
EP 0 417 489 B1 Description This invention relates to a process for the
isomerization of a cycloolefin such as tetracyclododecene or
pentacyclopentadecene from an endo form to an exo form, an isomer mixture
of a cycloolefin having an 5  endo form and a cycloolefin having an exo
form. Additionally, this invention is directed to the use of this mixture,
to a random copolymer and to a process for producing it. The present
applicant found that cycloolefin random copolymers obtained by
copolymerization of ethylene and tetracyclododecenes are synthetic resins
having excellent transparency and well-balanced properties among heat
resistance, thermal aging resistance, chemical resistance, solvent
resistance, 10  dielectric properties, mechanical properties and that such
cycloolefin random copolymers exhibit excellent performance in a field of
optical materials such as optical memory disks and fibers. Therefore, the
present applicant already proposed such random copolymers in Japanese
Laid-Open Patent Publications Nos. 168708/1985, 98780/1986,
115912/1986,115916/1986, 120816/1986, and 252407/1987. Tetracyclododecenes
used for production of such random copolymers are prepared by a Diels-Alder
15 reaction between corrresponding norbornenes and cyclopentadienes. In
this Diels-Alder reaction, cis addition dominantly proceeds. For example,
in a reaction between cyclopentadiene (a) and norbornene (b),
tetracyclododecene having an endo form (c) is mainly formed as shown in the
following reaction formula. 20 25 (a)            (b)                  (c)
30 of the following formula is hardly formed. 35
[ERR] It is also known that cycloolefin random copolymers produced by
copolymerizing tetracyclododecenes 40  mainly having an endo form prepared
by the above Diels-Alder reaction with ethylene exhibit excellent heat
resistance and mechanical strength. International Laid-Open Publication No.
W089/01950 describes that cycloolefin random copolymers obtained by
copolymerization of ethylene with pentacyclopentadecenes (cycloolefins)
have excellent trans- parency and are excellent not only in optical
properties such as optical uniformity and small birefringence 45  but also
in other properties such as heat resistance, chemical resistance,
dimensional stability and mechanical properties. Pentacyclopentadecenes
used as a cycloolefin for production of such random copolymers are also
prepared by a Diels-Alder reaction between corresponding
dihydrodicyclopentadienes (partially hydroge- nated products of
dicyclopentadienes) and cyclopentadienes. 50     For example, in a reaction
between cyclopentadiene (a) and dihydrodicyclopentadiene (e), pen-
tacyclopentadecene having an endo form (f) is mainly formed as shown in the
following reaction formula in the same manner as the preparation of
tetracyclododecene. 55 3    EP 0 417 489 B1 



[err] 10 (a)               (e)                         (f) And,
pentacyclopentadecene having an exo form of the following formula (g) is
hardly formed. 15 20 The present applicant has made a diligent study to
further improve heat resistance and mechanical 25  strength of the above
random copolymer of a cycloolefin and ethylene, and found the following.
That is, when an isomer mixture containing a larger amount of a cycloolefin
having an exo form (sometimes called "exo-form cycloolefin" hereinbelow) is
used as a cycloolefin, the resultant random copolymer has  remark- ably
improved heat resistance and mechanical strength. And, the present
applicant has found an industrially advantageous process for isomerization
for the production of such an isomer mixture containing a large 30  amount
of an exo form cycloolefin. It is an object of this invention to provide a
process for the isomerization of a cycloolefin having an endo form
(sometimes called "endo-form cycloolefin" hereinbelow) to a cycloolefin
having an exo form. It is another object of this invention to provide a
process for the production of an isomer mixture rich with a cycloolefin
having an exo form from an isomer mixture poor with such a cycloolefin
having an exo 35  form under an isomerization reaction. It Is further
another object of this invention to provide a compositionally novel isomer
mixture containing up to 80 mol% of an endo-form cycloolefin and at least
20 mol% of an exo-form cycloolefin. It is still further another object of
this invention to provide a random copolymer produced from the above
compositionally novel isomer mixture and ethylene and having excellent heat
resistance and 40  mechanical strength, and a process for the production of
such a random copolymer. The other objects and advantages of this invention
will be apparent from the following description. The above objects and
advantages of this invention are achieved first by a process for the
isomerization of a cycloolefin from an endo form to an exo form which
comprises isomerizing an endo-form cycloolefin of the following formula (I)
45 [err] so                                     [err] [err] 55
[err] 4    EP 0 417 489 B1 wherein [err] are independently a hydrogen atom,
a halogen atom or a hydrocarbon group, [err] to [err] are independently a
hydrogen atom, a halogen atom or a hydrocarbon group, or [err] may be
bonded to each other to form a monocyclic or polycyclic group, or [err] may
together form an alkylidene group, n is 0 or 1, and m is 0,1 or 2, provided
that m and n cannot be 5  simultaneously zero, in the presence of a solid
acid catalyst to convert its endo form into the corresponding exo form. 



Fig. 1 shows a relationship between a content (mol%) of
tetracyclododecene-3 in each of ethylene- tetracyclododecene-3 copolymers
obtained by copolymerization of ethylene with each of four
tetracyclododecene-3 isomer mixtures having a different endo-form
cycloolefin/exo-form cycloolefin ratio 10  and a TMA softening temperature
of each of the copolymers. Fig. 2 shows a relationship between a content
(mol%) of tetracyclododecene in the above eth- ylene/tetracyclododecene-3
copolymers and flexural modulus thereof. The starting material used in this
invention is a cycloolefin having an endo form, and represented by the
foregoing formula (I). is    In the formula (I), each of [err]
independently from each other, is a hydrogen atom, a halogen atom or a
hydrocarbon group. Preferred examples of the halogen atom are fluorine,
chlorine and bromine. Preferred examples of the hydrocarbon group are lower
alkyl groups such as methyl, ethyl, n-propyl, iso- propyl, n-butyl,
sec-butyl, iso-butyl and tert-butyl groups. Further, in the formula (I),
each of [err] independently from each other, is a hydrogen atom, a 20
halogen atom or a hydrocarbon group. Examples of the halogen atom are as
specified above. Preferred examples of the hydrocarbon group are alkyl
groups such as methyl, ethyl, propyl, iso-propyl, n-butyl, iso- butyl,
hexyl and stearyl groups, and cycloalkyl groups such as a cyclohexyl group.
[err] may be bonded to each other to form a monocyclic or polycyclic group,
or [err] may form an alkylidene group together. As the monocyclic or
polycyclic group, 25   [err] may form, e.g. a cyclopentyl group,
cyclopentenyl group, cyclohexyl group or the like together with carbon
atoms to which [err] are bonded. And, preferred examples of the above
alkylidene group are ethylidene, propylidene, and isopropylidene groups.
The "n" is 0 or 1, and the "m" is 0,1 or 2, provided that n and m cannot be
zero at the same time. In the above formula (I), when n is 0 and m is 1,
the above formula (I) is represented by the following 30  formula (I-A)
[err] wherein [err] are as defined in the above formula (I). And, when n is
1 and m is 0, the above formula (I) is represented by the following formula
(I-B) [err] [err] [err]    EP 0 417 489 B1 wherein[err] are as defined in
the above formula (I). Specific examples of the cycloolefin of the formula
(I) (including the above formulae (I-A) and (I-B)) are preferably as
follows: 5       Tetracyclo[err] [err] 10
8-methyltetracyclo[4,4,0,[err]3-dodecene,
8-methyl-tetracyclo[4,4,0,[err]-3-dodecene,
8-ethyltetracyclo[4,4,0,[err]-3-dodecene, 



