SF-1239 1 DESCRI PTI ON CATALYST FOR OLEFI N POLYMERI ZATI ON, PROCESS FOR
PRODUCI NG COLEFI N POLYMER, OLEFI N COPOLYMER, NOVEL TRANSI TI ON METAL
COVPOUND, s PANI2 FROCESS FOR PRODUCI NG TRANSI TI ON METAL COVPOUND 5 TECHNI CAL
FI ELD The present invention relates to a catalyst for olefin

pol ymeri zation, a process for polynerilzing olefins using the catalyst for
ol efin polynerization, a polyner which can be 10 obtained in accordance
with the pol ynerization process, a novel transition netal conpound, and a
process for producing the sane. HBACKEROIND ART A well known catal yst for
ol efin polynerization is a 15 so-called Kam nsky catal yst of which the

cycl opent agheysgressd OuEr 1N Qoded ry. 2 101garkoCHESS Foat @RppUcCas a
characteristic of producing a polynmer having an extrenely high

pol yer i zabir 9 1nagbl vidkk, aBfleprRALOPYL RERCUNSTENST Bl £ 66 | utdlon. A a

transition netal conpound usetu or such a Kam nsky catalyst, 20 for

chty1 enetTATE Ty, XL ERRGtrof HaenyI oY o At Shror P LA ont “Docurent

2) have been known. In addition, it has been known that if a different 41
SF- 12%9 )

TECHNICAL FIELD
The present invention relates to a catalyst for olefin
polymerization, a process for polymerizing olefins using the
catalyst for olefin polymerization, a polymeéer which can be
10 obtained in accordance with the polymerization process, a novel

transition metal compound, and a process for producing the same.

BACKGRCUND ART
A well known catalyst for olefin polymerization is a

15 so-called Kaminsky catalyst of which the cyclopentadi.enyl group

is provided as a ligand. This catalyst has a characteristic

of producing a polymer having an extremely high polymerization

activity and a narrow molecular weight distribution. As a

transition metal compound useful for such a Kaminsky éatalyst,
ZO for example, bis(cyclopentadienyl)zirconiumdi.chloride

(Patent ‘Document 1) and

ehtylenebis (4,5, 6, 7—tetrahydroindenyl} zirconiumdichloride

(Patent Document 2) have been known,

In additicn, it has been known that if a different




2 transition netal conpound for polynerization is used, the property of
the resul tant polyolefin accordingly differs significantly. Since the

pol yol ef i grFi-g2@%cel | ent in nmechanical properties, it can be used in many
fields such as for various 5 nolded products. Recently, demands on
properties for polyolefin are diversified, and thus polyolefin with
various properties has been required. Therefore, there is a demand for the
advent of excellent catalysts conmponent for ol efin polynerization, wherein

the 10 resuhbantopomyekef compasndiurbhepobynerl entidy operddas, wnrd further
the advent of new transition nmetal conpound that can be used as a

conponentFQBpgygp 6@?€h¥SFe£QIt9$€Tﬁ@ly@?éfﬂﬁrég f&ﬁh%ég]&f¥fggsyears’ a

process of polynerizing olefins using ~ 15 a catalyst s em conprising a

nonocycl o k onp.Qund Qn which.a group_including a.het.eroatom
such as agggb?gggﬁxg%gm@mé:ne Q?éjeonl%?]gerﬁlrbgsae hospHo ﬁg%ﬁ%}ﬁr}l’s‘: onded,
has been develoged significantly and is disclosed in Non-Patent,K Docunent 1
and Non- PAPBRf CpBEunthtCa PSoUPRE pRRdRmY FiRicHt S16 haTel o SEHSBF a

catal yst system conprising a novel transition netal conmpound that exhibits
a polymePpPzdefonraguryst y Refcestiyl e senandeaoenrbpeuivents ZorSubsequent to
the inventors' disclosure, transition netal conpounds having a simlar

| i gand stpoatyaiefaneade stiwsed fSfed,23hdB thus polyolefin with various

properties has been required.
Therefore, there is a demand for the advent of éxcellent
catalysts component for olefin polymerization, wherein the
10 resultant polyolefin has further excellent properties, and
further the advent of new transition metal compound that can
be used as a component of such catalyst for olefin
polymerization.
In recent years, a process of polymerizing olefins using
15 a catalyst system comprising a monocyclopentadienyl compound,
on which a group including a2 heterocatom such as a nitrogen atom,
an oxygen atom, or a phosphorus atomis bonded, has been developed
significantly and is disclosed in Non-Patent Document 1 and
Non-Patent Document 2. |
20 The present inventors have disclosed a catalyst system
comprising a novel transition metal compound that exhibits a
polymerization activity of ethylene in Patent Document 3.
Subsequent to the inventors’ disclosure, transition

metal compounds having a similar ligand structure are disclosed



in Patent Docunent 4, Non-Patent Docunent 3, Non-Patent Docunent 4, and
Non- Pat ent Docunent 5. However, the polynerization process using the
above- nensiFenedst ransi ti on netal conmpounds enployed in 5 conventi onal
technol ogy has problens in that neither catalyst has a sufficient

pol yneri zation activity in the polynergzation of ethylene and

copol yneri zation of ethylene and a-olefin and that it is not industrially
useful for a commercial production because the nol ecul ar wei ght of the
obt ai ned palBateint Bodifhndmis af NGi-etenttDEE G108, Nas - PR cREasRSSnher
synthesizing the transition netal conpounds enpl oyed in conventi onal

technol ogy, sBHORESESESt¥RECh-AnRegeNerally used to synthesize a Kam nsky
catal yst are enpl oyed, such as a process conprising 15 deprotonation of a

conpound serving ol gP d then reacting _wth.a hal ogenated netal
( Pat ent mcumnto‘gé%nd @?\Q acgai;%?erjtf)actulr%lntpri%efﬁd uaﬂﬁ]rgo%g‘?s conpri si ng
dealkaniz%%ign_of g. conpound serving as_a |ligand and an al kali zed net al
( Pat ent RUrelE" 4 AR NoF2 Pat bre Db tirke it OmHoUNGs WL O a5k Iy oduct 20
produced by neans of these processes includes a |arge anount of conplexes -
in whi%h F%VPFBéﬁH§lWmmhﬁé@r\ﬂbﬂﬁmﬂm méthalt, ne ahlder madadlysttough t he
yield differs depending on the kind of I|igand used, the yield is lowin
gener al , kaeepsudifthiant qrdlainre rispedical akthdiof in gaacdbdiyierd ahddwh 60%
yield. It is usually SF-1239 4 equal to or less than 50%yield, is equal
to or | essftéylldi¥é and copolymerization of ethylene and a—~olefin and

that it is not industrially useful for a commercial production

because the molecular weight of the obtained polymer is

10 insufficient.

