the tertiary phosphine groups contain phenyl which is substituted by alky! or
alkoxy groups.

The meanings and preferred meanings of phosphine ligands have been mentioned above.
With particular preference, alkyl Ry, Rs; and Ry, are a-branched alkyl, for example of the
formula -CRyR.Ry, in which R, is H or C,-C,alkyl, R, is C,-C,,alkyl and Ry is C,-C,alkyl or
unsubstituted or C,-C,alkyl- or C,-C,alkoxy-substituted phenyl, and the sum of the C atoms
in the radical -CR,R.R, is from 3 to 18.

In the osmium compounds used, Ry, R, and Ry can also be linear alkyt having 1 to 18,
preferably 1 to 12, more preferably 1 to 8, and particularly preferably 1 to 6 C atoms, for
example, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl and n-octyi.

In a preferred embodiment, the phosphine ligands correspond to the formula XXItl, in which
Res, Rg; and Rg; independently of one another are a-branched Cs-Cgalkyl, cyclopentyl or
cyclohexyl which are unsubstituted or substituted by C,-C,alkyl, or phenyl which is
unsubstituted or substituted by C,-C,alkyl, C,-C,alkyl {sic] C,-C,alkoxy or trifluoromethyl.
Particularly preferred examples of phosphine ligands of the formula XXI are (CgHs)sP,
(CsHa)sP, (i-C3H7)aP, (CeHu)aP, (i-CoHa)sP, (t-C.Hg)aP, [CH:CH(CH,)LP, [C,Hs-CH(CH;).)P,
(2-methylphenyl),P, (2,3-dimethyiphenyl),P, (2,4-dimethylphenyl),P, (2,6-dimethylpheny!),P,
(2-methyl-4-i-propyliphenyl)sP, {2-methyl-3-i-propy!phenyl);P, (2-methyl-5-i-propylphenyl)sP,
(2,4-di-t-butylphenyl)sP, (2-methyl-6-i-propyiphenyl);P, (2-methyl-3-t-butyiphenyl);P, {2,5-di-t-
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butylphenyl);P, (2-methyl-4-t-butyiphenyl),P, (2-methyl-5--butyiphenyl),P, (2,3-di-t-
butylphenyl).P and (2,6-di-t-butylphenyl),P.

Examples of and preferred meanings for suitable anions have been mentioned above.

In a preferred embodiment, the ruthenium and osmium compounds particularly preferably
correspond to the formulae XXVI, XXVla, XXVIb, XXVic and XXVId

ME™(Ly)L (Y, ) 0OOVI)
Me?*(L,.)s(YO), (XXVia)
Me®(L,),L1s((Y,) OOKVIb)
Me?(Ls )sLea(Y: O | (XXVic)
Me™L,(L)(Y: ), OXVId)
in which
Me is Ru or Os;

Y, is the anion of a monobasic acid;

L, is a phosphine of the formula XXIl or XXllla,

L, is a neutral ligand;

L,s is a cyclopentadienyl which is unsubstituted or substituted by C,-C.alkyl; and
L, is CO.

The above preferred meanings apply to the individual meanings of L,,, Ly, Lz and Y,.

In a particularly preferred embodiment, L,, in formula XXVI is a C,-C,alkanal, Y, in forrnul;
XXVib'is Cl or Br, Y, in formula XXVicis H, and L,, in the formulae XXVI to XXVic is tri-i-
propylphosphine, tricyclohexylphosphine, triphenylphosphine or triphenylphosphine which is
substituted by 1 to 3 C,-C,alkyl in the phenyl groups.

The ruthenium and osmium compounds to be used according to the invention are known or
can be prepared by known and analogous processes starting from the metal halides (for
example MeX,;, [Me(diolefin)X,}), or [Me-areneX,], and reaction with phosphines and agents
which form ligands. |
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The composition according to the invention can additidnally comprise other open-chain,
strained cyclic and/or strained polycyclic fused olefins which form metathesis polymers,
these olefins preferably also containing further double bonds and contributing to the
formation of crosslinked polymers. The cyclic olefins can be monocyclic or polycyclic fused
ring systems, for example with 2 to 4 rings, which are unsubstituted or substituted and can
contain heteroatoms, such as, for example, O, S, N or Si, in one or more rings and/or fused
aromatic or heteroaromatic rings, such as, for example, o-phenylene, o-naphthyiene, o-
pyridinylene or o-pyrimidinylene. The individual cyclic rings can contain 3 to 16, preferably 3
to 12, and particularly preferably 3 to 8 ring members. The cyclic olefins can contain further
nonaromatic double bonds, preferably 2 to 4 such additional double bonds, depending on
the ring size. The ring substituents are those which are inert, that is to say do not impair the
chemical stability of the one-component catalysts. A large number of such olefins and
cycloolefins are known, and they are obtainabie in a simple manner by Diels-Alder reactions
of cyclodienes and cycloolefins or polycyclic or polycyclic fused olefins. These cycloolefins
can correspond, for example, to the formula lia

CH CcQy
\ / (Ha),
Q ' .

in which Q, and Q, have the meanings given for radicals of the formula ll, including the
preferred meanings.

Some preferred examples of compounds of the formula lla are norbornene and norbornene
derivatives. Specific examples are: '
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COOH COOCH;,
@5), 28), @n.
o (o)
COOCH,-phenyl COOCH,CH;
(28), (29),
-COOCHp-phenyl COOCH,CHj

COO(CH,);CH3 ' COO(CH3)5CHs
(30), ' G,
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CH,NHCH,
CH,NHCH,
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o
COO(CH); 1CH3
32),
| COO(CH) 3 CH3
(34)' ﬁ ,CHZO(mZ)SOG-I.'S
v
\
38), o
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(42),
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The composition according to the invention may additionally comprise further non-volatilé

open-chain comonomers which form copolymers with the strained cycloolefins. With the use

of, for example, dienes at the same time, it is possible for crosslinked polymers to form.
Some examples of such comonomers are olefinically mono- or diunsaturated compounds
such as olefins and dienes from the group pentene, hexene, heptene, octene, decene,
dodecylene, acrylic and methacrylic acid, their esters and amides, vinyl ethers, styrene,

butadiene, isoprene and chlorobutadiene.
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The other olefins capable of metathesis polymerization are present in the composition
according to the invention in an amount, for example, of up to 80% by weight, preferably
from 0.1 to 80% by weight, more preferably from 0.5 to 60% by weight and, with particular
preference, from 5 to 40% by weight, based on the total amount of compounds of the
formula | and other olefins capable of metathesis polymerization.