15       8-propyltetracyclo[4,4,0,[err]-3-dodecene,
8-hexyltetracyclo[4,4,0,l [err]3-dodecene,
8-stearyltetracyclo[4,4,0,[err]-3-dodecene,
8,9-dimethyltetracyclo[4,4,0,[err]-3-dodecene,
8-methyl-9-ethyltetracyclo[4,4,0,[err]-3-dodecene, 20
8-chlorotetracyclo[4,4,0,[err]-3-dodecene,
8-bromotetracyclo[4,4,0,1[err]-3-dodecene,
8-fluorotetracyclo[4,4,0,[err]-3-dodecene,
8,9-dichlorotetracyclo[4,4,0,[err]-3-dodecene,
8-cyclohexyltetracyclo[4,4,0,[err]-3-dodecene, 25
8-isobutyltetracyclo[4,4,0,[err]-3-dodecene,
8-butyltetracyclo(4,4,0,[err]-3-dodecene,
8-ethylidenetetracyclo[4,4,0,[err]-3-dodecene,
8-ethylidene-9-methyltetracyclo[4,4,0,[err]-3-dodecene,
8-ethylidene-9-ethyltetracyclo[4,4,0[err]3-dodecene, 30
8-ethylidene-9-isopropyl-tetracyclo[4,4,0,[err]-3-dodecene,
8-ethylidene-9-butyl-tetracyclo[4,4,0,[err]-3-dodecene,
8-n-propylidene-tetracyclo[4,4,0,[err]-3-dodecene,
8-n-propylidene-9-methyltetracyclo(4,4,0,1[err]-3-dodecene,
8-n-propylidene-9-ethyltetracyclo[4,4,0,[err]-3-dodecene, 35
8-n-propylidene-9-isopropyltetracyclo[4,4,0,[err]-3-dodecene,
8-n-propylidene-9-butyltetracyclo[4,4,0[err]-3-dodecene,
8-isopropylidenetetracyclo[4,4,0[err]-3-dodecene
8-isopropylidene-9-methyletracyclo[4,4,0,[err]3-dodecene,
8-isopropylidene-9-ethyltetracyclo[4,4,0,[err]-3-dodecene, 40
8-isopropylidene-9-isopropyltetracyclo[4,4,0,[err]-3-dodecene,
8-isopropylidene-9-butyltetracyclo[4,4,0,[err]-3-dodecene,
5,10-dimethyltetracyclo[4,4,0,[err]-3-dodecene, 2,1
0-dimethyltetracyclo[4,4,0,[err]3-dodecene, 11,1
2-dimethyletracyclo[4,4,0,[err]3-dodecene, 45
2,7,9-trimethyltetracyclo[4,4,0,[err]-3-dodecene,
9-ethyl-2,7-dimethyltetracyclo[4,4,0,[err]-3-dodecene,
9-isobutyl-2,7-dimethyltetracyclo[4,4,0,1[err]-3-dodecene, 9,11,1
2-trimethyltetracyclo[4,4,0,1[err]-3-dodecene, 9-ethyl-11,1
2-dimethyltetracyclo[4,4,0,[err]-3-dodecene, 50       9-isobutyl-11,1
2-dimethyltetracyclo[4,4,0,[err]-3-dodecene,
5,8,9,10-tetramethyltetracyclo[4,4,0,1[err]-3-dodecene,
pentacyclo[6,5,1,[err]-pentadecene 55
4 6    



EP 0 417 489 B1 1 ,3-dimethyl-pentacyclo[6,5,1[err]-4-pentadecene, 1
,6-dimethyl-pentacyclo[6,5,1[err]4-pentadecene, 14,1
5-dimethyl-pentacyclo[6,5,1 ,1 [err]-4-pentadecene, pentacyclo[6,6,1
[err]-4-pentadecene, 5       1 ,3-dimethyl-pentacyclo[6,6,1,1
[err]-4-hexadecene [err] (4 10 6    8   10 1
,6-dimethyl-pentacyclo[6,6,1,[err]4-hexadecene, 15,1
6-dimethyl-pentacyclo[6,6,1,[err]4-hexadecene, 15
pentacyclo[6,5,1,[err]pentadecadiene-4,1 0 20
[err] 6    8   10 pentacyclo[4,7,0,1[err]-3-pentadecene 25 30
methyl-substituted pentacyclo[4,7,0[err]-pentadecene, dimethyl-substituted
pentacyclo[4,7,0,[err]-3-pentadecene, trimethyl-substituted
pentacyclo[4,7,0,[err]-pentadecene; heptacyclo-[7,8,0,[err]-4-eicosene 35
[err] 40 trimethyl-substituted heptacyclo[7,8,0[err]-4-eicosene,
tetramethyl-substituted heptacyclo[7,8,0[err]-4-eicosene,
methyl-substituted heptacyclo[7,8,[err]4-eicosene, 45
dimethyl-substituted heptacyclo[7,8,0,1[err]
nonacyclo[9,10,1[err]-5-pentacosene 50                              [err]
The endo form of a cycloolefin, when it is, e.g.
tetracyclo[4,4,0,1[err]-3-dodecene,is represented by 55 the following
formula (c) as described above. 7    EP 0 417 489 B1 5
(C) to  And, the endo form of a cycloolefin, when it is, e.g.
pentacyclo-[4,7,0,[err]-pentadecene, is represented by the following
formula (f) as described above. 15 20 



The stereostructure of the endo form of a cycloolefin is believed to be
clear on the basis of the above- specified formulae. 25    In the process
of this invention, the above-described cycloolefins having an endo form are
converted into cycloolefins having the corresponding exo form by
isomerization in the presence of a solid acid catalyst. The stereostructure
of the exo form cycloolefin is believed to be clear on the basis of the
following formulae. That is, for example, the exo form corresponding to the
endo form of the formula (c) is reprented 30  by the following formula (d)
( d ) and the exo form corresponding to the endo form of the formula (f) is
represented by the following formula (g). 40 [err] 45 In the process of
this invention, preferred as a solid acid catalyst are oxides or sulfides
of metals 50  belonging to the groups 3 to 8 of the periodic table or
organic solid acids. Preferred examples of the oxides and sulfides are
those of Al, Si, P, Ti, V, Cr, Mo, W, Mn, Fe or Co. Specific examples of
such oxides and sulfides are silica-alumia (composed mainly of [err]alumina
(composed mainly of[err] zeolite (composed mainly of [err] activated
clay,[err] [err] 55     As is clear from the above-specified compounds, the
scope of the oxides and sulfides used in this invention also include those
containing an alkaline metal or a halogen atom. Preferred as the organic
solid acid are suffonic acid group-containing polymers, which are
commercially available, e.g. under the trade names of Amberlist 15,
Amberlite XE-284 and Nafion-H. 8    EP 0 417 489 B1 The isomerization
reaction is carried out by bringing a cycloolefin having an endo form into
contact with a solid acid catalyst. In this case the cycloolefin may be
directly brought into contact with a solid acid catalyst, or may be brought
into contact with a solid acid catalyst in the presence of an organic
solvent. Specific examples of the organic solvent are cyclohexane, decalin,
hexane, benzene, carbon tetrachlo- 5  ride, 1,2-dichloroethane, and the
like. The isomerization reaction is carried out advantageously at -5 to 150
C, preferably at 0 to 50[err] The reaction time depends on a reaction
temperature and a concentration of the cycloolefin. However, it is
preferably 0.5 to 200 hours, more preferably 1 to 100 hours. The reaction
may be carried out by a batch method or a continuous method. The reaction
according to to a batch method is specifically carried out, e.g. as
follows. A reaction vessel equipped with a stirrer is charged with
predetermined amounts of a cycloolefin, an organic solvent as required, and
a solid acid, and the resultant mixture is stirred at a predetermined
temperature for a predetermined period of time. Thereafter, the resultant
reaction mixture is separated Into a solid phase and a liquid phase by
filtration, and further, the cycloolefin and the organic solvent in the 



