SF-2255 DESCRIPTION ORGANOMETALLIC COMPOUND AND PRODUCTION METHOD
THEREOF Technical Field 5(0001] The present invention relates to an organometallic compound
and a production method thereof, particularly to an organometallic compound containing magnesium,
zinc, aluminum or gallium which is useful as a chain transfer agent and an 10 organic synthesis
reagent in the polymerization reaction of a double-bond containing compound. Background Art 10002)
150rganometallic comgounds are compounds having a carbon-metal bond (the compounds can
include hydride com%%u%%s having a hydrogen-metal bond). In general, the carbon-metal bond has
high reactivity, and the reactivity is various depending on types of organic groups and metals. Thus,
the 20 organometallic compounds have become reaction reagents indispensable to current chemical
industry, such as for the DESCRIPTION

ORGANOMETALLIC COMPOUND AND PRODUCTION METHOD THEREOF

Technical Field
5 {00011
The present inventicn relates to an organometallic
compound and a production metheod thereof, particularly to an
organometallic compound containing magnesium, zinc, aluminum
or gallium which is useful as a chain transfer agent and an
10  organic synthesis reagent in the polymerization reaction of

a double-bond containing compound.

Background Art
(00027
13 Crganometallic compounds are compounds Dhaving a
carbon-metal bond {the compounds can include hydride conpounds
naving a hvdrogen-metal bond). In general, the carbon-metal
bond has high reactivity, and the reactivity is variocus
depending on types of organic groups and metals. Thus, the
20 organcmetailic compounds have become reaction reagents
indispensable to current chemical industry, such as for the
use in warious organic synthesis reactions. A binuclear
organometallic compound having plural carbon-metal bonds in

cnemelecule 1s expected to have properties such as more varlious



use in various organic synthesis reactions. A binuclear organometallic compound having plural
carbon-metal bonds in onemoleculeis expected to have properties suchasmore various SF-2255 2
reactivity. Although several cases have been reported about a binuclear organometallic compound
having no functional group (Non-Patent Documents 1, 2, and 3)e a synthesis method thereof can be
hardly said to be an industrial synthesis method. 5 Furthermore, no cases have been reported about a
binuclear organometqjllgpcg)mpound having a functional group. [0003] On the other hand, it has
been well known that in the production of polymers such as polyethylene and polypropylene 10 using a
transition metalpolymerizationcatalyst, organometallic compounds such as diethylzinc,
trimethylaluminum, triethylaluminum and trioctylaluminum function as a molecular weight regulating
agent. Gibson et al. reportsithvat thie usgofeliatikylzimreeGmpobrrdsirretefin polymerization using a

certain kind of a tran;giggc@;ggagr%g%@ﬁqg PJQ&’AQ&%Q&WJ;%%@%Q&EQ%P&% terminal of which is

capped with a metal wherein the molecular weight distribution is Poisson-like distribution (Patent
Document 1). Here, PeisSeredistripintonsis répreseited Byrkres20 paieréinkisstthe mole fraction of a

polymer obtained after, paumber.of.olefing are polymetized,,and. x,isthe Baisson coefficient. Because
the molecular weight distribution is Poisson-like distribution, the chain transfer from the catalyst to the

metal is considered 6 5&v@vetsibie, dntca" SE-2285 CRaiTF transfer ag&ntwith*Such nature is referred

to as a reversible chaig. transter ggegpp\g\{nenl;bgpgegq%g the chaip transfer to the organometallic
compound is reversible and as fast as chain growth reaction, no unreacted organometallic compound

remains and a polymétroie terminal of which is capped with a metal can be efficiently obtained. [0004]

The reaction of the chain tsansferta the,erganemetallic campound.in-qlefin pelynerization utilizes a
metal exchange
production of polymers such as pelyethylene and polypropylene

10 using a2 transition metal polymerization catalyst,
organometallic compounds auch as diethylzing,
trimethylaluminum, ¢riethylaluminum and tricctylaluminum
function as a molecular weight regulating agent. Gilbson et
al, reports that the use of dialkvlzine compounds in clefin

15  polymerization using a certain kind of a transition metal
complex can provide an ethylene oligomer one terminal of which
is capped with a metal wherein the molecular weight
distribution is Poisson-like distribution {Fatent Document 1}.
Here, Poisson distribution is represented by yp = (x7e™y)/pl,

20 wherein ¥, is the mole fraction of a polymer obtalned after
p number of olefins are polvmerized, and x is the Poisson
coefficient. Because the molecular welight distribution is
Poigson—like distribution, the chain transfer from the

catalyst to the metal is considered to ke reversible, and a



10 reaction, one of the elementary reactions in organometallic chemistry, thereby obtaining a polymer
in which formally, the organic group derived from the organometallic compound employed as an
molecular weight regulating agent is bonded to one terminal of the olefin polymer, and the metal
derived. from 15 the organometallic compound is bonded to the other terminal. Modifying a
carbon-metal bond at the terminal can lead to the introduction of a functional group into the terminal of
the polyolefin. [0005].20furthermore, a both-terminal-functional olefin polymer, having a functional
group at both terminals, can be provided with more various properties. Such a both-terminal-functional
olefin polymer is synthesized by living polymerization, hydrogenation of metathesis polymers,
SF-2255 4 thermal decomposition of polyclefins, but the synthesis is accompanied by low productivity,
low functionalizatiorf¥atid, 16 5ol etiiflr weights ghd therfikés whféhafihitstié dpplication scope.

5[0006] Among the arganometallic campounds, anrganezing cempeund.has been attracting
attention for its ability to coexist with functional groups due to its moderate reactivity. Thus, the

organozinc compouftf s Baéitintensively Heversped 10798 & hulti-fufifétidndiized organometallic
reagent. [0007]  .The @tgapnezing sompewnd is.usually.prepared.frop zins:balides, and organic
lithiums or Grignard reagent, the preparation involving by-production of inorganic salts such 15 as
lithium halides and ﬁfﬁ@ﬁ@%ﬁﬁ?ﬁlﬁéﬁﬂ@%‘?”§ﬁéﬁ‘?fyfﬁréﬂfjEé’%ﬁﬁﬁéﬁﬁ‘r’ctféﬁé%%é)sﬁny have an influence
on reactivity, and thys;nged te.be-remeved «As: amethadto-remeyve theshy:peaduced inorganic salts, it
has been reported by Charette et al. that a reaction mixture is subjected to centrifugation and a 20
supernatant is used to’tHéreby prepare an organozinc reagent free of by-produced inorganic salts

(Patent Document 2), but itrmusihe-neted.thatdhecentrfugation methog-underinert atmosphere is
difficult to employ on an industrial scale. [0008]

compound in olefin polymerization utilizes a metal sexchange

10 reaction, one of the elementary reactions in organometallic
chemistry, thereby obtaining a polymer in which formally, the
organic group derived from the organcmetallic compound
employed as an molecular weight regulating agent is bonded to
ane terminal of the olefin palymer, and the metal derived from

1% the crgancometallic compound is bonded to the other terminal.,
Modifying a carbon-metal bond at the terminal can lead to the
introduction of a functional group into the terminal of the
polyeclefin.
100051

20 furthermore, a both-terminal-functional olelin polymer,
having @ functional group at both terminals, can be provided
with more various properties. Such a
both-terminal-functicnal olefin polymer il synthesized by

living polymerizaticon, hydrogenation of metathesis polymers,



SF-2255 A method involving no generation of such inorganic salts has been reported, and
effective means is boron-zinc exchange reaction. In this reaction, hydroboronation of borane with a
terminal alkyne or a terminal alk.ene produces an alkyl borane 5 or an alkenyl borane, to which
dimethyl or diethyl zinc is acted, and thereby an alkyl or alkenyl zinc compound in which boron has
been exchanged with zinc can be obtained. Because the by-product is trialkylborane, which has a low
boiling point, the by- rgzq)uct IS easy to remove under reduced pressure at a 10 laboratory level, and
various cases have been reported about the preparation of various multifunctional alkylrinc
compounds (Non-Patent Document 2). In addition, several cases have been reported about the
synthesis of cyclic organozinc compounds both terminals of which are metallized by similar 15
methods (Non-Patent:Boeumentsotsanth3)e Ascmotherrmethod thyolyingaidgeneration of inorganic
sais, halogen-metal. exchange, method can.bementioned Knochel ef.al, haws reported that an alky
iodide compound having a functional groupis acted to |e?hyfzinc, and then an ‘excessive of diethyl
zinc and ethyl 20 iodide are temeved=dnder reduced: pressureviherellysymthesizing an alkyl zinc
compound having a;gglpi'tlgiggérgrSCJcléBe(Non-Patent Document 4). [0009] These synthesis methods
Involving no generation of the  SF-2255 6 inorganic salts, however, require an excessive amount of
diethylzinc accorhpaifieédtby no solvent in order to obtain high reaction yield. In addition, instead of no
generation of inorganic saﬁ{,}p@kx&p@orgg&gb‘ thyl plaélidggﬂp%@g dtshe like are 5 by:produced. For this
reason, such a method on an industrial scale needs to be performed with advanced reaction control
and with advanced safetyindeasuressabout theinse=of diethylZine aceormparyiedby no solvent.
Furthermore, itis negessaty,tq provide equipment for removing.low.bailing paint compounds 10
including diethylzinc. [0016] As described above, a number of cases have been reported about
methods to synthesiZererganometeciitic eorapodnds syeh astergandzinetemgéunds. However, none
of the methods ¢can he sajd,

iti-functicnalized organometallic reagent.
[00a7]

The organozinc compound is usually preparad from zinc
halides, and organic lithiums or Grignard reagent, the
praparation involving by-production of incrganic salts such

15 as lithium halides and magnesium halides. Such by-produced
inorganic salts possibly have an influence on reactivity, and
thus need to be removed. As a2 method to remave.the by~produced
inorganic salts, it has been reported by Charette et al. that
a reactlon mixture is subjected to centrifugation and a

26 supernatant 1s used to thereby prepare an organozinc reagent
free of by-produced inorganic salts {Patent Document 2), but
it must be noted that the centrifugation method under inert
atmosphere is difficult to employ on an industyial scale.

[0008]



15 to be efficient in terms of atom economy, because by-products are generated such as inorganic
salts, alkylboranes and alkyl halides, and there has been no method provided which are employable
and efficient on an industrial basis. Therefore, a more practical production method has been desired.
20 Citation List Patent Documents [0011] Patent Document 1: W0-2003-014046 pamphlet SF-2255 7
Patent Document 2: WO-2008-134890 pamphlet [0012] Non-Patent Document 1: J. Organomet.
Chem. 1998, 562, 133-139 Non-Patent Document 2: Angew. Chem., Int. Ed. Eng. 1996, 35. 52-4
Non-Patent Document 3: J. Organomet, Chem. 1982, 224, 217-221 Non-Patent Document 4: J. Org.
Chem., 1992, 57, 1956-1958 Summary of the Invention 10 Problem to be Solved by the Invention
(0013] -

A method invelving no generation of such inorganic salts
has been reported, and effective means is boron-zingc exchange
reaction. In this reaction, hydroborcnation of borane with
a terminal alkyne or a terminal alkene produces an alkyl borane

5 or analkenvl borane, to which dimethyl or diethyl zinc is acted,
and thereby an alkyl or alkenyl zinc compound in which boron
has been exchanged with zinc can be obtained. Because the
by-product is trialkylborane, which has a low boiling peing,
the by-product is easy to remove under reduced pressure at a

10 laboratory level, and varlous cases have been reported about
the preparation of wvarious multifunctional alkylzine
compounds {Hon-Patent Document 2) . In addition, several cases
have been reported about the synthesis of cyclic organozinc
compounds both ferminals of which are metallized by similar

1%  methods (Non-Patent Decuments 1 and 3}. As another method
involving no generation ¢f inorganic salts, halogen-metal
exchange method can bementioned. EKnochel et al. have reported
that an alkyl iodide compound having a functional group is acted
te diethylzine, and then an excessive of diethylzinc and ethyl

20  iodide are removed under reduced pressure, thereby
synthesizing an alkyl zinc compound having a functional group
(Non-Patent Document 4}.
[0009]

These synthesis methods invelving no generation of the



It is an object of the present invention to provide a novel organometallic compound functioning usefully
as a chain transfer agent and the like in polymerization reaction of a 15 double-bond containing
compound, and being capable of producing a useful both-terminal-functional olefin polymer. It is
another object of the present invention to provide a method for efficiently producing such a novel
organometallic compound. 20 Means for Solving the Problem [0014] An organometallic compound
(1) of the present in(\slgnntion has a structure represented by the following general formula SF-2255

In the general formula ﬁ? M is a magnesium atog, a zinc atom, an Al-R11 group, or a Ga-R11 group,
provided that R11 is a hydrogen atom, a. hydrocarbon group, a halogen atom, a silicon-containing
group, or an oxygen-containing group; R1 and R12 are each independently a hydrocarbon group
having 1 10 to 20 carbopeatoms,1of R rameRImmaly beruniteckwitheachvotherto form a divalent

connecting group (2121) having,4.or more, carbon atoms and.gptiopally ganfajing a heteroatom
excluding carbon anél'”hydrogen and thus form a ring; R2 to R9 are each independently a hydrogen
atom, or a hydrocarber group fravingttsidbt 20 carbon atonis n@) kanek §2careeach independently a

divalent hydrocarbon group; Q2 isa divalent sennectinggroup containing adinkage by a heteroatom
excluding carbon; h, j, k, m, and p are each independently 0 or I; n is an integer of 0 to 10; and r is an

integer of 0 to 1@00@¥W@@d{hﬁgr this reason, such a method on an industrial

scale needs to be performed with advanced reaction control and

with advancsd safety measures about the use of diethylzinc

accompanied by no seolvent. Furthermore, it is necessary to

provide eguipment for removing low boiling point compounds
10 dincluding diethylzinc.

[0010]

As described above, a number of cases have been reported
about methods to synthesize organemetallic compounds such as
erganozing compounds. However, none of the methods can be said

15 to be efficient in terms of atom economy, because by-products
are generated such as inorganic salts, alkylboranes and alkyl
halides, and there has been no method provided which are
employable and efficient on an industrial basis. Thersefore,
a more practical production method has been deslred.

20
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FPatent Documents
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Patent Document 1: WO-2003-014046 pamphlet



20)0016] R1 tomay be a group formed by substituting a part SF-2255 9 of the hydrogen atoms of the
hydrocarbon group with a substituent containing a heteroatom excluding carbon and hydrogen; Q1
and Q3 may be a group formed by substituting a part of the hydrogen atoms of the divalent
hydrocarbon group 5 with 'a substituent containing a heteroatom excluding carbon and hydrogen;
when his 0, at least one of R2 and R3 is a hydrocarbon group having 2 to 20 carbon atoms; when h is
1, at least one of R6 and Rs is a hydrocarbon group having 1 to 20 carbon atoms; 10 when p is 0, at
least one of le and F%S_%‘Dag’hydrocarbon group having 2 to 20 carbon atoms; when p is 1, at least one
of R6 and 147 is a hydrocarbon group having 1 to 20 carbon atoms; when n is 2 or more, plural
41, Q6, Q3, |, k, and m may be individually the same as or different from one another; 15 when ris 0,
R'and R16 are unitediwith Bacheother tocfenteativedenizcennecting group (14161) having 4 or more
carbon atoms and op(g%qg?lly containing a heteroatom excluding carbon and hydrogen and thus form a
ring; when ris 1 or more, plural M may be the same as or 20 different from one another; when plural
RII are present, theyimas: berthe sarmre das or differemttfroeone @tothér; ame-When ris 2 or more, plural

491, Q2, Q3, h, j, k, m, n,.p. and R6 1o RY may be individpally the same as ot different
5 2-4
Non-Patent Document 3: J. Organomet. Chem. 1882, 224, 217-221

Non-Patent Document 4: J. Crg. Chem., 19%2, 57, 1956-185%

Summary of the Invention
10 Problem to be Solved by the Inventicn
{0013]

It is an object of the present inventicn to provide a
novel organometallic compound functioning usafully as a chain
transfer agent and the like in polymerization reaction of a

15  double-bond containing compound, and being capable of
producing a useful both~terminal-functional olefin polymer.
It is another obisct of the present invention to provide a
method for efficiently producing such a novel organometallic
compound.

20
Means for Solving the Problem
(0014

An organometallic compound (1} of the present invention

has a structure represented by the following general formula



from one another. SF-2255 10 The organometallic compound (1) of the present invention
includes those represented by the following general formulae (2). (Sa), ]Sb), (3c), and (4). [0017]
5[Chem. 2] R3R4R5R8 11 \ 1 MCC C M 11/j1 R3R5R8128 Rw(2)

SF-2255

(1)
[0015]

[Chem. 1]

RT-—M R (1)

5 In the general formula {1), Mis a magnesium atom, & zinc
atom, an AL-RY group, or a Ga-RY group, provided that RY is
a hydrogen atom, & hydrocarbon group, a halcogen atom, &
silicon~gontaining group, or an oxygen-contalning group; B!
and R are each indespendently a hydrocarbon group having 1

16 to 20 carbon atoms, or R* and R'® may be united with each other
to form & divalent connecting group {(R'®} having 4 or more
carbon atoms and optionally containing a hetercatom excluding
carbon and hydrogen and thus form a ring; 2° to R? are each
iﬁdependently a hydrogen atom, or a hydrocarbon group having

15  1to 20 carbon atoms; QF and §° are sach independently a divalent
hydrocarbon group; 0% is a g¢ivalent connecting group containing
a linkage by a heterostom excluding carbon: h, 3, k, m, and
p are each independently 0 or I; n is an integer of 0 to 10;
and r is an integer of ¢ to 10000, provided that:

28 (00187

R! to rY may be a group formed by substituting a part



[0018] [Chem. 3]

10

i5

20

10[0019] [Chem. 4] R2R4 Cl/a, R3 R

8F-2255

of the hydrogen atoms of the hydrocarbon group with a
supstituent containing a hetercatom excluding carbon and
hydrogen; Q' and 0* may be a group formed by substituting a
part of the hydrogen atoms of the divalent hydrocarbon group
with a substituent containing a heterocatom excluding carbon
and hydrogen;

when h is 0, at lsast one of B? and B® is a hydrocarbon
group having 2 to 20 carben atoms; when h is 1, at least one
of R* and R® is a hydrocarbon group having 1 to 20 carbon atoms;
when p 1s 0, at least one of =% and 8% is a hydrocarbon group
having 2 to 20 carbon ataoms; when p is 1, at least cne of r®
and R” is a hydrocarbon group having 1 te 20 carbon atoms;

when n is 2 or more, nlural @&, ¢, 9% 4, k, and m may
be individually the same as or different from one another;

when r 15 0, B and R are united with each other to form
a divalent connecting group (R*%Y) having 4 or more carbon atoms
and optionally contalning a hetercatom excluding carbon and
hydrogen and thus form a ring;

when r is 1 or more, plural M may be the same as oOr
diffarent from one another; when plural R™ are present, they
may be the same as or different from one another; and

when r is 2 or more, plural @, &%, Q% h, 3, k, m, n,
p, and B to R? may be individually the same as or different

from one ancther.



(3b)M CM _r  [0020] [Chem. 5] SF-2255

SF-2255
10

The crganometallic compound

{1} of the present lnvention

includes those represented by the following gensral formulae

{2y, (3a), (3b}, {(3c}, and (4).

£0017]

5 [Chem. Z}
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[Chem. 3}
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{Chem. 4]
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(60261

[Chem. 5]
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{Za)

(3b)



11 [0021] [Chem. 6) (4 ) R77 5In the general formulae (2), (3a), (3b), (3c), and (4), to RI, Si, j,
and r are each defined in the same way as in the general formula (1) of claim 1; and R101 is a divalent
connecting group having 4 or more carbon atoms and optionally containing a heteroatom excluding
carbon and hydrogen. 10In the organometallic compound (1) of the present invention, M is preferably
an Al-R11 group or a zinc atom. [0022J An organometallic compound (5) of the present invention
is represented by tthf_gliggving general formula (5). 15[0023] [Chem. 71 SF-2255

11

#? =5

l l i {(3c}
R C—b Qe O R

| M

R3 RQ r
[oG2l)
[Chem, &}

8 R R® r (4}

5 In the general formulae (2), (3a), (3b), (3¢}, and (4),
M, R* to R, ©F, 4, and r are each defined in ths same way as
in the general formula (1) of claim I; and 2% ig a divalent
connecting group having 4 or more carbon atoms and optionally
containing a heteroatom excluding carbon and hydrogen.

10 in the organometalllc compound (1) of the present
invantion, M is preferably an Al-R'* group or a zinc atom.
(00221

An organometallic compound (5} of the present invention
is represented by the following general formula (5).

i5 [06023]

[Chem. 7]



12 (5) In the general formula (5), A is a unit derived from a linear or branched a-olefin having 2 to
30 carbon atoms, a cyclic olefin, a diene, a polyene, or an aromatic vinyl 5 compound; x, y, z, and w
are each an integer of 1 or more; and x eyez+w= 8 to 100000. M, QI, Q2, Q3, h, j, k, m, n, P. and Rl to
RI are defined in the same manner as in the general formula (1). A method for producing the
organometallic compound of 10 the present invention is characterized in that in the presence of a
transition metal compovind (A) represented by the following general formula (A), a diene compound.
(B) represented by the following genera formula (B) is reacted with an organometallic compound (C)
represented by the following general formula (0), 15 to thereby obtain the above organ.ometallic
compound (1). [0024] [Chem. 8] SF-2255 13 In the general formula (A), M' is a transition metal
atom selected from Groups 3 tof11 of the periodic table of the elemepts (Group 3 includes a lanthanoid

and an actinoid); a l i i
nsta i %( Hedlo }J[z ;_cmAz_Twm
Ra Rs v (5)

In the general formula (5}, A is a unit derived from a
linear or pranched o-olefin having 2 to 30 carbon atoms, a
cyclic olefin, & diens, & polyene, oy an aromatic vinyl
5  compound; %, ¥, 2z, and w are each an integer of 1 or more; and
x+y+z+w=8to 100000, ¥, QY 0%, ¢ h, 3, k, m, n, P,
and R' to R'" are defired in the same manner as in the genaral
formula {1}.
A method for producing the crgancometallic compound of
10  the present invention is characterized in that in the presence
of atransitionmetal compound (A) represented by the following
general Lormula {A), a diene compound (B} represented by the
following genera formula (B} is reacted with an organometallic
compound (C) represented by the following general formula (C},
15 te thereby obtain the above organcmetallic compound 4{1}.
[GO24]

[Chem. 8]



5 is an integer of 1 to 3, which is the number of ligands coordinated with the transition metal atom M’
Xis an atom or a group selected from the group consisting of a hydrogen atom, a halogen atom, an
oxygen atom, a hydrocarbon group, a silicon-containing group, germanium-containing group, a 10
tin-containing group, a boron-containing group, an aluminum-containing group, a
phosphorus-containing group, an oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group. a halogen-containing group, and a hetrocyclic compound residue; b is an
integer of 0 to 3, which 15 is the number of X; when b is 2 or 3, X may be the same as or different from
one another, and plural X may be united with one another to form a ring; Y is a nitrogen atom, or a
carbon atom having a substituent R22; G is an oxygen atom, a sulfur atom, a selenium atom, or a
nitrogen atom having a

one another, and are fan atom or a ro ﬁ)‘ selected from the group consisting of a hydrocarbon group, a
halogen atom, a hydrogen atom,_a _hydrocarbon-substituted silyl group, an oxygen-containing 5 group,
a nitrogen-containing group, a/sulfur- coritai ain up,,a oron-containing group, an
aluminum-containing gr%up, a hosphoru 2 %g‘hlng broup, a halogen-containing group, a

heterocyclic compound re5|due\~aﬁmfon cgmtalnlng group, a germanium-containing group, and a

tin-containing group; two 10 g#:more of R22 to R25 may be united with one another to form ns, Rms,
Rms, Rms, a ring; and'when a is 2 or 3, Rand R25s may be individually the same as or different from
one another, 2 and one group of R2R25 contained in any one of the ligands 22  and one group of R
- R25 contained in anothef ligahaefiias b 1% tinited. j0625] transt-ion metal aton

selected from Groups 3 to 11 of the pericdic table of the
elements {Group 3 inciudes a larnthanoid and an actinoid); a

% is an integer of 1 to 3, which is the number of ligands
coordinated with the transition metal atom M7; X is an atom
or a group selected from the group consisting of & hydrogen
atom, a halcgen atom, an oxvgen atom, a hydrocarbon group, &
silicon-containing group, germaniuvm-containing group, a

10 tin-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus—containing group, an
oxygen-containing group, a sulfur-containing group, a
nitrogen-contalining group, & halogen—contalning group, and a
hetrocyeclic compound residus; b is an integer of 0 to 3, which

1%  is the number of ¥; when b is 2 or 3, X may be the same as or
different from one ancther, and plural ¥ may be united with
one another to form a ringy ¥ is a nitrogen atom, or a carbon
atom having a substituent ®R**; G is an oxygen atom, a sulfur

atom, a selenium atom, or a nitrogen atom having a substituent



[Chem. 9] In the general formula (B), Ha to R5 are each 20 independently a hydrogen atom, or a
hydrocarbon group having 1 to 20 carbon atoms, and maybe a group formed by substituting SF-2255
15 a part of the hydrogen atoms of the hydrocarbon group with a substituent containing a heteroatom
excluding carbon and hydrogen; and 41, 42, 43, 1, k, m, and n are each defined in the same manner
as in the general formula (1). 5[00261 (Chem.0) RMR(C) In the general formula (C), M is defined
in the same manner, 9§2£@5the general formula (1); two R are each 10 independently a hydrocarbon
group having 1 to 28 carbon atoms, and may be & group formed by substituting a part of the hydrogen
atoms of the hydrocarbon group with a substituent containing a heteroatom excluding carbon and
hydrogen. The transition metal compound (A) employed in the production method of the present
invention is preferafsy:attasitiors imetal ectipotmer (Alf reprelsémtad 1y e fflowing general formula

(Al) [00271 [Chem' g’l‘g’c] are an atom or a group selected from the group consisting
of a hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted silyl group, an oxygen-—containing

5 group, a nitrogen—contaiming group, a sulfurwcfmtaining group,

a horon-containing group, an aluminum~containing group, a
phospherus-containing group, 2z halegen-containing group, a
heterccyclic compound residue, a silicon-contalning group, &
germanium-containing group, and a tin—containing group; two

16 or mors of R? to R*® may be united with one another toe form

a ring; and when a is 2 or 3, Rs, R*%s, R™s, R*s, and E3g
may be individuaily the same as or different from one another,
and one group of R -« R*® contained in any one of the ligands
and one group of r¥? -~ R*® contained in another ligand may be

15  united.

{0025]

[Chem. 9]

R . Re
\c_w._w:c‘—[{m‘H 29—{03 == / ®)
/o LAY TN

1 RC = =4

In the general formula (B), R* to R® are each
20 independently a hydrogen atom, or a hydrocarbon group having

1 to 20 carbon atoms, and may be a group formed by substituting



SF-2255 16 In the general formula (Al), M', a, X, b,and R22 are each defined in the same manner as
in the general formula (A) of claim 1; B26 to R29 may be the same as or different from 5 one another,
and are an atom or a group selected from the group consisting of a hydrogen atom, a hydrocarbon
group, a halogen atom, a hydrocarbon-substituted silyl grout), an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group, a boron-containing group, an 10
aluminum-containing.group, a phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containiag group, a germanium-containing group, and a
tin-containing group, and of these, two ormoremay be united with one another to form a ring; and when
ais 2 or 3, R21s, 15 R223, R266 Rns, and 1329s may be individually the same as or different from
one another, and orfeF@FcSLﬁoE GPR2PARAER2ETREY CBntAMEdIRCEROTE ¢t tfiefligands and one group

of R22 and B25- R29 cantained in.another igandmay.besnited.M-indhe srganometallic compound
(C) is preferably an SE-2255 A1-R" group, or a zinc atom.

hydrogen; and o, 04, Q3, i, k, m, and n are each defined in

the same manner as in the general formula (1.

5 100263
{Chem. 101
R e N e R (c)

In the general formula (€}, M is defined in ihe same
manner as in the general formula (1) two R are each
10  independently a hydrocarbon group having 1 to 20 carbon atoms,
and may be a group formed by substituting a part of the hydrogen
atoms of the hydrocarbon group with a substltuent containing
a hetercgatom excluding carbon and hydrogen.
The transition metal compound (A) employed Iin the
13  production method of the present invention is preferably a
transition metal compound {Al} represented by the following
general formula (Al}.
[egz7)

{Chem. 11]



[0028) Furthermore, the production method of the present invention preferably employs a co-catalyst
and a carrier. 5In the production method of the organometallic compound of the present invention, the
production method of the organometallic compound (5) is characterized in that the organometallic
compound (1) is reacted with linear or branched a-olefins having 2 to 30 carbon atoms, cyclic olefins,
dienes, 10 polyenes, or aromatic vinyl compounds. (00281 The production method of a
both-terminal-functignal.pelymer of the present invention is characterized by performing functional
group conversion reaction at 15 carbon-metal bords of the organometallic compound (5). Effects of
the Invention [0030] The novel organometallic compound of the present 20invention is useful as a
chain transfer agent in polymerization reaction of a double-bond containing compound, and can be
used particularly as areversible.chain transfer agent in polymerization reaction, and is
capableofproducing a pol}?/%ner h vingNa carbon-metal bond at both terminals. By

) W
RS e / \\ wQ/“/,
—
L Rze o7l _J a

In the genmeral formula (Aly, M', &, X, b, R, and B
are each definad in the same manner as in the general formula

(A) of claim 1; R*® to B*® may be the same as or different from

83

one another, and are an atom or a group selected from the group
consisting of a hydrogen atem, a hydrocarbon group, 2 halogen
atom, a hydrocarbon-substituted silyl group, an
oxygen~containing group, a nitregen-containing group, a
sulfur-ceontaining group, a boron-containing group, an
10 aluminum~-containing group, a phosphorus-containing group, a
halogen-containing group, a heterscyclic compound residoe, a
silicon-containing group, a germanium-containing group, and
a tin-containing group, and of these, two or more may be united
with one another to form a ring; and when a iz 2 or 3, R%s,
15 R%¥s, R%®s, R%'s, r%%s and R*s may be individually the same as
or different from one another, and one group of R¥ and R -
R contained in any one of the ligands and one group of R¥
and 8% ~ R* contained in ancther ligand may be united.

M in the organometallic compound (C) is preferably an



SF-2255 18 performing functional group conversion by known methods at the carbon-metal bonds in
the polymer having a carbon-metal bond at both terminals, a both-terminal-functional polymer can be
produced. 5[0031] According to the production method of the present invention, it is possible to
efficiently produce a novel organometallic compound which is useful as a chain transfer agent in
polymerization reaction of a double-bond containing 10 compound, and can be used particularly as a
reversible chain tra@gzgg;ent in polymerization reaction and also as an organic synthesis reagent, a
polymer material, or a precursor thereof. Startingifromanorganometalliccompoundobtainable by the
method of the present invention, a polymer having a 15 carbon-metal bond at both terminals can be
produced. Furthermore, by performing functional group conversion at the carbon-metal bonds by
known methods, a bistrkteaminalsfurctirrakpetymer can be produced. 20 Brief Description of Drawings
[0032] [Fig. 1] FigsJyis @ 'R--NMR spectrum of a compound X-1 synthesized in Example 1. [Fig. 2]
Fig. 2 is alH-NME spectrum of a polymer obtained SF-2255 19 in Example 9. [Fig. 3] Fig. 3is a
11-1-NME3 spectrum of afpotyrier sbhtdifed inExdriphetoed of the present

invention preferably emplovs a co-catalyst and a carrier.

5 In the production method of the organometallic compound
of the present invention, the production method of the
organcmetallic compound (%) is characterized in that the
organometallic compound (1} is reacted with linear or branched
x-plefins having 2 to 3¢ carbon atoms, cyclic oleflins, dienes,

10 polyenes, or arcmatic vinyl compounds.
{00291
The production method of a both-terminal-functicnal
polymer of the present invention is charactarized by
performing functional group conversion reaction at

15 carbon-metal bonds of the organometallic compound {5).

Effects of the Invention
(8030}
The novel organometallic compound of the pressnt
20 invention is useful as a chain transfer agent in
polymerization reaction of a double~bond containing compound,
and can be used particularly as & reversible chain transfer
agent in polymerization reaction, and is capable of producing

a polymer having a carbon-metal bond at both terminals. By



5 Embodiments for Carrying out the Invention [0033] [OrganometallCompound (1)] The
organometallic compound of the present invention has a structure represented by the following general
formula (1). 10[0034] [Chem. 12] R12Ri4 RIRA L_ RsR5 In the general formula (1), M is a
magnesium atom, a zinc atom, an Al-Ell group, or a Ga-E11 group; when ris 1 or more, 15 plural M
may be the same as or different from one another; M Is preferably a zinc atom, or an Al-R11 group;

and all of the M are gg_e;gggbly zinc atoms. [0035] all is a hydrogen atom, a hydrocarbon group, a-
halogen 20 atom, a silicon-containing group, or ajyoxygen-containing group.

performing functional group conversion by known methods at
the carbon-metal bonds in the polymer having a carbon-metal
bond at both terminals, a both-terminal~-functional polymer
can be produced.

5 [0031]

According to the production method of the present
invention, it is possible to efficiently produce a novel
organcmetallic compound which is useful as a chain transfer
agent in polymerization reaction of a double-bond containing

10 compound, and can be used particularly as a reversible chain
transfer agent in polymerization reaction and also a8 an
organic synthesis reagent, a polymer material, or a precursey
thereof. Starting from an organometallic compound cbhtainable
by the method of the present invention, a polymer having a

15 carbon-metal bond at both terminals can be produced.
Furthermors, by performing functional group conversion at the
carbon-nmetal bonds by known methods, a

both-terminal-functional polymer can be produaced.

20  Brief Description of Drawings
fog3z]
[Fig. 1] Fig. 1 is a 'B-NMR spectrum of a compound %~-1
synthesized in Example 1.

[Fig. 2] Fig. 2 is a 'H-NMR spectrum of a polymer cbtainsd



SE-2255 20 Examples of the hydrocarbon group include alkyl groups having 1 to 20 carbon
atoms, aryl groups, and aryl alkyl groups. Specific examples thereof include methyl group, ethyl group,
propyl group, isopropyl group, n-butyl group, isobutyl group, 5 sec-butyl group, tert-butyl group, pentyl
group, neopentyl group, hexyl group, octyl group, decyl group, cyciohexyl group, phenyl group, tolyl
group, naphthyl group, benzyl group, and 2-phenylethyl group. R"maybe a group formed by
substituting a part og Et“hgzp%/drogen atoms of the hydrocarbon group with a 10 substituent containing a
heteroatom excluding carbon and hydrogen. As dsed in the present invention, the nheteroatom" is
referred to as including all atoms except for carbon and hydrogen. Examples of the group formed by
substituting the hydrocarbon group with the substituent containing a heteroatom 15 include
methoxymethyl group, &thexdgrfethyl group, methoxyethyl group, ethoxyethyl group, aminomethyl
group, aminoethyl group, dimethyl.aminomethyl,graun..digihyl aminamethyl group, and diphenyl
aminomethyl group; and silicon-containing hydrocarbon groups, such as trimethyl silyimethyl group, 20
triethyl silyimethyl groupzarimethoxy silylmethyl group, triisopropyl silylmethyl group, triphenyl
silylmethyl group, tert-butyldimethyl silylmethyl group, trimethyl silylethyl group, triethyl silylethyl group,
trimethoxy silylethyl group, triisopropyi silylethyl group, triphenyl silylethyl group, SF-2255 21 and
tert-butyldimethyi silfetiyingrot s 2[0036] 1 Exarhpie¥ 6Fé Ralogen atom nclude fluorine, chlorine,
bromine, and iodine. . ;,The silicon-containing group is a group containing a silicon atom and having a
bond at the silicon atom, with examples thereof including trimethyl silyl group, trimethoxy silyl group,
triethyl silyl group, triisepropyF s gretpeaAd ‘tert-butyldimethyl silyl group. 10[0037]

The organcmetalliic compound of the present invention bas

a structure represented by the following general formula (1).

¢ 00341
{Chem. 12]
J?E Tﬁ Tﬁ T&
! }J }“ _
— Gltr@d 0 c o | R
R tA T—'{Ti:{{ E“R k\ - l A l {13
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In the general formula {1}, Mis a magnesium atoem, a zinc
atom, an AL-R* group, or a Ga-8* group; when r is 1 or more,
15  plural M may be the same as or different from one another; M
is preferably a zinc atom, or an AL-R*' group; and all of the
M are preferably zinc atoms.
[8G35]
B! is a hydrogen atom, a hydrocarbon group, a halogen
20 atom, a silicon-containing group, or an oxygen-containing

group.