Catalytic amounts in the context of the present invention preferably means an amohnt of
0.001 to 20 moi%, more preferably 0.01 to 15 mol%, particularly preferably 0.01 to 10 mol%,
and especially preferably 0.01 to 5 mol%, based on the amount of the monomer. Because of
the high photocatalytic activity of ruthenium and osmium catalysts containing phosphine
groups, amounts of 0.001 to 2 % by weight are especially preferred in this case.

The composition according to the invention can comprise solvents, especially if they are [sic)
used for the production of coatings.

Suitable inert solvents are, for example, protic polar and aprotic solvents, which can be used
by themselves or in mixtures of at least two solvents. Examples are: ethers (dibutyl ether,
tetrahydrofuran, dioxane, ethyiene glycol monomethyl or dimethyl ether, ethylene glycol
monoethyl or diethyt ether, diethylene giycol diethyl ether, triethylene glycol dimethyl ether),
halogenated hydrocarbons (methylene chloride, chioroform, 1,2-dichloroethane,
1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane), carboxylic acid esters and lactones (ethyl
acetate, methyl propionate, ethyl benzoate, 2-methoxyethyl acetate, y-butyrolactone,
o-valerolactone, pivalotactone), carboxylic acid amides and lactams
(N,N-dimethylformamide, N,N-diethylformamide, N,N-dimethylacetamide, tetramethylurea,
hexamethyiphosphoric acid triamide, y-butyrolactam, e-caprolactam, N-methyipyrrolidone,
N-acetylpyrrolidone, N-methylcaprolactam), sulfoxides (dimethyl suifoxide), suifones
(dimethyl sulfone, diethyl sulfone, trimethylene sulfone, tetramethylene suifone), tertiary
amines (N-methylpiperidine, N-methylmorpholine), aliphatic and aromatic hydrocarbons, -
such as, for example, petroleum ether, pentane, hexane, cyclohexane, methylcyclohexane,
benzene or substituted benzenes (chiorobenzene, o-dichlorobenzene,
1,2,4-trichlorobenzene, nitrobenzene, toluene, xylene) and nitriles (acetonitrile, propionitrile,
benzonitrile, phenylacetonitrile). Preferred solvents are aprotic polar and non-polar solvents.

The choice of solvents depends chiefly on the properties of the one-component catalysts,
which should not be deactivated by the solvents used. Ruthenium and osmium catalysts can
be used together with polar protic solvents, such as, for example, water or alkanols. These



catalysts are also insensitive to air, oxygen and moisture, and corresponding crosslinkable
compositions can be processed without particular protective measures. in the case of the
other one-component catalysts, the exclusion of oxygen and moisture is advisable. The
compositions are storage-stable, storage in the dark being advisabie because of the
sensitivity to light.

The composition according to the invention can comprise formutation auxiliaries. Known
auxiliaries are antistatics, antioxidants, light stabilizers, plasticizers, dyes, pigments, fillers,
reinforcing fillers, lubricants, adhesion promoters, viscosity-increasing agents and mould
release auxiliaries. The fillers can be present in surprisingly high proportions without
adversely affecting the polymerization, for example in amounts of up to 70% by weight,
preferably from 1 to 70% by weight, more preferably from 5 to 60% by weight, with particutar
preference from 10 to 50% by weight and, especially preferably, from 10 to 40% by weight,
based on the composition. Fillers and reinforcing fillers for improving the optical, physical,
mechanical and electrical properties have been disclosed in large numbers. Some examples
are glass and quartz in the form of powders, spheres and fibres, metal oxides and semi-
metal oxides, carbonates such as MgCO,, CaCO;, dolomite, metal suifates such as gypsum
and heavy spar, natural and synthetic silicates such as talc, zeolites, wollastonite, felspars,
aluminas such as china clay, ground minerals, whiskers, carbon fibres, polymer fibres or
polymer powders, and carbon black. Viscosity-increasing agents are, in particular,
metathesis polymers which have olefinically unsaturated groups and can be incorporated
into the polymer in the course of polymerization. Such metathesis polymers are known and
are obtainable commercially, for example, under the trade name Vestenamere®. Other
viscosity-increasing agents are polybutadiene, polyisoprene or polychlorobutadiene, and
also copolymers of butadiene, isoprene and chloroprene with olefins. The viscosity-
increasing agents can be present in an amount of from 0.1 to 50% by weight, preferably
from 1 to 30% by weight, and with particular preference, from 1 to 20% by weight based on
the composition. When fillers are used it is judicious to obtain optical transparency for the
polymerization or to carry out the polymerization in thin layers.

The invention also relates to a process for the preparation of crosslinked polymers by

metathesis polymerization, which is characterized in that a composition of
(a) at least one compound of the formula | '

(A),-B 0,



in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and

(b) a catalytic amount of at least one one-component catalyst for a metathesis
polymerization which can be activated by heat or radiation,

with the exception of norbornenecarboxylic acid {norbornenemethyl) ester of the formula

%cmo _Hzc%

in combination with a catalytic amount of at least one heat-stable molybdenum(VI) or
tungsten(VIl) compound which contains at least two methyl groups or two monosubstituted
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a
position,

(c) is subjected to polymerization by heating,

(d) is subjected to polymerization by irradiation,

(e) is subjected to polymerization by heating and irradiation,

{f) the one-component catalyst is activated by brief heating and the polymerization is ended
by irradiation, or

(g) the one-component catalyst is activated by brief irradiation and the polymerization is
ended by heating.

Heating can mean a temperature of 50 to 300°C, preferably 60 to 250°C, particutarly
preferably 60 to 200°C, and especially preferably 60 to 150°C. The polymerization times
especially depend on the catalyst activity, and the time can extend from minutes to several
hours.

in the process according to the invention, it is not necessary to maintain the irradiation of the
reaction mixture over the entire duration of the reaction. Once the polymerization has been
initiated photochemically, the subsequent course of the reaction takes place independently,
even in the dark, The irradiation is advantageously carried out with light having a wavelength
in the range from 50nm to 1000 nm, preferably in the range from 200 nm to 500 nm and
especially preferably in the UV range. The duration of the irradiation depends on the nature
of the light source. Suitable sources of irradiation are, for example, the sun, laser, X-ray and,
in particular, UV radiation sources. UV lasers or UV lamps are preferably employed
according to the invention. The catalyst can be irradiated both before or during as well as
after addition of the monomer.
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Suitable irradiation times are from one second to several hours, in particular minutes to
hours. The sequence of addition of monomers and catalyst is not critical. The monomer can
be both initially introduced into the reaction vessel and added after introduction of catalyst.
Likewise, the catalyst can be pre-irradiated and the monomer can then be added. itis
furthermore also possible to irradiate the solution comprising catalyst and monomer.

