SF-2255 1 DESCRIPTION ORGANOMETALLIC COMPOUND AND
PRODUCTION METHOD THEREOF., Technical Field 5[00011 The
present invention relates to an organometalllc compound and a production
method thereof, particularly to an organometallic compound containing
magnesium, zinc, aluminum or gallisrarwdich is useful as a chain transfer
agent and an 10 organic Sy nthesis reagent in the merization reaction
ofa doubl%RB%“}%f%gh%ém%&%08%%8% FBAcKgro ?ﬁdyﬁ it [06627°
150rganometallic compounds are compounds having a carbon-metal
bond (the compounds can include hydride compounds having a
hydrogen mefallbonéiji. In general, the carbon-metal bond has high
reactivitypand the reactivity is various depending on types of organic
groups and metals Thus, the 20 organometalllc comgounds have become

nve relates metal
reaction reagénts mdgspenlsabFe 18 current hemical indastry, Such as for
the compound and a production method therecof, particularly to an

organometallic compound containing magnesium, zing, aluminum
or gallium which i1s useful as a chain transfer agent and an
10 organic synthesis reagent in the polymerization reaction of

a double-bond containing compound.

Background Art
[Q002]

1% Organometallic conpounds are compounds having a
carbon-metal bond {the compounds can include hydride compounds
naving 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  organometailic compounds have become reaction reagents
indispensable to current chemical industry, such as for the
use in varilous organic synthesls reactions. A binuclear
organometallic compound having plural carbon-metal bonds in

crnemolecule is expected to have properties such as more various



use in various organic synthesis reactions. A binuclear organometallic

SF-2255. . .
compoundhaving plural carbon-metal bonds in onemoleculeis expected to
have properties such asmorevarious SF-2255 2 reactivity. Although
several cases have been reported about a binuclear organometallic
compourdhaving. ne functionalgreup{Nen:-Patent Decumentsiku2, and
3), a synthesis method thereof can be hardly said to be an industrial

g binucleay organometallic compound 1ng no runctional gro
synthesis met od. B Eurthermore, n6 cases have been reporteé about a
binuclearorganemetallicccompoune:having s funetionsd group.e 03]
On the othey hand, jt has, been well known. that n the production of
polymers such as polyethylene and polypropylene 10 using atransition
metalpdlymerizationcatalysts orgenometalic com pountds:stichrasar
diethylzing, trimethylaluminym, tiethylaluminym and friggtylaluminum
function as a molecular weight regulating agent. Gibson et al. reports that
the use GPéialkylzinc compounds in olefin 15 polymerization using a
certain kind of 2 transition metal complex can, provide. an ethylene
oligomer one terminal of which is capped with a metal wherein the
molecukardrsight distributiors isWPoissen-fike: distributiorr (Patent Brocument
1). ﬂer%,sggssgn d@%l@i@@&'? represented by, Xp. = 20 W_'Q?!?i@s)tgp is the
mole fraction of a polymer obtained after p number of olefins are
polymefized; amid Kis'the Peigsorieoeffitient. Betause the-métecalar
weight distribution is, Paisson:like. distriution, the chain-transfer; fram the
catalyst to the metal is considered to be reversible, and a SF-2255 3
chain trarstercagent with Stchr nattfetis teféfred t10°a8a reberéisle thain
transfer.agent, When the:reactionofithechaintransferta the o iesin
organometallic compound is reversible and as fast as chain growth
reattior,"neGiftEdctdt vigahontétatiic’ compotihd rémiains and"s Folymer
one termingl of whigh.is capped.with a-metalcan be-efficiently ohtained.
[0004]

is capped with & metal wherein the molecular weight
distribution is Poisson-like distribution (Patent Document 1}.
Here, Poisson distribution is represented by ¥p = (xPa7x)/pt,
20  wherein ¥, is the meole fracticon of a polymer obtained after
p number of olefins are polymerized, and x is the Poisson
coefficient. Because the molecular welght distribution is

Poisson~1like distribution, the chain transfer from the

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



The rea%jggsgf the chain transfer to the organometallic compound in olefin
polymerization utilizes a metal exchagge 10 reaction, one of the
elementary reactions in organometallic chemistry, thereby obtaining a
polymer in which formally, the organic group derived from the
organontetallicreomipoundremployed-asranurmmléeutarweight regulating
agent i bonded to gne terminal of the olefn polymer, and the metal
derived from 15 the organometallic compound is bonded to the other
terminathModifyangf e carlion-nretakberd dt-tetermihaf candeaid to the
introducgion of a functional group intg the terminal,of the polyalet in, [0005]
20Furthermore, a both-terminal-functional olefin polymer, having a
functiorrabgrotqy at:betkrrenviAalsiccan el providedrwith merengaridus
propertigs..Such a hath:terminal-functional olefin. pglymerjs.sypthesized
by living polymerization, hydrogenation of metathesis polymers, SF-2255
4 thermdl®@étomposition of polyolefins, but the synthesis is accompanied
by low produgtivity, low funetignalization. ratio, low malecular.weight, and
the like, which limits the application scope. 5(0006] Among the
organorf&tltitdcompoind s anerganozing ‘ddmpéundhas bedri ttracting

atteption.for. its,abifity o coexist-with funclional groups.due.fe:its moderate
reactivity. Thus, the organozinc compound has been intensively developed

10 as afttiltiEfanctidhziizetbotgargrmetalitreagent fobo7E -7 The

organozing compound is-usually-prepared fromzing halides,.apd.Qiganic
lithiums or Grignard reagent, the preparation involving by-production of
inorganfé S4lts Sath 1B as it Halldes Art mMagAesium Hatdes:“Such

by-produced:inerganic salts pessiblyhave.an influence an reactivity, and
thus need to be removed. As amethodto remove the by-produced
inordanic $&M&> i HasS beér r8poitad by Chatetfe &f 4l that 4 fedétion
mixturersassepiegted fo-eenttifugation and.a 20-suparaatant:is usegkto
thereby prepare an organozinc reagent free of by-produced inorganic salts

(Patent DoCiiftiént 2); bt itiilist Be R6EEA thaf thé cefitittiyation fifethod

under inett,atarasphere is difficult to employ on an industrial scale. [0008]
{00653
20 furthermeore, a both-terminal-functional olefin polymer,
having a functional group at both terminals, can be provided
with more various properties. Such a
poth~terminal-functional olefin polvmer is synthesized by

living polymerization, hydrogenation of metathesis polymers,



SP-22555F_ 25Amethod involving no generation of such inorganic salts has
been reporztedg, and effective means is boron-zinc exchange reaction. In
this reaction, hydroboronation of borane with a terminal alkyne or a
terminal alkene produces an alkyl borane 5 or an alkenyl borane, to which
dimethylrerdiethytzincsis:- acted;, ant-therfeby, abualkylor alkerylszisc
compound in which, baron has heen.exghanged with Zing can e gbtained.
Because the by-prod)uct is trialkylborane, which has a low boiling point, the
by-product is@asy torrermove undet reduced<pressure: atlart0sabbratory
level, aggpygggocggncgégg,ehave been reported about the preparation of
various multifunctional alkylzinc compounds (Non-Patent Document 2). In
addition,’séveral cases have been reported about the synthesis of cyclic
organozinc campounds both,terminals of which are metallized by similar
15 methods (Non-Patent Documents 1 and 3). As another method
involvingrhergeheration=of imorgahicisaks: Hatogenmetal @xehange
method gan; bementigned .Knoghel.etial have. renorted that.an, alkyl iodide
compound having a functional group is acted to diethylzinc, and then an
excessiveraf disthylAnecard etvyl20 edidecarertentovety uitderveduced
pressure, theraby synthesizing an alkyl.zinc compaund having a functional
group (Non-Patent Document 4). [0009] SF-2255 6 inorganic salts,
howevet!téfuire an excessive amount of diethylzinc accompanied by no
solvent in order o, 0btain;high reaction yield.. in addition, instead gf.no
generation of inorganic salts, alkylboranes, ethyl halides, and the like are 5
by-prodifcedeForitits FEa3on, such’dametfod orf &t indi&tial scalé needs
to be perfogmed; with-advanced, reaction control.and,with advanced.safety
measures about the use of diethylzinc accompanied by no solvent.
Furtherftfore Ftig netessany fo Brovite B daipnient Ot Temoviry 16W boiling
point compeaunds 10 in¢uding diethylzingG.-l0Q10} on As-deseribedabove,
a number of cases have been reported about methods to synthesize
organoretafitteompoamitid ucH as BrganoZinc o pouRds Holiever,
none of the feetbods:can besaid db:tg be efficient:in tesms of atom
economy, because by-products are generated such as inorganic salts,
alkylborans¥ ard aIRy T hEifdes, aHRPHTERE has GEer Ho HetRod Brovided
which aseremployable and efficienton an jadustriak basisirkherefere, a
more practical production method has been des red- 20

free of by-produced lnorganic salts {Patent Document 2}, but

it must be noted that the centrifugation method under inert

atmosphere is difficult to employ on an industrial scale.

[0008]
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to provide g novel.organometallic compound functioning ussfully.as a
chain transfer agent and the like in polymerization reaction of a 15

double-bomdeortairinereontpouneh it Beingrchipableé ofprotering 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 ofganditietallit2cerpourtdZz 20 MEans fortSelving the-Problerm

by-product is trialkyiborane, which has a low bolling poing,
the by~product is easy Lo remove under reduced pressure at a
10 laboratory level, and various cases have been reported about
the preparation of wvarious multifuncticnal alkylzinc
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 Documents 1 and 3). As another method
invelving no generation of inorganic salts, halcgen-metal
exchange method can be mentioned. Knochel et al. have reported
that an alkyl iodide compound having a functional group is acted
to diethylzine, and then an excessive of diethylzinc and ethyl
20 icdide are removed under reduced pressure, thereby
synthesizing an alkyl zinc compound having a functiocnal group
(Non~-Patent Document 4}.
[0009]

These synthesis methods involving no generation of the



[0014] An or anometallic compound (1) of the present invention SF-2255

8 182154°R6R8 (NN / )
inorganic salts, however, require an excessive amount of
diethylzinc accompanied by no sclvent in order to obtain high
reaction yield. In addition, instead of no generation of
inorganic salts, alkylboranes, ethyl halides, and the like are

5 by-proguced., For this reason, such a method on an industrial
scale needs o be performed with advanced reaction control and
with advanced safety measures about the use of diethylzinc
accompanied py no solvent. Furthermore, it is necessary to
provide equipment for removing low boiling peint compounds

13  including diethylzinc.
{0010]

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

15 to be efficlent 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
employablie and efficlent on an industrial basis. Therefore,
a more practical production method has been desired.

20
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Summary of the Invention
Problem to be Solved by the Invention
[0013]

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 polymer:ization reaction of a
double-bond containing compound, and being capable of
producing a useful both-fterminal-functional olefin polymer.
It is another object of the present invention to provide a
method for efficiently producing such a novel organometallic

ceompound.

Means for Soiving the Problem
[0014]
An organometallic compound (1) of the present invention

has a structure represented by the following general formula



CVPC M R R3R5128 IR8 5In the general formula (1), M is a
magnesmm a%om a zinc atom, an AlR11 group, or a Ga __R44 group,
provided that 211 is a hydrogen atom, a hydrocarbon group, a halogen
atom, a silicon-containing group, or an oxygen-containing group; 181 and
RI are each independently a hydrocarbon group having 1 10 to 20 carbon
atoms, or Ri and 280 may be united with each other to form a divalent
connecting group (2101) having 4 or more carbon atoms and optionally
containifityear heéteroatom excluding carbon and hydrogen and thus form a
ring; 155 to 88 are each independently a hydrogen atom, or a hydrocarbon

group having ‘
«{ »«e )—k )—(o’}—(cﬁ)—}—( }—c—m (13

5 In the general formula (1), M is a magnesium atom, a zinc
atom, an Al-R' group, or a Ga-R' group, provided that R is
a hydrogen atom, a hydrecarbon group, a halogen atom, a
silicon~-containing group, or an oxygen-containing group; R'
and R are sach independently a hydrocarbon group having 1

10 te 20 carbon atoms, or R* and ®'® may be united with each other
te form a divalent connecting group (R0 having 4 or nmore
carbon atoms and optionally geontaining a hetervatom excluding
carbon and hydrogen and thus form a ring; R? to r” are each
independently a hydrogen atom, or a hydrocarbon group having

15 1 to 20 carbon atoms; Q‘i and Q3 are gach independently a divalent
hydrocarbonqroup;Q2isacﬁvalentconnectinggroupcontaining
a linkage by a hetercatom excluding carbon; h, 3, k, m, and
p are each independently 0 or 1; n is an integer of 0 to 10;
and r is an integer of 0 to 10000, provided that:

20 [0016]

R' to R may be a group formed by substituting a part



151to 2F0 anrbon atoms; p' and[2 are each independently a divalent
hydrocarbon group; Q2 isa divalent connecting group containing a linkage
by a heteroatom excluding carbon; h, j, k, m, and p are each
independently O or 1; n is an integer of 0 to 10; and r is an integer of 0 to
10000, provided that: 26[001 6] SF<2255 Gofttre frrdrogeratoms of the

hydrocarbon,gropp with qn%ggsytweet@trgg iining ahieteroatom, excluding

carbon and hydrogen Ql and (23 may be a group formed by substituting
a part dfxt%@Wdr@ge?ﬂ%ﬁbmsmﬁme divakenrhyeltdcarbdagreaps with a

substityent cgntaining a figteraatom exclyding carbon andydrpgen;
when h'is 0, at least one of R2 and 123 is a hydrocarbon group having 2 to

20 carbortatormns;aivHenrh i1t atfeast drésoPR4eand-Fetiga pfdrcarbon
group hgying, 1 10 20 carbon atoms; 10 when p is O, at least one of R8 and
R6 is a hydrocarbon group having 2 to 20 carbon atoms; when p is 1, at
least one of R&ZNH R7's & hyridcarboif groapshaviigr 1 620 c&fson

atoms; ... .when.n is 2, ofmore. plral 01:,92,Q3, 1, kand.m may be
|nd|V|duaIIy the same as or different from one another; 15 whenris 0, RI

and Rn%ré iitet With eserrother %‘féﬁ?ﬁ‘&%ﬁ/éléﬁﬁ&éﬁﬁ%‘@uﬁb@@‘i‘oup

(R1Q1) having 4 or more.carbon atoms. angd-oplianally. containing.a;
heteroatom excluding carbon and hydrogen and thus form a ring; when r is
1 or mot&Y Plairal ™ Phayf B ther Same s ot 20 differetitftbriy8rid dnother;

when pluralRn are present.they.mayhe the same as-ordifferent from one
another; and when ris 2 or more, plural Q1, Q2, (2, h, j, k, m, n, p,

and R2 to ROy bendRrAdiEwy thi Sainte- a& or‘differehtt frohT'diie

anOtherbeSiEﬁaZ@ally the same as or different from one another;
15 when r is 0, R* and R*® are united with each other to form
a divalent connecting group (R'®!) having 4 or more carbon atoms
and optionally containing a hetercatom excluding carbon and
hydrogen and thus form a ring;
when r is 1 or more, plural M may be the same as or
20 different from one anocther; when plural R are present, they
may Pe the same as or different from one ancther; and
when r is 2 or more, plural @', Q. ¢°, h, 3, k, m, n,
p, and R® to R® may be individually the same as or different

from one ancother.



10 él'h rganometallic compound (1) of the present invention includes
those represented by the following geperal formulae (2), (3a), (3b), (3c),
and (4). [0017] 5[Chem. 2] [0018] [Chem. 3] 10[0019] [Chem. 4] /01lto
1

The crganometallic compound {1) of the present invention
includes those represented by the followling general formulae

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

R RS RS RS
!
R ] (I:wcft—-{o“-}‘c'——émm R (23
| P
R R rT R r
[0018]
[Chem. 3]
R? RE RE
R’——M%C%Q‘)‘C—(I:———M R {3a)
R
=8 RT R® f
10 (0019]
{Chem. 4]
Rt g R®
RI—M ci:——ct:—{w (I:—M R0 (b)
| b
P RS r® r
(00201



R3R5RY [0020] [Chem. 5] SF-225511 [0021] [Chem.6] -R2R4

10

15

11
R =
Rt i——{cﬁ}——ln~m~m R (8o!
| N
r? RS :
[0021]
[Chem, &}

T a0l

RY RS r (4}

RWE‘H

In the general formulas (2), {(3a), (3b), {(3c), and (4},
M, R to Rlc, Ql, Jj, and ¥ 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 opticonally
containing a hetercatom excluding carbon and hydrogen.

In the organcmetallic compound (1) of the present
invention, M is preferably an Al-R! group or a zinc atom.
[0G22]

An organcometallic compound {5} of the present invention

is represented by the fellowing general formula (5).

[0023)

(Chem. 7]



R5R8

15

C---C--M

N,
[ %)
[ p—

-2
12

TZ T& TS T&

R e U A,,—m—c—(c; Q‘}—-(a%—-(aa c)———c-——Az——M Ay R0
BN
RS hR—" R®

R

d (5}

In the general formula (5}, A is a unit derived from a
linear or branched o-clefin having 2 to 30 carbon atcoms, a
cyclic olefin, a diene, a polyene, or an aromatic vinyl
compound; %, y, 2, and w are each an integer of 1 or more; and
Xx+y+z+w=28to 100000, M, 0, ¢%, ¢’ h, 3, k, m, n, p,
and R' to R are defined in the same manner as in the general
formula (1).

A method for producing the organcometallic compound of
the present invention is characterized in that in the presence
of atransition metal compound (A) represented by the following
general formula (&), a diene compound (B) represented by the
following genera formula (B) is reacted with an crganometallic
compound (L) represented by the following general formula (C),
to thereby obtalin the above organcmetallic compound (1).
{00247

[Chem. 8}



C--0l(lll I  _RIR5 R7Rg

10

15

13

(A

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 inciudes a lanthancoid and an actineid}; a
is an integer of 1 to 3, which is the number of ligands
coordinated with the transition metal atom M'; X is an atom
or a group selected from the group consisting of a hydrogen
atom, a halcogen atom, an oxygen atom, a hydrocarbon group, a
silicon~containing group, germanium-containing group, a
tin-containing group, & boron-containing group, an
aluminum-centaining group, & phosphorus-containing group, an
oxygen—containing group, a sulfur-containing group, &
nitrogen-containing group, & halegen-containing group, and a
hetrocyclic compound residue; b is an integer of 0 te 3, which
is the number of ¥X; when b 1s 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: ¥ 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 substituant



(4) Rrgip_?%n the general formulae (2), (3a), (314), (3c), and (4), to
R1, Q1,}, and'r are each defined in the same way as in the general
formula (1) of claim 1; and R11 is a divalent connecting group having 4 or
more carbon atoms and optionally containing a heteroatom excluding
carbon &nd #iydrojenz 11 Birt the organometatiic eonipounds(1) chthe
present inyention, Mis preferably.an AR1L group or.a zing atom, [0022]

COhsSistin

An organometallic compound (5) of the present invéntion is represented
by the feflowinggemeral formelay B 1P5{0023F{Chemitz3=SEFL2265

hydrocarbon=-substituted silyl group, an oxygen-containing
5 group, a nitrogen-ceontaining group, a sulfur-containing group,
a boron-containing group, an aluminum-contalining group, a
phosphorus-containing group, & halogen-containing group, a
heterocyclic compound residue, a silicon~containing group, a
germanlum-centalining group, and a tin-containing group; two
10  or more of R*? to R®® may be united with one another to form
a ring; and when a is 2 or 3, R%¥s, R*2?s, R¥s, R*%s, and R¥s
may be individually the same as or ¢ifferent from one another,
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

15 united.

[0025]
[Chem. 9]
Ra\ /Re
o0} Q‘}—{QEHQ:‘ Cmm=C (B3)
/ ' i i k\ /m | \
RE R¢ " ogo Rf

T

In the general formula (B}, R? to Rf are each
20 independently a hydrogen atom, or a hydrocarbon group nhaving

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



In the 12R4 12 "(Q) (Q) R612' CM 11 )PII R7R9 is a unit derived AwR' (5)
SE-225
from a AC h'R3 general formula |5

a part of the hydrogen atoms of the hydrocarbon group with a
substituent containing a hetercatom excluding carbon and
hydrogen; and QY, 0%, @, 3, k, m, and n are each defined in

the same manner as in the general formula (1).

5 [002z2e]
[Chem. 10}
R—M—R (cy

In the general feormula (C), M is defined in the 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 substituent containing
a hetercatom excluding carbon and hydrogen.

The transition metal compound (A) employed in the

15

production method of the present invention is preferably a
transition metal compound {Al} represented by the following
general formula (ALl).

[0027]

[Chem. 11]



krn (5),A._lipear or branched a-olefin having 2 to 30 carbon atoms, a
cyclic ofefin, a diene, a polyene, or argaromatic vinyl 5 compound; 2, y, z,
and w are each an integer of 1 or more; and x 3-37+2+w= 8 to 100000. M
Q1, Qs, Q3, h, 3k, m, n, p,and RI to Si
are defined in the sgme manner as in the general formula (U. A method for
producing the orgaFﬁ meta/tﬁcnjompound of 10 the present invention is
characterizedh that frth-prelsence of a transition metal compound (A)

represented by} ollowing gJé‘ eral forrpHLa)(A), a diene compound (B)
t i?

represe t@db{:h follow; gﬁnera formula Mei is reacted with an
organomjetallic:compound (C) represented by the following general
formula (C), 15/o th reby obtain the above organometallic compound (1).
[0024] [Chen™8] SF&255 =

In the general formula (Al), M7, &, X, b, R, and R*

are each defined in the same manner as in the general formula
(A} of claim 1; R o R may be the same as or different from

5 one ancther, and are an atom or a group selected from the group
consisting of a hydrogen atom, a hydrocarbon group, a halogen
atom, a hydrccarbon-substituted silyl group, an
oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, a boron-containing group, an

16 aluminum-contalning 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, and of these, two or more may be united
with one another to form a ring; and when a is 2 cxr 3, R*s,

15 Rr%s, RB*s, B¥s, R*®s and R®°s may be individually the same as
or different from one another, and one group of R¥ and R?® -
8*® contained in any one of the ligands and one group of R
and R** - R* contained in another ligand may be united.

M in the organometallic compound (L) is preferably an



In the ggpn_%%gformula (A), M' is a transition metal atom selected from
Groups 3 to 11 of the periodic table gf,the elements (Group 3 includes a
lanthanoid and an actinoid); a 5 is an integer of 1 to 3, which is the number
of ligands coordinated with the transition metal atom. M"; X is an atom or a
group seletted-framcthe grogpacensisting 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-contairiing- grou e an-atumiratcontaiding grots, aresent
phosphorLis;Containing. grouRn. a0 0xygen-containing 9o, Ao .
sulfur-containing group, a nitrogen-containing group, a halogen-containing
group, and a hetrigeyeliesc6mpaant fesidiie; s israntnmeger of'ota'3, which
15 is the:number.of X; when bis 2.or 3, X;mayhe the same.as or different
from one another, and plural. X may be united with one another to form a
ring; Y i &*hittogen stoiirer e carbon atorfr havintra substitueht R22; G is
an oxygen.atom,.asulfuratom, @ selenium atom, or a nittogen.atom
having a substituent SF-2255 14 R25; R21 to B25 maybe the same as or
different ffof Orid' AnGther;  artdareart &tdin ord grolp selected ffom the
group censisting of-a-Rydrecarhan graup,.aralogen atom, a hydrogen
atom, a hydrocarbon-substituted silyl group, an oxygen-containing 5
group, & Hitrogen-containing group, a sulfur-containing group, a
boron-containing group.-am. aldmnuR-GORAINIAG-QIOMP, @nct ional
phosphorus-containing group, a halogen-containing group, a heterocyclic
compouiid F&sidie - & sICSAZCoRtATRMG ordup™ ¥ Yermsiitmicontaining
group, and-sadingontaning Qreupiiwe-1Q.0k saore0f R22:t0 R25 may be
united with one another to form a ring; and when a is 2 or 3, Rns, R22s,
R233, R3J& BN T32B8 fTa§ b dRAGUEIR) the' SarfBPRY Sr dhtferent from
one another, and one group of R22 -25 contained in any one of the ligands
and one group of R22 0 -25 F contained in another ligand may be

15unﬂea.fﬁﬁfgfi the Invention
[00301]

The novel organometallic compound of the present
20 invention 1is 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 reaction, and is capable of producing

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



[Chem'sgf]-zzl% the general formula (B), R to Re are each 20 independently
a hydrogen atom, or a hydrocarbon geoup having 1 to 20 carbon atoms,
and maybe a group formed by substituting SP-2255 15 a part of the
hydrogen atoms of the hydrocarbon group with a substituent containing a
heteroaterniexciudingrcarbori anddrydrogen; andQ4n @2 n€3efskzm, and
n are each defined in the same mapner as in the, general formyla (1).
5[0026] [Chem. 10] RMR(C) In the general formula (C), M is defined
in the samedmanmer asinitire general formulad 1) two Rraftereaetr 10
independently g hydrogarbon group having 1 to 20 carbon atoms, and may
be a group formed by substituting a part of the hydrogen atoms of the
hydfocaron Igroup with a substituent containing a heteroatom excluding

carbon anql hXQEQQ&QgTJ@&EQ'}%QQ&{@%%&&(Q&%@n@L I%QHHIQVGF'_M the
15 production method of the present invention is preferably a transition

metal comipong- (AP fepreseiited by thetfolawing gehierarfeatiia (Al).

corganometallic compound which 1s 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 as an
crganic synthesis reagent, a polymer material, or a precursor
thereof. Starting from an crgancmetallic compound cbhtainable
by the method of the present invention, a polymer having a

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

both-terminal~functional polymer can be produced.

20  Brief Description of Drawings
[c0327
[Fig. 1] Fig. 1 is a 'H~NMR spectrum of & compound X-1
synthesized in Example 1.

[Fig. 2] Fig. 2 is a *H~NMR spectrum of a polymer obtained



[0027] [sCthi'”s 11] SF-2255 16 In the general formula (Al), M', a, X,
b, R21, an EQZZ are each defined inithe same manner as in the general
formula (A) of claim 1; R26 to R29 may be the same as or different from S
one another, and are an atom or a group selected from the group
consistiitg Bfsadiydvogen atom, a hydrocarbon group, a halogen atom, a

hydrocarbon-substituted silyl groun,an oxygen-containing group, &

nitrogen-containing group, a sulfur-containing group, a boron-containing
group, an Featumifdum-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-cont&linirg groap’ anerof these “tworormeremay be united with one
anothertg form a ring; and when a is 2 or 3, R216 , 15R22s, R26s, R22s,
R2ss and -29 h s may be individually the same as
or differeritftrrebhle dnbtiter zhd dne group of R22 and R26 - R29

contained in any ong.of.the:ligands.and; ore group.of 222 and 226 - 229
contained in another ligand may be united. M in the organometallic

Compomat(eﬁtigrﬁrw%ﬁvtﬁﬁ bgp:bzz%%lowing general formula (1).
10 {0034]

{Chem. 121

RE R4 RFS TS
R*—*M—L{r)‘{(l: .Q’}—{QZ}{QE‘ (!;}—c“mm R' (1)
i l% h i K\ m 1 p|
L n R? RQ r

rR® R

In the general formula (1), Mis a magnesium ateom, a zinc
atom, an AL-R™ group, or a Ga-R'' group: when r is 1 or more,
15  piural M may be the same as or different from one ancther; M
is preferably a zinc atom, or an Alellgroup; and all of the
M are preferably zinc atoms.
[0035]
R is a hydrogen atom, a hydrocarbon group, a halogen
20  atom, a silicon-containing group, or an oxygen-containing

group.



17 AI'BHEQE%%E’ or a zinc atom. [0028] Furthermore, the production
method of the present invention prefgyably 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 characterizedsn thatthe:grgantmotaliercompond 1) isrreacted

with lingay Q1 branched s0leins Maying.2.1a S0 caman algma. el
olefins, dienes, 10 polyenes, or aromatic vinyl compounds. [0029] The
productierchtethedoflaboth terminal-fimetional polymertof the present

inventi%Jgiqh%%t,er;@%%psmgnmgjychgggﬁg,g{gé&gﬁn&%@?n

reaction at 15 carbon-metal bonds of the organometallic compound (5).
Effects oftheInvention [0030]°The rovet organaemetallic cormipdtnd of the

present.20ipvapkan,is el as a.shain gnsteraoentin, palymeligation

reaction of a double-bond containing compound, and can be used
particulBffy as & vevefsiblé enaip transfér hgentin polymetizatiorttéaction,

and is capableofproducing a polymet having & carbon-metal;bond at both
terminals. By SF-2255
a part of the hydrogen atoms of the hydrocarbon group with a

10 substituent containing a heteroatom excluding carbon and
nydrogen. As used in the present invention, the “hetercatom”
is referred to as inciuding 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, ethoxymethyl group, methoxyethyl
group, ethoxyethyl group, aminomethyl group, aminoethyl group,
dimethyl aminomethvl group, diethyl aminomethyl group, and
diphenyl aminomethyl group; and silicon-containing
hydrocarbon groups, such as trimethyl silyimethyl group,

20  triethyl silyimethyl group, trimethoxy silylmethyl group,
Lriisopropyl silylmethyl group, triphenyl silylmethyl group,
tert-butyidimethyl silylmethvl group, trimethyl silylethyl
group, triethyl silylethyl group, trimethoxy silylethyl group,

triisopropyl silyviethyl group, triphenyl silylethyl groug,



18 perfgg_nig\%gunctional 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 efficiemtly producelainevellorgancrietallicccempound which is useful as
a chain Et(ggg%‘er agent in polymerization reaction of a double-bond
containing 10 compound, and can be used patrticularly as a reversible
chain transfeEagentir polypmerizationreactionahid alsoeasanofganic
synthesis reagent, a polymer material, or a precursor thereof. Starting
fromanorganometalliccompoundobtainable by the method of the present
invention, a polymeér avingrazisiedrboridmétak boifdrat both tenninals can
be produged, fFurthermore, by performing functional group. conyersion at
the carbon-metal bonds by known methods, a both-terminal-functional

polymer&dnIse prostiéet:20°Bef Daseriptivh of Biawings [00321

[Fig. 1] g, .1 ds.aJS:NM!:2 spectium of a compaund X-L synthesized in
Example 1. [Fig. 2] Fig. 2 is all-I-EMIR spectrum of a polymer obtained
SF-2255'19-fif EXAmipte s vt {Figt 3FFg: 3 is a 1H-NMR spectrum of a
polymer, glatained in Example 10. 5 Embodiments for Carrying out the
Invention [0033]

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,
isoprapoxy carbonyl group, n-butoxy carbonyl group,
sec—-butoxy carbonyl group, tert-butoxy carbonyl group, and

20 isobutexy carbonyl group, ester group, and hydroxyl ¢group.
[0038]

0f the above atom and groups, as R, preferable are
methyl group, ethyl group, propyl group, isopropyl group,

n-butyl group, iscbutyl group, sesc-butyl group, tert-butyl



[Organ%m%%lglc Compound (1)] The organometallic compound of
the present invention has a structure;sepresented by the following general
formula (1). 10[0034] [Chem. 12] In the general formula (1), M is a
magnesium atom, a zinc atom, angroup, or a Ga-R" group; when ris 1 or
more, 1& plaratvicmay-bectheesane as ordifférentirorrmong anotiver; M is
pfefera@bﬁgg'e&%‘)% oran AN group, and all of the M arg preferably zinc
atoms. [0035] RIl is a hydrogen atom, a hydrocarbon group, a
halogern2@ratorn <@ fsificor-contalinh g gratip 20f arf ioxyger=contdining
group. SE:2235.20. .4 £Xamples gfithe, bydrgcarhan group incliide alkyl
groups having 1 to 20 carbon atoms, aryl groups, and aryl alkyl groups.
Spetific exariples thgreofircludedntethyPgrolp ety group, progyl group,
isopropyl grayp, n:butyl group. isohutyl group. o secshutyl group, tert-butyl
group, pentyl group, neopentyl group, hexyl group, octyl group, decyl
group, cyéfohexyl group, phenyl group, tolyl group, naphthyl group, benzyl
group, and 2-phenylethyl.group. Filpay.he.a:graup forned Py substituting
a part of the hydrogen atoms of the hydrocarbon group with a 10
substitugrit ednitaifing aHeteroatdin eXEIiding carboA“antPRyHrogen. As
used indhe presentinvention, the hetereatonrisJetered do.as-ingluding
all atoms except for carbon and hydrogen. Examples of the group formed
by substittitthg the hytfoCaBe grotp WittPtiie 'SubstittehtEontainig a
heteroatem.13.include methaxymethyl groupy ethaxymethyl graumg
methoxyethyl group, ethoxyethyl group, aminomethyl group, aminoethyl
group, dimethyIFAromethyT gréip dietiyiamindinésthyPyiouid, st
diphenylaminomethybaroups and silicon-containing hydeacaren-groups,
such as trimethyl silyimethyl group,

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

group, neopentyl group, phenvyl group, benzyl group, and

20 trimethyl silyl methyl group.