In addition, as the process for synthesizing the
transitionmetal compounds employed in conventional technology,
processes which are generally used to synthesize a Kaminsky
catalyst are employed, such as é process comprising

15 deprotonation of a compound serving as a ligand and then reacting
with a halogenated metal (Patent Document 3 and Non-Patent
Document 4) and a process comprising dealkanization of a
compound serving as a ligand and an alkalized metal (Patent
Document 4 and Non-Patent Document 3). However, the product

20  produced by means of these processes includes a large amount
of complexes inwhich two ligands are coordinated with one metal,
and thus although the yield differs depending on the kind of

ligand used, the yield is low in general, except with a certain

special kind of ligand giving about 60% yield. It is usually



yield in many cases, and there are sone cases that no target conpound may
be obtained at all. At the sane tine, as inprovenent of these processes,
there 5 B§-0eported a process conprising first reacting a conmpound

serving as a ligand with a hal ogenated netal and then further reacting the
resultant with adding a deprotonation @agent (Non-Patent docunent 5) . In
this manner, it has becone possible to synthesize a transition netal _
conmpound having a specific 10 ligand structure. However, the yield of the
process i sgabiotequalidss ahahesss yhandpOds eandIWienca Ty apent adkenyl
group noiety is, for exanple, an indenyl group, it is confirnmed that there

are casesyield Wifdhy ey d£! drdd gRickbcant! ¥oﬂﬁ§dé'§§§? dependHdg .0qethe kind

15 of ligands or no target product is obtained at al Thus, the™ process

i s not SaEEﬁﬁ@&ﬁgrﬁa RoL 8#?Qi§¥gt§@téflprocesses of giving a lowyield, it

IS necessary to repeat pufrificaiion opéerations such as washing and
roducts. In addition, 20 .in the

recrystallizatggn EO as to.rennve,bé-g
above- ment i oned* proEeE T e FE - 1 SUBRAY BChE LSl theseBERCeSSPRc&PE Gesal ti ng
process after the reaction is also necessary, there is a possibility that
a con exlSekEPRREPY NRTABESS | GOMPRpUFIT il uctea: idia socompiosndr e,
gradual |y degrades due to the conplicated post-treatnent process after the
reacti on. SSEvViR@% s a2 Adgdesicwiibeda dizdvegensittshl mhéadyatfiegien dluraheransi tion
{ metal conpound that can be obtained by the processes described
reacting the resultant with adding a deprotonation agent
(Non-Patent document 5). Inthismanner, it has become possible
to synthesize a transition metal compound haVing a specific
10 ligand structure.
However, the yield of the process is also equal to or less
than 50%, and when a cyclopentadienyl group moiety is, for
example, an indenyl group, it is confirmed that there are cases,
in which the yield significantly reduces depending on the kind
15 of ligands or no target product is obtained at all. Thus, the
process is not satisfactory.
For such synthetic processes of giving a low yield, it
is necessary to repeat purification operations such as washing
and recrystallization so as to remove by-products. In addition,
20 in the above-mentioned process where halogenatedmetal is used,
since a desalting process after the reaction is also necessary,
there is a possibility that a complex, extremely unstable in

impurities such as air or moisture, gradually degrades due to

the complicated post-treatment process after the reaction.



above, it is difficult to synthesize a large quantity of the t ar get
product having good purity with good reproducibility and 5 in a short

peri od of griwr@39and thus there is a need for inprovenent. It has been
desired to develop a synthetic process that is sinple and gives a high
yield. Patent Document 1: JP-A-58-19309 Patent Docunent 2: JP-A-61-130314
10 Patent Docunment 3: JP-A-8-325283 Patent Docunment 4: U.S. Patent No.
5,856, 258 Non-Patent Docunent 1: Chem Rev., 1998(98), 2587 Non- Patent

Docunent 2: Chers Re¥criBOQ34HOA, 2&3I3 tnoryRatest sDegumitardition
Organonetal lics, 1997(16), 5958 15 Non-Patent Docunent 4: Organonetallics,

2003(22) , m3BAT_cHAPoBAG 812 DREUNBN LS 1 Qganonatall | DR &D 0
DI SCLOSURE OF THE T NVENTI ON PRCBLEM'T%lBE S%EGEE E#b%%ﬁs% dﬁ*%ﬁ It is
an object _af -the.prese Lhvention to provide catalysts for olefin
polynerizgt%g%’hégigg g%fgi%% tent i %ﬁlzﬁbﬁyﬁﬁFgfa??%%tﬁ%¥f falite and
capabl e of pro ucing £ Izplefins havi ng excel l ent properties, and also to
provi de 53898 LT Béﬂ YREICATHIEHE B eI B9d FsPRgIpRébE AL BV yARd f or
SF-1239 6, olefin polynerization and to provide a pol yner obtained by the
process. ARG FePrbbeadrdntt £huee pradditud bveneilom heed dopriovi by ementovel
transition netal conpound useful for the above-nentioned polynerization.
| n addi ti éi,hanbeberdaxjeat toldetve@opreesgnthetic process that is simple
and gives a high yield.
Patent Document 1: JP-A-58-19309
Patent Document 2: JP-A-61-130314
10 Patent Document 3: JP-A-8-325283
Patent Document 4: U.S. Patent No. 5,856,258
Non-Patent Document 1: Chem. Rev., 1998(98), 2587
Non-Patent Document 2: Chem. Rev., 2003(103),_2633
Non~Patent Document 3: Organometallics, 1997(16), 5958
15 Non-Patent Document 4: Crganometallics, 2003(22), 3877

Non-Patent Document 5: Organometallics, 2004(23), 540

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

20 It is an object of the present invention to provide
catalysts for olefin polymerization having an excellent olefin
polymerization performance and capable of producing
polyolefins having‘excellent properties, and also to provide

a process for polymerizing an olefin by using the catalyst for



5 invention is to provide a nore sinplified process for synthesizing the
high purity transition nmetal conpound with a high yield. MEANS FOR SOLVI NG
THE PROBLE®-1Q3According to the present invention, there is provided a
catalyst for olefin polynerization, a process for producing an olefin

pol yner, an olefin copolyner, a transi&ion netal conpound, and a process
for producing the transition netal conpound described below, and thus the
above-nenti oned objects of the 15 present invention can be achieved. (1) A
cat al yst baefahebs Twmpat yr@ricabhantd prdides a df)yred baasihearbyehal
conpound represented by the follow ng general formula (1); and (B) at

| east onepgg@padnd ﬁ'@i@fgregb%égfnotﬂ@hgrﬁ}‘é%erﬁ:olﬁf?é‘ﬁt?&ﬂl ng 6 p(r%v:!i)de

organonetal | i ¢ conpound, (B-2) organoal um num oxy conpornd and (B-3)
FommoLnsacanall el LER6 h00y M bhotRa LSl PRIk o SmpuUnd () o

polymerization. In addition, another object of the present
5 invention is to provide a more simplified process for
synthesizing the high purity transition metal compound with a

high yield.