In the case of irradiation, the process according to the invention is preferably carried out at
room temperature to slightly elevated temperature. An increase in temperature serves to
increase the rate of reaction. The catalysts used initiate thermal metathesis polymerization
per se, with crosslinking, at the temperatures chosen only in exceptional cases. At the
temperatures chosen to accelerate the reaction, photopolymerization therefore chiefly takes
place. Howe\ier, it shouid be mentioned that the catalysts can be converted into
thermoactive catalysts by adequate irradiation.

In particular, the process according to the invention is carried out with irradiation preferably
at temperatures of -20 to +110°C, particularly preferably 20 to 80°C.

The duration of irradiation especially depends on the desired reaction procedure. Brief
irradiation is chosen, for example, if the polymerization is to be only initiated by irradiation
and is to be ended by heating. Brief can mean an irradiation time of up to 60 seconds,
preferably 5 to 60 seconds, and particularly preferably 10 to 40 seconds. A longer irradiation
time is chosen, for example, if the polymerization is to be carried out chiefly with irradiation
and the final polymerization is to be ended only by after-heating.

A quite particular and surprising advantage of the process according to the invention is that
the one-component catalysts used act as thermal catalysts after the irradiation. This resuits
in the possibility of continuing and ending the polymerization by supplying heat after a short
irradiation time, which offers economic and industrial advantages in various areas of the
production of shaped articles or coatings.

The present invention furthermore relates to crosslinked metathesis polymers of at least one
compound of the formula |

(A)-B ()
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in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and if appropriate other monomers capable of
metathesis polymerization, with the exception of norbormenecarboxylic acid
norbornenemethy! ester.

Materials for production of shaped articles by machining, or, directly, all types of shaped
articles, as well as coatings and images in relief, can be produced by the process according
to the invention.

The polymers according to the invention can have very different properties, depending on
the monomer used. Some are distinguished by a very high permeability to oxygen, iow
dielectric constants, good heat stability and tow absorption of water. Others have
outstanding optical properties, such as, for example, high transparency and low refractive
indices. The low shrinkage is furthermore to be emphasized in particular. They can therefore
be used in very different industrial fields.

As layers on the surfaces of carrier materials, the compositions according to the invention
are distinguished by a high adhesive strength. The coated materials are furthermore
distinguished by a very high surface smoothness and gioss. Of the good mechanical
properties, the low shrinkage and the high impact strength are to be emphasized in
particular, as well as the heat stability. Easy removal from the mould during processing in
moulds and the high resistance to solvents are furthermore to be mentioned.

These polymers are suitable for the production of medical equipment, implants or contact
lenses; for the production of electronic components; as binders for coatings; as photocurable
compositions for model construction or as adhesives for gluing substrates with low surface
energies (for example Teflon, polyethylene and polypropylene), as well as a
photopolymerizable composition in stereolithography. The compositions according to the’
invention can also be used for the production of coatings by photopolymerization, it being
possible on the one hand for clear (transparent) and even pigmented compositions to be
used. Both white and colored pigments can be used.

The compositions according to the invention are particularly suitablie for the production of
protective coatings and images in relief. The invention also relates to a variant of the
process according to the invention for the production of coated materials or relief images on
carrier materials in which a composition according to the invention and optionally solvent is
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applied as a layer to a carrier, for example by dipping, brushing, pouring, roliing, knife-
coating or whirler pouring processes, the solvent is removed, if appropriate, and the layer is
irradiated or heated for polymerization, or the layer is irradiated through a photomask and
the non-irradiated portions are then removed with a solvent. This can be followed by thermal
conditioning. Surfaces of substrates can be modified or protected by this process, or, for
example, printed circuits, printing plates or printing rolls can be produced. in the production
of printed circuits, the compositions according to the invention can also be employed as
solder resists. Other possible uses are the production of screen printing masks and the use
as radiation-curable printing inks for offset, screen and flexographic printing.

The present invention furthermore relates to a coated carrier material, which is characterized
in that a layer of a composition according to the invention is applied to a substrate.

The present invention also relates to a coated substrate with a cured layer of a composition
according to the invention. The exceptionally high adhesive strength of the layers, even on
metal surfaces, deserves particular emphasis, even if the polymers are pure hydrocarbon
polymers.

Suitable carrier materials are, for example, those of glass, minerals, ceramics, ptastics,
wood, semi-metals, metals, metal oxides and metal nitrides. The layer thicknesses
essentially depend on the desired use and can be, for example, 0.1 to 1000 ym, preferably
0.5 to 500 pm, particularly preferably 1 to 100 pm. The coated materials are distinguished by
a high adhesive strength and good thermal and mechanical properties.

The production of the coated materiais according to the invention can be carried out by
known methods, such as, for example, brushing, knife-coating, pouring processes, such as
curtain coating or whirler pouring.

The compositions according to the invention are aiso suitable for the preparation of rubber-
like or thermoplastic polymers, which can be crosslinked still further if they contain reactive
groups, such as, for example, (meth)acrylate or epoxide groups.

The compositions according to the invention can also be used as adhesives, which can be
cured by heat or by means of radiation, for firmly joining the most diverse materials, it being
possible for outstanding peel strength to be achieved.
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The polymers according to the invention are in particular also distinguished by very good
physico-mechanical properties, such as, for example, high heat stability, breaking and
flexural strength and impact strength and outstanding electrical properties, such as, for
example, low surface tensions and charges (very fow e and tan & values), in addition to the
'high adhesive strength, the outstanding processing properties, the good surface properties
{(smoothness, gloss), the high crosslinking density and the resistance to solvents and other
liquids. The high permeability to oxygen and the low absorption of water are furthermore to
be mentioned. Polymers built up only from carbon and hydrogen are particularly valuable
ecologically, since they can be recycled completely, for example by pyrrolysis [sic].

The following exampies illustrate the invention in more detail.

A) Preparation of biscycloolefins _
Example A1: Preparation of compound No. O {see EP 287,762).

70 g (0.86 mol) of 1,5-hexadiene and 56 g (0.42 mol) of dicyclopentadiene are mixed in an
autoclave and the mixture is heated at 190°C for 8 hours. After cooling, the mixture is
distilled in vacuo. 32.6 g (36 %) of product are obtained as a colourless liquid at 80 to 110°C
under 0.28 to 0.30 mbar; n®® = 1.525.
Elemental analysis: calculated  C 89.65; H 10.35;

found C 89.72; H 10.13.

Example A2: Preparation of compound No.2.

35 g (0.32 mol} 1,7-octadiene and 28 g {0.21 mol) of dicyclopentadiene are mixed in an
autoclave and the mixture is heated at 180°C for 8 hours. After cooling, the mixture is
distilled in vacuo. 6.7 g (13 %) of product are obtained as a colourless liquid at 100°C under
0.21 mbar; ng’ = 1.516.
Elemental analysis: calculated C 89.19; H 10.81;

found C 89.50; H 10.60.
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Example A3: Preparation of compound No.3

34.6 g (0.25 mol) of 1,5-decadiene and 33.1 g (0.25 mol) of dicyclopentadiene are mixed in
an autociave and the mixture is heated at 190°C for 8 hours. After cooling, the mixture is
distilled in vacuo. 11.4 g (17 %) of product are obtained as a colouriess liquid at 80 to 100°C

under 0.24 mbar; nd’ = 1504, the liquid becoming solid at room temperature.
Elemental analysis: calculated C 88.82; H 11.18;
found C88.62; H11.18.