Examples of the oxygen-containing group include alkoxy groups such as methoxy group, ethoxy
group, propoxy group, and butoxy group, ketones such as methyl carbonyl group, ethyl carbonyl
group, propyl carbonyl group, isopropyl carbonyl 15 group, n-butyl carbonyl group, sec-butyl carbonyl
group, tert-butyl carbonyl group, isobutyl carbonyl group, methoxy carbonyl group, ethoxy carbonyl
group, propoxy carbonyl group, isopropoxy carbonyl group, n-butoxy carbonyl group, sec-butoxy
carbonyl group, tertzujexy carbonyl group, and 20 isobutoxy carbonyl group, ester group, and
hydroxyl group. [0038] Of the above atom and groups, aspreferable are methyl group, ethyl group,
propyi group, Isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl SF-2255 22
group, pentyl group, hexyl group, octyl group, phenyl group, benzyl group, trimethy! silvi group,
trimethy! silyi methyl grouf™ ¥Ry SIS MEthAar6th S BhtP trifsopropyi ity iéthyl group: and more
preferable are methyi-groups €thyl.group;: isepeepykgsory, isehutyl gropp;hexyl group, phenyl group,
trimethyl silyi methyl group, and benzyl group. [0039] R1 and RI are each independently a
hydrocarbon group F&vih i?ﬁaﬁﬁigﬁ%ﬁﬁeﬁ oM. AT RiAY bE3 Grolip formed by 10 substituting a part
of the hydrogen atomsofithe-hydresarbon greup withuay substituentoeontainingea heteroatom excluding
carbon and hydrogen. Examples of the hydrocarbon group having 1 to 20 carbon atoms can be

. sec-hutyl rert-huty]l grou tyvl, group,negpent
mentioned as thé eXampias of e hydibcarbon group referred 16 a8 'R R AndRlare preferably 15
alkyl groups, aryl greups,, andyarytalkybgroups;raviag 1 40-20,carbon atomsywith preferable examples
thereof including met?t]@;g‘ roup, et@gzl&‘glr%lgg)%pprg IIqtg]rolu éé%%)prboé{%y%grgy u’-;,n'?nﬁétyl group, |sobutyl
group, sec-butyl grolip, tert2bUtyl grotip, heopentyl group, phényl group, benzyl group, and 20 trimethyl
silyi methyl group. [Q0483ry1=tR1 andd(. k'iney be umiteg isth-each cther totbecome RI", thereby
forming a ranges a whole in such amanner as regge%erﬁeg in th foIIowinng%n_eral formula CI'
a part of the hydrogen atoms the hydrocarbon group ch &
10 substituent contalning a hetercatom excluding carbon and
nydrogen. As used in the present invention, the “heteroatom”
is referred to as including all atoems except for cavbon and
hydrogen. Examples of the group formed by substituting the
hydrocarbon group with the substituent containing a heteroatom
15 include methoxymethyl group, ethoxymethyl group, methoxyethyl
group, ethoxyethyl group, aminomethyl group, aminosthyl group,
dimethyl aminomethyl group, diethyl aminomethyl group, and
diphenyl aminomethyl group; and silicon-containing
hydrocarbon groups, such as trimethyl silylmethyl group,
20  triethyl silylmethyl group, trimethoxy silylmethyl group,
rriisopropyl silylmethyl group, triphenyl silylmethyl group,
tert-butyldimethyl silylmethyl group, trimethyl silylethyl

group, triethyl silylethyl group, Lrimethoxry silylethyl group,

triisopropyl silylethyl group, triphenyl silylethyl group,



SF-2255 23 [0041] [Chem. 13] Rs(24 )_{ ihLIk R' R101 In this case, R161 is a divalent connecting
group having 5 4 or more carbon atoms and optionally containing a heteroatom excluding carbon and
hydrogen. R161 is typically represented by the following general formula (a) in which case an

organombtallic compound as a whole is represented by the following general formula (1"). 10[0042]
[Chem. 14]

SE-22Z55
21

and tert-butyldimethyl silylethyl group.
[0036]

Examples of the halogen atom include £lucrine, chlorine,
promine, and iocdine.

5 The silicon-containing group is a group containing a
silicon atom and having a bond abt the silicon atom, with
examples thersof including trimethyl silyl group, trimethoxy
gilyl group, triethyl silyl group, trilsopropyl silyl group,
and tert-butyldimethyl silyl group.

14 10037}

Examples of the oxygen-containing group include alkoxy
groups such as methoxy group, ethoxy group, propoxy group, and
butoxy group, ketones such as methyl carbonyl group, ethyl
carbonyl group, propyl carbonyl group, iscpropyl carbonyl

1% group, n-butyl carbonyl group, sec—butyl carbonyl group,

tert-putyl carbonyl group, iscbutyl carbonyl group, methoxy
carbonyl group, ethoxy carbonyl group, propoxy carbonyl group,
iscpropoxy carbonyl group, n~butoxy carbonyl group,

sec-butoxy carbonyl group, tert-butoxy carbonyl group, and

20 iscbutoxy carbonyl group, ester group, and hydroxyl group.

[(6638]

0f the above atom and groups, as R, preferable are

methyl group, ethyl group, propyl group, iscopropyl group,

n-butyl group, iscbutyl group, sec-butyl group, tert-butyl



R2R (a) Rs R [0043] [Chem. 15] In the general formulae (a) and (1"), M, R2 to le, 014 SF-2255 24
Q5, Q9, h, j, k, m, n, p, and r are each defined in the same manner as in the general formula (1) .

R2 to R9 are each independently a hydrogen atom, or a hydrocarbon group having 1 to 20 carbon
atoms, and may be a 5 group formed by substituting a part of the hydrogen atoms of the hydrocarbon
group with a substituent containing a heteroatom excluding carbon and hydrogen. Examples of the
hydrocarbon group having 1 to 20 carbon atoms can be mentioned as the examples of the
hydrocarbon group referred to as R11. 10[0044] ©f these groups, R2, R3, R5, and 149 are preferably
a hydrogen atom, methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, isobutyl
group, sec-butyl group, n-pentyl group, hexyl group, heptyl group, octyl group, 15 nonyl group, decyl
group, andbenzyl gréiig? akdridrésteterably, & Mfdrégen&bthe nfetiii ‘gfotiF ethyl group, cropyl
group, isopropy! grog..and hepzyl greuRy{0045] group, trimethyl silyl methyl

group, triethyl sllyl methyl group, and triisopropyl silyl
methyl group; and more preferable are methyl group, ethyl group,
5 isopropyl group, isobutyl group, hexyl group. phenyl group,
trimethyl silyl methyl group, and benzyl group.
[0039]
k' and R*® are each independently a hydrocarbon group
having 1 teo 20 carbon atoms, and may be a group formed by
10 substituting a part of the hydregen atoms of the hydrocarbon
group with a substituent containing a hetercatom excluding
carbon and hydrogen, Examples of the hydrocarbon group having
1 to 20 garbon atoms can be mentioned as the examples of the
nvdrocarbon group referred to as R¥. R*and '’ are prefsrably
15 alkyl groups, aryl groups, and aryl alkyl groups, having 1 to
20 carbon atoms, with preferable examples thereof including
methyl group, ethyl group, propyl group, isopropyl group,
n-butyl group, isobutyl group, sec-butyl group, tert-butyl
group, neopentyl group, phenyl group, benzyl group, and
20 trimethyl silyl methyl group.
100407
R and R may be united with each other to become le,
thereby forming a ring as a whole in such a manner as represented

in the following general formunla (17).



R4, 145, 144, and 123 are preferably a hydrogen atom, methyl 20 group, ethyl group, propy! group,
isopropyl group, n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group, hexyl
group, heptyl group, octyl group, nonyl group, decyl group, and phenyl group, and more preferably, a
hydrogen atom, methyl group, ethyl group, propyl group, SF-2255 25 isopropyl group, and phenyl
group. ]0046] h and p are each independently O or 1, provided that when h is 0, at least one of R2
and R3 is a hydrocathensgroup having 5 2 to 20 carbon atoms, when h is 1, at least one of R6 and 55
is a hydrocarbon group having 1 to 20 carbon atétns, when p is 0, at least one of R7 and R9 is a
hydrocarbon group having 2 to 20 carbon atoms, and when p is 1, at least one of R6 and R7 is a
hydrocarbon group having 1 to 20 carbon atoms. The 10 characteristics of the structures of R2 to R9
are derived from thé fhEthod for producing the organometallio compound (1) of the present invention.
This will be describeddater; §0047] Q' and Q3 are each independently a divalent hydrocarbon 15
group, and maybe a group formed by subst|tut|ng a part of the hydrogen atoms of the hydrocarbon
group with a substituent ¢ ﬁtal n a heteroa tluding carbon and hydrogen. Examples of the
divalent hydrocarbon_groupi roups having 1 to 20 carbon atoms, such
as -CH2-, 20 -(CH2) ﬁsbturat d| hydrétarbon groups having 1 to 20
carbon atoms, such s -C C - -CH CH 052- -CH2-CH=¢ cH-, -CH2-CH=CH-CH,-, -CF,C-, and
-CmC-CH2-; cyclic s yclopentylidene, cyclopentylene,

CyCIOheXy“dene and CyCIOvt]?:?:‘(yslseQaes 51 15 a divalent connecting group having

% 4 or more carbon atoms and optionally containing a hetercatom
excluding carbon and hydrogen. R'™ is typleally represented
By the following gereral formula (2} in which case an
organcrmetallic compound as a whole 1s represen ited by the

following general formula (177},

10 {00421
[Chem. 14]
4 Rﬁ T@-
e
t iy ! o |
a R‘S ﬂ RT R@
[0043]
{Chem. 151
R? Rd R&‘ QB
ciz 'jc]: rQ‘}—{QZ ot 1'@ 3:—-——?\::
BVARAYAYIRELY T
R R "

15

In the general formulae (a) and (1''), M, R to R°, Q%



SF-2255 26 aromatic hydrocarbon groups such as groups having such an aromatic ring as
represented by the following formulae: [0048) [Chem. 16] 5 and residues ofcyclichydrocarbonshaving
6to 20carbonatoms, e.g., benzene, naphthalene, and anthracene, and combinations thereof, and may
be a group formed by substituting a part of the hydrogen atoms of the hydrocarbon groupswitha
hydrocarbon 10 group; a halogen atom such as fluorine, chlorine, andbromine; and a group containing
a heteroatom such as gxygen, sulfur, nitrogen, phosphorus, silicon, germanium, tin, and boron. [0049]
(2 is a divalent connecting group containing a linkage 15 by a heteroatom excluding carbon. Examples
of the heteroatom include oxygen, sulfur, nitrogen, phosphorus, silicon, germanium, tin, and boron.
Examples of the divalent connecting group containing a linkage by such a heteroatom include -0-,
-0-CE,-, -0-CH2-0-, {0-€H2)230- k-0%CH2¥2-624 20 6% (€252) 25 L5124 G 11910-CFR2-, -0-SiH2-,
-O'SiHZ'O', 'S', 'Sovrﬁaﬁ_Q?:Sé.lgl%L'Qfle'gé('%igi?c)’fwfmlﬂéqg? -N:CH-, -CO,-, -NH-, -PH-, -SnHZ-, and
-PH-. A part of the hydrogen atoms SF-2255

®? to R® are each independently a hydrogen atom, or a

hydrocarbon group having 1 to 20 carbon atoms, and may be a

53]

group formed by substitutlng & part of the hydrogen atoms of
the hydrocarbon group with a substituent containing a
hetercatom excluding carbon and hydrogen. Exampiss of the
nydrocarbon group having 1 to 20 carbon atoms can be mentioned
a3 the examples of the hydrocarbon group referred to as R7.
10 {0044}
0f these groups, R?, R®, B®, and R® are preferably a
hydrogen atom, methyl group, ethyl group, prepyl group,
isopropyl group, n-butyl group, iscbutyl group, sec-butyl
group, n-pentyl group, hexyl group, heptyl group, octyl group,
15 nenyl group, decyl group, and benzyl group, and more preferably,
a hydrogen atom, methyl group, ethyl group, propyl group,
igsopropyl group, and benzyl group.
10045}
R*, R®, R%, and R’ are preferably a hydrogen atom, methyl
20 group, ethyl group, propyl group, ilsopropyl group, n-butyl
group, ischutyl group, ssec-butyl group, tert-butyl group,
n~pentyl group, hexyl group, heptyl group, cctyl group, nonyl
group, decyl group, and phenyl group, and more preferably, a

hydrogen atom, methyl group, ethyl group, propyl group,



27 of these connecting groups may be substituted with a hydrocarbon group, a halogen atom such as
fluorine, chlorine, and bromine, and a group containing a heteroatem such as oxygen, sulfur, nitrogen,
phosphorus, silicon, germanium, tin, and 5 boron. [0050] J, k, and m are each independently O or
1. nis an integer of 0 to 10. r is an integer of 0 to 10000. r is preferably an integer of 2 to 10000, more
preferably an integer of 5 to 101000, still more preferably an integer of 20 to 500. [0051] When n is
2 or more, plural QI’sQ-%’zs%B’ J, k, and m may be individually the same as or different from one another.
When r is 0, R2 and RI“aré united with each otheg4o form a 15 divalent connecting group (R221)
having 4 or more carbon atoms and optionally containing a heteroatom excluding carbon and
hydrogen and thus form a ring. When r is 1 or more, plural Mbmay be the same as or different from
one another. When pharabR: arecpresent, tirey Imay e the same as or different from one 20 another.
Whenris 2 or more,ip&lg l. Ql, Q2, Q2, h, j, k, m, n, p, and R2 to R9 may be individually the same as
or different from one another. [0052] Examples of the organometallic compound (1) represented
SF-2255 28 by the general formulas(1jdnchidedirase representedBytherfollewing general formulae

(2)’ (38), (3b)’ (3C)’ %st 634;);%L10985a?§)c one of RY and ®? is a hydrocarbon group having

5 2 ta 20 carbon atoms, when h is 1, at leest one of r* and R®
is a hydrocarbon group having L to 20 carbon atoms, when p is
G, at least one of R® and R’ is a hydrocarbon group having 2
to 20 carbon atoms, and when p is 1, at least one of & and
®” is a hydrocarbon group having 1 to 20 carbon atoms. The

10 characteristics of the structures of R® to R? are derived from
the method for producing the organometallic compound {1) of
the present invention. This will be described later.
(00477

o' and Q° are each independently a divalent hydrocarbon

15 group, and may be a group formed by substituting a part of the
hydrogen atoms of the hydrecarbon group with a substituent
containing a heteroatom excluding carbon and hydrogen.
Examples of the divalent hydrocarbon group include saturated
hydrocarben groups having 1 to 20 carbon atoms, such as ~CHp~,

20 =~ {CHyjs~, - (CHals~, and —{CHp}s=; unsaturated hydrocarbon
groups having 1 to 20 carbon atoms, such as ~CH=CH-, ~CH=CH-CHy-,
~CHy=CH=CH~, ~CHy=CH=CH~CHy-, ~C=C~, and -C=C-CHz—; cyclic
saturated hydrocarbon groups, such as cyclopentylidene,

cyclopentylene, cyclohexylidene, and cyciochexylene;



.Chem. 17] [0054] (Chem. 18) (0055] 10[Chem. 19] R2 RIMC [R3 t0056] [Chem. 20)

8F-22535
26

aromatic hydrocarbon groups such as groups having such an
aromatic ring as represented by the following formulae:
[0048]

{Chem. 1i%]

00 . OO0

and residues of cyciic hydrocarbons having € to 20 carbon atons,
€.g., benzene, naphthalene, and anthracene, and combinations
thereocf, and may be a group formed by substituting a part of
the hydrogen atoms of the hydrocarbon groups with a hydrocarben
10  group; a halogen atom such as fluorine, chlorine, and bromine;
and a group containing & heitercatom such as oxygen, sulfur,
nitregen, phosphorus, silicon, germanium, tin, and boron.
100497
0% is a divalent connecting group containing z linkage
15 Dby a hetercatom excluding carbon. Examples of the hetercatom
inclede oxygen, sulfur, nitrogen, phosphorus, silicon,
germanium, tin, and boron. Examples of the divalent
connscting group containing a linkage by such a hetercatom
include -C-, ~0~CHy~, —-0-CHa-0-, =~ {0-CHz}u~0-, -0-{CHz};-0~,
20 -{0~{CHs} 2} n~0~, -CH;-0-CHp-, ~C~5iHz—, -0-5iHz~0~, -8-, -50z~,
—(0-8iHz)} x-0-, =0~ {8iHy)p—, —-NH-CO-, -N=CH-, -C0z~, -NH-, -PH~—,

~§iHz-, ~GeK-, -SnHp-, and ~BH~. A part of the hydrogen atoms



SF-2255 29 [0057] [Chem. 21] Specific examples of the organometallic compound of the
present invention represented by the general formula (1) include compounds represented by the
following formulae. In the following formulae, Me denotes methyl group, Et denotes ethyl group, Pr

denotes propyl group, Bu denotes butyl group, 10 Ph denotes phenyl group, andTMS denotes
trimethyl silyl group. [0056] [Chem. 22]

SF-2255
27

of these connecting groups may be substituted with a

hydrocarbon group, a halogen atom such as fiuorine, chlorine,

and bronine, and a group containing a hetervatom such as oxygen,

sulfur, nitrogen, phosphorus, silicen, germanium, tin, and
5 poron.

(0050}

i, k, andmare each independently Dor 1. nisan integer
of § te 18. r is an integer of 0 to 10000. r is preferably
an integer of 2 to 10000, more preferably an integer of 5 %o

10 1000, still more preferably an integer of 20 te 300.
(0051}

When n is 2 or more, plural Qi, QZ, 03, 3y k, and m may
be individually the same as or different from one ancther.
When r is 0, R® and *R_'m are united with each cother o form a

15 divalent connecting group (R™') having 4 or more carbon atoms
and optionally c¢ontaining a hetercatom excluding carbon and
hydrogen and thus form a ring., When r is 1 or more, plural
Mmay be the same as or different from one another. When plural
R¥ are present, they may be the same as or different from one

20  another. When r is 2 or more, plural ¢t ¢f, @3 h, i, %, m,
n, p, and R* o R* may be individually the same as or different
from one ancther.

(60523

Exampies of the organcmetalliic compound (1) rspresented



OF-2255 33 5[Method for Producing Organometallic Compound (1)1
Theorganometalliccompound (1) of the present invention can be produced by reactions such as a
reaction between a halogenated zincanda correspondingorcanolithiumorGrignard reagent, or a boron
zinc exchange reaction between a corresponding boron compound and an alkylninc, but is preferably
produced by a method using a transition metal compound (A), described later, as a catalyst.
Hereinafter, the methgo_%%r producing the organometallic compound (1) of SF-2255 34 the present
invention using the fransition metal compound (A)sas a catalyst is described in detail. [0064] The
method for producing the organometallic compound of 5 the present invention is characterized in that
in the presence of the transition metal compound (A) represented by the following general formula, a
diene compound (Byrepresented.bicthe folléwibg gererabforrmmeeisreattad With an organometallic
compound (C) represented by the following, 10 ggﬂerglatqrnpgg@; totherely qbtain the organometallic
(1)

ne¥Xai LOIM

compound (1) represented bgy%ﬁe general formula (1).
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Transition Metal Compound (A) The transition metal compound (A) employed in the method 15
for producing the organometallic compound (1) of the present invention is represented by the following
formula (A). [0065] [Chem. 28] SF-2255 35 In the general formula (A), M' is a transition metal
atom selected from Groups 3 to 11 of the periodic table of the elements (Group 3 includes a lanthanoid
and an actinoad), preferably a transition metal atom of Group 4 or 5, more 5 preferably a transition
metal atom of Group 4, and specific examples thereof include titanium, zirconium, and hafnium, and a
particularly preferable i$ Zirconium. [0066] Here, N.M' generally denotes coordination, but in the
10 present invention, coordination may be take place or may not take place. ais an integer of 1 to
3, which is the number of a ligand coordinated with the transition metal atom M'. When a is 2 or 3,
ligands maybe the same as ¢r differentfrom one another, 15 and plural ligands may be united with
one another via one or more b |dg n oups selected from th;eagcrg)up consisting of a hydrocarbon
group, a silicon-containing p—ﬁzj%@t gAtaining group, a tin-containing group, a
boron-containing group, an ajumi -cbntaini g group, a 20 phosphorus-containing group, an

oxygen- contalnlng group, a Rur- contﬁ?ung group, and a nltrogen contalnlng group. a is preferably 1
or 2, more preferably 2.
[G057]
[Chem. 21]
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5 Specific examples of the erganometallic compound of the

present invention represented by the general formula (1)
include compounds represented by the following formulae. In
the following formulae, Me denctes methyl group, Bt denotes
ethyl group, Pr denctes propyl group, Bu denotes butyl group,

10  Ph denotes phenyl group, and TMS denotes trimethyl silyl group.
[0058]

[Chem, 22]



[0067] X is an atom or a group selected from the group consisting SF-2255 36 of a hydrogen atom, a
halogen atom, an oxygen atom, a hydrocarbon group, a silicon-containing group, a
germanium-containing group, a tin-containing group, a boron-containing group, an
aluminum-containing group, a 5 phosphorus-containing group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a halogen-containing group, and a hetrocyclic
compound residue. b is an integer of O to 3, which is the number of X. When b is 2 or 3, X may be the
same as or different froft one another, 10 and plygal X may be united with one another to form a ring.
[0065] Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom,
and an iodine atom. Examples of the hydrocarbon group include alkyl groups 15 such as methyl, ethyl,
propyl, butyl, hexyl, octyl, neny}: dodecyl, eicosyl; cycloaH<yI groups having 3 to 30 carbon atoms such
as cyclopentyl, cyclohea{yJ/ct}gfbonyl*mnd adamantykx Iké ylzgrouﬁ% such as vinyl, propenyl, and
cyclohexenyi; aryl alkyl groups stich’as benzyl, phenylethyf, *and phenyl propyl; 20 and aryl groups
such as phenyl, tolyl, dlmethyIEphenyI trimethyl phenyl, ethyl phenyl, propyl phenyl, biphenyl, naphthyl,
methyl naphthyl, anthryt ahd phenanthryl [0069] The Si |I{\:OI’] contalngnng qroup is a group which has 1
to SF-2255 ST :
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37 5 silicon atoms in a residue and which excludes a heterocyclic compound residue. Specific
examples thereof include hydrocarbon-substituted silyl groups such as phenyl silyl, diphenyl silyl,
trimethyl silyi, triethyl silyl, tripropyl 5silyl, tricyclohexyl silyl, triphenyl silyi, methyl diphenyl silyl, tritolyi
silyl, and trinaphthyl hydrocarbon-substituted silyl ether groups such as trimethyl silyi ether;
silicon-substituted alkyl groups such as trimethyl silyl methyl; and silicon-substituted aryl groups 10
such as trimethyl silyl phenyl. When the silicon-containing group contains a carbon atom, the number
of the carbon atom i& 1*f630, preferably | to 20. [0070] The germanium-containing group is a group
which has a 15 germanium atom and which excludes a heterocyclic compound residue. Examples
thereof include those in which the silicon of the above silicon-containing group is substituted with
germanium- The tin-contaifiing grolip is,a group haying & tinjatoin excluding a heterocyclic compound
residue. Examples 20 therebfinefude those in which té siticdriofthe above silicon-containing group is
substituted with tin. [0071] The boron-containing group is a group which has 1 to 5 boron atoms in
a group and which excludes aﬁhet?rocyclic SF-2255 36 compc%und?residue. Specific examples thereof
include BR4 (R is a hyttogen:t ;g}{ﬁygzaﬁ}ahlkyl groupys%?@gylx _%qapﬁgbtggﬁﬁy-y“haying a substituent, a

o Vi Sy VL %

halogen atom, or the like).
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[0072] The aluminum-containing group is a group which has 1 to 5 aluminum atom in a group and
which excludes a heterocyclic compound residue. Specific examples thereof include AiR4 (R is a
hydrogen atom, an alkyl group, an aryl group optionally having a substituent, a halogen atom, or the
like). 10[0073] The phosphorus-containing group is a group which has 1 to 5 phosphorus atoms in
a group and which excludes a heterocyclic compound residue. Specific examples thereof include
trialkyl phosphine grougs,such as trimethyl phosphine, tributyl phosphine, and tricyclohexyl phosphine;
triaryl phosphine grgﬁbszzs’,f’]ch as triphenyl phospkine, and tritolyl phosphine; phosphite groups
(phosphide groups) such as methyl phosphite, ethyl phosphite, and phenyl phosphite; phosphonic
group; and phosphinic acid group. 20[0074] The oxygen-containing group is a group which has 1
to 5 oxygen atoms in g rcfgffjpﬂanq whic A@xcludesnazlt?/tér[oy@;@m,gﬁ@h und residue. Specific examples
thereof include hydrexyligrétipalkbxy“groups such as"methoxy, ethoky, propoxy, and SF-2255 39
butoxy; aryloxy groups such as phé‘hoxy, methyl phenoxy, dimethyl phenoxy, and naphthcxy; aryl
alkoxy groups such ag phenyl methiaxy:, and phenylethoky: acetoxy.gfoup:.and carbonyl group. When
the oxygen-containing group contaifis a €arbon 5 atom, the ntimberof thé carbon atom is 1 to 30,
preferably 1 to 20. [0075] « The sg&a‘ur-pontaining grogp is a groap which has 1 to 5 sulfur atoms in a
group and which exg@udﬁs&:@?ﬁegewgflegéﬁg compgﬂég'?ﬁgﬁgg?“@p*égffi};t examples thereof include
sulfonate groups such as methyl sulfonate, trifluoromethane sulfonate, phenyl sulfonate, benzyl
sulfonate, b-toluene sulfondte, trimethylbenzene suylfonate, triisobyty!l benzeng, sultanate,
pechlorobenzenesulf@ﬁé{gif ard "éﬁ“ﬁéﬂﬂbr%benzené\iﬁs stiltarate’ seffiratésgroups such as methyl
sulfinate, phenyl sultinate, henzyl sulfinate, p-toluene sulfinate, trimethylbenzene sulfinate, and
pentafluorobenzene SL&LQ%Q{%@‘J&W?EQSE@%? and /a,ryl/rj;hiqogrgg » When. the sulfur-containing group
y e 7,

contains a carbon atdm, e humbet of 20 the cartfonatoti isé t6/30; préferably 1 to 20.
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[0076] The nitrogen-containing group is a group which has 1 to 5 nitrogen atoms in a group and
which excludes a heterocyclic compound residue. Specific examples thereof include amino SF-2255
40 groups; alkyl amino groups such as methyl amino, dimethyl amino, diethyl amino, dipropyl amino,
dibutyl amino, and dicyclohexyl amino; and aryl amino groups or alkyl aryl amino groups, such as
phenyl amino, diphenyl amino, ditolyl amino, dinaphthyl 5 amino, and methylphenyl amino. [0077] The
halogen-containing group is a group which has a halogen atom and which excludes a heterocyclic
compound residue, X4 Bles thereof include flugkine-containing 10 groups such as FE; and 554,
chlorine-containing groups such as 0104 and SbC16, and iodine-containing groups such as 104. The
halogen-containing groups also include groups in which at least one hydrogen of the hydrocarbon
groups having 1 to 2@a@anbon atoms is substituted with a halogen. 15[0073] Examples of the
heterocyclic compound residue include residues of nitrogen-containing compounds such as pyrrol,
pyridine, pyrimidine,%ﬂ?ﬁblfn@ and triazine, oxygen-containirgg compounds such as furan and pyran,
and 20 sulfur-containing oﬁ[ﬁou;vds such as thiophene; a‘jndngougs in which these heterocyclic
compound residues“aﬂg;,{ fgh‘égrﬁfht;g?fi'guted with substftueé%ﬁﬁ@@: %\‘S&;eﬂ'lfyl groups and alkoxy groups
having 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms. The hetérocyclic compound residues
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5 ‘Method for Producing Organometallic Compound (1}
The organometallic compound {1) of the present invention

can be produced by reactions such as a reactlon between a
halogenatedzincand(acorrespondingorganolithium<n:@rignard
reagent, or a boron zine exchange reaction between a

10 corresponding boron compound and an alkylzinc, but ig
preferably produced by a method using a transition metal
compound {(A), described later, as a catalyst. Herelnaiter,

the method for producing the organcmetallic compound (1) of



41. above nitrogen-containing groups, oxygen-containing group and sulfur-containing groups. [00791
Y is a nitrogen atom, or a carbon atom having a 5substituent R22, that is -c (R22). IS an oxygen
atom, a sulfur atom, a selenium atom, or a nitrogen atom having a. substituent R25, that is -N(R25)-.
[0080) -21 to R25 may be the same as or different from one another, 10 and are an atom or a group
selected from the group consisting of a hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted sityl group, an oxygen-containing group, a nitrogen-containing group, a
sulfur-containing grésﬁb;fzag%oron-containing groupgan aluminum-containing group, a. 15
phosphorus-containing group, a halogen-containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group, and a tin-containing group. Two or more of
R22 to F125 may be wnited with oretanotiendo-ferara sirng cWikanlacmsoerd (R225, R220f R225,
R24s, and R25s ma(%lszg) Qaet;qdé\giq%agy$tglrgbs%rqg as o, different from one another, and one group of
R22 - R25 contained in any one 'ofihe”llgandas and one group of R22 _ R-- contained in another ligand
may be united. [0081jExamples of the halogen atom, the oxygen-containin SF-2255 42

The method for producing the erganometallic compound of
5 the present invention ig characterized in that in the presence
cf the transition metal compound (A) represented by the
following general formula, & diens compound {B) represented
by the following general formula is reacted with an
organometallic compound (C) represented by the following
10 generalformula,totherebyobtainthec:rgansmetalliccompound

(1} represented by the general formula (1).

Transition Metal Compound (A}

The transition metal compound (A} employed in the method
15 for producing the organometallic compound (1} cf the present

invention is represented by the following formula (A).

[0065]
[Chem. Z8]
— me
YoommmNL
23__/ Team
R \ //be {A}
=

2 de la




group, the nitrogen-containing group, the sulfur-containing group, the boron-containing group, the
aluminum-containing group, the phosphorus-containing group, the heterocyclic compound residue, the
silicon-containing group, the 5 germanium-containing group, and the tin-containing group, represented
by R21 to R25, can be those mentioned as the examples of X of the general formula (A). Examples of
the halogen-containing group represented by R21 to R25 inclucke those in which at least one
hydrogen of a hydrocarbon group is 10 substituted with a halogen, the hydrocarbon group having 1 to
30 carbon atoms, préférably 1 to 20 carbon atoms, e.g., alkyl groups such as methyl, ethyl, propyl,
butyl, hexyl, octyl, nonyl, dodecyl, and eicosyl; cycloalkyl groups having 3 to 30 carbon atoms such as
cyclopentyl, cycl.ohexyl, norbonyl, and 15 adamantyl; alkenyl groups such as vinyl, propenyl, and
cycichexenyl; aryl alkyl groupsesitch:as benzyl, phenyl ethylrand phemgkpropyl and aryl groups su.ch
as phenyl, tolyl, dimethyl phenyl, trimethy| phenyl, ethyl phenyl, propyl phenyl, biphenyl, naphthyl,
methyl naphthyl, antfifyl; téfrclidyﬁfiy Bnanthryl. 20 élpé)gifféx“ efaerﬁ*pﬁ%égtﬁym%ﬁﬁéﬁ%e trifluoromethyl,
perfluoromethyl, pertafiucrepheny, perfluosebexylatrichlotomethyh perchtoroethyl, pentachlorophenyl,
and perchlorchexyl. [0082) 1SF'~2%§5 9_3t Exampl§ 21; thCnggggarp%rg group represented by 821 to
elude those having 16 30 €8rSon atoms. and specific examples theredf include linear or branched
alkyl groups having drt@=30wcarbon-atems;preferabtyd ¢6 20carBorratoms;5 such asmethyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, and n-hexyl; linear or
branched alkenyl gr%ﬁ%ﬁ%ﬁﬁ%r tholﬁff%%r%%aréltg?ﬁsiyg?&pgﬁgﬁlf/hf tgg*fﬁuégr%’%ﬂ atoms, such as vinyl,
allyl, and isopropenyl;dineas.orbranchee alkynyi groapsihaving 2 to 30 10 carbon atoms, preferably 2
to 20 carbon atoms, as ethynyl, and propargyl; cyclic saturated hydrocarbon groups having 3 to
30 carbon atoms, preferably 3 to 20 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, norbornyl, andiadaniantyk’ cyckcaihsaturated-hydidcarbon grodpsitaving 15 5 to 30
carbon atoms, §]%Ch as cyclopentadienyl, indenyl, and flugrenyl: aryl groups having 6 to 30 carbon
atoms, preferably 6 1650 carbon atoms, such as phenyl,benzyl, naphthyl, biphenyl, terphenyl,
phenanthryl, and anthiyl; dndealkyl-substituted aryl groups, such as tolyl, isopropyl phenyl, tert-butyl

a is an integer of 1 to 3, which is the number of a igand
coordinated with the transition metal atom M. Whan a is 2
or 3, ligands may be the same as or different from one another,

15  and plural ligands may be united with one another via one or
nore bridging groups selected from the group consisting of a
nydrocarbon group, a silicon-containing group, &
germaniuvm-containing group, & tin-containing group, a
boron-containing group, an aluminum-containing group, a

20 phosphorus-containing group, an oxygen-containing group, &
sulfur~containing group, and a nitrogen-containing group. a
is preferably 1 or 2, more preferably 2.

(00673}

¥ is an atom or a group selected from the group consisting



20 phenyl, dimethyl phenyl, and di-tert-butyl phenyl. The above hydrocarbon groups may be
substituted with other hydrocarbon groups, with examples thereof including aryl group-substituted alkyl
groups such as benzyl and cumyl. [0083] SF-2255 44 Examples of the hydrocarbon-substituted
silyl group represented by R2I to R25 include groups with the total number of carbon atoms being 1 to
30. Specific examples thereof include methyl silyi, dimethyl silyi, trimethyl silyl, ethyl 5 silyl, diethyl silyl,
triethyl silyl, diphenylmethyl silyl, triphenyl.silyl, dimethylphenyl silyl, dimethyl-t-butyl silyl, and
dimethyl(pentafluoréprenyl)silyl. Of these, preferaple are methyl silyl, dimethylsilyl, trimethyl silyi, ethyl
silyl, diethyl silyl, triethyl silyl, dimethylphenyl silyl, and 10 triphenyl silyl. Particularly preferable are
trimethyl silyi, triethyl silyl, triphenyl silyl, and dimethylphenyl silyl. [0084] Of the transition metal
compound (A), a transitiofydpetal cempound (AR epreseated:hythe falowing general formula is
15preferable. [OO851f[Chem.b29] SF-2255 ,45,Coﬁ Ion ng ggnerr%luformula (AD, [1', a, X, b, R2Il, and R"
- . Carnon rou g Sl 1= SO LY H o ’
are each defined in tH&" 8aH& haRNEr as i the general formuia W [0086]
germanium-containing group, a tin-containing group, a
boron~containing group, an aluminum-containing group, a
5 phosphorus-containing group, an oxygen-containing group, &
sulfur-containing group, a nitrogen-containing group, a
halogen-sontaining group, and a hetrocyclic compound residue.
b is an integer of 9 to 3, which is the number of X. When b
is 7 or 3, ¥ may be the same as or different from one another,
16  and plural X may be united with one another to form a ring.
100687
Examples of the halogen atom include a fluorine atom,
a chlorine atom, & bromine atom, and an iodine atonm.
Examples of the hydrocarbon group include alkyl groups
15 such as methyl, sthyl, propyl, butyl, hexyl, cctyl, nonyl,
dodecyl, eicosyi; oycloalkyl groups having 3 to 30 carbon atoms
such as cyclopentyl, cyclchexyl, norbonyl, and adamantyl;
aikenyl groups such as vinyl, propenyl, and cyclohexenyl; aryl
alkyl groups such as benzyl, phenyl ethyl, and phenyl propyl;
20  and aryl groups such as phenyl, tolyl, dimethyl phenyl,
trimethyl phenyl, ethyl phenyl, propyl phenyl, biphenyl,
naphthyl, methyl naphthyl, anthryl, and phenanthryl.