MEANS FOR SOLVING THE PROBLEM
10 According to the present invention, there is provided a
catalyst for olefin polymerization, a process for producing an
olefinpolymer, anolefin copolymer, a transitionmetal compound,
and a process for producing the transition metal compound
described below, and thus the above-mentioned objects of the
15 present invention can be achieved.
(1) A catalyst for olefin polymerization includes:
{A) a transition metal compdund represented by the
following general formula (1); and
(B} at least one compound selected from the group
20 cbnsisting of
(B-1) organometallic compound,
(B-2) organoéluminum oxy compound, and -
(B-3) compounds capable of reacting with the

transition metal compound (A) to form an ion pair,



R6 R6. . . (1) 7 In the general formula (1) , Mrepresents a transition
nmetal atom selected fromGoups 4 to 6 of the periodic table; X represents
5 atom or SE-gEdfp sel ected froma hydrogen atom a hal ogen atom a

hydr ocar bon group, a hal ogenated hydrocarbon group, an oxygen-cont ai ni ng
group, and a nitrogen-containing group; Qis -0-, -S-, -NRa-, or -PRb-
(wherein, Ra and Rb are each a hydrogen atom or a hydrocarbon group); Y is
a neutral ligand having an 10 el ectron-donating group; mis a nunber
satisfying the @atencel]l] of M and when mis 2 or nore, a plurality of atons
or groups represented by X may be the same -as or different from each

ot her, the pl aroups represented by X may be bonded to each
other, it may ugat ed straight-chain diene residue, 15 a

conj ugat ed branch&d- chai n di ene residue, a non-conjugated SF-1239 8
straight-chain dig si due, or a non-conjugated branched-chain diene
resi due, and the |ty of groups represented by X may be bonded to
each ot her ngk 'n is an integer of 0 to 3; two of RL to R4

whi ch are adjacent ot henymay be conbined to forman aromatic ring

or an aliphatic ring w t\ the fih atons to which the two are bonded,
and groups of not fdgrm ng auni*fig which may be the sane as or different
from each other, argq each omor a group selected froma hydrogen

atom a hal ogen atory a hydrfocar ﬂp group, a 10 hal ogenat ed hydrocar bon
group, a silyl group-substifuted '

@ . (1)

RS RB * 0w

Inthegeneralformula(1),Dﬂrepresentsatxansitionnetalatom_
selected from Groups 4 to 6 of the periodic table; X represents
5 atom or a group selected fronxé hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an
oxXygen-containing group, and a nitrogen-containing group; Q is
-0-, -8-, -NR?-, or -PR®~ (wherein, R® and R® are éach a hydrogen
atom or a hydrocarbon group); Y is a neutral ligand having an
10 'electron—donating group; m is a number satisfying the valence
of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different from each other,
the piurality of groups represented by X may be bonded to each
~other, it may form a conjugated straight-chain diene residue,

15 a conjugated branched-chain diene residue, a non-coniugated



hydr ocar bon group, a hydrocarbon group-substituted silyl group, an
oxygen-cont ai ni ng group, and a nitrogen-containing group; and R5 to RS

whi ch naysbelgBe sanme as or different fromeach other, are each an atom or
a group selected froma hydrogen atom 15 a hal ogen atom a hydrocarbon
group, a hal ogenated hydrocarbon group, a silyl group-substituted

hydr ocarbon group, a hydrocarbon group-substituted silyl group, an
oxygen-cont ai ni ng group and a nitrogen-contai ning group, and two of R5 to
R8 whi ch ateaadhtecemdit odbacd odédiduarpyoben erbicwed udtle@ form an aromatic
ring, an aliphatic ring, or a heteroring wth the carbon atons to which

the two apeahendedchd?d dhencatad ysie f Undpliafd BpIRGHNRY Zat ipeBugscording to
(1) above, in which in the general fornula (1), RL and " R2 are conbined to

form one BeoRBLLG:LYng W ki e ERBAR BLONRC oML SFrcladd LLhig; [wo are

bonded, and R3 and R4 are c to formone aromatic ~ Tring t he
carbon atgons_to which thej% are bonded r1I£13) TEQ atalyst far olefin
pol yner i zat T drthceBrdhg & w ) abg\‘/'g,of whicc i“ﬁ“%ﬁb%@né‘%&?c?%wl a
(), ‘and R3 are 5 conbined to formone aromatic ring with the carbon
atons & o WRi SACD FREDGH MIRBARS SORGSASd( &P TREN AR A Xta gt WINsF oF an
pol yneri zation according to (1) above, in which in the general fornula
(1), R3 andirdatierisgnibitfedhecdnron ahenatomtich thagwe 4he bhededs bon
atons to which 10 R3 and R4 are bonded, and Mis a titaniumatom (5) The
cat al yst &nd @t@fgn qolnwrtericzeaiingn aaetagdivRgel ona@nye ate efanfel kst 8r(4)
above, wherein, in the general formula
different from each other, are each an atom or a group selected
from a hydrogen atom, a halogen atom, a hydrocarbon group, a
10 halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl group, |
an oxygen-containing group, and a nitrogen-containing group;
and R’ to R® which may be the same as or different from each
other, are each an atom or a group selected from a hydrogen atom,
15 a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, a silyl group-substituted hydrocarbon group, a
‘ hydrocarbon group-substituted silyl group, an
oxygen-containing group and a nitrogen-containing group, and
two of R® to R® which are adjacent to each other may be combined
_'20 to form an aromatic ring, an aliphatic ring, or a hetero ring
with the carbon atoms to which the two are bonded.
(2) The catalyst for olefin polymerization according to