15 liquid phase are separated, e.g. by distillation. The reaction is also
carried out according to the following continuous method. (i) The same
apparatus as that used in the above batch method is continuously charged
with a cycloolefin or a cycloolefin diluted with an organic solvent to
bring it into contact with a solid acid catalyst present in the apparatus,
and the cycloolefin or the cycloolefin diluted with an organic solvent is
20    continuously withdrawn, or (ii) a cycloolefin or a cycloolefin
diluted with an organic solvent is charged into one end of a column packed
with a solid acid catalyst, and continuously withdrawn from the other end.
In both of the above methods (i) and (ii), a distillation method is usable
to separate the cycloolefin from the organic solvent after the cycloolefin
is brought into contact with a solid acid catalyst. 25     According to the
above isomerization process of this invention, a cycloolefin can be
converted from an endo form to an exo form. The structures of the endo form
and the exo form and the molar ratio of the endo and exo forms in an isomer
mixture can be determined by measuring [err] According to this invention,
there is further provided a process for the production of an isomer mixture
rich with an exo-form cycloolefin, which comprises subjecting an isomer
mixture rich with an endoform 30  cycloolefin of the formula (I) (including
the formulae (I-A) and (I-B)) to an isomerization reaction in the presence
of a solid acid catalyst by using the above isomerization process. In the
above process, the isomer mixture rich with an endo-form cycloolefin
preferably comprises, based on the total of endo-form and exo-form
cycloolefins, at least 85 mol%, preferably at least 90 mol%, particularly
preferably at least 94 mol% of an endo-form cycloolefin and up to 15 mol%,
preferably up to 10 36 mol%, particularly preferably up to 6 mol% of an
exo-form cycloolefin. Further, the resultant isomer mixture rich with the
exo-form preferably comprises, based on the total of endo-form and exo-form
cycloolefins, up to 80 mol% of an endo-form cycloolefin and at least 20
mol% of an exo-form cycloolefin. More preferably, the isomer mixture
comprises 70 to 5 mol% of an endo-form cycloolefin and 30 to 95 mol% of an
exo-form cycloolefin. 40     The above isomer mixture rich with an endoform
cycloolefin (starting material) can be easily prepared from the foregoing
starting substance by a Diels-Alder reaction, whereas the isomer mixture
rich with an exo-form cycloolefin can be provided according to the above
process of this invention for the first time. Therefore, according to this
invention, there is further provided an isomer mixture of a cycloolefin of
the formula (I) (including (I-A) and (I-B)), i.e. an isomer mixture
comprising up to 80 mol% of an endo-form 45 cycloolefin and at least 20
mol% of an exo-form cycloolefin, preferably, an isomer mixture comprising
70 to 5 mol% of an endo-form cycloolefin and 30 to 95 mol% of an exo-form
cycloolefin. When the isomer mixture of this invention is copolymerized
with ethylene, it gives a novel random copolymer having excellent heat
resistance and mechanical strength. The novel random copolymer of this
invention has the following features: so   (1) It is a random copolymer of
an isomer mixture of up to 80 mol% of an endo-form cycloolefin of the
formula (I) (including the formulae (I-A) and (I-B)) and at least 20 mol%
of an exo-form cycloolefin thereof and ethylene. (2) It comprises, based on
the total of polymer units derived from the cycloolefin and polymer units
derived from ethylene, 10 to 90 mol% of the polymer units derived from the
cycloolefin and 90 to 10 55    mol% of the polymer units derived from
ethylene.   



EP 0 417 489 B1 (3) The polymer units derived from the cycloolefin are
represented by the following formula (II) R3 [err] [err] [err] 10
[err] [err] wherein[err] n and m are as defined as above. (4) It has an
intrinsic viscosity [err] measured in decalin at 135 C, of 0.05 to 10 dl/g.
In the above random copolymer, when a cycloolefin of the formula (I-A) is
used as an olefin of the 20 formula (I), the polymer unit of the formula
(11) is represented by the following formula (Il-A) [err] R15 R16 [err] R18
30                                    14 wherein [err] are as defined
above. And, when a cycloolefin of the formula (I-B) is similarly used, the
polymer unit of the formula (11) is 35  represented by the following
formula (Il-B). R3 40 [err] [err] 45 [err] wherein [err] are as defined
above. 50     According to this invention, the above random copolymer can
be produced by copolymerizing the above isomer mixture and ethylene in a
hydrocarbon solvent or without any hydrocarbon solvent in the presence of a
catalyst which is composed of a vanadium compound and an organoaluminum and
soluble in the hydrocarbon solvent or a cycloolefin of the isomer mixture.
Such a random-copolymer and the process for the production thereof will be
explained in detail below. 55    In the production of the cycloolefin
random copolymer, the copolymerization reaction between ethylene and the
cycloolefin is carried out in a hydrocarbon solvent or without any
hydrocarbon solvent. Examples of the hydrocarbon solvent are aliphatic
hydrocarbons such as hexane, heptane, octane and kerosine; alicyclic
hydrocarbons such as cyclohexane and methylcyclohexane; and aromatic
hydrocarbons such as benzene, 10    EP 0 417 489 B1 



toluene and xylene. These solvents may be used alone or in combination. The
vanadium compound is specifically a compound of the general formula
VO(OR)[err] or V(OR)[err] wherein R represents a hydrocarbon group, X
represents a halogen atom, a and b are defined by [err] [err]  and c and d
are defined by [err] or an adduct of this 5  compound with an electron
donor. Specific examples of the vanadium compounds are [err] [err] Further,
examples of the electron donor which may be used to prepare the soluble
vanadium catalyst component are oxygen-containing electron donors such as
an alcohol, phenols, a ketone, an aldehyde, a 10 carboxylic acid, an ester
of an organic or inorganic acid, an ether, an acid amide, an anhydride and
an alkoxysilane; and nitrogen-containing electron donors such as ammonia,
an amine, a nitrile, and isocyanate. Specific examples of the electron
donors are alcohols having 1 to 18 carbon atoms such as methanol, ethanol,
propanol, pentanol, hexanol, octanol, dodecanol, octadecyl alcohol, oleyl
alcohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol, isopropyl
alcohol and isopropylbenzyl alcohol; phenols having 6 to 20 15 carbon
atoms, (which may have a lower alkyl group as a substituent), such as
phenol, cresol, xylenol, ethylphenol, propyiphenol, nonylphenol,
cumylphenol and naphthol; ketones having 3 to 15 carbon atoms such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, acetophenone,
benzophenone and ben- zoquinone; aldehydes having 2 to 15 carbon atoms such
as acetaldehyde, propionaldehyde, octylaldehyde, benzaldehyde, tolualdehyde
and naphthaldehyde; organic acid esters having 2 to 30 carbons atoms such
as 20  methyl formate, methyl acetate, ethyl acetate, vinyl acetate, propyl
acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl
butyrate, ethyl valerate, methyl chloroacetate, ethyl dichloroacetate,
methyl methacrylate, ethyl crotonate, ethyl cyclohexanecarboxylate, methyl
benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate,
cyclohexyl benzoate, phenyl benzoate, benzyl benzoate, methyl toluylate,
ethyl toluylate, amyl toluylate, ethyl ethylbenzoate, methyl anisate,
n-butyl maleate, 25   diisobutyl methylmalonate, di-n-hexyl
cyclohexenecarboxylate, diethyl ester of Nadic acid, diisopropyl
tetrahydrophthalate, diethyl phthalate, diisobutyl phthalate, di-n-butyl
phthalate, di-2-ethylhexyl phthalate,[err]
butyrolactone,[err]-valerolactone, coumarin, phthalide and ethylene
carbonate; acid halides having 2 to 15 carbon atoms such as acetyl
chloride, benzoyl chloride, toluic acid chloride and anisic acid chloride;
ethers having 2 to 20 carbon atoms such as methyl ether, ethyl ether,
isopropyl ether, butyl ether, amyl ether, 30  tetrahydrofuran, anisole and
diphenyl ether; acid amides such as acetic amide, benzoic amide and toluic
amide; amines such as methyamine, ethylamine, diethylamine, tributylamine,
piperidine, tribenzylamine, aniline, pyridine, picoline and
tetramethylenediamine; nitriles such as acetonitrile, benzonitrile and
tolunitrile; and alkoxysilanes such as ethyl silicate and
diphenylmethoxysilane. These electron donors may be used in combination. 35
The organoaluminum compound as a component of the catalyst is a compound
having at least one Al- carbon bond in the molecule. Examples of the
organoaluminum compound are as follows. (i) organoaluminum compounds of the
general formula [err] 40 wherein [err] same or different, each
independently represent a hydrocarbon group having usually 1 to 15 carbon
atoms, preferably 1 to 4 carbon atoms, X represents halogen, and m, n, p
and q are defined by [err] (ii) complex ion alkyl compounds, formed from a
metal belonging to the group 1 of the periodic table and 