Example Ad: Preparation of compound No. 20
99.7 g (0.40 mol) of triallyl cyanurate and 79.3 g (0.6 mol) of dicyclopentadiene are mixed in
an autoclave and the mixture is heated at 190°C for 8 hours. After cooling, 160 g (89.4 %) of
a brownish resinous solid having a melting point of of [sic] 50°C, which is soluble in toluene
and chloroform, are obtained.
Elemental analysis: calcutated C72.46; H 7.43; N 9.39.

found C72.21; H7.52; N9.32.

A’) Preparation of comonomers

Exampie A'1: Preparation of compound No.59

100 g (0.92 mot) of 1,5-cyclooctadiene and 200 g (1.51 mol) of dicyclopentadiene are mixed
together with 0.4 g of hydrquinone [sic] monomethy! ether in an autoclave and the mixture is
heated at 190°C for 3 hours. After cooling, it is distilled in vacuo. 73.5 g (33 %) of product

are obtained as a colourless liquid at 110°C under 4.6 mbar; n3® = 1.534. MS: M* = 240.

Elemental analysis: calculated C 89.92; H 10.08;
found C90.11;H 9.04.

Example A'2: Preparation of compound No.65

64.9 g (0.40 mol) of 1,5,9-cyclododecatriene and 79.3 g (0.60 mol) of dicyclopentadiene are
mixed in an autoclave and the mixture is heated at 190°C for 8 hours. After'cooling, itis
distilled in vacuo. 22.6 g (16 %) of product are obtained as a colourless liquid at 50 to 60°C

under 0.04 mbar; n2° = 1.541. MS: M* = 360.
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Elemental analysis: calculated C 89.94; H 10.06;
found C89.96;H 9.90.

Example A'3; Preparation of compound No.63

92.1 g (1.00 mol) of cycloheptatriene and 198.3 g (1.50 mol) of dicyclopentadiene are mixed
in an autoclave and the mixture is heated at 190°C for 8 hours. After cooling, it is distilled in
vacuo. 80.6 g (28 %) of product are obtained as a colourless liquid at 75°C under 0.12 mbar;

nd =1.542. MS: M* = 290,
Elemental analysis: calculated €90.98; H 9.02;
found C90.71; H 9.31.

Example A'4: Preparation of compound No. 64

100 g (1.09 mol) of norboradiene and 50 g (0.38 mol) of dicyclopentadiene are mixed
together with 0.2 g of hydroquinone monomethy! ether in an autoclave and the mixture is
heated at 190°C for 3 hours. After cooling, it is distilled in vacuo. 25.0 g (29 %} of product

are obtained as a colourless liquid at 35°C under 0.25 mbar; n?® = 1.532. MS: M* = 224,
Elemental analysis: calculated C91.01; H 8.99;
found C90.94; H 9.01.

Example A'S: Preparation of compound No.66

80.2 g (0.50 mol) of cyciododecene and 33.05 g (0.25 mol) of dicyclopentadiene are mixed
in an autoclave and the mixture is heated at 190°C for 8 hours. After cooling, it is distilied in
vacuo. 8.10 g (7 %) of product are obtained as a colourless liquid at 61°C under 0.12 mbar;

nd’ = 1.528. MS: M* = 232.
Elemental analysis: calculated C87.86; H 12.14;
found Cc87.98 ' H 11 72.

Example A'6: Preparation of compound No. 68

104.25 g (1.5 mol) of isoprene (98 %), 208.7 g (1.5 mol) of dicyclopentadiene (95 %) and
1.0 g of tert-butyl-pyrocatechol are mixed and the mixture is heated at 200°C for 8 h under
N, with stirring in an autoclave. After cooling, the semisolid mass is disﬁlled under a high
vacuum.
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Boiling point: 60°C (0.07 mbar). Yield: 202.4 g (7.4 %). n¥> = 1.53
Elemental analysis: calculated C 89.94; H 10.06
found C 89.85;H 10.08

Example A'7: Preparation of compound No. 69

139.2 g (1.0 moi) of dicyclopentadiene (85 %), 194.2 g (2.0 mol) of 2-norbornene (87 %) and
3.0 g of tert-butyl-pyrocatechol are mixed and the mixture is heated at 230°C for 2 h under
N, with stirring in an autoctave. After cooling, the semisolid mass is distilled under a high

vacuum. Boiling point: 65°C (0.065 mbar). Yield: 69.0 g (21.5 %). n§’ = 1.54
Elemental analysis: calculated C89.93; H 10.07
found C 90.07; H 9.88

B) Preparation of crosslinked polymers.

The catalysts used are:

A) W(=NC¢H:)[OC(CH,),][CH,Si((CH),].Cl
B) W(=NC,H5)[OCCH5(CF3),JICH.Si((CH;)s).
C) RuCl(p-cumene)P(C¢H,4)s

Example B1:
The compound according to Example A1 is mixed with 0.7 % by weight of catalyst A and the

mixture is poured into a glass mould. It is then irradiated at room temperature in a UV oven
for 30 minutes (4 tubes of 100 W output) and then subjected to thermal polymerization at
80°C for 1 hour. A dimensionally stable sheet, T, 75°C (determined by means of differential
scanning calorimetry) is obtained. The polymer swells in toluene without dissolving. The low
degree of swelling of 44 % indicates a high crosslinking density.

Example B2:
The mixture according to Example B1 is irradiated only with a 200 W mercury medium-

pressure vapour lamp. A dimensionally stable sheet, T, 60°C, is obtained. The degree of
swelling in toluene is 54 %.
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Example B3:
The procedure is as in Example B1, but with 1 % by weight of catalyst and an additional

thermal after-curing at 100°C for 30 minutes. A dimensionally stable sheet with a density of
1.06 g/em?, a T, of 125°C and a modulus of elasticity of 2210 N/mm? is obtained. The Shore
D hardness is 85 and the degree of swelling in toluene is 54 %.

Example B4:
The compound according to Example A1 is mixed with 1 % by weight of catalyst B and the

mixture is poured into a glass mould. It is irradiated at room temperature in a UV oven _
according to Example B1 for 2 hours and then polymerized at 80°C for 30 minutes, at 100°C
for 30 minutes and at 120°C for 30 minutes. A dimensionally stable sheet with a density of
1.06 glem®, a T, of 125°C and a modulus of elasticity of 2390 N/mm? is obtéined; the
maximum stress is 40.4 N/mm?, the maximum extension is 2.0 % and the impact strength
(according to Charpy) is 8.9 kJ/m?. The degree of swelling in toluene is 2000 %.