(1) above, in which in the general formula (1), R' and R? are

combined to form one aromatic ring with the carbon atoms to which



(') , RBis a group selected from(a) a hydrocarbon group selected froma
tertiary al kyl group, an aryl al kyl group, an aryl group, 15 and an
alicyclicSgrédpe (b) a hal ogenated hydrocarbon group selected froma

hal ogenat ed al kyl group and a hal ogen-containing aromatic group, and (c) a
tertiary silyl group, and is a group %aving 1 to 20 carbon aton{(s) in
total. (6) A process for producing an olefin polynmer conprises 20

pol ymeri zing one or nore kinds of olefins in the presence of the catal yst
f or ol ef tha thol yrebozstidorect Raapd e B cteb{bd akosesm b aHogmapriecess for
produci ng an ol efin polymer according to (6) above further conprises

copol yner rzhggwivh ©hemB&eb&h NgsomdftOlali s+ mF-h23% A0 hoBkglhe process
for producing an olefin polyner according to (7) above, in which the two

or nore kinds ofzpl@fd %%t%rlgggl el ok %! %&g&e&eﬁa 5&%8' %y *}fqv]ltgg 2 to

20 carbon atons, and any n sati atlons |p
follomﬁng or # 5 (Eqg-.1) _.when ssuned tﬂa (mal,
concentratlong% éehné 3ﬁé(%}éffﬁ EMET" 8RB £? g?e?#%sfﬁ/g?ﬁéR are
copoly r|2ﬁalon ften1to the sum of concentrations of all olefins is G
and ah abOROAAGE Hoat P BN ORI BHOTHTE It F ik Widh tre carhepiatednst Fomhdsh ol ef i n
(ML) in th? obtalned copolyner to the total structural 10 units is Pi.
0.33 : < R/ mink Rfase bondeg-1) (9) A processfor producing an
ol efi n-vinylidene conmpound copol yner, conprising steps of: copolyneri zing
one or nore kintk) The catalyst for clefin polymerization according to
(1) above, in which in the general formula (1), R?® and R? are
combined to form one aromatic ring with the carbon atoms to which

10 R® and R® are bonded, and M is a titanium atom.

(5} The catalyst for olefin polymerization according to
any one of (1) to {4) above, wherein, in the general formula
(I), R¥®is a group selected from (a) a hydrocarbon group selected
from a tertiary alkyl group, an arylalkyl group, an aryl group,

156 and an alicyclic group, (b) a halogenated hydrocarbon group
selected froma halogenated alkyl group and a halogen-containing
aromatic group, and (c) a tertiary silyl group, and is a group
having 1 to 20 carbon atom(s) in total.

(6) A process for producing an olefin polymer comprises

20 polymerizing one or more kinds of olefins in the presence of
thecatalystforolefinpolymerizationofanyof(l)to(5)above.

(7) The process for producing an olefin polymer according

to (6) above further comprises copolymerizing two or more kinds

of olefins.



of olefins selected froma-olef ins having 2 to 20 carbon atons 15 and a

vi nyl i dene conpound in the presence of a catalyst for olefin

pol yneri z&F+®RA3Bncl uding (A) a transition nmetal conpound represented by
the follow ng general formula (1), and (B) at |east one conpound sel ected
fromthe group consisting of (B-1) oid@ganonetallic conpound, (B-2)

or ganoal um num oxy conpound and 20 (B-3) conpounds capable of reacting with
the transition netal conpound (A) to forman ion pair; and producing a
copol yner havi n¢8) &heoptemtss dbrpfddoidin)g ah ¢lef st patine ala amairidd ngUo)
derived fromthe olefin to the structural units (W) derived fromthe

vi nyl i dento qanpaibisiee 0fi n 530120 die 096 br(i®rakihakidd) olaFinade bl efiGhem 2]
RBRR RAR1f Xm f Yn RBRQR6 R3. , s 1 1In the general fornula (1) , M

represent Sefe bt 8ASEELAN IS : Al 0y 158 6Ctedohr om L ouns, 4 ¢ f%lr i an byt he

periodic table; X represents 5 an atomor a group se ected yhydrogen

atom a hgi gge Q&Bﬁff‘egy&gcz?erb rsﬁbjg}iéna%hcﬂ{ é)wdln %rocarbon gr oup,

an oxygen-contar nrng group, oIfllgahersent s
mhereln Ra and R are each a hydrogen atom or

PR -
aohydrf’gca %%ber‘"mﬁfj asguimg h@’ﬁﬁl a'qatlo {mol%) of a concentratlon of

any one olefin (M;) among the olefins in the copolymerization

.system to the sum of concentrations of all olefins is Ci and

an abundance ratio {(mol%) of structural units derived from an

olefin (M;) in the obtained copeclymer to the total structural
10 units is Pi.

0.33 < Ci/Pi < 1.50 ..(Eg-1)

{9) A process for producing an olefin—vinylidene compound
copolymer, comprising steps of: copolymerizing one or more kinds
of olefins selected from a-olefins having 2 to 20 carbon atoms

15 andavinylidene compound in the presence of a catalyst forolefin
polymerization including (A) a transition metal compound
represented by the following general formula (1), and (B) at
least one compound selected from the group consisting of (B-1)
organometallic compound, (B—.2) orrganoaluminum oxXy compound and

20 (B-3) compounds capable of reacting with the transition metal
compound (A) to forman ionpair; and producing a copolymer having
a content ratio (Uo/Uv) of the structural units (Uo) derived
from the olefin to the structural units (Uv) derived from the

vinylidene compound of 50/50 to 99/1 (molar ratio),



10 ligand having an el ectron-donating group; mis a nunber satisfying the
val ence of M and when mis 2 or nore, a plurality of atonms or groups
represent é'-0¢ 3% may be the sanme as or different fromeach other, the
plurality of groups represented by X may be bonded to each other, they may
forma conjugated SF-1239 12 straighti-ichain di ene residue, a conjugated
branched-chain diene residue, a non-conjugated straight-chain diene
residue, or a non-conjugated branched-chain diene residue, and the
plurality of grdUpsmrepresented by X may be bonded to each other 5 to form
aring; nis aninteger of 0 to 3; RL to R4, which may be the sane as or
different fromeach other, represent each an atomor a group selected from
a hydrogen at dip-2a haquéz atom a hydrocarbon group, a hal ogenated

hydr ocar bon gr'owp, a sijl'yl group-substituted hydrocarbon group, a

p- substituted silyl group, an oxygen-contai ni ng group
{\ni ng group, and the two of RL to R4 which are

nay be conbined to forman aromatic ring or an

al i phatic Hon atoms to which the two are bonded; and R5
to R8 whic nay be : as orwdifferent 15 from each other, represent
each an atomor a gjoup 3¢l ecte pm a hydrogen atom . a halogen atom a
hydr ocar bon group, R ed hydrocarbon group, a silyl

gr oup-substituted ¢ Q\buoup, a hydrocarbon group-substituted silyl
group, an oxygen-containii? gr géand a nitrogen-containing group, and 20

and a nitrogen-
adj acent to_each

the two of R5 to R8|which afe adjdcpgnt to each other maybe conbi ned

R Q

O w (1)

