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Description
Technical Field

[0001] The present invention relates to a process of producing a hydrogenated polymer effective for the production
of a pharmaceutical agent or an agrochemical intermediate, production of engineering plastic and the like.

Background Art

[0002] Conventionally, redistribution of an ethylenic double bond (metathesis reaction) using a carbene complex rep-
resented by the following formula 4
[0003]

Ll
2/| :< (4)
1.2 |

[0004] wherein M is selected from the group consisting of Os and Ru, X! and X2 are each independently selected
from anion ligands, L' and L2 are each independently selected from neutral electron donors, R23 is selected from a
hydrogen atom, a substituted or unsubstituted alkyl group and a substituted or unsubstituted aryl group is widely known
(e.g., patent document 1). Furthermore, a method comprising using a carbene complex for a polymerization reaction,
and directly using the complex as a catalyst for a hydrogenation reaction is also known (e.g., patent documents 2 - 5
and non-patent document 1).

[0005] A polymer obtained by hydrogenation of a polymer obtained by a metathesis reaction contains a large amount
of a heavy metal derived from a catalyst used for the metathesis reaction or hydrogenation reaction. The presence of a
large amount of a heavy metal in the hydrogenated polymer gives rise to the problems of coloring of resin and decreased
heat resistance. Therefore, various methods for removing the residual catalyst have heretofore been studied. As such
example, a method of removing a residual catalyst by the use of an adsorbent such as activated carbon, activated clay
and the like is known (see patent document 6). This method, however, requires treatment of a polymer solution with the
adsorbent, which increases the amount of the adsorbent to be used, and is economically disadvantageous. Moreover,
the method is associated with the problems of easily deteriorated operability as evidenced by abnormal increase in the
fluid pressure during the treatment step and the like, and easy contamination of polymer with adsorbent fine particles
due to pulverization thereof. As a method of removing a residual catalyst, moreover, a method comprising repeating an
operation to treat the resultant polymer with a poor solvent to allow precipitation is known (see non-patent document 1).
Nevertheless, such method is hardly an industrial one since the operation is troublesome.

patent document 1: National Publication of International Patent Application No. H11-510807
patent document 2: JP-A-10-195182

patent document 3: JP-A-2002-348360

patent document 4: National Publication of International Patent Application No. 2002-509961
patent document 5: National Publication of International Patent Application No. 2002-525397
patent document 6: JP-A-2001-163958

non-patent document 1: Journal of Molecular Catalysis A; Chemical Vol.190 (2002) pages 177-184

Disclosure of the Invention
Problems to be Solved by the Invention
[0006] In view of the above-mentioned situation, the problem to be solved by the present invention is to provide a

process to obtain a hydrogenated polymer comprising the steps of obtaining the hydrogenated polymer by successively
performing ring-opening metathesis polymerization reaction of cyclic olefin and hydrogenation of the ring-opening me-
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tathesis polymer produced by the ring-opening metathesis polymerization reaction, both in the presence of a ruthenium
carbene complex, for example, without adding a hydrogenation catalyst other than the ruthenium carbene complex used,
wherein the hydrogenated polymer with an extremely low content of the residual ruthenium derived from the ruthenium
carbene complex can be obtained conveniently and economically.

Means of Solving the Problems

[0007] The present inventors have conducted intensive studies in an attempt to solve the aforementioned problems
and found that a hydrogenated polymer with an extremely low content of the residual ruthenium can be obtained by
performing a ring-opening metathesis polymerization of cyclic olefin in the presence of a ruthenium carbene complex,
hydrogenating the resulting ring-opening metathesis polymer and bringing the obtained hydrogenated polymer in contact
with a poor solvent of the hydrogenated polymer in the presence of dissolved hydrogen to allow precipitation, which
resulted in the completion of the present invention.

[0008] Accordingly, the present invention relates to

[1] a process of producing a hydrogenated polymer, which comprises, in the presence of a ruthenium carbene
complex, subjecting at least one kind of a cyclic olefin selected from a cyclic monoolefin represented by the following

formula 1

[0009]

. (1)

R
2
R
m S
R} R

[0010] wherein R, R2, R3 R4, RS, R6, R7, R8, R9 and R0 are each a hydrogen atom, a halogen atom; an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl group,
an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein any plural
members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and m and n are each
an integer of 0 to 4, wherein the total number of m and n is not less than 3, and a cyclic diolefin represented by the
following formula 2

[0011]

(2)

13 RM

[0012] wherein R11, R12, R13, R14, R15 R16, R17 and R8 are each a hydrogen atom, a halogen atom, an optionally
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substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl group,
an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein any plural
members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and p and q are each
an integer of 0 to 4, wherein the total number of p and q is not less than 3, to a ring-opening metathesis polymerization,
hydrogenating the resulting ring-opening metathesis polymer to give a hydrogenated polymer and bringing the hydro-
genated polymer in contact with a poor solvent of the hydrogenated polymer to allow precipitation, wherein the hydro-
genated polymer is brought into contact with the poor solvent in the presence of dissolved hydrogen by mixing the
reaction mixture containing the hydrogenated polymer after the hydrogenation reaction with the poor solvent under a
hydrogen atmosphere,

[2] the process of the above-mentioned [1], wherein the ruthenium carbene complex has a structure represented
by the following formula 3

[0013]

Cl IF R"
o=
p H (3)

VAR
R27 | R0 .

'Rzl

[0014] wherein RS is selected from the group consisting of a hydrogen atom, an optionally substituted alkyl group,
an optionally substituted alkenyl group, an optionally substituted cycloalkyl group and an optionally substituted aryl group,
R20, R21 and R22 are each selected from the group consisting of a hydrogen atom, an optionally substituted alkyl group,
an optionally substituted cycloalkyl group and an optionally substituted aryl group, and L is selected from neutral electron
donors,

[3] the process of the above-mentioned [1] or [2], wherein the ring-opening metathesis polymerization and the
hydrogenation of the ring-opening metathesis polymer are performed in the presence of a secondary alcohol,

[4] the process of any of the above-mentioned [1] to [3], which further comprises adding a basic substance to a
reaction mixture containing the ring-opening metathesis polymer prior to the hydrogenation of the ring-opening
metathesis polymer,

[5]the process of any of the above-mentioned [1] to [4], wherein the ring-opening metathesis polymer is hydrogenated
by a continuous reaction method,

[6] the process of the above-mentioned [5], wherein the hydrogenation of the ring-opening metathesis polymer by
the continuous reaction method is performed in a complete mixing tank - a plug flow reactor,

[7] the process of any of the above-mentioned [1] to [6], wherein the poor solvent of the hydrogenated polymer is
an alcohol having 1 to 6 carbon atoms,

[8] the process of any of the above-mentioned [1] to [6], wherein the poor solvent of the hydrogenated polymer is a
ketone having 3 to 6 carbon atoms, and

[9] the process of any of the above-mentioned [1] to [8]wherein the atmospheric hydrogen partial pressure of the
hydrogen atmosphere is 0.001 - 10MPa.

Effect of the Invention

[0015] The process of the present invention can produce a hydrogenated polymer with an extremely low residual
ruthenium content conveniently and economically.

Best Mode for Embodying the Invention

[0016] The present invention is explained in more detail in the following.

[0017] The ruthenium carbene complex to be used in the ring-opening metathesis polymerization step of the present
invention is not particularly limited and may be any as long as it shows a catalyst action in a ring-opening metathesis
polymerization reaction. For example, a complex having a structure of the following formula 3



10

15

20

25

30

35

40

45

50

55

EP 2 070 964 B9

oy  R®
~Ru=(
Cl” !

RZZ / I h RZO
’ Rzl

H (3)

[0018] wherein R'9 is selected from the group consisting of a hydrogen atom, an optionally substituted alkyl group,
an optionally substituted alkenyl group, an optionally substituted cycloalkyl group and an optionally substituted aryl group,
R20, R21 and R22 are each selected from the group consisting of a hydrogen atom, an optionally substituted alkyl group,
an optionally substituted cycloalkyl group and an optionally substituted aryl group, and L is selected from neutral electron
donors, can be mentioned.