Examples B5 to B13:
The monomer prepared according to Example [lacuna) is mixed with 0.5% by weight of

catalyst C and the mixture is poured into a glass mould. Thermal curing is carried out at
60°C for 1 h, at 80°C for 1 h, at 100°C for 1 h and 120°C for 2 h. After-curing takes place at
150°C for 2 h. The following table shows the results.

Example Monomer T, Swelling T Swelling*
B5 Al 104 34 117 16
B6 A2 100 28 120 9
B7 A3 1 180 8 172
B8 A1 122 85 143 76
B9 A3 - 45 15 44
B10 A4 111 55 118 52
B11 A’S 117 88 124 . 87
B12 A6 22 53 29 53
B13 A7 135 81 156 90

T, °C; swelling: in toluene; *: following after-curing
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PATENT CLAIMS:

1. Compounds of the formula |
(A)B M.

in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group, and n is an integer from 2 to 8, with the exception of 1,2-bisnorbomenyl-ethane and
norbornenecarboxylic acid norbomenemethyl ester.

2. Compounds according to claim 1, characterized in that the cyclic olefins are monocyclic or
polycyclic fused and/or bridged ring systems which are unsubstituted or substituted and can
contain heteroatoms O, S, N or Si in one or more rings and/or fused alicyclic, aromatic or
heteroaromatic rings.

3. Compounds according to claim 2, characterized in that the individuat cyclic rings contain 3
to 16 ring members.

4. Compounds according to claim 2, characterized in that the cyclic rings contain 3 to 12 ring
members.

5. Compounds according to claim 2, characterized in that the cyclic rings contain 3 to 8 ring
members.

6. Compounds according to claim 1, characterized in that the radical of a strained cycloolefin
corresponds to the formula (I

=00

Q

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 optionally contains one or more

heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen, nitrogen
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and sulfur; and which is unsubstituted or substituted by halogen, =O, -CN, -NO,,
R,R,R;Si<{0),-, -COOM, -SO,M, -POM, -COO(M,)12, -SO3(My)s2, -PO3(M1)12, C1-Cooalkyl,
C,-C,chydroxyalkyl, C,-Cxhaloalkyl, C,-Cecyanoalkyl, Cs-Cecycloalkyl, CoCiearyl,
C,-C¢aralkyl, C,-Cgheterocycloalkyl, C;-Cqsheteroaryl, C,-Cysheteroaralkyl or R-X-; or in
which two adjacent C atoms are substituted by -CO-O-CO- or -CO-NRs-CO-; or in which
an aromatic or heteroaromatic ring and/or further alicyclic rings which is [sic]

unsubstituted or substituted by halogen, -CN, -NO,, RgR;RSi~(0),-, -COOM, -SOM, -
PO,M, -COO(M,)12, ~SO3(M )12, -PO3(My)42, C1-Cooalkyl, Ci-Cyohaloalkyl,
C,-Cyhydroxyalkyl, C,-Cecyanoalkyl, C;-Cgcycloalkyl, C¢-Cygaryl, C-Cysaralkyl,
C,-Csheterocycloalkyl, Cs-Cgheteroaryl, C,-Csheteroaralkyl or Rys-X,- are optionally fused

L
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onto adjacent carbon atoms of the alicyclic ring;

X and X, independently of one another are -O-, -S-, -CO-, -SO-, -80O;-, -O-C(0)-, -C(0)-O-,
-C(0)-NRg-, “NRg-C(O)-, -SO,-O- or -O-SO,-;

R,, R; and R, independently of one another are C,-C,alkyl, C,-C;,perfluoroalkyl, phenyl or
benzyl;

R, and R,; independently are C,-Cxpalkyl, C,-Cxhaloalkyl, C,-Chydroxyalkyl,
C,-Cyeycloalkyl, Cs-Cqearyl or C-C,garalkyl;

R; and R,, independently of one another are hydrogen, C,-C,,alkyl, phenyi or benzyl, where
the alkyl groups in turn are unsubstituted or substituted by C,-C,,alkoxy or
C,;-Cyeycloalkyl;

Re, R; and R, independently of one another are C,-Cy,alkyl, C,-C,perfluoroalkyl, phenyl or
benzyl;

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

uisOor1t;

where the alicyclic ring formed with Q, optionally contains further non-aromatic double

bonds; '

Q, is hydrogen, C,-Calkyl, C,-Chaloalkyl, C,-C,,alkoxy, halogen, -CN or Ry-X,;

R;; is C{-Cyalkyl, C,-Chaloalkyl, C,-Chydroxyalkyl, C,-Cgcycloalkyl, Cs~Cyearyl or

C,.Cearalkyl;

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

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

where the abovementioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, araikyl and

heteroaralky! groups are unsubstituted or substituted by C,~C,,alkyl, C,-C,alkoxy, -NO,, -CN
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or halogen, and where the heteroatoms of the abovementioned heterocycloalkyl, heteroary!
and heteroaralkyl groups are chosen from the group consisting of -O-, -S-, -NRg- and -N=;
and

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

7. Compounds according to claim 6, characterized in that, in formula Il, Q, is hydrogen.

8. Compounds according to claim 6, characterized in that, in formuta I, the alicyclic ring
which Q, forms together with the -CH=CQ,- group contains 3 to 8 ring atoms, the ring being
a monocyclic, bicyclic, tricyclic or tetracyclic ring system.

9. Compounds according to claim 6, characterized in that the radical of a strained cycloolefin

corresponds to the formuia 1l, in which

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- to 20-membered alicyclic ring which optionally contains one or more
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur; and
which is unsubstituted or substituted by halogen, =0, -CN, -NO,, R,R;R;Si-(0),-, -COOM,
-SO;M, -POM, -COO(M,)112, -SOs(My)1z2, -POs(M;)12, C,-Cyoalkyt, C,-C, haloalkyl,
C,-Czhydroxyalkyl, C,-C,cyanoalkyl, Cs-Cecycloalkyl, Cs-Cqaryl, C,-Cyqaralkyl,
C;-Cgheterocycloalkyl, Cs-C,,heteroaryl, C,-C,,heteroaralkyl or R-X-; or in which two
adjacent C atoms in this radical Q, are substituted by -CO-O-CO- or -CO-NR;-CO-; or in
which an aromatic or heteroaromatic ring and/or further alicyclic rings which are
unsubstituted or substituted by halogen, -CN, -NO,, RsR;R;Si-, -<COOM, -SO;M, -PO,M,
-COO(M )42, -SO3(M)4r2, -POs(M,),p, C,-Calkyl, C,-Cyshaloalkyl, C,.C hydroxyalkyl,
C,-C,cyanoalkyl, C;-Cseycloalkyl, Cs-Cyoaryl, C,-Craralkyl, C; Cgheterocycloalkyl,
C,;-C,heteroaryl, C,-C,,heteroaralkyl or R,s-X;- are optionally fused onto adjacent carbon
atoms; |