In the general formula (1), M represents a transition metal atom
- selected from Groups 4 to 6 of the periodic table; X represents
5 an atomor a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen-containing group; Q
repersents -0-, -S-, -NR®-, or -PRP - (wherein, R® and R® are
each a hydrogen atom or a hydrocarbon group); Y is a neutral
10 1ligand having an electron-donating group; m is a number
satisfying the valence of M, and whenm is 2 or more, a plurality
of atoms or groups represented 5y Xmay be the same as or different
from each other, the plurality of groups represented by X may

be bonded to each other, they may form a conjugated



to forman aromatic ring, an aliphatic ring, or a heteroring, wth the
carbon atonms to which the two are bonded. (10) An olefin copolyner
conprisingFsted@tural units derived fromone or nore kinds of olefin
selected froma-olefins SF-1239 13 having 2 or nore carbon atons, wherein
the tri-substituted internal olefin g@antity is 0.1 or nore per 1000
carbon atonms when neasured by 'H- NVR (11) The ol efin copol ynmer according
to (10) above, which 5 is a copolyner of two or nore kinds of olefins

sel ect ed $roaightotediimsdimve ngeRidue ,2G: canjoyaateaimb rancahepekyagn of
a-olefin of one or nore kind(s) selected froma-olefins having 3 to 20

carbon at atene Wearieiue,t hen€9ASHH fwgited atiraight-eghOhrd aMd aksikiuakage
bet ween the a-ol efins having 3 to 20 carbon atons in 10 the total a-olefin

chai ns | sod0z TRbAA Q5N RS2 MG IRAMH- RN, 13 R he) ARgobaLi D

pol ymer, which is a polynmer of an olefin ecte fom a-ol efi'ns having 2
or nmore cgip Q%fﬁ , rising. on its side chain or re,al kyl
gr oups se?ec?e Bg%?r%]ﬁ?gggerteﬁﬁe gerngﬁg ki%%)ma}y %ﬁqﬁ?r& %6?0%%8?1853% 3
car bo atﬁns &%éz,,an_alk I %éou having 4 carbon ,atons, (b3),, and an al kyl
group haviRgt% B3GR Y4t BnsS (¥2) 10 5595A GédOt hat37 vhehCtRe #lHSEr ™a8f car bon
atons of a-olefin having 3 or nore carbon atonms supplied in a
pol yrer i Zagitdie isgme, agjde dikdicrsrltaliog aach oahbon PEPBEHIBE Hasnan
included in the al kyl group selected from(bl) to (b4) ) , wherein the
content oftemert et@told dedldtenl Kybmgs duyprrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
10 group-substituted silyl group, an oxygen-containing group and
a nitrogen-containing group, and the two of R' to R® which are
adjacent to each other may be combined to form an aromatic ring
or an aliphatic ring, with the carbon atoms to which the two
are bonded; and R’ to R® which may be the same as or different
15 from each other, represent each an atom or a group selected from
a hydrogen atom, a halo'gen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl group,
an oxygen-containing group and a nitrogen-containing group, and
20 the two of R° to R®which are adjacent to each other may be combined
to.form an aromatic ring, an aliphatic ring, or a hetero ring,
with the carbon atoms to which the two are bonded.

(10) An olefin copolymer comprising structural units

derived from one or more kinds of olefin selected from a-olefins



Is 1.0 or nore per 1000 carbon atons. (13) An ol efin-vinylidene conpound
copolyner, which is a copolyner of at |east one olefin selected

froma-ol eBFn$2havi ng SF-1239 14 2 to 20 carbon atons and a vinylidene
conpound, wherein the ratio (Uo/W) of the total content of structural
units derived from the olefin (Uo) td3the content of structural units
derived from the vinylidene conpound (W) is from50/50 to 99/1 (nol ar
ratio) . 5 (14) Atransition netal conpound represented by the follow ng
general fbewiha 21%r fpChencaghorRZARMs R&WRIrgymtiM Yiri-Ruds@iRetR8 1 } R7
In the general formula (1) , Mrepresents a transition nmetal atom 10

sel ected inbartidupbe#id eufarafityhesperl ast endrabber Xoo@prLseM Stomd at om or
a group selected froma hydrogen atom a hal ogen atom a hydrocarbon

group, a @g&@g@@@é@ﬁe@yg§Oqu@@ﬂ group, an oxygen-containing group, and a
ni trogen-containing group; Q represents -0-, -S-, -NRa- or -PRb -

(wherein, Ra ang Rbh@PLESERL copolymer according to (10) above, which

5 1is a copolymer of two or more kinds of olefins selected from

a—clefins having 2 to 20 carbon atoms or a polymer of o—olefin
of one or more kind(s) selected from a-olefins having 3 té 20
carbon atoms, wherein the constituent ratio of regioirregular
linkage between the w~olefins having 3 to 20 carbon atoms in

10 the total a-olefin chains is 10 mol% or more when measured by
13C-NMR.