45    aluminum, of the general formula [err] wherein [err] is Li, Na or K,
and [err] has the same meaning as above. so     Examples of the
organoaluminum compounds (i) are as follows. Compounds of the formula [err]
wherein [err] have the same meanings as above, and m is defined preferably
by [err] Compounds of the formula [err] wherein [err] has the same meaning
as above, X represents halogen, and m is defined preferably by 55
0<m<3. Compounds of the formula [err] wherein [err] has the same meaning as
above, and m is defined preferably by [err]    EP 0 417 489 B1 Compounds of
the formula [err] wherein [err] have the same meaning as above, X
represents halogen, and m, n and q are defined by [err] and m + n + q = 3.
Specific examples of the organoaluminum compounds (i) are trialkylaluminum
such as triethylaluminum 5   and tributylaluminum; trialkenyl aluminum such
as triisopropenylaluminum; dialkylaluminum alkoxides such as
diethylaluminum ethoxide and dibutylaluminum butoxide; partially
alkoxylated alkylaluminum having an average composition of the formula
[err] and alkylaluminum  sesquialkoxides such as ethylaluminum
sesquietoxide and butylaluminum  sesquibutoxie; dialkylaluminum  halides
such as diethylaluminum chloride, dibutylaluminum chloride and
diethylaluminum bromide; alkylaluminum 10  sesquihalides such as
ethylaluminum sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesquibromide; partially halogenated alkylaluminum such as
ethylaluminum dichloride, propylaluminum dichloride, and butylaluminum
dibromide; partially hydrogenated alkylaluminum such as dialkylaluminum
hydrides, e.g. diethylaluminum hydride and dibutylaluminum hydride and
alkylaluminum dihydrides, e.g. ethylaluminum dihydride and propylaluminum
dihydrides; and partially alkoxylated and halogenated al- 15  kylaluminum
such as ethylaluminum ethoxychloride, butylaluminum butoxychloride and
ethylaluminum etoxybromide. Further, organoaluminum compounds which are
similar to the compounds (i), e.g. or- ganoaluminum compounds in which at
least two aluminum atoms are bonded to each other through an oxygen or
nitrogen atom are also usable. Specific examples of such compounds are
[err] [err] 20 [err] 25 Examples of the organoaluminum compounds (ii) are
[err]of these com- pounds, alkylaluminum halides and alkylaluminum
dihalides or mixtures of these are preferred. When the cycloolefinic random
copolymer is produced, it is preferable to carry out a copolymerization
reaction of ethylene with a cycloolefin by a continuous method. And, in
this case, the concentration of the 30 soluble vanadium compound to be fed
in the polymerization reaction system is usually not more than 10 times,
preferably 1 to 7 times, more preferably 1 to 5 times as high as the
concentration of the soluble 



vanadium compound in the polymerization reaction system. The ratio of
aluminum atoms to vanadium atoms (AIN) in the polymerization reaction
system is not less than 2, preferably 2 to 50, particularly preferably 3 to
20. 35     The soluble vanadium compound and the organoaluminum compound
are usually charged to the reaction system after they are respectively
diluted with the above-specified hydrocarbon solvent or cycloolefin. And,
the soluble vanadium compound is preferably diluted to the above
concentration before it is charged, and the organoaluminum compound is also
diluted to a concentration in the range of, e.g. not more than 50 times as
high as the concentration thereof in the polymerization reaction system,
and then 40  charged to the polymerization reaction system. When the
cycloolefinic random copolymer is produced, the concentration, as a
vanadium atom, of the soluble vanadium compound in the copolymerization
system is usually 0.01 to 5 gram-atom/I, preferably 0.05 to 3 gram-atom/l.
The copolymerization reaction of ethylene with a cycloolefin is carried out
at a temperature between 45 -50[err]and 100[err] preferably between
-30[err] and 80[err] more preferably between -20[err] and 60[err] The
reaction time for the above copolymerization reaction (or an average
residence time of a polymerization reaction mixture in the case of a
continuous polymerization) differs depending upon polymerization materials,
concentration of catalyst components and temperatures. The reaction time is
usually 5 minutes to 5 hours, preferably 10 minutes to 3 hours. The
pressure for the copolymerization so  reaction is usually more than 0 and
up to 50 kg/cm2, preferably more than 0 and up to 20 kg/[err] When the
cycloolefin random copolymer is produced, the molar ratio of ethylene and
cycloolefin to be fed is usually 90/10 to 10/90, preferably 85/15 to 40/60.
The ethylene unit/cycloolefin unit constitutional ratio in the resulting
ethylene/cycloolefin copolymer is usually 90/10 to 40/60, preferably 85/15
to 50/50. The above cycloolefinic random copolymer may contain other
copolymerizable monomers, e.g. norbor- 65 nenes other than the cycloolefin
of the formula (I) or a-olefins other than ethylene in such an amount that
does not impair the object of this invention or not more than 15 mol% based
on the total polymer units. The above copolymerization reaction of ethylene
with a cycloolefin gives a solution of a cycloolefin random copolymer in
the hydrocarbon solvent or a solution thereof in an unreacted cycloolefin.
The 12    EP 0 417 489 B1 concentration of the cycloolefinic random
copolymer in such a solution is usually 2.0 to 200 g/[err] (g-
polymer/[err] -polymerization liquid), preferably 40 to 100 g/[err]. The
solution also contains the soluble vanadium compound component and the
organoaluminum compound components of the catalyst. The above solution of
the cycloolefin random copolymer is usually subjected to a series of
treatments 5   starting with deashing and finishing with pelleting, whereby
pellets of the cycloolefin random copolymer are obtained. In the above
cycloolefin random copolymer, the structural unit derived from the
cycloolefin of the formula (I) is present in a structure shown in the
following formula (II) 10 15                  [err] 20
[err] 