(00407
rR' and R may be united with each other to become R,

thereby forming a ring as a whole in such a manner as represented

in the following general formula (1'}.



20 triethyl silylmethyl group, trimethoxy silylmethyl group, triisopropyl
silyimethyl group, triphenyl silylmethykgroup, tert-butyldimethyl silylmethyl
group, trimethyl silylethyl group, triethyl silylethyl group, trimethoxy
silylethyl group, triisopropyl silylethyl group, triphenyl silylethyl group,
SF-225524tand tert-butyldimethyl silylethyl group. [00361 Examples
of the halpgen atom include fluorine, chlorine, bromine, and iodine.

The silicon-containing group is a group containing a silicon atom and
haying a bond at the silicon atom, with exampies thereof including
trimethyl silyl r{b %ﬂ B oup, friethyl silyl group, triisopropyl

RPN
silyl groyp, and tterttbuty meth sityrgrioup. 10[0031} 4+ , Examples of
the oxygen-containthg group includetalkxy groups such as methoxy

group, e xy-group,-and butoxy! group, ketones such as

methyl carbonyl group, ethyl carbonyl group, propyl carbonyl group,
isopropyl cardényl£5°gteup, n-sutyf catsenyi GisapL sesBityT Eabonyl
group, terszhuityl carbonyl groupa isphubydicarbonyligroyp, ethexyin
carbonyl group, ethoxy carbonyl group, propoxycarbonyl group,
isopropXy carbb gt gtoap: Abat6xy cdrbonyl Grodh . secBatoxy Edrbony!
group, teyt-butaxy.carbhond:-graup: and: 20 isobutaxy-sarhenyl-group, ester
group, and hydroxyl group. [003B] Of the above atom and groups, as
Rpreferable"aré ety "§retip ety P gibtis, propSh grsiip: ts6propy! group,
n-butyl groupsiisphutyl-gropp-sec-bity] group, tert-butyl SF-2255 22
group, pentyl group, hexyl group, octyl group, phenyl group, benzyl group,
tra%ethﬁ?%‘iﬁﬁ group, trimethyl silyl methyl group, triethyl silyl methyl group,
and triispprapyl silyi methyl group; andmorepreferable are methyl group,
ethyl group, ., .

R RS
| [ h ] kv Am| Ve |
a i
R5 RT RG

RE

(0043]

[Chem. 15]

RQ R/«' RE Rﬁ

Lo Ly L

] ‘ h i %\ fm \ i i G
R3 RS " R’ R® 4

15

In the general formulae (a) and {1'"), M, R® to RY, QY



5 isoprqpyl group, isobutyl group, hexyl group, phenyl group, trimethyl silyi
methyl group, and benzyl group. [0039) 121 and R). are each
independently a hydrocarbon group having 1 to 20 carbon atoms, and may
be a group formed by 10 substituting a part of the hydrogen atoms of the
hydroc&boh group withma substitereht contairihglathetéroatbm exetuding

carbon and hydrogen, Examples of the hydyocarbon group having 1 to 20

carbon atoms can be mentioned as the examples of the hydrocarbon
group referred’téas Rik=Rtarid T3trare preferablytsoatkyitgfoups 2aryl

groups, ?QQ@JYJ;&JK}’J&EPHQ%J&PW@Q 10 20 carbonatoms, with. .
preferable examples thereof including methyl group, ethyl group, propyl

group, iSEpropYFEHdap, BGHgrouF, ’SebLIY| Grotipl SEebatgrgroup,

tert-butyl.group..neqpentyl, group; phenyl graup,..benzyl group, and 20
trimethyl silyl methyl group. [0040j RI and RI may be united with each

other to"BetOIE R thELEBy fErTing a Yy 2%°a-whdfEdnsuth &'fanner

as represepted.in the fallowing, general formula. (1) . ok-2255 {Q041]
[Chem. 13] Ic (1) \ R6

a5 the examples of the hydrocarbeon group referred to as R'.
10 [0044]
0f these groups, RB?, R%, k% and R® are preferably a
hydrogen atom, methyl group, ethyl group, propyl group,
igopropyl group, n~butyl group, iscbutyl group, sec-butyl
group, n-pentyl group, hexyl group, heptyl group, octyl group,
15 nonyl group, decyl group, and benzyl group, andmore preferably,
a hydrogen atom, methyl group, ethyl group, propyl group,
isopropyl group, and benzyl group.
[0045]
R*, R®, R%, and R’ are preferably a hydrogen atom, methyl
20 group, ethyl group, propyl group, isopropyl group, n-butyl
group, ischutyl group, sec-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,



(01' (02) (cp\ 23 R6 1) R8I (1) _R3 Viikin Wel C IRI C-

10

15

20

25

isopropyl group, and phenyl group.
[0046]

h and p are each independently 0 or 1, provided that when
his G, at least one of R* and ®® is a hydrocarbon group having
2 to 20 carbon atoms, when h is 1, at least cne of R and R®
is a hydrocarbon group having 1 to 20 carbon atoms, when p is
0, at least one of R® and R® is & hydrocarbon group having 2
to 20 carbon atcms, and when p is 1, at least one of r® and
R’ is a nydrocarbon group having 1 te 20 carbon atoms. The
characteristics of the structures of R® to R? are derived from
the method for producing the organcmetallic compound {l}) of
the present invention. This will be described later.
[0047]

o' and Q° are each independently a divalent hydrocarbon
group, and may be a group formed by substituting a part of the
hydrogen atoms of the hydrocarbon group with a substituent
containing a hetercatom excluding carbon and hydrogen.
Examples of the divalent hydrocarbon group include saturated
hydrocarbon groups having 1 to 20 carbon atoms, such as -CHs-,
~{CHz) 2=, =(CHz)s~, and —(CHs),~; unsaturated hydrocarbon
groups having 1 to 20 carbon atoms, such as ~CH=CH~, ~CH=CH-CHy~
~CHy~CH=CH~, ~CH,-CH=CH~CHz~, =-C&C-, and -C=C-CHz-; cyclic
saturated hydrocarbon groups, such as cyclopentylidene,

cyclopentylene, cyclohexylidene, and cyclchexylene;



Pl Re S'—,{l}?&% case, Re22 is a divalent connecting group having 5 4 or

more carbon atoms and optionally cegtaining a heteroatom excluding
carbon and hydrogen. R221 is typically represented by the following
general formula (a; in which case an organometallic compound as a whole
is represented Dy e feHowing generatformulay{d?) 400042} {Clrem. 14]

R2R4RERE.IINQL(Q2KQIMEG, )\, Lp(a RERRIRe, SF-2255
[0048]

{Chem. 16]

00— . O+0-

and residues of cyciic hydrocarbons having 6 to 20 carbon atoms,
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 groups with a hydrocarbon
10 group; a halogen atom such as fluorine, chlorine, and bromine;
and a group containing a hetercatom such as oxygen, sulfur,
nitrogen, phosphorus, silicon, germanium, tin, and boron.
[0049]
Q% is a divalent connecting group containing a linkage
15 by a hetercatom excluding carbon. Examples of the hetercatom
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-CHz~, ~C~CHy-0—, ~{0~CHz)y0-, -0~ (CHz) =0,
20 = {0=({CHz}2) n—0-, —CHp~0O-CH;~, -0-51iH;—~, -0-5iH;~0~, -S5-, =-50;~,
~(0=81H3) 4=0-, =0~ (81iHs) o=, ~WH~CO=, ~N=CH~, ~COz=~, ~NH~, =PH~,

~8iHg=-, =GeH-, -8nHp-, and ~BH~. A part of the hydrogen atoms



24 Q2, Q3, h, j, k, m, n, p, and r are each defined in the same manner as
in the général 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 grouptwith @ substitvent cohtaininga hetereatom

excluding carban and hydrogen, Examples of the,hydrocarbon group
having 1'to 20 carbon atoms can be mentioned as the examples of the
hydrocarborrgroup referredutocastRl 1 160044 Ofthese groupsrR2, R3,

RB, and R9 are preferably a hydrogen atom, methyl.group, ethyl group,
propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl
group, kpentyl group, hexyl group, heptyl group, ootyl group, 15 nonyl
group, qgg_y(g}group, and benzyl group, and more preferably, a hydrogen
atom, methyl group, ethyl group, propyl group, isopropyl group, and benzyl
group. [0045]7124, R RE:; @vd Itfarepreferably & hydrogenratons,

methyl 20 groupethyl.groun.,propyl.group, isaRropyl group. ashutyl group,
isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group, hexyl
group, Reptyteroupt octyl group, roryPErdtp “decyl grotf:rand phenyl
group, apgkmate preferably, 2 hydrogen atorm, methylgraup, ethyl group,
propyl group, SF-2255 25 isopropyl group, and phenyl group. [0046]

h and p'aré'dach independently 0 or 1, provided that when h is 0, at least
one of R9 angR3 is a hydrogarbon groupshavinds®, 5, k, and m may

be indiwvidually the same as or different from one another.
When r is 0, rY and R* are united with each other to form a
15 divalent connecting group (R 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
Mmay be the same as or different fromone another. When plural
RY" are present, they may be the same as or different from one
20 another. When r is 2 or more, plural o, 0%, O, h, 3, k, m,
n, p, and B? to R® may be individually the same as or different
from one another.
[6052]

Examples of the organometallic compound (1) represented



5 2 to 20 carbon atoms, when h is 1, at least one of R4 and R5 is a
hydrocaibién group having 1 to 20 carpon atoms, when p is 0, at least one
of R9 and R9 is a hydrocarbon group having 2 to 20 carbon atoms, and
when p is 1, at least one of R and R7 is a hydrocarbon group having 1 to
20 carben atergs.cEhe d0-charactenistics of-the stracturest@iR9 R are
derived from the method for producing the organometallic compound (1) of
the presént SAvEhon. Thid C?/]\r/flﬂlif)aeedt(azs.géri &d Tater’ [0047]'Q1 and 'Q3 are
each independently a divalent hydrocarbon 15 group, and may be a group
formed b hgrybs?gituting a part of the hydrogen atoms of the hydrocarbon
group with a substituent containing a heteroatom excluding carbon and
hydrogen. Exam Ig—:s of the divalent f[lydro arbon group include saturated
hydrocarbon gr uiys Wfiving 1 t§ 20%carbon| atoms, such as -CH2-,
20-(CH2)2-, 44 'Cmiﬁ 2)4% tated hydrocarbon groups
having 1 to 20 cprpbonatoms;j slich ais -CH=CH-, -CH=CH-0H2-,
-OH%-CH=CH-, 2-8H=CH-GH2-8>CPC3y and -CPC-CH2-; cyclic
saturated hydrocarbon groups, such as cyclopentylidene, cyclopentylene,
cyclohex$didene, and cyclohexylene; SF-2255 26 aromatic hydrocarbon
groups %g:er;n_a%&roups having such an aromatic ring as represented by
the following formulae: [0048] [Chem. 16] 5 and residues of cyclic
hydrocarbons h vFi!pg 6 to %}O c%[bon oms, e.g., benzene, naphthalene,
and anthracene, aind cqmqinatisons thereof, and may be a group formed by
substituting-ay ydméemﬁ g'of thellkydrocarbon groups with a
hydrocarbon 10 igioup; 4 hilogen atom such as fluorine, chlorine, and
bromine; and a ¢rBup contdinifi§ a heteroatom such as oxygen, sulfur,

nitrogen, phosphorus, silicon, germanium, tin, and boron. [0049]
{0055]

10 {Chem. 19]

R2 R4 78

- [ 1 (3b)
RI—u C—C Q' C M R0

L VA

R3 RS RQ r

[0056]

[Chem. 20]



QE is a divalent connecting group containing a linkage 15 by a heteroatom
excludifig éatbon. Examples of the hegeroatom 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-(GH2)2-0-, 20-(0-(CH2)2)E-0-,
-CH,-0-CB,-, -0- if?-IE- -0-S[LH2-0- | -S-, -802- -0-(Si912)9-, -NH-CO-,
-N=CH-, sCOg: -+ =SlH2-| -GeH-, -SnHé3 and -EH-. A part of the
hydrogen atoms | §F-2235 27 of these connecting groups may be
substituted with & kyydrocarBon grogp, a halogen atom such as fluorine,
chlorine, and bromine, and a group containing a heteroatom such as
oxygenjsuifur, nitrogen, phosphorus, silicon, germanium, tin, and 5 boron.
[0050] b I, kQ d mare each independently O or 1. n is an integer of O to
10. ris an integer of 0 to 10000. r is preferably an integer of 2 to 10000,
more preferably an mteger of 5 to 101000, still more preferably an integer
of 20 to 500. [00 R* When n r more, plural Q1, Q2, Q3, j, k, and
m may be individu AL 3;; lef{gr nt from one another. Whenr is
0, Rl and;RI are un |ted |t c oth r to form;a 15 divalent connecting
group (RI2I) hav ng4 @P more carbon@atoms and optiddally containing a
heteroatgm excluding carbon and hydrogen and thus form a ring. When r
is 1 or moré; plural MT: mafyﬁe the Same as or different from one another.
When plural Rl are;present, they may be fhe.same.as qr.different from
one 20 another. When r is 2 or more, plural QI, Q2, Q3, h, j, k, m, n, p, and
R2 to R may-b&idivicluaty thesane as or different frofr one‘another.
[0052]

include compounds represented by the following formulae. 1In
the following formulae, Me denotes methyl group, Et denotes
ethyl group, Pr denotes propyl group, Bu denotes butyl group,
10 Ph denotes phenyl group, and TMS denotes trimethyl silyl group.
[0058]

[Chem. 22]



S6-2255 28 by the general formula (1) include those represented by the

followingf general formulae (2), (3a), {3b), (3c), and (4). [0054] [Chem.
18] [0055] 10[Chem. 19]
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[0056] [Chem. 20] SE-2255 29

[0057] [Chem. 21]

5Specific examples

of the otgartémetallic compound of tgtf 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 demote\s propyl group, Bu déhotés bEltyI group, 10 Ph

denotes:ph
[Chem. 22]
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[Chem. 24]

oy
anf L. B

e e g™ LR

3 Chy
gt

;o Sm
m/z"\ﬂ/“ﬁcjfo'x s NP
E vy H T m i
WHr kY I
& e

-
1,0
o, i
B e g
z i ¢ ol 4
/n( L e ubl zah
e G . € B
gL, \ilj.| ]
v
TS
4
Gy A (lﬂa
|
n An e i
g {‘c’ f‘:j/ e ﬁ“u
i B VAfmo o
oTus
/
Bf WO s[:.
i ":"‘c/ I e
VA VA Y A )

Yo
)‘\.H:,
i | A

T\
I GH sl o
a b "t““( e
L B
el T
kS

'I'M.‘S\‘ in.

& a
ad TR
Et "‘Y t
! ¢
Gt G [ i
- L I
w7 e LR e
e, 08
Et

i 3 T
) o < i
ey

yltgrotyd, andFMS denotes’ A mre’(hWSM’gr@up [0055]



SF-2255 31

[Cherri. 24] OCH, 5[0061] [Chem. 25]

5[Method for

Produciig‘®tganometallic Compound (1))
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{Chem. 28]
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Theorganometalliccompound (1) of the present invention can be produced
by reacfiéng such as a reaction between a halogenated zincanda
correspondingorganolithiumorGrignard reagent, or a boron zinc exchange
reaction between a 10 corresponding boron compound and an alkylpinc,
but is preferably produced by a method using a transition metal compound
(A), described later, as a catalyst. Hereinafter, the method for producing
the orga{ﬁﬁ?ﬁetéflic compound (1) of SF-2255 34 the present invention
using the tra smpn ‘metal compound (A) as a cat‘affy%qt ks described in
detail. [60641T. eTWfor producing the, gr ganemetalhc;gompound of 5
the present inventioh i§ characterized in that in the presenée of the
transition metal cofhpound (A) represented by the following general
formula, a d;eneicompound (B) represented the follpwmg general
formula is fea@fe& Wwith an‘organometallic cor é@un(ﬁ%(C) represented by
the foIIowmg 10 general formula, to thereby obtain the organometalllc
compoung Bepreeemeg %:1 y the genera‘lfq{ﬂuha 4y ﬂ;@fﬂe fon Metal
Compound (A) " Thetransmon metal compound (A) employed in
the method 1.5 for produg;;ng the organometaluc compoungd (1) of the
presentrm\ve éﬁgn\ls FQ(BI seni}ed by the follgxa(u}g IOUDUJ@T@Q [QO65]
[Chem. 28 R i

/ \ i /
Hy F: Ha [y ( Ha
[ L o r /3 o 0, ] - A=
e ib - L~/'\x SN R e ,{CP kf“\ 4 J{‘%gx“\,g”
ﬁj \E / " A Tx St )
i £x ‘ iz i '
Tilg =
& oHy P g
e ’,!L, ) }:H F El '“r J N o
o g - AH & & o e <
~ul T P } o e e et T e e e
\ ST A Pl m s 2 e, | Y, )‘ 20 e
u\1 C oo, FaT s
P /a

5 [Method for Producing Organometallic Compeound (1)]
The organcmetallic compound (1) of the present invention

can be produced by reactions such as a reaction between a
halogenated zinc and a corresponding organolithium or Grignard
reagent, or a boron zinc exchange reaction between a

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

the method for producing the organcmetallic compound (1) of



SF-2255 35 In the general formula (A), M' is a transition metal atom
selected fromM°Groups 3 to 11 of the periodic table of the elements (Group
3 includes a lanthanoid and an actinoid), preferably a transition metal atom
of Group 4 or 5, more preferably a transition metal atom of Group 4, and
specificcexamples thereof include titaniumszircanium,.anchhafaium, and a
particularly preferable is zirconium. [0066] Here, NrnoM' generally
denoteé tSordiratidh, But iR thé to pré&ent invention, coordination may be
take plage«an may not take place. a is an integer of 1 to 3, which is the
number of a ligand coordlnated with the transition rqetal atom M'. When a
is 2 or 3, Ilgar%s TRaybe tHe Same a8 or diffétentfrom’ S &rother. 15 and
plural ligands-may bersiited with.one:another viahone-orimoresorickging
groups selected frornthe roup con5|st|ng of a h droctardb(gn group, a
silicon-Sontaining Group. a germanium-containi gegjs%u%, a fin-containing
group, adhomen:eoniaining:group,. an aumirun-contaming grouprai20
phosphorus COﬂjtlaIQJJrllg group, an. g§¥&%n1%oggaln|ncg argup, a

sulfur- coﬁtalnlng group, ; and a nitrogen- contalnlng group, a is preferably 1
or 2, m@t@@r@f@rﬂbiﬁqa{ﬁ@ﬁﬁ]ﬂ 8F-2265:36:0fa hydregéri atemg a
halgoqen atom, an an oxygen %ereb b\édroctz%rbon ac{1r{roue;g,a§|15|Ilcon -containing
group, a germanium-containing group, a tin- contamlng group, a
boron-contaimingsgroep Fantatunsmua-contaiing'group, a 5
phosphorus-containing group, an oxygen-containing group, a

sulfur-containing group, a nitrogen-containing group, a halogen-containing

group, dnchaihetrotyctic compoundtesidue. b is an integer of 0 to 3, which
is the number,of X, When.b s 2 or. 3,.X.mey befhe same as.or different

from one another,
15 for producing the organometallic compound (1) of the present

invention is represented by the following formula (A).
[0065]

[Chem. 28]

R23—< ‘ ;;M'Xb (A)
N




10 and plural X may be united with one another to form a ring. [006B]
Exampfes $fthe halogen atom includ(S-:- a fluorine atom a chlorine atom, a
bromine atom, and an iodine atom. éxamples of the hydrocarbon group
include alkyl groups 15 such as methyl, ethyl, propyl, butyl, hexyl, octyl,
nonyl, dodecyl, eicogyl: cyclaalkyl groups hawng3.to 30.carbon.atams
such as cyclopentyl, cyclohexyl, norbonyl, and adamantyl; alkenyi groups
such asS¥igTPropEhyEdRE cyclohexénytealit afkyFgrotiss ¥uéhas
benzyl, phenylethyl, and phaenyl propyk 20:-and aryl growps sich as
phenyl, tolyl, dimpthyl phenyl, trimethyl phenyl,ﬁethyliohen [, propyl phenyl,
bipheny: Fiapfithy1 2niethyE haphtfy, antAtyr ‘arid phendhthryl 0069
SF-2255 5:silicon atems dn-actesidue ang.whichexclydessasheteroeyclic
compound residue. Specific examples thereof include =
hydroc&r5BR&RLETTGtEd iyIGroups sheli as phafyréiy™ diphanyiSsilyl,
trimethyl siyttrigthylsiyk siripropyl sibyl; deieyetohexyl silyl, triphenyl silyl,
methyl diphenyl silyl, tritolyi silyl, and trinaphthyl silyl;
hydrocafr%)gﬁ}-substituted silyl ether groups such as trimethyl silyl ether;
silicon-substituted alkyl-grojtps:suchasdrimethylsiylimethyl; ande
silicgn-substityted aryl groups 10 such as trimethyl silyl phenyl. When the
silicon-GoRtaiNinG ‘Group contains a carbon atom, thé number of the carbon
atom istkite 30zpreferably 1 to 20. [0070] The germanium-containing
grou is a group which,has 15 gefmanium atam andwhich exclyges a
heterocyclic compound résidue. Ex 'mpIEs thereof include those in which
the siliconofithe abever silicon=-econtaimngegroup:- st Substittte dawith 2
germanium. The fin-containing group is,a,groun haying & inatom,
excluding a h‘eter‘ocycﬁc compound residue. Examples 20 thereof include
those irewhichthe silieotr of<théabove Silicon-contantirg groupris or
substituted with fin, (09711, .., The borep-gontaining.groun 13 agroup
which has 1 fo 5 boron atoms in a group and which excludes a
heterocyyﬁ(pcarbon group, a silicon-containing group, a

germaniuvm-containing group, a tin-containing group, a
boron-containing group, an aluminum-centaining group, a

20 phosphorus-containing group, an oxygen-containing group, a
sulfur-containing group, and a nitrogen-containing group. a
is preferably 1 or 2, more preferably 2.
[G067]

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



SF-2255 38 compound residue. Specific examples thereof include 554 (R
is a hydrbgénatom, an alkyl group, z?(rg aryl group optionally having a
substituent, a halogen atom, or the like). [0072] The
aluminum-containing group is a group which has 1 to 5 aluminum atom in
a group,and whichexclides anheterocyclic compaynd residue. Specific
examples thereof include A1174 (R is a hydrogen atom, an alkyl group, an
aryl grotiy SptiohEly Haing & Substitidht & halofelittdn, or the like).
10[0073} -nanikhe-phospherus-cantaining-graup: is @ gFewp which has 1 to
5 phosphorus atoms in a group and which excludes a heterocyclic
compodiidresidie spadfit Bkatipled tHefese -2 1nine grevp, 2
includetiabolphasphinegroupssuch as temethylphasphine;bsdributyl
phosphine, and tricyclohexyl phosphine; triaryl phosphine groups such as
tripheny"phosShing. and (Fitdir phosphife: prosphitd groups’ (phosphide
groups)suchas:-methyl phosphitepethyt phosphite;and pheryl phosphite;
phosphgnjc group; and gfhgsphiglic gciq group. 2QL(%074 . -T!v-iheen .
oxygen-containing group is a group which has 1105 oxygen atoms in a
group andawhich exeludestacheterocyelicicompound-sesiduenSpeeific
examples thereof include hydroxyl group; alkoxy groups such as methoxy,
othbxy, ProBoky and” 235530 Bt aiviosy aroups such 8
phenoxypmethyl phenoxy, dimethyl phenoxy, and naphthoxy; aryl alkoxy
groups such as phenyl methoxy, andphenylethoxy: agetoxygroup; and
carbonyl group. When the oxygen-containing group contains a carbon 5
atom, the number eof-the earbon atomds 10! 30, preferabhy: to 20. [0075]
The sulfur-coptaining, aroup.is, adroup whigh s L 1S sfurglogs in a
group and which excludes a héterocyclic

15 such as methyl, ethyl, propyl, butyl, hexyl, octyl, nonvyl,

dedecyl, eicosyl; cycloalkyl groups having 3 to 30 carbon atoms
such as cyclopentyl, cyclohexyl, norbonyl, and adamantyl;
alkenyl groups such as vinyl, propenyl, and cyclohexenyl; aryi
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.
[0069]

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



10 compound residue. Specific examples thereof include sulfonate groups
such as’méthyl sultanate, trifluoromeBthane sulfonate, phenyl sulfonate,
benzyl sultanate, p-toluene sulfonate, trimethylbenzene sultanate,
triisobutyl benzene sulfonate, p-chlorobenzenesulfonate, and
pentafluorobenzens,15 sulfanate: sulfinate.groups suchas methyle
sulfinate, phenyl sulfinate, benzyl sulfinate, p-toluene sulfinate,
trimethyl&i28ne Siiftitfate * 2t pentafftiorobEnTeité stffiridte; alkylthio
groups;ane-atylthio-gsoups.. When {he, sulfur-containing.group: centains a
carbon atom, the number of 20 the carbon atom is 1 to 30, preferably 1 to
20. [0078F"*"¥ The itrogeRscontaining ‘groupts’a grotp which #4s 1 to 5
nitragen atems inagup,and whjch-excludes a hetereeyclic gompound
residue. Specific examples thereof include amino SF-2255 40 groups;
alkyl anfing groups st ds meth§l Bming: ‘dimethiy dmino, diethyl amino,
dipropylamine;ibutyl amino,and dicyelohexylamino; and.-andramino
groups or alkyl aryl amino groups, such as Ehgnyl amino, dimhenyl amino,
ditolyi afirio, HiRaphthyl 5 ariinG - and Methyipheyt amine. 16077] The
halogen-containing group-sya :geadp: which -has a halogen-atomane which
excludes a heterocyclic compound residue. Examples thereof include
fludfine=E6RtaInAG 10 groups 'stich 4s PES and 004, ‘Chiofine-containing
groups sueh as0k04-and Sb&l 8 @and-iodinesgontdining groupsssuch as
104. The h?lggen-cogt@nianﬁgrgtégsz%lso include groups in which at least
one hydrogen o?%hephilcfr%ca bon groups having 1 to 20 carbon atoms is
substitutedrwith a halogen. 15(0078] Examples of the heterocyclic
compound residue Include residues of nittogen-containing compounds
such as pyrrol, pyfidine, pyrimidine, guinoline and triazine,
oxygen-gontaining compounds such asdfurarn and pyran s arrdi20nd
sulfur-containing compounds such.as thiophene; and,groups.In which
these heterocyclic compound residues are further substituted with
substituentsisugtras alkiytgroupsantd alkexyegroups hiavirgd 630 carbon
atoms, preferably 110.20 carbon atoms, The.heterogyglic. eamnound
residues do not include the

atom excluding a heterocyclic compound residue. Examples
20 thereof inciude those in which the silicon of the above
silicon-containing group is substituted with tin.
(0071}
The boren-containing group is a group which has 1 to 5

boron atoms in a group and which excludes a heterocyclic



SF-2255 41 abovenitrogen-containinggroups, oxygen-containinggroupand
sulfur-céntaining groups. [0079] Y is a nitrogen atom, or a carbon
atom having a 5substituent R22, that'fs _c(R22) . G is an oxygen
atom, a sulfur atom, a selenium atom, or a nitrogen atom having a
substityent, k25, fhatis.-N(1425):. (0080} Eelta R25-maybe,the.same as or
different from one another, 10 and are an atom or a group selected from
the groip ecnsistig of ahydrotarbsrgroup; a'alégetr atom:a Hydrogen
atom, a:hydrocarbonssubstituted, 511371 group,-an, 0xygen-containing
group, a nitrogen-containing group, a sulfur-containing group, a
boron-cetit&ihing group, an aluminum-containing group, a
phosphorus-centaining group. 2 halogen:cantaining, greup, aheterocyclic
compound residue, a silicon-containing group, a germanium-containing
group, antl EtiFEEHEining Group. T of more' sF R22 16 "R25 fay be
united with-one another to form & ring.;Mhen a.is.2-0r:3. RS, 228 R23s,
R2is and 1425s may 20 be individually the same as or different from one
another-aAd BHEe Grodp Bf R22 kRt agour. an aryl a=agm hhEEIh'dny one
of the ligands and.ene greup of RA2:.-R2%.contained inanother ligand
ma%/ be united. [0081] SF-2255 42 group, the nitrogen-containing group,
the gulfﬁ?pc?c?htarnang group, the boron-containing group, the
aluminum-containing group - the-phospharis-centaiing group, Hhe:
heterocyclic compound residue, the silicon-containing group, the 5
german%/ﬁn?-éﬂdﬁfﬁﬂ?iﬂuj grotis, dhd the th-Eontainifig grotp: répresented by
p21 to R2b;rcan:be-these-menticned: as the: examples.of X f-thergeneral
formula_: A). dExang {Eslofhthehhalc;%en-coqtaﬁining grou Ee(%resented by
R2ito P25 mclutiethode in which at feastshe Hydrogen ofa hydrocarbon
graup is 1substituted with anhalegen ) the<hydrocarboen ;greuprhaving 1 to
30 carbon atoms, referablgt 1to t20, charb(Fn at%mhs,ng.ggnalkéﬂigggups such
as metﬁfl?sé'i%ﬁ? ﬁ%&ls butyl, hexylt? octyl, Ronyl, %J’Odecyf, and eicosyl;
cycloalkyl-groups havingi34@30carbonatoms such aswcyclopentyl,
CyC|Oheg%@’spr;lnoirtbeo,né/tlhﬁghosphite, and phenyl phosphite; phosphonic

group; and phosphinic acid group.