(12) An olefin polymer, which is a polymer of an olefin
selected from c-olefins having 2 or more carbon atoms,
comprising on its side chain two or more al];yl groups selected

15 from an ethyl group (bl), an alkyl group having 3 carbon atoms
(b2), an alkyl group having 4 carbon atomé {(b3), and an alkyl
group having 5 carbon atoms {(b4) (provided that, when the number
of carbon atoms of a-olefin having 3 or more carbon atoms
supplied in a polymeriéation is t, side chains having t-2 carbon

20 atoms are not included in the alkyl group selected from (bl)
to (b4)), wherein the content of the total bl to b4 alkyl groups |
is 1.0 or more per 1000 carbon atoms. |

{13) An oiefin-vinylidene compound copolymer, which is

“acopolymer of at least one clefin selected froma-olefins having



SF-1239 15 each a hydrogen atom or a hydrocarbon group); Y represents a
neutral |igand having an el ectron-donating group; mis a nunber satisfying
t he val enéddf239 and when mis 2 or nore, a plurality of atoms or groups
represented by X maybe the sane as or different 5 fromeach other, the
plurality of groups represented by X may be bonded to each other, they may
forma conjugated straight-chain diene residue, a conjugated _
branched-chain diene residue, a non-conjugated straight-chain diene

resi due, 2ofo&0noarlampugatechds anekeddehal dosh@ne,r g5é faen tand-4de 10
plurality of groups represented by X may be bonded to each other to forma
ring; n iguanUivit egeth@fcdtallocdntbhe &10sofu R urd10uR s W £hy &8 & .24 acent
to each other may be conbined to form an aromatic ring or an aliphatic
ring wthgti fy0 | t re_bonded, .and the groups not
formng a riﬁagﬁﬁgggtﬁg ﬁgJﬁ§EC¥ﬁEg§%ég?5§%§F% F?Eé?@ﬁfs9?5h¥%%éﬂg%ﬁher,

r epr esent n atomor a gr selected froma hydrogen atom a hal ogen
atom a ﬁggﬁgégﬁﬁéﬁﬂﬁ?8%%?058%gﬁgééﬁhféamgydPQéé%%%zldm&&a;%9%ﬁqkﬂ '
group-gubstitutﬁg hydr ocar bon group, a hydrocarbon group-substituted silyl
group,®an oxygeh:éontat Ftmdyl Gougietrl coRewid rspaeseoredi biynghgr oup; and
R5 to R8, which may be the same as or different fromeach other, represent
each an afemleriagy geoepasefermelsftbm a hydrogen atom a hal ogen atom a
hydr ocar bon group, a hal ogenated hydrocarbon group, a silyl

group- substi t ut édhéydrdrar bon group, a hydrocarbon SF-1239

R R?

R4 R’

. f’ //z>(ﬂ1

M\

: [
R Q

qui FQE! £ " (:1.)

In the géneral formula (1), M represents a transition metal atom
10 selected from Groups 4 to 6 of the periodic table; X represents
an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen-containing group; Q

represents -O-, -S-, -NR*- or -PR® - (wherein, R* and R® represent



16 group-substituted silyl group, an oxygen-containing group, and a
nitrogen-containing group and the two of R5 to R8, which are adjacent to
each ot heSF—m@psbe conbined to forman aromatic ring, an aliphatic ring,

or a heteroring, with the carbon atons to 5 which the two are bonded.

(15) The transition netal conpound acdarding to (14) above, in which the
transition nmetal conpound, is a conpound represented by the follow ng
general formula (2) [Chem 4] R11 R12 RRO RI3 OR9 Rl14 xm JM- | Yn R5

R R 10 Rgakch theydeogsmlatfos ad & (2HroBrbenRErdupWhich-dppedethe sane as
or different fromeach other, represent each an atomor a group selected

froma hydéﬂgealalmandihﬁﬂﬁg%rh ataegt ranhyghoednb ot o hRs 2 HidiRgenat ed
hydr ocar bon group, a silyl group-substituted ydro arbon group, a
hydrocarb@@t§gf§§ﬁ8t¥évalenceofDL andwhenmis 2 ormore, a plurality
of atoms or groups representedby Xmay be the same as or different
5 from each other, the plurélity of groups represented by X may
‘be bonded to each other, they may form a conjugated
straight-chain diene residue, a conjugated branche&—chain
diene residue, a noen~conjugated straight-chain diene residue,
or a non-conjugated branched-chain diene residue, and the
10 plurality of groups represented by X may be bonded to each
other to form a ring; n is an integer of 0 to 3; the two of R®
to R?, which are adjacent to each other may be combined to form
an aromatic ring or an aliphatic ring with the carbon atoms to
which the two are bonded, and the groups not forming a ring which
15 may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group and
20 a nitrogen-containing group; and R® to R®, which may be the same
as or different from each other, represent each an atom or a
group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, a silyl

group-substituted hydrdcarbon group, a hydrocarbon



group-substituted silyl group, an oxygen-containing group and a

ni trogen-contai ning group, and the two of RO to R14 , which are adjacent
to each ofFeil?3fmy be conbined to forman aromatic ring, an aliphatic
ring, or a heteroring with the carbon atons to 5 which the two are
bonded. (16) The transition netal conpadénd according to (15) above, wherein
anong the atons or groups represented by RO to R14, at |east one of R9 and
R10 is a hal ogen atom a hydrocarbon group having 1 to 20 carbon aton{s),
a hal ogengatredp hydroathrboed gidyp dodmyeng sy dem-20ntarimdmngad 0od;s,) and sil yl
group-substituted hydrocarbon group having 1 to 20 carbon atom (S) , or a
hydr ocar bami gr ey -sadysdd triitrefl ggiciyl ag8otH: hand Bg A° &@ BY, Gayikengaton(s) in
total, and RO and R10O may be the sanme as or different fromeach other. 15

(17) The paansiiien é‘ﬁi@btﬁ@@ﬁ%b%&%ﬁ%qiﬁ%g PrbinlarPRPYEL s ELE N aToNg

the atons or groups represente ogen atbm a
hydr ocar b aVi 1 tg 20 carbon . atom.(s) a_hal ogenat ed

hydr ocar b%ﬁ %fflgup }virrqglgl 6 igrl%%?%ooﬁlnﬁ’oW%£§,t%es(fq]%fmgta&?ﬂ“-ssﬁﬁsti t ut ed
hydr ocar bon. gr o having 1 20 to 20 carbon atom(s) or a hydrocarbon
groupggubggfg%tgﬁes?W%Igr%rQﬁﬁéqﬁmn ng 1 to 20 carbon aton(s) in total. (18)
The transition netal conpound according to (15) above, wherein the two
atons or groupslof Tike £ regsipi4 cadjsicenconpoead Accordéngdenbl flesbbwet or m an

expanded aromatic ring. SF-1239 18 (19) The transition netal conpound
accor di nginowlfilel) @boweransition metal compound, is a compound

represented by the following general formula (2):

[Chem. 4]

e (2)

10
In the general formula (2), R® to R, which may be the same as
or different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, a silyl