[0663]

The silicon-containing group is a group which has 1 ta



5R26to R2 maybe the same as or different from one another, and are an atom or a group selected
from the group consisting of a hydrogen atom, a hydrocarbon group, a halogen atom, a
hydrocarbon-substituted silyl group, an oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, 10 a boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a. halogen-containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group, and atin-containing group. OE these, two or
more may be unitecfWith*3ne another to form a asring. When a is 2 or 3, Rus, Rzas, R26s, Fe's, 28
R--s and R295 may be individually the same as or different from one another, and one group of R22
and R26- R29 contained in any one of the ligands and one group of R R26 - R29 contained in another
ligand may be united.s20[0084]ons : Examples af.ihe hydreearbon-groupptihethalogen atom, the
hydrocarbon-substituted silyi group, the oxy en-contqiningngroup,igé?ugiérogen-containing group, the
sulfur-containing gr&af; brtfr%ﬁ?(%nt%ﬁ‘fﬁglﬁrgﬁaﬁ ié aluminum-containing SF-2255 46 group, the
phosphorus-containing:grupsthehaloges:containieugsoup;thes heterocyelielcompound residue, the
silicon-containing group, the germanium-containing grogg%handstthe }i’n-tcrgnl};%in;pg group, represented

T

by 12 to 129, can 5 BEtidSe mbHtiohad ae the exarmples of those represented by P.22 to 125. [0088)
As the transitionsmetal gompourdsHAY) anedi(Al) thesendescribed:ia:JPLAi2000-191713,

IP-A-2000239312, WOOL055231,10 pemepie, A 2003:40953. or the ke can be employe as

hydrocarbon-substituted silyl ether groups such as trimethyl
5ilyl ether; silicon-substituted alkyl groups such as
trimethyl silyl methyl; and silicon-substituted aryl groups
10  such as trimethyl silyl phenyl. When the silicon-containing
group contains a carbon atem, the number of the carbon atom
is 1 to 30, preferably 1 to 20.
{0070)
The germanium-centaining group is a group which has a
1% germanium atom and which excludes a heterocyclic compound
residue. Examples theresof include those in which the silicon
of the above silicon-containing group is substituted with
germanium. The tin-containing group is & group having a tin
atom excluding a heterocyclic compound residue. Examples
26  thereof inciude those in which the silicon of the above
gilicon-containing group is substituted with tin.
[0071L:
The boron-contalning group is a group which has 1 to §

boron atoms in & group and which excludes a heterocycliic



In the method of the present invention, as the transition metal compound (A), a single kind of
compound can be employed 15 solely, but as needed, two or more kinds of the transition metal
compound (A) different in structure can be combined and employed- Diene Compound (B) 20The
diene compound (B) employed in the method for producing the organometallic compound (1) of the
present invention is a compound represented by the following general formula. [0090] SE-2255
(Chem. 301 In the general formula (B), Q1, 42, Q3, j, k, m, and n are each defined in the same
manner as in the getferafformula 5'(1). J00911 ;3 RetoReare each independently a hydrogen atom,

or a hydrocarbon group having 1 to 20 carbon atoms, and may be a group formed by substituting a
part of the hydrogen atoms of

compound residue. Specific examples thereof include BRg (R
is a hydrogen atom, an alkyl group, an aryl group optionally
having a substituent, a halogen atom, or the like}.

16072}

5 The aluminum-containing group is a group which has 1 to
5 aluminum atom in a group and which excludes a hesterosyclic
compound residue. Specific examples thereof include ALR¢ (R
is a hydrogen atom, an alkyl group, an aryl group opticnally
having & substituent, a halcgen atom, or the like).

1t {00731

The phosphorus—containing group is a group which has 1
te 5 phosphorus atoms in a group and which excludes a
heterocyclic compound residue. Specific examples thersof
include trialkyl phosphine groups such as trimethyl phosphine,

1%  tributyl phosphine, and tricyclohexyl phosphine; triaryl

phosphine groups such as triphenyl phesphine, and tritolyl
phosphiner phosphite groups {phosphide groups) such as methyl
phosphite, ethyl phosphite, and phenyl phosphite; phosphonic
group; and phosphinic acid group.

28 [gov4y

The oxygen-containing group i1s a group which has 1 to
5 oxygen atoms in.a group and which excludes a heterocyclic
compound residue. Specific examples thereof include hydroxyl

group; alkoxy groups such as methoxy, ethoxy, propoxy, and



10 the hydrocarbon group with a substituent containing a heteroatom excluding carbon and hydrogen.
Examples of the 'hydrocarbon group include alkyl groups, aryl groups, and aryl alkyl groups having 1
to 20 carbon atoms. Specific examples thereof include methyl group, ethyl group, propyl group, 15
isopropyl group, n-butyl group, sec-butyl group, tert-butyl group, isobutyl group, pentyl group, hexyl
group, octyl group, decyi group, cyclohexyl group, phenyl group, tolyi group, naphthyl group, benzyl
group, and 2-phenylethyl group. As Re to Re, of the above atom and groups, preferable are a
hydrogen 20 atom, fietAyf group, ethyl group, propyl group, phenyl group, benzyl group, 2-phenylethyl
group, and more preferable are a SF-225S 49 hydrogen atom, methyl group, ethyl group, and phenyl
group, andstillmorepreferablearea hydrogen atom, andmethylgroup, [0092] Specific examples of the
diene compound inclgle b eonjugated.diene.compounds suck.agilfB<doutadiene, 1,3-pentadiene,
1,3-hexadiene, 1,3-heptadiene, 1,3-octacien%,“%-gh_en}ll-ll,3_;19utadieone,sls-pcr;}egé/l-Z,4-pentadiene,
isoprene, 2-ethyl-1,3-BEtatefs S hropy1-1°8 6utatiene, 236Uty 12 52 bltadiené. 2-penty1-1,3-butadiene,
102-hexyl-1,3-butadienre, 2-hepty ] <h3-hutadiene 2-eetrb-y, 3-butadiehes andy2-phenyl-1,3-butadiene;
chain non-conjugated dienecompounds such as = cai Y
1,4-pentadiene,3-méfRyi-1, A 5entadiene T 4 Hexadiene’ " °up conrains @ eareen
3-methyl-1,4-hexadiene, 4-methykd;4-hexadienen stom is 1 to 30, preferably 1

to 20.
[C0753
The sulfur-containing group is a group which has 1 to
% sulfur atoms in & group and which excludes a heterocyclic
10  compound residue. Specific examples thereof inciude
suifonate groups such as methyl sulfonate, trifluoromethane
sulfonate, phenyl sulfonate, benzyl sulfonate, p-toluene
suifonate, trimethylbenzene sulfonate, triiscobutyl benzene
sulfonate, p~chlorobenzene sulfonate, and pentafluorobanzeane
15  azulfonate; sulfinate groups such as methyl suilfinate, phenyl
sulfinate, benzyl sulfinate, p~toluene sulfinate,
trimethylbenzene sulfinate, and pentafluorobenzene
sulfinate; alkylthio groups; and arylthio groups. When the
sulfur-containing group contains a carbon atom, the number of
28  the carbon atom iz 1 to 30, preferably 1 to 20.
[0076)
The nitreogen—centaining group is a group which has 1 to
5 nitrogen atoms in a group and which sxcludes a heterocyclic

compound residue. Specific eramples therecf include amino



15 5-methyl-1,4-hexadiene,4,5-diimethy1-1,4-hexadiene,
1,5-hexadiene,3-methyl-1,5-hexadiene,1,5-heptadiene, 3-methyl-1,5-heptadiene,1,6-heptadiene,
4-methyl-1,6-heptadiene,1,6-octadiene, 4-methyl-1,6-octadiene,7-methyl-1,6-octadiene,
201,7-octadiene,4-methyl-1,7-octadiene,1,7-nonadiene, 4-methyl-1,7-nonadiene,1,8-nonaddene,
4-methyl-1,8-nonadiene,1,8-decadiene, 5-methyl-1,8-decadiene,1,9-decadiene,
5-methyl-1,9-decadiene,1,10-undecadiene,and SF-2255 49 1,11-dodecadiene;
trienecompoundssuéfi@s?™4,7-octa _ene, 3-metth.-l,4,7-octatriene,1,5, 9-decatriene,and

groups: alkyl amino groups such as methyl amino, dimethyl amino,

diethyl amine, dipropyl amino, dibutyl amino, and dicyclohexyl

amino; and aryl aminc groups or alkyl aryl amine groups, such

as phenyl amine, diphenyl amine, ditolyl amino, dinaphthyl
5 aminc, and methylphenyl amino.

[0G77]

The halogen-containing group is & group which has a
halogen atom and which excludes a heterocyclic compound
residue. Examples therecf include fluorine-containing

10  groups such as PF¢ and BF;, chlorine-containing groups such
as Cl0; and 8bCle, and ifodine-containing groups such as I0,.
The halegen-gentaining groups also include groups in which at
least one nydrogen of the hydrocarbon groups having L to 20
carbon atoms is substituted with z halogen.

L5 00787

Examples of the heterccyclic compound residue include

rgsidues of nitrogen-containing compounds such as pyrrol,
pyridine, pyrimidine, guinoline and trlazine,
oxygen~containing compounds such as furan and pyran, and

26 sulfur-containing compounds such as thiophene; and groups in
which these heterocyclic compound residues are further
substituted with substituents such as alkyl groups and alkoxy
groups having 1 to 30 carbon atoms, preferably 1 to 20 carbon

atoms. The heterocyelic compound residues do not include the



4-methy1-1,5,9-decatriene; 5cyclicolefincompoundssuchas
5-methylene-2-norbornene,5-vinyl-2-norbornene,
5-(2-propenyl)-2-norbornene,5-(3-butenyl)-2-norbornene, 5-(1-methyl-2-propenyl)-2-norbornene,
5-(4-pentenyl)-2-norbornene, 10 5-(1-methyl-3-butenyl)-2-norbornene 5-(5-hexeny1)-2-norbornene,
5-(1-methyl-4-pentenyl)-2-norbornene, 5-(2,3-dimethy1-3-butenyl)-2-norbornene,
5-(2-etny1-3-butenyl)-2-norbornene, 155-(6-heptenyl1)-2-norbornene,
5-(3-methy1-5-hexety¥#Znorbornene, 5-(3,4- dlg]ethyl -4-pentenyl)-2-norbornene,
5-(3-ethyl-4-pentenyl)-2-norbornene, 5-(7- ootenyl) -2-norbornene, 20
5-(2-methyl-6-heptenyl)-2-norbornene, 5-(1,2-dimethy1-5-hexenyl)-2-norbornene,
5-(5-ethyl-5-hexeny1):2:norherRenex5:( i Sqtrimethyd depentenyl)-2-norhoinene,
dicyclopentadiene,5-ethylidene-2-norbornene, SF-2255 50 5-isopropylidene-2-norbornene,
1,1'-bi(3- cyclopenteﬁ‘é})fdi“(§°€§/°d8ﬁ“e%f-’éfﬁ%srnethane 1,3-di(3-cyclopentenyl)propane,
1,4-di(3-cyclopentenybbustane, 51,5-di(3-cyclopentenyl)pentane,

Y is a nltrogen atom, or a carbon atom having a
5 substituent R¥, that is -C(R%}=,
G is an oxygen atom, a sulfur atom, a selenlum atom, or
a nitrogen atom having & supstituent R, that is -N(R™)~
[0C80])
E* to R* may be the same as or different from one ancther,
10  and are an atom or a group selected from the group consisting
of a hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted silyl greup, an oxygen-conitaining
group, & nitrogen-containing group, a suifur-containing group,
a horon-containing group, an aluminum-centaining group, &
15 phosphorus-containing group, & halogen-containing group, a
heterocyclic compound residue, a silicon-containing group, a
.germaniumrcontaining group, and a tin-contalning group. Two
or more of R¥ to R®® may be united with one another to form
s ring. When a is 2 or 3, R¥s, R”s, R%s, R™s, and R®s may
20 be individually the same as or different from ons another, and
one group of R¥ - R* contained in any one of the ligands and
one group of R -~ R*® contained in another ligand may be united.
[oostl

Fxamples of the halogen atom, the oxygen-containing



3-methyl-1,11-bi(3-cyclopentene), 4-(3-cyclopentenylmethyl)-1-methyl-l-cyclopentene,
4-(3-(3-cyclopentenyl)propy1)-1-methyl-1-cYclopentene,
4-(4-(3-cyclopentenyl)butyl)-1-methyl-l-cyclopentene,
101,1'-bi(3-cyclohexene),di(3-cyclohexenyl)methane, 1,3-di(3-cyclohexenyl)propane,
1,4-di(3-cyclohexenyl)butane,and 1,5-di)(3-cyclohexenyl)pentane; cyclicdienecompoundssuchas
6-chloromethy1-5-isopropenyl-2-norbornene; halogen-containingdienecompoundssuchas
3-chloro-1,4-pentadi&ne’32bromo-3-methyl-1,4-pentadiene,
3-chloro-1,4-hexadiene,3-chloro-3-methyl-1,4-hexadiene, 3-bromo-4-methyl-1,4-hexadiene, 20
3-chloro-5-methyl1-1,4-hexadiene, 3-bromo-4,5-dimethyl-1,4-hexadiene, 3-bromo-i,5-hexadiene,
3-chloro-3-methyl-1z-hexadiene;3-peomeont :5-hegtadiene 3=chloro:3«methiykds5-heptadiene,
4-bromo-1,6-heptadiene, 3-chIoro-4-methy1-.1,6-hegtadiene 4-bromo-1,6-octadiene, SF-2255
group, the boron-contdining group, the Aluminum-contalning
group, the phosphorus-containing group, the heterocyclic
compound residue, the silicon-containing group, the
5 germanium-contalining group, and the tin-containing group,
represented by 8% to R, can be thosementioned as the examples
of ¥ of the general formula (A). Exampless of the
halogen-containing group represented by R¥ to ™ include those
in which at least one hydrogsn of a hydrocarbon group 1s
10  substituted with a halogen, the hydrocarbon group having 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, @.g., alkyl
groups such as methyl, ethyl, propyl, butyl, hexyl, octyl,
nonyl, dodecyl, and elcosyl; cycloalkyl groups having 3 to 30
carbon aboms such as cyclopentyl, cyclohexyl, norbonyl, and
1% adamantyl; alkenyl groups such as vinyl, propenyl, and
cyclohexenyl; aryl alkyl groups such as benzyl, phenyl ethyl,
and phenyl propyl: and aryl groups such zs phenyl, tolyl,
dimathyl phenyl, trimethyl phenyl, sthyl phenyl, propyl phenvl,
piphanyl, naphthyl, methyl naphthyl, anthryl, and phenanthryl.
20 Epecific examples thereof include trifluoromethyl,
perflucrcmethyl, pentafluorcphenyl, perfluorchexyl,
rrichloromeihyl, perchlorcethyl, pentachlorophenyl, and
perchlorchexyl.

fo082]



51 3-chloro-4-methy1-1,6-octadiene, 4-bromo-7-methy1-1,6-octadiene,4-chloro-1,7-octadiene,
3-ohloro-4-methyl-1,7-octadiene,4-bromo-1,7-nonadiene,
4-bromo-4-methyl-1,7-nonadiene,4-bromo-1,8-nonadiene, 5
3-chloro-4-methyl-1,8-nonadiene,S-bromo-1,8-decadiene,
3-chloro-5-methyl-1,8-decadiene,5-bromo-1,9-decadiene, 3-chloro-5-methy1-1,9-decadiene,
5-bromo-1,10-undecadiene, and 5-bromo-1,11-dodecadiene; silane-containing dienes such as
bisvinyloxy silane, 1 thfiéthylbisvinyloxy aliens, hisallyloxy silane, dimethylbis allyloxy silane,
di(3-butenyl)dimethyl shame, bis(3-butenyloxy)silane, dimethylbis(3-butenyloxy)sliane,
di(4-pentenyl)dimethyl silane, bis(4-pentenyloxy)silane, his(4-pentenyloxy)dimethylsilane, 15
di(5-hexenyl)dimethylsilang..bistS-hexenylaxy)silane g ang bisfb-hexenytoxy)dimethylsilane;
ester-containingdiengs,’compoungssuchas,3-buteny31-4-gentenoate,4- gntprg){%;él-pentenoate,
4-methoxycarbony 151, 726ctaI SR8 At 20 3-methokycarsony 121 o-decadiene: ether-containing
diene compounds sugh-as: divinyi-ether diallytether pei(4sbutenyioxy)ether, and
di(5-hexenyloxy)ether;

having 1 to 30 carbon atome, preferably 1 to 20 carben atoms,
5 suchasn@thyl,ethyl,nwpropyl,isopropyl,nwbutyi,isobutyi,
sec-butyl, tert-butyl, n~pentyl, neopentyl, and n-hexyl;
linear or branched alkenyl groups having 2 to 30 carbon atoms,
preferably 2 to 20 carbon atoms, such az vinyl, allyl, and
isopropenyl; linear or branched alkynyl groups having 2 te 30
10 carbon atoms, preferably 2 to 20 carbon atoms, such as ethynyl,
and propargyl; cyclic saturated hydrocarbon groups having 3
to 30 carben ztoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl,

and adamantyl: cyclic unsaturated hydrocarbon groups having

ok
(o4}

5 to 30 carbon atoms, such as cyclopentadienyl, indenyl, and
fluorenyl; aryl groups having & te 30 carbon atams, preferably
% to 20 carbon atoms, such as phenyl, benzyl, naphthyl, biphenyi,
terphenyl, phenanthryl, and anthryl; and alkyl-substituted
aryl groups, such as tolyl, isopropyl phenyl, tsri-butyl

20 phenyl, dimethyl phenyl, and di-tert-butyl phenyl. The above
hydrocarbon groups may be substituted with other hydrocarbon
groups, with examples therecf including aryl
group-substituted alkyl groups such as benzyl and cumyl.

[oogsl



siloxy-containing diene compounds such as 4-trimethyl SF-2255 52
siloxymethy1-1,4-octadiene,and4-methyl siloxymethy1-1,9-decadiene( [00931
compounds are generally available or can be 5 produced by known methods.
present invention, as the diene compound (B), a single kind of compound can be employed solely, but
as needed, two or more kinds of the diene compound (B) different in structure can be combined and

employed. 10 Organometaliic Compound (C)

These diene
In the method of the

An organometallic compound (C) employed to

produce the organofdetafiic compound (1) of the 4resent invention is a compound represented by the
following general formula. 15[0094) [Chem. 31] R -M

10

15

Examples of the hydrocarbon-substituted silyl group
represented by r* ¢ R¥P include groups with the total number
of carbon atoms bheing 1 to 30. 5Specific examples thersof
include methyl silyl, dimethyl silvl, trimethyl silyl, ethyl
511yl, diethyl silyl, triethyl silyl, diphenylmethyl silyl,
triphenyl silyl, dinethylphenyl silyl, dimethyi-t-butyl silyl,
and dimethyl {pentaflucrophenyi)silyl. ©Of these, preferable
are mathyl silyl, dimethy} silyl, trimethyl silyl, ethyl silyl,
diethyl silyl, triethyl silyl, dimethylphenyl silyl, and
triphenyl silyl. Particularly preferable are trimethyl siiyl,
triethyl silyl, triphenyl silyl, and dimethyliphenyl silyl.
0084

Of the transition metal compound (A}, a transition metal

compound (Al} represented by the following general formula is

preferable.
roossl
[Chem. 29]

B RE R
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© In the general formula (C), His a magnesiumatom, a zinc atom, an Al-R11 group, or a
Ga-R11 group, and R11 is a hydrogen 20 atom, a hydrocarbon group, a halogen atom, a
silicon-containing group, or an oxygen-containing group. Examples of the hydrocarbon group, the
halogen atom, the silicon-containing group, the oxygen-containing group, SF-2255 53 represented by
R11, can be mentioned as the examples defined for the general formula (1). N is preferably a zinc
atom or an Al-Rd group, more preferably a zinc atom. [0095] 5Two Rs are each independently a
hydrocarbon group b&vitig | to 20 carbon atoms, and may be a group formed by substituting a part of
the hydrogen atoms of the hydrocarbon group witR a substituent containing a heteroatom excluding
carbon and hydrogen. 10[0096] Examples of the hydrocarbon group, represented by R, include

alkyl groups, aryl groups, and.aryl.alkyl:geoups..having .1 to 20 cathor:atoms..8pecific examples
thereof include methyl group, ethyl group, propy! group, isopropyl group,

are each defined in the same manner as in the general formula
{RY.
[008&]

5 R* v R*® may be the same as or dif ferent from one another,
and are an atom or a group seleacted from the group consisting
of a hydrogen atom, a hydrocarbon group, & halogen atom, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing group,

10  a boron~containing group, an aluminum-containing group, &
phosphorus-containing group, a halogen-containing group, &
heterocyelic compound residue, a silicen-containing group, a
germanium-containing group, and a tin-containing group. Of
these, two or more may be united with one another to form a

1%  ring. When a is 2 or 3, R%s, R¥s, R*®s, R¥s, R¥s and R*’s may
be individually the same as or different from one ancther, and
one group of R% and R - R*® contained in any one of the ligands
and ons group of R and R*® - R contained in another ligand
may be united.

20 [00B7]

Examples of the hydrocarbon group, the halogen atom, the

hydrocarbon-substituted silyl group, the oxygen-containing
group, the nitrogen-containing group, the sulfur-contalining

group, the boron-containing group, the aluminum-containing



15 n-butyl group, isobutyl group, sec-butyl group, tert-butyl group, pentyl group, neopentyl group,
Inexyl group, octyl group, decyl group, cyclohexyl group, phenyl group, tolyl group, naphthyl group,
benzyl group, 2-phenylethyl group, trimethyl silyl methyl group, triethyl silyl methyl group, trimethoxy
20 silyl methyl group, triisopropyl silyl methyl group, triphenyl silyl methyl group, tert-butyl dimethyl silyl
methyl group, trimethyl silyl ethyl group, triethyl silyl ethyl group, trimethoxy silyl ethyl group,
tri,isopropyl silyl ethyl group, triphenyl silyl ethyl group, and tert-butyl dimethyl silyl SF-2255 54 ethyl
group. Of these hydeseatbon groups, preferable are methyl group, ethyl group, propyl group, isopropyl
group, n-butyl group, isobutyl group, sec-butyl grééip, tert-butyl group, neopentyl group, octyl group,
phenyl group, benzyl 5 group, trimethyl silyl methyl group, and triethylsilylmethyl group; and more
preferable are meth)glrglggyghgth;@ Sq)@lq)yégsj@gg{g%ngrgy&gj,sog\%tyl group, tert-butyl group, phenyl
group, benzyl group, and trimet%yl silyl methyl group; and still more preferable are methyl group, ethyl
group, isopropyl 10 gréoes phenykyroup:amnd imethyt ikt metwrgratpeTiiese are employed singly
or in combination of tyvo_or maore kinds. ,[0097], . . sRecific. examples of the. grganometallic compound
(C) include: 150rganomagnesium compounds such as dibutyl magnesium, and dihexyl magnesium,
organozinc compounds st ds dirnethyt zineo diethsizine neigropyk zire, Hilscisropyl zinc, dibutyl zinc,
diphenyl zinc, dikenzyl zinc, and his(trimethylsilylmethyl)zing:. 20 organealuminum compounds such as
tri-n-alkyl aluminums e.g., trimethyl aluminum, triethyl aluminum, tri-n-butyl aluminum, tripropyl
aluminum, tripentyl &minum, trihexyl aluminum, trioctyl aluminum, and tridecyl aluminum:; tribranched
alkyl aluminums, e.g;q fisopropyl aluminum, SF-2255 55

As the transition metal compounds (A} and {Al}, those
described in JP-A-2000-191713, JP~A-2000-239312, WO0L/055231
10 .pamphlet, JP~A-Z0032-409533, or the like can be employed as
needed.
[0089]
In the method of the present invention, as the transition
metal compound (A), & single kind of compound can be emploved
1% solely, but as needed, two or more kinds of the transitionmetal
compound {A) different in structure ¢an be combined and

empioyed.

Diene Compound (B)

20 The diene compound (B} employed in the method for
producing the organometallic compound (1} of the present
invention is a compound represented by the following general
Formuia.

Fa0sol



triisobutyl aluminum, tri-sec-butyl aluminum,butyl aluminum, tri-2-methyl butyl aluminum, tri-3-methyl
butyl aluminum, tri-2-methyl pentyl aluminum, tri-3-methyl pentyl aluminum, tri-4-methyl pentyl
aluminum, tri-2-methyl hexyl 5 aluminum, tri-3-methyl hexyl aluminum, and tri-2-ethyl hexyl aluminum;
tricycloalkyl aluminums, e.g., tricyclohexyl aluminum, and tricyclooctyl aluminum; triaryl aluminums,
e.g., triphenyl aluminum, and tritolyl aluminum; dialkyl aluminum hydrides, e.g., diisobutyl aluminum
hydride; and 10 organogallium compounds such as trimethyl gallium, triethyl gallium, tripropyi gallium,
and tributyl gallium.40098} In the present |nvent|on as the organometallic compound (C), a single
kind of compound can be employed solely, but as"15 needed, twa or more kinds of the organometallic
compound (C) different in structure can be combined and employed, [0099] Regarding these
organometallic comp%dsﬂ has been known that mixing organometallic compounds having the
same 20 metal allows substituent exchange to proceed. In other words, employing two or more kinds
of organometallic comp younds having the same metal in anarbitral ratio can result in the effect of

providing an organometa\llc COT%) ):Zhavm @n arbltrgl/Substltuent in an arbitral ratio. SF-2255 56
c—=C ;
b

GG (B)
" Jzﬂ‘ \\Rf

In the general formula (B}, @', % % 3, k, m, and n

are each defined in the same manner as in the general formula
5 (1).
{0091}

R* to RY are each independently a hydrcgen atom, or a
nydrocarbon group having L to 20 carbon atoms, and may be a
group formed by substituting a part of the hydrogen atoms of

10 the hydrocarbon group with & substituent containing a
netercatom excluding carbon and hydrogen. Examples of Lhe
‘hydrecarbon group include alkyl groups, aryl groups, and aryl
alkyl groups having 1 to 20 carbon atoms. Specific examples
thereof include wethyl group, ethyl group, propyl group,

15 isopropyl group, n-butyl group, sec—butyl group, tert-butyl
group, ischutyl group, pentyl group, hexyl group, octyl group,
decyl group, cycleohexyl group, phenvl group, tolyl group,
naphthyl group, benzyl group, and 2~-phenylethyl group. As Re
to Rf, of the above atom and groups, preferable are a hydrogen

20 atom, methyl group, ethyl group, propyl group, phenyl group,

benzyl group, Z~phenylethyl group, and more preferable are a



[01001 Furthermore, by sequentially adding two or more organometallic compounds different in
reactivity, or by previously mixing such compounds and adding the mixture, it 5 is possible to
preferentially introduce arbitral substituents into terminals represented by R' and in the general formula
(), utilizing the two different kinds of reactivities. Thereby, the reactivity at the terminals can be
controlled. [01011 10These organometallic compounds (C) are easily available on an industrial basis,
or can be synthesized by known methods such as halogen metal exchange and metal exchange.
Co-catalyst CompoRem“D) 15In the method for E)Egoducing the organometallic compound (1) of the
present invention, in the presence of the transition metal compound (A) as a catalyst, the diene
compound (B) is reacted with the organometallic compound (C). In a preferable embodiment of the
production, together,with the fransition 20 netal compaunRdl(A)as @ eatalysiyg, co-catalyst component
(D) is used. Examples of the co-catalyst component (D) include at least one compound selected from:
(0-1) an organcmetamftcoMP6ant: (-2 an drgahoARRHIRIMN 0%y E6Mpotnd -and SF-2255 57

(0-3) a compound that seacts compound to form an ion pair. (0102] he transition metal
Specific examples of the diene compound include
5 conjugatad diene compounds such as 1, 3-butadiene,
l,3wpentadiene,l,3whexadi@ne,l,3~heptadiene,l,3woctadiene,

1-phenyl~-1, 3-butadiene, l-phenvi-2, 4~pentadiene, 1lsoprene,

2-ethyl-1,3-butadisene, 2-propyl-l,3-butadiene,
2-putyl-1,3~-butadiene, 2-pentyl-1, 3~butadiens,
io0 Z-hexyl-1,3-butadiena, 2-heptyl-1, 3~butadiena,

2-petyl-1,3~butadiene, and 2-phenyl-1,3-butadiene;

chain non-conjugated diens compounds auch as

1,4-pentadiene, 3-methyl-1, 4-pentadiene, 1,4-hexadiene,
3-methyl-1,4-hexadiene, 4-methyl-1, 4-hexadiens,
is F-methyl-1, 4-hexadiene, 4,b-dimethyl~1, 4-hexadiens,
1,5-hsxadiene, 3-methyl-1, 5-hexadiene, 1,5-heptadiens,
3-methyl-1, 5-heptadieng, 1, 6~heptadiens,
4~mathyl~1l, 6-heptadiene, 1, 6-octadiene,
4-mathyl-1l, 6-octadiene, 7~mathyl-1, é~octadlene,
20 1, 7~octadiene, 4-methyl~l, 7-octadliene, i, 7-nonadiene,
4-methyl-1, 7T-nonadiene, ) 1,8-nonadiene,
4-methyl-1,8-nonadiens, 1, 8~decadiene,
5-methyl-1, 8~decadiene, 1, 9-decadlene,

S-methyl-1, 9~decadiene, 1,1l0~undecadiene, and



(D-1) Specific examples of the organometallic compound 5include organometallic compounds of
Groups 1, 2, 12, and 13 of the periodic table, as described below. (0-1a) Organoaluminum
compounds represented by the general formula: Ran,A1(OR")nHpXq In the formula, Ra and RI' may
be the same as or different 15 from one another, and are hydrocarbon groups having 1 to 15 carbon
atoms, preferably 1 to 4 carbon atoms; X is a halogen atom; and m satisfies 0<mf3, n satisfies 0<n<3,
p satisfies 0fp<3, and q satisfies 0fq<3, and m + n + p + q = 3. [01031 15(0-1b) Alkyl complex
compounds containgrga@Group 1 metal of the periodic table and aluminum and represented by the
following formula: Mi2A1S14 In the formuld®M2 is Li, Na or K: and Ra is a hydrocarbon group
having 1 to 15 carbon atoms, and preferably 1 to 4 carbon 20 atoms. [0104) (0-1c) Dialkyl

compounds containing a Group.2 gr Group 12 metal of the periodic table and represented by the
following a b 2 formula: RR M SF-2255

triene compounds such a8 1,4,7-octatriene,
3-methyl~1,4, 7-cctatriene, 1,5, 9~decatriene, and

4-methyl~1l, 5, $~dacatriene;

5 cyclic olefin compounds such as
S-methylene-Z-norbornene, S-vinyl-Z-nocrpbornens,
5-{2-propenyl) -Z2-nerbornene, 5= {3~putenyl)-Z-norbornene,

S={l-methyl-Z-propenyl) -2-norbornene,
5= {4-pentenyl)~Z-norbornene,

0 5~{l-methyl-3-butenyl}-2~-norbornensg,
5-{5~-haxenyl) -2-norbornene,
5-{l-methyi-4-pentenyl)-~Z2-norbornene,
5-12,3~dimethyl-3~butenyl)-Z-norbornene,
5 {Z=~ethyl-3-butenvyl)-2-norbornene,

15 5~ (é-heptenyl)-2-ncrbornene,
5~ {3-methyl-5-hexenyl)~Z~norbornene,
5-{3, 4~-dimethyl-4-pantenyl)~Z-norbornens,
G- {3-ethyl-4d=-pentenyl}-Z~norbornene,

& {T-potenyl) ~2-norbornene,

20 5-{2-methyl-6-heptenyl)-Z-norbornene,
5-{1, Z2~dimethyl-5-hexenyl)-Z-norbornene,
5-(5-ethyl-5-hexenyl)-2-norbornens,
5—{1,2,3-trimethyl-4-pentenyl) -Z-norkornene,

dicyclopentadiene, 5-ethylidene~2-norbornene,



58 In the formula, Ra and Rb may be the same as or different from one another, and are each a
hydrocarbon group having 1 to 15 carbon atoms, and preferably 1 to 4 carbon atoms; and 3 M is Mg,
In or Cd. 5[01051 Examples of the organcaluminum compounds (D-1a) include:

organoaluminum compounds represented by the following formula : Ra(OR ) 3_, 10In the formula, Ra
and Rip may be the same as or different from each other, and are each a hydrocarbon group haying 1
to 15, and preferably 1 to 4 carbon atoms; and m preferably satisfies 1.5nimc3;

organoaluminum cotfip@ahds represented by the following 15formula: P.'fIAIX," In the formula, Ra
is a hydrocarbon group haying 1 to 15 carbon atoms, and preferably 1 to 4 carbon atoms; X is a
halogen atom; and m preferably satisfies 0<m<3; organoaluminum compounds represented by the

following 20formula; RaghlEl3 ; 10.. -2 -dh-thefarmula, Rais a hydrocarbon group haying 1 to 15
carbon atoms, and preferably 1 to 4 carbon atoms; and m preferably satisfies 2.CmK3; and
organoaluminum compothds FEPTEREHEEE by the folfdwingy e cpentenylnethans,

1,3-di {3~cyclopentenyl) propane,
1,4~di{3-cyclopentenyl)butane,

5 1,5-di{3-¢cyclopentenyl)pentane,
3-methyl-1,1'~hi{3~cyclopentene},
4= {3-cyclopentenyimethyl) ~1l-methyl-l-cyclopentene,
4~ {3~ {3-cyclopentenyl)propyll-l-methyl-i-cyclopentene,
4w (g~ {3-cyclopentenyl)butyl) ~l-methyl-l-cyclopentene,

10 1,1'-bi{3-cyclohexene), di (3~gyclohexenyl)methane,
1,3-di {3-cyclohexenyl)propane,
1,4-di (3-cyclohexenvl)butane, and
1,5-di{3-cyclohexenvl)pentans;

cyclic diene compounds such as

oS
o

f-chloromethyl-5~isopropenyl-2-norbornens;

halogen~containing diene compounds such as
3-chloro-1,4-pentadiene, 3-bromo~3-methyi-1, d-pentadiene,
I~chloro-1, 4—hexadiene, 3-chloro-3-methyi-1, 4~hexadiens,

J~hromo-4-methyl-1, 4-hexadiene,

20 3—chlor0w5wﬁethyl—l,4~hexadiene,
3-bromo~d, 5~-dimethyl~1l, 4d-hexadiene, 3-bromo-1,5-hexadiene,
3-chloro-3-methyl~1l, 5~-haxadiene, 3-bromo-1l, S~heptadiene,
3-chlore-3-methvl-1, 5-heptadiene, 4-bromo-1l,6-heptadiens,

3~chloro-4-methyl-1l, 6-heptadiene, 4-bremo-1, 6~octadiene,



SF-2255 59 formula: RamAI(OR In the formula, fe and Rh may be the same as or different from
each other, and are each a hydrocarbon group haying 1 to 15 carbon atoms, and preferably 1 to 4
carbon atoms; X is a 5 halogen atom; m satisfies 0<m3, n satisfies 0)n<3, q satisfies 0g<3 and m + n
4'q = 3.[0106] Specific examples of the organcaluminum compound belonging to (D-1a) include
tri(n-alkyl)aluminums such as 10 trimethylaiuminum, triethylaluminum, tr1(n-butyl)aluminum,
tripropylaluminum, tripentylaluminum, trihexylaluminum, rioctylaiuminum and tridecylaiuminum;
branched-chain trialk§Aakiminurns such as triisopropyialuminum, triisobutylaiuminum, 15
tri(sec-butyl)aluminum, tri(tert-butyl)aluminum, tri%é-methylbutyl)aluminum, tri(3-methylbutyl)aluminum,
tri(2-methylpentyl)aluminum, tri(3-methylpentyl)aluminum, tri(4-methylpentyl)aluminum,
tri(2-methylhexyl)aluminu, tri(3:methylhexyDaluminum and tri(2-ethylhexyl)aluminum;
20tricycicalkylaluminums such as tricyclohexylaiuminum and tricycloottylaluminum; triarylaluminums
such as triphenylaiufniyansaneckaliminames siaikylalumitiuint Ayeridésesteh & diisobutylaluminum

3-chloro~4d-methyl~1, 7-octadiene, 4~brome~1,7T-nonadliene,
4-hromo-4-methyl-1, 7-nonadiene, 4-proma~1, ~nonadiens,
5 3-chloro-4-methyl-1, 8-nonadiene, 5-brome-1, 8~decadiense,
3-chloro-5-methyl-1, 8-decadiene, S5-bromo-1, 9-decadiens,

3-chlore-S-methyl~1l, 9-decadiene, 5-brome-1, l0-undecadiene,
and S5-bromo-1, ll-dodecadiene;
silane-containing dienes such as bisvinylozy silane,
10 dimethyl bisvinyloxy silane, blsallyloxy silane, dimethyibis
allyvioxy silane, di (3-butenylidimethyl silane,
bis(3-butenylozylsilane, dimethylbis {3-butenyloxy)silane,
difd-pentenylidimethyl silane, bis{4-pentenyloxyjisilanse,
bis(4-pentenyloxy)dimethyisilane,
15 di{5-hexenvl)dimethylsilane, bhis{5~hexenyloxy)silane, and

bis{5-hexenyloxy}dimethylsilane;

ester-containing diene compounds such as
3~-butenyl-4-pentencate, i-pentenyl-4-pentenocate,
4-methoxyearbonyl-1, T-octadiens, and

20 4-methoxycarbonyl-1, 8-decadiene:;
ether-containing diene compounds such as divinyl ether,
diallyl ether, di (4~butenyioxyiether, and
di {S~hexenyloxy)ether;

sileoxy-containing diene compounds such as 4-trimethyl



SF-2255 60 hydride; trialkenylaluminums such as those represented by the formula
(i-C,H9)xA1y(051110), (wherein x, y and a are each a positive number, and z-?.2x) with examples
including triisoprenyialuminumf alkylaluminum alkoxides such as isobutylaluminum methoxide,
isobutylaluminum ethoxide and isobutylaluminum isopropoxide; dialkylaiuminum alkoxides such
as dimethylaluminum 10 methoxide, diethylaluminum ethoxide and dibutylaiuminum butoxide;
alkylaluminum sesquial oxides such as ethylaluminum sesguiethoxide and butylaluminum
sesquibutoxide; partmihz zkoxylated alkylalurninums such as those a 1.5 having an average
composition represented by R2.5;i1(OR ), ; dialkyfaluminum aryloxides such as diethylaluminum
phenoxide, diethylaluminum(2,6-di- -buty1-4-methylphenoxide),

ethylaluminumbis(2,6-di;t-buty1-4-methylphenoxide), 20,4
diisobutylaluminum(2,6-cﬁ-t-buty1-’4-methylphenoxide) and
isobutylaluminumbis2 @-di-tbutyl Adrettdphenoxide);

4-trimethyl

dialkylaluminum halides such as

dimethylaluminum cm%' e, diethylaluminumchloride, dibutylaluminumchloride, diethylaluminum

bromide and diisgbutylaluminum chloride; SF-2255 61

These diene compounds are generally avallable or can be

5  producad by known methods.