[0019] Preferable examples of the "optionally substituted alkyl group" for R19 of the formula 3 include an alkyl group
having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methyl group, ethyl group, butyl group, octyl group
and the like, a substituted alkyl group wherein the alkyl group is substituted by an aryl group such as phenyl group, tolyl
group, xylyl group, mesityl group, naphthyl group and the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon
atoms (preferably 1 to 8 carbon atoms) such as methoxy group, ethoxy group, butoxy group and the like; a carbonyloxy
group having 2 to 20 carbon atoms (preferably having 2 to 8 carbon atoms) such as acetoxy group, propionyloxy group,
hexanoyloxy group, benzoyloxy group and the like.

[0020] Preferable examples of the "optionally substituted alkenyl group” for R19 in the formula 3 include an alkenyl
group having 2 to 20 carbon atoms (preferably having 2 to 8 carbon atoms) such as ethenyl group, propenyl group,
butenyl group, octenyl group and the like, a substituted alkenyl group wherein the alkenyl group is substituted by an
alkyl group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon atoms) such as methyl group, ethyl group,
butyl group, octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl
group and the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon
atoms) such as methoxy group, ethoxy group, butoxy group and the like; a carbonyloxy group having 2 to 20 carbon
atoms (preferably having 2 to 8 carbon atoms) such as acetoxy group, propionyloxy group, hexanoyloxy group, benzoyloxy
group and the like.

[0021] Preferable examples of the "optionally substituted cycloalkyl group" for R19 in the formula 3 include a cycloalkyl
group such as cyclopentyl group, cyclohexyl group and the like, a substituted cycloalkyl group wherein the cycloalkyl
group is substituted by an alkyl group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon atoms) such as
methyl group, ethyl group, butyl group, octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl
group, mesityl group, naphthyl group and the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms
(preferably having 1 to 8 carbon atoms) such as methoxy group, ethoxy group, butoxy group and the like; a carbonyloxy
group having 2 to 20 carbon atoms (preferably having 2 to 8 carbon atoms) such as acetoxy group, propionyloxy group,
hexanoyloxy group, benzoyloxy group and the like.

[0022] Preferable examples of the "optionally substituted aryl group” for R19 in the formula 3 include an aryl group
such as phenyl group, naphthyl group and the like, a substituted aryl group wherein the aryl group is substituted by an
alkyl group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon atoms) such as methyl group, ethyl group,
butyl group, octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl
group and the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon
atoms) such as methoxy group, ethoxy group, butoxy group and the like.

[0023] Inthe"optionally substituted alkyl group”, "optionally substituted alkenyl group", "optionally substituted cycloalkyl
group" or "optionally substituted aryl group" for R19 in the formula 3, the number of substituents is preferably 0 - 6, more
preferably 0 - 3, which may be substituted at any substitutable position(s).

[0024] In the ruthenium carbene complex of the formula 3, R19 is preferably an optionally substituted alkyl group, an
optionally substituted alkenyl group or an optionally substituted aryl group.

[0025] In the formula 3, R20, R2! and R22 may be the same or different, and preferable examples of the "optionally
substituted alkyl group” for R20, R21 or R22 include a linear alkyl group having 1 to 10 carbon atoms (preferably 1 to 8
carbon atoms) such as methyl group, ethyl group, butyl group, octyl group and the like; a branched alkyl group having
1to 10 carbon atoms (preferably 1 to 8 carbon atoms) such as isopropyl group, isobutyl group and the like, a substituted
alkyl group wherein the linear or branched alkyl group is substituted by an alkyl group having 1 to 20 carbon atoms
(preferably 1 to 8 carbon atoms) such as methyl group, ethyl group, butyl group, octyl group and the like; an aryl group
such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl group and the like; a hydroxyl group; an alkoxy
group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methoxy group, ethoxy group, butoxy group
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and the like; a carbonyloxy group having 2 to 20 carbon atoms (preferably 2 to 8 carbon atoms) such as acetoxy group,
propionyloxy group, hexanoyloxy group, benzoyloxy group and the like.

[0026] Preferable examples of the "optionally substituted cycloalkyl group” for R20, R21 or R22 in the formula 3 include
a cycloalkyl group such as cyclopentyl group, cyclohexyl group and the like, a substituted cycloalkyl group wherein the
cycloalkyl group is substituted by an alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as
methyl group, ethyl group, butyl group, octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl
group, mesityl group, naphthyl group and the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms
(preferably 1 to 8 carbon atoms) such as methoxy group, ethoxy group, butoxy group and the like; a carbonyloxy group
having 2 to 20 carbon atoms (preferably 2 to 8 carbon atoms) such as acetoxy group, propionyloxy group, hexanoyloxy
group, benzoyloxy group and the like.

[0027] Examples of the "optionally substituted aryl group” for R20, R21 or R22 in the formula 3 include an aryl group
such as phenyl group, naphthyl group and the like, a substituted aryl group wherein the aryl group is substituted by an
alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methyl group, ethyl group, butyl group,
octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl group and
the like; a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methoxy
group, ethoxy group, butoxy group and the like. In the "optionally substituted alkyl group”, "optionally substituted cycloalkyl
group" and "optionally substituted aryl group”, the number of substituents is preferably 0 - 6, more preferably 0 - 3, which
may be substituted at any substitutable position(s).

[0028] In the formula 3, L is a neutral electron donor and, for example, a phosphorus compound represented by the
formula 5: PR20R21R22 wherein R20, R2! and R?2 are as defined above, a nitrogen-containing carbene compound
represented by the following formula 6:

[0029]

R26 R27

RZS’N\/N‘RZS (6)

[0030] wherein R25 and R28 are each an optionally substituted alkyl group or an optionally substituted aryl group, R26
and R27 are each a hydrogen atom, an optionally substituted alkyl group or an optionally substituted aryl group, and
[0031] -

[0032] shows a single bond or a double bond, and the like can be mentioned.

[0033] Intheformula 6, R25 and R28 may be the same or different, and preferable examples of the "optionally substituted
alkyl group" for R25 or R28 include an alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as
methyl group, ethyl group, butyl group, octyl group and the like, a substituted alkyl group wherein the alkyl group is
substituted by an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl group and the like;
a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methoxy group,
ethoxy group, butoxy group and the like; a carbonyloxy group having 2 to 20 carbon atoms (preferably 2 to 8 carbon
atoms) such as acetoxy group, propionyloxy group, hexanoyloxy group, benzoyloxy group and the like.

[0034] Preferable examples of the "optionally substituted aryl group" for R25 or R28 in the formula 6 include an aryl
group such as phenyl group, naphthyl group and the like, a substituted aryl group wherein the aryl group is substituted
by an alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methyl group, ethyl group, butyl
group, octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl
group and the like; a hydroxyl group; an alkoxy group having 1 to 5 carbon atoms such as methoxy group, ethoxy group,
butoxy group and the like. In the "optionally substituted alkyl group" and "optionally substituted aryl group”, the number
of substituents is preferably 0 - 6, more preferably 0 - 3, which may be substituted at any substitutable position(s).
[0035] In the ruthenium carbene complex of the formula 3, R25 and R28 in the formula 6 is each preferably phenyl
group, 4-tolyl group, 2-tolyl group, 2,4-xylyl group, mesityl group, naphthyl group or anthranyl group.

[0036] In the formula 6, R26 and R27 may be the same or different, preferable examples of the "optionally substituted
alkyl group" for R26 or R27 include an alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as
methyl group, ethyl group, butyl group, octyl group and the like, a substituted alkyl group wherein the alkyl group is
substituted by an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl group and the like;
a hydroxyl group; an alkoxy group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methoxy group,
ethoxy group, butoxy group and the like; carbonyloxy group having 2 to 20 carbon atoms (preferably 2 to 8 carbon atoms)
such as acetoxy group, propionyloxy group, hexanoyloxy group, benzoyloxy group and the like.
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[0037] In addition, preferable examples of the "optionally substituted aryl group" for R26 or R27 include an aryl group
such as phenyl group, naphthyl group and the like, a substituted aryl group wherein the aryl group is substituted by an
alkyl group having 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms) such as methyl group, ethyl group, butyl group,
octyl group and the like; an aryl group such as phenyl group, tolyl group, xylyl group, mesityl group, naphthyl group and
the like; a hydroxyl group; an alkoxy group having 1 to 5 carbon atoms such as methoxy group, ethoxy group, butoxy
group and the like.