wherein [err] n and m are as defined as above. 25 The above
ethylene-cycloolefin random copolymer preferably has an intrinsic viscosity
[err] measured in decalin at 135 [err]of 0.05 to 10 dl/g. The above random
copolymer produced from the isomer mixture of this invention has a high
glass transition point (Tg) or superior heat resistance and a high flexural
modulus (FM) or superior mechanical strength as compared with any
conventional cycloolefin random copol ymer obtained by copolymerization 30
of ethylene with an isomer mixture containing 85 mol% or more, 90 mol% or
more, in many cases, or 94 mol% or more, further in many cases, of an
endo-form cycloolefin of the formula (I) (naturally when the comparison is
made on the same composition of ethylene and a cycloolefin). Therefore,
when the isomer mixture according to this invention is used, it is possible
to reduce the amount of expensive tetracyclododecenes and obtain a
copolymer having an identical glass transition point (Tg) or a flexural 35
modulus to that of any conventional copolymer. This invention will be
explained below by reference to Examples. Quantitative determination method
40    (a) The endo-form  cycloolefin/exo-form  cycloolefin molar ratio of
an isomer mixture of tetracyclo- [4,4,0,[err]dodecene (to be abbreviated as
TCD-3 hereinafter) was calculated as follows. TCD-3 was subjected to
[err](in CDC[err] room temperature, TMS standard), and an integration
strength ratio of olef in proton absorption peaks in the resultant spectrum
was used as a basis for the calculation. Table 1 shows chemical shifts of
olefin protons obtained by measurement of [err]H-NMR of tetracyclo- 45
[4,4,0,[err]3-dodecene. Table 1 also shows chemical shifts of carbons
obtained by measurement of [err]CNMR of tetracyclo-
[4,4,0,[err]-3-dodecene. 50 55    EP0417489B1 00 - Q 0                O F
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carbons obtained by measurement of 13C-NMR of an ethylene- PCPD copolymer.
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0.635 mm deep under a load of 49 g at a temperature elevation rate of
5[err]/minute (the softening temperature is referred to as TMA softening
temperature hereinafter). 5  Method of measurement of flexural modulus 



Measurement was made according to ASTM-D790 at 23 [err] Method of
measurement of intrinsic viscosity 10 Measurement was made in decaline at
135[err] REFERENTIAL EXAMPLE 1 15     Norbornene and cyclopentadiene were
subjected to a Diels-Alder reaction according to a method described in
Japanese Patent Publication No. 14910/1971 to synthesize
tetracyclo[4,4,0,[err]-3- dodecene 20
[err] The resultant tetracyclododecene-3 endo-form cycoolefin/exo-form
cycloolefin molar ratio. This com- 25  pound had 94.9 mol% of an endo form
and 5.1 mol% of an exo form. Table 5 shows the results. REFERENTIAL EXAMPLE
2 30     5-Ethyl-2-norbornene and cyclopentadiene were subjected to a
Diels-Alder reaction in the same way as in Referential Example 1 to
synthesize 8-ethyl-tetracyclo[4,4,0,[err][-3-dodexene [err] 35 The
resultant 8-ethyl-tetracyclo[4,4,0,[err]-3-dodecene was measured by
subjecting it to [err] 40 obtain an endo-form cycloolefin/exo-form
cycloolefin molar ratio. This compound had 97.3 mol% of an endo-form
cyclooefin and 2.7 mol% of an exo-form cycloolefin. Table 5 shows the
results. EXAMPLE 1 45 A 30-liter reaction vessel equipped with stirrer and
a reflux condenser was charged with 1 liter of the
tetracyclo-[4,4,0,[err]-3-dodecene (TCD-3) obtained in Referential Example
1 and 17 liters of cyclohex- ane, and the mixture was stirred. Twelve
kilograms of zeolite (Zeolam F-9, trade name, a product of Tosoh
Corporation, spherical forms, 1.8 to 2.4 mm[err]was added to the resultant
solution, and 50  the mixture was stirred at room temperature for 6 hours
to carry out an isomerization reaction from an endo- form cyclooefin to an
exo-form cycloolefin. After the reaction, the reaction mixture was filtered
to separate the catalyst, and the resultant solution of TCD-3 in
cyclohexane was distilled under a reduced pressure (50 mmHg) to give
isomerized TCD-3. Analysis of the TCD-3 by [err]-NMR showed an endo-form
cyclolefin/exo-form cycloolefin molar ratio of 55       44.2/55.8. Table 5
shows the results. 18    EP 0 417 489 B1 EXAMPLE 2 Example 1 was repeated
except that the reaction time was changed to 3 hours. Table 5 shows the
results. 5 



EXAMPLE 3 Example 1 was repeated except that the catalyst was changed to
silica-alumia (Sekado OW, a product of Shinagawa Refractories Co., Ltd.,
particulate, 0.5 to 2 mm[err], [err] that the 10 amounts of the catalyst
and cyclohexane were changed to 4.0 liters and 3 kg, respectively, and that
the reaction time was changed to 96 hours. Table 5 shows the results.
EXAMPLE 4 15 Example 1 was repeated except that the
8-ethyl-tetracyclo[4,4,0,[err]-3-dodecene (8E-TCD-3 in short) obtained in
Referential Example 2 was used. Table 5 shows the results. 20 EXAMPLE 5
Example 4 was repeated except that the reaction time was changed to 3
hours. Table 5 shows the results. 25  EXAMPLE 6 Example 4 was repeated
except that the same silica-alumina as that used in Example 3 was used and
that the reaction time was changed to 96 hours. 30 35 40 45 50 55    EP
0417489 B1 Table 5 shows the results. 0                    0 B>M .
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=   W        W    co      la 55 EXAMPLE 7 (Polymerization Example 1) A
two-liter glass polymerizer having a stirrer was continuously charged, from
its top, with a solution of the TCD-3 obtained in Example 1 in cyclohexane
a solution of [err] as a catalyst in cyclohexane 20    EP 0 417 489 B1 and
a solution of ethylaluminum sesquichloride (err) such that the
concentrations thereof In the polymerizer were 60 g/l, 0.5 mmol/l and 4.0
mmol/l, respectively. And, the polymerizer was also charged from its top
with ethylene at a rate of 15 liters/hour and hydrogen at a rate of 0.5
liter/hour. Separately, a reaction mixture was continuously withdrawn from
the polymerizer bottom such that the total amount of a 5  polymerization
liquid in the polymerizer was 1 liter and that the residence time thereof
was 0.5 hours. The above polymerization reaction was carried out at 10  C
by circulating a refrigerant through a cooling jacket externally provided
to the polymerizer. Under the above copolymerization reaction conditions, a
polymerization reaction mixture containing an ethylene-TCD-3 random
copolymer was obtained. The polymerization reaction was stopped by adding a
10  small amount of isopropyl alcohol to the polymerization liquid
withdrawn from the polymerizer bottom. Then, the polymerization was charged
into a mixer while the mixer containing acetone whose amount was about
three times as large as the polymerization liquid was operated, whereby the
copolymer was precipitated. The precipitated copolymer was recovered from
the solution by filtration. The resultant copolymer was dispersed In
acetone such that the concentration thereof was about 50 g/l, and the
resultant mixture was 15  further heat-treated at a boiling point of
acetone. Thereafter, the copolymer was separated from the acetone by
filtration, and dried under reduced pressure at 120[err] for 24 hours. The
resultant ethylene-TCD-3 copolymer was subjected to [err] to show that it
had an ethylene content of 60.7 mol%. And, it had an intrinsic viscosity
[err] of 0.37 dl/g and a TMA softening temperature of 180 C. 20     Table 6
shows the results. Further, Fig. 1 shows the relationship between a
tetracyclododecene-3 content (mol%) in the ethylene-tetracyclododecene-3
copolymer obtained as above and a softening temperature thereof. And, Fig.
2 shows the relationship between a tetracyclododecene content (mol%) of the
copolymer above and flexural modulus thereof. The above copolymer was also
subjected to[err]to show that it had an endo form cycloolefin/exo 25 form
cycloolefin molar ratio of 41/59, and this value hardly changed from that
obtained before the polymerization. EXAMPLES 8-14 (Polymerization Examples
2-8) and COMPARATIVE EXAMPLES 1 and 2 (Comparative Polymerization Examples
1 and 2) 30 