In the method of the present invention, as the diene

compound (B), & single kind of compound can be employed solely,

put zs needed, two or more kinds of the diene compound (B)

different in structure can be combined and employed.

Organometallic Compound (C}

an crganometallic compound {C} employed to produce the

organometallic compound (1) of the present invention is a

compound represented by the following general formula.

i5 [0ps4:
[Chem. 31]
R~——M—R (C)

In the general formuls {C), Mis amagnesiumatom, & zinc

atom, an Al-R* group, or a Ga-R'} group, and R* is a hydrogen

20 atom, & hydrocarbon group, &

halogen atom, a

silicon-containing group, or an oxygen-containing group.

Examples of the hydrocarbon group, the halogen atom, the

silicon-containing group, the oxygen-containing group,



alkylaluminum sesquihalides such as ethylaluminum sesquichloride, butylaiuminum sesguichloride and
ethylaluminum sesquibromide; partially halogenated alkylaluminums such as 5 alkylaluminum
dihalides including ethylaluminum dichloride; propylaluminum dichloride and butylaiuminum dibromide;
dialkylaluminum hydrides such as diethylaluminum hydride and dibutylaluminum hydride; partially
hydrogenated alkylaluminums such as 10 alkylalumdnum dihydrides including ethylaluminum dihydride
and propylaiuminum dihydride; and partially alkoxylated and halogenated alkylaluminums such as
ethylaluminum ethosyctioride, butylaluminum bu5t(??xychloride and ethylaluminum ethoxybromide.
15[0107] Compounds analogous to (0-1a) are also employable. .Examples of such compounds
include organoaluminum compounds wherein two or more aluminum compounds are bonded via a

nitrogen atom, such,as,(C21-15)2A1N(G2HE)AL(021102. 20010811 .. Examaples of the compounds
belonging to (D-1b) include LiAI(C2H5), and LiAl([77H")4. Examples of other compounds as the

organometallic compouhts @ BReldaE mathyilithilht, etfARtRm;* SrP28582°

an Al-R'' group, more preferabiy a zinc atom.
[CO95]

5 Two R8s are each independently a hydrocarbon group having
1 to 20 carbon atoms, and may be a group formed by substituting
a part of the hydrogen atoms of the hydrocarbon group with a
supstitusnt containing & hetercatom excluding carbon and
hydrogen.

10 . [0098)]

Examples of the hydrocarbon group, represented by R,
include alkyl groups, aryl groups, and aryl alkyl groups,
having 1 20 20 carbon atoms. Specific examples thereof include
methyl group, ethyl group, propyl group, iscpropyl group,

1%  n-butyl group, iscbutyl group, sec—butyl group, tert-butyl
group, pentyl group, neopentyl group, hexyl group, octyl group,
decyvl group, c¢yclchexyl group, phenyl group, tolyl group,
naphthyl group, benzyl group, Z-phenylethyl group, trimethyl
silyl methyi group, triethyl silyl methyl group, Urimethoxy

20 eilyl methyl group, triisopropyl silyl methyl group, triphenyl
3ilyl methyl group, tert-butyl dimethyl silyl methyl group,
trimethyl silyl ethyl group, triethyl silyl ethyl group,
trimethoxy silyl ethyl group, triisopropyl silyl ethyl group,

triphenyl silyl ethyl group, and tert-butyl dimethyl silyl



propyilithium,butyllithium,methylmagnesium bromide,
methylmagnesiumchloride,ethylmagnesiumbromide,
ethylmagnesiumchloride,propylmagnesiumbromide,
propylmagnesiumchloride,butylmagnesiumbromide, 5 butylmagnesium chloride,dimethyl magnesium,
diethyl magnesium, dibutyl magnesium, and butylethvl magnesium. [0109] Combinations of
compounds capable of forming the above organoaluminum compounds in the system are also
employable, If) with #&a%les including a combination of aluminum halide and alkyllithium and a
combination of aluminum halide and alkylmagneé’ﬁjm. Oftheorganometalliccompounds(D-1),the
organoaluminum compounds are preferable. The organometallic 15 compounds (0-1) are used singly,

or two or more kinds,are used in combination, 0110} The Qrganoaluminum nay-compounds (0-2) may
be  conventionalaluminoxanesorbenzene-insoluble 20 organoaluminum oxy-compounds as

described in JP-A-HB2I7868PH01$1071 I Fdt-eRaMple S66RRentiGREI=IUrAT 9%ane can be prepared by
the following processgs,.and,is.generally. pbtained as.a sqlution.ina hydrogarhen solvent,

group, neopentyl group, octyl group, phenyl group, benzyl
5 group, trimethyl silyl methyl group, and triethyl silyl methyl
group; and more preferable are methyl group, sethyl group,
isopropyl group, iscbutyl group, tert-butyl group, phenyl
group, benzyl group, and trimethyl silyl methyl group; and
still more preferable are methyl group, ethyl group, iscpropyl

10 .group, phenyl group, and trimethyl silyl methyl group. These
are emploved singly or in combination of two or more kinds.
[0087]

Specific sxamples of the organometallic compound {C}
include:

15 organomagnasium compeounds such as dibutyl magnesium,
and dihexyl magnasium,

organgzine compounds such as dimethyl zine, diethylzinc,
dipropyl zing, diisopropyl zinc, dibutyl zing, diphenyl zineg,
dibenzyl zinc, and bis(trimethylsilylmethyl)zing;

20 organozluminum compounds such as tri-n-alkyl aluminums
e.g., trimethyl aiuminum, triethyl aluminum, tri-n-butyl
aluminum, tripropyl aluminum, tripentyl aluminum, trihexyl
aluminum, trioctyl aluminum, and tridecyl aluminum;

tribranched alkyl aluminums, e.g., triisopropyl aluminum,



SF-2255 63 (1) An organoaluminum compound such as trialkylaluminum is added to a
hydrocarbon medium suspension of a compound containing water of adsorption or a salt containing
water of crystallization, e.g., magnesium chloride hydrate, copper 5 sulfate hydrate, aluminum sulfate
hydrate, nickel sulfate hydrate or serous chloride hydrate, to allow the organoaluminum compound to
react with the water of adsorption or the water of crystallization. (2) Water, ice or water vapor is
allowed to directly act 10 on an organoaluminum compound such as trialkylaluminum in a medium
such as benzene, talaertesethyl ether or tetrahydrofuran. (3) An organotin oxide such as
dimethyltin oxide or dibutyltin oxide is allowed to réact with an organoaluminum 15 compound such as
trialkylaluminum in a medium such as decane, benzene or toluene. [0112] The aluminowane may

contain a small amount. of,an.arganometallic camponentFusther, the.solvent gr the 20 unreacted

organoaluminum compound may be distilled off from the solution of aluminoxane collected, and the

distillate may be redissolved: in-a'sotvertor suspended ia poorSolvénht forthe aluminoxane. [0113] S
F-2255 64

aluminum, tri-2-methyl pentyl alum@nuﬂh tri-3-methyl pantyl
aluminum, tri-4-methyl pentyl aluminum, friﬂ2~methyl hexyl
8  alominum, tri-3-methyl hexyl aluminum, and tri-2-ethyl hexyl
aluminum; +ricyelealkyl aluminums, e.g., tricyclohesyl
aluminum, and tricyclooctyl aluminum; triaryl aluminums, e.¢.,
triphenyl aluminum, and tritolyl aluminum; dialkyl aluminum
hydrides, e.d., diigobutyl aluminum hydrider and
10 organogalllium compounds such as trimethyl gallium, triethyl
gallium, tripropyl gellium, and tribubtyl gallium.
[ooes;
In the present invention, as the organometallic compound
[Cy, a single kind of compound can be enploysd sclely, but as
15  neesded, twe or more kinds of the organometallic compound {C)
different in structure can be combined and employed.
C[0099]
Regarding these organcmetallic compounds, it has been
known that mizing organometallic compounds having the same
20 metal allows substituent exchange to proceed. Inother words,
employing twe or more kinds of organometallic compounds having
tha same metal in an arbitral ratic can result in the effect
0f providing an organometallic compound having an arbitral

substituent in an arbitral ratio.



Examples of the organoaluminum compounds used in the preparation of aluminoxanes include the
organoaluminum compounds described above for the organoaluminum compounds belonging to
(0-1a). 5[0114] Of these, the trialkylaluminums and tricycloalkylaluminums are preferable, and
trimethylaiuminum is particularly preferable. The organcaluzdnumccmpounds are used singly, or two
or more kinds are used in combination. 10[01151 Examples of the solvents used in the preparation
of aluminoxanes include aromatic hydrocarbons such as benzene, toluene, xylene, cumene and
cymene; aliphatic hydrééarbons such as pentane, hexane, heptane, octane, decency dodecane, 15
hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane, cyclohexane, cyclooctane
and methylcyclopentane; petroleum fractions such as gasoline, kerosine and light oil; and halides such
as chlorides and bromiggs of these aromatic, aliphatic and alicyclic 20 hydrocarbons. Ethers such as
ethyl ether and tetrahydrofuran are also employable. Of the solvents, the aromatic hydrocarbons or the
aliphatic hydrocarbons aré'Farietitary préfetabte” j6118] SEID¥55°88 °* TRE°benzene-insoluble
organoalurainum oxy:compaund contains.an Al:cempenent which is solublg inbenzene at 60C,
usually in an amount of not more than 10%, preferably not more than 5%, and particularly preferably
not more than 2% irPt&a 5B AL Sto i “ThEt R He ﬁéﬁz%ﬁ%—’?ﬁsﬁﬁBrléxit)?é%’négluminum

oxy-compound is preferahly.insoluble orhargly soluble.ip-benzene. {0447} ents Examples of the
organoaluminum oxy-compounds further 10 include boron-containing o_rgfanqaluminum
oxy-compounds reprEserted By the TSNt rmufd(f): jorggencrar formia

{1}, utilizing the two different kinds of reactivities.
Thersby, the reactivity at the terminals can be controlled.
[0L0%]

10 These organometallic compounds (C) are easily available
on an industrial basis, or can be synthesized by known methods

such as halogen metal exchange and metal exchange.

Co-catalyst Component (D}

15 In the method for progucing the organomstallic compound
(1} of the present inventiocn, in the presence of the transiticn
metal compound (A) as a catalyst, the diene compound (B} is
reacted with the crganometallic compound (C). 1In a preferable
embodiment of the production, together w’lt’“ the transition

20 metal compound {(A) as & catalyst, a co-catalyst component (D}
is used. Examples of the co-catalyst component (D) include
at least one compound selected from:

(D-1) an organometallic compound,

{b-2) an organcaluminum oxy-compound, and



[Chem. 32] R31R3R31 --- C --Al(Bl) R31R31 30 15In the formula, 11] is a hydrocarbon group having
1 to 10 carbon atoms; and R31 may be the same as or different from one another, and are each a
hydrogen atom, a halogen atom, Or a hydrocarbon group having 1 to 10 carbon atoms. [0119] 20The
boron-containing organoaluminum oxy-compounds represented by the general formula (I11) can be

prepared by SF-2255 66 allowing an alkylboronic acid represented by the general formula (1V): [0120J
[Them. 331

SF-2255
57

(D-3} a compound that reacts with the transition metal
compound te form an lon pair.
101023

{(D-1) Specific examples of the organometallic compound

5 include organometallic compounds of Groups 1, 2, 12, and 13

of the periodic table, as described baelow.

(D=la} Organcaluminum compounds represented by the
general formula: R%,AL(OR®) HoXg

In the formuls, R® and BY may be the same as or different

ot
b}

from one another, and are hydrocarbon groups having 1 ©o 15
carbon atoms, preferably 1 to 4 carbon atomsgs X is a halogan
atom; and m satisfies 0<m$3, n satisfies 05n<3, p satisfies
0<p<3, and g satisfies 08g<3, andm + o + p + g = 3.

[0103]

15 (D-1b) A1kyl complex compounds containing a Group 1 metal
of the periodic table and aluminum and represented by the
following formula: MZAJHRaﬁ

In the formula, Mz ig Li, Na or K; and R"isa hydrocarbon
group having 1 to 15 carbon atoms, and preferably 1 to 4 carbon

20 atoms.

[0104]

{D-ic) Dialkyl compounds containing a Group 2 or Group

12 metal of the periodic table and represented by the following

. & b 3
formula: RR M



R30-B(01-)2(1V) 5 the formula, R3 is the same group as described above), to react with an
organoaluminum compound in an inert solvent at a temperature of -80C to room temperature for 1
minute to 24 hours under an inert gas atmosphere. 10Examples of the alkylboronic acids represented
by the general formula (1V) includemethylboronic acid, ethylboronic acid, isopropylboronic acid,
n-propylboronic acid, n-butylboronic acid, isobutylboronic acid, n-hexylboron c acid, cyclohexylboronic
acid, phenylboronic acid, 15 3,5-d fluoroboronic acid, pentafluorophenylboronic acid and
3,5-This(trifluoromethyBaszenylboronic acid. Of these, methylboronic acid, n-butylboronic acid,
isobutylboronicacid, 3,5-difluorophenylboronic acid and pentafluorophenylboronic acid are preferable.
These are used singly, or two Or more 20 kinds are used in combination. [01211 Examples of the

organoaluminum compounds to be reacted h the alkylbaronic, acids inglude the organoaluminum
SF-2255 67 compounds described above for the organoaluminum compounds belonging to (0-1a).
[0122] Of these, theftrialkykaiemiamsaancre sach a hydrocarbon group having 1

to 15 carbon atoms, and preferably 1 to 4 carbon atoms; and
M3 iz Mg, Zn or Cd.
5 101051
Examples of the organcaluminum compounds (D-la)
include:
crganoaluminum compounds represented by the following
formula: Ffmﬁl{OR?}}ﬂ
1G Iin the fermula, Raand,ﬁamay be the same as or different
from each other, and are sach a hydrocarbon group having 1 to
15, and preferably 1 to 4 carbon atomg; and m preferably
satiafies 1.5%m%3;
organcaluminum compounds representsd by the following
15 formula: RSA1X3

fary “h

in the formula, R is a hydrocarbon group having 1 to
1% carbon atoms, and preferably 1 to 4 carbon atoms;: X igs a
halogen atom; and m preferably seatisfies O<m<3;

crgancaluminum compounds represented by the following

20 formula: R,ALH,

In the formula, R is a hydrocarpon group having 1 to
15 carbon atoms, %nd preferably 1 to 4 carbon atoms; and m
preferably satisfies 25m<3; and

organcaluminum compounds represented by the follewing



5 tricycloalkylaluminums are preferable, and trimethylaluminum, triethylaluminum and
traisobutylaluminum are particularly preferable. These are used singly, or two or more kinds are used
in combination. [0123] 10The organoaluminum oxy-compounds (0-2) mentioned above are used
singly, or two or more kinds are used in combination. The compounds (0-3) that react with the
transition metal compound to form an ion pair (hereinafter, called "ionized ionic compounds") are
compounds that react with the transition 15 metal compound represented by the general formula (A) to
form an ion pair. Examplés of such compounds include Lewisacids, ionic compounds, borane
compounds and carborane compounds as descrifed in JP-A-H01-501950, JP-A-H01-502036,
JP-A-H03-179005, JP-A-1103-179006, JP-A-H03-207703, 20JP-A-H03-207104, and U.S. Patent No.
5321106. Heteropoly compounds agd isopoly compounds may also be employed. [01241 The
Lewis acids include compounds represénted by BR, (R is fluorine, or a phenyl group which may have
a substituent SF-2255 68'such as-fubrine, arethylagroup or tttiefomiethyisgrotp). Specific examples
include trifluoroborop, friphenylhoron, tris(4-fusrophenyhberan, ts(3.5+diuorephenylboron,
tris(4-fluoromethylphenyl)boron, 5 tris(pentafluorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyi)boron and
tris(3,5-dimethylphehyljporen Jere5]and »THE B¢ Corfipbundeihéude ‘cdmpotinds representedbythe
fO"OWing genera’é foﬁmfgge(\va)t.om; msatisfies 0«m<3, nsatisfies (n<d, g satisfies

0g<3 and m + n + g = 3.
[01086]

Specific examples of the organoaluminum compound
pelonging to (D-la) include trii{n-alkyl)aluminums such as

trimethylaluminum, triethylaluminum, %xri(n-butyljaluminum,

ok
[

tripropylaluminum, tripentylaluminum, trihexylaluminum,
trigetylaluminum and tridecylaluminum;

branched-chain trialkylaluminums such as
triisopropyialuminum, triiscbutylaluminum,

15  tri{sec-bufyl)aluminum, tri{tert-putyl)aluminum,
tri(2-methylbutyl)aluminum, tri(3-methylbutyl)aluminum,
tri{2-methylpentyl)aluminum, tri{3-methylpentyl)aluminum,
tri(4-methylpentyl}aluminum, tri{2-methylhexyl)aluminum,
tri(3-methylhexylialuminum and tri(2-ethylhexyl)aluminum;

20 tricyclealkylaluminums such as tricyelohexylaluminum
and tricvelocctylaluminum:

triarylaluminums such as friphenylaluminum and
tritelylaluminum;

dialkylaluminum hydrides such as diischutylaluminum



10[0226] [Chem. 34] R32 R33-B-R35 KV) 3 32 in the above formula, R is, for example, H,
carbonium cation, oxonium cation, ammonium cation, phosphonium cation, 15 cycloheptyltrienyl
cation, or ferrocenium cation having a transition metal. [01/2] oR36maybe thesameas or
different from one another, and are each an organic group, and preferably an aryl group 20 or
asubstitutedarylgroup. Examples of the carboniumcations include tri-substituted carbonium cations
such as SF-2255 69 triphenylcarboniumcation, triimethylphenyl)carboniumca ion and
tri(dimethylphenyl)caranium cation. [0126] Exangg)les of the ammonium cations include

hydride;
trialkenylaluminums such as those represented by the
formula (1-CHg) AL (CgH 3, (wherein x, y and z are each a
positive number, and z22x) with examples including
5 triisoprenylaluminum;
aikylaluminum alkoxides such as iscbutylaluminum
methoxide, ischutylaluminum ethoxride and iscbutylaluminum
isopropoxide;
dizikylaluminum alkoxides such as dimethylaluminum
14  methoxide, diethylaluminum sthoxide and dibutylaluminum
butozide;
alkylaluminum sesquialkoxides such as ethylaluminum
sasquisthoxide and butylaluminum sesguibutoxride;

partially alkozylated alkylaluminums such as those

fa)
L

having an average compesition represented by RaLSAl(ORb}mS;
dialkylaluminum aryloxides such as diethylaluminun

phenoxide,

diethylaluminum{2, 6~di~t-butyl-4-methylphenoride),

sthylaluminumbis (2, 6~di-t-butyl-d-methylphenocside),

20 diiscbutylaluminum(2, 6-di-t-butyl-4-methylphenoxide) and

iscbutylaluminumbis (2, 6-di~t~butyl-4-methylphenoxide];
dialkylaluminum halides such as dimethylaluminum

chloride, diethylaluminum chloride, dibutylaluminum chlieride,

diethylaluminum bromide and diisobutylaluminum chloride;



5 trialkylammonium cations such as trimethylammonium cation, triethylammonium cation,
tripropylammonlum cation, tributylammonium cation and tri(n-butyl)Jammonium cation;
N,N-dialkylanilinium cations such as N,N-dimethylanilinium cation, N,N-diethylanilinium cation and 10
N,N,2,4,6-pentamethylanilinidm cation; and dialkylammonium cations such as di(isopropyl)ammonium
cation and dicyclohexylammonium cation. [0129] Examples of the phosphonium cations include 15
triarylphosphonium cations such as triphenylphosphonium cation, tri(methylohenyl)phosphonium
cation and tri(dimethsgptéayl)ohosphonium cation. [01301 F32 Is preferably carbonium cation or
ammonium cation, 20 and particularly preferably ﬁjiphenylcarbonium cation, N,N-dimethylanilinium
cation, or N,N-diethylanilinium cation. [0131] Examples of the ionic compounds further include

SF-2255 70 trialkyl-substituted ammapium.salts, N,N-dialkylaniliniyn salts, dialkylammonium salts and

triarylphosphonium salts. [0132] Specific examples of the trialkyl-substituted ammonium 5 salts include
triethylammonium tetraphienythdiatet thpropiiammeritim-tetraptredytborate, tri(n-butyllammonium
tetraphenylborate, trimethylammonium). tetra(pstolyi)borate, trimethylammonium tetra(o-tolyl)borate,

partially halogenated alkylaluminums such as
5  alkylaluminum dihalides including ethylaluminum dichloride,
propylaiuminum dichloride and butylaluminum dibromide;
dialkylaluminum hydrides such as diethyvlaluminum
hydride and dibutylaluminum hydride;
partially hydrogenated alkylaluminums such as
160 alkyialuminum dihydrides including ethylaluminum dihydride
and propylaluminum dihydride; and
partially alkoxylated and halogenated alkylaluminums
such as  ethylaluminum  ethoxychloride, butyialuminum
buboxyehleoride and ethylaluminum ethoxybromide.
15 (01071
Compounds analogous to (D-la) &re also employable.
EBxamples of such compounds include organcaluminum compounds
wherein two or more aluminum compounds are bonded via a nitrogen
atom, such as (C,H. ) ,AIN(CHIAL(CH),.
20 [0108]
Examples of the compounds belonging to {(D~ib) include
LIAL(CH Y, and LiAL{CGH, 0,
Examples o¢f other compounds as the organcmetallic

compounds (D-1} inglude methyllithium, ethyllithium,



tri(n-butyl)ammorLium tetra(pentafluorophenyl)borate, 10 tripropylammonium
tetra(o,p-dimethylphenyl)borate, tri(n-butyl)ammonium tetra(m,m-dimethylphenyl)borate,
tri(n-butyl)ammonium tetra(p-trifluoromethylphenyl)borate, tri(n-butyl)ammonium
tetra(3,5-ditrifluoromethylphenyl) borate and tri(n-butyllammonium tetra(o-tolyl)borate. 15[0133]
Examples of the N,N-dialkylanilinium salts include N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate and N,N,2,4,6-pentamethylanilinium tetraphenylborate.
20[0134] Exanfites of the dialkylammonium6§alts include di(1-propyl)ammonium
tetra(pentafluorophenyl)borate and dicyclohexylammonium tetraphenylborate. [01351 SE-2255 71
Examples of the ionic compounds further include triphenylcarbenium
tetrakis(pentaflucrophenyhharate, nomethylaniinium tetrakisteentaflugropheanyl)borate, ferrocenium
tetra(pentafluorophenyl)borate, 5 triphenylcarbenium pentaphenylcyclopentadienyl complex,

N,Ndiethylanilinium pentaptieriyioficlopehtatiefyi cofiplex:antf bdton 8tinds represented by the
following general

ethylmagnesium chloride, propylmagnasium bromide,
propylmagnesium chloride, butylimagnesium bromide,
5 butylmagnesium chloride, dimethyl magnesium, diethyl

magnesium, dibutyl magnesium, and butylethy! magnesium.
(0109}
Combinations of compounds capable of forming the above
organoaluminum compounds in the system are alsc employable,
10 with examples including a combination of aluminum halide and
alkyllithium and a combination of aluminum halide and
alkylmagnesium.
of the organgmetalliic compounds (D-1), the
organcaluminum compounds are preferable. The crganometallic
15  compounds (D~1) are used singly, or two or more kinds are used
in combination.
{01107
The organcaluminum oxy-compounds (D-2) may bhe
convantional ailuminoxanes or benzene-insolublie
20  organcaluminum oxy-compounds ag described in JP-R-H0Z-7B687.
{0111}
For example, conventional aluminocxane can be prepared
by the following processes, and is generally cbtalned as a

sclution in & hydrocarbon solvent,



formula (VI) or (VII[01361 10[Chem. 35]

bis[tri(n-butvl)ammonium] decachlorodecaborate and

10

is

20

5F-2255
63

{1) An organcaluminum compound such as trialkylaluminum
is added to a hydrocarbon medium suspensicn of a compound
containing water of adscorption or a salt containing water of
crystalliization, e.4., magnesium chloride hydrate, coppez
sulfate hydrate, aluminum sulfate hydrate, nickel sulfate
nydrate or cerous chloride hydrate, to allow the
crgancaluminus cempound to react with the water of adscrption
or the water of crystallization.

{2) Water, ice or water vapor is allowed to directly act
on an organcaluminum compeound such as trialkylaluminum in a
medium such as henzene, toluene, ethyl ether or
tetrahydrefuran.

{3} An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organcaluminum
compound such as trialkylaluminum in a medium such as decane,
benzens or toluene.

[0112]

The aluminoxane may contain a smell amount of an
organcmetallic component. Further, the solvent or the
unreacted organcaluminws compound may be distilled off f£rom
the solution of aluminoxane collected, and the distillate may
be redissolved in a solvent or suspended in a poor solvent for
the aluminoxane.

[8113)

;in the formula, Et denotes ethyl group.) [0137] [Chem.
Examples of the borane compounds include: decaborane (14); salts of anions such as

bis[tri(n-hutyl)Jammonium] SF-2255 72 nonaborate, bisftri(n-butyl)ammoniumj decaborate,
bisftri(n-butyl)Jammonium) undecaborate, bis[tri(n-butyllammonium] dodecaborate,

36]



5 bis[tri(n-butyl)Jammonium] dodecachlorododecaborate; and salts of metal borane anions such as
tri(n-butyl)ammonium bis(dodecahydridododecaborate) cobaltate (I11l) and bis[tri(n-butyl)Jammonium]
bis(dodecahydridododecaborate) nickelate (111). 10[01391 Examples of the carborane compounds
include: salts of anions such as 4-carbanonaborane (14), 1,3-dicarbanonaborane (13),
6,9-dicarbadecaborane (14), dodecahydrido-1-Phenyl-1,3-dicarbanonaborane, 15
dodecahydrido-1-methy1-1,3-dicarbanonaborane,
undecahydrido-l,3-G¥"rr?ét~“rﬁyl-l,3-dicarbanonabo%ane, 7,8-dicarbaundecaborane (13),
2,7-dicarbaundecaborane (13), undecahydrido-?,é-dimethy1-7,8-dicarbaundecaborane,
dodecahydrido-11-methy1-2,7-dicarbaundecaborane, 20 tri(n-butyl)ammonium-1-carbadecaborate,

tri(n-butyl)ammonium-I-caghayndecaborate, LHifa:hutyhammepium-1-cadadogdacaborate,
tri(n-butyl)ammonium-1-trimethYI5ily1-1-carhadecaborate,

tri(n-butyl)ammoniuRTSFERTGIEarbadd e absrse, ‘SELYSE5 P8 tigEBuR/ya St urbadecaborate (14),

tri(n-butyl)a o.iu -6-carhadecaborate (12), tith-hutyhanmmoniimri-carbaupdecaborate (13),
tri(n-butyl)ammonium-7,B-dicarbaundecaborate (12), 5 tri(n-butyl)ammonium-2,9-dicarbaundecaborate
(12), tri(n-butyl)amni6hitifit todeodhydirido-9-methy1-7,9-dicarbaundecaborate, tri(n-butyl)Jammonium
undecahydrido-8-ethyl-v,9-dicarbaundecaborate, 10 tri(n-butyl)lammonium

0f these, the trialkylaluminums and
tricycloalkylaluminums are preferable, and trimethylaluminum
is particulariy preferable- The organcaluminum compounds are
used singly, or two or more kinds are used in combinatbion.

10 {0115}

Examples of the sclvents used in the preparation of
aluminoxanes include arcmatic hydrocarbons such 23 benzeng,
toluene, xyiens, cumene and cymene; aliphatic hydrocarbons
such as pentane, hexane, heptane, octane, decans, dodecane,

15 hexadecsne and octadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclooctane and
methyleycliopentane; petroleum fractions such ag gascline,
kerosine and light oil; and halides such as chlorides and
bromides of these aromatlc, aliphatic and alicyclic

20  hydrocarbons. Ethers such as ethyl ether and tetrahydrofuran
are alsc employable. Of the solvents, the sromatic
nydrocarbons or the aliphatic hydrocarbons are particularly
preferable.

[0116}



undecahydrido-B-buty 7,9-dicarhaundecaborate, tri(n-butyl)ammonium
undecahydrido-8-ally1-7,9-dicarbaundecaborate, tri(n-butyl)ammonium 15
undecahydrido-9-trimethylslly1-7,8-dicarhaundecaborate and tri(n-butyl)ammonium
undecanydrido-4,6-dibromo-7-carbaundecaborate; and salts of metal carborane anions such as
tri(n-butyllammonium 20 bis(nonahydrido-1,2-dicarbanonaborate) cobaltate (II), tri(n-butyl)ammonium
bis(undecahydrido-7,8-dicarbaundecaborate) ferrate (1), tr1(n-butyllammonlum
bis(undecahydrido-?#8<ditarbaundecaborate) colgglltate (ll1), SF-2255 74 tri(n-butyl)ammonium
bis(undecahydridc-7,8-dicarbaundecaboe) ni elate ( tri(n-butyl)ammonium bis(undecahydrido-7,8
dicarbaundecaborate) connate (Ill), 5 tri(n-butyl)ammonium

bis(undecahydrido-7,8-dicambaundecaborate) awate.tni(Rebuty Bammepiuna
bis(nonahydrido-7,8 dimethy1. 7, 8-dicarbaundecaborate) ferrate, (1D, L Ryty)ammonium
asually in an amount of not more than 10%, preferably not more
than 5%, and particularly preferably not more than 2% in terms
5  of Al atom. That is, the benzene-insoluble organocaluminum
oxy-compound is preferably insoluble or hardly soluble in
penzens.
[0117]
Examples of the organcaluminum oxy-compounds further

10 include boron-containing organcaluminum oxy-compounds

represented by the following formula (III):

{01183
[Chem. 327
R R3C Fi31
\ /
Al Qe B O A « e {HD
/ \
RS’I RB?
15 in the formula, ]R3~D is a hydrocarbon group having 1 to

10 carbon atoms; and 2{31 may be the same as or different from
one another, and are each a hydrogen atiom, a halogen atom, or
a hydrocarbon group having 1 te 10 carbon atoms.
[0119]

20 The boron-containing organoaluminum oxy-compounds

represented by the general formula (III) can be prepared by



10 bis(nonahydrido-7,8-dimethyl-7,8-dicarbaundecaborate) chromate (ll1), tri(n-butyl)ammonium
bis(tribromooctahydrido-7,8-dicarbaundecaborate) cobaltate (lll), tris[tri(n-butyl)ammonium]
bis(undecahydrido-7-carbaundecaborate) chromate (1), 15 bisftri(n-butyl)ammoniumi
bis(undecahydrido-7-carbaundecaborate) manganate (1V), bis[tri(n-butyl)ammoniuml
bis(undecahydrido-7-carbaundecaborate) cobaltate (I11) and bis[tri(n-butyl)Jammonium) 20
bis(undecahydrido-7-carbaundecaborate) nickelate (TV). [0139] The heteropoly compounds
contain an atom selé&té¢Pfrom silicon, phosphoru6s titanium, germanium, arsenic and tin, and one or
more atoms selected from vanadium, niobium, moﬁybdenum SF-2255 75 and tungsten. Examples of
such compounds include, although not limited thereto, phosphovanadic acid, germanovanadic acid,
arsenovanadic acid ,phasphaniohbic,agid. germanoniphicagich siiconogaalhdic acid, phosphomolybdic
acid, titanomolybdic 5 acid, germanomolybdic acid, arsenomolybdic acid, stannomolybdic acid,
phosphotungstic acitf"§&tmahbtiingstic acid, stannotungstic acid, phosphomolybdovanadic acid,
phosphotungstovanagliccacid, germanotongstovanadic acid, phosphomolybdotungstovanadic acid, 10
germanomolybdotungstovanadic acid, phosphomolybdotungstic acid, phosphomolybdoniobic acid,;
salts of these acids SUtH as $alts of these acids with metals of Group | or Group 2 of the periodic table
such as lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium and
barium; 15 and orga%&ﬂg@ﬂq%abovewaeids su¢h¥as triohenylethyl salts. [0140]

5

{in the formula, Rm is the same group as describsd above),

to react with an organcaluminum compound in an inert
solvent at a temperature of -80°C to room temperature for 1
minute to 24 hours under an inert gas atmosphere.

10 Examples of the alkylboreonic acids reprasented by the
general formula (IV) include methylboronic acid, ethylboronic
acid, isopropylboronic acid, n-propylboronic acid,
n-butylboronic acid, iscbutylberenic acid, n-hexylboronic
acid, cyclohexylboronic acid, phenviboronic acid,

15 3, 5-difluorshoronic acid, pentafluorophenylboronic acid and
3,5-bis{trifluoromethyl)phenviboronic acid. Of thase,
methylboronic acid, n~butylboronicacid, isobutylboronic acid,
3, 5-diflucrophenylboronic acid and pentaflucrophenylboronic
zcid are preferable. ‘These are used singly, or twe or more

20 kinds are used in combination.

{01211
Examples of the organcaluminum compounds to be reacted

with the aikylboronic aclds include the crgancaluminum



The above (D-3) ionized ionic compounds are used singly, or two or more kinds are used in
combination. 20In the production of the organometallic compound (1) of the present invention, the
transition metal compound (A) may be used singly. Alternatively, with the transition metal compound
(A), at least one cc-catalyst component (E) selected from the organometallic compound (D-1), the
organoaluminum SF-2255 76 oxy-compound (0-2), and the compound (0-3) that reacts with the
transition metal compound to form an ion pair may be used. (O].. 1 1] In the present invention,
the organometallic E6Mpound 5(C) and the co-catalyst component (D) may be the same compound.
Carrier (E) In the production of the organometallic compound (1) of the present invention, with the
transition metal compound. (A), 10 and optionally with at least one co-catalyst component (D) selected
from the organometadlis-compound:(Baljrthe arganealuminumuooxyseompotinds(0-2), and the ionized
ionic compound (D-3), a carrier (EQ’ described below, and/or an organic compound component (F),
described later, can™h&’1% ¥iriifer Usdd ‘as needed. [0142) The carrier (E) is an inorganican organic
compound in the formmefgranular or fine particulate solid.

Of these, the trialkylaluminums and
5 tricycloalkylaluminums are preferable, and trimsthylaluminum,
triethylaluminue and triiscbutylaluminum are particularly
preferable. These are used singly, or two or more kinds are
usad in combination,
{0123}

1a The organcaluminum oxy-compounds (D-2} menticned above

are used singly, or two or more kinds are ussed in combinaticon.