[0038] In the "optionally substituted alkyl group" and "optionally substituted aryl group” for R26 or R27, the number of
substituents is preferably 0 - 6, more preferably 0 - 3, which may be substituted at any substitutable position(s).
[0039] In the ruthenium carbene complex of the formula 3, R26 and R27 in the formula 6 are each preferably a hydrogen
atom; an alkyl group having 1 to 8 carbon atoms such as methyl group, ethyl group and the like.

[0040] Specific examples of the ruthenium carbene complex to be used in the present invention include ruthenium
carbene complexes wherein one nitrogen-containing carbene compound and one neutral electron donor other than
carbene compounds are bonded such as benzylidene(1,3-dimesitylimidazolidin-2-ylidene)(tricyclohexylphosphine)ru-
thenium dichloride, (1,3-dimesitylimidazolidin-2-ylidene)(3-methyl-2-buten-1-ylidene)(tricyclopentylphosphine)ruthe-
nium dichloride, benzylidene(1,3-dimesityloctahydrobenzimidazol-2-ylidene)(tricyclohexylphosphine)ruthenium dichlo-
ride, benzylidene[1,3-di(1-phenylethyl)-4-imidazolin-2-ylidene](tricyclohexylphosphine)ruthenium dichloride, benzyli-
dene(1,3-dimesityl-2,3-dihydrobenzimidazol-2-ylidene)(tricyclohexylphosphine)ruthenium dichloride, benzylidene(tricy-
clohexylphosphine)(1,3,4-triphenyl-2,3,4,5-tetrahydro-1H-1,2,4-triazol-5-ylidene)ruthenium dichloride, (1,3-diisopropyl-
hexahydropyrimidin-2-ylidene)(ethoxymethylene)(tricyclohexylphosphine)rutheniumdichloride, benzylidene(1,3-dimes-
itylimidazolidin-2-ylidene)pyridineruthenium dichloride and the like; ruthenium carbene complexes wherein two nitrogen-
containing carbene compounds are bonded such as benzylidenebis(1,3-dicyclohexylimidazolidin-2-ylidene)ruthenium
dichloride, benzylidenebis(1,3-diisopropyl-4-imidazolin-2-ylidene)ruthenium dichloride and the like; and ruthenium
carbene complexes having one nitrogen-containing carbene compound and a coordinating ether bond in the carbene
such as (1,3-dimesitylimidazolidin-2-ylidene)(2-isopropoxyphenylmethylene)ruthenium dichloride, (1,3-dimesitylimida-
zolidin-2-ylidene)(2-ethoxyphenylmethylene)ruthenium dichloride and the like.

[0041] Among these, (1,3-dimesitylimidazolidin-2-ylidene)(2-isopropoxyphenylmethylene)ruthenium dichloride, (1,3-
dimesitylimidazolidin-2-ylidene)(2-ethoxyphenylmethylene)ruthenium dichloride, and benzylidene(1,3-dimesitylimida-
zolidin-2-ylidene)(tricyclohexylphosphine)ruthenium dichloride are preferably used from the aspects of stability in a cat-
alyst solution, activity during ring-opening metathesis polymerization and the like.

[0042] The ruthenium carbene complex to be used in the present invention may be a commercially available product
or may be prepared as necessary according to a known method.

[0043] The amount of the ruthenium carbene complex to be used in the present invention is not particularly limited
and varies depending on the manner of reaction, structure of the object product and the like. From the aspects of the
production rate and production efficiency of the object product, it is generally within the range of 1/1,000,000-fold mol -
1/10-fold mol, preferably 1/500,000-fold mol - 1/100-fold mol, relative to the cyclic olefin.

[0044] The cyclic olefin to be used in the present invention includes a cyclic monoolefin of the following formula 1:
[0045]

(1)

[0046] wherein R, R2, R3, R4, R5, R6, R7, R8, R% and R0 are each a hydrogen atom, a halogen atom, an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl group,
an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein any plural
members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and m and n are each
an integer of 0 to 4, wherein the total number of m and n is not less than 3, and a cyclic diolefin of the following formula 2:
[0047]
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R18 R[7
RH R]ﬁ
| | (2)
RH Rls
P
RU RN

[0048] wherein R11, R12, R13 R4 R15 R16 R17 and R8 are each a hydrogen atom, a halogen atom, an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl group,
an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein any plural
members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and p and q are each
an integer of 0 to 4, wherein the total number of p and q is not less than 3.

[0049] Preferable examples of the "halogen atom" for R!, R2, R3, R4, RS, R6, R7, R8, R or R0 in the above-mentioned
formula 1, and for R11, R12, R13, R14, R15, R16, R17 or R'8 in the above-mentioned formula 2 include fluorine atom,
chlorine atom, bromine atom and the like. Preferable examples of the "optionally substituted alkyl group" include a linear
or branched alkyl group having 1 to 20 carbon atoms (preferably having 1 to 8 carbon atoms) such as methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group, sec-butyl group, tert-butyl group, pentyl group, hexyl group,
heptyl group, octyl group, nonyl group, decyl group, cetyl group, stearyl group and the like, a substituted alkyl group
wherein the linear or branched alkyl group is substituted by a halogen atom such as fluorine atom, chlorine atom, bromine
atom and the like; an alkoxy group such as methoxy group, ethoxy group, n-propoxy group, isopropoxy group, butoxy
group and the like; a nitro group; a carboxyl group; an alkoxycarbonyl group such as methoxycarbonyl group, ethoxy-
carbonyl group and the like; a carbonyloxy group such as acetyloxy group, propionyloxy group and the like.

[0050] Preferable examples of the "optionally substituted cycloalkyl group” for R1, R2, R3, R4, R5, R6, R7, R8, R® or
R10in the above-mentioned formula 1, and for R'1, R12, R13, R14, R15, R16, R17 or R18 in the above-mentioned formula
2 include cycloalkyl group such as cyclobutyl group, cyclopentyl group, cyclohexyl group, cyclooctyl group and the like,
a substituted cycloalkyl group wherein the cycloalkyl group is substituted by a halogen atom such as fluorine atom,
chlorine atom, bromine atom and the like; an alkoxy group such as methoxy group, ethoxy group, n-propoxy group,
isopropoxy group, butoxy group and the like; a nitro group; a carboxyl group; an alkoxycarbonyl group such as methox-
ycarbonyl group, ethoxycarbonyl group and the like; a carbonyloxy group such as acetyloxy group, propionyloxy group
and the like.

[0051] Preferable examples of the "optionally substituted aryl group” for R1, R2, R3 R4, R5, R, R7, R8 R9 or R10 in
the above-mentioned formula 1, and for R'1, R12, R13, R14, R15, R16, R17 or R'8 in the above-mentioned formula 2
include an aryl group such as phenyl group, naphthyl group and the like, a substituted aryl group wherein the aryl group
is substituted by a halogen atom such as fluorine atom, chlorine atom, bromine atom and the like; an alkoxy group such
as methoxy group, ethoxy group, n-propoxy group, isopropoxy group, butoxy group and the like; a nitro group; a carboxyl
group; an alkoxycarbonyl group such as methoxycarbonyl group, ethoxycarbonyl group and the like; an acyl group such
as acetyl group, propionyl group, benzoyl group and the like; a carbonyloxy group such as acetyloxy group, propionyloxy
group and the like.

[0052] In the "optionally substituted alkyl group", "optionally substituted cycloalkyl group" and "optionally substituted
aryl group” for R1, R2, R3, R4, R5, R6, R7, R8, R9 or R0 in the above-mentioned formula 1, and for R11, R12, R13, R14,
R15, R16, R17 or R18 in the above-mentioned formula 2, the number of substituents is preferably 0 - 6, more preferably
0 - 3, which may be substituted at any substitutable position(s).

[0053] Preferable examples of the "alkoxy group” for R, R2, R3, R4, R5, R6, R7, R8, R? or R0 in the above-mentioned
formula 1, and for R11, R12, R13 R14, R15, R16, R17 or R'8 in the above-mentioned formula 2 include methoxy group,
ethoxy group, n-propoxy group, isopropoxy group, butoxy group and the like; preferable examples of the "ester group"
include acetyloxy group, propionyloxy group, benzoyloxy group and the like; and preferable examples of the "carboxyl
group or a salt of a carboxyl group" include alkali metal salt such as sodium salt, potassium salt and the like.