24 [0074]
The oxygen-containing group is 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



15 adamantyl; alkenyl groups such as vinyl, propenyl, and cycichexenyl;
aryl alk§Fgioups such as benzyl, ph%nyl ethyl, and phenyl propyl; and aryl
groups such as phenyl, tolyl, dimethy?phenyl, trimethyl phenyl, ethyl
phenyl, propyl phenyl, biphenyl, naphthyl, methyl naphthyl, anthryl, and
phenanthryl.,20.Spegific examples thereat.include driflugramethyl,
perfluoromethyl, pentafluorophenyl, perfluorohexyl, trichloromethyl,
perchlofé&thii; gertackitoropHeRyl ant perchlorohexyr 0082 SE22255
43  Bxampleqf.the hydracarbon.grouprapresentad by.R21:te R2
include those having 1 to 30 carbon atoms, and specific examples thereof
include Tfif&8r of BranEheth GIkY1 Grodps -having t (30 tirbofi*atoms,
preferably.d, ten20.carbon atoms. a-such asmethyl, ethyl.-pspropyl, 1
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, and
n-hexyl*firéar or branched alkenyl groups having 2 to 30 carbon atoms,
preferably;2to 20 carbon atoms, such as vinyl, allyl, and isopropenyl;
linear or branched alkynyi groups having 2 to 30 10 carbon atoms,
preferably 2 t6"80°¢arbor atons. Sudhas ethynyi” dhd propardyl: Sclic
saturatedshyerocarhen:graups having-3 ton 38:cafbon atems;cpreferably 3
to 20 carbon atoms, such as cycfl,opropyl,lcycigbutxlg cxclogentyl,
cycloheXSP ABrbSRRYT Snd EdamantyT Cyciic Unsaturated hydrocarbon
groups having 5&H 40030 carhen-atoms s such.as: cyclopentadienyheindenyl,
and fluorelr;yl;ﬂaryl %[_ou S h%\]/fin%tG to 30 c§1rbopfartgms, ggjﬂgb@ly 6 to 20
carbon &tome: such s phenyl. benzyi: haphthyl Biphényl. terphenyl,
phenanthrykrand, anthaylranc:atkyksubstitated amnyligroups, sucheas tolyl,
isopropy! phenyl, tert-butyl 20 phenyl, dimethyl phenyl, and di-tert-butyl
phenyl.zluf%10 aﬁ%Vep ﬁ%llr%%jgr né%na r%%ﬁgn%gy %régs%egs%{tﬁ%éjé “With other
hydrocarbonrgreups,with examplesstihereofrrcluding dndte, phenyl
group-substituted alkyl groups,sych as benzyland cumyl. (00831
SF-225544 Examples of the Eydrocarbon-substituted silyl group
representéd:by R2440:R 26liNclude groupswath thectotalsnember of carbon
atoms being 1,19 30, Specific examples;thereof include. metyl silvl,
dimethyl silyl, trimethyﬁ/ silyl, ethyl.

sulfur-containing group contains a carbon atom, ithe number of
20 the carbon atom is 1 to 30, preferably 1 to 20.
[co78]
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



5 silyl, diethyl silyl, triethyl silyl, diphenylmethyl silyl,
triphenylsiBAdimethylphenylsilyl, dimethyl-t-butylsilyl, and
dimethyl(pentafluorophenyl)silyl. Of tHese, preferable are methyl silyl,
dimethylsilyl, trimethyl silyi, ethyl silyl, diethyl silyl, triethyl silyl,
dimethylphenyl.silyl, and 10 tiphenyl silyl. Rarticularly: preferable are
trimethyl silyi, triethyl silyl, triphenyl silyl, and dimethylphenyl silyl. [0084]
Of the tfamsitibATstal totiyodRE (A & tFan SOt nidtat CompbEfid (Al)
represepted by the follwing gengral farmulais, 13preferable, [0085]
[Chem. 29] SF-2255 45 In the general formula (Al), M', a, X, b, R21,
and R22°ar&eEatHaefined it the' same mariier as'itt'the YéiEral formula
(A). {0086].5R2640.R29may.be the.same as or different from one another,
and are an atom or a group selected from the group consisting of a
hydrogéfi’atdm, a hydrocarbon group, a halogen atom, a
hydrocarbon-substituted sild:graup; anxygen-Geptaining grou.a
nitrogen-containing group, a sulfur-containing group, 10 a
boron-cEHEHinG GPotip. &R AluRfRATCSnEshTAG grotp, & o 22
phosphestis:containing gf ol & halegenr-centaining group» aheterocyclic
compound residue, a silicon-containing group, a germanium-containing
grodp, hEE°tiRZCOrtRIRTMg Gfotip: OF theSE tWo 6t Mbte’ fital b thited
with onesanothertostarm) adb riagnANVhen-arnsd o yfselscR22s15R26s
R42s, R's and R29s may be individually the same as or different from one
another’. &nd o1& Grotp of RS2 ahiRI6” R29"E6riAined ih ‘Gny one of the
ligands and:onegroupehR22:andhR26-=R29 contained-inganotherdigand
may be un}i}ted. 204;0087L bstJ%xglmple_:tshoilfl tgae Qggnrocarbon group, the
halogers atom, 1he hydrocarbon-substititéd Sii group, the
oxygen4eontaining group, the nitrogen-containing group, the
sulfur-containing ngJpO,fthe bgron-contflining“%rou

p. the .
. kg the heterocyclic c ound 'residue include
aluminum-contain ng

residues of nitrogen-ceontaining compounds such as pyrroel,
pyridine, pyrimidine, quinoline and triazine,
oxygen~containing compounds such as furan and pyran, and
20  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 carben

atoms. The heterocyclic compound residues do not include the



SE-2255 46 group, the phosphorus-containing group, the
halogeri‘céftaining group, the hetergeyclic compound residue, the
silicon-containing group, thegermanium-containinggroup, and the
tin-containing group, represented by R" to R", can 5 be those mentioned
as the examples ofthosetepresentedhy R2:2 teR's {0088)-our 2AS the
transition metal compounds (A) and (Al), those described in
JP-A-2600°191713 3P A-$660:239312, W001/055231 10 pamphlet,
JB-A-200340953, or the like can be employed as needed. [00891 In
the method of the present invention, as the transition metal compound (A),
a single kind 6f orBotid Can BE effiployed 15 6i8ly:*But ad needed, two
or more;hipds: of thextransition-metal’eompound (A) different in structure
can be combined and emplo%ed. Diene Corpfmound (WB 20The diene

compound (BY éiplovedin the mathdd forpréducing the organometallic
compoundik)ef.the presentdnvention: is:ancomipound represefited by the
followin%g&r}eral formula. [0090) SE-2255 RI-hem. 30)
r?! to B*° may be the same as or different from ane 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 group, an oxygen-containing
group, a nitrogen~containing group, a sulfur-containing group,
a boron-containing group, an aluminum-~containing group, a
15 phosphorus-containing group, a halogen-containing group, a
heterocyelic compound residue, a silicon-containing group, a
germanium-containing group, and a tin-containing group. Two
or more of R*® to R*® may be united with one another to form
a ring. When a is 2 or 3, R®'s, »¥s, rR%s, R¥'s, and R*°s may
20  be individually 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 B - R?® contained in another ligand may be united.
[0081)

Examples of the halogen atom, the oxygen-contalning



In the general formula (9), 41, 42, 43, 4, k, m, and n are each defined in

the san¥ér#driner as in the general formula 5(1). [0091] Rato 12" 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

hydrogenatoms .ot 10.1he bydrocarbon, graup with.a, substituent, containing
a heteroatom excluding carbon and hydrogen. Examples of the

hydroc&fisaf- gr6 6P fiETuder ARy groBs FaryGrotiys  afic iyt BH&A groups

having 1.10.20 carban.atems- Specific examples thereatinchide methyl
group, ethyl group, propyl group, 15 isopropyl group, n-butyl group,
sec-but§PHrot, t6PtBiityl Grodp: I§6BUR Grédp? pehRty gfétip, hexyl group,
octyd group,-decyl group,cyclohexyl group. phenyl.group:olyi-group,
naphthyl group, benzyl group, and 2-phenylethyl group. As Ra to Rf, of the
above atSiarid Groups, Preferabté aré 3 hydrogai 2t At Hidthyl

group, ethyl grouR, peapy group. pheny! grouR.benzylgeoup,
2-phenylethyl group, and more preferable are a,. SF-2255 48 hydrogen

atom, metyFLrot2ethyl groth: araspheryigroup, ™ notude these
andstillmorepreferableareabysyogen-atom, andmethyl grup: [0092]
Specific examples of the diene compound include 5 conjugated diene
cormpouis SUEHTAS 1.3 Dithtete. 1o3-peRtaaISHe: £ - REXaiont,
1,3-heptadienen ls3-ectadiene: d-phenykd 3-hutadiene, «.9., alkyi
1-phenyl;2,4-pentadieneLisopreng,lZ-eth¥l-ll, utol mexvl. ecivl
3-butadiéRe2-propyT-13butadiens; Porvty Prtye, Bexyh, occtyh
2-bUtyln32;35blﬂatﬁﬁeﬂe,Eﬂﬁww?ﬁls@uﬁa}dme,groups having 3 to 30

carbon atoms such as cyclopentyl, cyclchexyl, norbonyl, and

15  adamantyl; alkenyl groups such as vinyl, propenyl, and
cyclohexenyl; aryl alkyl groups such as benzyl, phenyl ethyl,
and phenyl propvl; and aryl groups such as phenyl, tolyl,
dimethyl phenyl, trimethyl phenyl, ethyl phenyl, propyl phenyl,
biphenyl, naphthyl, methyl naphthyl, anthryl, and phenanthryl.

20 Specific examples thereof include triflucromethyl,
perfluoromethyl, pentafluorophenyl, perflucrohexyl,
trichleromethyl, perchlorcethyl, pentachlorephenyl, and
perchlorohexyl.

[0082]



102-hexy1-1,3-butadiene,2-hepty1-1,3-butadiene, 2-octy1-1,3-butadiene,
and 2-pteAydl,3-butadiene; chain non-conjugated dienecompounds such
as 1,4-pentadiene,3-methyl-1,4-pent'<1fdiene,1,4-hexadiene,
3-methyl-1,4-hexadiene,4-methyl-1,4-hexadiene,

155-methyl-14-hexadieng 4, 5-dimethyl 1 4:hexadieng, .o vy 2 «o
1,5-hexadiene,3-methyl-1,5-hexadiene,1,5-heptadiene,
3_meth§}f_"lf@%é&aﬂ}é%’qﬁs;h%ﬁtédlﬁe?arbon atoms, and specific

4'meth¥|§;m§IQ§p;t}?gi&!}ei%.&'%tqq@gg'or branched alkyl groups
4-methyl-1,6-octadiene,7-methyl-1,6-octadiene, _
201,7-octatieriea-tethyicr, 7EGttadiehic ;7 fionadighgs woon atoms,

4'mgth)élé%aZs'Q@H"E}gi,egﬁw}l,8?[19@§§jfi§,nﬁaopropyl, n-butyl, iscbutyl,
4-methyl-1,8-nonadiene,1,8-decadiene,
5-methyi;8:décadidne’t Y debafiehe, neorentyl, and n-hexyl;

5-methyl: 1.9-dgcadigne 1.10:undecadiens,angd » SE-2288 von atons,

preferably 2 to 20 carbon atoms, such as vinyl, allyl, and
isopropenyl; linear or branched alkynyl groups having 2 to 30
10 carbon atoms, preferably 2 to 20 carbon atoms, such as ethynyl,
and propargyl; cyclic saturated hydrocarbon groups having 3
te 30 carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl,
and adamantyl; cyclic unsaturated hydrocarbon groups having
15 5 to 30 carbon atoms, such as cyclopentadienyl, indenyl, and
fluorenyil; aryl groups having & to 30 carbon atoms, preferably
6 to 20 carbon atoms, such as phenyl, benzyl, naphthyl, biphenyl,
cerphenyl, phenanthryl, and anthryl; and alkyl-substituted
aryl groups, such as tolyl, isopropyl phenyl, tert-butyl
20  phenyl, dimethyl phenyl, and di-tert-butyl phenyli. Tne above
hydrocarbon groups may be substituted with other hydrocarbon
groups, with examples thereof including aryl
group-substituted alkyl groups such as benzyl and cumyl.

[0C83]



49 1,11-dodecadiene; trienecompoundssuchasl,4,7-octatriene,
3-methyE42457-octatriene,1,5,9-decatriene,and 4-methyl-1,5,9-decatriene;
5cyclicolefincompoundssuchas
5-methylene-2-norbornene,5-vinyl-2-norbornene,
5'(2'pVOPGHY%l¥nﬂQEbQE”%e@ﬁﬁ@%@d}ylﬁ%‘m&m%ﬂ?ﬂ% group
5-(1—methy1-2-propenyl)-2-n;9rbornene, 5-(4-pentenyl)-2-norbornene,
105-(1-RiethyR3uteny 1):2- Rorbeiene r 5:05-HaXehll )-2-HorsFiéne,
5'(1'me;pyééébggmlk'é'WEbggn%.e1Specific examples thereof
5-(2,3-dimethy1-3-buteny1)-2-norbornene, _ .
5-(2-ethyt<395utenyT) Z-norboifehe: F5'51 6 Heptehyl-2-nororiene,
5-(3smethyl-5:hexeny1)2norbarnene; i1y, diphenylmethyl silyl,
5-(3,4-dimethyl1-4-pentenyl)-2-norbornene, o
5-(3-etHy i 2Aspahtenyl)-2HorBorhehe, B-(7-octehy1) 2 Brbotiéne, 20
5-(2-methy L:6=Rheplenyb):2rRorNOmenssi1y1 . of these, preferable
5-(1,2-dimethy1-5-hexeny1)-2-norbornene, o _
5-(5-61’*’%}?—?%&?}7‘1})&2- %?B%éh‘é{,l’ trimethyl silyl, ethyl silyl,
5-(1,2,3stdmethylr4rpentenyd)-2norbomene, 1phenyl siiyl, and
dicyclopentadiene,5-ethylidene-2-norbornene, SF-225550

5-i 8pr&ﬁ?ﬁ%%ﬁé-?—%rbo?ﬁéﬁé?‘arly preferable are trimethyl silvi,

triethyl silyl, triphenyl silyl, and dimethylphenyl silyl.
[oog4a]
Of the transition metal compound (&), a transition metal
compound (Al} represented by the following general formula is
15 preferable.
(0085}

[Chem. 29]

e o

(A1)




1,1'-bi(3-cyclopentene),di(3-cyclopentenyl)methane,
1,3-di(3sey&lopentenyl)propane, 1,4-di(3-cyclopentenyl)butane,
51,5-di(3-cyclopentenyl)pentane, 3-iethy1-1,11-bi(3-cyclopentene),
4-(3-cyclopentenylmethyl)-1-methyl-1-cyclopentene,

4'(3‘(3'CYC'OH%”E%QV%L%Q@’%%EMQWX%}'HYP'%P%WGAW,GRﬂ, and &7
4-(4-(3-cyclopentenyl)buty1)-1-methyl-I-cyclopentene,
101,1'-bi3-eyelcheéxerie}di(3:cyctohexenydmethanegeneral formula
1,3-di(3;gyclohexenyl)propane, 1,4-d1(3-cyclohexenyl)butane,and
1,5-di(3-cyclohexenyl)pentane; cyclicdienecompoundssuchas 15
6-chlordfitéthy1-5-isopropenyl-2-norbornene;

ha'%e”'cont@mm@%‘?%%@é&@%&qﬁh@& ferent from one another,
3-chloro-1,4-pentadiene,3-bromo-3-methyl-1,4-pentadiene,

3-chlorcH 44fexadiere 3 AlE-3SATEt L T AL hek&dieReons i sting
3-bromqz4:-methyls1,4shexadiene, 203:chlora:5-methyl-L4-hexadigne,
3-bromo-4,5-dimethy1-1,4-hexadiene, 3-bromo-1,5-hexadiene,
3-chlord-34hEti=T SHiéxatighé  3cbrafice 1, 5theptadiers, = 11"
3-chlorgs3qpethyl:l.S-heptadiens,Asbroma-1.6-heptadient..q group,

3-chloro-4-methyl-1,6-heptadiene, 4-bromo-1,6-octadiene,

10 a beron-containing group, an aluminum-containing group, a
phosphorus~containing group, a halogen-containing group, a
heterccyclic 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

15 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 another, and
one group of R*? and R?® - R*® contained in any one of the ligands
and one group of R ang 2%® - R?® contained in another ligand
may be united.

20 [0087]

Examples of the hydrocarbon group, the halcgen atom, the
hydrocarbon-substituted silyl group, the oxygen-containing
group, the nitrogen-containing group, the sulfur-containing

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



SF-2255 51 3-chloro-4-methyl-1,6-octadiene,
4-brome=7=ntsthyl-1,6-octadiene,4-chloro-1,7-octadiene,
3-chloro-4-methyl-1,7-octadiene,4-broimo-1,7-nonadiene,
4-bromo-4-methy1-1,7-nonadiene,4-bromo-1,B-nonadiene,
53-chloro-4-methyl:1,8:nonadiene,5:bromo:1,8-decadiene,
3-chlor78-5-tethyl-1.8-decadiene. 5-bromo-1,9-decadiene,
3-chloréBamethyb<k B-decadienet '5-broproct (20-~urdecadiere | ard
5-bromos1,11-dodecandene; ..., Silane-containing disnes sych as
bisvcnyloxy silane, 10 dimethyl bisvinyloxy silane, bisallyloxy silane,
dimethyibiis @ity loxysitare i(3-butepy Didimethyksilaney ™ to R, can
bis(3-butepyloxylsilane dimethylbis(3:butenyloxy)silane, .4 oy =
di(4-pentenyl)dimethyl silane, bis(4-pentenyloxy)silane,
bis(4-péntényloxy)dimethylsilane, 15 di(5-hexenyl)dimethylsilane,
bis(5-hexgryloxy)silane, and bis(5-hexenyloxy)dimethylsilane;
ester-containingdienecompoundssuchas

3-buteny1-4-génténdate d-penteayt-£pentendate) and (A1), those
4-methaxycarbonyl -1, 4-0¢tadiene:and2Q. >0 go-239312, woo1/055231
4-methoxycarbonyl-1,9-decadiene; ether-containing diene

cortipouridis™stth a3 Givithy1 ‘ether, dialtyFethé?, eitdHButéryfoRy)éther, and
di(5-hexgnylaxy)ether; siloxy-containing diene compounds such as
4-trimethyl
(00893
In the methoed of the present invention, as the transition
metal compound (A}, a single kind of compound can be employed
15 sclely, but as needed, two or more kinds of the transitionmetal

compound {A) different in structure can be combined and

employed,

Diene Compound (B)

20 The diene compound (B} emploved in the methed for
producing the organometallic compound (1} of the present
invention is a compound represented by the following general
formula.

100801



SF-2255 52 siloxymethyl-1,7-octad ene,and4-trimethyl

siloxymetiaebil ,9-decad ene. [0093) These diene compounds are
generally available or can be 5 proddéed by known methods. In the
method of the present invention, as the diene compound (B), a single kind
of comngan 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 Organometallic Compound (C) .  An organometallic

compouna C) emplgyed to produce the organometallic compound (1) of
the present i tons: ented by the follgywing general
formula. 15[6094]][C . 31 (Cj Nthe general formula (C), M is
. g F
a magnesium atofh, a zinc atom, an At-Ril grotip, or a Ga-1311 group, and
Rl is a hydrogen 20 atom, a hydrocarbon group, a halogen atom, a
silicon-contaiRinggréiy; “or ary Bxygeli-coftairing®group *ExXaniples of the
hydrocarhon.group; tbe halogen. atam. the siliconrcontaining-grau, the
oxygen-containing group,
5 (1.
[0081]
R* to R are each independently a hydrogen atom, or a
nydrocarpon group having 1 to 20 carbon atoms, and may be a
group formed by substituting a part of the hydrogen atoms of
10 the hydrocarbon group with a substituent containing a
heteroatom excluding carpon and hydrogen. Examples of the
hydrocarbon group include alkyl groups, aryl groups, and aryl
alkyl groups having 1 to 20 carbon atoms. Specific examples
theresf include methyl group, ethyl group, propyl group,
1%  isopropyl group, n-butvl group, sec~butyl group, tert-butyl
group, isobutyl group, pentyl group, hexyl group, cctyl group,
decvl group, cyclcohexyl group, phenyl group, tolyl group,
naphthyl group, benzyl group, and 2-phenylethyl group. As R®
to RY, of the above atom and groups, preferable are a hydrogen
20 atom, methyl group, ethyl group, propyl group, phenyl group,

benzyl group, 2-phenylethyl group, and more preferable are a



SF-2255 53 represented by R11, can be mentioned as the examples
definedsforzthé general formula (1). M is preferably a zinc atom or an
Al-E611 group, more preferably a zirié atom. [0095] 5Two Rs are each
independently a hydrocarbon group having 1 to 20 carbon atoms, and may
be a group formed Ry subsfituting a part of the hydragen afoms, f the
hydrocarbon group with a substituent containing a heteroatom excluding
carbon @ hydrogerr-:0f0096] 2 < aExdrnptes bfthe Aydibearserrgroup,
represepteg by R, include alkyl groups, aryl groups, and aryl alkyl groups,
having 1 to 20 carbon atoms. Specific examples thereof include methyl
group, ethyl gieip fpropyiegroth, SopfdpylGrotp, TE5H-Bty Mg Fous;
isobytyl group,.gec-butyl group, tertsbutyl group, Rentyl grouR, negpentyl
group, hexyl group, octyl group, decyl group, cyclohexyl group, phenyl
group, tolyr &g traphthil GreaE Benzy ! 'gietis. 22phenyiethyt gicup,
trimethyl_silyl methyl group . tdethyl silyl methyl group. tHmethexy, 20 silyl
methyl group, triisopropylsilyl methyl group, triphenyl silyl methyl group,
tert-butyr 8ifvetHy syF &Ryl group, trimethyPSiyk ethyt grodp! thiethyl silyl
ethyl greup,:trimethexy.silyhethyl group, trilsopropy silyl-ethyl.geaup,
triphenyl silyl ethyl group, and tert-butyl dimethyl silyl SF-2255 54 ethyl
grotip. GFtHESe hydrotHiori‘groups, preferabléate et grotp: ethyl
group, propy} groupsiseprenyl graup,gihytylgroups; isohutyl group,
sec-butyl group, tert-butyl group, neopentyl group, octyl group, phenyl
group, benzylF8gfoud: tHimEtyPssI nigthiyl gr68p, ARdFtriethyt siljfmethyl
group; and-paarapeaterableare yethyl group; ethyl groupdsopeapyl
group, isobutyl group, tert-butyl group, phenyl group, benzyl group, and
trimethyl Sty methyl §idtip and still more pre“ﬁ“aerté}ﬁ’ile"éré"r}ﬁ%ﬁﬁii group,
ethyd greup;risopiopyhdQ group, phenyl grouprand timethyk sibdraethyl
group. 11'h5e_se are employBepI stigglzlorf)‘i“rgl cqgnbinationlog\{lvo or more kinds.
[0097] "> SpEEiHE examples of the drganometallic compeund (C)include:

3-methyi-1, 5-heptadiene, 1, 6-heptadiene,
d-methyl-1, 6-heptadiene, 1,6-octadiene,
d~methyl-1,6~0ctadiene, 7-methyl-1, 6-octadiene,
20 1, 7-octadiene, 4-methyl~1, 7-octadiene, 1, 7=-nonadiene,
4-methyl-1, 7-nonadiene, 1, 8~nonadiene,
4-methyl-1, 8-nonadiene, 1, 8~decadiene,
5-methyl-1, 8~decadiene, 1,8%~decadlene,

5-methyl-1, 9-decadliene, 1,10-undecadiene, and



15organomagnesium compounds such as dibutyl magnesium, and dihexyl
magnesitdrzss  organozinc compounds such as dimethyl zinc, diethylzinc,
dipropy! zinc, diMsopropyl zinc, dibutd zinc, diphenyl zinc, dibenzyl zinc,
and bis(trimethylsilylmethyl)zinc; 20 organoaluminum compounds such as
tri-n-alkyl ﬁlyéyci@ga sedq., trimethyl aluminum, triethyl aluminum, tri-n-butyl
aluminurh, tripropyl aluminum, tripentyl aluminum, trinexyl aluminum,
trioctyl aluminur¥rand tridecyhatumineh; tribranched. dhodtalumvinems,
e.g., triisopropyl alyminum,, SF.2255 55 triisgbyty] aluminum, tri-gec-butyl
aluminum, tri-tert-butyl aluminum, tri-2-methyl butyl aluminum, tri-3-methyl
butyl aldriridm;-tri-2-métkad pertyl aluminum, tri-3-methyl pentyl
aluminum, tri-{%—m&thyl pegg@glyminurgb;\gaga@sethyl hexyl 5 alumigum,
tri-3-methyl hexyl aluminum, and tri-2-ethyl hexyl aluminum; tricycloalkyl
aluminunms:té g srricyclotiexytaluminum, and trigyeléoetyt atamingm,; triaryl
aluminums, .9, driRhenyl alumioum, and gitolyl. aluminum, dialkyl,
aluminum hydrides, e.g., diisobutyl aluminum hydride; and 10
organogalliafit orpoamds suchagarimettid gallium, triethyl gallium,
tnipropy]_gallium..and tebutyl gallium. [0098] In the present invention,
as the organometallic compound (C), a single kind of compound can be
employéd'Solehf ybut &8 F5reeted e Brrmore kinds of the
organometallic.compound (G) different in structure can be combined and
employed. [0099] Regarding these organometallic compounds, it has
been knowh TREMIKIFG OrGanometIie¢6hipounds having the same 20
metal alows substituent:exchange to.precesd.dn other words, employing
two or more kinds of organometallic compounds having the same metal in

an arbitral fafioc*€ai rESUIETA the Effeet 6t providing an organometallic
compoundhaving-am acbitral sulstituent in an arbitral ratio.

5~ {3-methyl-5~hexenyl) -Z~norborneneg,
5~(3,4-dimethyl-4-pentenyl) -Z-norbornene,
5-{3-ethyl-4-pentenyl)-Z~-nocrbornene,
5-(7-octenyl)~Z-norbornene,

20 5-{2-methyl-&~-heptenyl}~-2-norbornene,
5-(1,2~dimethyl~5-~hexenyl}-Z-norbornene,
5= (5-ethyl-5-hexzenyl}-2-norbornene,
5-(1,2,3-trimethyl~4d-pentenyl) -2~norbornene,

dicycleopentadiens, S5-ethylidene-2-norbornene,



SF-2255 56 [01001 Furthermore, by sequentially adding two or more
organontetallic compounds different in reactivity, or by previously mixing
such compounds and adding the mixtlre, it 5 is possible to preferentially
introduce arbitral substituents into terminals represented by RlandRlI. in
the general JQEEEH? 44), utilizing.the two different kinds of reactivities.
Thereby, the reactivity at the terminals can be controlled. [01011 10These
organométallic €ompbunds:{€)-are easily Gvaitablecorcantimdastrial basis,
or can he synthesized. by kngwn methods such as halogen metal
exchange and metal exchange. Co-catalyst Component (D) 15In the
methodidrprodiucing the erganehetallic 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
compounde@y- 1h & preféraptéembétiment of the production, together
with the; transifion 20.metal.compound.(4) as a,catalyst,a co-catalyst
component (0) is used. Examples of the co-catalyst component (0) include
at least'oné-¢émpouRerseleLted-fioh: (0w1) an organorétalié-compound,

(0-2) an, organoaluminim. oxyLempound. and 1 SK-2255,54:,
10 1,1'~bi{3-cyclchexene), di (3~cyclohexenyl)methane,
1, 3-di {3~cyclohexenyl)propane,
1,4-dit3~cyclohexenyl)butane, and
1,5~d1 {3~cyclchexenyl)pentane;
cyclic diene compounds such as

15  é=-chloromethyl-5-isopropenyl-2-norbornene;

halegen-containing diene compounds such as
3~-chloro~1,4-pentadiene, Z-bromo-3-methyl-1, 4-pentadiene,
3-chloro-1, 4-hexadiene, 3-~chloro-3-methyl-1,4~hexadiene,

3-pbromo-4-methyl-1, 4-hexadiene,

20 3-chiloro-S-methyl-1, 4-hexadiene,
3-bromc-4, 5-dimethyl-1, 4~-hexadiene, 3-bromo-1,5-hexadiene,
3-chloro-3-methyl-1, 5-hexadiene, 3-bromo-1l, 5~heptadiene,
3-chloro-3-methyl~1, 5~heptadiene, 4-bromo-1, 6-heptadiene,

3-¢hloro-4-methyl-1, 6-heptadiene, 4-bromo-1, c-octadiene,



(0-3) a compound that reacts with the transition metal compound to form
an ion pai246102] (0-1) Specific examples of the organometallic
compound 5 include organometallic @émpounds of Groups 1, 2, 12, and
13 of the periodic table, as described below. (0-1a) Organoaluminum
compo%r]dglgerg[%eer%tneyq by the general formula: RernA1(013e),,HpX,1 In
the formula; Re and Ré ‘may be the sarne as or different 10 from one
another}-amdraré-hydrocarisonagroiips: having-tito 1& tarbonatoms,
preferagly 1, 10 4 carben, atoms; X Is a halogen gtom: and m, satisfies
0<mS3, n satisfies 0Sn<3, p satisfies OSp<3, and q satisfies Ong<3, and
m + n +pe+ge= BrdtOB]11 5Bl Alkyl complexceompburdsicemtaining a
Group Imetal of the periodictahle. and aluminum and yepresented.by the
following formula: M2A1Ra, In the formula, M2 is Li, Na or K; and
Ra is a hydfocarborrgroup Havingit o215 carbbrratoms; drvdpreferably 1
to 4 carbon 2Qatoms. [0104}_,...(0-1€) Dialkyl.compoynds.containing a
Group 2 or Group 12 metal of the periodic table and represented by the
followingrp 3-forrmeta: RRIM=SRI2285 58

silane~containing dienes such as bisvinyloxy silane,

10 dimethyl bisvinyloxy silane, bisallyloxy silane, dimethyibis

aliyioxy silane, di (3-butenyl)dimethyl silane,

bis(3-butenyloxy)silane, dimethylbis (3-butenyioxy)silane,

di{4-pentenyl)dimethyl silane, bis(4-pentenyloxy}silane,
bis(4-pentenvyioxy)dimethylsilane,

15 di{5-hexenyl)dimethylsilane, bis(5-hexenyloxy)silane, and

bis (5-hexenyloxy)dimethylsilane;

ester-containing diene compounds such as
3~-butenyl-4-pentencate, 4-pentenyl-4-pantencate,
4-methoxycarbonyl-1, 7-octadiene, and

20 d-methoxycarbonyl-1, 9~decadiene;
ether-containing diene compounds such as divinyl ether,
diaiivi ether, di(d~butenvyioxy)ether, and
di{b-hexenyloxy)ether;

giloxy=~containing diene compounds such as d4-trimethyl



In the formula, Ra and Rb may be the same as or different from one
anotherrangkare each a hydrocarbon group having 1 to 15 carbon atoms,
and preferably 1 to 4 carbon atoms; &d M3 is Mg, Zn or Cd. 5[0105]
Examples of the organoaiuminum compounds (0-1a) include:
organoaluminum compounds represented by the following a. formula: R
mAI(ORS%ﬁX }ri}]etlﬁfﬁr?&_%ﬁ%ﬁg?%a and Rbyrrln%y be theés%:l?ﬁréeékéy%r
different fromreacti otheriandiare each a hydrocarbon group having 1 to
15, and[Bnggrably 1 to 4 carbon atoms; and m preferably satisfies 1.5mf3;
organoaluminum compounds represented by the following 15 formula:
RamAlIX,mm Thesd g thres formuolasRasis @ twyarocarbon group-having | to 15
carbon atoms, aag}q QI_E%I_EV%QQAO%EQ 4 carbon atoms; X is a halogen atom;
and m preferably satisfies 0<m<3; organoaluminum compounds
represented by thie: folowihg 20formedaz RamATH3mmas thfn therformula,
Ra is a hydrocarhon group baying, 1 19,15, carhon, atoms, and preferably 1
to 4 carbon atoms; and m preferably satisfies 2fm<3; and organoaluminum
compotmitiscrepresehted by theefolldwing “SF-P255959 compound ()

different in structure can be combined and employed.
10

Organometallic Compound {C)

An organcmetallic compound (C) employed to produce the
organometallic compound (1} of the present invention is a
compound represented by the following general formula.

i5 [0094]

[Chem. 31]