Tha compounds (D-3) that react with the transition metal
compound to form an ion pair (hereinafrer, callad “ionized
ionic compounds”) are compounds that react with the transition

15 metal compound represented by the general formula (A) to form
an ion pair_ Examples of such compounds include Lewls acids,
ionic compounds, borane compounds and carborane compounds as
described in JP-A~H01-501958, JP-A-HO1-502036,
JP-A-H03-179605, JP-A-H03-1758008, JP-A~H03-207703,

20 JP-A-HO3-207704, and U.5. Patent No. 53321106. Hetsropoly
compounds and isopoly compounds may alsc be employed.
[cLz24]

The Lewis acids include compounds represented by BR; (R

is fluorine, or a phenyl group which may have a substituent



Preferred inorganic compounds include porous oxides, 20 inorganic halides, clay minerals and
ion-exchange layered compounds excluding the clay minerals. Examples of the porous oxides include
Si02, Al203, MgO, ZrO, Ti02, B203, Ca, Zn0O, BaO, Th02, and complex compounds or mixtures
containing these oxides, such as natural or synthetic zeolite, 5i02-Mg0, 5i02-Al202, SF-2255
S102-T102, Si02-V202, Si02-0r202 and Si02-Ti02-MgO0. Of these, compounds containing Si02 and/or
Al202 as a main component are preferable. [0143] 5The inorganic oxides may contain small amounts
of carbonate, sulfatél r#itfate and oxide componeglts such as Na2CO" K2002, CaCO3, Mg002, Na2S0O"
112(502)2, BaSO4, KNO2, Mg(NO2[2, 11(402)2, ?\Iazo, K20 and Li20. [0144] 10The porous oxides
have different properties depending on type and preparation process. The carrier used in the present
invention preferably has a particle.diameter of. 100,300 fin,preferably 2Q.4g; 200 p.m, a specific
surface area of 50 to 1,000 m2/g, preferably 100 to 700 m2/g, and a pore volume 15 of 0.3 to 3.0
cma/g. If necessarySthe Esrige A bE EHIE & A 10650 TR06CPATY 15¥&fétably 150 to 700C prior to
use. [0145] Examples of the inorganic-halidesdnglude MaG 12, MagBr:Mp012 and MnBr2. The
inorganic halides may be used as they are, 20 or may be used after pulverized with a ball mill or an
oscillating mill. The Hidt§amic Rafifes Hay e 'digsdived in a solvent such as alcohol and precipitated

as fine particles W'tﬁﬁp&%}l@@%%é%@ﬁ)wﬁl tris{p~tolyl)boron,
tris{o-tolyliboron and tris{3, 5-dimethylphenyl)boron.
[0125]
The ionie compounds include compounds represented by the

following general formula (V):

10 (0126]
[{Chem. 34}
RM
lo
R32 RSSWBI__.__R% (73
R38

In the above formuls, R32 1s, for example, H+, carbonium
cation, oxonium cation, ammonium cation, phosphonium cation,
15 cycloheptyltrienyl cation, or ferrocenlium cation having a
transition metal.
[{0127]
R33 ta R36 may be the same as or different from one another,
and are each an organic group, and preferably an aryl group
20 or asubstituted aryl group. Examples of the carboniumcations

include tri-substituted carbonium cations such as



SF-2255 78 The carrier (E) may be clays, and the clays are usually mainly composed of clay
minerals. The ion-exchange layered-compounds are compounds having a crystal structure wherein
planes formed by ionic bonding or the like are piled 5 on one another in parallel with a weak bond
strength, and wherein the ions contained therein are exchangeable. Most clay minerals are
ion-exchange layered compounds. The clays, the clay minerals and the ion-exchange layered
compounds are not limited to natural compounds but include synthetic 10 products. 101471

Examples of the ion<€&xéhdnge layered compounds include those having layered crystal structures
such as hexagonal closest packing structure, antimonystructure,CdC12structure 15and CdI2 structure.
[01481 Examples of the clay minerals include kaolin, bentoni e, kibushi clay, gairome clay,

allophane, hisingerite, pyrophyliite ., mica..nentmorilonite. vermiculite. chiorte .20 palygorskite,
kaolinite, nacrite, dickite and halloysite. Examples of the ion-exchange layered compounds include
salts of polyvalent mEtaIS-anE erystaninaracids Sich as*ai2iH.Hs04)2.1120, a-Zr(H204)2,
a-Zr(KP0O4)2.3H20, a;TighiPO4)2, a-Ti(HAs04)2-1-120, a-Sn(HPO4)2-1420, y-Sr(H804)2, y-Ti(HPO4)2
and SF-2255 75 y-Ti(NH,P002-1120. [0149)

Examples of the ammonium cations include
5 trialkylammonium cations such as trimethylammonium wation,
triecthylammenium caticn, tripropylammonium cation,
tributylammonium cation and tri{n-butyl)ammonium cation;
N,N-dialkylanilinium cations such as ¥, N-~dimethylanilinium
cation, N,R-diethylanilinium cation and
10 N,N,2,4,6-pentamethylanilinium cation: and dialkylammonium
cations such as di{isopropyl)ammonium catilon and
dicyeloherylammonium cation.
{0129}
Examples of the phosphonium cations include
15 triarviphosphonium cations such as triphenvliphosphonzium
cation, tri{methylphenyl)phesphenium cation and
tri{dimethylphenyl)phosphonium cation.
(01307
RM is preferably carbonium cation or ammonium cation,
20  and particularly preferably triphenylcarbonium cation,
N, ¥~dimethvlanilinium cation, or N,N-diethylanilinium
cation.
{0131}

Examples of the ionic compounds further include



The clays, the clay minerals and the ion-exchange layered compounds preferably have a pore volume,
as measured on pores 5 having a radius of not less than 20 A by a mercury penetration method, of not
less than 0.1 cc/g, and particularly preferably 0.3 to 5 cc/g. The pore volume is measured on pores
having a radius of 20 to 3x10 A by a mercury penetration method using a mercury porosimeter.
10(0150] Achieving high polymerization activity tends to be difficult if the carrier has a pore volume
of less than 0.1 cc/g as measured on pores having a radius of not less than 20 A. It is also preferable
that the clays and th& dlay>minerals 15 are subjected to chemical treatments. [0151] Any chemical
treatments, for example, a surface treatment to réMmove impurities on the surface and a treatment to
modify the crystal structure of clay minerals, are 20 employable. Examples of such chemical

treatments include agid.treatrognt, ;alkali treatment..salt treatioent;and. organig.substance treatment.
The acid treatment removes impurities from the surface and also causes the elution of cations such as

Al, Fe andDlginthe ctystal stfactiire s ihefesise thersuifacey SEePPsS BEY died S The alkali treatment
destroys the crystal strugture of clay to bring about change in the structure of the clay. The salt
treatment and the organic substance treatment produce, for example, ionic composites, molecular
composites or organic 5 déFirtives torehznge the stiface afes ot the Triteffayef distance. (01521

The ion-exchange layered compound-may he-a layerad compaund iz which the exchangeable ions
between layers have 10 been exchanged with other large and bulky ions utilizing ion exchange

properties to enlarge ther eistarte’ bEwWaETT THEMAYErS "The bulkyF ions '5iayy & Pillar-like roll to support
the layered structure.and are geperally called Rillarss-Ehe introduction,of thar.substances between
layers of a layered compound is

trimethylemmonium tetra{c-tolyliborate,
tri{n-~butyl)ammonium tetra (pentafluorophenyl)borate,

10 tripropylammonium tetra (o,p-dimethylphenyl}borate,
tri{n-butyi}ammonium tetra (m, m-dimethyiphenyl)borate,
tri(n-butyl)ammenium tetra(p-trifluoromethylphenyl)borate,
triin-butyl)ammonium tetra (3, d-ditriflucromethylphenyl)
borate and tri(n-butyl)ammonium tetra (o-tolyl)borate.

15 [0133]

Examples of the N,N-dialkylanilinium salts include
i, N-dimethylanilinium tetraphenyliborate,
N, N~diethylanilinium tetraphenylhorate and
N,N,2,4,6-pentamethylanilinium tetraphenylborate.

20 [0134]

Examples of the dialkylammenium salts include
di(l-propyl)ammonium tetra (pentafluorophenyl)borate and
dieycleohexylammonium tetraphenylborate.

[0135]



15 called intercalation. Examples of the guest compounds to be intercalated include cationic inorganic
compounds such as TiC14 and ZrC14; metal alkoxides such as Ti(OR)4( Zr(OR)4, PO(OR)3 and
B(OR)3 (R is a hydrocarbon group or the like); and 7.2+ metal hydroxide ions such as (A1"04(OH)34) ,
[Zr4(OH)4) and 20 fFe30(000CH3)6) . These compounds are used singly, or two or more kinds are
used in combination. The intercalation of the above compounds maybe carried out in the presence of
polymers obtained by hydrolysis of metal alkoxides such as Si (OR)" Al(OR), and Ge(OR)4 (R is a
hydrocarbon group &f-thEtike) or SF-2255 81 in the presence of colloidal inorganic compounds such
as Si02. Examples of the pillars include oxides produced by intercalation of the above metal hydroxide
ions between layers followed by thermal dehydration. 5[01531 The clays, the clayminerals and the
ion-exchange layered compginds may;he;used as,they:are, or-may.hedsed after subjected to ball
milling, sieving or the like. Moreover, they may be used after subjected to water adsorption or thermal
10 dehydration treaffiseFUFfTEriGRe fREY TR HSEd SR bk 6r more kinds may be used in
combination. [0154]y, 4.4QftheSe.iNorganicLompPounds. she.clayminerals are preferable, and
montmorillonite, vermiculite, hectorite, 15 tenorite and synthetic mica are particularly preferable.
Examples of the orgait° et &tfiplayalie Bt BarieT (5) include granular or fine particulate

solid compounds hayving.a-particle-diameter.of 4016,300 &MaBueh compiex,
N,N~diethylanilinium pentaphenyloyclopentadienyl complex,
and boren compounds represented by the following general
formula {VI} or (VIT}.
[0136]

16 [Chem. 35]

CFy
@D
Ho (OB
CFy/ 4 (VD)
{in the formula, Et denotes ethyl group.)
[0137]
{Chem. 36&]
CFy
© 9
Na B
(Vi)
CF,

15

Exampies of the borane compounds include:
decaborane (1437

salts of anions such as big([tri (n-butyl]ammonium}



compounds include (co)polymers produced using a-olefins 20 having 2 to 14 carbon atoms such as
ethylene, propylene, 1-butene and 4-methyl-I-pentene as a main component, (co)polymers produced
using vinylcyclohexane or styrene as a main component, and modified products of these polymers.
SF-2255 82 Organic Compound Component (F) The organic compound component (F) is
optionally used to improve catalytic performance. Examples of the organic compound include, but are
not limited to, alcohols, phenolic 5 compounds, carboxylic acids, phosphorus compounds and
sulfonates. [0155] $F-A&the alcohols, those repggsented by R40-0H are usually employed. Here, R90
isahydrocarbongrouphavingltoSOcarbon 10 atoms, or a halogenated hydrocarbon group having 1 to
50 carbon atoms. Those represented by the above formula wherein R4 is a halogenated hydrocarbon

group are preferable.[Qd 56} As the:phenolic.compesngds; thasedepresented by Rif-OH 15 are usually
employed. Here, as EX, those wherein the ,a'’-position in the hydroxyl group is substituted with a
hydrocarbon group RatiRg 1620 AR Stonis are Sréfetable. (0157] As the carboxylic acids, those
represented by R41:COQH n-buty1) ammonivm] dodecaborate,

bisi{triin-butyliamoniuvm] decachlorodecaborate and
5 bisftri(n-butyllammoniun] dodecachlorcdodecaborate; and
salts of metal borane anions such as
tri{n-butyl)ammonium bis (dodecahydridododecaborate)
cobaltate {IIT} and bisitrii{n-putyl)ammonium}

bis{dedecahydridododecaborate) nickelate (LI},

Bxamples of the carborane compounds include:

salts of anions such as 4-carbanconaborane (14),
1, 3~dicarbancnaborane {13}, &,9%9-dicarbadecaborane (14},
dodecahydrido-i-phenyl-1, 3~dicarbanonaborane,

15 dodecahydrido~i-methyl~1, 3~dicarbanonaborane,
undecahydrido=i, 3—dimethyl-1, 3~dicarbancnaborane,

7, 8~dicarbaundecaborane {13}, 2,7-dicarbaundecaborane (13},
undecahydride-7,8-dimethyl-7, 8~dicarkaundecaborane,
dodecahydrido-1l-mechyl~2, 7-dicarbaundecaborane,

20  trii{n~butyl)ammonium-l-carbadecaborate,
tri(n-butyl)ammonium-l-carbaundecaborate,
tri(n-butyl)ammonium-l~carbadodecaborate,
tri(n-butyl)ammoniumr-~l-trimethylsilyl-l-carbadecaborate,

tri(n-butyl)ammoniunbromo-l-carbadodecaiorate,



20 are usually employed. Rn is a hydrocarbon group having 1 to 50 carbon atoms, or a halogenated
hydrocarbon group having 1 to 50 carbon atoms, and particularly preferably a halogenated
hydrocarbon group having 1 to 50 carbon atoms. [0158] SF-2255 83 As preferred phosphorus
compounds, phosphoric acids having a P-O-H bond, phosphates having a P-OR bond, and phosphine
oxide compounds having a P-0 bond are preferably employed. As the sulfonates, those represented
by the 5following general formula (VIII) are employed. [0159] [Chem. 371 In the above formula, M" is
an element of Group& 1610 14 of the periodic table; A43 is a hydrogen atom, a hydrocarbon group

having 1 to 20 carbon atoms, or a halogenated hydrocarbon group having 1 to 20 carbon atoms;

tri(n-butyl)ammonium-6-carbadecaborate {14},
tri{n-butyl)ammonium-é-carbadecaborate {(12),
trii{n-butyl)ammonium-7-carbaundecaborate {13},

tri(n-putyllampmoniun-7, B~dlcarbaundecaborate 12y,

i

tri(n-butyl)ammonium~2, 9-dicarbaundecaborate (12},
£ri{n-butyl)ammonium
dodecanydrido-8-methyl~T, $-dicarbaundecaborate,
fri (n-butyl)ammoniuvm
undecahydrido-8-gthyi-7, 9~dicarbaundecaborate,
10 tri(n-butyliammonium
undecahydrido~-8-butyl-7, 9-dicarbaundecaborate,
tri{n-butyl)ammonium
undecahydrido-8-aliyl-7, 3-dicarbaundecaborate,
Lri(n-buryl)ammonium
15 undecahydrido-8-trimethyisilyl~7,8-dicarbaundecaborate and
tri{n-butyl)ammonium
undecahydrido-4, 6~dibrome-7-carbaundecaborate; and
salts of metal carborane anions such as
wri(n-butyl)ammonium
20  bis(nonahydrido-l,3-dicarbanonaborate) ccbaltate (111},
tri{n-butyl)ammonium
bis(undecahydrido~7, 8-dicarbaundecaborate) ferrate (IIl},
tri(n-butyl}ammonium

bis (undecanhydrido-7, 8~dicarbaundecaborate) cobaltate {ITL),



[0160] Xis a hydrogen atom, a halogen atom, a hydrocarbon group 15 having 1 to 20 carbon atoms, or
a halogenated hydrocarbon group having 1 to 20 carbon atoms; m is an integer of 1 to 7; and n is an
integer of 1 to 7. Production Conditions of Organometallic Compound (1) 20In the method for
producing the organometallic compound (1) of the present invention, in the presence of the transition
SF-2255 89 metal compound (A), the dlene compound (B) and the organometallic compound (C), both
of which are raw materials, are reacted with each other, optionally using the co-catalyst component
(0), the carrier (E), &Ad“hé organic compound Scpmponent (2). f01611 In the reaction, a
solventmaybe used crmaynot be used, but the reaction is performed preferably in a solution using an
inert hydrocarbon solvent. Examples of employable inert 10 hydrocarbon solvents include aliphatic
hydrocarbons such as; psopane, hutanes pentane, hexane, heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons such as cyclopentane, cyclohexane and mathylcyclopentane;

aromatic hydrocarbGhd EitH 8% terizehd, tofierasRa3AeRes ha18Genated 18 hydrocarbons such as
ethylene chloride, chlarobenzeneand dichloromethane; and mixtures of these solvents. [0162]

bisg{undecshydride-7, 8~dicarbaundecasborate) cuprate (II1T},
5  tri(n-butyl}ammenium

pis {undecahydrido~7, 8~dicarbaundecaborate} surate (IIL},

Ltri{n-putyl)ammonium

bis(nenahydrido-7,8-dimethyi-7,8-dicarbaundecaborate}

ferrate (III), tri(n-butyl)ammeonium

10 bis{nonshydride-7,8~-dimethyl-7, 8-dicarbaundecaborate)
chromate {(ITI}, tri(n-butyl)amponium
bis{tribroemooctahydrido-7, 8-dicarbaundecaborate) cobaltate
(IITY, trisitriin-butyl)amnonium]
bis (undecahydrido~T~carbaundecaborate) chromate (I1II),

15  bisf{tril (n-butyl)ammonium]
bis{undecahydrido~7-carbaundecaborate) manganate ({(IV},
pisf{triin-butyl}ammonium}
bis{undecahydrido-T7-carbaundecaberate) cobaltate (IIT} and
bis{tri{n-butyljammoniuam]

20 bis(unde&ahydrido—?—carbaundecaborate) nickelate {IV).
[0613%]

The hetercpoly compounds contain an atom selected from
silicon, phosphorus, titanium, germanium, arsenic and Lin, and

one or more atoms selected from vanhadiuwm, niobium, molybdenum



The ratio of the diene compound (B) to the organometallic compound (C), both of which are raw
materials, is such that 20 the molar ratio [(5)1(C)] is generally in the range of 0.2 to 5, preferably 0.5 to
4, more preferably 0.6 to 3, still more preferably 0.8 to 2. [0163] The transition metal compound (A) is
sed in such an SF-2255 85 amount relative to the diene compound (B) that the molar ratio [(F)RD)] is
generally in the range of 0.00001 to 1, preferably 0.0001 to 0.1, more preferably 0.001 to 0.05, still
more preferably 0.005 to 0.03. 5[0164] The usage amount of the co-catalyst component (D) is as
follows. When the ofgatidmetallic compound (0-1 ais used, the amount thereof is such that the molar
ratio [(0-1)/D4'1 of the component (0-1) to all transition metal atoms (M") in the 10 transition metal
compound (A) is generally in the range of 0.01 to 100000, and preferably 0.05 to 50000. Nhen the

organoaluminum oxyszcompaynd (Q-2)is Used, the.amountthergof issughthatthe molar ratio
[(D-2)711" 3 of the aluminum atom in the component (0-2) to the transition metal atom (M’) in 15 the

transition metal confFOURBAY id tjerieraiiy in thie tatide of L0 BO000T “and Preferably 20 to 100000.

When the ionized ioic £ompound.(Q-3) isdised, the amaunt Jbereofis.such hat the molar ratio
HO-3)/W] of the component (0-3) to the transition metal atom (M’) in the transition metal compound
20(A) is generally inthe 7ai§e oo to2 16 -aRtP prafarabiy t to°5° {0rgsforotvhdic

5 acid, germanomolybdic acild, arsenomolybdic acid,
stannomolybdic acid, phosphotungstic acid, germanctungstic
acld, stannotungstic acid, phosphomolybdovanadic acid,
phosphotungstovanadic acid, germancotungstovanadic acid,
phosphomolybdotungstovanadic acid,

10  germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid, phosphomolybdenioblic acid; salts of thase aclds such as
salts of these acids with metals of Group 1 or Group Z of the
periodic table such as lithium, sodium, potassium, rubidium,
cesium, berylliium, magnesium, calcium, strontium and barium;

15  and organic salts of the above acids such as triphenylethyl
salts.

[G140]
The above {D-3) ionized ionic compounds are used singly,
or two or more kinds are used in combination.

20 In the production of the organometallic compound (i) of
the present invention, the transition metal compound {A} may
be used singly. Alternatively, with the transition metal
compound (A}, at least one co-catalyst component (D} selected

from the organometallic compound (D-1}, the organcaluminum



The usage amount of the organic compound component (F) is as follows. When the organometallic
compound (D-1) is used SF-2255 86 as the co-catalyst component (D), the molar ratio [(F)/(0-1)] is
generally in the range of 0.01 to 10, and preferably 0.1 to 5. When the organoaluminum oxy-compound
(0-2) is used as the co-catalyst component (D), the molar ratio [(F)/(0-2)1 is 5 generally in the range of
0.001 to 2, and preferably 0.005 to 1. When the ionized ionic compound (D-3) is used as the
component (D), the molar ratio [(F) /(D-3)1 is generally in the range of 0.01 to 10, and preferably 0.1 to
5. [0166] 10In the m&tt#ddof the present invention, the pressure in the reaction is not particularly
limited, and any of normal pressure, reduced pregéure and increased pressure is possible. The
reaction is usually performed preferably under an inert gas atmosphere, but may be performed in the

co-presence of IS hydrogen. as.ngeded..If.hydragen is.gorpresent.an.grgangmetallic compound (1)
having a structure in which a hydrogen atom was added in place of R group or Hu group of the

organometallic compouREE(E) i fenerated=rRJdo e isrusEdPthe TSePtheTeof is such that the molar
ratio 20[hydrogen/(C):} ysually becomes 0.001 to 100, preferably 0.01 to 50. Hydrogen may be
bubbled in a reaction solution. The pressure is not particularly limited, and any of normal pressure,
reduced pressure and incréaSed Presstré e posEiblel(OTE 7] o SE2255 “oreorfid temperature in the

reaction between the dighe.compound (B) and.the organemetaliic compaund (C) is usually in the
range of -80 to 100C, preferably -30 to 60C, particularly preferably -20 to 50C. The reaction may be 5

carried out in batchwise, semi-continuously, or continuously. The reaction time is usually 1 minute to

In the production of the organometallic compound {1} of
the present invention, with the transition metal compound (A},
10  and cptionally with at least one co-catalyst component (D)
selected from the organometallic compound (D-1), the
organoaluminum oxy-compound (D-2), and the lonized ilonic
compound {D-3}, a carrier (E), described below, and/or an
organic compound component (F}, described later, can be
15 further used as needed.
[0142]
The carrier {E) is an incrganic or an corganic compound
in the form of granular or fine particulate solid,
Preferred incorganic compounds include porous oxidss,
20  inerganic halides, clay minerals and ion-exchange layered
compounds excluding the clayminerals. Examples of the porous
oxides include 8i0,, AL,0;, MgQ, Zro, TiOz, B,0,, Cal, ZnG, Bal,
ThC,, and cemplex compounds or mixtures containing these oxides,

such as natural or synthetic zeolite, 310,-MgC, 8i0,~ALl,0,,



[0168] In the reaction, the transition metal compound (A), the 10 diene compound (B), and the
organometallic compound (C), the co-catalyst component (D), the carrier (E), and the organic
compound component (F), which are optionally used, can be added and mixed in any order. For
example, the diene compound (B), the carrier (E), the organic compound component (F), the 15
organometallic compound (C), the co-catalyst component (D), and the transition metal compound (A)
are added in this order. [0169] The organometallic compound (1) of the present invention
generated after the €bmpletion of the reaction can be purified, 20 as needed, by methods such as
filtration, recrystallization, distillation, and absorp%ion . For example, a reaction mixture liquid is
subjected to filtration in order to remove insc>lubles such as a carrier and a catalyst residue, and from
the resultant, a solvers,ang a remaining erganiccompaund-are removed uneer, SF-2255 88 reduced
pressure. Then, the obtainable is dissolved again in a solvent, and the solution is subjected to cooling,
recrystallizat on tredtfBHT EhePtid ike? 01707 Birr thetedcth R proghes the drganometaial
compound (1) of the, present invention, the diene compound. (B) and the organometallic compound
(C), both of which are raw materials, are bonded to each other by an elementary reaction as
represented by the folldWwing general formula (this formula 10 typically shows a part involved with the
reaction alone, and thus degs et show theswhale reagtion. )s(Q1Y Brxichem:381

carbonate, sulfate, nitrate and oxide components such as Na,C0,,
K,CO,, CaCO,, MgCO,, Ha,80,, AL,{S0,};, BaS0,, KNO,, Mg(NO,},,
RL(NO,),, Na,0, K,0 and Li,0.

[0144]

10 The porous oxides have different properties depending
on type and preparaticn process. The carrier used in the
present invention preferably has & particle diameter of 10 to
300 pm, preferably 20 to 200 pm, a specific surface area of
50 to 1,008 mg/g, preferably 100 to 700 nﬁ/g, and a pore volume

1% o0f 6.3 to 3.0 cma/g. If necessary, the carrier may be calcined
at 100 +to 1000°C, and preferably 130 to 700°C prior to use.
[0145]

Examples of the inorganic halides include Mgll,, MgBr,,
MnCl, and MnBr,. The inorganic halides may be used as they are,

20 or may be used after pulverized with a ball mill or an
oscillating mitl. The inorganic halides may be dissolved in
a solvent such as alcohol and precipitated as fins particles
with a precipitating agent.

{01467



WI,,,,RR IR -PA -R "c=c----- R MC C--- and/orR-M-C RI- /llll IR'fit RRt-i-R Rt 1,2-addition2,1-addition
15 As shown in the above formula, the bonding forms include 1,2-addition and 2,1-addition. If the
reaction between the diene compound (B) and the organometallic compound (C) has proceeded
exclusively by 1,2-addition, the organometallic compound (1) generated is represented as shown in
the following 20 general formula (i). If the reaction between the diene compound (B) and the
organometallic compound (C) has proceeded SF-2255 89 exclusively by 2,1-addition, the
organometalcompouiid“EP generated is represen;[gd as shown in the following general formula If the
reaction between the diene compound (B) and the organometallic compound (C) has proceeded by 5
1,2-addition and 2,1-addition, alternately, the organometallio compound (1) generated is represented
as shown in the fOHOWing g@Q%E@L{QEmmam@Q be clays, and the clays are usually

mainly composed of clay minerals. The ion-exchange
layered~compounds are compounds having a crystal structurs
wherein planes formed by ionic bonding or the like are piled
5 on one another in parallel with a weak bond strength, and

wherein the ions contalined therein are exchangeable. Most
clay minerals are ion-exchange layered compounds. The clays,
the clay minerals and the ion-exchange layered compounds are
not limited to natural compounds but include synthetic

10  products.
{01473

Examples of the ion-exchange layered compounds inciude
those having layered crystal structures such as hexagonal
closest packing structure, antimony structure, CdCL, structure

15 and CdI, structure.
(6148}

Examples of the clay minerals include kaolin, bentonite,
kibushi clay, galrome clay, allophane, hisingerite,
pyrophyllite, mica, montmorillonite, vermiculite, chlorite,

20 palygorskite, kaolinite, nacrite, dickite and halloysite,
Examples of the ion-exchange layered compounds include salts
of peolyvalent metals and crystalline acids such as
o-Zr (HASQ,), H,0, a-2r (HPO,),, a-Zr(KPC,), 3H.0, o~Ti{HPO,),,

a-Ti(HASO,), H,0, 0-Sn{HPO,), H,0, y~Zr (HPO,),, y-Ti(HPO,), and



[01721 [Chem. 391 1E- 13R),, 11 RMCC Il Rb Re \\ QI02Q3

1C

15

20

8F-2255
75

¥=T3 (NH,PC,},-H,0.
[0148]

The clays, the clayminerals and the ion—exchange layered
compounds preferably have a pore volume, &3 measured on pores
naving a radius of not less than 20 A by & mercury penetration
method, of not less than 0.1 co/g, and particularly preferably
0.3 to 5 ce/g. The pore volume is measured on pores having
a radius of 20 to 3x10gﬁ.b§ a mercury penetration method using
a mercury porosimeter.

[0150]

Achieving high polymerization activity tends to be
difficult if the carrier has a pore volume of less than 0.1
cc/g as measured on pores having a radius of not less than 20
A. It is also preferable that the claye and the clay minerals
are subjected %o chemical treatments.

(01517

Eny chemical treatments, for example, a surface
treatment to remove impurities on the surface and a treatment
to modify the crystal structure of clay minerals, are
emplovable. Examples of such chemical treatments include acid
treatment, alkali treatment, salt treatment and organic
substance treatment., The acid treastment removes impurities
from the surface and alsc causes the eluticon of catlons such

as Al, Fe and Mg in the crystal structure to increase the surface



()10 SF-225590 The corresponding relationships between the substituents in the above
formulae (i) to (iii) and those in the general formula of the organometallic compound (1) are indicated
in the following Table 1. As indicated in the table, 5 h and p are each 1 in the occurrence of
1,2-addition, and are each 0 in the occurrence of 2, 1-adddition. [01791 [Table 11 Formula(l) RI

S¥-2255
8G

area. The alkali treatment destroys the crystal structure of
clay to bring about change in the structure of the clay. The
salt treatment and the organic substance treatment produce,
for example, ionic composites, meleculay composites or organic
5 derivatives to change the surface area or the interlaver
distance.
[0152]
The icn-exchange layered compound may be a layered
compound in which the eschangeable ions between lavers have
10 been exchanged with other large and bulky ions utilizing ion
exchange properties to enlarge the distance between the layers.
The bulky ions play & pillar-like roll to support the layered
structure and are generally called plllars. The introduction
of other substances between layers of a layered compound is
1% called intercalation. Exanples of the guest compounds to be
intercalated include cationic incrganic compounds such as
TiCl, and ZrCl,; metal alkeozides such as TL1(OR},, 4riOR),,
PO{OR), and B{OR); {R is a hydrocarbonr group or the like); and

T 2+
metal hydroxide ions such as [B1,,0,(OH},, ] , [Zr,{OH},,] and

20 {Feao(OCOCHE)E]Q These compounds are used singly, or two or
more kinds are used in combination. The intercalation of the
above compounds may be carried out in the presence of polymers

obtained by hydrolysis of metal alkomides such as S1({OR},,

AL{CR), and Ge{DR}, (R iz a hydrocarbon group or the like} or



R2 R2R RdR h Formula(i) R R bR 122B RRR B 1

10

15

20

SF-2255
g1

in the presence of colloidal incrganic compounds such as 5i0;.
Examples of the pillars include oxides produced by
intercalation ¢f the above metal hydroxide ions between layers
followed by thermal dehydration.

[D1531

The clays, the clayminerals and the ion-exchange layered
compoumdsmaybeﬁsedastheyare,ormaybeusedaftersubjected
to bail milling, sieving or the like. Moreover, they may be
used after subjected to water adsorption or thermal
dehydration treatment. Furthermors, they may bs used singly,
or two or mora kinds may be used in combination.

[0154]

Of these incrganic compounds, the clay minerals are
preferable, and montmorillonite, vermiculite, hectorite,
tenorite and synthetic mica are particularly preferable.

Examples of the organic compounds employable ss the
carrier (B) include granular or fine particulate solid
compounds having a particle diameter of 10 to 300 pm. Such
compounds include {co)poslyrers producsd using a-olefins
having 2 to 14 carbon atoms such as ethylene, propylene,
l-butene and d-methyl-l-pentene as a main component,
{colpolymers produced using vinylcyclohexane or styrene as a

main component, and modified products of these polymers,



Formula (ii) R Rd RaRbRO-- -R Rd! RdBC 5. 0 1 Formula(iii) R 11" RaRbRC-1 - Rd (ReRdRC- R

SF-2253
82

Organic Compound Component (F)

The organic compound component {F) is optionally used
to improve catalytic performance. Examples of the crganic
compound include, but are not limited to, alcohols, phenclic

5 compounds, carboxylic acids, phesphorus compounds and

sulfonates.

#s the alcohols, those represented by RqemOH are usually
employed. Here, 8 isa hydrocarbon group having 1 to 50 carbon
10  atems, or a halogenated hydrocarbon group having 1 to 50 carbon
atoms. Those represented by the above formula wherein R4D is
a halogenated nydrocarbon group are prefersble.
[C156]
As the phenolic compounds, those represented by 2°-0H
15 ars uzually employed. Here, as Rgr those wherein the
o, o' -poaition in the hydroxyl group 1s substltuted with a
hydrecarbon group having 1 to 20 carbon atoms are preferable.
{0157}
As the carboxylic acids, those representad by RM—COOH
20  are usually smployed. R41 is & hydrocarbon group having 1 to
50 carbon atoms, or a halogenated hydrocarbon group having 1
to 50 carbon atoms, and particularly preferably a halogenated
hydrocarbon group having 1 to 50 carbeon atoms.

[0158]



0 0 10The organometallic compound (1) of the present Invention, if produced by the above method, is
usually generated as a mixture of 1,2-addition and 2,1-addition. The proportion between 1,2-addition
and 2,1-addition can be varied by changing types of the transition metal compound (A), the diene 15
compound (B) and the organometallic compound (C) to be employed, the reaction conditions, and the
like. Specifically, in general, increasing the reaction temperature lowers the proportion of 1,2-addition
while decreasing the reaction temperature lowers the proportion of 2,1-addition, although 20 this
depends on the typé&-éfthe transition metal compound (A), the diene compound (B), and the
organornetailic compound (C) to be employed  SF-2255 91 [0174] The proportion between
1,2-addition and 2,1-addition can be calculated from a signal of carbon at a-position of a metal by
30-14MB. 5Alternatively, the proportion.can he caleated:romthe:struetdtesshange of the diene
compound (B). Specifically, a mixture obtained of the organometallic (;omfounds (1), (i) and

having a P-0-H bond, phosphates having a P-OR bond, and

phosphine oxide compounds having & P=0 bond are preferably

employaed, As the sulfonates, those repressnted by the

5  following general formula (VIII) are employed.

r01:8]

{Chem. 37}
I

(Xm-n)mM“m O"‘"%“"R‘w [ (v
O n

In the above formula, M'° is an element of Groups 1 to
10 14 of the periodic table; R“ i8 & hydrogen atom, & hydrocarbon
group having 1 to 20 carbon atoms, or a halogenated hydrocarbon
group having 1 to Z0 carbon atoms;
[0180]
X is a hydrogen atom, & halogen atom, a hydrocarbon group
15 having 1 to 20 carbon atoms, or a halogenated hydrocarbon group
naving 1 to 20 carbon atoms; m is an integer of 1 to 7; and

n is an integer of 1 to 7.

Production Conditions of Organometallic Compound {1}

29 In the method for producing the organometallic compound

{1) of the present invention, in the presence of the transition



is reacted with water or an acid, to thereby convert a metal-carbon bond into a hydrogen-carbon bond.
By analyzing 10 the abundance ratio of an organic compound mixture obtained, the insertion
proportion can be calculated. In particular, by previously grasping the retention times of the organic
compounds corresponding to the organometallic compounds (1), (ii) and (iii), and carrying out the
analysis using gas 15 chromatography the ratio of the amounts of the organometallic compounds (i),
(i) and (iii) can be easily calculated, and from the value, the insertion proportions can be readily
calculated. 10175] 20TFk& Feaction to produce the organometallic compound (1) generates a chain
compound and a cyclic compound. Typically, as &hown in the following formulae, the reaction of the
diene compound (B) with the organometallic compound (C) in an equimolar ratio results in the

generation of such g cyglic. 22258 92 gampaund.as sepsesgnted ky{iv) or such a chain compound
as represented by (v); the reaction involving an excessive of the diene compound (B) results in the

generation of such @eaFEEMPeEPas 1R presertéd by i’ aftl theteactidnmvolving 5 an excessive

of the organometallic. compaund (G) Jesulls.in the generation of syeh.a ehain,gompound represented
by (vii) (In the following general formulae, all of the bonding forms are 1,2-addition, but the above

applies in the case oF2eEE4dition, t66. FO{0F76]Chet. 40 SEPI55RKR RRa RR Re-RR

5 component (F} .
(06161}

In the reaction, a solvent may be used or may not be used,
but the reaction is performed preferably in a solution using
an inert hydrocarbon solvent. Examples of employable inert

10  hydrocarbon solvents include aliphatic hydrocarbons such as
propane, butane, pentane, hexane, heptane, octane, decans,
dodecane and kerosine: alicyclic hydrocarbons such as
cyclopentane, cyclohexane and methyloyclepentane; arcomatic
hydrocarbons such as benzene, toluens, and xylene; halogenated

15 hydrocarbons such as ethylene chloride, chlorcbenzens and
dichloromethane; and mixtures of these solvents.
r0iez;

The ratio of the disne compound (B} to the organometalliic
compound (C), both of which are raw materials, is such that

20  the molar ratio [(B)/(C)] is generally in the range of 0.2 to
5, preferably 0.5 to 4, more preferably 0.6 to 3, still more
preferably 0.8 to Z.

(0163}

The transition metal compound (A} is used in such an



11 /11-111 RcWI 51LRdrTV>R R11C-C-IMRvI I RdR'Jr Provided that when d mol of the
dine compound (B) is reacted with z mol of the organometallic compound (C), and the valence of the
metal in the organoinetallic compound is defined 5 as k, the number of r in the general formula, which
is the number of an average repeating unit can be calculated as follows. 1) d>kz/2>0,5d:

SF-2255
85

amount relative to the diene compound {B} that the molar ratio
P{A)/(B}] i= generally in the range of 0.00001 to 1, prefarably
0.0001 to 0.1, more preferably 0.001 o 0.03, still more
| preferably 0.005 to 0.03.
5 [0164]

The usage amount of the co-catalyst component (D) is as
follows. When the crganometallic compound (D-1} is used, the
amount thereof ig such that the moelar ratio [(D-1)/W' ] of the
component {(D-1) to all transition metal atoms (M'} in the

10 transitionmetal compound (A) is generally in the range of 0.01
to 100000, and preferably 0.05 to 58C00. When the
organcaluminum oxy-compound (D-2) is used, the amount thereof
is such that the melar ratioc [{D-2)/M7} of the aluminum atom
in the component (D-2) to the transition metal atom (M} in

15  the transition metal compound {(A) is generally in the range
of 10 to 500000, and preferably 20 to 100000. When the ionized
ijonic compound (D-3) is used, the amount thereof is such that
the molar ratio [{D-3)}/M"} of the component {D-3) to the
transition metal atom {M') in the transition metal compound

20 (A) is generally in the range of 1 to 10, and preferably 1 to
5.