[0054] R?' R2 R3 R4 R5 R6 R7 R8 R?andR'0in the above-mentioned formula 1 may be the same or different and
R11, R12, R13, R14, R15 R16, R17 and R'8 in the above-mentioned formula 2 may be the same or different. In R!, R2,
R3, R4, R5, R6, R7, R8, R% and R0 in the above-mentioned formula 1 and R'?, R12, R13, R14 R15, R16, R17 and R18 in
the above-mentioned formula 2, any plural members thereof optionally form a cyclic structure together with carbon atoms
bonded thereto. Examples thereof include a cyclic ether such as epoxy group and the like formed by two hydroxyl groups



10

15

20

25

30

35

40

45

50

55

EP 2 070 964 B9

condensed with each other.

[0055] When m and nin the above-mentioned formula 1 are each an integer of 2 - 4, R3 and R4, and R% and R19, each
in plurality, may be the same or different (preferably same), and the total number of m and n is preferably 4 - 8. When
p and q in the above-mentioned formula 2 are each an integer of 2 - 4, R13 and R4, and R'7 and R'8, each in plurality,
may be the same or different (preferably same), and the total number of p and q is preferably 4 - 8.

[0056] Specific examples of the cyclic monoolefin represented by the formula 1 (hereinafter to be also referred to as
"cyclic monoolefin (1)") include cycloolefins such as cycloheptene, cyclooctene, cyclododecene, 1,5-dimethyl-1-cy-
clooctene and the like; cycloolefins having a hydroxyl group such as 1,2-dihydroxy-5-cyclooctene, 1,4-dihydroxy-2-
cyclooctene, 1-hydroxy-4-cycloheptene and the like; cycloolefins having a halogen atom such as 1-chloro-5-cyclooctene
and the like; ether group-containing cycloolefins such as 1,2-dimethoxy-5-cyclooctene, 1,4-dimethoxy-2-cyclooctene,
1-methoxy-4-cycloheptene and the like; and ester group-containing cycloolefins such as 1,2-diacetoxy-5-cyclooctene,
1,4-diacetoxy-2-cyclooctene, 1-acetoxy-4-cycloheptene and the like.

[0057] Specific examples of the cyclic diolefin represented by the formula 2 (hereinafter to be also referred to as "cyclic
diolefin (2)") include cyclic nonconjugated olefins such as 1,5-cyclooctadiene, 1,5-dimethyl-1,5-cyclooctadiene and the
like.

[0058] In the present invention, cyclic monoolefin (1) and cyclic diolefin (2) each may be used alone or in a mixture of
two or more kinds thereof.

[0059] In the present invention, a ring-opening metathesis polymerization can be performed using cyclic monoolefin
(1) and/or cyclic diolefin (2) as a starting material. Unless otherwise specified in the present specification, the "cyclic
olefin" refers to either the "cyclic monoolefin (1)", "cyclic diolefin (2)" or "cyclic monoolefin (1) and cyclic diolefin (2)".
[0060] In the present invention, the ring-opening metathesis polymerization is preferably performed in the presence
of a solvent. While the solvent is not particularly limited, use of a secondary alcohol is preferable since the ring-opening
metathesis polymerization reaction proceeds sufficiently. While the secondary alcohol is not particularly limited, for
example, one or more kinds selected from isopropanol, 2-butanol, 3-methyl-2-butanol, 2-pentanol, cyclopentanol, 2-
hexanol, 3-hexanol, cyclohexanol, 2-octanol, 3-octanol, cyclooctanol and the like can be mentioned. Among these,
alcohols having 4 to 8 carbon atoms, such as 2-butanol, 3-methyl-2-butanol, 2-pentanol, cyclopentanol, 2-hexanol, 3-
hexanol, cyclohexanol, 2-octanol, 3-octanol, cyclooctanol and the like are preferably used in consideration of the industrial
availability, stability of the ruthenium carbene complex, solubility of the ring-opening metathesis polymer to be produced
and the hydrogenated polymer and the like.

[0061] In the present invention, a cosolvent may be used as necessary in combination with the above-mentioned
secondary alcohol during the ring-opening metathesis polymerization reaction. The type of the cosolvent is not particularly
limited as long as it does not inhibit the reaction and, for example, saturated hydrocarbons such as hexane, cyclohexane,
methylcyclohexane, heptane, octane, cyclooctane and the like; aromatic hydrocarbons such as toluene, xylene, mesit-
ylene and the like; chain ethers such as diethyl ether, isopropyl ether and the like; cyclic ethers such as tetrahydrofuran,
tetrahydropyran and the like; esters such as methyl acetate, ethyl acetate, butyl acetate, methyl butyrate, ethyl butyrate,
butyl butyrate and the like; halogenated hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride,
chlorobenzene and the like; sulfoxides such as dimethyl sulfoxide and the like; sulfolanes such as sulfolane and the like;
amides such as dimethylformamide, dimethylacetamide, diethylformamide, diethylacetamide, N-methylpyrrolidone and
the like can be mentioned. Among these, cyclic ethers are preferable in consideration of common use of a solvent up
to the hydrogenation and stabilization of the ruthenium carbene complex, and the like.

[0062] While the (total) amount of a secondary alcohol, or a secondary alcohol and a cosolvent, to be used for the
ring-opening metathesis polymerization reaction is not particularly limited, a secondary alcohol or a secondary alcohol
and a cosolvent is(are) preferably used such that the concentration of the ring-opening metathesis polymer is 0.1 - 50
wt%, more preferably 1 - 30 wt%, in consideration of the productivity and operability. When a secondary alcohol and a
cosolvent are to be used in combination, the rate of use of the cosolvent is preferably not more than 50 wt% and, in
consideration of the operability of the polymer and solubility of the hydrogenated polymer during hydrogenation, more
preferably not more than 40 wt%, of the total weight of the secondary alcohol and the cosolvent.

[0063] In the ring-opening metathesis polymerization reaction of the present invention, a chain transfer agent repre-
sented by the following formula 7:

[0064]

R”——/=——_-L R30 (1)

[0065] wherein R29 and R30 are the same or different and each is a hydrogen atom, an optionally substituted alkyl
group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, an optionally substituted alkoxy
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group, an optionally substituted aryloxy group, an optionally substituted ester group or a halogen atom, and the like may
be used. Using a chain transfer agent, the amount of the ruthenium carbene complex to be used can be reduced, and
a ring-opening metathesis polymer having a functional group introduced into the both terminals can be obtained easily.
[0066] Preferable examples of the "optionally substituted alkyl group” for R29 or R30 in the formula 7 include a linear
or branched alkyl group having 1 to 10 carbon atoms such as methyl group, ethyl group, n-propyl group, isopropyl group,
n-butyl group, sec-butyl group, tert-butyl group, pentyl group, hexyl group, heptyl group, octyl group, nonyl group, decyl
group and the like. Preferable examples of the "optionally substituted cycloalkyl group” for R2® or R30 in the formula 7
include a cycloalkyl group having 5 to 10 carbon atoms such as cyclopentyl group, cyclohexyl group, cyclooctyl group
and the like. Preferable examples of the "optionally substituted aryl group" for R2% or R30 in the formula 7 include an
aromatic hydrocarbon having 6 to 20 carbon atoms such as phenyl group, naphthyl group and the like. Preferable
examples of the "optionally substituted alkoxy group" for R29 or R30 in the formula 7 include methoxy group, ethoxy
group, Nn-propoxy group, isopropoxy group, butoxy group, methoxymethyloxy group and the like. Preferable examples
of the "optionally substituted aryloxy group" for R2® or R30 in the formula 7 include phenoxy group, naphthyloxy group
and the like. Preferable examples of the "optionally substituted ester group" for R2% or R30 in the formula 7 include
methoxycarbonyl group, ethoxycarbonyl group, n-propoxycarbonyl group, isopropoxycarbonyl group, butoxycarbonyl
group and the like.

[0067] When a chain transfer agent is used, the amount thereof to be used varies depending on the object molecular
weight of the polymer. However, it is generally 1/1,000,000-fold mol to 1/10-fold mol, and preferably 1/200,000-fold mol
to 1/50-fold mol in consideration of the economic aspect and reaction rate, relative to the cyclic olefin.

[0068] Specific examples of the chain transfer agent include cis-2-butene, cis-3-hexene, cis-4-octene, cis-2-butene-
1,4-diol, cis-2-butene-1,4-diacetate, cis-4-hexen-1-ol and the like.

[0069] The ring-opening metathesis polymerization reaction in the present invention is preferably performed in an inert
gas. The ring-opening metathesis polymerization reaction may be performed under inert gas pressurization depending
on the chain transfer agent and the solvent to be used.