R—HWM—R (C)
In the general formula {C), Mis a magnesium atom, a zZinc
atom, an Al-R* group, or a Ga-R' group, and R*! is a hydrogen
20 atom, a hydrocarbon group, a halogen atom, a
silicon-containing group, ©r an oxygen-contalining group.
Examples of the hydrocarbon group, the halogen atom, the

silicon-containing group, the oxygen-containing group,



formula: RamA1(01e)flXq In the formula, Ra and Rtmay be the same
as or differsrssfrom each other, and are each a hydrocarbon group having
1 to 15 carbon atoms, and preferably L to 4 carbon atoms; X is a 5
halogen atom; m satisfies Okm--3, n satisfies On<3, g satisfies 0q.<3 and

m+nA.,0:3.00106] ... Spegific.examples. of the organoaluminym
compound belonging to (0-1a) include tri(n-alkyl)aluminums such as 10
trimethylaturninerns triethydakimirium, fri(h-biryraemiaunyc atom or

tripropylalymipum, gggpthlglBg;i{;}gg&%igeﬂlglgqggym, trioctylaluminum
and tridecylaiuminum; branched-chain trialkylaluminums such as
triisopropyiiuminum, triisobutylaiuminum, 15 tri(sec-butyl)aluminum,

tr?(t%rt'bUtyl)%mgg% UA@'%@&QWAHM})?'&‘WE‘}HParbovw group having
tri(3-methylbutyl)aluminum, tri(2-methylpentyl)aluminum,

tri(3-methylgentiyalumiitiim2 1A (@enisthylperylyaiimiuing st cuting
tri(2-methylhexyl)aluminum. tri(3smethylhexyalumipim,and :cn a

tri(2-ethylhexyl)alumi.num; 20tricycloalkylaluminums such as
tricyclolex§AaiimiihurAand tricy éloottyTaRmiin Gt < " Irigfytinitfums
such as,tpiphenylaluminum and tritolylaluminum; diaikylaluminum hydrides
such as diisobutylaluminum SF-2255 60 hydride;

10 [0096]

Examples of the hydrocarbon group, represented by R,
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, lsopropyl group,

1%  n-butyl group, isobutyl greoup, sec-butyl group, tert-butyl
group, pentyl group, neopentyl group, hexyl group, octyl group,
decyl group, cyclcohexyl group, phenyl group, tolyl group,
naphthyl group, benzyvl group, Z-phenylethyl group, trimethyl
3ilyl methyl group, triethyl silyl methyl group, trimethoxy

20  silyl methyl group, triisopropyl silyl methyl group, triphenyl
silyl methyl group, teri-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



trialkenylaluminums such as those represented by the formula
(i-C,H,)Ady£&;Hn), (wherein x, y and z are each a positive number, and
zR2x) with examples including 5 triissbrenyialuminurd alkylaluminum
alkoxides such as isobutylaluminum methoxide, isobutylaluminum

ethoxide. and isobuRlurinu isoponoKider, .o, dialkylalyminum
alkoxides such as dimethy t

aluminum 10 methoxide, diethylaluminum
ethoxidecand dibatylalamiruay butoxide)valkytalwminennr sesuiatkexides
such as ethylalyminym, sesquiethoxide and,butylajuminum sesguibutoxide;
partially alkoxylated alkylaluminums such as those Ihhaving an average
compositior represeritdd hy'Ra 25AL(OR)0.5rdialkylalamindirraryloxides

SUC@ as 953 hy@HQ% m.Q ?HQ@Q Cyrou , and triethyl silyl methyl
diethylaﬁum%)num(2,6llf}j!’iiet-b8tyl-4-r%e?hylgheﬁoxidee)t, ¥h syl methy

ethylalumirambis(2:6-ditrbttylcd=methylptedoxidey, 20-hvl group,

diisobutylaluminum(z,0-dist:butyl-4;methylphengxide) and,  chenyt
isobutylaluminumbis(2,6-dietsbuty1-4-methylphenoxide);

dialkylatiminuiealidescsactag dirvstiylalaminurie ehlorideve: and
diethylaluminym.chloride, dibutylaiyminumghloride, diethylaluminym

bromide and diisobutylaluminum chloride; SF-2255 61 alkylaluminum
sesquilalities B ‘ag Etiylainmiritnt sestuichibride! Batyrdumiftin

Sesqu'@Q&%@OQ@&QM@W'JH%”%&%‘%%LQMQ%WO or more xinds.
[0087]
Specific examples of the organcmetallic compound (C)
include:

i5 organcrmagnesium ceompounds such as dibutyl magnesium,

and dihexyl magnesium,
organozinc compounds guch as dimethvyl zinc, diethylzing,
dipropvl zing, diiscpropyl zinc, dibutyl zinc, diphenyl zinc,
dibenzyl zinc, and bis(trimethylsilylmethyl)zinc;

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

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



partially halogenated alkylaluminums such as 5 alkylaluminum dihalides
including ethydaluminum dichloride, propylaluminum dichloride and
butylaiuminum dibromide; dialkytaluminum hydrides such as
diethylaluminum hydride and dibutylaluminum hydride; partially

hydrogenated alkylaluminums such as 10 alkylalyminum dibydrides
including ethylaluminum dihydride and propyialuminum dihydride; and
partiallyatkoxytated afddrhgiogenated alkylaluminums-sachvasbuty!

ethylaluminum.ethoxyehlaride, bytylaluminum butoxychloride and,,
ethylaiuminum ethoxybromide. 15[0107] Compounds analogous to
(0-1a) aremalsereniployaliie:Exarnplesofsireh compoundd inchide!

organoaluminym compounds whereintwogrmorealuminumecompaunds
arebondedviaa nitrogen atom, such as (C2H5)2A1N(C2H5)A1(C2HO02.

20[0108} uninExaniplesof theréompaundsshelonging to {BAs)irielude

LiA1(021-104.and LHALGZHL04,, ., Examples.of other compaunds as
the organometallic compounds(0-1)include methyllithium,ethyllithiump

SF-2255°62"propyilititidnt butlitiim. MethyitagneSiehBrémite
methylmagnesiumchlaride ethylmagpesiumbromide, nyaride;  and
ethylmagnesiumchloride,propylmagnesiumbromide,
10  organcgallium compounds such as trimethyl gallium, triethyl
gallium, tripropyl gallium, and tributyi gallium.
0098}
In the present invention, as the organometallic compound
(C), a single kind of compound can be employed solely, but as
15 needed, two or more kinds of the organcmetalilic compound {C}
different in structure can be combined and emploved.
(00997
Regarding these organcmetallic compounds, it has been
known that mixing organometallic compeounds having the same
20 metal allows substituent exchange to proceed., Inother words,
employing two or more kinds of organometallic compounds having
the same metal in an arbitral ratio can result in the effect

of providing an organometallic compound having an arbitral

substituent in an arbitral ratio.



propylmagnesiumchloride,butylmagnesiumbromide, 5 butylmagnesium
chloridedimethyl magnesium, diethyl magnesium, dibutyl magnesium, and
butylethyl magnesium. [0109] Cofnbinations of compounds capable of
forming the above organoaluminum compounds in the system are also
employ?&lg:o 10 with examples including a combination of aluminum halide
and alkyllithium and a combination of aluminum halide and
alkylmagnesiiim - GfthreargamnonretaliceempoumdsC- 1) tiye or more
organoaluminum.eompoynds are prefetaple. The organometallic 15
compounds (0-1) are used singly, or two or more kinds are used in
combinatiri 2011 0] THe crganeakr At dx3Aomoants(0vZy may be
conyentignalalyminoxanesqrhenzene:insoluhle . 20.organgaluminum
oxy-compounds as described in J5-A-502-78687. For example,
conventioiaf altimrexanecean bé prépated Dy the follbWing Frotesses,
and is ganerally Qbtained as.g.salution.in ahydrocarbon salvant.s .
SF-2255 63 (1) An organoaluminum compound such as
trialkylalGmiffiim i§cadefsd to' &hydrdcarben itedidrt siispetsion ¥f-a
compoundgentaining water of adsorption or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, copper 5 sulfate hydrate,
alutfiinum sulfae heratemsiekel stifa Hdrateof cerdtis ¢horide

hydrate, tQ.allow, the: organoaluminunm.compoundLtoyeact with theswater of
adsorption or the water of crystallization.

such as halogen metal exchange and metal exchange.

Co-catalyst Component (D)

15 In the method for producing 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 organcemetallic compound {C}. 1In apreferable
embodiment of the production, together with 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,

(D-2) an organcaluminum oxy-compound, and



(2) Water, ice or water vapor is allowed to directly act 10 on an
organoakia#rum compound such as trialkylaluminum in a medium such as
benzene, toluene, ethyl ether or tetralydrofuran. (3) An organotin
oxide such as dimethyltin oxide or dibutyltin oxide is allowed to react with
an organoaluminym 15 compound such as trialkylaluminym,in.a.medium
such as decane, benzene or toluene. [0112] The aluminoxane may
containasmalt amdant gitarcorgairometallic component.Further, the
solvent R}ﬁE‘E? 20 unreacted organoaluminum compound may be distilled
off from the solution of aluminoxane collected, and the distillate may be
redissolved in‘& ol 6 saspendedin 'z poorsolventfor thgeound
alur@'”%&@@@dé%&%’]o%é%%?é &%{poundg)@r@%g)flthe.? pr&qn% l"hrpinum
compounds used In the preparation of aluminoxanes include the
organoaluiiauttréethpoaRas deséfibed whove! for the organoaluminum
COI’T]pOUI’]dS bgjoﬂgIngrggn(gég—@*)irﬁmjéo{l}ound@fm@emgd by the
trialkylaluminums and tricycloalkylaluminums are preferable, and
trimethyEiaMindmisipartictiafy préferable. The orgarnialuminum

compounds afg uses,singly, or fwo:ermare kinds are Used.p:combination.
10[0115] Examples of the solvents used in the preparation of

alurfiindXaRed ingladesarotmatit hydroeathtils Stttk astenzenés toluene,
xylene, cumene and cymene;aliphatic hydrocarens such-as-pestane,
hexane, heptane, octane, decane, dodecane, 15 hexadecane and
octadeGdfig: dficyRIie hytfrdcarbons such'as cydiopéntane, séyciohekane,
cyclooctape:ang.methylcyelopentane; petreleum fractions such as
gasoline, kerosine and light oil; and halides such as chlorides and
bromides fthese aromatic, aliphatic and alicyclic

15 (D-1b) 2lkvyl complex compounds containing a Group 1 metal
of the periocdic table and aluminum and represented by the
following formula: Df.EZEAJ..Ra‘q

Tn the formula, IvI2 is Li, Na or K; and R is a hydrocarben
group having 1 to 15 carbon ateoms, and preferably 1 to 4 carbon

20  atoms.

[01C4:
{D~1c} Dialkyl compounds containing a Group 2 or Group
12 metal of the periodic table and represented by the following

a_n 3
formula: RR M



20 hydrocarbons. Ethers such as ethyl ether and tetrahydrofuran are also
employabiez:Of the solvents, the aromatic hydrocarbons or the aliphatic
hydrocarbons are particularly preferablle. [0116] SF-2255 65 The
benzene-insoluble organoaluminum oxy-compound contains an Al
component WhICh IS solulele i benzene t 60C, usua Jdn n an amount of

Iame a

not more than 116% prefle bfy not more than 5A> an partlcu rfy
preferablpmotmerettivan 29 iorteeavy 5 ofvAr atorhoThatys, thelng 1

benzene:ingoluble,organoalymipun.oxyrcompoynd s preferably insoluble

or hardly soluble in benzene. [0117] Examples of the
organoafummmrm oxy=campounds further 10 include boron-containing
organoalunpinum oxy-compounds represented by the following formula
(Ill): [0118] [Chem. 32] R3a R31R31 A1-0-B-0 -Al R31R31 (EC

Bxamples of the organcaluminum compounds (D-la)
include:
organcaluminum compounds represented by the following
formula: R:Al(ORb)}
10 In the formula, R and R may be the same as or different
from each other, and are each a hydrocarbon group having 1 to
15, and preferably 1 to 4 carbon atoms: and m preferably
satisfies 1.55m<3;
organocaluminum compounds represented by the following
15 formula: RO AIX,
In the formula, 2 is a hydrocarbon group having 1 to
15 carbon atoms, and preferably 1 to 4 carbon atoms; X is a
halogen atom; and m preferably satisfies O<m<3;
organcaluminum compounds represented by the following
20 formula: R ALH,
In the formula, R is a hydrocarbon group having 1 to
15 carbon atoms, and preferably 1 to 4 carbon atoms; and m
preferably satisfies 2<m<3; and

organcaluminum compounds represented by the following



N 15In the formula, R is a hydrocarbon group having 1 to 10 carbon
atoms; and4R31 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. [01191 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-formuta:(hv; [§120] $@m.e§31]eF%3@e-aB (@ E)2rbA) 5 (in

the formulg, 830 is,the RO as,descrined.ahoye), .. 1 foireact with

an organoaluminum compound in an inert solvent at a temperature of
-80C to'foemitemperature forminbte tb 24 hoarsundetrtan ihert gas

atmosphere; 10Examples of the alkylboronic, acids represented by the
0£g<3 and m + n + g = 3.
[01086]
Specific examples of the organcaluminum compound
belonging to [D-la) include tri(n-alkyl)aluminums such as

10 trimethylaluminum, triethylaluminum, tri(n-butyl)aluminum,
tripropylaluminum, tripentylaluminum, trihexylaluminum,
tricctylaluminum and tridecylaluminum;

branched-chain trialkylaluminums such as
triisopropylaluminum, triisocbutylaluminum,

15 tri{sec~butyl}aluminum, tri{tert-butyl)aluminum,
tri{Z-methyibutyl)aluminum, tri{3-methylbutyl)aluminum,
tri{Z2-methylpentyl)aluminum, tri{3-methylpentyl)aluminum,
tri{d-methylpentyl)aluminum, tri{Z-methylhexyl)aluminum,
tri{3-methylhexyl}laluminum and tri(Z-ethylhexyl)aluminum;

20 tricycloalkylaluminums such as tricyclohexylaluminum
and tricycloocctylaluminum;

triarylaluminums such as triphenylaluminum and
tritelylaluminum;

ialkylaluminum hydrides such as diilscbutylaluminum



general formula (V) include methylboronic acid, ethylboronic acid,
isopropyiberenic acid, n-propylboronic acid, n-butylboronic acid,
isobutylboronic acid, n-hexylboronic &tid, cyclohexylboronic acid,
phenylboronic acid, 15 3,5-difluoroboronic acid, pentafluorophenylboronic
acid angygg-épei;s(trifluoromethyl)phenylboronic acid. Of these,
methylboronic acid, n-butylboronic acid, isobutylboronicacid,
3,5-difluorophenyiForohi¢ weid and wentafltioropherydbororicoacidare

preferable. These arg used singly, Qr.twa or.mare 20 kinds are, used in

X ¥

combination. [01211 I%xamples of the organoaluminum compounds to be
reacted-with the atkytoerenic acits includesthie srgansbalbminum SF-2255

67 compoynds,described ahove for the organoaluminum compounds
belonging to (D-1a). [0122] Of these, the trialkylaiuminums and 5

tricycloalkylalatiitanis are preferabie, and afmetHaiimimame

triethylaluminum and.triispbutylaluminusn: are particularly, preferable.
These are used singly, or two or more kinds are used in combination.

[0123] ToThHeBrgafioaluminum oxy-compounds (0-2) mentioned above are

used singly, of;tyye.@F more.kinds.areddsed.in £LOMPINALIORM, minuwhNE
compounds (D-3) that react with the transition metal compound to form an

ion'pairHéreirafter . ealled  idrizBdidnic Compodnts'y aretotipounds
that reagtwith:the transition

alkylaluminum sesgulalkoxides such as ethylaluminum
segquiethoxide and butylaluminum sesquibutcoxide;
partially alkoxylated alkylaluminums such as those
15 having an average composition represented by RELSAI(ORb)D5:
dialkvlialuminum aryvloxides such as diethylaluminum
phenoxide,
diethyvlaluminum{z, 6-di-t-butyvl-4-methylphencxide},
ethylaluminumbis (2, 6-di-t-butyl-4-methylphenoxide},
20 diiscobutylaluminum(2, 6-di-t-butyl-4-methylphenoxide) and
iscbutylaluminumbis (2, 6-di-t-butyl-4-methylphenoxide);
dialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chioride, dibutylaluminum chloride,

diethylialuminum bromide and diiscobutvylaluminum chloride;



15 metal compound represented by the general formula (A) to form an ion
pair. Exammgsies of such compounds include Lewis acids, ionic compounds,
borane compounds and carborane cdmpounds as described in
JR-A-1101-501950, JP-A-H01-502036, JP-A-H03-179005,

JR-A-503-179006, 10082014 103,20 JF-A-HO3:202704, and U.S.
Patent No. 5321106. Heteropoly compounds and isopoly compounds may

also be enmployed- {124} The luewisrasidsuindlbele ¢ompounds
represented by BR, (R, Sf:2235 68 such as fluorine, methyl group or

trifluoromethyl group). Specific examples include trifluoroboron,
triphenylborofz tHis{4ifluorbphenydybeten. ris(3 Sudiffustophenyl)boron,

tris(4-flueromethylphenybaron, 5. tris(pentafluarophenyhboron, ..,
tris(p-tolyl)boron, tris(o-tolyi)boron and tris(3,5-dimethylphenyl)boron.

[0125] rorThe fomiecompotmds include dormpoarts represrited by the

following general formula (V): 10[0126]{Chen. 341 R34,1.R32-R33-8R35

R3 32
hydride and dibutylaluminum hydride;

partially hydrogenated alkylaluminums such as
10 alkylaluminum dihydrides including ethylaluminum dihydride
and propylaluminum dihydride; and
partially alkoxylated and halogenated alkylaluminums
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.
15 [0107]
Compounds analogous to (D-la) are also employvable.
Examples ¢f such compounds include organcaluminum compounds
wherein two or more aluminum compounds are bonded via anitrogen
atom, such as (CQHS)zAlN{CZHS)Al(C2H5)2.
20 [6108]
Examples of the compounds belonging to (D-1b) include
LiAL(C,H), and LiRL{CH ),
Examples of other compounds as the organometallic

compounds (D=1} include methyllithium, ethyllithium,



In the above formula, R is, for example, H carbonium cation, oxonium
cation, ammonium cation, phosphonium cation, 15 cycloheptyltrienyl
cation, or ferrocenium cation haying ¥ transition metal. [0127] R33to
836 may be the same as or different from one another, and are each an

organic ngr%upl .and Qrefekgatbly ap.ar ¥I groy hw H%rga;%gbﬁltut&d%r)ggroup

Examples of the carbonium ‘Cations include tri-substituted carbonium
cations=sithlass'SFL2255 69 triplienylcatbomiumreation, tri {avetyylphenyl)

carboniym.cation ang tri (gqpoe}hylphenﬁ@ dggmgguggnu%atlorhrlo%%ﬁl

Examples of the ammonium cations inc 5 trialkylammonium cations
such agtriméthylamnioniurreation; triethylammoritnfcationoride,

tripropylammaonpium gation, fribytylammoniym cationand gieeny
tri(n-butyl)ammonium cation; N,N-dialkylanilinium cations such as

N, N-dimtegrgranilinitify Eation 3N NUdiethyamitiniify tationand 10
N,N,2,4;9-pentamethylanilinium cation; and dialkylammonium cations such
as di(isopropyl)ammonium cation and dicyclohexylammonium cation.
[0129] Example® Gfthe phosproritiiscations nelutdemss the above

triarylphesphonikm. cations.skeh as triphenylphosphonjum.caion.,
trilmethylphenyl)phosphonium cation and tri(dimethylphenyl)phosphonium
Caﬂ8r1 ﬂiigcwﬁmmﬂes incgluding a combination of aluminum halide and
alkyllithium and a combination of aluminum halide and
alkylmagnesium.
Of the organcmetalliic compounds {D-13, the
crgancaluminum compounds are preferable. The organometallic
15 compounds (D~1) are used singly, or two or mere kinds are used
in combination,
[0110]
The organoaluminum oxy-compounds (D~2) may be
conventional aluminoxanes or benzene-insoluble
20  organcaluminum oxy-compounds as described in JP-A~-H02-78687,
[0111]
For example, conventional alumincxane can be prepared
by the following processes, and is generally obtained as a

solution in a hydrocarbon solvent.



, R Is preferably carbonium cation or ammonium cation, 20 and particularly
preferablytiiphenylcarbonium cation, N,N-dimethylanil nium cation, or
N,N-diethylanilinium cation. [0131] EXamples of the ionic compounds
further include SF-2255 70 trialkyl-substituted ammonium salts,

N,N-dialkylaniliniym salts, dialkylammonium salts.and triarylphosphonium

salts. [0132] Specific examples of the trialkyl-substituted ammonium 5
salts inclidéetriethylamroristhctetraphenyliserate ctripfopylarmpiohium

tgtraphg@y{@g@ﬁg, JQ&QE%&IMQEQB@&U@ EQQQP@QQNJQB{B}%WC@ of
trimethylammonium tetra(p-tolyi)borate, trimethylammonium

tetra(o-tolyifigorate - titn-lsutyh) anmenidmtetralpentafiliGroptigiiyhborate,

10 tgpropylammenium. tefrafo,p:dimethylphenyhorate, .1 suirate
tri(n-butyl)ammonium tetra(m,m-dimethylphenyl)borate,

tri(n-buAYammGRiAT tefrafptfififorafietiyl plreAytiofate,

tri(n-butyllammonium. tetra(3.5-ditriflliaromethylphenyl) barate and.,
tri(n-butyl)lammonlum tetra(o-tolyl)borate. 15[0133] Examples of the

N,N-diafKylaiilitfitith SaltstitcRide’REARdimethylanilinium tetraphenylborate,

N,N- dIethylanllimwmJ@trw%y‘lilggfaﬁlgp@p(is allowed to directly act
N, N02 ,4,6-pentamethylanilinium tetraphenylborate. 20[0134]

on an organoaluminum compound such as trialkylaluminum in a
medium such as benzene, toluene, ethyl ether or
tetrahydrofuran.
{3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organcaluminum
15 compound such as triaslkylaluminum in & medium such as decane,
kenzene or tcluene.
[0112]
The aluminoxane may contain a small amount of an
organocmetallic component. Further, the solvent or the.
20  unreacted organcaluminum ceompound may be distilled off from
the solution of aluminoxane collected, and the distillate may
pe redissoclved in a solvent or suspended in a poor solvent for
the aluminoxane.

[0113]



Examples of the dialkylammonium salts include di(1-propyl)ammonium
tetra(pefitafhddrophenyl)borate and dicyclohexylammonium
tetraphenylborate. [0135] SF-2255 7t Examples of the ionic compounds
further include triphenylcarbenium tetrakis(pentafluorophenyl)borate,

N,N-dimethylapilinium tetrakis(pentaflugrophenyblorate, fefrogenium
tetra(pentafluorophenyl)borate, 5 triphenylcarbenium

pentaphenyicyeloperttadienyt tomiplex, R Ntieth§tarfiliafaas - uminun

pentaphenylcyclopentadienyl.complex, and boron cempounds septesented
by the following general formula (V1) or (VII). [0136] 10[Chem. 35] (in the

formula? Eptenetés éthyFgroup.) [0137] [Chem. 36]
5 (02143

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

10 [0115]

Examples of the solvents used in the preparaticn of
aluminoxanes include aromatic hydrocarbons such as benzene,
toluesne, xylene, cumene and cymene; aliphatic hydrocarbons
such as pentane, hexane, heptane, octane, decane, dodecane,

1%  hexadecane and occtadecane; alicyclic hydrocarbons such as
cyclopentane, cyclohexane, cyclococctane and
methyleyclopentane; petroleum fractions such as gasoline,
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 also empioyable. Of the sclvents, the aromatic
nydrocarbons or the aliphatic hydrocarbons are particularly
preferable.

[011le&]



Examples of the borane compounds include: decaborane (14); salts of
anions gttt s bis[t (n-butyl)Jammonium] SF-2255 72 nonaborate,
bis[tri(n-butyl)ammonium] decaboraté? bis[tri(n-butyl)ammonium]
undecaborate, bis[tri(n-butyllammonium] dodecaborate,
bis{tri(n-buty)ammaniym];decachloradecaborate,and 5 conpound
bis[tri(n-butyl)Jammonium] dodecachlorododecaborate; and salts of
metal betare Eniens: strehcas i (i-tityh amiriorfil Penzene at 60°C,
bls(dOdz?%ergrld%qog‘%G@ngart@*} 999@@-@;@ iHLD), agl}gferably not more
bis[tri(n-butyl)Jammonium] bis(dodecahydridododecaborate) nickelate (111).
10[01 38 Examples f the ¢arbo e Eempaands Rdiie? salts v énions
such as,4-garbanonaborane (14),2.3-dicarhanopabarang. (13} nur
6,9-dicarbadecaborane (14),
dodecah§iiaBRrpRenyIFr S dicarbandnatiorane, Mesdty soluble in
dodecafydrido-l-methy1-1,3-dicarbanonaborane,
undecahydrido-1,3-dimethy1-1,3-dicarbanonaborane,
7,8-dicdrbauhdecaborane (13), 2,7-dicarbaundecaborane (13),
undecahydride:£:8rdimethyl-7.8-dicarbaundecabaranends turther
dodecahydrido-11-methyl-2,7-dicarbaundecaborane, 20
tri(3%butyIfamh SRR Carh adEcabrAtR! vt o oxy-compounds
tri(n-butyd)}ammoesium--earbaundecaborates (111 :
tri(n-butyl)ammonium-I-carbadodecaborate,

tri(n-but& 'éﬁ'imonium-l-trimethylsiIy1-1-carbadecaborate,
tri(n-butyd}ammuaniumbromo-l-carbadodecaborate, SF-2255

RB‘E R3O RZH
/
N“"O"‘"B—O——AE = 4w (m}
4 \
R31 R31
15 In the formula, R3D is a hydrocarbon group having 1 to

10 carbon atoms; and Rsl may be the same as or different from
one another, and are each a hydrogen atom, a halegen atom, or
a hydrocarbon group having 1 tc 10 carbon atoms.
[0119}

20 The boron-containing organoaluminum oxy-compounds

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



73 tri(n-butyl)ammoniu -6-carbadecaborate (14),
tri(n-budflyammonium-6-carbadecaborate (12),
tri(n-butyl)ammonium-7-carbaundec§60rate (13),
tri(n-butyl)ammonium-7,8-dicarbaundecaborate (12),

tri(n-butyl)ammonium:2.Y:dicarbaungdecabarate.(12), thith-putyllammonium
dodecahydrido-8-methyl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium
undecahs/dridd-8Lethyl-7,9-dicarbaundecaborate, 10 tri(n-butyl)ammonium
undecahygdrigdo-B-butyl-7,9-dicarbaundecaborate, tri(n-butyl)ammonium
undecahydrido-8-ally1-7,9-dicarbaundecaborate, tri(n-butyl)ammonium 15
undecahydido9ttrimethylstly1-7,8-dicarbaundecaborate and
tri(n-butyl)ammonium undecahydrido-4,6-dibromo-7-carbaundecaborate;

and @@s-ngmtg carborane anioggiguch as tri(n-butyljammonium 20
bis(nonahydrido-1,3-dicarbanonaborate) cobaltate (llI),

tri(n-butyl)ammeniym bisfundecanydridos 7,8:dicarhaundecabarate) ferrate
(1), tri(n-butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborate)
cobaltate (I11) F°SEP255172 fi(sGRAjaMntoRiGRiponnd i an wnert
bis(undesahydrido.73rdicarhaundecabarate): pigkelate (M} for 1

tri(n-butyl)ammonium bis(undecahydrido-7,8-dicarbaundecaborate)
cupraIeWﬁﬁﬂFe to 24 hours under an inert gas atmosphere.