1018651
The usage amount of the organic compound component (F)

is as follows. When the organometallic compound (D-1) is used



The chain compound represented by the general formula (vi) is generated, and the value of r can be
calculated as BF-2255 94 follows: r=[2d/(2d-kz)]-k 2) kz/2>d: The chain compound represented
by the general formula 5(vii) is generated, and the value of r can be calculated as follows: r=2d/(kz-2d)
When r obtained in the above relations is a number with a decimal point, the number is round off to a
nearest integer. 10[0177]  The organometallic compound (1) of the present invention, if produced by
the above method, is usually generated as a mixture of a chain compound and a cyclic compound.
[Use of Organometdificc&dmpound (1)] The grganometallic compound (1) of the present invention
can be used as a chain transfer agent, particularl%/ as a reversible chain transfer agent in
polymerization reaction of a double-bond containing compound, and is capable of producing a polymer

having a carbon-mefal hond at,bothterminals. By 20 using the Qrganaometailic,gompound (1) of the
present invention as a chain transfer agent, for example, in accordance with the methods as described
in JP-A-2008-53327F 3612003 0t 4046pampHietta potyAi8risFoimatls generated at the bond

between carbon and metakef beth terminals.ofthesrganametallie-z) is used as

the co-catalyst compenent (D), the molar ratie [{F}/(D-2}] is
5 generally in the range of 0.001 to 2, and preferably ¢.005 to

1. When the ijonized ifonic compound (D-3} is used as the

compenent (D}, the molar ratio [(F} /{(D-3}] is generally in

the range of 0.01 to 10, and preferably 0.1 to 5.

[0166]

10 In the method of the presént invention, the pregssure in
the reaction is not particularly limited, and any of normal
pressure, reduced pressure and increased pressure 1s possible.
The reaction is usually performed preferably under an inert
gas atmosphere, but may be performed in the co-presence of

15  haydrogen, as needed. If hydrogen is co-prasent, an
organcmetallic compound {1} having a structure in which a
hydrogen atom was added in place of R group oY &'t group of
the organometallic compound {C) is generated. If hydrogen is
used, the use thereof is such that the molar ratioc

26 [hydrogen/(C}] usually becomes 0.001 to 100, preferably ¢.01
to 50. Hydrogen may be bubbled in a reaction solution. The
pressure is not particularly limited, and any of normal
pressure, reduced pressure and incressed pressure 1s possible.

[0167]



SF-2255 95 compound. As a result, even under the same condition, a polymer with double molecular
weight having a carbon-metal bond at both terminals can be obtained. 8 5For example, the reaction
between the organometallic compound (1) with linear or branched a-olefins having 2 to 30 carbon
atoms, cyclic olefins, dienes] or polyenes, or aromatic vinyl compounds, can produce an

organometallic compound (5) represented by the following general formula (5). 10[01791 [Chem. 41]
Az-to (5
( ) SF-2255
87

The temperature in the reaction between the diene
zompound (8) and the organometallic compound (C) iz usually
in the range of -80 to 100°C, preferably -30 te 60°C,
particularly preferably -20 to 50°C. The reaction may be

% carried cut in batchwise, semi-continuously, or continuously.
The reaction time is usually 1 minute to 100 hours, preferably
5 minuets to 30 hours.
r0168]
In the reaction, the transition metal compound (A}, the
10  diene compound {B), and the organometallic compound (C), the
co-catalyst component (D), the carrier (E), and the organic
compound component {F}, which are eptionally used, canke added
and miged in any order. For example, the diene compound (B),
the carrier (E)}, the organic¢ compound component (F), the
15 organometallic compound (C), the co-catalyst component (I},
and the transition metal compound (AR) are added in this order.
[0169]
The organometallic compound (1) of the present invention
generated after the completion of the reaction can be purified,
20 as needed, by methods such as filtration, recrystallization,
distillation, and abscrption. For example, a reactlonmixture
liguid is subjected to fjiitration in order to remove insolublies
such as a carrier and a catalvst residus, and from the resultant,

a solvent and a remaining organic compound are removed under



In the general formula (5), A is a unit derived from a linear or branched a-olefin having 2 to 30 carbon
atoms, a 15 cyclic olefin, a diene, a polyene, or an aromatic vinyl compound; X; y, z, and w are each
an integer of 1 or more; x + yz w= 8 to 100000. 180] M, Q1, Q2, Q2, h, j, k, m, n, p, and R1 to
R22 are defined 20 insame manner as in the general formula (1)] In the general formula (5), A is
derived from a linear SF-2255 96 or branched a-olefin having 2 to 30 carbon atoms, a cyclic olefin, a
diene, a polyene, or an aromatic vinyl compound. k01811 Examples of such compounds include:
linear orbrancheda-&fefins having 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms, such as
ethylene, propylene, 1-butene, 2-butene, 1-pente8r?e, ethyl-I--butane, 1-hexene, 4-methyl-1-pentene,
3-methyl-lI-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 10
1'ei0059ne,Viny|CyCl}%Q§£E§'Q§e\éM&yC|ﬂQ§XQ@@,obtainabze is dissolved again in

& solvent, and the sclution is subjected to cooling,
recrystallization treatment, and the lilke.
{G170]

5 In the reaction to produce the organometallic compound
{1y of the present invention, the diene compound (B} and the
organometallic compeund (C}, both of which are raw materials,
are bonded to sach other by an elementary reaction as
represented by the following general formula (this formuls

16  typically shows a part involved with the reaction alone, and

thus does not show the whole reaction.)

[G1717
[Chem. 38]

™ il il
E—M—R o+ Cm?*—- i mew?wc&:—w and/or RMeSmee

R ke R R RE—GR

Rt‘
t,2-addition 2z, j-addition
15 As shown in the above formula, the bonding forms include

1,2~addition and 2,l~addition. If the reaction between the

diene compound (B} and the organcmetallic compound (C} has

proceeded exclusively by I,2~additicn, the organometallic

compound (1) generated is represented as shown in the following
20 general formula {i). If the reaction betwesen the diene

compound (B} and the organometallic compound {C) has procesded



allyloyolopentane, and allylcyclohexane; cyclic olefins having 3 to 30 carbon atoms, preferably 3
to 20 carbon atoms, such as cycicpentene, cycloheptene, norbornene, 5-methyl-2-norbornene,
tetracyclododecene, and 15 2-methy1-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-cotahydronaph thalene;
mono- or poly-alkyl styrenes, such as styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene,
orp-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and 20 p-ethylstyrene; aromatic vinyl
compounds such as 3-phenylpropylene, 4-phenylpropylene, and a-methylstyrene; and cyclic or
chain dienes or poly&nés®having two or more double bonds having 4 to 30 carbon atoms, preferably 4
to 20 SF-2255 97 carbonatoms, suchasbutadiené |soprene 4-methyl-1,3-pentadiene, 1,3-pentadiene,
1,4-pentadiene, I,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene, 1,4-octadiene,
1,5-octadiene, 1,6-ogtadieng, 1 4-octadlene; §.ethyidene narhernene,vinyknasbornene,
dicyclopentadiene, 7-methyl-1,6-octadiene, 4-ethylidene-8-methyl-1,7-nonadiene,and

generated is represented as shown in the following general
formula (iii}. If the reaction between the diene compound (Bj
and the organometallic compound {C} has procseded by

5 1,2-agdition and 2, l-addition, alternately, the
organomatallic compound (1} generated is reprasented as shown

in the following general formula (ii}.

101723
[Chem. 39]
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5,9-dimethy1-1,4,8-decatriene. [0182] 10The reaction between the organometallic compound (1) with
the above diene or nolyene can provide a polymer with branches at Ax, Ay, A" and Aw of the general
formula (5). Such a branched polymer is also included in the organometallic compound (5). 15[0183]
Of these compounds, more preferable are ethylene, propylene, 1-butene, 1-pentene,
3-methyl-l-butene, 1-hexene, 4-methyl-I-pentene, 3-methyl-I-pentene, 1-octene, 1-decene,
vinylcyclohexane, norbornene, 5-methyl-2-norbornene, 20

tetracyclododecene fsutadiene,ethylidenenorbornene, vinylnorbornene,dicyclopentadiene,styrene,and
p-methylstyrene, [0184] These compounds can b& employed singly or n combination SF-2255 98 of
two or more kinds. Furthermore, by performing functional group conversion byknownmethodsat

the carbon-metal bondsofthepolymerhaving a.carbonymetal hond afhoth terminals, a

substituents in the above formulae (1) to {1ii) and those in

the gensral formula of the organometallic compound (1) are

indicated in the following Table 1. As indicated in the table,
5 hand p are each 1 in the occurrence of 1,Z-addition, and are

sach 0 In the occurrence of 2,l-adddition.

[01732]

[Table 1]

e
o

1z

b

rormula{l) |R'|=R R fer'lr’|afir’ln R R nhiop
Formula{ij | R | &° R® RIirR | R r¥IR®] mf R]1]1
Formuie (1) 1 R | RS ®R%me~-| -1 - | r | r¥Ir?] &f 2| 51
Formula(iiid R | REIR*™®RC-| - ¥ - { - | = | rRUIR®'™Bc-{ Rt 0] 0
1G The organcmetallic compound {1) of the present invention,

if produced by the above method, is usually generated as a
mixture of 1,2Z-additien and 2,l-additicn. The proportion
between 1,Z2-~addition and 2,l-addition can be varied by
changing types of the transition metal compound (A}, the diene
15  compound (B} and the organcmetallic compound (C) to be employed,
the reaction coenditions, and the like. Specifically, in
general, increasing the reaction temperature lowers the
proportion of 1,2-addition while decreasing the reaction
temperature lowers the proportion of 2,l-addition, although
20 this depends on tha types of the transition metal compound {A),
the diene compound (B}, and the organcometallic compound (C}

to be employed.



5 both-terminal-functional polymer, such as a both-terminal-functional polyolefin, can be produced. For
example, by performing functional group conversion at the carbon-metal bonds of the organometallic
compound (5), a both-terminal-functional polymer can be produced. 10[01851 Moreover, by using
the functional groups introduced into both terminals as a polymerization initiator, or by using the
functional groups that has been treated by known methods as a polymerization initiator and then by
performing further 15 polymerization, an ABA block polymer can be produced. Furthermore, by
performing condensstiéaidolymerization using the functional groups introduced into both terminals as
polymerization active sites, block polymers havina}‘various structures can be produced. 20[0186]

The organometallic compound (1) of the present invention can be used also as an organic synthesis
reagent, a polymer r{}ﬁtﬁq'al, or a precursor thereof, specifically as a nucleophilic reagent having plural
active sites or a precursor EF-2255 99 thereof. In addition, by converting the metal moiety into a
compound, a polymer wittFrighiyreohtrolleer saructure 91°a Prdcarsor theteotisdbtained. 5 Examples

[0197] Hereinafter, the. present invention will be described.with reference o Examples, but the present
invention is not limited to tpese Examples. Analysis in Examples and 10 Comparative Examples
was carried out as foHewsPy C-NME.

5 Alternatively, the proportion can be calculated from the
structure change of the diene compound (B). Specifically, a
mixture obtained of the organometallic compounds {1}, {ii} and
{iii} is reacted with water or an acid, to thereby convert a
metal-carbon bond into a hydrogsn-carbon bond. By analyzing
10 the abundance ratic of an organic compound mixture obtained,
the insertion proportion can be calculated. In particular,
by previously grasping the retention times of the organic
compounds corresponding to the organometallic compounds (13,
(ii) and (iiiy, and carrying cut the analysis using gas

15 chromatograph, the ratic of the amounts of the organometallic
compounds {1}, (ii) and (iii) can be easily calculated, and
from the walue, the insertion proportions can be readily
caleculated.
{0175]

20 The reaction to produce the crganometallic compound (1}

generates a chain compound and & cyclic compound., Typically,

as shown in the following formulae, the reaction of the diene
compound {B} with the organometallic compound {C) in an

equimelar ratic results in the generation of such a cyclic



[ml] NMR Measurement NMR was measured employing NMR apparatus of 270 MHz or 500 MHz
and deuterated benzene as a solvent (prepared after dehydration treatment using active molecular
sieve under 15 nitrogen atmosphere and purification by distillation under reduced pressure), unless
otherwise noted. The analysis in '"H-NMR was based on residue protons of the deuterated solvent used
as a solvent. The analysis in 23C-NMR was based on carbon of the deuterated solvent used as a
solvent. 20[m2] Gas Chromatograph (GC) Measurement GC was measured under the following
conditions. <GC me#&udrement conditions 1> Apparatus: GC-2010 (manufactured by Shimadzu
Corporation) Column: DB-5MSUI (manufactured by Agilent Technologies) SE-2255 100 Inner
diameter: 0.25 rin Length: 30 m Film thickness: 0.25 um Temperature: 5Column: held.at 100C for
5 min, heated at a rate0f.20GJ/min. and:thenheld at.300GHor 404 rainHalet:300C Detector: 300C

represented by (v): the reaction invelving an excessive of the
diens compound (B} results in the generation of such a chain
compound as represented by (vi): and the reaction involving

5 an excessive of the organometallic compound (C) results in the
generation of such a chain compound represented by {vil) {In
the following general formulae, all of the bonding forms are
1,2-addition, but the above applies in the case of 2, 1-addition,
too.

19 {0176}

{Chem. 40]



Carrier gas: helium 10initial flow rate: 1.10 th/min Pressure set: 90 kPa Average linear velocity: 27.3
cm/sec Sprit ratio: 30:1 <GC measurement conditions 2> 15 Apparatus: GC-2010 (manufactured by
Shimadzu Corporation) Column: D5-5MSUI (manufactured by Agilent Technologies) Inner diameter:

0.25 mm Length: 30 m

Film thickness: 0.25 um 20 Temperature:

Column: held at 40C for

5 min, heated at a rate of 10C /min, and then held at 300C for 10 min; Inlet: 300C Detector: 300C

SF-2255
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Provided that when d mol of the dine compound (B} is

reacted with z mol of the organometallic compound (C), and the

valence of the metal in the organometallic compound is defined

as k, the number of r in the general formula, which is the number

1y drkz/2>0,5d:

of an average repeating unit can be calculated as follows.

Thae chain compound represented by the general formula

(vi} iz generated, and the value of r can be calculated as



101 Carrier gas: helium Initial flow rate: 1.10 mL/min Pressure set: 90 kPa Average linear
velocity: 27.3 cm/sec 5 Sprit ratio: 30:1 [m3] Gas Chromatography Mass Analysis (FC-MS)

GC-MS was measured under the following conditions. <GC-MS measurement conditions 1>
Apparatus: GCMS-QP5050A (manufactured by Shimadzu 10 Corporation) Column: Ds-1
(manufactured. by Agilent Technologies Inner diameter: 0.25 mm Length: 30 m Film thickness: 0.25
pm 15 Temperature: Column: held at 100C for 5 min, heated at a rate of 20C /min, and then
held at 200C for 10 ¥AiR4tiet: 300C. Detector: 309 20 Carrier gas: helium Initial flow rate: 1.8 mL/min
Pressure Set: 104.8 kPa

follows:
r={2d/{2d-kz} ]~k
2y kz/2»d:
The chain compound represented by the general formula
5 {vii} is generated, and the value of r can be calculated as
follows:
r=2d/ {kz—-2d)
When r obtained in the above relations is a number with
a decimal point, the number is round off to 3 nearest integer.
10 (01771
The organometallic compound (1) of the present invention,
if produced by the above method, is usually gensrated as a
mixture of a chalin gompound and a cyclic compound.
[Use of Organometallic Compound (1)}

15 The organometallic compound (1] of the present invention
can be used as a chain transfer agent, particularly as a
reversible chain transfer agent in polymerization reaction of
a double-bond containing compound, and is capable of producing
a polymer having a carbon-metal bond at both terminals. By

20  using the organometallic compound (1) of the present invention
as a chain transfer agent, for example, in accordance with the
methods as described in JP-A-2008-533277 and WO-2003~034046
pamphlet, a polvmer is formally generated at the bond between

carbon and metal of both terminals of the organometallic



Average linear velocity: 48.5 cm/sec Sprit ratio: 10:1 SF-2255 102 <GC-MS measurement conditions
2> Apparatus: GCMS-QP5050A (manufactured by Shimadru Corporation)  Column: 03-1
(manufactured by Agilent Technologies) 5Inner diameter: 0.25 mm Length: 30 m Film thickness: 0.25
pm Temperature: Column: held at 40C for 5 min, heated at a rate of 10C 10 1mm, and then

held at 300C for 10 min; Inlet: 300C Detector: 300C Carrier gas: helium, Initial flow rate: 1-7 mL/min
15Pressure set: 100.0 kPa
BF-2255
95

campound. As a result, even under the same condition, a
polymer with double molecular weight having a carbon-metal
bond at both terminals can be obtained.
101781

5 For example, %fhe reaction between the organometallic
compound (1} with linear or branched w-clefins having 2 to 30
carbon atoms, cyclic olefins, dienes, or polyenes, or aromatic
vinyl aompounds, can produce an organcmetallic compound {5}
represented by the following general formula (5).

10 10179)

{Chem. 41]
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In the general formula {3}, A is & unit derived from &
linear or branched a-olefin having 2 to 30 carbon atoms, &
15 cyelic olefin, a diene, a polyens, or an aromatic vinyl
compound; %, Y. Z, and w are each an integer of 1 or more; x
+y + z + w=s 8 to 100000,
{01801}
M, o, 0%, 0%, h, 4, k, m, n, p, and R* to R zre defined
20 in the same manner as in the general formula (1}.

In the gsnsral formula (5), A is derived from a linear



Average linear velocity: 47.4 cm/sec Sprit ratio: 10:1 fm4) Gel Permeation Chromatography (GPC)
GPC was measured under the following conditions. 20 <GPC measurement conditions> Measurement
apparatus: gel permeation chromatograph Alliance GPC-2000 (manufactured by Waters) Analysis
apparatus: data processing soft, Empower 2 (manufactured by Waters) SF-2255 103 Column: TSKgel
GMHG-HT x 2 + TSKgel GMH6-HTI, x 2, each of which is 0.5 mm LH. x 30 cm (manufactured by
Tosoh Corporation) Column temperature: 140C  Mobile phase: o-dichlorobenzene (containing
0.025% of BHT) 5 Desteetor: differential refractive index detector Flow rate: 1 mL/mdm Sample
concentration: 0.15% (w/v) Columulcalibration: n?c?nodisperse polystyrene (manufacturedby Tosoh
Corporation) 10The following catalysts and co-catalyst were used. [0188] "Catalyst 1" is

bis-(1-(2-methylcyclohexy(2:ax0yh=3 2 diRUYIRBEI L. roon stoms, & cyelic
clefin, a diene, a polyene, or an aromatic vinyl compound.
o181}
Examples of such compounds include:

§ linear or pranched a~olefins having 2 to 30 carbon atons,
preferably 2 to 20 carbon atoms, such as ethylene, propylene,
l-putene, 2-butene, l-pentens, 3-methyl~l-buteng, l-hexene,
4-methyl-l-pentene, 3~methyl-l-pentene, l-octene, l-decene,
l-dodecene, I-tetradecena, l-hexadecene, l1~octadecene,

10  i-sicosene, vinyloyclopentane, vinyleyclohexane,
allvlcyclopentane, and allyloyclohexane;
cyclic olefins having 3 fo 30 carbon ateoms, preferably
3 to Z0 carbon atoms, such as cyclopentene, cyclohepltene,
norbornens, S-methyl-2-norbornene, tetracyclododecens, and
15 2-methyl-1,4,5,8-dimethano~1,2,3,4,44a,5,8,8a~octahydronaph
thalene;
mono—- or poly-alkyl styrenes, such as styrens,
o-methyvistyrene, m-methylstyrene, p-methylstyrens,
o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and
20 prethylstyrene;
arcmatic vinyl compounds such as 3-phenylpropylene,
4-phenylpropyleng, and a-methylstyrene; and
cyclic or chain dienes or polyenes having two or more

double bonds having 4 to 30 carbon atoms, preferably 4 to 20



mino)zirconiumdimethyl, having the following structure. 15[0189; [Chem. 42) "Catalyst 2" is
[N-(2,6-diisopropylphenyl)amido(2-isopropylphenY1)(d-napht 20
halene-2-diy1(6-pyridine-2-diyl)methane)lhafniumdimethyl, SF-2255 104 having the following
structure. [01901 [Chem. 431 "Co-catalyst 1" is triphenylcarbeniumtetrakis (pentafluorophenyl) borate
. [Example 1] (Synthesis of Compound X-1) A 50 mL two-neck recovery flask with a stirrer having a
three-way cock connected was sufficiently dried under dried 10 nitrogen, and thereto, at
roomtemperature, 725-A7>0f n-hexane, 2.0mL (O.%Ommol in terms of an aluminuniatom) of 0.1 M
n-hexane solution of methylaluminoxane, 2.0 mlz (2.0 mmol in terms of 1,9-decadiene) of 1.0 M
n-hexane solution of 1,0-decadiene, and 3.0 mL (3.0 mmol in terms of a zinc atom) of 1.0 M n-hexane

15 solution of diethylzing Were.added, Thefeaction mixturadiguid was cegleddp 01C, and with stirring,
0.5 rEIL (40 pmol in terms of mol) of 0.08 M toluene solution of the Co-ckata,l%/st 1 was added thereto.
Then, thereto was atideg2:0%int t28F ot in tetnisF6F Mt 8t a catalysl solution separately prepared

1,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiens,

1, 4-nctadiens, 1,5-octadiene, 1,6-octadiens, 1,7-octadiene,
5 ethylidene noribornens, vinyl norbornene, dicyclopentadiens,

7-methyl~1l, 6-octadiens,

4-mthylidene-8-methyl~1, 7-nonadiens, and

5, 9~dimethyl-l, 4, 8-decatriene.

(0182]

10 The reaction between the organcmetallic compound (1)
with the above diene or polyene can provide a polymer with
branches at R., Ay, A., and Ay of the general formula (&}, Such
a branched polymer is also included in the ozrganometallic
compound {5).

15 [0183%

Of these compounds, more preferable are ethylene,
propylens, l-butene, i-pentens, 3-methyl-l~butene, l-hexene,

4{-methyl-1-pentene, 3-methyl-l-pentene, l-octene, l-decene,

vinylcyclohexans, norborneneg, S-methyl=2-norhornens,
20 tetracyclododecene, butadiene, sthylidenenorbornene,
vinylnorbornene, dicyclopentadiene, styrene, and

p-methylstyrene.
(0184}

These compounds can be employed singly or in combination



20from the catalyst 1 (60.6 mg, 77.0 prnol) and 7.8 ml of SF-2255 105 cyclohexane. The solution
immediately showed orange color. The solution was stirred at OC for 1 hour with light shield, to thereby
obtain an orange mixture. A part of the mixture was sampled under inert atmosphere, and the sample
was 5 concentrated under reduced pressure, to thereby obtain a yellow viscous mixture. [01911
Approximately 30 mg of this yellow viscous mixture was dissolved in approximately 0.5 mL of
deuterated benzene, 10 thereby preparing a sample for NMR. By IH.-NMR, signals of a-position of
zinc broadened at -G2-#8%0.8 ppm, and signals of hydrocarbons broadened at 0.8 ppm to 2.0 ppm
were observed. No signals were observed in olefin regions. IN-NMR spectrum is shown in Fig. 1.
15[01921 By 1.3C-NMR, signals of a-position of zinc broadened at 23 to 24 ppm were observed.
This value shows gagd.cQrrglation with.a signal of a-position of zinc indicated in T. Organomet. Chem,
1982, 224, 217-221. 20(0183] Into this NMR sample solution, distilled water was added under
nitrogen atmosphere. TheRAtHEriRtGretva stfitidAtly " stirdd tF Te%eC 2INE Wit water, thereby

converting a carbon+zjnghand:inta acarben-hydragenhend .. Thereaftef@aving

a carpon~metal bond at both terminals, a

5 both—terminal-funetiﬁnal polymer, such as a
hoth-terminal-functional polyolefin, can be produced. For
example, by performing functional group conversion at the
carbon-metal bonds of the crganometallic compound {3), a
both~terminal~functional polymer can be produced,.

10 10183

Moreover, by using the functional groups introduced into

both cerminals as a polymerization initiator, or by using the
functional groups that has been freated by known methods as
a polymerization initiator and ther by performing further

15  polymerization, an ABA blocck polymer can be produced.
Furthermore, by performing condensation polymerization using
the functional groups intreduced into both terminals as
polymerization active sites, block polymers having various
structures can be produced.

20 [0186]

The organometallic compound (1) of the present invention

can be used also as an arganic synthesis reagent, a polymer
material, or a precursor thersof, specifically as a

nucleophilic reagent having plural active sites or & precursor



SF-2255 106 solid matter precipitated was removed by cotton filtration. Then, an organic layer
separated was analyzed under GC measurement conditions 1, thereby indirectly observing the
structure of the product. 5[01943 As a result, a peak of 1,9-decadiene, a raw material, was not
observed. Apeak of 3, 10-dimethyldodecane, obtainable by 1,2-addition of diethylzinc occurring at two
olefin sites, was observed at a retention time of 8.5 minutes. A peak of 10 3-methyltridecane,
obtainable by 1,2-addition and 2,1-addition of diethylzinc occurring at one olefin site and at the other
olefin site, respectivelyzwias observed at a retention time of 8.8 minutes. The ratio of the areas of
these two peaks was 92:8. A peak of tetradecan€’,’obtainable by 15 2,1-addition of diethylzinc
occurring at two olefin sites, was not detected. The correlations between retention times and

th4acompounds werg, analyzed under.GC-MS measurement conditigns 1.;[0195] 20From the above

result, it was found that the organometallic compound generated was a compound (X-1) wherein r = 2
in the following formedapand s w8 92:8:0.-J0 2O Chehr 44 S 2955 07 @

precursor thersof is obtained.

5  Examples
[OLiB7}]

Hereinafier, the present inventlon will be described
with reference to Examples, but the present invention is not
limited to these Examples. Analysis in Examples and

10  Comparative Examples was carried out as follows.
[ml] WMR Measurement

NME was measured employing NMR apparatus of 270 MHz or
500 MHz and deuterated benrene as a solvent (prepared after
dehydration treatment using active molecular sieve under

15 nitrogsn atmosphere and purification by distillation under
reduced pressure), unless otherwise noted. The analysis in
*U-NMR was vased on residue protons of the deuterated solvent
used as a solvent. The analysis in *C-NMR was based on carbon
cf the deuterated solvent used as a solvent.

20 [m2) Gas Chromatograph (GC) Mesasurement

GC was measuYed under the following conditions.
<GC measurement conditions 1>
Apparatus: GC-2010 (manufactured by Shimadzu Corporation}

Column: DB-5M3ULI (manufactured by Agilent Technologies)



wherein Y is a structure represented by Y1, Y2, or Y3, shown below, and the proportion of 11:Y2:Y3 =
s:t:u (molar ratio) . 5[01971 [Chem. 45) Et H2H21-12H2I -C, J-L.,...C,, ...... c,..,.".C,". ..".CH
CCCC11C H2H2H2H2 Et Et H2H2H2 H_CCH -C C C C 11C- H2H2H2H2

100

Inner diameter: 0.22 mm
Length: 30 m
Film thickness: 0.2% um
Temperature:
5 Column: held at 100°C for 5 min, heated at a rate of 20°C
/min, and then held at 200°C for 10 min;
Inlet: 300°C
Datector: 300°C
Carrier gas: helium
10 Initial flow rate: 1.10 mi/min
Pressure set: %0 kPa
Average linsar velocity: 27.3 cm/sec
Sprit ratic: 30:1
<GC measurement conditions 2>
1% Apparatus: GC-2010 {manufactured by Shimadzu Corporation)
Column: DB-BMSUI (manufactursd by Agilent Technologles)

Inner diasmeter: 0.285 mm

Film thickness: 0.25 pm
20 Temperature:
Column: held at 40°C for 5 min, heated at a rate of 10°C
/min, and then held at 300°C for 10 min;
Tniet: 300°C

Detector: 300°C



Pr Pr H2H2H2 CCC H 11-12H2Hz Pr [Example 2) (Synthesis of Compound X-1) 10The same
procedure was carried out as in Example 1, except SF-2255 108 that the temperature at which the
Co-catalyst 1 and the Catalyst | were added was changed to room temperature, thereby obtaining a
yellowmixture. Apart of the mixture was sampled under inert atmosphere, and the sample was
concentrated under reduced 5 pressure, to thereby obtain a yellow viscous mixture. [01981 A
part of this yellow viscous mixture was sampled, and into the sample, hexane and distilled water were
added under nitrogéi-afifosphere. Then, the mi>1<t re was sufficiently 10 stirred.to react zinc and
water, thereby converting a carbon-zinc bond to a carbon-hydrogen bond. Thereafter, a solid matter
precipitated was removed by cotton filtration. Then, an organic layer separated was analyzed under
GC measurement cepngitions 1. thereby indirectly observing the

Initial flow rate: 1.10 mL/min
Pressure set: %0 kPa
Average linear velocity: 27.3 cm/sec
5  Sprit ratio: 30:1
fm3] Gas Chromatography Mass Analysis (FC-MS)
GC-MS was measured under the following conditions.
<GC-MS8 measurement conditions 1>
Apparatus: GCMS-QP5050A (manufactured by Shimadzu
10 Corgoration)
Column: BB-1 (manufactured by Agilent Technologies)
Inner diameter: .25 mm
Length: 30 m
Film thickness: 0.25 um
15 Temperature:
Column: helid at 100°C for 5 min, neated at a rate of
20°C /min, and then held at 200°C for 10 min
Inlet: 300°¢C
Detector: 300°C
20 Carrier gas: helium
Initial flow rate: 1.8 mL/min
Pressure Set: 104.8 kPa
Average linsar velocity: 48.3% om/sec

Sprit ratio: 10:1



15 structure of the product. [0199] As a result, a peak of 1, 9-decadiene, a raw material, was not
observed. Apeak of 3, 10-dimethy.idodecane, obtainable by 1,2-addition of diethylzinc occurring at two
olefin sites, 20 was observed at a retention time of 8.5 minutes. 3-methyltridecane, obtainable by
1,2-addition and 2,1-addition of diethylzinc occurring at one olefin site and the other olefin site,
respectively, was observed at a retention time of 8.8 minutes. A peak of tetradecane, SF-2255 109
obtainable by 2,1-addition of diethylzinc occurring at two olefin sites, was detected at a retention time
of 9,1 minutes,.. Théfce#Elations between retentigzn times and compounds were analyzed under
GC-MS measurement conditions 1. 5[0200] Frém the above result, it was found that the
organometallic compound generated was a compound (X-1) wherein r = 2 in the above formula
described in Exampledluand Sitik im0 2+ 10[Example 3] (Synthesis of Compound X-3) A 100
mi. two-neck recovery flask with a stirrer having a three-way cock connected was sufficiently dried
under dried nitrogerfF&At thereto! Stiod i te fiperattire °0. £ E#§%4 mol) of 1,9-decadiene, 50.0 ml.
(54.5 mmol in terms-efa zineatom) 15 of 1.09 M n-hexane solution of diethylzinc, and 1.0 ml (0.10
mmol in terms of an aluminum atom) of 0.1 M n-hexane solution of methylaluminoxane were added.
Further, 7.0 ml (560°GMBFin t&tta GEMOTF BHO DS M B FERe S6ltdR 0f the Co-catalyst 1 was added,
and then, 27.0 mL (270 pmakin texms0t mot), of 20 0.01 M cycichexane solution of the Catalyst | was
added. The solution immediately showed deep orange color. The solution was stirred for 1 hour with
light shielded, thereby obtaitiffig*an dtdhge mixture. [0201]

Film thickness: 0.25 um
Tempgrature:
Column: held at 40°C for 5min, heated at a rate of 16°C
10 /min, and then held at 300°C for 10 min;
Inket: 300°C
Detector: 300°C
" Carrier gas: helium,
Initial flow rate: 1.7 mL/min
15 Pressure set: 100.0 kPa
Bvarage linear veleoccity: 47.4 om/seac
Sprit ratio: 10:1
[m4] Gel Permeation Chromatography (GPC)
GPC was measured under the following conditiens.
20 <GPC measurement conditions>
Measurement apparatus: gel permeation chromatograph Alliance
GPC~2000 {manufactured by Waters)
Anaiysis apparatus: data processing soft, Empower 2

(manufactured by Waters)



SF-2255 110 A part of this orange mixture was sampled, and into the sample, isobutyl alcohol was
added under nitrogen atmosphere. Then, the mixture was sufficiently stirred, and hydrochloric acid
was added thereto to thereby dissolve a precipitated 5 matter. Then, an organic layer separated was
analyzed under GC measurement conditions 1, thereby indirectly observing the structure of the
product. As a result, it was found that the organometallic compound generated was a compound (X-3)
wherein r = 9 in the above formula described in Example 1, and s:t:u 10= 76:22:2. [Example 4]
(Synthesis of Compsaae:X-4) A 200 mL two-neck recovery flask with a stirrer having a three-way
cock connected was sufficiently dried under driefﬂaﬁitrogen, and thereto, at room temperature, 2.4 ml
(40.2 mmol) 15 of 1,9-decadiene, and 28.0mL (28.0mmol in terms of an aluminum atom) of 1.0(4

n-decane solution of triethylaluminumwere, added, Eutther..5,0,m), (0.4 mmol iferms of mol) of 0.08 M
toluene solution of the Co-cata?yst 1 was added, and then, 20.0 ml (0.2 mmol in terms of mol) of 0.01

M cyclohexane solutior Gf the20-Catalyst 1 wastaddeds The Solitidhimniédiately showed deep yellow
color. The solution \oglgf{_}}%irgg%@ragupgyrl\@gﬂa light shielded, thereby obtaining a yellow mixture. [02021
A part of this orange mixture was sampled, and into the SF-2255 111 $ample,obutyl alcohol was
added undern aﬂnogﬁ#ﬁéﬁaphase: o-dichlorobenzene {containing G.025% of BHT)

5  Detector: differentizl refractive index detector
Flow rate: 1 mL/min
Sample concentration: 0.15% {(w/v)
Column calibration: monodisperse polystyrene {manufacturedby
Tosoh Corporation)
i0 The following catalysts and co-catalyst were used.
[01B8]

“Catalyst 17 is
big-{1~({2-methylcyclohexyl) (Z-oxoyl—-3,5~di (t-butyl)phenyli
ming}zirconivmdimethnyl, having the following structure.

15 101893

{Chem.

'

/N"““‘t:¥;2rmEz
e
]
/2

“Catalyst 27 is

(M-{2,6~diiscopropylphenvl) anido{Z-isopropylphenyl) (¢-napht

20 halene-2-diyl{é-pyridine-2-diylimethane) ] hafniundimethyl,



Then, the mixture was sufficiently stirred, and hydrochloric acid was added, and then the mixture was
cotton-filtered. Then, an organic layer separated was analyzed under GC 5 measurement conditions 1,
thereby indirectly observing the structure of the product. As a result, it was found that the
organometallic compoundgeneratedwas a compound (X-4/ wherein r m = 22 in the following formula,
and s:tma = 90:9:1. [0203] 10[Chem. 46] /I\ Et --Y --Al ) Et, wherein R -E- Y --A 1=h Et ( Compound
x-4/ ' m where.in Y is a structure represented by Y1, Ys, or Y3, shownbelow,

andtheproportionof¥EY222¢]=s;t:u (molar ratio). [Q%94] 15[Chem. 47] SE-2255 112 Et H2H2H2H2I
-c7CH -

having the following structure.
f01901

{Chem. 43}

5 *Co~catalyst 17 is
triphenylcarbeniumtetrakis (pentafliuorophenyl)borate,
[Example 1! (Synthesis of Compound X-1}

A 50 mL two-neck recovery flask with a s.tirrer having

a three-way cock connected was sufficiently dried under dried

13- nitrogen, and thereto, at roomtemperature, 7.5 nl of n-hexane,
2.0nmk (0.20 mmol in terms of an aluminum atom) of 0.1 M n-hexane
solution of methylaluminoxane, 2.0 mL {2.0 mmol in terms of
1, 9~decadiens) of 1.0 M n-hexane solution of 1, 9%~decadiene,
and 3.0 mL {3.0 mmol in terms of & zinc atom) of 1.0 M n-hexane

15  solution of diethvlzinc were added, The reaction mixture
ligquid was cooled to 0°C, and with stirring, 0.5 mkL (40 pmol
in terms of mol) of 0.08 M toluesne solution of the Co-catalyst
1 was added thereto. Then, theretc was added 2.0 mIL {20 umol
in terms of moly of a catalyst solution separstely prepared

20 from the catalyst 1 {60.6 mg, 77.9 pmol) and 7.8 ml of



CCCC H2H2H2H2 Y 2 Et H2HzH2 -C CC 22H2H2 Pr Pr H2H2H2| CCC H H2H2H2 y 3Pr (Example
5) (Synthesis of Compound X-5) Synthesis of Compound X-5-1

1G

20

5F-22535
105

cyclohexane. The solution immediately showed orange color.
The solution was stirred at 0°C for 1 hour with light shield,
to thereby obtain an orange mixture. 2 part of the mixture
was sampled under inert atmosphere, and the sample was
concentrated under reduced pressure, to thereby obtain a
yallow viscous mixture.
(81811

Approximately 30 mg of this yellow viscous mixture was
dissolved in approximately 0.5 ml of deuterated benzene,
thereby preparing a sample for NMR.