X and X, independently of one another are -O-, -S-, -CO-, -SO-, -80,-, -0-C(0O)-, ~C({0)-O-,
-C(O)-NRs-, -NR,-C(0)-, -S0,-O- or -O-SO,-; and _

R;, R; and R; independently of one another are C,-Csalkyl, C,-Cgperfiuoroalkyl, phenyl or
benzyl;

M is an alkali metal and M; is an aikaline earth metal;
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R, and R,, independently of one another are C,-C,,alkyl, C,-C,;haloalkyl, C,-C,,hydroxyalky!,
Cs-Cqcycloalkyl, Cs-Cyaryl or C,-Cy,aralkyl;

R; and R,, independently of one another are hydrogen, C,~Cqalkyl, phenyl or benzyl,

where the alkyl groups in turn are unsubstituted or substituted by C,-Cgalkoxy or
Cs-Cecycloalkyl;

Rs. R; and R; independently of one another are C,-Cgalkyl, C,-Cgperfluoroalkyl, phenyl or
benzyl;

uisOorf1;

where the alicyclic ring formed with Q, optionally contains further non-aromatic double
bonds;

Q, is hydrogen, C,-C,,alkyl, C,-C,,haloalkyl, C,-Cyalkoxy, halogen, -CN or Ry-X;-;

R,, is C-Cyalkyl, C,-C,haloalkyl, C,-C,,hydroxyalkyl, C,-Cgcycloalkyl, C¢-Caryl or

C,-Cyyaralkyl;

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

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

and where the cycloalkyl, heterocycloalkyl, aryl, heterbaryl, aralkyl and heteroaralkyl groups

are unsubstituted or substituted by C,-Cgalkyl, C,-Cgalkoxy, -NO,, -CN or halogen, and

where the heteroatoms of the heterocycloatkyl, heteroaryl and heteroaralkyl groups are

chosen from the group consisting of -O-, -8-, -NRg- and -N=; and R, is hydrogen, C,-Cealkyl,

phenyl or benzyi. '

10. Compounds according to ciaim 6, characterized in that the radical of a strained

cycloolefin corresponds to the formula I, in which

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group,
forms a 3- to 10-membered alicyclic ring which optionally contains a heteroatom chosen
from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubstituted or
substituted by haiogen, -CN, -NO,, R,R,R;Si-, -COOM, -SO;M, -Poam, -COO(M,)yp,
-8S04(M;)42, -POs(M,)42, C,-Cgatkyl, C,-Cghaloalkyl, C,-Cehydroxyalkyl, C,-C,cyanoalkyl,
Cs-Cecycloalkyl, phenyl, benzyl or R,-X~; or in which an aromatic or heteroaromatic ring
which is unsubstituted or substituted by halogen, -CN, -NO,, R;R,R;Si-, -COOM, -SO;M, -
-PO3M, -COO(My)12, -SO3(M1)1s2, ~<POx{My )42, C1-Coalkyl, C,-Cghaloalkyl,
C,-Cghydroxyalkyl, C,-C cyanoalkyl, C,-Cicycloalkyl, phenyl, benzyl or R,;~X,- is optionally
fused onto adjacent carbon atoms;
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R,, R, and R, independently of one another are C,-C,alkyl, C,-C perflucroalkyl, phenyl or
benzyl,

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

R, and R,; independently of one another are C,-Cqalkyl, C;-Cghaloalkyl, C;-C¢hydroxyalkyl or
Cs-Cecycloalkyt;

X and X, independently of one another are -O-, -§-, -CO-, -SO- or -80,;

R, R; and R; independently of one another are C,-C,atkyl, C1-C‘perﬂuoroalkyl phenyl or
benzyl; and

Q, is hydrogen.

11. Compounds according to claim 6, characterized in that the cycloolefin radical of the
formula Hl is unsubstituted or substituted cyclopropenyl, cyclobutenyl, cyclopentenyl,
cycloheptenyi, cyclooctenyl, cyclopentadienyl, cyclohexadienyl, cycloheptadienyl,
cyclooctadienyl and norbomeny! or norbornenyl derivatives.

12. Compounds according to claim 6, characterized in that the cycloolefin radical of the
formula 1l is a radical of the formula H|

X3

(T,

in which

X; is -CHR,¢-, 0xygen or sulfur;

Rys and Rys independently of one another are hydrogen, -CN, triﬂuoromethyl; (CH3),Si-O-,
{CH5)sSi- or -COOR,,; and

Ry and Ry, independently of one another are hydrogen, C,-C,,-alkyl, phenyl or benzyl

or of the formuia IV
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in which

X, is -CHR-, oxygen or sulfur;

Ry is hydrogen, C,-C,,alkyl, phenyl or benzyl; and
R,s is hydrogen, C,-Cgalkyl or halogen.

13. Compounds according to claim 6, characterized in that the cycloolefin radical of the

formula Il is norbornenyl of the formula ;&

14. Compounds according to claim 1, characterized in that, in formula , n is an integer from
210 6.

15. Compounds according to claim 1, characterized in that, in formula |, n is an integer from
2fo 4.

16. Compounds according to claim 1, characterized in that, in formula |, n is the number 2 or
3.

17. Compounds according to claim 1, characterized in that, in formula 1, B is an n-valent
bridging group.
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18. Compounds according to claim 1, characterized in that the bridging group corresponds
to the formula V

KR Xe )

in which

X; and Xs independently of one another are a direct bond, -O-, -CH»0-, -C(O)O-,
-O(0)C-, -CH-0(0)C-, -C(0O)-NRjy-, -Ry;N-{O)C-, -NH-C(O)-NR-, -O-C(O)-NH-,
-CH,-O-C(O)-NH- or -NH-C(0)-O- and

Ry is C,-C,galkylene, Cs-Cycycloalkylene which is unsubstituted or substituted by C;-C,alkyl
or C-C,alkoxy, C¢-C,saryiene or C,-C,caralkylene which are unsubstituted or substituted
by C,-C,alkyl or C,-C,alkoxy, or polyoxaalkylene having 2 to 12 oxaalkylene units and 2 to
6 C atoms in the alkylene, and

R, is H or C,-Cgalkyl.