Copolymerization of ethylene and tetracyclododecene was carried out in the
same way as in Poly- merization Example 1 by using materials
(tetracyclododecene) shown in Table 6 under the conditions specified in
Table 6. Table 6 shows the results. 35     And, Fig. 1 shows the
relationship between a tetracyclododecene-3 content (mol%) in the
ethylenetetracyclododecene-3 copolymer obtained as above and a softening
temperature thereof. And, Fig. 2 shows the relationship between a
tetracyclododecene content (mol%) of the copolymer above and flexural
modulus thereof. 40 45 so 21    EP 0 417 489 B1 Ca40                  t o
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shows that the copolymers obtained in Examples 15-17, using
8-ethyl-tetracyclodecene-3 having a large content of an exo form, are
improved both in TMA softening temperature and flexural modulus as compared
with the copolymer obtained in Comparative Example 3. 5 [err] 10 0 [err] 0-
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0LLW  Claims 55 1. A process for the isomerization of a cycloolefin from an
endo form to an exo form which comprises 



isomerizing an endo-form cycloolefin of the following formula (I) 27    EP
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*    C       0        a         c0 -4O  0  ;        40      0a Dt~~~~~C
CID^  .l 1     X=        Cj      Co      1          co ?-I   <bo     I
'4      0C 5                       (12  r-4O.~~  C~)       C~      C) X 0
E-~U *        Z is                         :1                    to      to
LO _co C0 L.   i 40 . 25 ~ ~   ~     ~    ~    . toi o                 cX
oq              o 14 O    UX              O       U.) 1 20 ~       ~
:  C)                  )      o       _          0 0 -43 E    o    U>q
c  ct o    cn o               H       ao         o q St 15
-4C~~-..  L6~~    CO       If)        CO. C 4      U    0    0       O
r 25                          -       o W 4-4- 14V4 > 0               C
C C                C a,*1    NC      -       '       i 34    .         O4
144- Co0 35~~~~~~ o                                          o     <H
3 C    00             N.~~0    N.       N C    %;   _                 .CD
go  4   >   L o    -d)  C')                              0)  )    c L    4
13-    0.3 n .                             0. - Oq     C.
gO 25                         .-                         .
tD.-E 0 .                                           x 45 ~ ~     ~    ~ 



-4    C    Ci)  C')~r-  0-      r10        0) X               0        a
- 4        04 50                              CWl _ _ _ _ . _           W _
_ C _ _ aX _  _ C) 10  _ 0   -, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - Caigms 1. A
process for the isomerization of a cycloolefin from an endo form to an exo
form which comprises isomerizing an endo-forrm cycloolefiri of the
following formula (I) 27    EP                           [err] *  C   L   M
S  * [err] 6 [err] 10                       [err] 15        wherein [err]
are independently a hydrogen atom, a halogen atom or a hydrocarbon group.
[err] are independently a hydrogen atom, a halogen atom or a hydrocarbon
group, or [err] and [err] may be bonded to each other to form a monocyclic
or polycyclic group, or [err] or [err] may together form an alkylidene
group, n is 0 or 1, and m is 0, 1 or 2 provided that m and n cannot be
simultaneously zero, 20     in the presence of a solid acid catalyst to
convert its endo form into the corresponding exo form. 2. A process
according to claim 1, wherein the cycloolefin has the following formula
(I-A) R9        13 25                                                [err]
[err] 30                                                 [err] [err] 36
wherein [err] are as defined in the above formula (I). 3. A process
according to claim 1, wherein the cycloolefin has the following formula
(I-B) 40                          [err] [err] 45
( I-B ) [err] [err] 50 wherein [err] are as defined in the above formula
(I). 4. A process according to any one of the claims 1-3 wherein the solid
acid catalyst is at least one member selected from the group consisting of
oxides or sulfides of a metal belonging to the groups 3 55     to 8 of the
periodic table and organic solid acids. 5. A process according to any one
of the claims 1 to 3 wherein the solid acid catalyst is at least one member
selected from the group consisting of oxides or sulfides of Al, Si, P, Ti,
V, Cr, Mo, W, Mn, Fe 



28    EP 0 417 489 B1       [err] or Co and sulfonic acid group-containing
crosslinked polymers. 6. A process for the production of an isomer mixture
rich with a cycloolefin having an exo form, which comprises subjecting an
isomer mixture rich with a cycloolefin having an endo form to an
isomerization 5     process according to any one of the claims 1 to 5 to
form the isomer mixture rich with a cycloolefin having an exo form. 7. A
process according to claim 6, wherein the isomer mixture rich with a
cycloolefin having an endo form comprises, based on endo-form and exo-form
cycloolefins In total, at least 85 mol% of a cycloolefin 10     having an
endo form and up to 15 mol% of a cycloolefin having an exo form. 8  A
process according to claim 6, wherein the isomer mixture rich with a
cycloolefin having an exo form comprises, based on endo-form and exo-form
cycloolefins in total, up to 80 mol% of a cycloolefin having an endo form
and at least 20 mol% of a cycloolefin having an exo form. 15 9. An isomer
mixture of a cycloolefin of the formula (I) which comprises, based on the
cycloolefin having an endo form and the cycloolefin having an exo form in
total, up to 80 mol% of the cycloolefin having an endo form and at least 20
mol% of the cycloolefin having an exo form. 20  10. An isomer mixture
according to claim 9, wherein the cycloolefin has the formula (I-A). 11. An
isomer mixture according to claim 9, wherein the cycloolefin has the
formula (I-B). 12. Use of an isomer mixture according to any one claims
9-11, for the production of an ethylene- 25     cycloolefin random
copolymer. 13. A cycloolefinic random copolymer: (1) which is a copolymer
formed from ethylene and an isomer mixture of up to 80 mol% of a
cycloolefin having an endo form with at least 20 mol% of the cycloolefin
having an exo form, the 30          cycloolefin having the formula (I) as
defined in claim 1, (2) which has, based on a total of polymer units
derived from the cycloolefin and polymer units derived from the ethylene,
10 to 90 mol% of the polymer units derived from the cycloolefin and 90 to
10 mol% of the polymer units derived from the ethylene, (3) wherein the
polymer units derived from the cycloolefin have the following formula (II)
35 [err] 45 wherein [err] n and m are as defined as above, and (4) which
has an intrinsic viscosity [err], measured in decalin at 135[err] of 0.05
to 10 dl/g. 14. A random copolymer according to claim 13, wherein the
cycloolefin has the formula (I-A) as defined in 55     claim 2, and the
polymer unit thereof has the following formula (II-A) 29    