[0070] While the reaction temperature of the ring-opening metathesis polymerization reaction in the present invention
is not particularly limited, too low a temperature prevents progress of the ring-opening metathesis polymerization reaction
and causes decomposition of a catalyst to markedly decrease catalyst efficiency. On the other hand, too high a temper-
ature causes remetathesis of polymer due to the catalyst, possibly increasing the molecular weight strikingly and also
increasing the possibility of the ruthenium carbene complex being decomposed due to hydrogen extraction from the
solvent to be used and the like. Therefore, the reaction is performed within the range of generally 20°C to 130°C, more
preferably 30°C to 110°C

[0071] Specific examples of the ring-opening metathesis polymerization reaction in the present invention include a
method based on a batch method including placing polymerization starting materials (cyclic olefin), a solvent and the
like earlier in a reactor, then adding a ruthenium carbene complex to allow reaction, a method including placing a
ruthenium carbene complex alone or in a mixture with polymerization starting materials (cyclic olefin), a solvent and the
like in a reaction system by a piston flow method, which is an embodiment in what is called a continuous system
(continuous reaction method) and the like.

[0072] In the process of producing the hydrogenated polymer of the present invention, the ring-opening metathesis
polymer obtained as mentioned above is hydrogenated in the presence of a ruthenium carbene complex. For hydrogen-
ation of a ring-opening metathesis polymer, a ring-opening metathesis polymerization reaction solution can be treated
as is under a hydrogen atmosphere without isolating the ring-opening metathesis polymer. In this case, the ruthenium
carbene complex used for the ring-opening metathesis polymerization reaction is considered to also function as a catalyst
for the hydrogenation reaction of the ring-opening metathesis polymer.

[0073] The solventto be used in the hydrogenation reaction of the ring-opening metathesis polymer is not particularly
limited. When the above-mentioned solvent (including cosolvent) is used for the ring-opening metathesis polymerization
reaction, the hydrogenation reaction can be directly performed in the presence of the solvent. When desired, the same
or different solvent may be further added to the above-mentioned solvent used for the ring-opening metathesis polym-
erization reaction. Examples of the different solvent include the solvents exemplified above for the ring-opening metath-
esis polymerization reaction except the solvent actually used for the reaction. As the solvent to be used for the hydro-
genation reaction, the same solvent as the one used for the ring-opening metathesis polymerization reaction is preferably
used at least, and the ring-opening metathesis polymerization and hydrogenation of a ring-opening metathesis polymer
are particularly preferably performed in the presence of a secondary alcohol.

[0074] In the present invention, when the reaction mixture obtained by the above-mentioned ring-opening metathesis
polymerization reaction is subjected to a hydrogenation reaction directly or after addition of a solvent when desired,
since the ruthenium carbene complex used in the ring-opening metathesis polymerization reaction also functions as a
catalyst for a hydrogenation reaction as mentioned above, addition of a new catalyst is not particularly necessary. As
long as the effect of the invention is not impaired, however, the same or different ruthenium carbene complex as those
used in the ring-opening metathesis polymerization reaction may be added.
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[0075] Prior to the hydrogenation reaction of a ring-opening metathesis polymer, moreover, a basic substance can be
added to the reaction mixture obtained by the ring-opening metathesis polymerization reaction. Addition of such a basic
substance is preferable since a ruthenium carbene complex easily forms a hydride complex, which is a hydrogenated
active form, in an alcohol solvent and enhances the stability of the ruthenium carbene complex. In the present invention,
the hydrogenation reaction can be performed in the presence of a ruthenium carbene complex used for the ring-opening
metathesis polymerization reaction. The valence, ligand and the like of a part or the entirety of the ruthenium carbene
complex may change due to the addition of the basic substance.

[0076] The basic substance usable in the present invention is not particularly limited. From the aspects of stability of
a ruthenium carbene complex under hydrogenated conditions and improvement of hydrogenation efficiency, however,
tertiary amine or tertiary phosphine is preferable. Examples of the tertiary amine include trimethylamine, triethylamine,
tributylamine, trioctylamine, N-methylpyrrolidine, N-methylpiperidine, N-methylmorpholine, N,N-dimethylaniline, N,N-
dimethylaminopyridine and the like, and examples of the tertiary phosphine include trimethylphosphine, triethylphosphine,
tributylphosphine, trioctylphosphine, triphenylphosphine and the like. Any one alone or a mixture of plural kinds of these
may be used. Particularly, in consideration of the stability and the like, use of at least triphenylphosphine is preferable.
[0077] While the amount of the basic substance to be used in the present invention is not particularly limited, it is
generally 0.1- to 10000-fold mol, and preferably 0.5- to 5000-fold mol in consideration of the economic efficiency and
operability, relative to the ruthenium carbene complex to be used. When such basic substance is added, it may be added
to a reaction mixture before hydrogenation or may be diluted with a solvent or cosolvent to be used for the hydrogenation
and then added.

[0078] The hydrogenation reaction inthe presentinvention may be performed by a batch method or continuous reaction
method. Since the reaction efficiency (particularly, volume efficiency) is higher, the continuous reaction method is pref-
erable. Examples of the continuous reaction method include a method using a single complete mixing tank, a method
using a plurality of complete mixing tanks, a method including connecting different kinds of reaction apparatuses, for
example, connecting a complete mixing tank with a plug flow reactor (a complete mixing tank - a plug flow reactor) and
the like. Specific examples of the above-mentioned method using a single complete mixing tank include a method
comprising continuously supplying a polymerization reaction mixture of a ring-opening metathesis polymer to a complete
mixing tank such that a desired average detention period is achieved, and thereafter extracting the resultant product
from the reaction system by a method such as overflow and the like.

[0079] Specific examples of the above-mentioned method including connecting a plurality of complete mixing tanks
include a method comprising continuously supplying a polymerization reaction mixture of the ring-opening metathesis
polymer to a complete mixing tank, extracting the reaction mixture by a method such as overflow and the like, supplying
the reaction mixture into another stirring tank and the like to further progress the reaction and the like. Specific examples
ofthe above-mentioned method including connecting different kinds of reaction apparatuses include a method comprising
continuously supplying the polymerization reaction mixture of the ring-opening metathesis polymer to a complete mixing
tank to progress the reaction to achieve a desired conversion ratio, and supplying the reaction mixture to a reaction
apparatus for a flow method such as a plug flow reactor and the like to further progress the reaction and the like. Among
the above-mentioned methods, a method including connecting different kinds of reaction apparatuses, such as acomplete
mixing tank- a plug flow reactor and the like, is preferably employed, since a higher reaction efficiency can be achieved.
While a stirring tank can be used as the above-mentioned complete mixing tank, the hydrogenation efficiency can be
enhanced by the use of reaction facility such as a loop reactor and the like.

[0080] While the hydrogen pressure during the hydrogenation reaction is not particularly limited, it is generally 0.1
MPa - 20 MPa in consideration of the reaction rate and reaction selectivity, and preferably 1 MPa - 15 MPa in consideration
of the special reactor, reaction efficiency by dissolved hydrogen. In the present specification, the pressure means an
absolute pressure.

[0081] While the reaction temperature of the hydrogenation reaction of the present invention is not particularly limited,
itis generally 30°C to 250°C in consideration of the solubility of hydrogenated polymer and the hydrogenation efficiency,
and preferably 50°C to 200°C in consideration of the reaction operability.

[0082] Itis needless to say that the time required for hydrogenation in the present invention (average detention period
in the case of a continuous reaction method) largely depends on the reaction substrate to be used and the reaction
conditions to be employed. However, the average detention period is generally 1 - 20 hr, preferably 2 - 15 hr in consid-
eration of the reaction efficiency.