19. Compounds according to claim 18, characterized in that, in formula V,

a) X; and X are a direct bond and Ry, is C,-Cealkylene, or

b) Xs and X; are -O-, -CH,-O-, -C(0)O-, -O(0)C-, -CH,-O(0)C-~, -C(0)-NR;,-, -O-C(O)-NH-
or -CH,~-0O-C(O)-NH-, and R,, is C,-C,alkylene, phenylene, naphthylene or benzylene which
are unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, or ~-Ry~(0O-R5-),-ORz-, in
which x is a number from 2 to 4, and R,, is -C,-C,atkylene.

20. Compounds according to claim 18, characterized in that they are chosen from the

following group of compounds:
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to the formula V!

]
N
= X5~ Rag Xy

in which

X, Xs and X, are -O-, -CHz-0-, -C(0)O-, -O(0)C-, -CH,-O(0)C-, -C(O)-NR;-, -RzN-(0)C-,

CHg

an.
-NH-C(O)‘OHzc—%

21. Compounds according to claim 1, characterized in that the bridging group corresponds

Hy

(VD,

-NH-C(0)-NRy;-, ~-O-C({O)-NH-, -CH,-0-C(O)-NH- or -NH-C(0)-O-, and
R is 2 trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a trivalent

cycloaliphatic radical which has 3 to 8 ring C atoms and is unsubstituted or substituted by

C.-C.alkyl or C,-C,alkoxy, or a trivalent aromatic radical which has 6 to 18 C atoms and is

unsubstituted or substituted by C,-C,alky! or C,-C,alkoxy, a trivalent araliphatic radical which

has 7 to 19 C atoms and is unsubstituted or substituted by C,-C.alkyl or C,-C,alkoxy, or a

trivalent heteroaromatic radicat which has 3 to 13 C atoms and 1 to 3 heteroatoms from the
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group consisting of -O-, -N- and -S- and is unsubstituted or substituted by C,-C,alkyl or
C,-C,alkoxy, and R,, is H or C,-Cgalkyl.

22, Compounds according to claim 21, characterized in that X;, X; and X; are -O-, -CH,-O-,
-G(0)0O-, -O{0)C-, -CH,-0(0)C-, -C(O)-NRy-, -CH,-O-C(O)-NH- or -O-C(O)-NH-.

23. Compounds according to claim 21, characterized in that the radicals R,; are derived from
triols; cyanuric acid; triamines; tricarboxylic acids or triisocyanates.

24. Compounds according to claim 21, characterized in that they are chosen from the
following group of compounds

C(0}-0—CH
H,C —O0-{(0)C

o %g
,E Hz?cuz—w)c—ﬂg
C(0)-0-H,C —C-CHjy é (19),

H,C - CH,~O-(0)C

c:u,,_-o\,,N \/Gﬁzc%
NT'N | (20),
-
ﬂg——wzo{mcm \/N \?*0)“’“:0—%%
g 1) and
N

H:[(O)conzc-fg
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25. Compounds according to claim 1, characterized in that the bridging group corresponds
to the formula VIi
|
e |
- Xs— "‘zx Xy~ (vVID,
Xg

“in which
Xs, Xe, X7 and X; are -C(O)0-, -CH,-O(0)C- or -C(O)-NR,,- and
Rq is a tetravalent aliphatic hydrocarbon radical having 4 to 20 C atoms, a tetravalent
cycloaliphatic radical which has 4 to 8 ring C atoms and is unsubstituted or substituted by
C,-C.alkyl or C,-C,alkoxy, or a tetravalent aromatic radical which has 6 to 18 C atoms and is
unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy, a tetravalent araliphatic radical
which has 7 to 19 C atoms and is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy,
or a tetravalent heteroaromatic radical which has 3 to 13 C atoms and 1 to three
heteroatoms, from the group consisting of -O-, -N- and -S- and is unsubstituted or
substituted by C,-C,atkyl or C,-C,alkoxy, and R, is H or C,-Cqalky!.

26. Compounds according to claim 25, characterized in that the radicals R,, are derived from
pentaerythritol, pyromeliitic acid and 3,4,3',4'-biphenyltetracarboxylic acid.

27. Compounds according to claim 25, characterized in that they are
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Hzc\
O-(0)C

ﬁ&——%ﬂmc c(O)O-Hzc—fg
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28. Compounds according to claim 1, characterized in that the compounds of the formula |
contain only carbon and hydrogen atoms.

29. Composition of (a) at least one compound of the formula |

(A)-B (1)

in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and

(b) a catalytic amount of at least one one-component catalyst for metathesis polymerization
which can be activated by heat or radiation,

with the exception of norbornenecarboxylic acid norbenenemethy! ester of the formula

C(O)0 —H,C

in combination with a catalytic amount of at least one heat-stable molybdenum(Vl) or
tungsten(Vl) compound which contains, bonded to the metal, at least two methyl groups or
two monosubstituted methyl groups, the substituent containing no hydrogen atom in the o
position.
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30. Composition according to claim 29, characterized in that it comprises, as the one-
component catalyst, a heat-stable ruthenium or osmium compound which contains at ieast
one photolabile ligand bonded to the ruthenium or osmium atom, and whose remaining
coordination sites are satisfied with non-photolabile ligands.

31. Composition according to claim 30, characterized in that the ruthenium and osmium
compounds correspond to the formuta X

[L1M9)'-a)s]2°[Y1xe]m

in which L, is a photolabile ligand and L; is a non-photolabile ligand, Me is Ru or Os, Y, is a
non-coordinating anion and x is the numbers 1, 2 or 3.

32. Composition according to claim 29, characterized in that the one-component catalyst is a
molybdenum(V1) or tungsten(Vl) compound which contains at least two methy! groups or two
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen
atom in the « position.

33. Composition according to claim 32, characterized in that the optionally monosubstituted
methyl groups, bonded to the metal, correspond to the formula Xl

-CH,R (X1,

in which R is H, -CF;, -SiR3sR3R 40, “CR4R42R4s, Ce-Cisaryl which is unsubstituted or
substituted by C;-Cealkyl or C,-Cgalkoxy or C-C sheteroary! having 1 to 3 heteroatoms from
the group consisting of O, S and N: ' '

Ras, Rag and Ry, independently of one another are C,-Cqalkyl, Cs- or Cecycloalky! or phenyl or
benzyl which are unsubstituted or substituted by C,-Cqalkyl or C,-Cgalkoxy; and _

Ru, Rqz and R; independently of one another are C,-C;qalkyl, which is unsubstituted or
substituted by C,-C,calkoxy, or R,; and R,, have this meaning and R, is C¢-Cygaryl or
CCgheteroaryl, which is unsubstituted or substituted by C,-Cgalkyl or C,-Csalkoxy.
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38. Composition according to claim 29, characterized in that the one-component catalyst is a
titanium({lV) compound which contains at least two methyl groups or two monosubstituted
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a

position.