By *H-NMR, signals of a-position of zinec broadened at
~0.2 to 0.8 ppm, and signals of hydrocarbons broadened at 0.8
ppm to 2.0 ppm were observed. No signals were observed in
ciefin regions. 'H-NMR spectrum is shown in Fig. 1.
{01821

By *C-NMR, signals of o-pesition of zinc broadened at
23 to 24 ppr were obsarved. This value shows good correlation
with a signal of o-position of zinc indicated in J. Organomet.
Chem, 1982, 224, 217-221.
0193}

Into this NMR sample solution, distilled water was added
under nitrogen atmosphere. Then, the mixture was sufficiently
stirred to react zinc with water, therseby converting a

carbon-zinc bond inte a carbon-hydrogen bond. Thereafter, a



Into a 100 mL two-neck recovery flask with a stirrer 5 having a three-way cock and a dropping funnel
connected, at room temperature, 3.50 g (40.6 mmol) of 4-penrene-i-ol, 4.21 (41.6 mmol) of
triethylamine, and 30 ml of hexane were introduced. With stirring, a hexane solution (10 min of 5.02
(19.8 mmol) of diphenyl dichlorosilane was dropped over S 10 minutes. At room temperature, the
mixture was stirred for 1 hour, and then cooled to 0G. Then, the reaction was terminated by adding 5
ml of a saturated sodium hydrogen carbonate aqueous solution. Into the reaction liquid, hexane
SF-2255 113 andwater&eye added, and an organic layer was separated. Then, the organic layer was
washed using a saturated sodium hydrogen carbonate aqueous solution. The organic layer was
concentrated and sufficiently dried under reduced pressure, 5 thereby obtaining 2.12 g of a

transparent viscous Jiquid, Jhis. transparent.viscous liglig was found-hyusing.a deuterated chloroform
solvent to be a compound X-5-1 represented by the following formula. [0205] 10[Chem. 48]

Then, an organic layer separated was analvzed under GC
measurement conditions 1, thereby indirectly observing the
structure of the product.
5 (01947
as a result, a peak of 1,9-decadlene, a raw materlal,
was not cbserved, Apeakof 3, 10-dimsthyldodecane, obtainable
by 1,2-addition of diethylzinc cccurring at twe clefin sites,
was observed at a retention time of 8.5 minutes. A peak of
10 3-methyltzidecane, obtainable by 1,2-addition and
7, l-addition of diethylzinc cccurring at one olefin site and
at the other olefin site, respectively, was observed at a
retantion.tiﬁe of B.8 minutes. 'The ratio of the areas of these

two peaks was 92:8. A peak of tetradecans, obtainable by

[
[53]

2, l-addition of diethylzinc cccurring at two nlefin sltes, was
not detected. The correlations betwesn retention times and
the compounds were analyzed under GC-MS measurement conditions
1.

[0195)]

20 from the above result, it was found that the
organcmetallic compound generated was & compound (X-1) wherein
r = 2 in the following formula, and s:t:u = 92:8:0.

[0196]

[Chem. 44]



Synthesis of Compound X-5 The same procedure was carried out as in Example 2, except that
1,9-decadiene was replaced with the Compound X-5-1, 15 thereby obtaining a yellow mixture. A part
of this yellow mixture was sampled under inert atmosphere, and into the sample, isobutyl alcohol was
added. Then, the mixture was sufficiently stirred and hydrochloric acid was added thereto to thereby
dissolve a precipitated matter. Then, an organic 20 layer separated was analyzed under GC
measurement conditions 2, thereby indirectly observing the structure of the product. As a result, a
peak of 4-methyl-I-hexénast, obtainable by SF-2255 114 1,2-addition of diethylzinc occurring at an
olefin site of the Compound X-5-1 and then the &géomposition of a silyl-oxygen moiety, was observed
at a retention time of 9.6 minutes. A peak of 1-heptanol, obtainable by 2, 1-addition of diethylzinc 5
occurring at an olefin site of the Compound X-5-1 and then the decomposition of a silyl-oxygen moiety,
was observed at a retentiontimepf10.1minugtes. The ratio of the areas of these two peaks was 95:5.
The correlations betmeﬁ—rﬁef%ﬁfﬁmé&m%#»ﬁé compouridg-ere analyzed under GC-MS
measurement 10 conditions 2. From the abé¥e result, it was found that the organometallic compound

generated was a compound (X-5) wherein r = 2 in the following formula, and s:t:u = 90:9:1. [0206]
[Chem_ 49] wherein Y is a structure represented by ¥, ¥, or Y,

shown below, and the proportion of Yii¥pi¥s = Zit:iu fmolar

ratio).
5 [01971
{Chem. 451
?t
H, Hy H» Hg .
—“C\EIXC\C/C\CMC\C/CH‘C@
J Hp H, Hs Hs
Y,y Et
?t
Hy Hy Hy
mg/c\ /C\C/C\ /CH~¢______
} Hp Hz Hy Ha
Yy, Pr
Pr
Hay gz gz é
H.C —
i Ha Hy Hy
Yo, Pr

{Example 2] (Synthesgis of Compound X-1}

14 The same procedure was carriedout as in Example 1, except



Et-ZnY Zn E (CompoUnd X-..5)

H2H2H2 CCO

ot
(o)

15

20

SP-2255
i08

that the temperature at which the Co-catalyst 1 and the Catalyst
1 were added was changed Lo room temperature, thereby obtaining
ayellowmizture. Apart of themixturse was sampled under inert
atmosphere, aﬁd the sample was concentrated under reduced
pressure, to thereby obtain a yesllow viscous mixture.
[¢1eg]

A part of this yellow viscous mixture was sampled, and
into the sample, hexane and distilled water were added under
nitrogen atmosphere. Then, the nmixture was sufficlently
stirred to react zinc and water, thereby converting a
carpbon-zinc bond to z carbon-hydrogen bond. Thereafter, a
solid matter precipitated was removed by cotton filtration.
Then, an organic layer separated was analyzed under GC
measurement conditions 1, thereby indirectly observing the
structure of the product.

[018%)

As a result, a2 peak of 1,9%-decadiene, a raw material,

- was not observed. Apeakof 3,10-dimethylidodecane, obtainable

oy 1,2~addition of diethylzinc ocourring at two olefin gites,
was observed at a retention time of 8.5 minutes.
3-methyltridecane, obtainable by l,2-addition and
?,1l-additicn of diethylzinc occurring at one olefin site and
the other olefin site, respectively, was observed at a

retention time of 8.8 minutes. A peak of tetradecans,

wherein Y is a structure represented by YI, 12, or Y3, shown
below, and the proportion of Ys:Ys:Ya = r:p:ol (molar ratio). [0207] 20[Chem. 50] SF-2255 115



H2 H2H2H2 CC H21 Et H2H2H2H2H2 ™ IH2H2I PriS1Et H2112iH2H2 11,,-0.,,,

C C-1H2H21

15

24

SE-2253

cbhtainable by 2,1l-addition of diethylzinc ococurring at two

olefin sites, was detected at a retention time of 2.1 minutes.

The carrelations between retention times and compounds were
analyzed under GC-MS measurement conditions 1.
[0200]

From the above rasult, 1t was found that the
organometallic compound generated was a compound (X-1) wherelin
r = 2 in the above formula described in Example 1, and s:t:iu
= 7612212,

[Example 3] {Synthesis of Compound X-3}

5 100 mL two-neck recovery flask with a stirrer having
a three-way cock connected was sufficiently dried under dried
nitrogen, and therato, at room temperature, 9.1 mlL (49.4 mmol)
of 1,9-decadiens, 50.0 nmL (54.5 mmel in terms of a zinc atom)
of 1.09% M n-hexane solution of diethylzing, and 1.0 mL (0.10
mmol in terms of an aluminum atom) of 0.1 M n-hexane sclution
of methylaluminoxane were added. Further, 7.0 nL (566 umol
in terms of mol) of 0,08 M toluene solution of the Co-catalyst
1 was added, and then, 27.0 mL (270 pmol in terms of mol) of
0.01 M cyclohexane sclution of the Catalyst 1 was added. The
solution immediately showed deep orange coler. The solution
was stirred for 1 hour with iight shielded, thereby obtaining
an orange mixture.

[0201]



PrPr : [Example 6] (Synthesis of Compound X-6) A 30 raL two-neck recovery flask with a stirrer
having a three-way cock connected was sufficiently dried under dried 5 nitrogen, and thereto, at room
temperature, 6.0mL of n-hexane, 0.2m2. (0.04 mmol in terms of an aluminumatom) of 0.2 M n-hexane
solution of methylaiuminoxane, 0.64 mL (4.3 mmol in terms of mol) of 1,7-octadiene, and 3.7 mL (4.0
mmol in terms of a zinc atom) of 1.09 M n-hexane solution of diethylzinc were added. 10 While the
reaction mixture liquid was stirred at room SF-2255 116 temperature, 0.5mL (0.04 mmol interns
ofmoll of 0.08Mtolugmnezsélution of the Co-catalyst 1 was added thereto. And, thereto was added 2,0
ml (20 amol in terms of mol) of a catalyst solutioﬁigeparately prepared from the catalyst 1 (60.6 mg,
77.9 pmol) 5 and 7.8 ml of cyclohexane. The solution immediately showed orange color. The solution

was stirred at room temperature for.1:houe with light.shield.. and congentratedwnder reduced pressure,
to thereby obtain an orange viscous mixture. Apart of this orange viscous mixture was sampled under

inert 10 atmosphereszantkinte<the Samptec1 G MVeRSRIrgeforic BigPivas atkdéd® and the mixture was

sufficiently stirred, thereby converting,a carben-zinc:hand inte a.carban-hydrogen bond. Then, an
organic layer separated was analyzed under GC measurement conditions 2, thereby indirectly

observing the 15 stréfttire=6f tgeprotiet (0208] 2 LYAS A58EHIE £ PéaR’df 1°%-octadiene, a raw

material, was not ohgerved. Apeak of ZsmethylJnongne, abtainablebysk 2-addition of diethylzinc
occurring at one olefin site, was
GC measurement conditions 1, thereby indlrecitly observing the

structure of the product. As a result, it was found that the
organometallic compound generated was a compound (X-3} wherein
r = 9 in the above formula described in Example 1, and s:t:u
16 = T6:22:2.
[Example 4] (Synthesis of Compound X—4)
A 200 mL two-neck recovery flask with a stirrer having
& three-way cock connected was sufficiently dried under dried
nitrogen, and therets, at room temperature, 7.4 mL (40.2 mmol)
1%  of 1,9-decadiens, and 28.0mL {28.0mmol in terms of an aluminum
atom) of 1.0 M n-decane solution of triethylaluminum were added.
further, 5.0 mL (0.4 mwel in terms of mel) of .08 M toluene
solution of the Co-catalyst 1 was added, and then, 20.0mL {0.2
mmol in terms of mol} of 0.01 M cyclohexane solution of the
20 Catalyst 1 was added. The solution immediately showed deep
yeilow color. The selution was stizred for 1 hour with light
shielded, thereby obtaining a yellow mixture.
[0202]

A part of this orange mixture was sampled, and into the



20 observed at a retention time of 10.6 minutes. A peak of 1-dodecene, obtainable by 2,1-addition of
diethylzinc occurring at one olefin site, was observed at a retention time of 11.0 minutes. A peak of 3,
8-dimethyldecane, obtainable by 1,2-addition of diethylzinc occurring at two olefin sites, was SF-2255
117 observed at a retention time of 13.3 minutes. A peak of 3-methylundecane, obtainable by 1,
2-addition and 2, 1-addition of diethylzinc occurring at one olefin site and the other olefin site,
respectively, was observed at a retention time of 13.7 5 minutes. A peak of dodecane, obtainable by
2,1-addition of diethykzitve®cceurring at two olefin sites, was observed at a retention time of 14.2
minutes. The ratio of the areas of these five peal@jwas 11:2:72:13:1. The correlations between
retention times and the compounds were analyzed under GC-MS 10 measurement conditions 2.

From:the above fesg_'gm{ﬁya&@%gﬁ that the organometallic compaund generated was a compound
(X-6) wherein r = 12 in the following formula, and s:t:u = 84:15:1, and v:w = 94:1E. [0209] 15[Chem.

513 Then, the mixture was sufficiently stirred, and hydrochloric
acid was added, and then the mixture was cotton-filtered.
Then, an organic layer separated was analyzed under GC

5  measurement conditions 1, thereby indirectly observing the
structure of the product. B&s a result, it was found that the
organometallic compound generated was a compound (X-4) wherein
r +m = 22 in the followlng formula, and s:tiu = 80:8:1.
10203]

10 [Chem. 46]
R R ' 3? |
Et“ﬁii—('\'—*ﬁ%i%ﬁt ,wherein R ! '"{"Y“Al*l‘ﬁt {Compound X-4}
F - fm

wherein ¥ is a structure represented by Y:, ¥, or ¥z,

shown balow, and the proportion of Yi:¥z:¥s=srttu (molar ratic}.
[0204)

15 [Chem. 47]
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{Example 51 (Synthesis of Compound ¥X-3)

Synthesis of Compound ¥-5-1

Into a 100 mi two-neck recovery flask with a stirver
having & three-way cock and a dropping funnel connected, at
rocm temperature, 3.50 g {(40.6 mmol) of 4-pentene-i-ol, 4.Z1
g {41.6 mmol) of triethylamine, and 30 mlL of hexane vere
introduced. With stirring, a hexane soluticn (10 mL} of §5.02
g (19.8 mmol} of diphenyl dichlorosilane was dropped over 5
minuetes. At room temperature, The mixture was stirred for 1
hour, and then cocled to (°C. Then, the reaction was
terminated by adding 5 mL of a saturated sodium hydrogen

carbonate aguecus scolution. Inte the reaction liguid, hexane



wherein Y is a structure represented by Y1, Y2, Or Y3r shown below, and a is a structure represented
by 21 or 22, shown below; and the proportion of 11:12:M3 = s:t:u (molar ratio), 20 and the proportion
of Z1:72 = v:iw (molar ratio). [0210] [Chem. 52] SF-2255 115 Et H2H2H2| C1c"CH1/4 CC 142H2H?2

SF-2235
113

and vater were added, and an organic layer was separated. Then,
the organic laver was washed using s saturated sodium hydrogen
carbonate agueous solution. The organic layer was
cancentrated and sufficiently dried under reduced pressure,

5%  theresbyobtaining 2.12 g of a transparent viscous liquid. This
transparent viscous liguid was found by ‘H~NMR using a
deuterated chloroform solvent te bz a compound X-5-1
represented by the following formuia.
[3205]

10 {Chem. 48]

f"fi’x f m?\\

"‘Q;:f,‘:’\ }-{: / {Compound %X-5-1)
'::':;://""\ V,/\‘O_S i'of\“‘v""wﬂk

Synthesig of Compound X-8

The same procedure was carrised out as in Exanple 2, except
that 1,9%-decadiense was replaced with the Compound ¥~5-1,

15 thereby obtaining a vellow mixture. A part of this yellow
mixture was sampled under inert atmosphere, and into the sample,
isobutyl alcohel was added. Then, the mixture was
sufficiently stirred and hydrochloric acid was added thareto
to thereby dissclve & precipitated matter. Then, an organic

20 layer separated was analyzed under GC measurement conditions
2, thereby indirectly observing the structure of the product.

As a result, a peak of 4-methyl-l-hexencl, obtainable by



Et Et H2H21 H,...C..c,...c, ,,CH ---CC 'c - IH2H2H2 Pr

H2H2H2H C HzHz ZIEt H2H2H H2H2 Pr

10

20

SF-22

5

L3

1,2-addition of diethylzing occurring at an olefin site of the
Compound X-5-1 and thén the decomposition ¢f a silyl-oxygen
moiety, was observed at a retention time of 9.6 minutes. B
peak of 1-heptanol, cbtainable by 2,l~addition of disthylzinc
occcurring at an olefin site of the Compound ¥X-5-1 and then the
decomposition of a silylwoxygen moiety, was cbserved at a
raetention time of 10.l minutes. The ratioof the areas of thesze
LWo peaks was 95:5. The correlations between retenticn times
and the compounds were analyzed under GC-M3 measurement
conditions 2. From the above result, it was found that the
organometalliccampoundgeneratedwasziéompound{X~5}wherein
r =2 in the following formula, and s:t:u = 90:9:1,
102061

[Chem. 49]

Etmzn%\{wzﬁ-}gﬁt Compound X~5Y

wherein Y 18 a structure represented by Y, Yz, or Y¥Ys,
shown below, and the preportion of ¥i:¥u:Yy = ripiq {(molar
ratio}.
[0207]

[Chem. 30}

Pr H2H2I

C HH2H2 Pr



[Exam71 (Synthesis of Compound X-7) Preparation of Solid Component A Under nitrogen flow,
30 g of silica (manufactured by 5 Asahi Glass Co., Ltd-, specific surface area: 870 m(2/g, pore
SF-2255 119 volume: 0.8 mL/g, average particle diameter: 11.9 pm) which had been dried at 150C for
5 hours was suspended with 466 ml of purified toluene. Then, into the suspension, 134.3 ml of
methylaluminoxane (manufactured by Albemarle Corporation, 20% 5 toluene solution, 308 mmol in
terms of an Al atom) was dropped at 1 to 5C for 30 minutes. Then, the mixture was heated over 1.5
hours, and reacted atr-23¢&sfor 4 hours. The temperature of the reaction liquid was decreased to 60C,
and a supernatant liquid was removed by decantation method. A solid component 10 A thus obtained
(the carrier (E)) was washed three times using purified toluene. Then, toluene was added thereto,
thereby preparing a toluene slurry of the-sqlid component A. A part of the solid component A obtained
was collected to study the concentration as found that the slurry concentration was 15 0.1189
g/ml, and Al concentration was 0,837y mimol/g)L. Erepgration of Solid Catalyst Component B Into
a 200 ml glass flask replaceéhgﬁl’m\@ﬁe ,045\%4ﬂ+~@ff)urlfled toluene, and 44.8 mr, (37.5 mmol in
terms of an Al atom) of the tolyene"slurryof the Bolid.component A prepared 20 above were
introduced. Then, with stirring, 0.0075 hilL toluene solution (10 mi.) of the Catalyst 1 was
dropped over 5 minutes, and stirred for 1 hour at room temperature. Then, a supernatant liquid was
removed by decantation method, and the residuewaswashed three times using 50ml of toluene. Then,
SF-2255 120 50mloftoluenewas add ereto, thereby preparing a toluene slurry of a solid catalyst
component B. A part of the toluene sI@ f the solid component 3obtainedwas collected to study the
concentration. It was found that, Zr @on entnatlomzwas

H/\/\x\/\/\”/

Lo

[Example 6] (Synthesis of Compound X-—8)
A 30 mL two-neck recovery flask with a stirrer having
a thres-way cock connected was sufficiently dried under driled
5 nitrogen, and thereto, at room temperature, 8.0 ml of n-hexane,
0.2ml {0.04 mmol in terms of an aluminum atom) of 0.2 M n~hexans
solution of methylalominoxane, 0.64 mL {4.3 mmol in terms of
mol) of 1, 7-occtadiense, and 3.7 nl (4.0 mmol in fterms of a zinc
atom) of 1.09 M n-hexane solution of diesthylzine were added.

10 While the reaction mixture liguid was stirred at room



50.001381 mmol/mL, and Al concentration was 0.6745 mmol/m.L. Synthesis of Compound X-7 A
30 m1 Schlenk flask with a stirrer having a three-way cock connected was sufficiently dried under
dried nitrogen, and thereto, at roorttemperature, 5mL of toluene, 0.13 ml (0,20 10 mmol in terms of an
aluminum atom) of 1.5 M n-toluene solution of methylaluminoxane, 0.29 mL (1.9 mmol in terms of mol)
of 1,7-octadiene, and 1.9 mL (0.20 mmol in terms of a zinc atom) of 1.05 M n-hexane solution of
diethylzinc were added. While themixture liquidwas stirred at roomtemperature, 0.5mL (0.04 15 mmol
in terms of mol) of 0:08R¥hexane solution of the Co-catalyst 1 was added thereto. And, thereto was
added the solid catalyst component B (16.5 ml (6.@2 mmol in terms of a zirconium atom) of 1,38 raM
toluene slurry). The solution was stirred at room temperature for 20 hours with light shield. 20(0211]

Under inert atmosphete,. a.payt of the:reaction iquid was sampled. Byggacting.isobutyl alcohol with the
organic zinc, a carbon-zinc bond was converted to a carbon-hydrogen bond, and an organic layer

separated after additfg f-Hexehe was SSF2255 Y24 Araly et tirfder" & Mé&Eirement conditions 2,

thereby indirectly ohserving the structurg.ofithe.product..As a result, @ peak of.1,7-octadiene, a raw
material., was not observed. A peak( of 3,8-dimethyldecane, obtainable by 1,2-addition of 5 diethylzinc

occurring at two olefifiFsitess Wa Bigefv Bt at- 8 SEEATIGH tine 61393 MinUtES*A peak of

3-methylundecane, ghtainahle by 1,2;addition ang.2;1-additionef disthyzine.eecurring at one olefin
site and the other olefin site, respectively, was observed at a retention time of 13.7 minutes. 10 A peak
of dodecane, obtainabe%y<2 Pradditivri U dtethyinint occarfing @ two'sfefinSites, was detected at a

retention time of 14.2. minytes. Jhe ratio.ofithe areas efthesea-threa.peaksmas34:15:1. The
correlations between retention times and compounds were analyzed under GO-MS measurement

conditions 2. 15 FroRftRg*abot resiity itWwas fot Rt tifat the Srganometallié E6mpound generated was
a compound (X-7) whereinr = 32dn.the fallowing-formula.and s ke 85:44:1. [0212) The slurry

obtained was allowed to stand still for 5

10 atmosphare, and into the sample, 1.0 M hydrochloric aclid was
added, and the mixture was sufficiently stirred, thersby
converting 2 carbon-zinc bond into a carbon-hydrogen bond.
Then, an organic layer separated was analyzed undexr GC
measurement conditions 2, thereby indirectly cobserving the

15  structure of the product.
[0208]

As a result, a peak of 1,7-octadiene, a raw material,
was not observed. A peak of 7-methyl-l-nonene, obtainable by
1,2-addition of diethylzinc occurring at cne olefin site, was

20 observed at a retenticn time of 16.6 minutes. A peak of
i-dodecene, obtainable by 2,l-addition of diethylzinc
occurring at one olefin site, was observad at & retention time
of 11.0 minutes. A peak of 3, 8-dimethyldecane, cbtainable by

1,2-addition of diethylzinc ccocurring at two olefin sites, was



20 minutes, and a supernatant liquid was sampled, and the sample was analyzed by ICP emission
method. It was found that the zinc concentration was 0.046 M, and the zirconium concentration was
less than 0.055 mM. The ratio of the zirconium concentration to the zinc concentration was less
SF-2255 122 than 0.0012. Thus, an organozinc compound solution having an extremely low zirconium
concentration was obtained. [0213] [Chem. 53] Et-ZCompound X-7) wherein Y is a structure
represented by Y1, Y2, Or Y3e shown below, and the proportion of Y1:Y2:Y3 = r:p:q (molar ratio) .
[0214] 10[Chem. 543&tH2H2112 C H2H2H2

cbserved at a retention time of 13.3 minutes. A paszk of
3-methylundecane, ocbtainable by l,2-addition and 2, 1-addition
of diethylzinec cccurring at one olefin site and the other olefin
site, respectively, was observed at a retention time of 13.7
5 minutes. & peak of dodecans, obtainable by 2,1~addition of
disthylzinec occurring at twe olefin sites, was cbserved at a
retention time of 14.2 minutes. Theratio of the areas of these
five peaks was 11:2:72:13:1. The correlations between
retention times and the compounds were analyzed under GC-MS
10 messurement conditions 2. Fromthe above result, it was found
that the organcmetallic compound generated was a compound
(X—-&) wherein r = 12 in the following formula, and s:t:u =
84:15:1, and viw = B4:lec.
[0209}

15 [Chem. 51}

{ Z \ { @mp and X6
Y z ( “ ’

wherein Y is a structure represented by Y, Yz, 0r Y3,
shown below, and  is a structure represented by £; or 2z, shown
below; and the proportion of Yi:¥s:i¥y = s:t:iu {molar ratio),
20 and the proporticn of %;:Zp; = viw (molar ratio}l.
[0210]

[Chem. 52}
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Into a stainless (SUS) autoclave sufficiently dried with dried nitrogen,

SF-2255 123 [Example 8]
50 mr., of n-hexane was introduced. Pressurization to 0.5 MPa using ethylene followed by the

SpP-2255
118
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{Examplie 7] [(Synthesis of Compound X-7}

Preparation of Solid Component A

Under nitrogen Ilow, 30 g of silica (manufactured by

% Asahi Glass Co., Ltd., specific surface area: 870 w/y, pore

=



5 discharge of the pressure to normal pressure was repeated three times, thereby saturating a liquid
layer and a gas layer with ethylene. With stirring, the temperature was increased to 120C, and then
ethylene was further added, thereby pressurizing to 0.7 MPa. Then, 0.2 mmol in terms of an aluminum
10 atom of methylaluminoxane (MMAOQO) , 0.24 mmol in terms of a zinc atom of the yellow mixture
obtained in Example 2, and 9.0 }mud in terms of mol of the Co-catalyst 1 (0.08 M toluene solution)
were added. Then, 1.0 umol in terms of mol of the Catalyst | (0.33 M toluene solution) was added,
thereby initiating 13 PoBAnerization. During the polyémerization, ethylene was added so that the
pressure would be always 0.7 MPa. The reactiort Was made at 120°C for 10 minutes, and 5 ml of
isobutyl alcohol was added to terminate the polymerization. After the completion of the polymerization,
the reaction productyag, 20 pqred,intq pethanol tq pregipitate. a whole amqunt.of the polymer. Then,
hydrochloric acid was added, and filtration using a glass filter was carried out. The polymer was dried
under reduced pres$aferatBOC T8rat0hbrscand itén 1344°5°8PtRe  pulymEtiwias obtained. The

polymerization activity was 8600 .$F:2259:124 gd4mnagl-Zr-dy.The.molecylar weight was measured by
CPC, and it was found that in terms of polyethylene, the number average molecular weight (Mn) was

1990, the weight aveéfage!moleeatar veight oty iay 3530 anti vRIMm Was £ 78. 5[0215]  This

polymer was dissolved indeuterated adghodishiorabenzene, and:the selitisn.was measured by
1H-NMR and 13C-NMR. From a signal of 13C-NMR obtained, the terminal carbon and the amount of

branches were measiired® It Wds folinti 16 Hiat pei"1006 EaHbHs "a°meth§f Braiich was not observed,

an ethyl branch was.observed in.anamaunt 0t 2-4, and: aprepyl branchwas.abserved in an amount of
0.3. This result indicates that a polymer in which ethylene was inserted into a carbon-zinc bond of the

Compound X-2 was Ubtafned S Namel§: this et Ps deridtistratés tHarfieéEsthpound X-2 functions

as a chain transfer agept.[Example- 8] eaSOQ:mAglass reacter sufficientlydried under dried

nitrogen, 250 mL of decane was introduced. After the
10 A thus obtained (the carrier (E}} was washed three times using

purified teoluene. Then, teluene was added thereto, thereby

preparing a toluene slurry of the solid compeonent A. A part

of the solid component A cbtained was collected to study the

concentration. It was found that the slurry concentration was
1%  0.118% g/mlL, and Rl concentration was 0,.8377 mmcl/mL.

Preparation of Solid Catalyst Component B

Into 2 200 mL glass flask replaced with nitrogen, 45.2

ml of purified toluene, and 44.8 mL (37.5 mmol in terms of an

Al atom) of the toluene slurry of the solid component A prepared

20 above were introduced. Then, with stirring, 0.0075 mmol/ml
toluene scliution {10 mi) of the Catalyst 1 was dropped over

5 minutes, and stirred for I hour at room temperature. Then,

a supernatant liguid was removed by decantation method, and

the residue was washed three times using 50 mlL of toluene. Then,



20 temperature was increased to 100C, with stirring, ethylene gas of normal pressure (flow rate: 100
L/hr) was blown into the reactor. While ethylene gas was blown, 0.20 mmol in terms of an aluminum
atom of methylaluminoxane (MMADO), 4.02 mmol in terms of a zinc atom of the orange mixture
obtained in Example SF-2255 125 3, and 16.0 umol in terms of mol of the Co-catalyst 1 (0.08 M
toluene solution) were added. Then, 4.0 pmel in terms of mol of the Catalyst 1 (0.001 M toluene
solution) was added, thereby initiating polymerization. The reaction was made at 5 100C for 10
minutes, and then tH&438wWing of ethylene gas was terminated. Instead, while nitrogen (flow rate: 50
L/hr) was blown, 3.4 ml (23.9 mmol) of ethylsuchlchloride was introduced, and stirred at 100'C. Five
minutes thereafter, a white precipitate was observed. Ten minutes thereafter, 10 with cooling, 3.0 ml of
pure water was added, thereby, terminating theseaction. The temperature was,cooled to room
temperature, and then the reaction product was poured into a mixed solution of acetone (0.5 L) and
methanol (0.5 L) to preéipitate® & polyrier. THe PoRATRET Was totiéetet 1By 15 iftfation, The polymer was
dried under reduced.pressute.at 100G for12-hours, 9.87 9 of.the palymer,wassgbtained. [02161 This
polymer was dissolved in deuterated tetrachlorcethane, and the solution was subjected to 20
measurementbylF-11MRTIELNMR $pettrift isEROWRTR Big S22/ thistspectiam, a quartet
corresponding to;methylens group.of ethylester was.obseryedatareund 4.1:ppm; a peak corresponding
to methylene group of 6-position of ethylester was observed at around 2.7 ppm; a peak corresponding
to methylene group §pnthesis of Compound X-7

R 30 mlL Schlenk flask with a stirrer having a three-way

cock connected was sufficlently dried under dried nitrogen,
and thereto, at room temperature, Sml of toluene, 0,13 ml (0.20
10 mmol in terms of an aluminum atom) of 1.5 M n-toluene solution
of methylaluminoxane, £.2% mL {l.3 mmol in terms of mol) of
i,7-octadiene, and 1.2 mi {$.Z20 mmol in terms of a zing atom}
of 1.05 M n~hexane solution of disethvlzinc were added. While
- themixture liguidwas stirred at room temperature, 0.5l (0.04

1% mmol in terms of mol) of .08 M hexane solution 0of the
Co-catalyst 1 was added thereto. BAnd, thereto was added the
solid ca.t.alyst combo’nent B (EG.S mL (0.02 mmol in terms of a
zirconium atom) of 1.38 mM toluena slurry). The solution was
stirred at room temperature for 20 hours with light shield.

20 [0211]

Under inert atmosphere, a part of the reaction liguid
was sampled. By reacting isobutyl alcchol with the crganic
zinc, a carbon-zinge bond was converted to a carbon-hydrogen

bond, and an organic layer separated after adding n-hexane was



SF-2 255 126 a-position of ethylester was observed at around 2.5 ppm; a peak corresponding to
methylene group of 5-position of ethylester was observed at around 2.3 ppm; and a peak
corresponding to a terminal methyl and a methyl group derived from an ethyl. 5 branch was observed
at around 0.8 ppm. The ratio of the sum of integrated values of the peaks at around 4.1 ppm, at
around 2.7 ppm, at around 2.5 ppm, and at around 2.3 ppm to an integrated value of the peak at
around 0.8 ppm was 8: 3.76. Thus, it was found that a both-terminal-functional 10 polyethylene was
obtained in which therr@éés(functionalized terminal ratio) of the number of functional groups present at
terminals to the total number of terminals of the ﬁ8fymer was 82%. [Example 10] 15Into a 500 nOU
glass reactor sufficiently dried under dried nitrogen, 250 ml of toluene was introduced. After the

temperature was increasgd0,20C, with.sticing, ethylene, gas of normal pressure (flow rate: 100 L/hr)
and propylene gas of normal pressure (fitm% rate: 100 L/hr) were blown into the 20 reactor. While

these gases were blgwwa:r G20 Wi ot teFms of ah &ltthitum®aténissmetAyaifiminoxane (MMAO),

4.01 mmol in terms of a zing.atam Qf the.grganazing compaund,solution oktained in Example 7, and
16.0 umol in terms of mol of the Co-catalyst 1 (0.08W toluene solution) were added. Then, 4.0

SF-2255 127 amol ifefhd oEitdhoftfe Catahist 230 001 MifotiEne!ssldtion) was added, thereby

initiating polymegzation.. The, reaction was.made at20C for 2 minuitas,ancithen the blowing of the

gases was terminated. Instead, while nitrogen (flow rate: 50 5L/hr) was blown, 3.4 mL (23.5 mmol) of
ethy|succiny|ch|oridéetention time of 13.3 minutes. A peak of 3-methyvlundecane,

obtainable by 1,2-addition and 2,l-addition of diethylzinec
cccurring at one olefin site and the other olefin site,
respectively, was observed at a retention time of 13.7 minutes.
10 A peak of dodecane, obtainable by Z,1-addition of diethylzinc
occurring at two olefin sltes, was detected at 5 retention time
of 14.2 minutes. The ratio of the areas of these three peaks
was B4:15:1. The correlations between retention times and
compounds were analyzed under GC-M3 measurement conditions 2.
15 From the above result, it was found that the organometallic
compound generatad was a compound (-7} wherein r = 32 in the
following formula, and s:tiu = 85:14:1.
(0232}
The slurry obtained was allowed to stand still for 5
20 minutes, and a supernatant liguid was sampled, and the sample
was analyzed by ICP emission method. It was feound that the
zing concentration was 0.046 M, and the zirconium
concentration was less than 0.055 mM. The ratio of the

zirconium concentration £o the zinc concentration wag less



was introduced, and stirred at 50C. Ten minutes thereafter, with cooling, 3.0 mL of pure water was
added, thereby terminating the reaction. The temperature was cooled to room temperature, and then
the reaction product was poured into pure 10 water (1.0 L). Using a separating funnel, an organic layer
was separated, and the organic layer was washed using a sodium hydrogen carbonate aqueous
solution, and further washed using pure water. The resultant organic layer was concentrated, thereby
obtaining a liquid polymer. This polymer was dried 15 under reduced pressure at 100C for 12 hours.
2.96 g of the polyméFwés®obtained. [0217] This gtlymer was dissolved in deuterate tetrachloroethane,
and the solution was subjected to 20 measurement by 1H-NMR. 1H-NMR spectrum is shown in Fig. 3.
In this spectrum, a quartet corresponding to methylene group of ethylester was observed at around 4.1
ppm; a peak correspapdingdo; methylene group of-P-pasition: et etbylester was-observed at around 2.7
ppm; a peak corresponding to methylene group of SF-2255 128 a-position of ethylester was observed
at around 2.5 ppm; &Hd &' peak EofresSporiting to ety fehd Hrdtipof B2position of ethylester was
observed at around 24; ppm to 2.4 ppm. It was found from this that a both-terminal-functional ethylene
5 propylene copolymer having ethylester at the terminals was obtained. (Example 11] Into a 500
ml glass reactor sufficiéfitly*dried under dried nitrogen, 250 mL of toluene, and 15 mL of 1-octene were

&ﬁmzﬁ‘éYWZﬂ%Et {Compound %-7)

wherein ¥ is a structurs represented by ¥, ¥, or Ys,

shown below, and the proportion of Y :¥s:¥3 = r:p:qg (molar

ratio).
[0214]
16 [Chem. 54]
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10 introduced. After the temperature was increased to 50C, with stirring, ethylene gas of normal
pressure (flow rate: 100 L/hr) was blown into the reactor. While ethylene gas was blown, 0,20 mmol in
terms of an aluminum atom of methylaluminoxane (MAO), 2.0 mmol in terms of a zinc atom of the
organozinc compound 15 solution obtained in Example 7, and 16.0 4=1 in terms of mol of the
Co-catalyst 1 (0.08 M toluene solution) were added. Then, 0.25 lamol in terms of mol of the Catalyst 2
(0.001 M toluene solution) was added, thereby initiating polymerization. The reaction was made at 50C
for 10 minutes, 20 &id4hen 0.05 mmol in terms of mol of bis(1,5-cyclooctadiene)nickel. (0.01 M
toluene solution) was added. While keeping the bzigwing of the ethylene gas, stirring at room
temperature was carried out. Two hours thereafter, the reaction product was poured into a mixed
“solution of SF-2255 429 methanol (1.0 L) and concentrated hydrochloric acid (3 mL) to precipitate a
polymer. The polymer was collected by filtration. This polymer was dried under reduced pressure at
100C for 12 hours. 1.5 g GREAGHItE ViSEHUS FOIVHTEr 1648 B°obtaifiett 02187 “**"This polymer was
dissolved in deuterated tolueng;-andsthe:selutionwas subjesteddo-measurement by 1H-WIER. In this
spectrum, a peak corresponding to methine group of a terminal 10 olefin was observed at around 5.8
ppm; and a peak coFfEEPYIARTGTo Metnyldhe Gioth B % t&rmitdrSicintad dbserved at around 5.0
ppm. It was found frgm.this;that thispelymer.bad-am olefir at dhedesminals - {Reference Example 1]

15The same procedure as in Example 7 was carried out, except that in Example 7, the yellow mixture
obtained in Examplé¥'ias PEptated With 6724, MRiof intteim¥ 6ra’2théstdnt of diethylzinc, thereby
obtaining 1.24 g of apehuner, [B249tirring, the temperature was increased to
120"C, and then ethylene was further added, thereby
pressurizing to 0.7 MPa. Then, 0.2 mmol in terms of an aluminum
10 atom of methylalumincoxane (MMAO), 0.24 mmel in terms of & zinc
atom of the yellow mixture obtained in Example 2, and 4.0 umol
in terms of mol of the Co~catalyst 1 (0.08 M toluene solution)
were added. Then, 1.0 umeol in terms of mol of the Catalyst
1 (0.33 M toluene solution) was added, thereby initiating
15 polymerization. During the polymerization, ethylene was
added so that the pressure would be always (.7 MPa. The
reaction was made at 120°C for 10 minutes, and 5 ml of igobutyl
alcohol was added to terminate the polymerization. After the
completion of the polvmerirzation, the reaction product was
20 poredintomethancl toprecipitate a whole amount of the polymer.
Then, hydrochloric acid was added, and filtrationusinga glass
filter was carried cut. The polymer was dried under reduced
pressure at 80°C for 10 hours, and then 1.44 g of the polymer

was cbtalned. The polymerization activity was B60O



20This polymer was dissolved in deuterated orthodichlorobenzene, and the solution was subjected to
measurement by 13C-NMR. From a signal of 13E-MR obtained, the terminal carbon and the amount of
branches were measured. It was found that the ethyl branch and the propyl branch per 1000 5F-2255
130 carbons were below detectable limit. Industrial Applicability [02201 The novel organometallic
compound of the present 5 invention is useful as a chain transfer agent in polymerization reaction of a
double-bond containing compound, and can be used particularly as a reversible chain transfer agent in
polymerization reactirézahd is capable of producmg a. polymer having a carbon-metal bond at both
terminals. 10 131 CLAIMS 1.An organometallic” compound (1) represented by the

g/mmol~Zrehr. The molecular weight was measured by GPC, and
it was found that in terms of polyethylene, the number average
molecular weight (Mn} was 1990, the weight average molecular
weight {(Mw) was 3330, and Mw/Mn was 1.78.