[0083] While the hydrogenation ratio of the hydrogenated polymer in the process of producing the hydrogenated
polymer in the present invention can be controlled variously according to the use of the hydrogenated polymer, it is
preferably 50 - 100 mol%, more preferably 70 - 100 mol%, still more preferably 90 - 100 mol%, since a hydrogenated
polymer superior in the weatherability, heat resistance and the like can be obtained easily. The hydrogenation ratio in
the present specification is a ratio of the number of moles of the hydrogen molecule used for the hydrogenation to the
number of moles of the total double bonds possessed by the ring-opening metathesis polymer. The hydrogenation ratio
can be determined by measuring the hydrogenated polymer by TH-NMR.
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[0084] The obtained hydrogenated polymer is precipitated by bringing the polymer in contact with a poor solvent of
the hydrogenated polymer in the presence of dissolved hydrogen. Here, the "poor solvent of the hydrogenated polymer"
refers to a solvent in which the solubility of a hydrogenated polymer at 20°C is not more than 1 g/solvent (100 g). The
hydrogenated polymer precipitated by contact with a poor solvent can be separated by filtration, decantation and the
like from the solvent and starting materials used in the ring-opening metathesis polymerization reaction and hydrogenation
reaction. The separated hydrogenated polymer is preferably further subjected to drying and the like under normal pressure
or under reduced pressure to remove residual solvent and starting materials.

[0085] The above-mentioned poor solvent is appropriately selected according to the kind of the object hydrogenated
polymer and specific examples thereof include alcohol having 1 to 6 carbon atoms (preferably 1 to 4 carbon atoms) such
as methanol, ethanol, n-propanol, isopropanol, butanol, 2-butanol, tert-butanol, 1-pentanol, 2-pentanol, isoamyl alcohol,
tert-amyl alcohol and the like, ketone having 3 to 6 carbon atoms (preferably 3 to 5 carbon atoms) such as acetone,
methyl ethyl ketone, diethyl ketone, methyl n-propyl ketone, methyl isopropyl ketone, methyl butyl ketone, methylisobutyl
ketone, pinacolone and the like. Among these solvents, methanol is particularly preferable in view of operability, easy
availability, small solubility of hydrogenated polymer and the like.

[0086] Inthe presentinvention, a hydrogenated polymer is brought into contact with a poor solvent of the hydrogenated
polymer essentially in the presence of dissolved hydrogen. As a result, the ruthenium carbene complex in the reaction
mixture can maintain solubility in the solvent, which in turn is considered to enable suppression of contamination of the
hydrogenated polymer with ruthenium due to the precipitation of the ruthenium carbene complex. Hydrogen is preferably
dissolved in atleast one of the reaction mixture after hydrogenation reaction (the reaction mixture containing hydrogenated
polymer) and a poor solvent of the hydrogenated polymer.

[0087] Inthe presentinvention, a hydrogenated polymer is brought into contact with a poor solvent of the hydrogenated
polymer in the presence of dissolved hydrogen by, for example, mixing the reaction mixture after hydrogenation reaction
(the reaction mixture containing hydrogenated polymer) with a poor solvent of a hydrogenated polymer under a hydrogen
atmosphere. While the hydrogen partial pressure at that time is not particularly limited; the atmospheric hydrogen partial
pressure is, for example, preferably 0.001 - 10 MPa, more preferably 0.01 - 1 MPa. Using such atmospheric hydrogen
partial pressure, hydrogen can be sufficiently dissolved in the reaction mixture after hydrogenation reaction (the reaction
mixture containing hydrogenated polymer) or a poor solvent of the hydrogenated polymer.

[0088] In the present invention, the temperature during contact of a hydrogenated polymer with a poor solvent of the
hydrogenated polymer in the presence of dissolved hydrogen is not particularly limited. In consideration of the solubility
of hydrogen and operability, it is preferably within the range of 0°C to 60°C, more preferably within the range of 10°C to
40°C.

[0089] While the amount of the poor solvent of the hydrogenated polymer to be used in the present invention is not
particularly limited, it is preferably 0.1- to 1000-fold weight in consideration of the dispersibility of the precipitated hydro-
genated polymer and operability, and more preferably 1- to 100-fold weight in consideration of operability and economic
efficiency relative to the hydrogenated polymer.

[0090] According to the process of the present invention, a hydrogenated polymer with an extremely small residual
ruthenium content derived from a ruthenium carbene complex can be obtained with good efficiency by a comparatively
simple step. The hydrogenated polymer produced by the process of the present invention has a ruthenium content of
preferably not more than 5 ppm, more preferably not more than 1 ppm, still more preferably not more than 0.5 ppm, and
particularly preferably not more than 0.3 ppm. While the number average molecular weight of the hydrogenated polymer
obtained by the process of the present invention can be appropriately adjusted according to use and the like, it is
preferably 1,000 - 500,000, more preferably 2,000 - 300,000.

[0091] The hydrogenated polymer obtained by the present invention can be directly formed into various molded prod-
ucts such as film, sheet, tube, fiber and the like, or formed after adding conventionally known pigment, filler, clay, flaky
clay, stabilizer, press aid, plasticizer, flame-retardant, anti-fog agent, dye and the like. As the molding method, various
molding methods such as injection molding, blow molding, extrusion, compression molding, drawing, vacuum molding
and the like can be employed. Moreover, the hydrogenated polymer can be used as the form of a laminate structure or
composite product of the hydrogenated polymer of the present invention and other materials. The thus-obtained molded
product can be preferably used for an industrial supply, industrial material, household goods and the like.

Examples
[0092] The presentinventionis explained in detail in the following by referring to Examples and Comparative Examples,

which are not to be construed as limitative. In the following Examples, the number average molecular weight and residual
ruthenium content of the hydrogenated polymer were analyzed as follows
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[Number average molecular weight of hydrogenated polymer]

[0093] Using gel permeation chromatography (150C.ALC/GPC) apparatus manufactured by Waters Corporation (col-
umn: HFIP806M manufactured by Shodex), the measurement was performed at 40°C. As a measurement solvent, 20
mM sodium trifluoroacetate-hexafluoroisopropanol solution was used. As the standard substance, polymethyl methacr-
ylate was used.

[Residual ruthenium content of hydrogenated polymer]

[0094] Using ICP (inductively-coupled plasma) emission spectrophotometer (IRISAP) manufactured by Jarrell-Ash
Corporation, the measurement was performed. As a standard sample, Ruthenium.ICP/DCP (DC plasma) standard
solution manufactured by Aldrich Corporation was used.

<Example 1>

[0095] A 500 mL glass three-necked flask equipped with a stirrer and a thermometer was substituted with dry nitrogen,
and a solution containing 5-cyclooctene-1,2-diol (45 g, 0.32 mol), cis-4-octene (197 mg, 1.76 mmol), cyclohexanol (157
g) and THF (58 g) (solution-1) was placed therein.

[0096] Benzylidene(1,3-dimesitylimidazolidin-2-ylidene)(tricyclohexylphosphine)ruthenium dichloride (11.9 mg, 14.0
pmol) was dissolved in THF (10 g), added to the above-mentioned mixed solution, immediately, and ring-opening
metathesis polymerization (ROMP) was performed at 55°C. 1 hr later, disappearance of 5-cyclooctene-1,2-diol was
confirmed by the analysis of gas chromatography (GC-14B manufactured by SHIMADZU Corporation; column: G-100
manufactured by Chemicals Inspection & Testing Institute, Japan). Then, cyclohexanol (30 mL) was added to the reaction
mixture to give a solution (solution-2).

[0097] The above-mentioned solution-2 was continuously added at a rate of 5 mL/hr into a 100 mL autoclave adjusted
to 8 MPa hydrogen pressure. The hydrogenated reaction mixture was extracted from the 100 mL autoclave at a rate of
5 mL/hr to maintain the liquid level, and the extracted hydrogenated reaction mixture was fed into a 100 mL plug flow
reactor to maintain 8 MPa hydrogen pressure, whereby a hydrogenation reaction was performed by a continuous reaction
method. The reaction temperature of the hydrogenation reaction was 140°C for both the autoclave and plug flow reactor.
The total amount of solution-2 was fed into the 100 mL autoclave, and cyclohexanol (150 mL) was fed at the same rate
(5 mL/hr) to ensure substitution of the whole liquid. The reaction mixture obtained from the plug flow reactor was con-
tinuously poured into methanol (300 mL) at 20°C under a nitrogen and hydrogen atmosphere (hydrogen partial pressure:
0.01 MPa) to allow precipitation of the hydrogenated polymer. The solvent was removed under nitrogen pressurization
to give a polymer (44 g) having a number average molecular weight of 58,000. The hydrogenation ratio of the obtained
hydrogenated polymer was 98.5 mol% by 'H-NMR analysis. In addition, the ruthenium residual amount was not more
than 1 ppm by ICP emission method.