10 Examples of the alkylboronic acids represented by the
general formula (IV) include methylboronic acid, ethylboronic
acid, isopropylboronic acld, n-propylboreonic acid,
n-putylboronic acid, isobutylboronic acid, n-hexylboronic
acid, cyclohexylboronic acid, phenylborenic acid,

15 3,5-difluorcboronic acid, pentaflucrophenylboronic acid and
3,5~pisg{triflucoromethyl)phenylboronic acid. Of these,
methylboronic acid, n-butylboronic acid, isobutylboronic acid,
3,5-difluorcphenylboronic acid and pentaflucrophenylboronic
acld 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 alkylboronic acids include the crganoaluminum



5 tri(n-butyl)ammonium bis(undecahydrido-7,8-dicanbaundecaborate)
curate AfM)2#ftn-butyl)ammonium -
bis(nonahydrido-7,8-dimethy1-7,8-dicarbaundecaborate) ferrate (lll),
tri(n-butyl)ammonium 10
bis(nonahydride-7.8-dimethyds7.8:dicarhaundecahorate) chremade (1),
tri(n-butyllammonium bis(tribromooctahydrido-7,8-dicarbaun ecaborate)
cobaltat& (1§ tfisftti(rbiityl)ammonium]
bis(undegahydrido-7-carbaundecaborate) chromate (lll), 15
bis[tri(n-butyl)ammonium] bis(undecahydrido-7-carbaundecaborate)
manganate (I%), ‘Bstri(FButyhammonitmyes 224
bis(endecahydsiday7-carhaundacabaerate).copaltate (M) andiuninum,
bis[tri(n-butyl)ammonium] 20 bis(undecahydrido-7-carbaundecaborate)
nickelate’ (A7) {0238] " “FAe"hetetopoiy compEuRas Eontaitdn’dtom
selected-frespssiliconyphesphorks; titapiym ~germanium;arsenicandtin,
and one or more atoms selected from vanadium, niobium, molybdenum
SF-2255"&hd Wung&tel - EXamples of such compounds include, although
not limited:hereto, phosphovanadic acid, germanovanadic acid,
arsl%novanadirg acid, pholsphoniobic_acid, gegmarlcz)niobigaci%,
siliconomolybdic acid’ phoSphemolybdieacid; titanomolybdim 5 acid,
germanamaebdadicracid, arsenemobybdicracid; starmaomebytedic acid,
phosphotungsfic acid, germangtungstic acid, stannotungstic acid.
phosphomolybdovanadic acid; phosphotungstovanadic acid,
germanotungstovanadic acidyphlesphomelybdotungstovanadiciaeid, 10
germanpmolybdotungstovanadic acid, phosphomalybdotungstic acid,
SO A ot A o thite s S o s e ot hese
acids withr metatsok-Groop=4cot Group-2 ofthesperiodittabletsuthas
ithium, sodium, potassium rubidium, cesium, bervllium, magnesium.
calcium, strontium and barium; 15 and organic salts of the above acids

such asitpﬁp’;h@qyj:@ﬂqyl]ss&ﬂgﬁ[@lzt@@ounds and carborane compounds as

described in JP-A~H01-501950, JP-A-HO1-50203%¢,
JP-A-H0O3-17%005, Jp-A-HO03-172006, JP-A-H03-207703,

20 JP-A-H{3-207704, and U.S5. Patent No. 5321106. Hetercopoly
compounds and isopoly compounds may alsc be emplovyed.
[Qr24]

The Lewis acids include compounds represented by BR, (R

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



The above (0-3) ionized ionic compounds are used singly, or two or more
kinds are-itsed in combination. 20In the production of the organometallic
compound (1) of the present inventioty, the transition metal. compound (A)
may be used singly. Alternatively, with the transition metal compound (A),
at least.one co-catalyst component (B) selected from the; ojganometallic
compound (0-1), the organoaluminum SF-2255 76 oxy-compound (0-2),
and theseem pourda(@-3F that reacts Withotre transitioprhvetabeornpound to
form an,jan paimay he.used 911 < 5 s-404Ne prgsent ipyention, the
organometallic compound 5(C) and the co-catalyst component (D) maybe
the santeicompeoundrSarier(E). ) Porim the production of the
org%nom@ggnggme%rgg@%ﬁ. of the preseng inventian, with the transition
metal compound (A), 10 and optionally with at least one co-catalyst
comporiéat (0)tselected frotnthe Brianometallic eompoantd(0-1), the
organoalyminum oxy-compound (0-2), and the ionized ionic compound
(0-3), a carrier (E), described below, and/or an organic compound
component (FY;dexdriisetirfatets éan b FSRitther iedas ifdédeds (0142
The carfigr (£).s an.ingrganic. oL ap,prganic compound in the form of
granular or fine particulate solid. Preferred inorganic compounds include
pordus okides, 20 inorganic halides, clay minerals and ion-exchange
layered gampounds excluding the clay minerals. Examples of the porous
oxides include Si02, Al203, MgO, 3rD, Ti02, B203, CaO, ZnO, Sae, Th02,
and complex compeggnds or mixtures containing these oxides, such as
natural g synthetic *golite, 5i02-Mg0, Si02-Al203,

Re2 £33 e R ——— 3% e . (V)

RBES

In the above formula, R32 is, for example, Hﬂ carbonium
cation, oxonium cation, ammonium catlon, phosphonium cation,
15  cycloheptyltrienyl cation, or ferroccenium cation having a
transition metal.
[0127]
Rﬁtmifsmaybethesameasordifferentfromoneanother,
and are each an organic group, and preferably an aryl group
20 orasubstitutedaryl group. Examples of the carboniumcations

include tri-substituted carbonium cations such as



SF-2255 Si02-Ti02, 3i02-V205, Si02-Cr202 and Si02-Ti02-Mg0. Of these,
compouwids2ééntaining Si02 and/or Al202 as a main component are
preferable. [0143] 5The inorganic oxitfes may contain small amounts of
carbonate, sulfate, nitrate and oxide components such as Na2003,
K2CO3, CaCO" MICO3,Na2S0" Al2(504)3, BasO4, KNOZ: Mo(NO2)2,
AI(NO3)3, Na20, K20 and Li20. [0144] 10The porous oxides have different
properties depefding oritype arid preparativirprocess. The carrier used in
the presgnt jnvention preferably has a particle diameter of 10 to 300 pt.m,
preferably 20 to 200 jam, a specific surface area of 50 to 1,000 m2/g,
preferably 10648"700 m2/g *ant"apore-voldfite T5'0f0.3 to 3.0 cm3/g. If
necessary.,.the carrier.may e calcined at:100:t0. 10006, and. preferably
150 to 700C prior to use. [0145] Examples of the inorganic halides
include M§C 12, MYEMS " ®C12aRdNBr2 ™ THe ihditanic halides maybe
used as.they.are,<0 orL.may:be used after pulyerized.with & ball mill or an
oscillating mill. The inorganic halides may be dissolved in a solvent such

as alcoffol'&hd préchitated asFine patticledwith'a‘precigitating agént.
[0146] Sk-2255:, n-4ibhg,cartier(E) may be clays, and the clays are
usually mainly composed of clay minerals. The ion-exchange
layétedtOnipouhds ardEompbunds Hating a crijstal striétaréwWhdrein
planes formed by.ianic handing. o theulikeare piled:5 emzone another in
parallel with a weak bond strength, and wherein the ions contained therein
are exchangeabia! Most¢8y 1hinéfals are ion-exchange layered
compoundssThe clays, the clay minerals and the ion-exchange layered
compounds are not limited to natural compounds but include synthetic

xamples of the phosphonium cations include
15  triarylphosphonium cations such as triphenylphosphonium
cation, tri(methylphenyl)phesphonium cation and
tri{dimethylphenyl)phosphonium cation.
{01307
R32 is preferably carbonium cation or ammonium cation,
20  and particularly preferably triphenylcarbonium cation,
N, N~-dimethylanilinium cation, or ¥N,N-diethylanilinium
cation.
(01311

Examples of the jonic compounds further include



10 products. [0147] Examples of the ion-exchange layered
compoundszigiclude those having layered crystal structures such as
hexagonal closest packing structure, dntimonystructure, CdC17structure
13 and 0dI2 structure. (0148) Examples of the clay minerals include

kaolin, benton kibushi.clay. .oairome,clay,.allophane, hisingerite, .,

pyrophyllite, mica, montmorillonite, vermiculite, chlorite, 20 palygorskite,
kaolinitez Aaorite 2dickiterandrnaltoysite “Examples ef theion-exerrange
layered cggypounds include salts of polyvalent metals and crystalline acids
such as a-Zr(HAs04)2.H20, a-Zr(H804)2, a-Zr(KPC4)2.3H20,

a-Ti(HPOA4)2, &<Fi(HASO#RL3°1 20 F e SA{MPOY 21020 2 2¢(11504)2,
y-TigHPQ4)2 and, SF-2255,79.%:TiN114004),:H20.[0449] ~ The clays,

the clay minerals and the ion-exchange layered compounds preferably
have a pbrergaiumes as measareersrhpobtes Sthaving arraditis offot less

than 20.A. by aJmercury penetration method, af.not less.than,0.-1.¢¢/g, and
particularly preferably 0.3 to 5 cc/g. The pore volume is measured on

pores havifig aradites of 207 t6 3204 AY by & iiércury penetration method
using a.mereury: porasismeter. 10[04501 - 1w Achieving high polymerization
activity tends to be difficult if the carrier has a pore volume of less than 0.1
cc/f’as mEHSErEd B POty Mevitg & raditiS 6F Abt1EEE than 20 A. Itis also
preferable that.the clays.and the-clay-mingrals 1harg subjacted to
chemical treatments.
tri(n-butyl}ammonium tetra(p-triflucromethylphenyl}borate,
tri(n-butyl)ammenium tetra(3, 5~ditrifluoromethylphenyl)
borate and triin-butyl)ammonium 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]
Examples of the dialkylammonium salits include
di{l-propyl}ammonium tetra(pentaflucrophenyl)borate and

dicyclchexylammonium tetraphenylborate.

[0135}



[0151] Any chemical treatments, for example, a surface treatment to
removesimpifities on the surface and a treatment to modify the crystal
structure of clay minerals, are 20 employable. Examples of such chemical
treatments include acid treatment, alkali treatment, salt treatment and
organic substange, treafment. The acid freatment remoyes impurities from
the surface and also causes the elution of cations such as Al, Fe and Mg
in the CF%P&IESE’M@W{G“Inﬁ@ﬁé@%ﬁ@@@ﬁmcs}lm@?%%@tarea The
alkali treafment. destrays the crystal structure of clay io,bring about change
in the structure of the clay. The salt treatment and the organic substance
treatmerfEpreerice, F6FEXa/MPIE, oMy compositess-
molecularcompesitesararganic H.dervativesdo.change the surface area or

the interlayer distance. [01521 The ion-exchange layered compound
may bealiafered ‘Eaidpotiid SRNWFEH therekerargesire’ ichg hétween
layers have.10.heenexchanged.with other latge and, brlkydons utilizing
ion exchange properties to enlarge the distance between the layers. The
bulky iot&PIEY &'pill&E-IIKE toll to support the layered structure and are
generallycalled pillars. The introduction of other substances between
layers of a layered compound is 15 called intercalation. Examples of the
guest compbunds to be intercalated include cationic inorganic compounds
such as Ti014 and Zr014; metal alkoxides such as Ti(OR)4, Zr(OR)4
PO(OR)3 and E(OR)3 (R“% & hydrocarbon group or the like); and 7, metal
hydroxid%@{%gg}asﬁc 14804(0OH)34] , [Zr4(OH)441and

cFy /2 Vo

{in the formula, Ef denotes ethyl group.)

[0137]
[{Chem. 36]
CFs
@& 9
Na B
(Vii}
CFs

i5
Examples ¢of the borane compounds include:
decaborane (14);

salts of anlons such as bis[tri (n-butyl)ammconium]



20 [Fe30(000083)61 . These compounds are used singly, or two or more
kinds aretiged 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)4, Al (OR), and Ge(OR)4 (R is a

hydrocarhop group or fhe like),or, SE:¢202,81 inthe presence of colloidal
inorganic compounds such as Si02. Examples of the pillars include oxides
producedByintereatatiomofthe abovermetalhydroxide ions between

layers followed, by, thermal dehydration..pl0153]  The clays, the clay

minerals and the ion-exchange layered compounds may be used as they
are, or iiaye Gsed aftersubjettett tocbatt-ailiig o siéving or the like.

Morgover, they may. be used after sublected.to.water.adsorption or
thermal 10 dehydration treatment. Furthermore, they maybe used singly,

or two or mor&kirtds nigy Pelirseerin toftbitiations [0154] Of these

inorganic compeynds.the.clay minerals are preferable. and
montmorillonite, vermiculite, hectorite, 15 tenorite and synthetic mica are

particul&PR7 preférable! BrANMptés-of the drgafit ¥éripounds employable

as the canier{B.include granular orfing particulate:selid compounds
having a particle diameter of 10 to 300 pm. Such compounds include

(cojPolyriefs produced using a-olefins 20 having 2 to 14 carbon atoms

such as ethylepg,-prapyleng, L-butene andA-methyl-l-pentene as a main
component, (co)polymers produced using vinylcyclohexane or styrene as
a main compdfient, dndiodifféd prodticts B thegE pBiyméts: SF-2255

1, 3~dicarbancnaborane (13), 6,9-dicarbadecaborans (14},
dodecahydrido-l-phenyl-1, 3-dicarbanonaborane,

15  dodecahydrido~1l-methyl-1,3~dicarbanonaborane,
undecahydrido-1, 3-dimethyl-1, 3-dicarbancnaborane,
7,8~dicarbaundecaborane {13}, 2,7-dicarbaundecaborane (13},
undecahydrido-7, 8-dimethyl-7, §—dicarbaundecaborane,
dodecahydrido~1ll-methyl-2, 7-dicarbaundecaborane,

20 “ri{n-butyl)ammonium-lil-carbadecaborate,
trifn-butyl)ammoniuvm~l-carbaundecaborate,
tri(n-butyl)ammonium~l~carbadodecaborate,
trifn-butyl)ammonium-i-trimethylsilyl-l-carbadecaborate,

tri{n-butyl)ammoniumbromo~l-carbadodecaborate,



82 Organic Compound Component (F) The organic compound
comporint{R is optionally used to |mprove catalytic performance.
Examples of the organic compound intlude, but are not limited to,
alcohols, phenolic 5 compounds, carboxylic acids, phosphorus

compounds.apd sulfanates, [0135] ... . As.the alephols, those represented
by R40-0H are usually employed. Here, Rm is a hydrocarbon group

having 10! 50°¢arbGRmt0 datofs2 bradtraksgenatet! hydrocarbon group

having 1,10, 20,carbon.atams- Thosesepresented bysthe above formula
wherein R40 is a halogenated hydrocarbon group are preferable. [0156]

As the pRéfiolit conpBemds; those reptesenRted By Rx GH 15 are usually

employed: Here. as Rx.these wherein the 0.&:pesition:in the hydroxyl
group is substituted with a hydrocarbon group having 1 to 20 carbon

atoms are preférab1&8™[o57] As the carboxylic acids, those represented by

R41-CQQH20,areusually gmployed .Rhds.ahydreecarbon group having 1
to 50 carbon atoms, or a halogenated hydrocarbon group having 1 to 50
carbon htoMs™did parictiirly preferably a halogenated hydrocarbon

group having:i,to h0 catham atoms: [Q158]..8F:2255 83 As preferred

phosphorus compounds, phosphoric acids
tri(n- butyl)ammonlum

undecahydrido-8-butyl-7, 9-dicarbaundecaborate,
tri{n-butyl)ammonium
undecahydrido-8~allyl~7, 9-dicarbaundecaborate,
tri{n-butyl}ammenium

i5 undecahydrido-9-trimethylsilyl~7,8~dicarbaundecaborate and
tri{n-butyl)ammonium
undecahydrido~4, 6~dibromo-T7-carbaundecaborate; and

salts of metal carborane anions such as

tri(n-butyl)ammonium

20 bis{(nonahvydrido-1, 3-dicarbanonaborate) cobaltate (II11),
tri{n~butyl}ammonium
bis (undecanydrido-7,8-dicarbaundecaborate) ferrate (III},
tri(n-butyl)ammonivm

bis (undecahydrido~7,8~dicarbaundecaborate) cobaltate {111},



having a P-O-H bond, phosphates having a P-OR bond, and phosphine
oxide céfpounds having a P-0 bond are preferably employed. As the
sulfonates, those represented by the%following general formula (VIII) are
employed) [0159] [Memo 37] 0 o -s -R4) In the above formula, MI' is an
element of Groups,L.te 10,14 of the periodic table; 1343 is a hydrogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, or a halogenated
hydrocarbonrgreapyaviry 1°16°'20 Carherratenis® [0160T Xissa hydrogen
atom, a.halagen atom,,a hydrocarbon group 15 having 1 to 20 carbon
atoms, or a halogenated hydrocarbon group having 1 to 20 carbon atoms;
m is anintégeref 16 7o ahd 1iSERIMEYEP6F 1 to 7 Production -
Conglitions qf Qrgangmetallic Compound (1) 20In the method for
producing the organometallic compound (1) of the present invention, in the
preseruai%ﬁuﬂﬁgq?ayﬁﬁﬁ%ﬁf7,8wdicarbaundecaborate) aurate (IiI),

tri{n-butyl}ammoniuam
bis (nenahydrido-7, 8~-dimethyl-7, 8~dicarbaundecaborate)
ferrate (III}, tri(n-butyl)ammonium

10 bis (nonahydrido~-7, 8~dimethyl~7, 8-dicarbaundecaborate)}
chromate {III}), tri(n-butyl}ammonium
bis{tribromooctahydrido~7, 8~dicarbaundecaborate) cobaltate
(IT1), tris[tri{n-butyl)ammonium]
bis{undecahydrido-7-carbaundecaborate) chromate {III),

15 pis{tri(n-butyl)ammonium]
pis{undecahydridc-7-carbaundecaborate) manganate (IV},
pis{tri{n-butyl)ammonium}
bis{undecahydrido~-7~carbaundecaborate) cobaltate (III}) and
bis[tri(n-butyl)ammonium]

20  bis{undecahydrido-7-carbaundecaborate) nickelate {(IV}).
[0139]

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

one or more atoms selected from vanadium, niobium, molvybdenum



SF-2255 89 metal compound (A), the dimne compound (B) and the
organo#ntetdlfic compound (C), both of which are raw materials, are
reacted with each other, optionally u%f’ng the co-catalyst component (0),
the carrier (E), and the organic compound 5component (F). [0161] In

the reagtion. a solventmay. be used of, may.not he ysed,but the reaction is
performed preferably in a solution using an inert hydrocarbon solvent.

Examples of-eployaptéinere 1o Ayastartior sefvénts intidde “iliphatic

hydrocarhons.such as propane,hutane.pentang. hexane,heptane,
octane, decane, dodecane and kerosine; alicyclic hydrocarbons such as

cyclopehithriereytiotiegatie andmiethyicydideatafe; Aranmaticy *4:
hydrocarbons such as benzene,; toluene, andxylene; halogenated 15
hydrocarbons such as ethylene chloride, chlorobenzene and _
dichlorothtrfatiéy dhia Atixtur88 Srinese Solvetfts® (01627 “*Phe‘ratio of

the dieng compekind (B 1o the organemetallic compaund (C)q both of
which are raw materials, is such that 20 the molar ratio [(8)1(C)] is

generalfy fifthe 3G 6F & 2°t6 5 “preféfabhy (755t 4 fiidre Preferably 0.6
to 3, stillxpgre.preferablyQ:840,24{0163h, SF-2255 85 amount relative to
the diene compound (B) that the molar ratio [(A) / (ISH is generally in the
rande of 000001 {61 - Srteranty T 0061 00 1S Hdie Hreterahiy 6.001 to
0.05, stilkmore.pseferably Q00510 0.03.sa1ts of these acids such as

salts of these acids with metals of Group 1 or Group 2 of the
periodic table such as lithium, sodium, potassium, rubidium,
cesium, beryllium, magnesium, calcium, strontium and barium;

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

[¢140]
The above {D-3) ionlzed ionic compounds are used singly,
or two or more kinds are used in combination.

20 In the producticn of the organcmetallic 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 co-catalyst component (D) selected

from the organometallic compound {D~1}, the organcaluminum



5[0164] The usage amount of the cc-catalyst component (D) is as
follows s¥Wh&Ers the organometallic compound (0-1) is used, the amount
thereof is such that the molar ratio [(0%1)414'] of the component (0-1) to all
transition metal atoms (M') in the 10 transition metal compound (A) is
generally in the range.of 0.01,10,109000, and preferably 0.05 t0,50000.
When the organoaluminum oxy-compound (0-2) is used, the amount
thereof issstichrthattheardlarratiof(0°2)¢14 Foftheralumfur atém in the
component(p-2) to the transition metal atom (Mr) in 15 the transition metal
compound (A) is generally in the range of 10 to 500000, and preferably 20
to 100000. WHehtheiewized igri¢ ‘compburd (9:3)495*h5ed ~thecaniount
thereof jg such that the malar rafio [(0:3)/141.of the.component (Q;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. [0165] The usage
amount-of the. ofganic compound component (F) SF-2255 86 as the

range of 0.01'to 10, Erd-préférably:0 T 6 T e the*Brganodiuminum

oxy-corppound (0-2) is.used as theco-catalysteomponent {2} the molar
ratio [(F)/(D-2)] is generally in the range of 0.001 to 2, and preferably

0.005 t6"F. Whetithe ighized ioric compaina?(0-3) s tEea as'the”
component{B) the.melarsafia(F)AD-3)Lis.generally;in the range of 0.01
to 10, and preferably 0.1 to 5. [0166] 10In the method of the present
inventioH JiéPrasaiite’ity the"réaction ié not partituldrly 1fitited  and any of
normal pressure, reducedjpressuresandiinereased Pressure is-pessible.
The reaction is usuallyigerformed preferably under an inert gas

atmosphiet&: But sy Be BaFSHed n thé Eopresencesr =

i5 further used as needed.
(0142}
The carrier (E) is an inorganic or an organic compound
in the form of granular or fine particulate solid.
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 5i0,, AL,0,, MgO, Zr0, Ti0,, B,O,, Cald, Zn0, Bal,
ThO,, and complex compounds or mixtures containing these oxides,

such as natural or synthetic zeolite, 5i0Q,-Mg0, Si0,-AL,0,,



15 hydrogen, as needed. If hydrogen is co-present, an organometallic
compound2€ty having a structure in which a hydrogen atom was added in
place of R group or R11 group of théiz)rganometallic compound (C) is
generated. If hydrogen is used, the use thereof is such that the molar ratio

20[hydrogen/(C)] usyally.besomes 0.001:t9:100;;preferably:0-91-t0 50.
Hydrogen may be bubbied in a‘reaction solution. The pressure is not
particularRpfirifte d°alid HR§ of horthal préssute rédticetrprégsuré and
increased. pressure is possible. [0167] SF-2255 The temperature in
the reaction between the diene compound (B) and the organometallic
compourd*C) is usually in the range of -80 to 100C, preferably -30 to
60G; particulagly preferably ;20:t0 2Q¢..The. reaction may.he 5 garried out
in batchwise, semi-continuously, or continuously. The reaction time is

usually FHftate 16 160 Fodrs: preféfably s mifsE s srhaufs-{6168] In
the reaegtion, the-transition metal. compeund, (A)sthe & dieng:egmpound
(B), and the organometallic compound (C), the co-catalyst component (D),
the carriér (&) and-thesrgdic-edimpound component (F), which are
optionallyi:used, can be added and mixed in any order. For example, the
diene compound (8), the carrier (E), the organic compound component
(F), the 15 organsiétallie coimpotnd (Y, tHe co-Latalyst coiionent (0),
and thesiransitionmetatcompeund (A) areaddedyin:this:erder. {@:169]

The organometallis compound (1) of the present invention generated after
the complétishof {i7é TeAction cah Bepunfied 20 &S d&ed by méthods
such assfiltration seerystallization cdigtillationandabsorption. ar example,
a reaction mixture ligquid is subjected to filtration in order to remove
insolubles 'Such 48w/ Carfiet ahth o catalyst rédidide, Bid 18R téFesultant,
a solvent and & remaiting organic compound-areikemeyed tndered
SF-225§t88

100 to 1000°C, and preferably 150 to 700°C prior to use.
[0145]
Examples of the inorganic halides include MgCl,, 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 mill. The inorganic halides may ke dissolved in
a solivent such as alcohol and precipitated as fine particles
with a precipitating agent.

[0146]



reduced pressure. Then, the obtainable is dissolved again in a solvent,
and thessohitibn is subjected to cooling, recrystallization treatment, and the
like. [0170] 5In the reaction to produc7 the organometallic compound (1) of
the present invention, the diene compound (B) and the organometallic

compound (C),.bath of. whigh.are.raw materials,;are.bonded fo.gach other
by an elementary reaction as represented by the following general formula

(this forfitita ¥l OEsiezily sSHows & part ifivoled with*thé¥&action alone,

and thus,does: not.shawthe whale.reaction.) 19171} {Chem. 38)ke.RRe
\111 R --M -R +C,---C-R --M-C --C -- end/or R --M-C -- FeReFe RcFe -C-R
| le 2,1-8ditionI82 SKOWH Y the"absvefdrmtiat the bonthad fofrhs
include J., 2sadditionand.2,1:addition.f the.reaction hetween the.diene
compound (B) and the organometallic compound (C) has proceeded
exclusively By 1 2saddifiof " fhé Gryandrmetatic compotiit (1) gétiérated is
represepted.as shown.in the following 20-genesab formuladi)s Hithe,
reaction between the diene compound (B) and the organometallic
Compodtﬁ\a (éjj}hagnﬁféﬁ%é%d%e ion-~exchange layered compounds are

not limited to natural compounds but include synthetic
10  products.
[0147]

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.
101483

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

20  palygorskite, kaolinite, nacrite, dickite and halloysite.
Examples cof the ion-exchange layered compounds include salts
of polyvalent metals and crystalline acids such as
o-Zr (HASO0,), H,0, o-Zr (HPO,},, a-Zr{KPO,},3H,0, a-Ti(HPO,),,

a-T1{HAsO,),-H,0, a-8n{HPO,),*H,0, y-Zxr (HPO,},, y-Ti(HPO,),; and



SF-2255 89 exclusively by 2,1-addition, the organometallic compound (1)
generate&tt {Srepresented as shown |n the following general formula (iii). If
the reaction between the diene compound (B) and the organometallic
compound (C) has proceeded by 51,2-addition and 2,1-addition,
alternathy1 m@ qugamqmetalllc compound (1) generated is represented as

shown in the foIIowmg general formula (ii). [0172] [Chem. 39] RalCIR5
RII [0149)

The clays, the clayminerals and the lon-exchange layered
compounds preferably have a pore velume, 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
.3 to 5 ce/g. The pore volume is measured on pores having
a radius of 20 to 3><1O/’l A by a mercury penetration methed using
a mercury porosimeter,
10 [0150]

Achieving high polymerization activity tends te be
difficult if the carrier has a pore volume of less than 0.1
cc/g as measured on pores having a radius ¢f not less than 20
A. It is also preferable that the clays and the clay minerals

15 are subjected to chemical treatments.
[0151]

Any 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

20 employable. Examples of such chemical treatments include acid
treatment, alkalil treatment, salt treatment and organic
substance treatment, The acid treatment removes impurities
from the surface and also causes the eluticon of cations such

as Al, Fe and Mg in the crystal structure to increase the surface
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area. The alkall 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, molecular conmposites or crganic
derivatives to change the surface area or the interlayer
distance.
01523

The ion-exchange layered compound may be a layered
compound in which the exchangeable ions between layers have
been exchanged with other large and bulky ions utilizing ion
exchange properties to enlarge the distance between the layers.
The bulky ions play a pillar-like rell to support the layered
structure and are generally called pillars. The introductioen
of other substances between layers of a lavered compound is
called intercalation. Examples ¢f the guest compounds to be
intercalated include cationic incrganic compcunds such as
TiCi, and ZrCi,; metal alkoxides such as Ti{OR}),, Zr(OR},,
PO{OR), and B(OR); (R is a hydrocarbon group or the liks}; and
metal hydroxide ions such as [Al,,0,(0H),,) , [2r,(0H),,]  and
[FeBO(OCOCHE)ﬂi. These compounds are used singly, or two or
more kinds are used in combination. The intercalation of the
above compounds may be carried cut in the presence of polymers
obtained by hydrolysis of metal alkoxides such as S1{OR},,

AL{OR), and Ge{OR), (R is a hydrocarbon group or the like) or
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in the presence of celloidal inorganic compounds such as 510,.
Examples of the pillars include oxides produced by
intercalation of the above metal hydroxide lons between layers
followed by thermal dehydration.

[0153]

The clays, the clayminerals and the ion-exchange layered
compounds may be used as they are, or may be used after subjected
to ball milling, sieving or the like. Morecver, they may be
used after subjected te water adscrpiion or thermal
dehydration treatment. Furthermore, they may be used singly,
or two or more kinds may be used in combination.

{01547

0f these inorganic compounds, the clay minerals are
preferable, and mentmorillonite, vermiculite, hectorite,
tenorite and synthetic mica are particularly preferable.

Examples of the organic compounds employable as the
carrier (B} include granular or fine particulate sclid
compounds having a particle diameter of 10 to 300 pm. Such
compounds include (co)polymers produced using a-clefins
having 2 to 14 carbon atoms such as ethylene, propylene,
l-butene and 4-methyl-l-pentene as a maln component,
(co)polymers produced using vinylcyclohexane or styrene as a

main component, and modified products of these polymers.



\\ Ra-C-RR - C -Re 10RbRI SS-2255 90 The corresponding
relationshipssbetween the substituents in the above formulae (i) to (iii) and
those in the general formula of the oPﬁanometaIIic compound (1) are
indicated in the following Table 1. As indicated in the table, 5 h and p are

each 1 in the occurance of J,4:addition, and are each 0 in the occurrence
of 2,1-adddition. [0173] [Table 1] Formula(1l) RI R2 R3 Re R6

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

5 compounds, carboxylic acids, phosphorus compounds and
sulfonates.
(01551
As the alcohols, those represented by 2"'-0H are usually
emploved. Here,ijfsahydrocarbongrouphaving]‘toSOcarbon
10  atoms, or a halogenated hydrocarbon group having 1 to 50 carbon
atoms. Those represented by the above formula wherein Rw is
a halogenated hydrocarbon group are preferable.
(0156}
As the phenolic compounds, those represented by R*-0H
i5 are usually employed. Here, as R": those wherein the
o, -position in the hydroxyl group is substituted with a
hydrocarbon group having 1 to 20 carbon atoms are preferable.
[0157}
As the carboxylic acids, those represented by R“wCOOH
20  are usually employed. R“ is a hydrocarbon group having 1 to
50 carbon atoms, or a halogenated hydrocarbon group having 1
te 50 carbon atoms, and particularly preferably a halogenated
nydrocarbon group having 1 to 50 carbon atoms.

[0158]
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As preferred phosphorus compounds, phosphoric acids
having a P-0-H bond, phosphates having a P-OR bond, and
phosphine oxide compounds having a P=0 bond are preferably
emploved. As the sulfonates, those represented by the

following general formula (VIIT}) are employed.

10159]

[{Chem. 37
O
i

K — My O—ﬁ-"R“ s (WD
G n

In the above formula, M'® 1s an element of Groups 1 to
14 of the pericdic table; R is a hydrogen atom, a hydrocarbon
group having 1 to 20 carbon atoms, or a halogenated hydrecarpon
group having 1 to Z0 carbon atoms;
[G160]

X is a hydrogen atom, a halogen atom, a hydrocarbon group
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 ls an integer of 1 to 7.

Production Conditions of Organometallic Compound {1}

In the method for producing the organometallic compound

{1) of the present invention, in the presence of the transition
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metal compound (A), the diene compound (B) and the
organometallic compound (C), both of which are raw materials,
are reacted with each other, optionally using the co-catalyst
component (D}, the carrier {(E}, and the organic compound
component {(F).

[0161]

In the reaction, a sclvent may be used or may not ke used,
but the reaction is performed preferably in & scluticn using
an inert hydrocarbon scolvent. Examples of emplovable inert
hydrocarbon sclvents include aliphatic hydrocarbons such as
propane, butane, pentane, hexane, heptane, octane, decane,
dodecane and kercsine; alicyclic hydrocarbens such as
cyclopentane, cyclohexane and methylcyclepentane; aromatic
hydreccarbons such as benzene, toluene, and xylene; halogenated
hydrocarbons such as ethylene chloride, chlorobenzene and
dichloromethane; and mixtures of these solvents.

[0162]

The ratio of the diene compound (B) to the organometallic
compound {C), both of which are raw materials, is such that
the molar ratioc [(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 2.

(01633

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



Re ReRbRC- - - - - Rd ReRcRG- R 0 0 10The organometallic compound
() of theprasént invention, if produced by the above method, is usually
generated as a mixture of 1,2-additidi and 2,1-addition. The proportion
between 1,2-addition and 2,1-addition can be varied by changing types of

the trangition metal carpaund (A), g diene 15.compound (B) and the

organometallic compound (C) to be employed, the reaction conditions, and
the like.! Spécffidallysincgeheral ereasg the’féacttion tarfperatire

lowers the propertion of L.2-addifiop,while decreasing the reagtion
temperature lowers the proportion of 2,1-addition, although 20 this

dependgroirttie 'ty fe8 of the'trahsition metal compound (A), the diene
compound4B), and the organometallic compound (C) to be employed_

The usage amount of the co-catalyst component (D} is as
follows. When the organometallic compound (D-1) is used, the
amount thereof is such that the molar ratio [(D-1)/M’] 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
o 106000, and preferably 0.05 to 50000. When the
organocaluminum oxy-compound {(D-2} is used, the amount thereof
is such that the molar ratic [(D-2)/M"] 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
ionic compound (D-3) is used, the amount thereof is such that
the molar ratio [(D-3)/M'1 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.

[0165]
The usage amount of the organic compound component (F)

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



SF-2255 91 [0174] The proportion between 1,2-addition and
2,1-additioft¢an be calculated from a signal of carbon at a-position of a
metal by 3C-NMR. 5Alternatively, th§6proportion can be calculated from
the structure change of the diene compound (B). Specifically, a mixture
obtaineg. of, the organometallic, compounds. (), (i) and {iif) is reacted with
water or an acid, to thereby convert a metal-carbon bond into a
hydrogén-g&ibet boht. By amayZAnd 10 the aburtarieé raitid of an‘organic
compound;mixture ohtaingd, the insertion prapartion.can be caleulated. In
particular, by previously grasping the retention times of the organic
compoUhts TETESPEAITT to°the Stganbmetanic*compounds i)! (i) and
(iii), and carrying out the analysis using gas Ia:chromatographs the ratio of
the amounts of the organometallic compounds (i), (ii) and (iii) can be easily
calculated, 818 frim'the iralue e i8EHToN Propotfiots 4t BéTeadily
calculated,.[01.75]: 20Thereaction.to produce the grgangmetallic :»
compound (1) generates a chain compound and a cyclic compound.
Typically:*as’sHdvih i tHe fol[SwiRt foHMITEE the redction of the diene
compoundsB) with the organometallic compound (C) in an eguimolar ratio
results in the generation of such a cyclic SF-2255 92 compound as
représented BY (iU§ 6F Stich®a Ehaitt coinp ol as e presBhted By (V); the
reaction ipvalving-aniexcessive of.the dienecempeund(B)resulis in the
generation of such a chain compound as represented by (vi); and the
reactior? Tiv0IV g & 4R &XEESSIve Bf the branometaiiic cofirpdund (C)
results im¢he-generation of:sugh-a-ehaig:corapaund.representedday (vii) (In
the following general formulae, all of the bonding forms are 1,2-addition,
but the &bove Sppiies in the €4s8 of 7, 1280 dition, 160" P55 ©

15 hydrogen, as needed. If hydrogen is co-present, an
organometallic compound (I} having a structure in which a
hydrogen atom was added in place of R group or ! group of
the organometallic compound (C)} is generated. If hydrogen is
used, the use thereof is such that the molar ratio

20 {hydrogen/ (C)] usually 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 pregsure and increased pressure is peossible.

f0167]



10[0176] [Chem. 40] SF-2255 93
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The temperature in the reaction between the diene
compound (B} and the organometallic compound (C) is usually
in the range of -80 to 100°C, preferably -30 to 60°C,
particularly preferably -20 to 50°C. The reaction may be
carried out in batchwise, semi-continuously, or continuously.
The reaction time is usvally 1 minute to 100 hours, preferably
5 minuets to 50 hours.