15 group-substituted hydrocarbon group, a hydrocarbon



wherein the transition nmetal conpound is a conpound represented by the
follow ng general formula (3): [Chem 5] R18 R17 R19 R16 R20 R15 /gym fM
| Yn R5 QFR62R8 R7 5 In the general formula (3), R15 to R20, which may
be sane with or different fromeach other, represent each an atomor a
group selected froma hydrogen atom 18 hal ogen atom a hydrocarbon group,
a hal ogenat ed hydrocarbon group, a silyl 10 group-substituted hydrocarbon
group, a hydrocarbon group-substituted silyl group, an oxygen-contai ning
group, androapnstbegéhutedtsiniingrgupypan angdehe cdonbadhiRgSgt®@dR20d whi ch
are adjacent to each other, may be conbined to forman aromatic ring, an

al i phat i carnigr®ferg-d@itedih i gronb} lridi@neat o, akdR% BF- 12301 et 0 Whi ch
the two are bonded. (20) The transition nmetal conpound according to (14)

above, whgKgkBnthe LEARYLHLQN R} BL £omReuRd: 53s, .4 ST LUSHYE $c ring,
an aliphatic ring, or a hetero ring with the carbon atoms to
5 which the two are bonded.

(1) The transitionmetal compound according to (15) above,
wherein among the atoms or groups represented by R’ to R, at
least one of R®? and R is a halogen atom, a hydrocarbon group
having 1 to 20 carbon atom(s), a halogenated hydrocarbon group

10 having 1 to 20 carbon atom{s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(S), or a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom(s) in
total, and R’ and R'” may be the same as or different from each
other.

15 (17) The transitionmetal compound according to (15) above,
wherein among the atoms or groups represented by ﬁg to R, R!
is a halogen atom, a hydrocarbon group having 1 to 20 carbon
atom({s), a halogenated hydrocafbon group having 1 to 20 carbon
atom(s}, a silyl group-substituted hydrocarbon group having 1

20 to 20 carbon atom(s) or a hydrocarbon group-substituted siiyl
group havihg 1 to 20‘ carbon atom(s) in total.

(18) The transitionmetal compound according to (15) above,
wherein the two atoms or groups of R' to R' adjacent to each

other combines to form an expanded aromatic ring.



represented by the follow ng general formula (4): 5 [Chem 6] R26 R25 R24
RR3 RR7 ORZ RRBR2I M 5/ ~Y RQ R60RS8R/. (4 In the above
general f@&EMI28Y4), R21 to R28, which may be the sanme as or different
fromeach other, represent each an atom or a group selected froma
hydrogen atom a hal ogen atom a 10 hyidy ocarbon group, a hal ogenat ed
hydr ocarbon group, a silyl group-substituted hydrocarbon group, a
hydr ocarbon group-substituted silyl group, an oxygen-containing group and
a nitrogen- contabniThig: Yraupi t eattnebel tadmpafundc ¢ 338, cohieh ade adj acent
to each other, may be conbined to forman aromatic 15 ring, an aliphatic
ring, or ahbekenotiid ﬂgan\éﬁuﬂoh%tﬁrQ&Hp@ﬁﬁmssf'c%%?)%ugg - MU LR he two
e

are bonded. EEE (21) A process for producing a nov transition netal
conpound gOMRLLSiFRg 1BLOGES .y Process 1: reacting an amde
conpl ex regr esent eg by ﬁﬁeﬁeée?%ﬁ gé\ngﬁngf%e ?é)r al formula (10) with an anion
| igand (L) havi T@hex% sgﬁucture represented by the follow ng general fornula
(11) ]

R‘IB R'l?
R19 O R16
RZU R15
4 /Xm
M\
s 1 LT
R Q

O ... (3)

In the general formula (3), R* to R®*®, which may be same with
or different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, é hydrocarbon
group, a halogenated hydrécarbon group, a silyl
10 group-substituted hydrocarbon group, a hydrocarbon

group—substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group, and the two of R to R*®, which
are adjacent to each other, may be combined to form an afomatic

ring, an aliphatic ring or a hetero ring, with the carbon atoms



or with a neutral organic conmpound in which the anion ligand (L) is
hydr ogenat ed, and converting the resultant into a reaction product
cont ai ni n§¥aR2&/i de conpl ex represented by the 10 fol |l owi ng general fornula
(12): MM(NZZ' )ml¥Yn ... (10) [Chem 7] RBRRR 2- RAAR R~ REORB . . .
{11 R/ LMNZZ )Y, ... (12) ; and1lB5 Process 2: reacting the obtained
reaction product from the Process 1 with a conpound represented by the
following general fornmula (13), and preparing the novel transition netal
conpound Fepraseht Blebywehert opdondgdg general fornula (1): VX1 ... (13)
SF-1239 21 [Chem 8] R RZ R4 RL xm Ilrbil I Yn R5 C

(20) The transitionmetal compound according to (14) above,

wherein the transition metal compound has a structure
represented by the following general formula (4):

5 : IChem. 6]

F225 F224

R25 R23

R2?’ R22

R28 RZT/xm
M
/ ™~
& g

R7 _ (4)

In the above general formula (4), R*' to R?®, which may be the
same as or different from each other, represent each an atom
or a group selected from a hydrogen atom, a halogen atom, a
10 hydrocarbon group, a halogenated hydrbcarbon group, a silyl
group-substituted hydrocarbon group,ra hydrocarbon
group-substituted silyl group, an oxygen-containing group and
a nitrogen~containing group, and the two of R?*' to R?®, which
are adjacent to each other, may be combined to form an aromatic

15 ring, an aliphatic ring, or a hetero ring, with the carbon atoms



R6 R 7 In the general fornulae (1), (10), and (12), Mrepresents a
transition netal atom selected from Goups 4 to 6 of the periodic 5 table,
in the gef&rak3tornmula (12), L is the anion |igand represented by the above
general fornmula (11), in the general fornulae (1) and (11), Rl to R4,

whi ch may be the sane as or different¢ofromeach other, represent each an
atomor a group selected froma hydrogen atom a hal ogen atom a
hydrocarbon 10 group, a hal ogenated hydrocarbon group, a silyl

group- subtti voied hyeroeardos lgsmodge]. a hydrocarbon group-substituted silyl
group, an oxygen-contai ning group and a nitrogen-containing group, and the

two of Rl to RA2whixh ddsAHACHHodR183CR abhen., t@f&}ﬁs%l@ﬁnﬂﬂé{‘@ﬁ to form
an aromatic ring, SF-1239 22 an aliphatic¢ ring, or a hetero ring, with the