<Example 2>

[0098] By an operation similar to that in Example 1 except addition of triethylamine (1.0 g, 9.9 mmol) after completion
of the polymerization, a polymer (44 g) having a number average molecular weight of 58,000 was obtained. The hydro-
genation ratio of the obtained hydrogenated polymer was 99.2 mol% by 'H-NMR analysis. In addition, the ruthenium
residual amount was not more than 1 ppm by ICP emission method.

<Example 3>

[0099] By an operation similar to that in Example 1 except addition of triphenylphosphine (1.0 g, 3.8 mmol) after
completion of the polymerization and feeding rate of 7 ml/hr, a polymer (44 g) having a number average molecular weight
of 58,000 was obtained. The hydrogenation ratio of the obtained hydrogenated polymer was 98.3 mol% by 'H-NMR
analysis. In addition, the ruthenium residual amount was not more than 1 ppm by ICP emission method.

<Example 4>
[0100] By an operation similar to that in Example 1 except use of acetone (300 mL) instead of methanol (300 mL), a
polymer (43 g) having a number average molecular weight of 58,000 was obtained. The hydrogenation ratio of the

obtained hydrogenated polymer was 98.1 mol% by 'H-NMR analysis. In addition, the ruthenium residual amount was
not more than 1 ppm by ICP emission method.
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<Reference Example 5>

[0101] By an operation similar to that in Example 1 except the reaction mixture obtained from the plug flow reactor
was cooled to 20°C under a nitrogen atmosphere and directly poured into methanol without the nitrogen and hydrogen
atmosphere (hydrogen partial pressure: 0.01 MPa), a polymer (44 g) having a number average molecular weight of
58,000 was obtained. The hydrogenation ratio of the obtained hydrogenated polymer was 98.5 mol% by TH-NMR analysis.
In addition, the ruthenium residual amount was 5 ppm by ICP emission method.

<Comparative Example 1>

[0102] By a reaction similar to that in Example 1 except nitrogen was passed through the reaction mixture obtained
from the plug flow reactor, hydrogen was removed, the mixture was cooled to 20°C, and poured into methanol, a polymer
(44 g) having a number average molecular weight of 58,000 was obtained. The hydrogenation ratio of the obtained
hydrogenated polymer was 98.4 mol% by 'H-NMR analysis. In addition, the ruthenium residual amount was 8 ppm by
ICP emission method.

<Comparative Example 2>

[0103] By a reaction similar to that in Example 1 except nitrogen was passed through the reaction mixture obtained
from the plug flow reactor, hydrogen was removed, nitrogen substitution and air substitution were successively performed,
the mixture was cooled to 20°C under atmosphere, and poured into methanol, a polymer (44 g) having a number average
molecular weight of 58,000 was obtained. The hydrogenation ratio of the obtained hydrogenated polymer was 98.4 mol%
by TH-NMR analysis. In addition, the ruthenium residual amount was 11 ppm by ICP emission method.

Industrial Applicability

[0104] According to the present invention, a hydrogenated polymer with a small residual ruthenium content can be
obtained easily and economically. Such a hydrogenated polymer can be preferably used for an industrial supply, industrial
material, household goods and the like as various formed products such as film, sheet, tube, fiber and the like, or as the
form of a laminate structure or composite product with other materials.

[0105] This application is based on application No. 2006-257863 filed in Japan.

Claims

1. Aprocess of producing a hydrogenated polymer, which comprises, in the presence of a ruthenium carbene complex,
subjecting at least one kind of a cyclic olefin selected from a cyclic monoolefin represented by the following formula 1

RS

.
, xe)

Rm Ro
)
R
R? ; 5
m R
Rj' R4
wherein R1, R2, R3, R4, R5, R6, R7, R8, R? and R10 are each a hydrogen atom, a halogen atom, an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl
group, an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein
any plural members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and m

and n are each an integer of 0 to 4, wherein the total number of m and n is not less than 3,
and a cyclic diolefin represented by the following formula 2

Rl
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R® R
RY RS
(2)
R R
P
M R

wherein R11, R12, R13, R4, R15 R16, R17 and R'8 are each a hydrogen atom, a halogen atom, an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted aryl group, a hydroxyl
group, an alkoxy group, a carbonyl group, an ester group, a carboxyl group or a salt of a carboxyl group, wherein
any plural members thereof optionally form a cyclic structure together with carbon atoms bonded thereto, and p and
q are each an integer of 0 to 4, wherein the total number of p and q is not less than 3,

to a ring-opening metathesis polymerization, hydrogenating the resulting ring-opening metathesis polymer to give
a hydrogenated polymer, and bringing the hydrogenated polymer in contact with a poor solvent of the hydrogenated
polymer to allow precipitation, wherein the hydrogenated polymer is brought into contact with the poor solvent in
the presence of dissolved hydrogen by mixing the reaction mixture containing the hydrogenated polymer after the
hydrogenation reaction with the poor solvent under a hydrogen atmosphere.

The process of claim 1, wherein the ruthenium carbene complex has a structure represented by the following formula 3

L 19
Cl | R

cr R|u=<H | 3)

P
RZ2” l “R20
R2!

wherein R19 is selected from the group consisting of a hydrogen atom, an optionally substituted alkyl group, an
optionally substituted alkenyl group, an optionally substituted cycloalkyl group and an optionally substituted aryl
group, R20, R2! and R22 are each selected from the group consisting of a hydrogen atom, an optionally substituted
alkyl group, an optionally substituted cycloalkyl group and an optionally substituted aryl group, and L is selected
from neutral electron donors.

The process of claim 1 or 2, wherein the ring-opening metathesis polymerization and the hydrogenation of the ring-
opening metathesis polymer are performed in the presence of a secondary alcohol.

The process of any of claims 1 to 3, which further comprises adding a basic substance to a reaction mixture containing
the ring-opening metathesis polymer prior to the hydrogenation of the ring-opening metathesis polymer.

The process of any of claims 1 to 4, wherein the ring-opening metathesis polymer is hydrogenated by a continuous
reaction method.

The process of claim 5, wherein the hydrogenation of the ring-opening metathesis polymer by the continuous reaction
method is performed in a complete mixing tank - a plug flow reactor.
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7. The process of any of claims 1 to 6, wherein the poor solvent of the hydrogenated polymer is an alcohol having 1
to 6 carbon atoms.

8. The process of any of claims 1 to 6, wherein the poor solvent of the hydrogenated polymer is a ketone having 3 to
6 carbon atoms.

9. The process of any of claims 1 to 8, wherein the atmospheric hydrogen partial pressure of the hydrogen atmosphere
is 0.001 - 10 MPa.

Patentanspriiche

1. Verfahren zur Herstellung eines hydrierten Polymers, welches in der Gegenwart eines Rutheniumcarbenkomplexes

das Aussetzen mindestens einer Art eines zyklischen Olefins, ausgewahlt aus einem zyklischen Monoolefin, dar-
gestellt durch die folgende Formel 1

R] 1] R9 _
. RS
B! i , .
pe) f R'7
- . ye
RI/W .
m
S S .

\o

R

wobei R, R2, R3, R4, R5, R6, R7, R8, R%und R0 jeweils ein Wasserstoffatom, ein Halogenatom, eine gegebenenfalls
substituierte Alkylgruppe, eine gegebenenfalls substituierte Cycloalkylgruppe, eine gegebenenfalls substituierte
Arylgruppe, eine Hydroxylgruppe, eine Alkoxygruppe, eine Carbonylgruppe, eine Estergruppe, eine Carboxylgruppe
oder ein Salz einer Carboxylgruppe sind, wobei mehrere beliebige Mitglieder davon gegebenenfalls zusammen mit
Kohlenstoffatomen, die daran gebunden sind, eine zyklische Struktur bilden, und m und n jeweils eine ganze Zahl
von 0 bis 4 sind, wobei die Gesamtzahl von m und n nicht weniger als 3 betragt,

und eines zyklischen Diolefins, dargestellt durch die folgende Formel 2

RIB Rl7
Rl l\)@\/ RIG R
R12 : RIS .
p

RlS RM _
wobei R11, R12 R13 R14 R15 R16 R17 und R'8 jeweils ein Wasserstoffatom, ein Halogenatom, eine gegebe-
nenfalls substituierte Alkylgruppe, eine gegebenenfalls substituierte Cycloalkylgruppe, eine gegebenenfalls substi-
tuierte Arylgruppe, eine Hydroxylgruppe, eine Alkoxygruppe, eine Carbonylgruppe, eine Estergruppe, eine Car-
boxylgruppe oder ein Salz einer Carboxylgruppe sind, wobei mehrere beliebige Mitglieder davon gegebenenfalls

zusammen mit Kohlenstoffatomen, die daran gebunden sind, eine zyklische Struktur bilden, und p und q jeweils
eine ganze Zahl von 0 bis 4 sind, wobei die Gesamtzahl von p und g nicht weniger als 3 betragt,
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einer Ringéffnungsmetathesepolymerisation, das Hydrieren des resultierenden Ringéffnungsmetathese-Polymers,
um ein hydriertes Polymer zu erzeugen, und das Inkontaktbringen des hydrierten Polymers mit einem fir das
hydrierte Polymer schlechten Lésungsmittel, um eine Fallung zu erlauben, umfasst, wobei das hydrierte Polymer
mit dem schlechten Losungsmittel in der Gegenwart von geléstem Wasserstoff durch Mischen des Reaktionsge-
misches, enthaltend das hydrierte Polymer nach der Hydrierungsreaktion, mit dem schlechten L6sungsmittel unter
einer Wasserstoffatmosphéare, in Kontakt gebracht wird.