5 [0215]

This polymer was dissclved.in deuterated
orthodichlorobenzene, and the solutlon was measured by "H-NMR
and PC-NMR., From a signal of C-NMR obtained, the terminal
carbon and the amount of branches were measured. It was found

10 that per 1000 carbons, a methyl branch was not observed, an
ethyl branch was observed in an amount of 2.4, and a propyl
branch was obhserved in an amount of 0.3. This result indicates
that a polymer inwhichethylene was inserted into a carbon-zinc
bond of the Compound X~2 was obtained. Wamely, this result

15 demonstrates that the Compound -2 functions as & chain
transfer agent.

[{Exanmple 3]

fnto a 500 ml glass reactor sufficiently dried under
dried nitrogen, 250 mL of decane was introduced. After the

20 temperature was increased to 100°C, with stirring, ethylene
gas of normal pressure (flow rate: 100 L/hr) was blown into
the reactor. While ethylene gas was blown, 0.20 mmel in terms
of an aluminum ateom of methylaluminoxane (MMAO}, 4.02 mmol in

terms of & zinc atom of the orange mizture cbtained in Example



following general formula (1). 5[Chem. 1] (in the general formula (1), M is a magnesium atom, a
zinc atom, an Al-R1' group, or a Ga -R11 group, provided that R11 is a hydrogen atom, a hydrocarbon
group, a halogen atom, 10 a silicon-containing group, or an oxygen-containing group; R and Rl are
each independently a hydrocarbon group having 1 to 20 carbon atoms, or 121 and RI-IDmaybe united
with each other to form a divalent connecting group (R151) having 4 or more carbon atoms and
optionally containing a heteroatom excluding 15 carbon and hydrogen and thus form a ring; R to R9
are each independefitty & hydrogen atom, or a hyQSrocarbon group having 1 to 20 carbon atoms ; Qi
and Q3 are each independently a divalent hydrocarbon group ; Q2 is a divalent connecting group
containing a linkage by a heteroatom excluding carbon; h, j, k, m, and 20 p are each independently O

or 1; nis an integer of Q.10 19;.and 1 is,an.integer.ef 2,t0.4Q000, pravided:thatsSF-2255 132 RIto
Ril may be a group formed by substituting a part of the hydrogen atoms of the hydrocarbon group with
a substituent contaiffirtg ateteroatdnt exehfdify Carbotrand I%W‘F’Géeﬁ EFF4n8'Q3 may be a group

formed by substituting.a.5 part ofithe hydrogen atems af-the divalent hydragarbon group with a
substituent containing a heteroatom excluding carbon and hydrogen; when h is 0, at least one of

R2 and R3 is a hydrbtben grbti Haviig26 28 taitbon Stofis T wiiett h T8 T &t least one 10 of 0 and

R5 is a hydrocarbomn grerphaming 4:{0:20. carhen atoms;when:p-is: O,-at lgast.one of 149 and R9 is a
hydrocarbon group having 2 to 20 carbon atoms; when p is 1, at least one vof R6and R.6is a
hydrocarbon group H&VME Ry 20"CAFBEN Btbifg trogen (Flow rate: 50 L/hx) was

bilown, 3.4 mlL (23.9 mmol} of ethylsuccinylchloride was
intreduced, and stirred at 100°C. Five minutes thersafter,
a white precipitate was observed. Ten minutes therealter,

10 with cooling, 3.0 mL of pure water was added, thereby
terminating the reaction. The temperature was cooled to room
temperature, and then the reaction product was poured into &
mized solution of acetone (0.5 1) and methanol {0.5 L) to
precipitate a pelymer. The polymer was collected by

15  filtration. The polymer was dried under reduced pressure at
100°C for 12 hours. 9.87 g of the polymer was cobtained.
{0216}

This polymer was dilissolved in deuterated

tetrachlorcethane, and the solution was subljected to

20 measurement by 'H-NMH. ‘-NMR spectrum is shown in Fig. 2. In
this spectrum, a gquartet corresponding to methvlene group of
ethylester was chserved at arcund 4.1 ppm; a peak corresponding
to methylene group of B-position of ethylester was observed

at around 2.7 ppw; a peak corresponding to methylene group of



when nis 2 or more, plural Q', Q, Q2 .k, and m may 15 be individually the same as or different from
one another; when r is 0, Ri and R19 are united with each other to form a. divalent connecting
group (3166) having 4 or more carbon atoms and optionally containing a heteroatom excluding carbon
and hydrogen and thus form a ring; 20when r is 1 or more, plural M may be the same as or different
from one another; when plural Ril are present, they may be the same as or different from one another;
and when ris 2 or more, plural Q1, Q2, Q2, h, j, X, m, n, p, and R2 to R9 may be individually the
same as or differents'SFz2255 133 from one another.) 2. The organometallic compound (1)

according to claim 1, which is represented by thel?gllowing general formula (2), 5(3a), (3b), (3c" or (4).
[Chen). 2]s2R4AR6RIIC C (0 1)

o-position of ethylester was observed at around 2.5 ppm; a peak
corresponding to methylene group of d~position of ethylester
was cobserved at around 2.3 ppm; and a peak corresponding to
a.terminal methyl and a methyl group derived from an ethyl
5 branch was cbserved at arcund 0.8 ppm. The ratio of the sum
of integrated values of the peaks at around 4.1 ppm, at around
2.7 ppm, at around 2.5 ppm, and at arcund 2.3 ppm to an
integrated valve of the peak at arcund 0.8 ppm was 8: 3.76.
Thus, it was found that a both-terminal-functional
10 polyethyiens was obtained in which the ratio {functiocnalized
terminal ratic) of the number of functional groups present at
terminals fto the fotal number of terminals of the polymer was

82%.

[Example 10]

ot
(&}

Into & 500 mL glass reactor sufficiently dried under
dried nitrogen, 250 mL of foluene was introduced. After the
temperature was increased to 50°C, with stirring, ethylene gas
of normal pressure (flow rate: 100 L/hzr) and propylene gas of
normal pressure (flow rate: 100 L/hr} were blown inte the
20  reactor, While these gases were blown, (.20 mmol in terms of
an aluminum atom of methvialuminozane (MMAC), 4.01 mmol in
terms of & zing atom of the organoczinc compound sclution
ohtained in Example 7,=and 16.0 umol in terms of mol of the

Co—-catalyst 1 (0.08 M toluene solution) were added. Then, 4.0
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umol in terms of mol of the Catalyst 2 (0. 001 Mtoluene solution)
was added, thereby initiating pelymerization. The reaction
was made at 50°C for 2 minutes, and then the blowing of the
gases wag terminated. Instead, while nitrogen {flow rate: 50
5  L/hr) was blown, 3.4 mL (23.5 mmol} of ethylsuccinylchloride
was intreoduced, and stirred at 30°C. Ten minutes thersalter,
with cooling, 3.0 mL of pure water was added, thersby
terminating the reaction. The temperature was cooled to room
cvemperature, and then the reaction product was poured into pure
10 water {1.0 L). Using a separating funnel, an organic layer
was separated, and the organic layer was washed using a sodium
hydrogen carbonate agueocus solution, and further washed using
pure water. The resultant organic layer was concentrated,
thereby obtaining a liguid polymer. This polymer was dried
1%  under reduced pressure at 100°C for 12 hours. 2.36 g of the
polymer was obtained.
[0217)
This polymer was dissolved in deuterated
tetrachloroethane, and the salution was subjected to
20 measurement by H-WMR. ‘H-NMR spectrum is shown in Fig. 3. In
this spectrum, a guartet corresponding to methylene group of
ethylester was observed at around 4.1 ppm; a peak corresponding
to methylene group of B-pesition of ethylester was observed

at around 2.7 ppm: a peak corresponding to methylene group of



15

26

SF-2255
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a-position of ethylester was observed at arcund 2.5 ppm; and
a2 peak corresponding to methylsne group of &-position of
ethylester was obgerved at arcund 2.1 ppm to 2.4 ppm. It was
found from this that & both-terminai~functional ethylene
propvlene copolymer having ethylester at the terminals was
obtained.

{Example 11]

Into a 500 ml glass reactor sufficiently dried under
dried nitrogen, 250 ml of tolusne, and 15 mL ¢f l-octene were
introduced. After the temperature was increased to 50°C, with
stirring, ethylene gas of normal pressure (flow rate: 100 L/hr)
was blown intn the reacter. While ethylene gas was blown, ©,20
mmol in terms of an aluminum atom of methylaluminoxzane {(MMAO),
2.0 mmol in terms of a zinc atom of the organozinc compound
golution ocbtalned in Example 7, and 16.0 umol in terms of mol
of the Co-catalyst 1 {0.08 M toluene solution) were added.
Then, 0.25 umol in terms of mol of the Catalyst 2 (0.001 M
toluene soluticn) was added, thereby initlating
polymerization. The reaction was made at 50°C for 10 minutes,
and then .05 mmol in texrms cof mol of
bis{l,5-cyclooctadiene)nickel (0.01 M toluene sclution) was
added. While keepingtheblowing of the sthylene gas, stirring
at room temperature was carrisd out. Two hours thereafter,

the reaction product was pourad into a mixed sclution of



10

20
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methancl {1.0 L) and concentrated hydrochloric acid (3 mbLy to
precipitate a polymer. The polymer was collected by
filtration. This polymer was dried under reduced pressure at
100°C for 12 hours. 1.5 g of a white viscous polymer was
obtained.

(0218}

This polymer was dissolved in deuterated toluene, and
rhe solution was subjected to measurement by ‘g-NMR. In this
spectrum, & peak corresponding to methine group of a terminal
oclefin was observed at around 5.8 ppm: and a peak corresponding
to methylene group of a terminal olefin was chaernved at around
5.0 ppm. It was found from this that this polymer had an olefin
at the terminals.

Reference Examnple 1]

The same procedure as in Example 7 was carried out, except
that in Example 7, the yellow mixtures obtained in Example 2
was replaced with 0.24 mmel in terms of a zinc atom of
diethylzine, thersby obtaining 1.24 g of a polymer.

[0219]

This polymer was digsolved in deuterated
srthodichlorobenzens, and the solution was subjected to
measurement by “C-NMR. From a signal of PC-NMR obtained, the
terminal carbon and the amount of branches were measured. It

was found that the sthyl branch and the propyl branch per 1000



(in. the general formulae (2), (3a), (3b),, and (4), 5 M, R1 to R10, Q3, j, and r are each defined in the
same way as in the general formula (1) of claim 1; and R101 is a divalent connecting group having 4
or more carbon atoms and optionally containing a heteroatom excluding carbon and hydrogen.)
103.The organometallic compound (1) according to claim 1 or 2, wherein M is an Al-P'1 group or a zinc
atom. 4.Anorganometa liccompoumd(5) representedby the following general formula (5). [Chem. 71

SF-2255 135

SP-2255
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carbons were below detectable limit.
Industrial Applicability
[0220]
Tha novel organcometallic compound of the prasent

5 invention is useful as a chain transfer agent inpolymerization
reaction of a double-bond containing compound, and can be used
particularly as a reversible chain transfer agent in
polymerization resction, and is capable of producing a polymer
naving a carbon-metal bond at both terminals.

10



5) n the general formula (5), A is a unit derived from a linear or branched a-olefin having 2 to
30 carbon atoms, a cyclic olefin, a diene, a polyene, or an aromatic vinyl compound; x, y, Zr and w are
each an integer of 1 or more; and x xy+z+w---Btd3E00000; M is a magnesium atom, a zinc atom, an
A1-R/1 group, or a Ga-R11 group, provided that Rfl is a hydrogen atom, a hydrocarbon group, a
halogen atom, a silicon-containing group, 10 or an oxygen-containing group; Rl and RI are each
independently a hydrocarbon group having 1 t& 29,garbon atoms, or Rl and R19 may be united with
each other to form a divalent connecting group (R101) having 4 or more carbon atoms and optionally
containinga heteroatom excluding carbon and hydrogen and thus 15 form a ring; R2 to R9 are each
independently a hydrogen atom, or a hydrocarbon group having 1 to 20 carbon atoms; (21 and Q3 are
each independentlyia divalent bydeacarboadroup; @pdsiadlivale ptearpectirgigigupheontaining a
linkage by a heteroatom excluding carbon; h, |, k, m, and p are each independently 0 20 or 1; n Is an
integer of 0 tecl0randy isandnteyefof 0210000, provided that: SF-2255 136

5 [Chem. 1]

)
/o

7

HeHeHorH

(in the general formula {1}, M ig a magnesium atom, a

b P E

zinc atom, an AL-R'™ group, or a Ga-RY™ group, provided that
R'" is a hydrogen atom, a hydrocarbon group, a halogen atom,
10 a silicon-containing group, or an oxygen-containing group; R
and ®'® are each independently a hydrocarbon group having 1
to 20 carbon atoms, or R* and R' may be united with each other
to form a divalent connecting group (R'") having 4 or more
carbon atoms and optionally containing a hetercatom excluding
15 carbon and hydrogen and thus form a ring; R® to R’ are each
independently a hydrogen atom, or a hydrocarbon group having
1 to 20 carbon atoms; @ and Q° are each independently a divalent
hydrocarbon group; Q° is a divalent connecting group containing
a linkage by a hetergatom excluding carbon; h, 3, k, m, and
20 p are each independently 0 or 1; n is an integer of 0 to 10;

and ¥ is an integer of 2 to 10000, provided that:



59 to 599 may be a group formed by substituting a part of the hydrogen atoms of the hydrocarbon
group with a substituent containing a heteroatom excluding carbon and hydrogen; Q9 and Q3 may be
a group formed by substituting a part of the hydrogen atoms of the divalent hydrocarbon group with a
substituent containing a heteroatom excluding carbon and hydrogen; when h is 0, at least one of
R2 and R3 is a hydrocarbon group having 2 to 20 carbon atoms; when h is 1, at least one 10 of R4
and 119 is a hydrocarbon group having 1 to 20 carbon atoms; when p is 0, at least one of :12 and R9
is a hydrocarbon gréapzhzEving 2 to 20 carbon atoms; when p is 1, at least one of R6 and R7 is a
hydrocarbon group having 1 to 20 carbon atoms*fhen n is 2 or more, plural Q9, 42, 42,X, and m may
IS be individually the same as or different from one another; when r is 0, Rl and RIO are united

with each other to form a divalgnt.connecting group. (3991) having 4.0t mare carbon atoms and
optionally containing a heteroatom excluding carbon and hydrogen and thus form a ring; 20whenris 1

or more, plural M may becttiecsame aswoF differentreatoreansther »whea plural R99 are present, they

may be the same as or different from.one.anather and, <. when.s is.2.9n more, plural Q9, Q2, 43, h, j,
2, m, n, p, and R2 to R9 may be individually the same as or different SF-2255 137 from one another.)

A method for produdiviy therorgantimetatic eempdiriel Aeesrding to et 1 Comprising reacting in the

presence of S a transition metal.compound (&) represented.hy:the Jollowing.geperal formula (A), a
diene compound (B) represented by the following genera formula (B) with an organometallic

compound (C) represerited By thé Tolfowintrgerieral fTorffaa fe)s*ciuding carbon

and hydrogen;
when h is 0, at lsast one of R? and R’ is a hydrocarbon
group having 2 to 20 carbon atoms; when h is 1, at least one
10 of &' and B® is a hydrocarbon group having 1 to 20 cazbon atoms;
when p is 0, at lsast one of B® and #* is a hydrocarbon group
having 2 to 20 carbon atoms; when p is 1, at least one of ré
and R’ is a hydrocarbon group having 1 to 20 carbon atoms;
when n is 2 or more, plural o, ©F, o, 3, k, and m may
15  be individually the same as or different from one ancother;
when © ig 0, R and R are united with sach other to form

1 having 4 or more carbon atoms

a divalent connecting group (R
and optionally containing a hetercatom excluding carbon and
hydrogen and thus form a ring;

20 when r iz 1 or more, plural M may be the same as or
different from one another; when plural R are present, they
may be the same as or different from one another; and

when r is 2 or more, plural ¢!, @% ¢°%, h, i, k, m, =,

p, and B® to R® may be individually the same as or different



[Chem. 8] 10 (in the general formula (A), M' is a transition metal atom selected from Groups 3 to 11
of the periodic table of the elements (Group 3 includes a lanthanoid and an actinoid); a is an integer of
1 to 3, which is the number of ligands 15 coordinated with the transition metal atom Mf; X is an atom or
a group selected from the group consisting of a hydrogen atom, a halogen atom, an oxygen atom, a
hydrocarbon group, a silicon-containing group, germanium-containing group, a tin-containing group, a
boron-containing group, an SF-2255 138 aluminum-containing group, a phosphorus-containing group,
an oxygen-containirg grdap, a sulfur-containing group, a nitrogen-containing group, a
halogen-containing group, and a hetrocyclic compound residue; b is an integer of 0 to 3, which 5 is the
number of X; when b is 2 or 3, X may be the same as or different from one another, and plural X may
be united with one anetherda.feem:a king; Y is a nitrogen atom, or a carbon atom having a substituent
R22; G in an oxygen atom, a sulfur atom, a selenium atom, or a nitrogen atom having a substituent 10
R25; Rn to R25 maybe the same as or different from one another, and are an atom or a group
selected from the group censistingfhadysrocadep.graup, ;ahatogematom;.ahydrogen atom, a
hydrocarbon-substituted s IyI group, an oxygen- contalnln group, anltro%en contalnlnggroup,
sulfur-containing group’™1&a bérEHZESAtai gtﬁrofﬁﬁ}%n AUTRIRGM-Containing group, a
phosphorus-containing;grap, a halggen-containing group, a heterocyclic compound residue, a
silicon-containing group, a germanlum containing group, and a tin-containing group; two or more of
R22 to R25 may be Ufitéd With one another to form

3
___,Mi _{ C____.CWM R‘ED (3 B

R r

Oy A,

_{Q1 C—-———-M '8 (3 b;‘ .

[Chem. 5]



20 aring; and when a is 2 or 3, R21a, p22s, R23s, os, and Ras maybe individually the same as or
different from one another, and one group of R R55 contained in any one of the ligands and one group
of R22 - R25 contained in another ligand may be united.) SF-2255 139 [Chem. 9] Re /I(I Q2) CP\ )m
-nCC RI)sdRi ( 13) (in the general formula (8), Ra to RI are each independently a hydrogen atom, or a
hydrocarbon group haying 5 Ito 20 carbon atoms, and may be a group formed by substituting a part of
the hydrogen atoms of the hydrocarbon group with a substituent containing a heteroatom excluding

carbon and hydrogeif-afd 41, Q2, 02, j, k, m, anlcgtp are each defined in the same manner as in the
general formula (1).) 10[Chem. 10]

R2 - R@ ~§
‘ E {3 ¢)
R'—M ?—{cﬂ}—?m—m R0
i

]? o r

1] |
F“Jﬁ“;”{“ﬁ”f"’“ f
R: RS R’ R® ,l‘ (&)

{in the general formulae (2}, (3&;, (3b}, {3c), and (4},

5 M, ®* to R, 0, 3, and r are each defined in the same way as
in the general formula (1) of claim 1; and R¥ is a divalent
connecting group having 4 or more carbon atoms and cptionally

containing a hetercatom excluding carbon and hydrogen.)

10 3. The organometallic compeound (1) according to

elaim 1 or 2, wherein M is an AL-R'' group or a zinc atom.

4, An organometallic compound {5) representedby the

following general formula (5).

i
wm

[{Chem. 7}



RMR(C) (in the general formula (C), M is defined in the same manner as in the general formula
[1); two R are each independently a hydrocarbon group haying 1 to 20 carbon atoms, 15 and may be a
group formed by substituting a part of the hydrogen atoms of the hydrocarbon group with a substituent
containing a heteroatom excluding carbon and hydrogen.) 6. The method for producing the
organometallic 20 compound according to claim 5, wherein the transition metal SF-2255 140
compound (A) is a transition metal compound (Al) represented by the following general formula (Al)
[Chem. 11] 5(in th&¥géneral formula (Al), M', a, %5 b, R2, and R22 are each defined in the same
manner as in the general formula (A) of claim 1, R26 to R29 may be the same as or different from one
another, and are an atom or a group selected from the group consisting of a hydrogen atom, a
hydrocarbon group, a halogen 10 atom, a hydrocarbon-substituted silyl group, an '

4[ = R TS T&
R, —M ! Aywﬁ%lﬁkeﬂa%aﬂ%?%T“m—m Ay R0
i
L i&s Ees “ar oo
d (5}

{in the general formula {(5), A is a unit derived from
a linear or branched g-olefin having 2 to 30 carbon atoms, a
cyclic olefin, a diens, a polyenes, or an aromatic vinyl
5  compound; %, v, 7, and w are each an integer of 1 or more; and
X +y +z+w=§ to 100000C;
M is a magnesium atom, a zinc atom, an BL-RM group, or
a Ga-RM™ group, provided that RY iz & hydrogen atom, a
hydrocarbon group, a halogen atom, a silicon-containing group,
10 or anoxygan-containing group; R and R'? are each independently
2 nydrocarbon group having 1 to 20 carbon atoms, or R' and RY
may be united with each other to form a divalent connecting
group (R} having 4 or more carbon atoms and optionally
containing a hetercatom excluding carlbon and hydrogen and thus
15 form a ring; B to R® are each independently a hydrogen atom,
or a hydrocarbon group having 1 to 20 carbon atoms: o' and @*
are each independently a divalent hydrecarbon group; Of is a
divalent connecting group containing a3 linkage by a hetercatom
sxcluding carbon: h, i, k, m, and p are each independently 0
20 o 1l; n is an integer of 0 te 1G6; and r is an integer of 0 to

10000, provided that:



oxygen-containing group, a nitrogen-containing group, a sulfur-containing group, a boron-containing
group, an aluminum-containing group, a phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a 15 silicon-containing group, a germanium-containing group, and a
tin-containing group, and of these, two or more may be united with one another to form a ring; and
when ais 2 or 3, R21s, R22s, R26s, R22s, R28s and R29s may be individually the same as or
different from one another, and one group of R22 and R26 - SF-2255 141 R29 contained in any one
of the ligands and off& g#dup of F22 and 829 - 1329 contained in another ligand may be united.)

7. The method for producing the organometallic @33(6:ompound according to claim 5, wherein M is an
Al-RIL group, or a zinc atom. 8. The method for producing the organometallic compound

according to claim any oneof.¢laims.5 1o & which 40.employs,aco-catalyst.and a carrier. 9.A
method for producing an organometallic compound (5) represented by the following general formula
(5), comprising reactihg the BTERaTe mMetanic tdrfodufc {17 4Ec8Fditfg "5 ¢ claim | with a linear or

branched a-olefin having 2 t0,30-.carbon atoms,.a.cyclic alefin,.a.diene,qr a-polyene, or an aromatic
vinyl compound. (Chem. 121 AR (5)

hydrogan; @ and Q° may be a group formed by substituting a

5 part of the hydrogen atcems of the divalent hydrocarbon group
with a substituent containing a helerocatom excluding carbon

and hydrogen:
when h is 0, at least one of R? and R? is a hydrocarbon
group having 2 to 20 carbon atoms; when h is 1, at leagt one

10 of R and B® ig & hydrocarbon group having 1 to 20 carbon atoms;
when p is 0, at least one of R® and 2* iz a hydrocarbon group
having 2 to 20 carbon atoms; when p is 1, at least one of r®
and B’ is a hydrocarbon group having 1 to 20 carbon atoms;

when n is 2 or more, plural QY, Q% 0%, 4, %, and m may

i3 be individually the same as or different from one another;

when r is 0, &' and R* are united with each other to form

a divalant connecting group (R*™) having 4 or more carbon atoms

and optionally containing a hetercatom excluding carbon and
hvyvdrogen and thus form a ring;

20 when r iz 1 or more, piural M may be the same as or
different from one another; when plural R'’ are pressnt, they
may be the same as or different from cne another; and

when r is 2 or more, plural 0, ¢%, % h, J, k, m, n,

p, and R? to R® may be individually the same as or different



20(in the general form(5), A is a unit derived from a linear or branched p-olefin having 2 to 30 carbon
atoms, a SF-2255 142 cyclic olefin, a dienes, a polyene, or an aromatic vinyl compound; X, y, z, and w
are each an integer of 1 or more; x 4- ya 4- 14= 8 to 100000; M is a magnesium atom, a zinc atom, an
Al-R19 group, or 5 a Ga-1819 group, provided that R91 is a hydrogen atom, a hydrocarbon group, a
halogen atom, a silicon-containing group, or an oxygen-containing group: R9 and RI9 are each
independently a hydrocarbon group having 1 to 20 carbon atoms, or Rl and R10 may be united with
each other to form &'di¥alént connecting 10 groyp{(R191) having 4 or more carbon atoms and
optionally containing a heteroatom excluding carbon and hydrogen and thus form a ring; R2 to R9 are
each independently a hydrogen atom, or a hydrocarbon group having 1 to 20 carbon atoms; (29 and
Q9 are each independanthe azdivalent hydrocarbon group; Q2 is a 15 divalent connecting group
containing a linkage by a heteroatom excluding carbon; h, j, k, m, and p are each independently O or 1,
nis an integer of 0 to 10; and r is an integer of 0 to 10000, provided that: Rl to R4 may be a group
formed by substituting a part 20xefkthe hydregen-atems:efthe.drdrocarbonreroap with a substieuent
containing a heteroatom excludin%ﬁqartj?on and,hé/dgrof%gg; Q9 ?P%Qg PQ@Q??O group formed by
substituting a part of the- Aytrogen atons 6f e divalent hydrocarbon group with a substituent
containing a heteroatam excludingtearbompound (A} represented by the following

general formula (A}, a diene compound {B) represented by the
following genera formula (B) with an crganometallic compound
(C) represented by the following general formula (C).

iChem. 8]

10

{in the general formula (A), M" is a transition metal
atom selected from Groups 3 to 11 of the perilodic table of the
elements (Group 3 inciudes a lanthanoid and an actineid): a
is an integer of 1 to 3, which ls the number of ligands

1%  ooordinated with the transition metal atom M'; X is an atom
or a group selected from the group consisting of a hydrogen
atom, a halogen atom, an oxygen atom, a hydrocarbon group, a
silicon-containing group, germanium—-containing group, a

tin-containing group, a boron-containing group, an



SF-2255 143 and hydrogen; when his 0, at least one of R2 and 121 is a hydrocarbon group
having 2 to 20 carbon atoms; when his 1, at least one of 1).4 and R2 is a hydrocarbon group having 1
to 20 carbon atoms; 5 when p is 0, at least one of R.9 and R9 is a hydrocarbon group having 2 to 20
carbon atoms; when p is 1, at least one of R6 and R1 is a hydrocarbon group having 1 to 20 carbon
atoms; when n is 2 or more, plural 41, 42, 43, j, k, and m may be individually the same as or
different from one another; 10 whenr is 0, R1 a.nd RI are united with each other to form a divalent
connecting group (lfﬁ?f) having 4 or more carbgrg atoms and optionally containing a heteroatom
excluding carbon and hydrogen and thus form a ring; when r is 1 or more, plural )9 may be the same
as or 15 different from one another; when pluralare present, they may be the same as or different from
one another; and aluwhen ¢dst2ienmaoreuplusaldipQd 430ht4ikimm oneys.and R9 to R9 may be
individually the same as or different from one anoltper )CZO 10.A method for producing a

onta;nln GLrow Il:l CITalning
both-terminal-functiSial polymer comprising performing functional‘group conversion reaction at

carbon-metal bonds:of the-organeimetallicccompoaine: ¢b) aecerding to-elainme 9 25
hetrocyclic compound residue; b is an integer of ¢ to 3, which
5 is the pumber of ¥; when b is 2 or 3, ¥ may be the same as or
diffarent from one anobther, and plural ¥ may be united with
one ancther te form a rings; Y is a nitrogen atom, or a carbon
atom having a substituent R*%; G is an oxygen atom, & sulfur
atom, a selanium atom, or a nitrogen atom having a substituent

1

10 R; R to R*® may be the same as or different from one another,
and are an atom or a group selected from the group consisting
of & hydrocarbon group, a halogen atom, a hydrogen atom, &
hydrocarbon—substituted silyl group, an oxygen-containing
group, a nitrogen~containing group, a sulfur-containing group,

15 & boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group, a
heterocyclic compound residue, a silicon-containing group, a
germanium-containing group, and a tin-containing group; two
or more of R%? to E*® may be united with one another to form

20 a ring; and when a is 2 or 3, R%s, R®?s, R*%s, R%s, and R®s
may be individually the same as or different from one ancther,
and one group of R*? ~ R®® contained in any one of the ligands
and one group of R* - R? contained in ancther ligand may be

united.)
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[Chem. 8]
Rﬂ\\ R®
C==C Q1);~{92>—<Q3 Cmc/ (2)
/oL AN R RN
RY RS "o Rl

{in the general formula (B), R* to R’ are each
independently a hydrogen atom, or a hydrocarbon group having
1 to 20 carbon atoms, and may be a group formed by substituting
a part of the hydrogen atoms of the hydrocarbon group with a
substituent containing & hetercatom excluding carbon and
hydrogen; and @Y, @, 0%, J, k., m, and n are esch defired in
the same mannsr as in the general formula (1).)

[Chem. 14]
R e\ e R (C)

(in the general formula {C), M 1s defined in the same
manner as in the general formula {1}; two R are each
independently a hydrecarboen group having 1 to 20 carbon atoms,
and may be a group formed by substituting a part of the hydrogen
atomy of the hydrocarbon group with a substifuent containing

a heteroatoem excluding carbon and hydrogen.)

6. The method for producing the organcnestallic

compound according to claim 5, wherein the transition metal



10

)

e

SF-2255
140

compound (A} is a transition metal compound {(Al} represented
by the following general formula {(Al}.

{Chem. 11]

P
=
—

—r

e ‘\vw;kab
N -

{in the general formula {Al), M’, a, ¥, b, R", and R¥
are each defined in the same manner as in the general formula
(AR} of claim 1; R*® to R may be the same as or different from
one another, and are an atom or a group selected from the group
consisting of a hydrogen atom, a hydrocarbon group, a halogen
atom, a hydrocarbon-zubstituted silyl group, an
oxygen-containing group, & nitrogen—containing group, &
sulfur-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-contalning group, a
halogen-containing group, a heterccyclic compound residue, a
silicon=-containing group, a germanium~containing group, and
a tin-containing group, and of these, Lwo or more may be united
with one another to form a ring; and when a is 2 or 3, Rns,
r¥g, rR¥s, s, R®"s and R?%s may be individually the same as

or different from one ancther, and one group of R and R*® -
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R?Y contained in any one of the lligands ang one group of K

and R* - 2% contained in ancther ligand may be united.)

7. The method for producing the organometallic
compound according to claim 5, wherein M is an ar-rR* group,

or a zinc atom.

8. The method for producing the organcmetallic
compound according to claim any one of claims 5 to 7, which

emplovs a co-catalyst and a carrier.

9. A& nmethod for producing an organometallic compound
{5} represented by the following general formulia (5),
comprising reacting the organometallic compound (1} zccording
to claim 1 with a linear or branched ox—olsfin having 2 to 30

carbon atoms, a cyelic olefin, a diene, or & polyene, or an

aromatic vinyl compound.

TZ Tri . TFS Ta
e 1 Aymr]:—-(cl‘»t‘{{a‘}i——(ai-(uﬁjm ﬁ;—(ﬁ:-—;\z—wm Fug e 1O
L P nﬂ‘/‘ RE

r (5}
{in the general feormula {5}, A is z unlt derived from
g

a linear or branched a—~olefin having 2 to 30 carben atoms, a
g
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eyeclic olefin, & disnes, a polyene, or an aromatic vinyl
compound; x, v, z, and w are sach an integer of 1 or more;
+ y 4+ z + w= B to 100000;

M is & magnesium atem, a zinc atom, an AL-R' group, or
a Ga-R'! group, provided that R™ is a hydrogen atom, a
hydrocarbon group, a halogen atom, a silicon-contalning group,

or an oxygen-containing group; R' and R*?

are each independently
a hydrocarbon group having 1 to 20 carbon atoms, or R* and R™
may be unitez with each other to form a divalent connecting
group (R having 4 or more carbon atoms and optionally
containing a heteroatom excluding carbon and hydrogen and thus
form a ring: RB® to R? are esach independently a hydrogen atom,
or a hydrocarbon group having 1 to 20 carbon atoms; Q' and Q°
are each independently a divalent hydrocarbon group; o? is a
divalent connecting group containing a linkage by a hetercatom
excluding carbon; h, j, k, m, and p are each independently 0
or L; n is an integer of 0 to 10; and r is an integer of § to
10004, provided that:

&' to B may be a group formed by substituting a part
of the hydrogen atoms of the hydrocarbon group with a
substituent ceontaining a hetercstom excluding carbon and
hydrogen;: Q' and 0° may be a group formed by substituting a
part of the hydrogen atoms of the divalent hydrocarbon group

with & substituent containing a hetercatom excluding carben
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and hydrogen;

when h is 0, at least one of R and R is a hydrocarboen
group having 2 to 20 carbon atoms; when h is 1, at least one
of RY and R® is & hydrocarbon group having 1 to 20 carbon atoms;
when p is 0, at Least one of R and R® is a hydrocarbon group
having 2 to 20 carbon atoms; when p is 1, at least one of r®
and R’ is a nydrocarbon group having 1 to 20 carbon atoms:

when n is 2 or more, plural @Y, 0%, C°, 3, k, and m may
be individually the same as or different from one ancther;

when r is 0, R* and Rﬁ are united with each other to form
a divalent connecting group {R*¥YY having ¢ or more carbon atoms
and opticnally containing a hetercatom excluding carbon and
hydrogen and thus form a ring:

when ¥ is 1 or more, plural M may be the same as or
different from one another; when plural R* are present, they
may be the same as or different from one another; and

when r is 2 or more, plural QJ, Qz, o, h, 3r K, W D0,
p, and R? to R® may be individually the same as or different

from cone another.)

10. A metnod for producing a both-terminal-functional
pelymer comprising performing functional group conversion
reaction at carbon-metal bonds of the organometallic compound

{5} according to claim 4.