R9        R13 [err] 5                                  [err] 10 wherein
[err] are as defined above. 15 A random copolymer according to claim 13,
wherein the cycloolefin has the formula (I-B) as defined in 15    claim 3,
and the polymer unit thereof has the following formula (Il-B) R3 25
[err] wherein [err] and [err] are as defined above. 30 16. A process for
the production of a cycloolefin random copolymer which comprises
copolymerizing an isomer mixture of claim 9 and ethylene in a hydrocarbon
solvent or without any hydrocarbon solvent in the presence of a catalyst
which is composed of a vanadium compound and an organoaluminum compound and
is soluble in the hydrocarbon solvent or a cycloolefin of the isomer
mixture. 35 Patentanspr~lche 1. Verfahren zur Isomerisierung eines
Cycloolofins von einer endo-Form in eine exo-Form, umfassend das
Isomerisieren eines Cyclooleflns mit endo-Form mit der folgenden Formel (I)
20 RIB IR   R    R1  02                             R171         (I) 28
~~~4  R   6    R10 w hein R' bis RI4 unabhangig ei Wasserstoffatom, e .
Halogenatom oder eine Kohlenwasserstoffgruppe 56     sind, worn R1s bis Rt
8 unabht ngig ein Wasserstoffatom, enm Halogenatom oder eine Kohlenwasser-
stoffgruppe sind oder wor i Rm 5 oder R16 und R17 oder R1s aneinander zur
Bildung einer monozykli- schen oder polyzyklischen Gruppe gebunden sein
konnen, odor worm  R15 und Re 6 odor R'7 und Rd8 zusammen elne
ACkylidengruppe bilden konnen, worn n 0 odor 1 ist und m 0, 1 oder 2 ist,
30    ':    '   EP O 417 489 Ell1I 1 11111 1 1111    11111 S li
vorausgesetzt, daB m und n nicht gleichzeitig 0 sein k6nnen, in der
Gegenwart eines festen sauren Katalysators, zum Umwandeln der endo-Form in
die entsprechende exo-Form. 2. Verfahren nach Anspruch 1, worin das
Cycloolefin die folgende Formel (I-A) hat s R13 70 ~ ~  ~ ~ ~ R 70-R8  R11
R          R17                 (I-A) ts                  ~~~~~~~RO   R1
worin R7 bis R'8 wie in der obigen Formel (I) definiert sind. 20  3.
Verfahren nach Anspruch 1, wofin das Cycloolefin die folgende Formel (I-B)
hat R3                R9       R1S tXR17 ( 1- BR ) 



25I 18 R1 R1 .R2            R7.R        R17           (I-B) 30 R4     RS R8
R1 worin R1 bis R' und R's bis R's wie in der obigen Formel (I) definiert
sind. 36 4. Verfahren nach einem der Ansprflche 1 bis 3, worin der feste
saure Katalysator zumindest eine Verbindung ist, ausgew~htt aus der Gruppe,
bestehend aus Oxiden oder Sulfiden eines Metalls, das zu den Gruppen 3 bis
8 des Periodensystems gehort, und organischen festen Sluren. 40  5.
Verfahren nach einem der AnsprUche 1 bis 3, worin der feste saure
Katalysator zumindest eane Verbindung ist, ausgewahlt aus der Gruppe,
bestehend aus Oxiden oder Sulfiden von Al, Si, P, Ti, V. Cr, Mo, W, Mn, Fe
oder Co und Su~fonsduregruppen-haltige, vemetzte Polymere. 6. Verfahren zur
Erzeugung elner lsomerenmischung, die reich ist an einem Cycloolefin mit
einer exo- 45     Form, umfassend die Durchfahrung einer
lsomerisierungsreaktion nach einem der AnsprUche 1 bis 5 mit einer
Isomerenmischung, die reich ist an einem Cycloolefin mit einer endo-Form,
zur Bildung der Isomerenmischung, die reich ist an einem Cycloolefin mit
einer exo-Form. 7. Verfahren nach Anspruch 6, worin die Isomerenmischung,
die reich ist an einem Cycloolefin mit einer 50     endo-Form, zumindest 85
Mol% eines Cycloolefins mit einer endo-Form und bis zu 15 Mol% eines
Cycloolefins mit eaner exo-Form enthlit, bezogen auf die gesamten
Cycloolefine mit endo- und exo- Form. a  Verfahren nach Anspruch 8, worin
die lsomerenmischung, die reich ist mit einem Cycloolefin mit einer 55
exdo-Form, bis zu 80 Mol% eines Cycloolefins mit einer endo-Form und
wenigstens 20 Mol% aines Cycloolefins mit einer exo-Form umfaBt, bezogen
auf die gesamten Cycloolefine mit endo- und exo- Form. 31    EP 0 417 489
B11 1                    11111 11111 111111 C   L   M   S   i 9.
Isomerenmischung eines Cycloolefins der Formel (1), umfassend bis zu 80
Mol% des Cycloolefins mit einer endo-Form und zumindest 20 Mol% des
Cycloolefins mit eliner exo-Form, bezogen auf die gesamten Cycloolefine mit
einer endo- und einer exo-Form. 5  10. Isomerenmischung nach Anspruch 9,
worin das Cycloolefin die Formel (I-A) hat. 11. Isomerenmischung nach
Anspruch 9, worin das Cycloolefin die Formel (I-B) hat. 12. Verwendung
eaner Isomerenmischung nach elnem der Ansprlche 9 bis 11 far die
Herstellung eines tO     Ethylen-Cycloolefin-Copolymers mit statistfscher
Verteilung. 13. Cycloolefin-Copolymer mit statisUscher Verteilung, das (1)
ein Copolymer ist, gebildet aus Ethylen und einer Isomerenmischung von bis
zu 80 Mol% elnes Cycloolefins mit einer endo-Form mit zumindest 20 Mol% des
Cycloolefins mit einer exo-Form, 15       wobei das Cycloolefin die in
Anspruch 1 definierte Formel (I) hat, (2) 10 bis 90 Mo1% der
Polymereinheiten, die sich von dem Cycloolefin ableiten, und 90 bis. 10 



Mol% der Polymereinheiten, die sich von Ethylen ableiten, aufweist, bezogen
auf die gesamten Polymereinheiten, die sich von dem Cycloolefin und Ethylen
ableiten (3) wobei die Polymereinheiten, die sich von dem Cycloolefin
ableiten, die folgende Formel (11) 20 R      RSR         R1         R
1 25 n              m~~~~1 30R 35 haben, worin R1 bis R'8 n und m wie oben
definiert sind, und das (4) eane Intrinsik-Viskosit~t Eu] von 0,05 bis 10
dl/g hat, gemessen in Decalin bei 135  C. 'h-'   14. Copolymer mit
statistischer Verteilung nach Anspruch 13, worin das Cycloolefin die Formel
(I-A) wie in 40     Anspruch 2 definiert hat, und wobei die Polymereinheit
davon die folgende Formel (II-A) hat R9        R13 R15 456 (31-A) 50 worin
R7 bis R18 wie oben definiert sind. 56 18. Copolymer mit staffstischer
Verteilung nach Anspruch 13, worin das Cycloolefin die Formel (i-B) wie in
Anspruch 3 definiart hat, und wobel die Polymereinheit davon die folgende
Formel (Il-B) hat 32    EP 0 417 489 B1              IlIll lI1II M
S11 -3                 R9 R1                                    (I-B) 10
R4 RIRRR R11 worin RI bis R' und R's bis R1' wie oben definlert sind. 16.
Verfahren zur Erzeugung eines Cycloolefln-Copolymers mit statistischer
Verteilung, umfassend das 15     Copolymerisieren elner Isomerenmischung
nach Anspruch 9 und Ethylen in elnem Kohlenwasserstofflo- sungsmittel oder
ohne irgendeinem Kohlenwasserstofflosungsmittel in der Gegenwart eines
Katalysa- tors, der sich aus einer Vanadiumverbindung und einer