Verfahren nach Anspruch 1, wobei der Rutheniumcarbenkomplex eine durch die folgende Formel 3 dargestellte
Struktur aufweist

p H (3)
L.

wobei R19 aus der Gruppe ausgewéhlt ist, bestehend aus einem Wasserstoffatom, einer gegebenenfalls substitu-
ierten Alkylgruppe, einer gegebenenfalls substituierten Alkenylgruppe, einer gegebenenfalls substituierten Cyclo-
alkylgruppe und einer gegebenenfalls substituierten Arylgruppe, R29, R21 und R22 jeweils aus der Gruppe ausgewahlt
sind, bestehend aus einem Wasserstoffatom, einer gegebenenfalls substituierten Alkylgruppe, einer gegebenenfalls
substituierten Cycloalkylgruppe und einer gegebenenfalls substituierten Arylgruppe, und L aus neutralen Elektro-
nendonoren ausgewahlt ist.

Verfahren nach Anspruch 1 oder 2, wobei die Ringéffnungsmetathesepolymerisation und die Hydrierung des Rin-
goffnungsmetathese-Polymers in der Gegenwart eines sekundaren Alkohols durchgefiihrt werden.

Verfahren nach einem der Anspriiche 1 bis 3, welches weiter das Hinzufiigen einer basischen Substanz zu einem
das Ringoéffnungsmetathese-Polymer enthaltenden Reaktionsgemisch vor der Hydrierung des Ringéffnungsmeta-
these-Polymers umfasst.

Verfahren nach einem der Anspriiche 1 bis 4, wobei das Ringéffnungsmetathese-Polymer durch ein kontinuierliches
Reaktionsverfahren hydriert wird.

Verfahren nach Anspruch 5, wobei die Hydrierung des Ringéffnungsmetathese-Polymers durch das kontinuierliche
Reaktionsverfahren in einem VolldurchmischungsgefaR - einem Plug-Flow-Reaktor, durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 6, wobei das schlechte Lésungsmittel des hydrierten Polymers ein
Alkohol mit 1 bis 6 Kohlenstoffatomen ist.

Verfahren nach einem der Anspriiche 1 bis 6, wobei das schlechte Losungsmittel des hydrierten Polymers ein Keton
mit 3 bis 6 Kohlenstoffatomen ist.

Verfahren nach einem der Anspriiche 1 bis 8, wobei der atmosphéarische Wasserstoffpartialdruck der Wasserstoffat-
mosphare 0,001 - 10 MPa betragt.

Revendications

Procédé de production d’un polymére hydrogéné, comprenant, en présence d’'un complexe de carbene de ruthénium,
la soumission d’au moins un type d’oléfine cyclique choisie parmi une monooléfine cyclique représentée par la
formule 1 suivante
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(1)

dans laquelle R, R2, R3, R4, RS, R6, R7, R8, R9 et R10 sont chacun un atome d’hydrogéne, un atome d’halogéne,
un groupe alkyle facultativement substitué, un groupe cycloalkyle facultativement substitué, un groupe aryle facul-
tativement substitué, un groupe hydroxyle, un groupe alcoxy, un groupe carbonyle, un groupe ester, un groupe
carboxyle ou un sel de groupe carboxyle, dans laquelle une pluralité de I'un quelconque de ses éléments forme
facultativement une structure cyclique avec des atomes de carbone auxquels ils sont liés, et m et n sont chacun
des nombres entiers de 0 a 4, dans laquelle le nombre total de m et n n’est pas inférieur a 3,

et une dioléfine cyclique représentée par la formule 2 suivante

Rt rY7
R R
(2)
2 rY
p
Y R

dans laquelle R11, R12, R13, R14, R15, R16, R17 et R18 sont chacun un atome d’hydrogéne, un atome d’halogéne,
un groupe alkyle facultativement substitué, un groupe cycloalkyle facultativement substitué, un groupe aryle facul-
tativement substitué, un groupe hydroxyle, un groupe alcoxy, un groupe carbonyle, un groupe ester, un groupe
carboxyle ou un sel de groupe carboxyle, dans laquelle une pluralité de I'un quelconque de ses éléments forme
facultativement une structure cyclique avec des atomes de carbone auxquels ils sont liés, et p et q sont chacun des
nombres entiers de 0 a 4, dans laquelle le nombre total de p et q n’est pas inférieur a 3,

aune polymérisation par ouverture de cycle par métathese, la soumission a une hydrogénation du polymere résultant
obtenu par ouverture de cycle par métathese pour donner un polymeére hydrogéné, et la mise en contact du polymeére
hydrogéné avec un solvant médiocre du polymére hydrogéné pour permettre une précipitation, dans laquelle le
polymeére hydrogéné est mis en contact avec le solvant médiocre en présence d’hydrogéene dissous par le mélange
dumélange réactionnel contenantle polymére hydrogéné aprés la réaction d’hydrogénation avec le solvant médiocre
sous une atmospheére d’hydrogéne.

Procédé selon la revendication 1, dans lequel le complexe de carbéne de ruthénium posséde une structure repré-
sentée par la formule 3 suivante

c1I|' R"
cl:Rln 4
p H (3)
RZD
RZI

RZZ/
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dans laquelle R19 est choisi dans le groupe constitué d’'un atome d’hydrogéne, d’un groupe alkyle facultativement
substitué, d’'un groupe alcényle facultativement substitué, d’'un groupe cycloalkyle facultativement substitué et d’un
groupe aryle facultativement substitué, R20, R21 et R22 sont chacun choisis dans le groupe constitué d’un atome
d’hydrogéne, d’un groupe alkyle facultativement substitué, d’'un groupe cycloalkyle facultativement substitué et d’un
groupe aryle facultativement substitué, et L est choisi parmi des donneurs neutres d’électrons.

Procédé selon la revendication 1 ou 2, dans lequel la polymérisation par ouverture de cycle par métathése et
I'hydrogénation du polymeére obtenu par ouverture de cycle par métathése sont réalisées en présence d’'un alcool
secondaire.

Procédé selon I'une quelconque des revendications 1 a 3, comprenant en outre I'ajout d’'une substance basique a
un mélange réactionnel contenant le polymére obtenu par ouverture de cycle par métathése avant I'hydrogénation
du polymére obtenu par ouverture de cycle par métathése.

Procédé selon 'une quelconque des revendications 1 a 4, dans lequel le polymére obtenu par ouverture de cycle
par métathése est hydrogéné selon une méthode de réaction continue.

Procédé selon la revendication 5, dans lequel I'hydrogénation du polymére obtenu par ouverture de cycle par
métathése selon la méthode de réaction continue est réalisée dans une cuve a mélange homogéne - un réacteur

en écoulement piston.

Procédé selon 'une quelconque des revendications 1 a 6, dans lequel le solvant médiocre du polymeére hydrogéné
est un alcool contenant 1 a 6 atomes de carbone.

Procédé selon 'une quelconque des revendications 1 a 6, dans lequel le solvant médiocre du polymeére hydrogéné
est une cétone contenant 3 a 6 atomes de carbone.

Procédé selon I'une quelconque des revendications 1 a 8, dans lequel la pression atmosphérique partielle en
hydrogéne de I'atmosphére d’hydrogéne est de 0,001 MPa a 10 MPa.
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