[0168]

In the reaction, the transition metal compound (&), the
diene compound (B}, and the organometallic cempound (T}, the
co-catalyst compenent (D), the carrier (E)], and the organic
compound component (), which are optionally used, can be added
and mixed in any order. For example, the diene compound (B),
the carrier {(E}, the organic compcound component (F), the
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 completion of the reaction can be purified,
as needed, by methods such as filtration, recrystallization,
digtillation, and absorption. For example, a reactionmixture
iiguid is subjected to filtration in order to remove insolubles
such as a carrier and a catalyst residue, and from the resultant,

a solvent and a remaining organic compound are removed under
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reduced pressure. Then, the obtainable is dissolved again in
a solvent, and the soclution is subljected to cooling,
recrystallization treatment, and the like.
[0170]

In the reaction to produce the organometallic compound
{1y 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 following general formula (this formula
typlcally shows a part involved with the reaction alone, and

thus does not show the whole reaction.)

[0171]
[Chem. 38]
T y
R——R + Gz e e R""M‘“"‘\?"%}'—” and/or R--poeg-——
R e R* R® R R
ﬂt
1 2-addition 2, 1-addition

As shown in the above formula, the bonding forms include
1,2-additicn and 2,1l-addition. If the reaction between the
diene compound (B) and the organcmetallic compound (C} has
proceeded exclusively by 1,2-addition, the organometallic
compound (1) generated is represented as shown in the following
general formula (i). Tf the reaction between the diene

compound (B) and the organometallic compound {C) has proceeded



Provided that when d mol of the dine compound (B) is reacted with zmol of
the orgariotaetallio compound (C), and the valence of the metal in the
organometallio compound is defined™ 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)dzkz/220.5d;. .. The.chain compound (;,
represented by the general formula (vi) is generated, and the value of r
can be galeatated s SF225.592 f6llows: rwir2d/(28Lkz) Kk 25 kzf2>d:

The chain compeund represented by, the general formula oS s
generated, and the value of r can be calculated as follows: r=2d/(kz-2d)

[

2

10

and the organometallic compound (C) has proceeded by
1l,2-addition and 2, l-addition, alternately, the
organometallic compound {1) generated is represented as shown

in the following general formula {(ii).

[0172]
[Chem. 39]
23 RB
| l%}{]}ui ]
R—— C—¢cC Q &3 o C—C—M R {1
A L
RE R Rt

RR—C——R
|
Rb
Re R4
I%{ N
R e B C Q‘).—{QZ}:{QE' C—M R {iii?
i . I
iy
R e (e [ R—C R®
i |



When r obtained in the above relations is a number with a decimal point,
the numbetissround off to a nearest integer. 10[0177] The
crganometallic compound (1) of the pfesent invention, if produced by the
above method, is usually generated as a mixture of a chain compound and
a cyclic compgund, [Use of Qrganametallic Compaund (1)] 15The
organometallic compound (1) of the present invention can be used as a
chain trafsfer-agient, i particakarty asraveversiblecchdin trafsterageht in
polymetization. reaction, of.a double;hond containing,compound, and is
capable of producing a polymer having a carbon-metal bond at both
terminal§S By 20 (sinty thie ‘Grjaaditetallic éompbtnd (1) of thetpresent
invention as a ghaip. transfer.agent, far.example -in accordance with the
methods as described in JP-A-2008-533277 and W0-2003-014046
pamphletca poljmet isFrmalF genératéa dt fie"bond between carbon
and metal of both terminals of the organometallic SF-2255 95 compound.
As a reéﬁft?%ven under the same condition, a polymer with double
molecularweight having a carbon-metal bond at both terminals can be
obtained. [0178] For example, the reaction between the
organomipiallic, coMmpo (Lwithinegr6T Branched:a-gefins having 2 to
30 carb@&gz@ﬁls? qyglic:o ew%gs Qr @?@P‘j&ﬁm‘?pﬁhw
-compounds, can: prodlice lamrerganometalliceompounid (5) feptesénted by
the followingigenerak formula5). 10[0179] [Ehefir4li-R2R4 | o

10 The organometallic compound (1) of the present invention,

1f produced by the above method, 1ls usually generated as a
mixture of 1,2-addition and 2,l-addition. The proportion
between 1,2Z-addition and 2Z,l-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 emplovad,
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 proporticn of 2,1-addition, although
20 this depends on the types of the transiticn metal compound (A),
the diene compound (B}, and the organometallic compound (C)

to be employed.



ClI (Dh(Q)() jk R2R5 In the general formula (5), A is a unit derived
from a limedsér branched a-olefin having 2 to 30 carbon atoms, a 15 cyclic
olefin, a diene, a polyene, or an aroniatic vinyl compound; x, y, z, and w
are each an integer of 1 or more; x y + zw= 8 to 100000. [0180] M,
Q1, Q2,Q2,h,j, k, m, n, p, and Rl to Ala are defined 20 in the same
manner as in the general formula (1). In the general formula (5), A is
derived from &finearSF-225596°0r branc¢hed acotefinhavidg' 21t¢ 30

carbon atoms..a.¢yclic.olefin, a diene, a polysng, ar an.aromafic vinyl
compound. [0181] Examples of such compounds include: linear or

branché“dé%bléﬁn\i\?%’ﬁng 2 to 30 carbon atoms, preferably 2 to 20 carbon

atorgs, such as.ethylene. propyleng. 1-butene..2-butene, L-pentene,
3-methyl-1-butene, 1-nexene, 4-methyl-1-pentene, 3-methyl-1-pentene,
1-octen®; tsdetenes 6 Hecere 1otéffateeene,) 1-hexadecéne;: =

1-octadecene. 10: 1:eicosene vinylcyclopentang.vinyleyclohexang,
{iii} is reacted with water or an acid, to thereby convert a
metal-carbon bond inte a hydrogen-carbon bond. By analyzing

10  the abundance ratic of an organic compound mixture obtalned,
the insertion proportion can be calculated. In particular,
by previously grasping the retention times of the organic
compounds corresponding to the organometalliic compounds (1},
(ii) and (iii), and carrying out the analysis using gas

15 chromatograph, the ratic of the amounts of the organometallic
compounds (i), (ii) and (1ii) can be easily calculated, and
from the value, the insertion proportions can be readily
calculated.

[0175]

20 The reaction to produce the organometallic compound (1)
generates a chain compound and a cyclic compound. Typically,
as shown in the fellowing formulae, the reaction of the diene
compound (B) with the organometallic compound (C) in an

egquimolar ratio results in the generation of such a cyclic



allylcyclopentane, and allylcyclohexane; cyclic olefins having 3 to 30
carbon &teas; preferably 3 to 20 carbon atoms, such as cyclopentene,
cycloheptene, norbornene, 5-methyl-9f-norbornene, tetracyclododecene,
and 152-methy1-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaph
thalene;. ... PN~ QL pAly;alkyl styrenes, such as SiyrenGpoung as
o-methylstyrene, m-methylstyrene, p-methylstyrene, o,p-dimethylstyrene,
o-ethylstypersrfrehyistyretier Tid 120 préthylisyrérfecessitramatic vinyl
compounds.sugh,as.3-phenyipropylene. 4-phenylpropylene, and. ;
a-methylstyrene; and cyclic or chain dienes or polyenes having two or
more d&aBte Bomts 1TaviTg 410 30 carboR atdhts Fpreférably 4 16120
SF-2255.97 carbonatoms, suehasbutadiengisoprene; resuits in the
4-methyl-1,3-pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene,
1,4-hexatigfid, 1'32héxatiene’ '1, 3Betadiehes T #Ucadieng s’ (o
1,5-octadiene: 1.6-0ctadiene, Lfoctadiene, 5-ethylidene norhornene,
vinyl norbornene, dicyclopentadiene, 7-methyl-1,6-octadiene,
4-ethylidetie B hethyR1 Piichatiene ant ' 9-dinrsthya 21 4 8<técatriene.

too.
10 [0176]

fChem. 40]



[0182] 10The reaction between the organometallic compound (1) with the
above dierte or polyene can provide a polymer with branches at Az, Ay,
Az, and Pa" of the general formula (59)3 Such a branched polymer is also
included in the organometallic compound (5). 15[0183] Of these
compounds, more preferable are ethylene, propylene, 1-butane,
1-pentene, 3-M€ J?EEQ e, 1-hexene, 4-methyl-I-pentene,

3-methyl-1- 1-decene, vinylcyclohexane, norbornene,
5-methyl-2{rotb nlg ko
tetracyclod ecene butadietid ,ethylidenenorbornene, vinylnorbornene,d
cyclopentadiene,styrene,and p- methylstyrene [0184] SF-2255 98 of two
or more kinds. [ re Eurthermo , performlnga‘unctlonal group
conversion By k d)vx,lnj el h ods at the 3 an-n etal bondsof
thepolymerhaw a{da b n1-m al tporp poth\termlnals ab
both-terminal-fu %tli‘)nal |50I‘§/m r, stich as &’botR-terminal-functional
polyolefin, can be produced. For example, by performing functional group
conversion at t he carb@nﬂme bonds;:ofa‘f‘h organemetallic @empound (5),
a both-termin _{; al;_)o é} b e nf duée@%% 018@]

Moreover, by zisw]g e| fqnct opa qps] intrioduge in o[bo\h terminals as
a polymerlza‘tlon iitiat®r,Ror byusing te*functioRaFgroups thét has been
treated by known methods as a polymerization initiator and then by
performing furtheg

wcq%%ghm
R

RY RS Rrd

e L
wherein Q- shows e} oF o
]
fl

Provided that when d mol of the dine compound (B) is
reacted with z mol of the organometallilc compound (C), and the
valence of the metal in the organometal lic compound is defined

5 as k, the number of r in the genezral foermula, which is the number
_of an average repeating unit can be calculated as follows.

1} drkz/2>0.5d:
The chain compound represented by the general formula

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



15 polymerization, an ABA block polymer can be produced. Furthermore,
by perféFmiagP condensation polymerization using the functional groups
introduced into both terminals as pol%nerization active sites, block
polymers having various structures can be produced. 20[0186] The
organomgtallic.compound (1) of the present invention can be used also as
an organic synthesis reagent, a polymer material, or a precursor thereof,
specifically as*& hifclEdphitic reagent having plural active sites or a
precursgr ,Sk-2255 99 thereof. In addition, by converting the metal moiety
into a compound, a polymer with highly controlled structure or a precursor
thereof is obtaitiet: B EXAMHpPIES [18I "t e Hereirraftéricthe préderit
invention, will be described with reference to Examples,hut the.present
invention is not limited to these Examples. Analysis in Examples and 10
Compafative“Examples was carried out as follows. [m1] NMR
Measurement;, (- NMR was measured employing NMR apparatus of 270
MHz or 500 MHz and deuterated benzene as a solvent (prepared after
dehydration tF&athiettdsing attive ATSischtarsiéve thder 18 hitrdgen
atmosphete and puriticatiom by distilation: urdelreduces: pressyse), unless
otherwise noted. The analysis in 1H-NMR was based on residue protons
of the deliterated solvent used as a solvent. The analysis in 13C-NME was
based on carhenqtihe-deuterated salvent used-as & solventn20jm21 Gas
Chromatograph (GC) Measurement ~ GC was measured under the
following conditions” <G MEasureMant conditions’ 15m=ared =9 2

mixture ¢f a chain compound 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, particulariy 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 chaln transfer agent, for example, in accordance with the
methods as described in JP-A-2008-533277 and WO-2003-014046
pamphlet, & polymer is formally generated at the bond betwsen

carbon and metal of both terminals of the organometallic



Apparatus: GC-2010 (manufactured by Shimadzu Corporation) Column:
DB-5M8&UF{Atanufactured by Agilent Technologies) SF-2255 100 Inner
diameter: 0.25 mm Length: 30 m ®> Film thickness: 0.25 pm
Temperature: Column: held at 1000 for 5 min, heated at a rate of 20C

/min, and then held.at 300, for 10 min;dnlet, 3Q0C Retgctor;, 300C Carrier

gas: helium 10initial flow rate: 1.10 mL/min Pressure set: 90 kPa Average
linear vetdERy: 273 chifset Spfit'thtio ¥ SO <BC ifeastiréiTie At tdbhditions
2> 15 Apparatus: & G2010. (manufactured by Shimadzu Corporation)

101781

5 For example, the reaction between the organometalilic
compound (1} with linear or branched w-olefins having 2 to 30
carbon atoms, cyclic olefins, dienes, or polyenes, or aromatic
vinyl compounds, can produce an orxgancmetallic compound (5)

represented by the following general formula (2).

10 [01791
{Chem. 41]
TR R" TS Ta
T P Ay——T J’:)PTHQHQHQ‘B%S?}P—TWAZ_M Ay ~—RM
RE RS R’ R®

T (5)
In the general formula (5}, A is a unit derived from a
tinear or branched c-olefin having 2 to 30 carbon atoms, a
15  c¢yclic olefin, a diene, a polyene, or an aromatic vinyl
compound; %, v, z, and w are each an integer of 1 or meore; x
+ v + z + wr 8 to 1000006.
[0180]
M, 0%, o°, 03, h, i, k, m, n, p, and R! to R are defined
20 in the same manner as in the general formula (1).

in the general formula (5), A is derived from a linear



Column: DS-5MSUI (manufactured by Agilent Technologies) Inner
diamete-0225 mm Length: 30 m Film thickness: 0.25 pm 20
Temperature: Column: held at 48T for 5 min, heated at a rate of 10C
/min, and then held at 300C for 10 min; Inlet: 300C Detector: 300C
SF-2255,101, Cartier gas: helium, Initial flaw rate;.1.10.mL/min Pressure
set: 90 kPa Average linear velocity: 27.3 cm/sec 5Sprit ratio: 30:1 [m3]
Gas Chremhitograptiy MassAndlysis (FC-MS)2 - © GCYMSHRS Heasured
under the,fallowing conditions. <GC-MS measurement conditions 1>

Examples of such compounds include:

8]

linear or branched a—olefins having 2 to 30 carbon atons,
preferably 2 to 20 carbon atoms, such as ethylene, propylene,
l-butene, Z2-butene, l-pentene, 3-methyl-l-butene, il-hexene,
4-methyl-i-pentene, 3-methyl-l-pentenes, l-octene, l-decene,
l-dodecene, 1~tetradecene, l-hexad=scene, l-octadecene,
10 l-elcosene, vinylcyclepentane, vinylcyclohexane,
allylcycicopentane, and allylcyclohexane;
cyclic olefins having 3 to 30 carbon atoms, preferably
3 to 20 carbon atoms, such as cyclopentene, cycloheptene,
norbornene, S-methyl-Z2-norbornene, tetracyclodedecene, and
15 2-methyl-1,4,5,8~dimethano~1,2,3,4,4a,5,8,8a-octahydronaph
thalene;
mono- or poly-alkyl styrenes, such as styrene,
o-methylstyrene, m-m&thylstyrene, p-methylstyrene,
o,p-dimethylstyrene, o-ethylstyrene, m-ethylstyrene, and
20  p-ethylstyrene;
aromatic vinyl compounds such as 3-phenyipropylene,
4-phenylpropylene, and o-methylstyrene; and
cyclic or chain dienes or polyenes having two or more

double bonds having 4 to 30 carbon atoms, preferably 4 to Z0



Apparatus: GCMS-QP5050A (manufactured by Shimadzu 10 Corporation)
Columreres2i5(manufactured by Agment 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 200G, for 10 min Inlet; 3Q0"C Detectgr: 300C.20 Carigr.gas: helium
Initial flow rate: 1.8 mL/min Pressure Set: 104.8 kPa Average linear
velocity! A8 B emlsé St tatiy: 10: 7 BE2955902 <GTaS+ene:

n1eaSL”fﬁgﬁﬂl&§5431@¥)@§ézﬁbxadiene, 1,3~hexadiene, 1,3-octadiene,

1,4-octadiene, 1, 5-octadiene, 1, 6-octadiene, l,7-octadiens,
5 ethylidene norbornene, vinyl norbornene, dicyclepentadiene,

7-methyl-1, 6-octadiense,

4-ethylidene-8-methyl-1, 7-nonadiene, and

5,%-dimethyl~1,4,8~decatriene.

[0182]

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

15 {01831

Of these compounds, more preferable are ethylene,
propylene, 1-butene, l-pentene, 3-methyl-l-butene, i1-hexens,

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

vinylcyclohexane, norbornene, S-methyl-Z-norkornene,
20  tetracyclododecene, butadiene, ethylidenenocrbornene,
vinylnorbornene, dicyclopentadiene, styrene, and

p~methylstyrene.
[0184]

These compounds can be employed singly or in combination



Apparatus: GCMS-QP5050A (manufactured by Shimadzu Corporation)
Columni®dB22{manufactured by Agilent Technologies) 5Inner diameter:
0.25 mm Length: 30 m Film thicknesg® 0.25 pm Temperature:

Column: held at 40C for 5 min, heated at a rate of 10C 10/min, and then
held at 300 for.10 min; Inlet: 300C Detector: 300C Carrier gas: helium,
Initial flow rate: 1.7 mL/min 15Pressure set: 100.0 kPa Average linear
velocity: 47.4 CHh7seeSpritratier T [ma] Gel Petmeatioprnversion

Chr0m%@%@@h&@@ﬁglﬁﬁ&%?smﬁe%yE%Q&ér&e!hg‘;?of%i@%gging
conditions.

a carbon-metal pond at both terminals, a

5 Dboth-terminal-functional polymer, such as a
both-terminal~-functional polyolefin, can be produced. For
example, by performing functiocnal group conversion at the
carben~-metal bonds of the organometallic compound (3), a
both-terminal-functional polymer can ke produced.

106 [0185]

Moreover, by using the functional groups introduced into
pboth 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 condensation polymerization using
the functicnal groups introduced 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 organic synthesis reagent, a polymer
material, or a precursor thersof, specifically as a

nucleophilic reagent having plural active sites or a precursor



20 <GPC measurement conditions> Measurement apparatus: gel
permeationEhiromatograph Alliance CPC-2000 (manufactured by Waters)
Analysis apparatus: data processingggoft, Empower 2 (manufactured by
Waters) SF-2255 103 Column: TSKgel OMH6-HT x 2 + TSKgel

GMH6-HTEx 2, each.ofwhich s Z,,mm D, .30 cm &m%@ﬁfﬂ%@d by

Tosoh Corporation) Column temperature: 140C  Mobile phase:
o-dichlorolrenzéneé (contaning 0.026% o BHTY 5 Déteetor differential

refractive index detector:Flow rate; 1 mL/mim Sample concentration:
0.15% (w/v) Column calibration: monodisperse polystyrene (manufactured

by Tosoh Corporation) 10The following catalysts and co-catalyst were
used. [Q188], Catalyst 1" is his-(1-(2-methylcyclohexyl)
(2-oxoy1-3,5-di(t-butyl)phenyli  mino)zirconiumdimethyl, having the
followinéfstrilcture. 15[0189] [Chem. 42]

Hereinafter, the present invention 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.
[mi] NMR Measurement

NMR was measured employing NMR apparatus cof 270 MHz or
500 MHz and deuterated ben:zene as a solvent (prepared aftex
dehydration treatment using active molecular sieve under

15 nitregen atmosphere and purification by distillation under
reduced pressure), unless otherwise noted. The analysis in
‘H-NMR was based on residue protons of the deurerated solvent
used as a soilvent. The analysis in ’C~NMR was based on carbon
of the deuterated solvent used as a solvent.

20 [m21 Gas Chromatograph (GC) Measurement

GC was nmeasured under the fellowing conditions.
<GC measurement conditions 1>
Apparatus: GC-2010 (manufactured by Shimadzu Corporation)

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



"Catalyst 2" is [N-(2,6-diisopropylphenyl)amido(2-isopropylphenyl)(a-napht
20 halete-2-diy1(6-pyridine-2-diyl)methane)lhafniumdfmethyl, SF-2255
104 having the following structure. [6%0] [Chem. 431 5"Co-catalyst 1" is
triphenylcarbeniumtetrakis(pentafluorophenyl)borate. [Example 1]
(Synthesis of Campound X:1).. , A 50 ml two-neck recovery flask with a
stirrer having a three-way cock connected was sufficiently dried under
dried 10 nitrogeh i théréto, at room temperature, 7.5mL of n-hexane,
2.0mL (0.20mmegl jn terms.of an aluminumatom) of 0.1 M n-hexane
solution of methylaluminoxane, 2.0 m1, (2.0 mmol in terms of
1,9-decatiigite} ©f“1.0 M n-hexane solution of 1,9-decadiene, and 3.0 ml

(3.04mmol in terms.of.a.zine atem) 0t 1.Q:M n:hexane 15 sqlution of
diethylzinc were added. The reaction mixture liquid was cooled to 0C, and

with stirfiig; 0: 5 mi (20 Bt in 1€ths 6f mbly'6f0.08 M toluene solution of
the Co-catalyst l.wasqaédeged thereto. Then, thereto was added 2.0 ml (20

pmol in terms of mol) of a catalyst solution separately prepared 20from the
catalyst 1 (60°61#g°77.8Bnfol) and 7.8 mL of

Carrier gas: helium
10 Initial flow rate: 1.10 mL/min
Pressure set: 80 kPa
Average linear velocity: 27.3 cm/sec
Sprit ratio: 30:1L
<GC measurement conditions 2>
15 Apparatus: GC-2010 f(manufactured by Shimadzu Corporation;
Column: DB-5MSUI (manufactured by Agilent Technologies}
Inner diameter: 0.25 mm
Length: 30 m
Film thickness: 0.25 um
20 Temperature:
Ceolumn: held at 40°C for 5 min, heated at a rate of 10°C
/min, and then held at 300°C for 10 min;
Iniet: 300°C

Detector: 300°C



SF-2255 105 cyclohexane. The solution immediately showed orange
color. T¥e&6lution 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 therehy phtaip.a. yellow viscous mixture. [0191] Approximately 30
mg of this yellow viscous mixture was dissolved in approximately 0.5 mL
of deuterated benzefe *18'tHerebyrprepariigta/Sample for NMR. Bysignals

of a-position of zinc broadeped at -0.2t9 0.8 ppm, and signals of
hydrocarbons broadened at 0.8 ppm to 2.0 ppm were observed. No

signals were observétFit 6lefin tegidsns “tHNMR >sFRcPam is shown in
Fig.s1. 15[0192):: .. By 13C-NMR, signals of a-position of zinc broadened
at 23 to 24 ppm were observed. This value shows good correlation with a
signal of"alpo&itioh 6 Zife- irdicded if31 Ofgantmét! Chem. 1982, 224,

217-221. 20[Q:k93} ... Watathis NMRB-samplg solutign, distilled water was
added under nitrogen atmosphere. Then, the mixture was sufficiently

stirred to°Fe&EtZine With Waltet theteby tonverting a carbon-zinc bond into
a carbogshydrogensbend-Jhereafter @ -Sk=225p 106aqzu

10 Corporation})
Column: DB-1 (manufactured by Agilent Technclogies)
Inner diameter: 0.25 mm
Length: 30 m
Film thickness: 0.25 um
1%  Temperature:
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
Detector: 300°C
20 Carrier gas: helium
Initial flow rate: 1.8 mL/min
Pressure Set: 104.8 kPa
Average linear velocity: 48.5 cm/sec

Sprit ratio: 10:1



solid matter precipitated was removed by cotton filtration. Then, an organic
layer sepatated was analyzed under GC measurement conditions 1,
thereby indirectly observing the struilre of the product. 5[01941 As a
result, a peak of 1,9-decadiene, a raw material, was not observed. Apeak

of 3,10-gimgthyldadecane, gbtainable Jay 1,2-addition of diethylzinc
occurring at two olefin sites, was observed at a retention time of 8.5

minutegFApRER ofFTO°SCHIENYItiitiecare, ‘obtaityablé sy 2 2-addition and
2,1-additiop,of digthylzinc occurring at one olefin site and at the other
olefin site, respectively, was observed at a retention time of 8.8 minutes.
The ratic’ ofthie dicasof these fiid pears\was 92:8:°A99eaK of tetradecane,
obtajnable by 15,2, 1-addition ofdigethylzinc occurring at two olefin sites,
was not detected. The correlations between retention times and the
compounds wel&"4halyzed under GC-MS measurement conditions 1.
[0195] 20From the.,abave-kasult; itwas found that the organometallic
compound generated was a compound (X-1) wherein r = 2 in the following
formulal ARE"STU = 92:8:0. [0196] [Chem. 44] SF-2255 107

Column: held at 40°C for 5 min, heated at a rate of 10°C
10 /min, and then held at 300°C for 10 min;
Inlet: 300°C
Detector: 300°C
Carrier gas: helium,
Initial flow rate: 1.7 mL/min
15 Pressure set: 100.0 kPa
Average linear velocity: 47.4 om/sec
Sprit ratio: 10:1
[m4] Gel Permeation Chrocmatography (GPC)
GPC was measured under the following conditicns.
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)



wherein Y is a structure represented by Y, >, or Y3, shown below, and the
proportierafyl:Y2:13 = s:t:u (molar ratio). 5[0197] [Chem. 451

Et H2H21121121 CCC H2H2112H2 EYEt H2H2H2I H-CCH-C C C C
CIH2H2112H2 Pr Pr H2H2H2 CccH 112112H2 Pr

10

15

20

Column: TSKgel GMHE-HT x 2 + TSKgel GMH~HTL x 2, each of which
is 7.5 mm I.D. ®x 30 cm (manufactured by Tosch Corporation)
Column temperature: 140°C
Mobile phase: o~dichlorchenzene {containing 0.025% of BHT)
Detector: differential refractive index detector
Flow rate: 1 mL/min
Sample concentration: 0.15% {(w/v}
Column calibration: monodisperse polystyrene {manufacturedby
Tosoh Corporation)

The following catalysts and co-catalyst were used.
[0188]

“Catalyst 1” 1is
pis-{l-{Z-methylcyclcohexyl) (Z-oxoyl-3,5-di {t-butyl)phenyli
mino} zirconiumdimethyl, having the following structure,
[0189]

[Chem. 427}

[
" ?};Zrl’wez

“Catalyst 27 is
[N~ {Z,6~diisopropyliphenyl)anido(2-isopropyliphenyl} {(ow~napht

halene-Z-diyl{6-pyridine-2-diyl)methane) lhafniumdimethyl,



[Example 2] (Synthesis of Compound X-1) SF-2255 108 that the
temperature &t which the Co-catalyst 1 and the Catalyst 1 were added was
changed to room temperature, there]‘rﬁj)? obtaining a yellow mixture . A part
of the mixture was sampled under inert atmosphere, and the sample was
concentrated under jedyced 5 pressure, to thereby obtain a yellow viscous
mixture. [0198] A part of this yellow viscous mixture was sampled,
and intd th&’sample, hexane and distilled water were added under
nitrogen aimosphere. Then, the mixture was sufficiently 10 stirred to react
zinc and water, thereby converting a carbon-zinc bond to a
carbon-hydrogen bond. [Jhereafter, a solid matter precipitated was
removed by cotton ;iltratl n="Then, an organic layer separated was
nt conditions 1, thereby indirectly
observing t 5 stuct e o the product. [0199] As a result, a peak of
was not observed. Apeak of 3,

' Ble by 1,2-addition of diethylzinc occurring
at two olefin sites, 20 was observed at a retention time of 8.5 minutes.
3- mgthyltrlde@a@%a@mggaab}ellgy 1,2-addition and 2,1-addition of
diethylzinc occurring at one olefin site and the other olefin site,
respectivieR;: e\R/%{S“%‘g%N%eéfaéfjr%fg?ﬂF&ﬁWQﬂ%% mihatés. A peak of
tetradeqang;p SF:2255:109:1s of compound X-1)

A 50 mlL two-neck recovery flask with a stirrer having
a three-way cock connected was sufficiently dried under dried
10 nitrogen, and thereto, at room temperature, 7.5 ml of n-hexane,
2.0mL {0.20mmol in terms of an aluminum atom) of 0.1 M n-hexane
solution of methylaluminoxane, 2.0 mL (2.0 mmcl in terms of
1, ¢~decadiena) of 1.0 M n-hexane solution of 1, 9-decadiene,
and 3.0 mL (3.0 mmol in terms of a zinc atom) of 1.0 M n~hexane
15 solution of diethylzinc were added. The reaction mixture
ligquid was cooled to 0°C, and with stirring, 0.5 mL (40 pmol
in terms of mol) of 0.08 M toluene solution of the Co-catalyst
1 was added thereto. Then, thereto was added 2.0 mL (20 wuol
in terms of mol) of a catalyst solution separately prepared