Organoaluminiumverbindung zusammensetzt und in dem
Kohlenwasserstoffl6sungsmittel oder einem Cycloolefin der Isomerenmischung
l6slich ist. 20 Revendicatlons 1. Proc6db pour Fisom6risation d'une
cyclool6fine de la forme endo b la forme exo, qui comprend l'isomdrisation
d'une cyclooldfine sous la forme endo repondant a la formule (1) suivante:
25 R1  R2               7   8   R"-R12          R17          (I) 5
R4    R0  R         R10 K;~~~~~~~~~~/ 



-   40     dans laquelle R1 a R1I sont inddpendamment un atome d'hydrogene,
un atome d'halogene ou un groupe hydrocarbons, R15 a R15 sont
inddpendamment un atome d'hydrogene, un atome d'halogene ou un groupe
hydrocarbone, ou bien R'5 ou R16 et R17 ou R18 peuvent Otre li~s Pun &
I'autre pour former un groupe monocyclique ou polycyclique, ou bien R15 et
R16 ou R'7 et R15 peuvent former ensemble un groups alkylidene, n est 0 ou
1, et m est 0, 1 ou 2, sous r6serve que m et n ne peuvent 45     pas 8trs
simultanement zero, en pr~sence d'un catalyseur acide solide pour
transformer sa formo endo en la forme exo correspondante. 60 55 33    EP O
417 489 B1                I         L  M111111111 11111 2. Procede selon la
revendication 1I dans lequel la cycloolefine r6pond a la formule (I-A)
suivante; 9       R13 R0          R18 75        dans laquelle R7 a R18 sont
toel que definis dans 1a formulo (1) cl-dessus. a ProcedX solon la
revendication 1, dans loquel la cycloolefine r~pond h la formule (I-B)
suivante.: 3 20                  ~~~R3              R9          - 6
R~~~~~~~IBRi 25                      j R1 R2 R3R8 R17
( I-B) R~ R4 7   Ra R6        10 30 dans laquelle R' a R's ot R'5 a R18
sont tols quo dafinis dans la formule (I) ci-dessus. 4. Procod6 selon l'une
quelcoanue des revendications 1 a 3, dlns lequel le catalyseur acide solide
Oct au mons un membre choisi dans to groupe constitue des oxydes ou
sulfures d'un metal appartenant aux 35 groupes 3 a 8 do la Classification
Periodique et des acides solides organiques. S. Procede solon l'une
quelconqjue des rovendications 1 a 3, dans tequel le catalyseur acido
solide ost au moins un membre choisi dans Ie groupe constitu6 does oxydes
et sulfures do Al, Si, P. Ti, V, Cr, Mo, W. Mn, Fe ou Go et des potymbres
r~ticuls contenant des groupes acide sulfonique. 40 6. Procede pour la
preparation d'un melange d'isomeres riche on une cycbooIkfins ayant une
forme exo, lequel comprend to fait do soumettre un melange d'isombros riche
on uns cycloolefine ayant une forme endo a un procede d'isomerisetion colon
l'une quelconque des revendications 1 a 5 pour former un melange d'isomeree
richie en une cyclool6fino ayant une forme exo. 45 7. Procede solon la
revendication 6, dans leque1 te melange d'isomeres riche en une
cyctoolefins ayant uno forms ondo comprend, par rapport aux cycbootefines
totales dans la forms ondo et dans la forme exo, au moins 85 moles % d'une
cycloolefine ayant la forms endo et jusqu'& 15 motes % d'une cycloolefine
ayant la forme exo. 50 



8. Procedd selon la revendication 6, dans lequel to melange daisomeres
riche en une cycloolefine syant la forme exo comprend, par rapport aux
cyctoolefines totates dans la forme endo et dane Ia forms exo, jusqu'& 80
motes % d'uns cyclooetfine dans ia forme endo et au mons 20 mote % d'une
cycloolefine ayant la forms exo. 55 9. Mt6ange d'isomPres d'une
cycloolefine repondant o   la formule (I), qui comprond: par rapport au
total do ia cycloolufine ayant la forme endo ot do la cycdootsfine ayant la
forrne exo, jusqu'a 80 moles % do la cycloolGfine ayant la forms endo et au
mons 20 moles % do la cyclooldfine ayant la forme exo. 34    EP 0 417 49 B1
113   L 1      !  ! 10. Melange d'isomeres solon la revendication 9, dans
lequel la cyclool6fine r~pond a la formule (I-A). 11. Melange d'isomeres
selon la revendication 9, dans loquel la cycloolefine r~pond a la formule
(I-B). 5  12. Utilisation d'un melange d'Isomeres selon l'une quelconque
des revendications 9 a 11 pour la pr6paration d'un copolymere statistique
6thylbne-cyclooldfine. 13 Copolymere statistique cycloolefinique: (1) qui
est un copolymbre forms & partir d'6thylbne et d'un m~lange d'isomeres
contenant jusqu'b 10       80 moles % d'une cycloolefine ayant la forme
endo et d'au moins 20 moles % d'une cyclooldfine ayant la forme exo, la
cyclool6fine repondant  l la formule (I) telel quo d6finie dans ia
revendication 1, (2) qui possbde, par rapport au total des motifs de
polymbre provenant de la cyclooldfine et des motifs de polymbre provenant
de l'Nthylne, 10 a 90 moles % de motifs de polymere provenant de is
la cycloolefine et 90 a 10 moles % des motifs de polymere provenant de
l'ethylbne, (3) dans lequel les motifs de polymere provenant de la
cycloolefine repondent & la formule (II) suivante: 20
/    3                Rs         R1          1 25 ~ ~~~~~ ~~~ ~~~~ 89    12
17                                     ( R18 30                 ~~~~~~R4
RD RS    R1O       R 30 dans laquelle R1  R18, n et m sont tels quo d~finis
ci-dessus, et 35       (4) qui a une viscosit6 intrinseque [q], mesur6e
dans de la decaline a 135 * C, de 0,05 a 10 dl/g. 14. Copolymere
statistique selon la revendication 13, dans lequel la cyclooldfine repond &
la formule (I-A) telle quo definie dans la revendication 2, at son motif
polymere r~pond h la formule (Il-A) suivante: 40 R9        R13 R15 45
RR  1R17                                   (M-A) R18 R      R10    R14 50 



dans laquelle R7 A R18 sont tels quo d~finis ci-dessus. 15. Copolymere
statistique solon la revendication 13, dans loquel la cycloolefine r6pond
l Ia formule (I-B) 5s     telle quo definie dans la revendication 3, et son
motif de polymere r6pond a la formulo (Il-B) suivante: 35    EP O 417 489
B1                  1     I H111111 11    11 11 111 * C   L 11111 R3
R9 6
(Il-B) 10                           R4    Ra R6    R10 dans laquelle RI a
RI' et R'5 A RI8 sont tels que d~finis ci-dessus. -s 16. Procid4 de
pr~paration d'un copolymbre statistique de cyclool6fine qui comprend le
fait de copolym6- riser un melange d'Isombres selon la revendication 9 et
d'6thylbne dans un solvant hydrocarbons ou sans aucun solvant hydrocarbon6,
en pr~sence d'un catalyseur qul est constitu4 d'un compose du vanadium et
d'un compos6 organique de l'aluminium et est soluble dans le solvant
hydrocarbone, ou dans une cycloolfine du melange d'isombres. 20 25 30 35 40
46 50 55 36    