38. Composition according to claim 38, characterized in that the optionally monosubstituted
methy! groups correspond to the formula Xl

-CHR X1

in which in which [sic] R is H, -CF,, -SiR33RssR4g, “CRResR4s, Cs-Cyearyl which is
unsubstituted or substituted by C,-Csalkyl or C,-Cealkoxy or C,~C,sheteroaryl which has 1 to
3 heteroatoms from the group consisting of O, S and N;

Ri. Ra and Ry, independentiy of one another are C,-C,,alkyl, Cs- or C¢cycloalkyl or phenyl
or benzyl which are unsubstituted or substituted by C,-C.alkyl or C,-C,atkoxy, and

R4, Ry and Ry; independently of one another are C,-C,palkyl, which is unsubstituted or
substituted by C,-Cmalkoxy, or Ry, and R,, have this meaning and R, is C¢-Caryl or
C,-Csheteroaryl, which is unsubstituted or substituted by C,-Cealkyl or C,-Cgalkoxy.

40. Composition according to claim 29, characterized in that the one-component catalyst is a
ruthenium or osmium compound which contains at least one phosphine group, at least one
photolabile ligand, and optionally neutral ligands bonded to the metal atom, a total of 2to §
ligands being bonded, and which contains acid anions for charge balancing.

41. Composition according to claim 40, characterized in that the phosphine ligands
correspond to the formulae XXIII or XXlila.

PRg1ReRes 1IN,
Rs1Re2P-Z-PRysRg2 (XXIla),

in which Ry, Ry, and Ry, independently of one another are H, C,-C,oalkyl, C,-Cy,cycloalky!
which is unsubstituted or substituted by C,-Cqalkyl, C,-Cghaloalkyl or C,-Cgalkoxy, or
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C-C.saryl which is unsubstituted or substituted by C,-Cgalkyl, C;-Cghaloalkyl or C,-Cgalkoxy,
or C~-C,saralkyl which is unsubstituted or substituted by C,-Cgalkyl, C,-Cghaloalkyl or
C,-Csalkoxy; the radicals Ry, and R, together are tetra- or pentamethylene, which is
unsubstituted or substituted by C,-Csalkyl, C,-C¢haloalkyi or C,-Cealkoxy, or tetra- or
pentamethylene, which is unsubstituted or substituted by C,-Cgalkyl, C,~-Cghaloalkyl or

C,-Cqalkoxy and fused with 1 or 2 1,2-phenylene, and R, has the meaning given above; and
Z, is linear or branched C,-C,alkylene which is unsubstituted or substituted by C,-C,alkoxy,
1,2- or 1,3-cycloalkylene which has 4 to 8 C atoms and is unsubstituted or substituted by
C,-C,alkyl or C,-C,alkoxy, or 1,2 or 1,3-heterocycloalkylene which has § or 6 ring members
and one heteroatom from the group consisting of O or N and is unsubstituted or substituted
by C,-C,alkyl or C,-C,alkoxy.

42, Composition according to claim 29, characterized in that the one-component catalyst is a
divalent-cationic ruthenium or osmium compound with a metal atom to which are bonded, 1
to 3 tertiary phosphine ligands with, in the case of the ruthenium compounds, sterically
exacting substituents, optionally non-photolabile neutral ligands and anions for charge
balancing, with the proviso that, in ruthenium (trisphenylphosphine) dihalides or hydride-
halides, the phenyl groups are substituted by C,-C,salkyl, C,-C,shaloalkyl or C,-C.alkoxy.

43. Composition according to claim 42, characterized in that the phosphine ligands
correspond to the formulae XXIll or XXllla

PRa1Re2Res (XX,
Rm Rgzp'21 ’PR31 Rgz (XX“ la) »

in which Rg,, Rg, and Rg; independently of one another are H, C,-C.alkyl, CpC,zcycloalkyl
which is unsubstituted or substituted by C,-C,alkyl, C,-Cghaloalkyl or C,-C.alkoxy, or
C¢-Cyearyl which is unsubstituted or substituted by C,-Caalkyl, C-Cshaloalkyl or C-Cealkoxy,
or C,-C,zaralky! which- is unsubstituted or substituted by C,-C,alkyl, C,-Cshaloalkyl or
C-Cealkoxy, the radicals Ry, and R,, together are tetra- or pentamethylene, which is
unsubstituted or substituted by C,-Cealkyl, C,-C¢haloalkyl or C,~Csalkoxy, or tetra- or
pentamethylene, which is unsubstituted or substituted by C,-C,alkyl, C,~C;haloalkyl or
C,-Cealkoxy and fused with 1 or 2 1,2-phenylene, and Ry, has the meaning given above; and
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Z, is linear or branched C,-C.alkylene which is unsubstituted or substituted by C,-C,alkoxy,
1,2- or 1,3-cycloalkylene which has 4 to 8 C atoms and is unsubstituted or substituted by
C.-C,alkyl or C,~C,alkoxy, or 1,2 or 1,3-heterocycloalkylene which has 5 or 6 ring members
and one heteroatom from the group consisting of O or N and is unsubstituted or substituted
by C,-C,alkyl or C,-C,alkoxy.

44, Composition according to claim 29, characterized in that the one-component catalyst is
present in an amount of from 0.001 to 20 mol%, based on the 'amount of the monomer.

45. Process for the preparation of crosslinked polymers by metathesis polymerization,
characterized in that a composition of
(2) at least one compound of the formuia |

(A)-B 0]

in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and

{b) a catalytic amount of at least one one-component catalyst for a metathesis
polymerization which can be activated by heat or radiation,

with the exception of norborenecarboxylic acid norbornenemethyl ester of the formula

%c(mo ——HC

in combination with a catalytic amount of at least one heat-stable molybdenum(V1) or

tungsten(Vl) compound which contains at least two methyl groups or two monosubstituted
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the o
position,

(c) is subjected to polymerization by heating,

(d) is subjected to polymerization by irradiation,

(e) is subjected to polymerization by heating and irradiation,

(f) the one-component catalyst is activated by brief heating and the polyrneriiation is ended
by irradiation, or |
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{g) the one-component catalyst is activated by brief irradiation and the polymerization is
ended by heating.

46, Process according to claim 65 [sic], characterized in that it is carried out at a
temperature of 20 to 300°C.

47. Crosslinked metathesis polymers of at ieast one compound of the formula |

{A)-B ()
in which A is the radical of a strained cycloolefin, B is a direct bond or an n-valent bridging
group and n is an integer from 2 to 8, and if appropriate other monomers capable of
metathesis polymerization, with the exception of norbomenecarboxylic acid

norbornenemethyi ester.

48, Coated carrier material, characterized in that a layer of a composition according to claim
29 is applied to a substrate.

49, Coated substrate with a cured layer of a composition according to claim 29.