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



obtainable by 2,1-addition of diethylzinc occurring at two olefin sites, was
detectetFat<d retention time of 9.1 minutes. The correlations between
retention times and compounds Werbggmalyzed under GC-MS
measurement conditions I. 5[0200] From the above result, it was
found that the. organometallic.compaonnd.generated. was.acompound (X-1)
wherein r = 2 in the above formula described in Example 1, and s:t:u =
76:22: 2" FOfEXESIe 3] £Syrtiesisof Compdantl %3) et G0 i
two-neck recqvety flask with a stirrer:having a;three-way cock .conpected
was sufficiently dried under dried nitrogen, and thereto, at room
temperafiiré 291 mI A9 4 imbly BfEIdécatiene*5070°M i, {54.5 mmol in
terms of @ Zinc.atem), 12,0t J:02 Moh=hexane splution.of diethylzinc, and
1.0 ml (0.10 carol in terms of an aluminum atom) of 0.1 M n-hexane
solutiory ®f tethyiattifiioxaffe were added. Further, 7.0 ml (560 pmol in
terms of gn@l) of 0.08 M toluene solution of the Co-catalyst 1 was added,
and then, 27.0 ml (270 urnol in terms of mol) of 20 0.01 M cyclohexane
solution of thé A alyst 1wWas &ddéd:"Fhe Solbtich inhietiately sidwed
deep orange:colorThe salutienwas stired:for1:-baw-with light shielded,
thereby obtaining an orange mixture. [0201] SF-2255 110 A part of
thig brahtfé Mixtie Was sanipied: did ifitd the sample, isobutyl alcohol
was added ungenniifegen atmosphere; sthen, the mixture was-sufficiently
stirred, and hydrochloric acid was added thereto to thereby dissolve a
precipitated 5’ matt8F TRER, AR Brgaiic 1ay&1°dEpatated Was ahalyzed
under Gemmeasurementconditionsdl, thereby indirectly-obserndng.the
structure of the product. As a resultzcit was found that the arganometallic
compound’generaidd was a ' compsund (&3 Wherdin 1 d'in the above
formuladescribed in Example 1, and s:t:u 10- 76:22:2. [Example 41
(Synthesis of [g:om(g%ggld X-4g 1CA 200 .FQI two-pegflgcrecgélerr}/ glaas,rk with a
stirrer having @ three-‘\/\/af Bk cohneticd was %ufficientﬁ[y died under
dried nitrogens apd theretos=at soonTiemperature, 7 4 ml (40.2 mmol) 15 of
1,9-decadiene, and. 28.0mL (28.0 ol in.terms_of an aluminum atom) of
1.0M n?a%%ﬁrfé%n8|hﬁér?bpf0€r%‘éﬁ%’9|?men%i'lr‘fulrﬁ?vxv‘éar‘éegd&éd .%Ifﬁ rther, 5.0 ml
(0.4 mmokin teyms okmobrof.08 M toluene solution of the Co-catalyst 1
Wa%Oad nd then, 20.0 ml (0.2 mmol in terms of mol) of 0.01 M

cyclohexane ‘solution of the
Into this NMR sample solution, distilled water was added

under nitrogen atmosphere., Then, themixture was sufficiently
stirred to react zinc with water, thereby converting a

carbon-zinc bond into a carbon~hydrogen bond., Thereafter, a



20 Catalyst 1 was added. The solution immediately showed deep yellow
color. THe gofution was stirred for 1 hour with light shielded, thereby
obtaining a yellow mixture. [0202] SP9255 111 sample, isobutyl alcohol
was added under nitrogen atmosphere. 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 meastitemertt eo¥iditionsyEr terabyF AfdiEctip dysetviiig the*Structure of

the product, As.a result. it;\was found thaf they organonastallic compound
generated was a compound (X-4) wherein r + m = 22 in the following

formulastararsicu 3OQFEC[I203] 10[Chem. 46] \ Et --Y --AlEt ,wherein R
L tr \sY--Al-1:Et (Compound X-4) /M wherein Y is a structure
represented by 111, Y2, or Y3, shownhelow, andthe proportion
ofvfl:Y2:Y3=st L (fiiotarrafid)cJ0204] - 2 -decadiene, a raw material,

was not ocbserved., Apeakof 3,10-dimethyldodecane, obtalnable
by 1,2-addition of diethylzinc occcurring at two olefin sites,
was observed at a retention time of 8.5 minutes. A peak of
10 3-methyltridecane, cobtainable by 1,2-addition and
2, l~addition of diethylzinc cccurring at one olefin site and
at the other olefin site, respectively, was observed at a
retention time of 8.8 minutes, The ratio of the areas of these
twe peaks was 92:8. A peak of tetradecane, obtainable by
15  2,1-addition of diethyizinc occcurring at two olefin sites, was
not detected. The correlations between retention times and
the compounds were analyzed under GC-MS measurement conditions
[01%5]
20 From the above result, it was found that the
organometallic compound generated was a compound (¥X-1) wherein
r = 2 in the following formula, and s:t:u = 92:8:0.
[0196]

[Chem. 44]



15Chem. 47] SF-2255 112 Et H2HaHaHal ¢ CCC H2H2H2H?2 Et Et
H2HaH21-2¢ C C HaHaH2H2 Pr PerI;IZHaHZI

Ef """“"*zﬂ‘(‘Y wzn);ﬁt (Compound X~1}

wherein ¥ is a structure represented by Y;, Yz, or Ys,

shown below, and the propertion of Vi:Yz:¥3; = s:t:u (molar
ratio).
5 {01877
fChem. 453
Et
__Hz H Ha H, (f)}-;
C\E/C\C/C\C/C\ AN

Y, Et

{Examplie Z] (Synthesis of Compound ¥X-1)

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



CCCH H2H2H2 V3Pr [Example 5] (Synthesis of Compound X-5)
Synthesig-6fBompound X-5-1 Into a 100 mL two-neck recovery flask with
a stirrer 5 having a three-way cock anid a dropping funnel connected, at
room temperature, 3.50 g (40.6 mmol) of 4-pentene-i-ol, 4.21 g (41.6

mmol) of giethylamine, and.30,ml,of hexape were introduced. With stirring,

a hexane solution (10 mL) of 5.02 g (19.8 mmol) of diphenyl dichlorosilane
was dropfied sVErE 5 ErPrimGtese Atrogitrteripérattirer thedffixtatédwvas

stirred for, 1, hour, and thep cooled ta.QC. . Then, the reagtionwas, . .
terminated by adding 5 ml of a saturated sodium hydrogen carbonate

agqueous'gofition: Intaithesreactioh fitfuith hexame *SPP255 143 %hd water

wereg added,.and an organic layer was, separated-.Lhen,the.organic layer
was washed using a saturated sodium hydrogen carbonate aqueous

solution! °TA&’ organic layer was concentrated and sufficiently dried under

reduced pressuge, S dherghy,obtaining2.12.9.0f atrahsparentviseous
liquid. This transparent viscous liquid was found by 1H-NMR using a

deuterat8d°chlBrotdrit soREff 8" be’ a°coMPoUAtEX -521° répresentad by the
following:formuHa. {0205] L0[Chem). 48] (compuRd: Xadrd)cSlne 1y

10  stirred to react zinc and water, thereby converting a
carbon-zinc bond to a carbon-hydrogen bond. Thereafter, a
solid matter precipiltated was removed by cotteon filtration.
Then, an organic layer separated was analyzed under GC
measurement conditions 1, thereby indirectly cbserving the

15 structure of the product.

[0199]

As a result, a peak of 1,9-decadiens, a raw material,
was not observed. Apeskof 3,10-dimethyldodecane, obtainable
by 1,Z2-addition of diethylzinc cccurring at twoe olefin sites,

20 was cbserved at a retention time of 8.5 minutes.
3-methyltridecane, obtainable by 1,2-addition and
2,1-addition of diethylizinc cccurring at one colefin site and
the other olefin site, respectively, was observed at a

retention time of 8.8 minutes. A peak of tetradecane,



Synthesis ofCompound X-5 The same procedure was carried out as in
Exampler2;28%cept that 1,9-decadiene was replaced with the Compound
X-5-1, 15 thereby obtaining a yeIIO\/le%ixture. A part of this yellow mixture
was sampled under inert atmosphere, and into the sample, isobutyl

alcohol was added, Then, the mixtute was, sufficiently, stisred and, .

hydrochloric acid was added thereto to thereby dissolve a precipitated
matter. TRéH: airorgamici20lyerasepathted-wasianalyZed tinderGC

measurgment conditions,.2. fhereby dpdirgctly.observing. the. structwe of
the product. As a result, a peak of 4-methyl-I-hexenol, obtainable by

SF-22.55°1 121, 2-4adifiori"of ditthirI2 vic el iRt at -an olefin site of the
Compoupd X-5-1 and then the decomposition of a silyl-oxygen moiety,
was observed at a retention time of 9.6 minutes. A peak of 1-heptanol,
obtainable by 2°T-addifi6rr of Gigthylzific's bectfing at afiolefin site of the

Compound X:2-1 and then.the decomposition of. a-silyl-exygen meiety,
was observed at a retentiontimeof10.1minutes. The ratio of the areas of

these tWo pedks Wad 95°5 THa' Eorréfations betiiesn fetention®timés and
the compewnds-were analyzed under GC-MS measurement 10 conditions
2. From the above result, it was found that the organometallic compound

genrated WK a’Compytiiad exs5) WHeTEinA =2 in the following formula,
and s:t:u = 9% 9%:ds [Q20R]-Chems49try flask with a stirrer having

a three-way cock connected was sufficiently dried under dried
nitrogen, and thereto, at room temperature, 9.1 mL (49.4 mmol)
cf 1,9-decadiene, 50.0 mL (54.5 mmol in terms of a zinc atom)

15 of 1.0% M n-hexane soluticn of diethylzinc, and 1.0 mL (0.10
mmol in terms of an aluminum atom) of 0.1 M n~hexane soluticn
of methylaluminoxane were added. Further, 7.0 mL (560 pmocl
in terms of mol) of 0,08 M toluene seolution of the Co-catalyst
1 was added, and then, 27.0 mL (270 pmol in terms of mol) of

20 0.01 M ¢yclohexane solution of the Catalyst 1 was added. The
solution immediately showed deep orangs color. The sclution
was stirred for 1 hour with light shielded, thereby cbtaining
an orange mixture.

(0201]



Et-Zn 15Y -Zn (Compound X-5) wherein Y is a structure
represetited By Y1, Y2, or 12, shown below, and the proportion of
11:12:13 = r:p:q (molar ratio). [0207] Zb[Chem. 50] SF-2255 115

10

20

A part of this orange mixture was sampled, and into the
sample, iscbutyl alcohol was added under nitrogen atmosphere.
Then, the mixture was sufficiently stirred, and hydrochlaoric
acid was added thereto teo thereby dissolve a precipitated
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:ru
= 76:22:2,

{Example 4] {Synthesis of Compound X-4;

A 200 mL two-neck recovery flask with a stirrer having
a three-way cock connected was sufficiently dried under dried
nitrogen, and thereto, at room temperature, 7.4 mL (40.Z2 mmol)
of 1, %-decadiene, and 28.0mL {28.0 mmel in terms of an aluminum
atom} of 1.0 Mn-decane solution of triethylaluminumwere added.
further, 5.0 mL (0.4 mmol in terms of mecl) of 0.08 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
Catalyst 1 was added. The solution immediately showed deep
vellow color. The solution was stirred for 1 hour with light
shielded, thereby obtaining a yellow mixture,.

[ozozi

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



H2112112H2112H2 - 1H2H21 EtEt Y, 112112112112H2 -C H,..,C"-CN
SIN- 112H22PFSEt 11212112H2 H2H21 Pr Y, [Example 6] (Synthesis of
Compound X-6) i

sample, iscbutyl alcohol was added under nitrogen atmosphere.
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 compound generated was a compound (X-4) wherein
r +m= 22 in the fcllowing formula, and s:t:u = 90:9:1.
[0203]

10 [Chem. 461

R R R '
| } . l.l
Et— Al Y'—AF}-Et ,wherein : %Y“AI }[Et {Compound x-4}
r .

wherein ¥ is a structure represented by Y:, Y2, or Ysi,
shown below, and the proportionof Yi:Yz:Ys=s:tiu {melar ratio),
[0204]

i5 [Chem. 47]



A 30 mt two-neck recovery flask with a stirrer having a three-way cock
connectgdaas sufficiently dried under dried 5 nitrogen, and thereto, at
room temperature, B.Omt of n- -hexan&’ 0.2mL (0.04 mmol in terms of an
aluminum atom) 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-hexang solution of diethylzinc were
added. 10 While the reagtiontmixture Ilqluld was stirred at room SF-2255
116 temperature, W&Gﬁm’roﬁm{ermgimol) of 0.08M toluene
solution qf the Co- caﬁglyst"i wal?addéd théFeto. And, thereto was added
2.0mL (20 pmol in terms ofmol) of a catalyst solution separately prepared
from the catalyst 1 (60.6 mg, 77.9 umol) 5 and 7.8 ml of cyclohexane. The
solution immediate ed anggtcolor. The solution was stirred at
room temperatupe,g( 1 hdur vath light shield, and concentrated under
reduced pressur‘é to ﬁ;ere@ obt&jn arﬁprange viscous mixture. Apart of
this orange visc&us mixture was sampled under inert 10 atmosphere, and
into the sample, 1.0 M hydrochloric acid was added, and the mixture was
sufficiently stirred, thereby converting a carbon-zinc bond into a
carbon-hydrogen b@:nd Then, &n organic layer separated was analyzed
under GC measﬁl/emej’rt cbadfffoaé  thereby indirectly observing the 15
structure of the yé,;odugf [0JBs1 ™ As a result, a peak of 1,7-octadiene, a
raw material, was not observed. A peak of 7-methyl-I-nonene, obtainable
by 1,2-addition of diethylzinc occurring at one olefin site, was 20 observed
at a retention time of10t6«ninutes:Agesak of 1-dodecene, obtainable by
2,1-addition of dlethylzmc occurrmg at one olefin site, was observed at a
retentiofrtime o hiinte ak of 3,8-dimethyldecane, obtainable
by 1,2-additiomes dalettbwlzmcvaceamn@atvwm alefin sites, wasi SkE=2255
1175 having a three-way cock and a dropping funnel connected, at
room temperature, 3.50 g {40.6 mmol) of 4-pentene-l-ol, 4.21
g (41.6 mmol} of triethylamine, and 30 mlL of hexane were
introduced. With stirring, a hexane solution (10 mL) of 5.02
g (192.8 mmol) of diphenyl dichlorosilane was dropped over 5
10 minutes. AL room rtemperature, the mixture was stirred for 1
hour, and then cocled to 0°C. Then, the reaction was

terminated by adding > mL of a saturated sodium hydrogen

carbonate agqueous scolution. Inte the reaction liquid, hexane



observed at a retention time of 13.3 minutes. A peak of
3-methyluridétane, obtainable by 1,2-addition and 2,1-addition of
diethylzinc occurring at one olefin sité and the other olefin site,
respectively, was observed at a retention time of 13.7 5 minutes. A peak of
dodecapg; phtainable, hy.2, 1;addition.of diethylzine ocqurring attwo olefin
sites, was observed at a retention time of 14.2 minutes. The ratio of the
areas of thésesfive PEakgWas TT2 72513 12 The 'Correratit s tetiveen

retention.times.and,the.compaunds were.analyzed under GC-MS 10
measurement conditions 2. From the above result, it was found that the

organorfétaliic*éoffpoitintt fernefated Was a Esthpotititr tX68) ihéfein r - 12

in the fallowing Jormula. and s:tu = 84151, and vaw.s 84;16.. [0209]
15[Chem. 51] Z-Zn Ne-Zn

transparent viscous iiquid was found by 'H-NMR using a
deuterated chloroform sclvent to be a compound X-5-1
represented by the following formula.

[02065]

10 [Chem. 48]

/ D

o )

\\,Ji ;}:Q%/ (Compound X-5-1}
‘*-._::/M o O,Sl,O/“‘m ot

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,

i5 therepby obtaining a yellow mixture. A part of this yellow
mixture was sampled under inert atmesphere, and into the sample,
isobutyl alcohol was added. Then, the mixture was
sufficiently stirred and hydrochloric acid was added thereto
to thereby dissclve 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 cf 4d-methyl-l-hexencl, obtainable by



(Compound )6-6) wherein Y is a structure represented by 1-1,
11, Or ¥38rzghewn below, and Z is a structure represented by Z1 or Z2,
shown below; and the proportion of ¥1:v2:Y3 = s:itu (molar ratio). 20 and
the proportion of Z1:Z2 = v:w (molar ratio). [0210]

1,2-addition of diethylzinc occurring at an olefin site of the
Compound X-5-1 and then the decomposition of a silyl-oxygen
molety, 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
retention time of 16.1 minutes. The ratioc of the areas of these
two peaks was 95:5. The correlations between retention times
and the compounds were analyzed under GC-MS measurement

10 conditicns 2. From the above result, it was found that the
organometallic compound generated was a compound {¥-3) wherein
r = 2 in the following formula, and s:t:u = 20:9:1.
[0206]

[Chem. 49]

Ethn*{-YwZn}FEt (Compound %-5)

wherein ¥ is a structure represented by Y;, Y;, or Yi,

15

shown below, and the preoportion of Y :¥,;:¥: = rip:q (molar
ratio) .
{0207]

20 fChem. 50]



[Chem. 52] SF-2255 118 Et H2H2FIzI C C C 'CIH2H2Hz Et
Et H2H2T{#2:0cCCC.,....... "..CH, -CIH2H2H2 Pr Pr H2H2l HC "C., ,,C---
---CcC H H2Hy Pr HH2H2H e

Hy H, H, H, H, Hy
—Col._C .. Si_ _C CH.C—
B T T e
i My Hy i
=4 Et
Y,
H H Hy Hy H,

HC. -G S 6. _C.H-

—C G [s] o] C C
i Hy H; !
Pr Et
Y,

[l

[Example 6} (Synthesis of Compound X-6)
A 30 mL 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, 8.0 mL of n-hexane,
0.2mL {0.04 mmol in terms of an ailuminum atom) ¢f 0.2 M n-hexane
soluticon of methylaluminoxane, 0.64 mL {4.3 mmol in terms of
mol) cf 1,7~octadiene, and 3.7 mL (4.0 mmol in terms of a zing
atom) of 1.09 M n-hexane soluticon of diethylzine were added,

16 While the reaction mixture liguid was stirred at room



C H2H2 Et H2H2H -CC H2H2 Pr [Example 71 (Synthesis of Compound
X-7) Prépatation of Solid Component A Under nitrogen flow, 30 g
of silica (manufactured by 5 Asahi Gla&s Co., Ltd., specific surface area:
870 m2/g, pore SF-2255 119 volume: 0.8 mL/g, average patrticle

diameter;, 11,9 ), which, had been dried.at 150G far: 5 haursowas.

suspended with 466 ml of purified toluene. Then, into the suspension,
134.3 niréf methilaitimimexahe {(matitfactire 86y -Atberttarie” Cooration,

20% 5 tpluene.solution 308 mmol interms.of an Al.atom) was drgpped at
1 to SaC for 30 minutes. Then, the mixture was heated over 1.5 hours,

and reattBef at 95CTor 4 Hotns™ The tehpétatlre®df tHE redctiof fituid was

decreased to, 60, and,a supernatantdiquidwas removed-by decantation
method. A solid component 10 A thus obtained (the carrier (E) ) was
washed tHf&é tihés usifg purified tdltierie: “Fhén toltighe Was addéd
thereto,stherehy: preparing-a toluene shury-ef the-solid comporant.A. A
part of the solid component A obtained was collected to study the
concenftativh! it wasToiid that thé sRifdricantratich Was 157071189

g/mL, apg Alicoreentratianonas (:83-27mmelipl-cPreparatien-of Solid

Catalyst Comgonent _ _
10 atmosphere, and into the sample, 1.0 M hydrochloric acid was

added, and the mixture was sufficiently stirred, thereby

converting a carbon-zinc bond into a carbon-hydrogen bond.

Then, an crganic layer separated was analyzed under GC

measurement conditions 2, thereby indirectly observing 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 T-methyl-l-nonene, obtalnable by
1,2-addition of diethylzinc occurring at one olefin site, was

20 observed at a retention time of 10.6 minutes. A peak of
l-dodecene, obtainable by 2,l-addition of diethylzinc
occurring at one olefin site, was observed at a retention time
of 11.0 minutes. A peak of 3,8-dimethyldecane, cbtainable by

1,2-addition of diethylzing cccurring at two olefin sites, was



Into a 200 ml glass flask replaced with nitrogen, 45.2 ml of purified
toluene$arid%4.8 ml (37.5 mmol in terms of an Al atom) of the toluene
slurry of the solid component A preplalr]ed 20 above were introduced. Then,
with stirring, 0.0075 mmol/mL toluene solution (10 ml) of the Catalyst 1

was dropped over. 5 minutes..and stirred fok 1 hour.at rgop temperature.
Then, a supernatant liquid was removed by decantation method, and the

residueWaSWashett thrée WiTeS tSingS0ME G iSIiers FAet! SF22255

120 50 ml.qttaluene-was added thereto.therehy.preparing.a toluene
slurry of a solid catalyst component B. Apart of the toluene slurry of the

solid cofnpbnéftrBobtaired Was éblletied fo stuthFthe Eoficéhtration. It
wassfound that Zr.congeptration-was 5:0.001381 rarel/mLlqand.Alce
concentration was 0.6745 mmol/mL. Synthesis of Compound X-7 A
30 mL SERTERICHRSK Witha stitrer Wa¥ifi§'a thriee-wiif cOeRTrected was
sufficiently dried, undes dried pitrogen, and.therete,at.roem temperature,
5mL of toluene, 0.13 mt (0.20 10 mmol in terms of an aluminum atom) of
1.5W n-toliete soltition of methyfdiumitiox&he® 6 28 MLt g Fhmol in
terms ot mel) of-1:{~ectadiene; ane 1.9k (020 mmakintesmsofia zinc
atom) of 1.05W n-hexane solution of diethylzinc were added. While the
mixture Tiqaid WaR'stred St foom tEriperatire *d.5° i (0704 5 fiffiol in
terms otmmol)of 008 Vhbexane setytian ofthe Ge-catalyst-inpas.added
thereto. And, thereto was added the solid catalyst component B (16.5 ml
(0.02 mifiof in't&iHg of a zifcoRiint atdm] 6f 1. 38" MM tofiEnd’ Sidry). The
solutionswas stirred: at:roens temperature for 20 hours with light shield.
20[0211[]0 o Under inert atmosphere, a part of the reaction liquid was
sampled. ﬁ)y Teacting isobutyl alcohol with the organic zinc, a carbon-zinc
bond wasteanverted to a carbon-hydrogen bond, and an organic layer
separated after adding n-hexane was SF-2255 121 analyzed under GC
measurement conditigns 2, therebyyndirectly observing the structure of
the prod@t-AsZ M pealth %Z—@tad@?féﬁ,uadréwmaterial, was not
observed. A peak of § 8-dimethyldegghe, obtainable by 1,2-addition of 5
diethylzinc occurring at two olefin sites, was observed at a retention time
of 13.3 minutese=A:peakicf 3-methyhundecane;cbtanable iy 192-addition
and 2’1é%g\grlxtllg)er1<9v\f,dJQ&Qy!,Zs!gcstructure represented by Z; or Z;, shown
below; and the proportion of Y;:¥;:¥; = s:t:u (molar ratio),
20 and the proportion of Z::%. = v:w (molar ratio).

[0210]

[Chem. 52]



occurring at one olefin site and the other olefin site, respectively, was
observed-atgretention time of 13.7 minutes. 10 A peak of dodecane,
obtainable by 2,1-addition of diethyl%ﬁc occurring at two olefin sites, was
detected at a retention time of 14.2 minutes. The ratio of the areas of
these three peaks was 84:15:1. The correlations between retention times
and compounds werg analyzed ynder E‘;‘C-MS measurement conditions 2.
15 From the above-resut. it was dqundahat the organometallic compound
generated was a comp&und (Xl;?) \A&lereirﬁf; 32 in the following formula,
and s:t:ue 85:14:1. [02&2] The slurry obtained was allowed to stand still
for 5 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 0.04g M, apd the%iirconium concentration was less than
0.055 mM. The ratiowf the zirconiydHconcentration to the zinc
concentration Was"Té%s SFS;ZS@ZZ tﬁ?ﬁ”0.00lZ. Thus, an organozinc
compoung solution Having an extremely low zirconium concentration was
obtained. [0213] [Chem. 53] wherein Y is a structure represented by
Y1/ Y2, or Y3/ shown below, and th%rproportion of Y1:Y2:Y3 r:p:q (molar

ratio). H, H, |

H_..C C C—
I H; Hy
Y. : Fr

Hy H, H, H

G M _-C c c
~a TN TN %CHZ
% H, H
Z, Et
& o B
H
BN N \\\\CHz
| Ha Hy
z, Pr

[Example 71 (Synthesis of Compound ¥X-7)

Freparation of Solid Component &

Under nitrogen flow, 30 g of silica (manufactured by

5 Asahi Glass Co., Ltd., speclfic surface area: 870 mz/g, pore



[0214] 10[Chem. 54] Et 2H2H2I CI-1 CC 'C- H2H2H?2 Et Et
H2H2I 8@ TS IHyH2H2 Pr Pr H2H2 CC H H2H2

10

20

volume: 0.8 mi/g, average particle diameter; 11.9 yum} which
had been dried at 150°C for 5 hours was suspended with 466 mL
of purified teoluene. Then, into the suspension, 134.3 mL of
methylaluminoxane (manufacturedby Albemarle Corporation, 20%
toluene solution, 308 mmol in terxms of an AL atom) was dropped
at 1 to 5°C for 30 minutes. Then, the mixture was heated over
1.5 hours, and reacted at 95°C for 4 hours. The temperature
of the reaction liguid was decreased to 60°C, and a supernatant
liquid was removed by decantation metheod. A solid component
A thus obtained (the carrier (E}) was washed three times using
purified toluene. Then, toluene was added thereto, thereby
preparing a toluene siurry of the solid component A. A part
of the solid component A cbtained was collected to study the
concentration. It was found that the slurry concentration was
0.1188% g/mL, and Al concentration was 0.8377 mmol/mL.

Preparation of Solid Catalyst Component B

Into a 200 mL glass flask replaced with nitrogen, 45.2
mL of purified toluene, and 44.8 mlL (37.5 mmol in terms of an
Al atom) of the toluene slurry of the solid component A prepared
above were introduced. Then, with stirring, 0.0075 mmol/mL
toluene soluticn (10 ml) 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 residue was washed three times using 50 mL of toluene. Then,



Pr SF-2255 123 [Example 8) Intoa stainless (SUS) autoclave
sufficierfly?dfied with dried nitrogen, 50 mL of n-hexane was introduced.
Pressurization to 0.5 MPa using eth;}lzeone followed by the 5 discharge of
the pressure to normal pressure was repeated three times, thereby
saturating.& liquig layer.and.a.gas layer with.ethylene. \With, stirring, the
temperature was increased to 120C, and then ethylene was further added,
thereby préS8 izt 16 057-MPEL THERTO:2MmA! fit terhs ‘of &t &itfinum
10 atom of methylalumingxane AMA)0.24.mmol.in terms of a:zimec atom
of the yellow mixture obtained in Example 2, and 4.0 pmol in terms of mol
of the Cotatalyst T {0-08 M- foltfené sbiufibH) werePatdéd: "FRéri;>£.0 pmol
in terms; ofonghof the/Gatalyst:1 (0,33 M.toluene solution} wasiadded,
thereby initiating 15 polymerization. During the polymerization, ethylene
was added-8eiat theeBrassufE wvould be always 0.7 MPa. The reaction
was made at 120G for-10-Ainutes,.and 5 mL.otispbutyl alcahol was added
to terminate the polymerization. After the completion of the polymerization,
the reactioh prodtictwae 20 boret itd ethansrts precipitate Eitole
amount0f the pelymer:thesnhydrach|orie.acid was.added, and filtration
using a glass filter was carried out. The polymer was dried under reduced
preSsur8™at 88CTSP 1Y RBGrS ARE tRel 1 %44 g of thé PoRiner was™
obtainedr Thenpolymerization activity. was:8600 Sk-2255 124g/matol-Zrhr.
The molecular weight was measured by CPC, and it was found that in
terms of polyethyiene, the numbel average molééliar weignt' (Vi) was
1990, the weight .average snolecwlarsweight (Mw) was 3530 .anch Vw/Mn
was 1.78. 5[0215] Tdhis%ootl mer was di%solqurjgrde%lt%rrpaﬁq% ;
orthodichiofobenzend: and the soltition was measured by TH-NMR and
13C:NMk1From asignalof I'C-NMB: abtained; the derminal casbon and the
amount gl Dienches were measuied. I was foung 10.hal et 000,
carbons, a met I branch was not o%serve(f, an eﬁ1yfbranch was
observed incarcamoesmtofi2ikrard a propyl brarnch-was observed in an
amount of 0.3, This result indicates that a polymer in, which ethylene was
oertod 16 & Earboainc bunt o the o 35 Wee Sbiaided
Namelysthis¥ésultroom 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 organic
zinc, a carbon-zinc bond was converted to a carbon-hydrogen

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



15 demonstrates that the Compound 1-2 functions as a chain transfer
agent. [Exa@mple 9] Into a 500 mL glass reactor sufficiently dried under
dried nitrogen, 250 ml of decane was‘introduced. After the 20 temperature
was increased to 100C, with stirring, ethylene gas of normal pressure (flow

rate: 100, L/br) was hlewn.into. the. reagtor. While ethylene: gas was,blown,

0.20 mmol in terms of an aluminum atom of methylaluminexane (MMAO),
4.02 mrIGISH tEiS Of & 2iTte @térh oftveBrange iRtdars ditaiétbin

Example: $F+2252,122.3,.an4,16.0-pmo] in;terms of mol.of the Co-catalyst
1 (0.08 M toluene solution) were added. Then, 4.0 umol in terms of mol of

the Catéfyst 1-0001'Mtbtiene SGIttiONT Wis ‘adoed, thereby initiating
polyimerization . slthe reaction was jpade-at 5 100C for 1QJninutes, and
then the blowing of ethylene gas was terminated. Instead, while nitrogen
(flow rafé= 5t t7Ary Was blown ™34 i (23 Hirfoly dFethysiéciiyichloride
was intraduced,1and stirreghat 100'Gn Five minutes thereafter, a. white
precipitate was observed. Ten minutes thereafter, 10 with cooling, 3.0 ml
of pure Water Was addEd® thEreby terifihdtifigtHeE Tedétion. The
temperatiye was-copled todoomn temperature,anddbenthesreaction
product was poured into a mixed solution of acetone (0.5 L) and methanol
(0.5°L) foBrecipifits & potyinet: “riegolymer {as €olidcted By 1% Titration.
The polymerwasdried sunrder reduced:-pressureai 1006 forik2 how's. 9.87
g of theogol%/mer,was obtained. [0216]

14.2 minutes. The ratio of the areas of these three peaks
was B84:15:1. The correlations between retention times and
compounds were znalyzed under GC-MS measurement conditions 2.

15 From the above resuli, it was found that the organometallic
compound generated was a compound (¥-7) wherein r = 32 in the
following formula, and s:t:u = 85:14:1.

(0212}
The slurry cobtained was allowed to stand still for §

20 minutes, and a supernatant liguid was sampled, and the sample
was analyzed by ICP emission method. It was fcund that the
zinc concentration was $.046 M, and the zirconium
concentration was less than 0.0553 M. The ratioc of the

zirconium concentration to the zinc concentration was less



This polymer was dissolved in deuterated tetrachlorpethane, and the
solutiorswassubjected to 20 measurement by 'F-NCR. 'H-NCR spectrum
is shown in Fig. 2. In this spectrum, ézauartet corresponding to methylene
group of ethylester was observed at around 4.1 ppm; a peak
correspondinggia methylene aroun of fizposition of sthylester was.,
observed at around 2.7 ppm; a peak corresponding to methylene group of
SF-2258*128'a-pasiticr oPethylester was-obeerveddtarstind 2.5 ppm; a
peak cofgesponding to methylene group of 5-position of ethylester was
observed at around 2.3 ppm; and a peak corresponding to a terminal
methyl afefa méthyl group derived from an ethyl 5 branch was observed
at around 0.8 ppm_/The ratio ofithe sum of integrated values of the peaks
at arourigf4-+pdHm-at MroundR-Aphrh, @around:25 ppm, and at around
2.3 ppm to an integrated value dffthe peak at around 0.8 ppm was 8: 3.76.
Thus, it was found that a-betb-terminal-functional 119.pelyethylene.was
obtained in which the ratio (functionalized terminal ratio) of the number of
functiorfa’§robips present 4t i als to°the totd Aumbér df {ettinals of
the polymerowas 82%. [Example 101 15Into a 500 mL glass reactor
sufficiently dried under dried nitrogen, 250 rd, of toluene was introduced.
After thé" 1perature was increased to 50C, with stirring, ethylene gas of
nonmal pressure {flow rate: 100 L/hr) and propylene gas of normal
pressure (flow rate: 100 L/hr) were blown into the 20 reactor. While these
gases were blown, 0.20 mmol in terms of an aluminum atom of
methylaluminoxane (JAO),;4.01 nmol h terms of a zinc atom of the
organozinc compouﬂdz\aml).an pbfain,edl-in Example 7, and 16.0 pmol in
terms of mol of the Co-ctalysf;,1 (0.88 M fgJuene solution) were added.
Then, 4.0 8F-225.5 1278vmol in terms of mol of the Catalyst 2 (0.001
Mitoluene solution) was added, thereby initiating polymerization. The
reaction was made at 50C for 2 minutes, and then the blowing of the
gases was terminated. In;tea%whil%tnitrogen (flow rate: 50 5 L/hr) was
blown, 3.4 mL (23._E_S_nmn@l)coﬁ@thglseﬁ%rly_lchloride was introduced, and
stirred at 50C. Ten minutesithereafter, with cooling, 3.0 mL of pure water
was added, thereby tBrminating the reaction. The temperature was cooled
to room temperature, and then the reaction product was poured into pure

Pr
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10 water (1.0 L). Using a separating funnel, an organic layer was
separat&ttzatid the organic layer was washed using a sodium hydrogen
carbonate aqueous solution, and furthier 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 polymer was obtained. [0217] This polymer was
dissolved in détiterated tbtractibrogthaie ! arid the solutio vias' Stibjected
to 20 mgasurementy EHL:NMR, 11:1-NMR;spactrumds shown in Fig. 3.

In this spectrum, a quartet corresponding to methylene group of ethylester
was obSefVEHF at’arGtnth 4°1°pprh; & Peak‘EaHESpondiri tothethylene
group of G-pesition of ethylesterwas.abserved.at akQuagd-2:£ ppms.a peak
corresponding to methylene group of SF-2255 128 a-position of ethylester
was ob$éFed ararbund 2B ppm? and-apeakt trrespbiidifigio tethylene
group of 5-position; of:ethylester, was abserved.at aroung-2.1ppmdo 2.4
ppm. It was found from this that a both-terminal-functional ethylene 5

propylene copsRyherhaiing &thylastérat fiie riinalsWas obtained.
[Examplesldl-i-inte & 500-mL:glass reastarsuffictentiydaed.under dried
nitrogen, 250 ml of toluene, and 15 mL of 1-octene were 10 introduced.
AfteT thd EnpFattire WASTHErEaséd 1o 50(C, With stiffing; &thyfené gas of
normal pressure. {flowirates 1004 MAr)was blowndpie the-reacton-hile
ethylene gas was blown, 0.20 mmol in terms of an aluminum atom of
methylallmiABkAREIMEAC) 20 Mol i tefhs 8 & SIE St bt i
organoziae: compound<t5 soluties obtained: in Exampteths and 1643 hmol
in terms of0m3%I gf thle Co-catlalél_st 1 (0.08 I\él t((j)luene solu,tionz were added.
Then, 0:25°hiol ifterms &F Mol of the Catalyst 2° (0081 M toluene
solutionyowas: aidded;-therebyrinitiating: potymerizaiion: Thereaetion was
made at 50 for 10 minutes, 20 and then,0.03 mmol in terms gf. mol of
bis(l,5-cyceiooctadl|enefn|c$<eﬁ (solﬁl"i\/l tloluene“solyutiohi was added. While
keeping thetbtowingrefithe: ethiylene gas;istirring atdoom ¢emperature was

carried Ql‘IJéaJ;‘iV% hours thereafter, the reaction product was, poured into a
mixed solution o

completion of the polymerization, the reaction preduct was
20 poredintomethanol toprecipitate awhole amount of the polymer.
Then, hydrochloric acid was added, and filtrationusing a glass
filter was carried out. The polymer was dried under reduced
pressure at 80°C for 10 hours, and then 1.44 g of the polymer

was obtalned. The polymerization activity was 8600



SF-2255 129 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 pr]@s'qsure at 100C for 12 hours. 1.5 g of
a white viscous polymer was 5 obtained. [021B] This polymer was

dissolved.in deyterated; folyane, and the,solution. was.subjected 19,
measurement by 3H-NMR. In this spectrum, a peak corresponding to

methine ghoag ©fa teahital TO-ORTIFPwAS gbsetved at @ity 5.8°ppm;

and a peak coresponding,tp methydene group.ef aterminal,olefin.was
observed at around 5.0 ppm. It was found from this that this

polymettiagfandtéfinat theterififdfs/ TReéferencéd Example 1] 15The same
procedurg as in Example 7 was carried out, except that in Example 7, the
yellow mixture obtained in Example 2 was replaced with 0.24 mmol in

terms of a zint atoni of tfettiylZAhc thereby BtairiAT1.24 g of a polymer.

[0219] 20This: pelymer was-dissolvedsin deuterated-arthadichlergenzene,
and the solution was subjected to measurement by 13C-NMR. From a

signal of"f3C-NIKIR dbitined: the'tefminal GarBon afit thesarAaliie of
branches were measured. it was found that the:ethyh branch ane.the
propoyl branch per 1000 SF-2255 130 carbons were below detectable limit.

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 observed in an amount of 0.3. This result indicates
that a polymer inwhich ethylene was inserted into a carbon-zinc
bond of the Compound X-2 was cbtained. Namely, this result
15 demonstrates that the Compound X-2 functions as a chain
transfer agent.
[Example 9]
Into a 500 ml glass reactor sufficiently dried under
dried nitrogen, 250 mlL of decane was introduced. After the
20 femperature was increased te 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 mmol in terms
of an aluminum atom of methylaluminoxane (MMAC), 4.02 mmol in

terms of a zinc atom of the crange mixture obtained in Example



Industrial Applicability [0220] The novel organometallic compound of the
presents5ifREntion isusefulasachaintransfer agent in polymerization
reaction of a double-bond containing1 ‘c%mpound, and can be used
particularly as a reversible chain transfer agent in polymerization reaction,

and is capable,ef praducing.a.polymer having a carhenimetal bond at both
terminals. J. 0 SF-2255 131 CLAIMS An organometallic

compothd (1 répteserited bythetotowinggereraFfoymulal erye SfChem.

1] ndin the general formula (1., Mis a-magnesium,alam .a:zinc atom,
an Al-R11 group, or a Ga-R11 group, provided that Ril is a hydrogen atom,

a hydrob3ibdH grotp & afGgets atomh: 40 a'sificorieontaifihggfotip, or an
oxygen-gentaiing.grolp:Rand R19 are each independentlyAs was
hydrocarbon group having 1 to 20 carbon atoms, or R] and R19 may be
united WitF e At Othef 16°fSmi d dhval et Eonecting Grotp (5109} fiaving 4
or more-carhon atomnsand optionally containing-aiketereatom £xcluding
15 carbon and hydrogen and thus form a ring; R2 to R9 are each
independénty &y digéh atéor'adhydrocarbShgrétp HEving 1 to 20
carbon atoms: Q1-ang eid-are cach-independently.a divalentdiydrocarbon
group; Q2 is a divalent connecting grou&containing a Iinkaggyby a

hetEroatom exéltiditig tarBsn? hP 'K, if) ghgas 2de=d: ther

terminating the reaction. The temperature was cooled te room
temperature, and then the reactlon product was poured into a
mixed soluticon of acetone (0.5 L} and methancol (0.5 L) to
precipitate a polymer. The polymer was collected by

15 filtration. The pelymer was dried under reduced pressure at
100°C for 12 hours. 9.87 ¢ of the polymer was cbtained.
[0216]

This polymer was dissolved in deuterated

tetrachloroethane, and the solution was subjected to

20 measurement by 'H-NMR. 'H-NMR spectrum is shown in Fig. 2. 1In
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-position of ethylester was observed

at arcund 2.7 ppm; a peak corresponding to methylene group of



20 p are each independently O or 1; nis an integer of 0 to 10; and r is an
integer -G18°10000, provided that: SF-2255 132 Rl to R12 may be
a group formed by substituting a parjt206f the hydrogen atoms of the
hydrocarbon group with a substituent containing a heteroatom excluding

carbon and hydragen: Q1and.Q3.may. he agroup.farmed Dy substituting a
5 part of the hydrogen atoms of the divalent hydrocarbon group with a

substitU&Ht esiTtiMiAg a Heterbaro AT exciidig carbon ahahydheten:

when h js0.atleast one.of. R2.and.R3 isa hydracarbon group-having 2 to
20 carbon atoms; when h is 1, at least one 10 of R4 and RC is a

hydrocarB6ATgreup having'1°té 20 Carb8r atofis; Wiefrfiis'0, 4f'ldast one

of R8 apghRY is-a bysrecarhon. group having 2 t9.2Q carbep aterss; when
pis 1, at least one of R6 and R7 is a hydrocarbon group having 1 to 20

carbon atom$WHER i 2° St mbre pitirat 2249 ‘g8, 57k, andifiay 15
be individualiy: the-same.as: 05 differentfram ene anothern <o awhenris 0,
R2 and R12 are united with each other to form a divalent connecting group
(R291) HAVIRG 4 dr fidFe Cafbdrr atoms and dtioAdiR cbiitdining’ &
heteroatem exeluding.camon.and hydregen and tbus far a ring; 20when
ris 1 or more, plural M may be the same as or different from one another;

wheh pRiraiR21 die Breeht’ thiy Ty Be'te 'Sanfe A876F differeiit from
one anatherrand:tic)whemns iswer Brorepqusal QdnQ2, Q3sdht) 2k, m, n,
p. and Rz to R9 may be individually the same as of different 2F;2295
82%.
[Example 10]

15 Into a 500 mL glass reactor sufficientiy dried under
dried nitrogen, 230 ml of toluene 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 into the

20 reactor. While these gases were blown, 0.20 mmol in terms of
an aluminum atom of methylaluminoxane (MMAQ), 4.0l mmol in
terms of a zinc atom of the organozinc compound sclution

obtained in Example 7, and 16.0 pmel in terms of mol of the

Co-catalyst 1 (0.08 M toluene solution) were added. Then, 4.0



133 from one another.) 2. The organometallic compound (1)
accordifg t8<laim 1, which is represented by the following general formula
(2), 5 (3a),(3b), (3c), or (4). [Chem:?]
umol interms of mol of the Catalyst 2 (0.001 ¥ toluene solution}
wasg added, thereby initiating polymerization. The reaction
was made at 50°C for 2 minutes, and then the blowing of the
gases wag terminated. Instead, while nitreogen (fliow rate: 50
5 L/hr) was blown, 3.4 mL {23.5 mmol) of ethylsuccinylchloride
was introduced, and stirxred at 50°C. Ten minutes thereafter,
with cooling, 3.9 mL of pure water was added, thereby
terminating the reaction. The temperature was cocled Lo room
temperature, and then the reaction product was poured into pure
10 water (1.0 L). Using a separating funnel, an corganic layer
was separated, and the organic layer was washed using a sedium
hydrogen carbonate agueocus solution, and further washed using
pure water. The resultant organic layer was concentrated,
thereby obtaining a liguld polymer. This polymer was dried
15 under reduced pressure at 100°C for 12 hours. 2.96 g of the
polymer was cbtained.
[0217]
This polymer was dissolved in deuterated
tetrachloroethane, and the solution was subjected to
20  measurement by 'H~NMR. ‘*H-NMR spectrum is shown in Fig. 3. In
this spectrum, a guartet correspeonding to methylene group of
ethylester was observed at around 4.1 ppm; a peak corresponding
to methylene group of B-position of ethylester was observed

at arcund 2.7 ppm; a peak corresponding to methylene group of
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a-position of ethylester was observed at around 2.5 ppm; and
a peak corresponding to methylene group of 3-position of
ethylester was observed at around 2.1 ppm te 2.4 ppm. It was
found from this that a both-terminal-functional ethylene
propylene copolymer having ethylester at the terminals was
obtained.

[Example 11]

Into a 500 mL glass reactor sufficiently dried under
dried nitrogen, 250 mL of toluene, and 15 mL of 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 into the reactor. While ethylene gas was blown, 0.20
mmol in terms of an aluminum atom of methylaluminoxane (MMAO),
2.0 mmol in terms of a zinc atom of the organozinc compound
solution obtained 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 pmol in terms of mol of the Catalyst 2 (0.001 M
toluene solution} was added, thereby initiating
polymerization. The reaction was made at 50°C for 10 minutes,
and then 0.05 mmol in terms of mol of
bis{l,5-cyclooctadiene)nickel (0.01 M toluene solution} was
added. While keeping theblowing of the ethylene gas, stirring
at room temperature was carried out. Two hours thereafter,

the reaction product was poured into a mixed solution of
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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
106°C for 12 hours. 1.5 g of a white viscous polymer was
obtained.

0218}

This polymer was dissolved in deuterated toluene, and
the solution was subjected to measurement by 'H-NMR. In this
spectrum, a peak corresponding to methine group of a terminal
olefin was observed at around 5.8 ppm; and a peak correspoending
to methylene group of a terminal olefin was observed at around
5.0 ppre. It was found from this that this polymer had an olefin
at the terminals,.

[Reference Example 1}

The same procedure as in Example 7 was carriedout, except
that in Example 7, the yellow mixture obtained in Example 2
was replaced with 0.24 mmol in terms of a zinc atom of
diethylzinc, thereby obfaining 1.24 g of & polymer.

[021%]

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

was found that the ethyl branch and the propyl branch per 10006
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R R5 R5R9
SF-2255

carbons were below detectable limit.
Industrial Applicability
[0220]

The novel organometallic compound of the present
invention Ls 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 reaction, and is capable of producing a polymer

having a carbon-metal bond at both terminals.
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CLATIMS
1. An organcmetallic compound (1) represented by the

following general formula (1).

fChem. 1]

e o

{in the general formula (1), M is a magnesium atom, a

zine atom, an Al-R' group, or a Ga-R'' group, provided that
R¥Y iz a hydreogen atom, a hydrocarbeon group, a halcgen atom,
a silicon-containing group, or an czygen-containing group; R
and R' 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 (R1%%) having 4 or more
carbon atoms and optionally containing a hetercatom excluding
carbon and hydrogen and thus form a ring; R? to R® are each
independently a hydrogen atom, or a hydrocarbon group having
1t020carbonatoms;QlandQEareeachindependentlyacﬁvalent
hydrocarbongroup;Q2iseadivalentconnectinggroupccntaining
a linkage by a heterovatom excluding carbon; h, j, &k, m, and
p are sach independently 0 or 1; n is an integer of 0 to 10;

and r is an integer of 0 to 10000, provided that:



I R9 [Chem. 6] RI 2R4R"R8 CtOlcc i RsSR5R7R5 R101 (in the general
formula&¥(2}>¢3a), (3b), (3c), and (4), 5 (1, R1to R10, Q1, j, and r are
each defined in the same way as in t general formula (1) of claim 1; and
R101 is a divalent connecting group having 4 or more carbon atoms and

optionally containing:a heferoatom exeluding,carhan.and hydrogen.)

103.The organometallic compound (1) according to claim 1 or 2, wherein
M is anAl-Rit groupier & Ane atoriS4 AT sitaiiontétaltic'edinpound (5)
representedhy.the following general formuade): delGhemsofl =na

hydrogen; Q' and Q® may be a group formed by substituting a

5] part of the hydrogen atoms of the divalent hydrocarbon group

with a substituent containing a hetercatom 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 1s 1, at least one

10 of R* and R® is a hydrocarbon group having 1 te 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 1s 1, at least one of R®
and R’ is a hydrocarbon group having 1 to 20 carbon atoms;

when n is 2 or more, plural 0%, ¢%, @ 3, %, and m may

i5 be individually the same as or different from one another;

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

a divalent connecting group (RO having 4 or more carbon atoms

and optiocnally containing a hetercatom excluding carbon and
hydrogen and thus form a ring;

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

when r is 2 or more, plural b, @, % n, 9, k, m, n,

r, and 8? to R® may be individually the same as or different
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from one another.)

2. The organometallic compound

()

(1} according to claim

1, which is represented by the following general formula (2},

{3a), (3b), (3c), or (4).
[Chem. 2]
RYORA R RE
Rl c::wc{:—(e‘}—c&:——_c{:—m R
i
p? R® RT RS ;
[Chem. 3}
Rz TS RS
R et %:—{cﬂ Tmc::mrw R0
]
R? rR" RY r
[Chem. 4]
R R
Rt

r

{Chem. 5]

(2)

{(3al

{(3b



(in the general formula (5), A is a unit derived from a linear or branched
a-olefinfiav#g 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 +y+z+w= 8 to 100000; M is a magnesium atom, a zinc atom,
an Al-1419 group, or a Ga-R92 group, provided that R11 is a hydrogen
atom, a hydrocarbdfi group,fa halogen atom, a silicon-containing group, 0
or an oxygen-co aini g o(Ljpignd 'Rargeeach indéperndently a
hydrocarbon gro p(ha ihg 1jto 20 carbon atoms, or Rl and RI may be
united with each tlger to for&m a divalent connecting group (RIM having 4
or more carbon atoms and optionally containing a heteroatom excluding
carbon and:hydiogen 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; QFangl Q3 ar 8eaﬁlgjnd pendently a divalent hydrocarbon
i ' containing a linkage by a
cakbon| h, j, k, mjand p are each independently 0

group; Q2.is.

heteroatom exclutling

20 or 1; nlis an integér of 0 td"10%and r¥s an int&ger of 0 to 10000,
provided that:--SF-2255:136--—-R9-t6-RY9 may be a group formed by
substituting a Eart l"?f the hydr;iogenl ator,ps of3 the hydrocgrboq groyp with a
substituent containing A héterdatorn ekcluding carboh and’ iydrdgen: Q9
and Q3rmay be &Qroup formed hy=substitutngsa partof thehydrogen
atoms of the divalent hydrocarbon group with a subsfituent containing a
heteroatom exéiuding carbon and hydrogen:” °" when b is 0,"at Teast one
of R2 andnR2 i3 hydrocarbon group having ¢ ter2@carbopcatomsy when
his 1 atleastone 10,of R9and RS is,8 hydracarbon grup having 1 to 20
carbon atoms; when p IS 0, at least one 6f R9 and R9 i€'a qyé'llr'ocarbon
group having 2 to 20 carbon atoms; when p is 1, at least one of R6 and R9
s a fiydrocarbon grop having. . 1o, 20.carbon afors: when s .or more,
plural Ql, 42, 42, j, k, and m may 15 be individually the same as or

differentfrom brve @notherein M is an ar-r" group or a zinc atom.

4. An organometallic compound (5) representedby the
following general formula (5).

15 {Chem. 7]



when ris 0, Ri and RI are united with each other to form a divalent
connectifigtgrbup (R999) having 4 or more carbon atoms and optionally
.. . 13
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 R99 are present, they may be the same as or
different from one gnother; and when r js 2:@r more,iplural Q9, 42, 49,
h, 3,k, m, n, p, and/R9 tg )(_kggz indivigually the sare as o different
SF-2255 137 ffom one anothery's. e)ﬁ?én jon producing the
organometallic compoungd agtording to clai]m71,*’€:omprisi g reacting in the
presence of 5 a transition metal compound (A) represented by the

following general formula {4), @ diene compound (B):represented y the
following genera formula (B) with an organometallic compound (C)
represe‘ﬁrgd' 'y the foowitg general. formela (€).*[Creéf 8] " 10 (irf the
generalformulaA),-Missatransition yraetal atom selested fromiGroups 3
to 11l of the periodic table of the elements (Group 3 ipclludes a IantQanoid
and an SEHHGILY; &i€ af inty@rot £16"sTWHICHS the himBEr ortigands
X +y +z+w=8 toc 100000;
M is a magnesium atom, 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-containing group,
10  eor anoxygen-containing group; RY and R*® are each independently
a hydrocarbon group having 1 to 20 carbon atoms, or R* and R
may be united with esach other te form a divalent connecting
group (R'™) having 4 or more carbon atoms and opticnally
contalning a hetercatom excluding carbon and hydrogen and thus
15 form a ring; R? to R® are each independently a hydrogen atom,
cr a hydrocarbon group having 1 to 20 carbon atoms; ¢t oand ¢°
are each independently a divalent hydrocarbon group:; Q° is a
divalent connecting group containing a linkage by a heterocatom
excluding carbon; h, j, k, m, and p are each independently 0

20 or 1; n is an integer of C to 10; and r is an integer of O to

10000, provided that:



15 coordinated with the transition metal atom M'; X is an atom or a group
selectedrémthe group consisting olf 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'@2§5ngﬁa@ll%@iQ%‘&Q@@i@@%Q@%@tﬁ:uting a part
phosphorus-containing group, an oxygen-containing group, a
sulfur-cBht&iRingGratp, *a titragen e otHirit grobis 4 Haldgén-containing
group, anska:hetrecyslic.compaund. esidug; L.is an.ipteger.af .50 3, which
5 is the number of X; when b is 2 or 3, X may be the same as or different
from on& &ritheér “and pRIrdfX May Be”thifed With dne itottier 16 form a
rng; Y is-acnitragen aierm.: ohacarbonratam having asihstittentcR22; G is
an oxygen atom, a sulfur atom, a selenium atom, or a nitrogen atom
having & Stbstitifeht TYO RZBF RO 1 o RYS thay/ Be fie'dame 58 6 tifferent
from ongmangthekreand are an atom or a group selected from the group
consisting of a hydrocarbon group, a halogpn atom, a hydrogen atom, a
hydrocarbon-%%”sﬁtﬁfegl’sfﬁyqr%ar%h6?%’ oxydéh-Eortaihing gréup’ a
nitroger-ceAtarRing greum asulftk-containing-group, 1158 1cast one
boron-containing group, an aluminum-cor]ta_ining group, a .
phogphdfus-E8ntaining Gfo0E. ‘4 halbgan eontaining group. a histetocyclic
compound-residue, acsilicen-containfg:.gretip,a-gefmanivm-containing
group, %nd,g tig-gontaining grou it.WO; or morelof thg to R25 may be
united with One another to form 204 ﬁﬁegn And when a i€ Y or 3, CFEZ?LS,
R22R2305 R24s, andR25smaybe individually the sametas ordifferent
from one ano:[dh%gl, gr](g gngr%rgygo of, 5%% 25, . . v and mcnqantained
in any one of the ligands and oné group o R22 -'R25 ‘contained in‘another
ligand rhay:be unitedl) Sk-2255 189 {Chem=9kt from one another;

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

a divalent connecting group (R0

having 4 or more carboen atoms
and optionally containing a hetercatom excluding carbon and
hydrogen and thus form a ring:;

20 when r 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 mere, plural @', @, @° h, j, kX, m, n,

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



ReRe c====c (Qi) (02 \ (Q3\ C /k)m Rb/cR5 (B) (in the general
formula®{ByZRe to Rf 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 gontaining a heteroatom excluding carbon and
hydrogen; and 41, 42, C3, j, k, m, and n are each defined in the same
manner as in the general formula (1).) 10[Chem. 101 RMR(C) (in the
general formula (Ch Mis-defined in.the;same manner.as:inthe.general
formula (1); two R are each independently a hydrocarbon group haying 1
to 20 carbiGh atsms, 5 dntr MiglFbe* &' grot) fotet B’ifs‘tfﬁéﬁ?ﬁﬁnogy a part
of the hydragen: atoms:of thehydrocarbop.-geaupawith a:substituent,
containing a heteroatom excluding carbon and hydrogen.) 6.The method
for prodlicifig the BtyanSmhetaliic® SF-2955 190" Lo ant {A) is e
transition metal £osmposnd:-(Al:represented by the-following general
formula(@l). [Chem. 11

represented by the following general formula (C).

[Chem. 8]
=¥ ]
/
/Y mmnN L )
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{in the general formula (A), M’ is a transition metal
atom selected from Groups 3 to 11 of the pericdic takle 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 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 beron-containing group, an
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aluminum~containing group, a pheosphorus-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
is the number of ¥; when b is 2 or 3, X may be the same as or
different from one another, and plural ¥ may be united with
one another to form a ring; Y 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
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 a hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted silyl group, an oxyvgen-containing
group, & nitrogen-containing group, a sulfur-containing group,
a boron-containing group, an aluminum-ceontaining 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*? £o r*? may be united with one ancther to form
a ring; and when a is 2 or 3, r*s, Rr%%s, rR%s, R®s, and R%%s
may be individually the same as or different from one another,
and one group of R - R*® contained in any one of the ligands
22 _ pes

and one group of R contained in another ligand may be

united.)



5(in the general formula (Al), 191', a, X, b, Fel, and R22 are each defined
in the s&mé&manner as in the generaggormula (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
hydrocarhen.geeup, a halogen 10 atom, a hydrocarbon-substituted slay’
group, an oxygen-containing group, a nitrogen-containing group, a
sulfur-cormtaining group, a boron-containing group; an aluminum-containing
group, a phosphorus- aming/group, a halogéﬁ-containing group, a
heterocyclic £ormppu 9%%2{83 L5/ Sl on-tqntaining group, 4B}
germaniugp£containin gréup, and a tin- Qntai%h group, and of these, two
or more may be united with one another to form a ring; and when a is 2 or
3, Rna, Rzzaf R268, Rma, Rpea and R29a may be individually the same
as SF-2255 191 RY9%ERAINEd h &ny One of the'ligaRdg and one group
of R55 ant:R26=:453 contaired:in-anotherligand maydreugnitedr)s

7. The method for rootlucingﬁrt%e organometallic 5 compound according to
claim 5, whérein M'isan Al- 1m§¥ouep&,1 ora'zinc atom. - 8. THe
methodsfee producirg-theerganemetallic:compeuad-aceording torclaim

any one of claims 5 fo 7, which 10 employs a cq:catalyst.and  garrier.

nydrogen; and @', 0%, 9% J, k, m, and n are esach dafined in
the gsame manner as in the general formula {1}.)

10 {Chem. 10]
R e\ e R (C)

{in the general formula (), M isg defined in the sane
manner as in the general formula (1):; two R are each
independently a hydrocarbon group having 1 to 20 carbon atoms,

15 andmay be a group formed by substituting a part of the hydrogen
atoms of the hydrocarbon group with a substituent containing

a hetercatom excluding carbon and hydrocgen.)

6. The method for producing the organometallic

20 compound according te claim 5, wherein the transition metal



9. A method for producing an organometallic compound (5) represented
by the féflowirtg general formula (5), comprising reacting the
organometallic compound (1) accorcﬁﬁ% 15 to claim 1 with a linear or
branched a-olefin having 2 to 30 carbon atoms, a cyclic olefin, a diene, or
a polyeng, Qr.an aromatic vinyt compound. [Chems 12],20(in the, general
formula (5), A is a unit derived from SF-2255 142 cyclic olefin, a dienes, a
polyene? or &h Sroifi&tie ViR contpotind; X}y, z, and w are each an integer
of 1 or mayg, xthy +y w= 8 to 100000; magnesium atom, a zinc atom, an
Al-R" group, or 5 a Ga-Ril group, provided that Ra hydrogen atom, a
hydrocarbon group,a haloggnatom, a silicon-containing group, or an
oxygen-qfontaigsing group; R and R' are each independently a hydrocarbon
group hayving FfL\to 20, arb'\’o‘n-at_ ms, or Rl and RI2 may be united with each
other to form a di al:gnt connectifitp40 growp (R121) having 4 or more
carbon ateams-and opti containing a heteroatom excluding carbon

and hydrogen a s form a §ring; R2 to Fe are each independently a
hydrogeiztom ora gdrocarb@on group having 1 to 20 carbon atoms; QI
and Q3 edch inde‘gendent’ryaa divalent hydrocarbon group; Q2 is a 15

divalent connecting group containing a Iinkaycrure by a hetergatom excluding
carbon: h, j, k!, and’p aré eatH indefendéhtly 0 or 1¥n‘is'aihteger of 0
to 10; ang:rdscan:integer:of0.40:10000,provided that; Rt terFindnay be a
group formed EY s,ubstitg;igg apart 20 of thgrr@/g[so en atoms of the

hydrocarbof grotp with a substitiént contaiming a heteroatom excluding
carbon and:hydreger;Ql-and Q3:may:heagreupforned-bysybstituting a

part of the hyq_liro en atoms of the divalent hgggtr)ggr%gg ggéog vg/étgké a

substitu(éorﬁséanlta%nmg a %derfegredla?é?ﬁn’eick]ﬂ%ng carbon

16 atom, a hydrocarbon-substituted silyl group, an
oxygen-containing group, a nitrogen-containing group, a
sulfur-centaining group, & boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, & heterocyclic compound residue, a

15 silicen-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 is 2 or 3, Rls,

Rzzs, sts, R27s, R%®s and »*%s may be individually the same as

or different from cne another, and one group of R*® and R*® -



143 and hydrogen; when h is 0, at least one of R2 and R2 is a
hydroca@fér*group having 2 to 20 carbon atoms; when h is 1, at least one
of R4 and 135 is a hydrocarbon group having 1 to 20 carbon atoms; 5
when p is 0, at least one of 133 and R9 is a hydrocarbon group having 2 to
20 carbgn atoms;.when pis deat feast ong.0fRe-and R3.is.3 bydtacarbon
group having 1 to 20 carbon atoms; when n is 2 or more, plural p1.
(22. Q3%R%dhd m%a’f’b@’rﬁﬁ%ﬁhéﬂ?fﬁé Saftie ador Bﬁ‘féPéﬁ‘fcﬁém one
another; 10 whenris 0, 122 and RIh are united with each other to form a
divalent connectlng roup (13131) having 4 or more carbon atoms and
optionally containinf’a Aeter6atém Exeiidiy CarsSAARY hdrogen and
thus:form-a4ing; whennis oof:mere, plusal M may he thessameas or 15
different from one another; when plural Ril are present, they may be the
same a&’orf diff&telit from one another; and when r is 2 or more, plural
Q1, Q2, Q3, h, |, k, m, n, p, and R2 to R9 may be individually the same as
or different from one another 20 10.A method forlproducm a
both-terminal-functiohal polymér compreing performing functional group
conversiefteaction-at carben-metakbonds oftthe-organametalici ch
cor]n(pound (5 accordln%to claim 4.

emplo co-catalyst and a carrier.

9. A method for producing an organometallic compound

{5) represented by the following general formuia ({5),
comprising reacting the organometallic compound (1} according
15 +to claim 1 with a linear or branched o—olefin having 2 to 30
carbon atoms, a c¢yclic olefin, a diene, or a polyene, or an

aromatic vinyl compound.

{Chem. 123
6
R A M A—C“‘( }J{( )r—{ )—}—( }‘-C—"AZ—M A——R"
Ra e
(5}
20 {in the general formula {5}, A is a unit derived from

a linear or branched w-olefin having 2 to 30 carbon atoms, a
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cyclic olefin, a dienes, a polyene, or an aromatic vinyl
compound; %, v, z, and w are each an integer of 1 or more; =
+ vy + z + w= B to 100000;

M is a magnesium atom, a zinc atom, an Al-RY group, or
a Ga-R'! group, provided that R* is a hydrogen atom, a
hydrocarbon group, a halogen atom, a silicon-containing group,
oranoxygenwcontaininggreup;Rlandeﬁareeachindependently
a hydrocarbon group having 1 te 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 hetercatem excluding carbon and hydrogen and thus
form a ring; R® to R? are each independently a hydrogen atom,
or a hydreccarben group having 1 to 20 carbon atoms; o' and Q°
are each independently a divalent hydroccarbon group: 0% is a
divalent connecting group containing a linkage by a heteroatom
excluding carben; h, j, k, m, and p are each independently 0
or 1; n is an integer of 0 to 1U; and r is an integexr of 0 to
10000, provided that:

' to R may be a group formed by substituting a part
of the hydrogen atoms of the hydrocarben group with a
substituent containing a hetercatom excluding carbon and
hydrogen; o' and Q* may be a group formed by substituting a
part of the hydrogen atoms of thne divalent hydrocarbon group

with a substituent centaining a heteroatom excluding carbon
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20

25
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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 least one
of R*and R’ is a hydrocarbon greoup having 1 to 2C cazrbon 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 hydrocarben group having 1 to 20 carbon atoms;

when n is 2 or more, plural g%, ¢%, 0%, 3, k, and m may
be individually the same as or different from one ancther;

when r iz 0, R and R*" are united with each other to form
a divalent connecting group (R**!) having 4 or more carbon atoms
and opticonally containing & hetercatom excluding carbon and
nydrogen and thus form a ring:;

when v 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 @', ¢° ¢° b, 3, k, m, n,
p, and R® to R® may be individually the same as or different

from one another.)

1i0. Amethod for producing a both-terminal-functicnal
polymer comprising performing functional group conversicn
reaction at carbon-metal bonds of the organometallic compound

{5) according to claim 4.