car bon at 88ph @y Wb L0end YL ALS DONdag; ARLIZS o RS, whi oh may be the

sanme as or drffere rom represent each an atomor a group
selected froma,h dro n ato a _halo gen atom droc up, a

hal ogenat ed hy ré%arfgﬁ'gFSGﬁ lﬁgs?W J‘ﬁ?&ﬁﬂpéﬁ§s¥? {ﬁ%ﬂﬁﬁvgﬁﬁgﬁﬁﬁon
group,_a Egg ocarbon graqup- substrtuted silyl group an oxy%en contai ni ng
gr oup, CHIRY GERRTEINEAFRILAY grbupitinen @id awbiean®s(ohRBinghi ch are
adj acent to each other, may be conbined to forman aromatic ring 10 or a
het ero riﬁgswqcﬁqlﬁer@@r‘rbéﬁnaﬁdrﬁsytiﬁla/\/rfrodhowhegtg\@ne\;rel Wended,a (iLh)the

general formula (10), Wrepresents a halogen atom p is
or with a neutral organic compound in which the anion ligand

(L) is hydrogenated, and converting the resultant into a
- reaction product containing an amide complex represented by the
10 following general formula (12):
MWp (NZZ’ ) i Yo w {(10)

[Chem. 7]

R“ R?

L= -
R : Q
R® RS voer {11)
R7
M{(NZZ" )n¥n .. (12); and
15 Process 2: reacting the obtained reaction product from

the Process 1 with a compound represented by the following
general formula (13), and preparing the novel transition metal
' compound represented by the following general formula (1):

VX .. (13)



an integer of 0 to 2; and p and mMl are determned to satisfy the valence
of M in the general fornmula (1), X represents an atomor a group selected
froma hy8dFob2h%atom a hal ogen atom 15 a hydrocarbon group, a hal ogenated
hydr ocar bon group, an oxygen-containing group, and a nitrogen-containi ng
group, in the general forrmula (11), Blrepresents -0-, -S, -NRa- or -PRb -
(wherein, Ra and Rb represent each a hydrogen atomor a hydrocarbon
group), in the general fornmulae (10) and (12), Z 20 and Z' which may be the
same as or difflettem. f&lom each other, represent a hydrocarbon group having
1 to 20 carbon aton(s) or a silicon-containing group; and the two groups
represented by NZZ' which are adjacent to each other nay be bonded via Z
or Z , and iHQSbe casgyBhere those are bonded, bridging groups of SF-1239
23 those may e a chfhal structure, in the general formula (13), V
represents a nmetalk_atop selected fromGoup 1 of the periodic table, a
hydr ogen atom a )PT'E\arbon group having 1 to 20 carbon aton(s) , a
hal ogenat ed hydroo QOMk group having 1 to 20 carbon 5 atom(s), a
silicon-con : !\év;'“ I trogen-contai ning group or an
oxygen-contarning g Xlr esents a halogen atom in the genera
formulae (1) , (10) 12%6/’ Mepresents a neutral |igand having an

i general formula (12), mis a nunber
satisfying the valence of 1 N&\bnd when mis 2 or nore, a plurality of
groups represented by NzZ' the sane as or different from each
other, in the generfal for Ia (1) nn1|s a nunber satisfying the val ence

RSI e (1)

In the general formulae (1), (10), and (12), M represents a
transitionmetal atom selected from Groups 4 to 6 of the periodic
5 table, in the general formula (12}, L is the anion ligand
represented by the above general formula (11}, in the general
formulae (1) and (11), R! to R?, which may be the same as or
different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon
10 group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
. group-substituted silyl group, an oxygen-containing group and
a nitrogen-containing group, and the two of R! to R*, which are -

adj acent to each other, may be combined to form an aromatic ring,



of M and when mis 2 or nore, a plurality of atons or groups represented
by X may be the sane as or different fromeach other, 15 the plurality of
groups repgiteslé®® d by X may be bonded to each other, they may forma

conj ugat ed straight-chain diene residue, a conjugated branched-chain diene
resi due, a non-conjugated straight-chn diene residue or a non-conjugated
branched-chai n di ene residue, and the plurality of groups 20 represented
by X may be bonded to each other to forma ring, in the general formnulae
(1), (10) 2rapdiph2ficnriepresent detrroi ntegerwdtfh GHeo c3rbdhEaEhkEGD OF THE
| NVENTI ON SF- 1239 24 The catal yst conponent for olefin polynerization
accor di ng wihd chhe:hpr esenaré ryeidddn Lxhidbi t6 =28, Pl ngat benthai ddndi gh

pol ymeri zation activity when a polynerization of olefin e.g., ethylene,

propyl ene ashupeng; r fecsne £t adi-eNgt Be Efre P €W B Lzahi op of

ol efin such as ethylene - propylene, ethylene - butane etc., Is carried
out. In a%@i%’og wh I rization of . a-olefin is carried out, the
. o ele - .
ol efin . pol n@r haﬁln%aaﬁggﬁgglh ?5898Ha?Eomhl%hh?%o%ﬁ?f%§%ﬂﬂ Fromthe
n . polymer g an :
suppllgdnﬁf%%efln based S|de-cﬂaln can_be groduced. For exanpl e, 10 when
honmopo? y e FREEEROEE IEOHRY eRel R $CEaRRFEY PUFTOEREP®R AR BoidEr havi ng
an al kyl side-chain is produced. Wien a honopol yneri zation of a-olefin
e.g., profyrEResuPEtténEeddbrenecerkon groeny ri ebydesamreml ef i n pol yner
having a large anmount of ‘internal olefins can be produced in comnparison
group-substituted silyl group, an oxygen-containing group, and
~a nitrogen-containing group, and the two of R® to R®, which are
adjacent to each other, may be combined to form an aromatic ring
10 oraheteroringwith the carbon atoms to which the two are bonded,
in the general formula (10}, W represents a halogen atom; p is
an integer of 0 to 2; and p and ml are determined to satisfy
the valence of M, in the general formula (1), X represents an
atom or a group selected from a hydrogen atom, a halogen atom,
15 a hydrocarbon group, a halogenated hydrocarbon group, an
oxygen-containing group, and a nitrogen-containing group, in
the general formula (11), Q represents -0-, -3, -NR®- or -PR®
- (wherein, R® and R® represent each a hYdrogen atom or. a
hydrocarbon group), in the general formulae (10) and (12), Z
20 and Z’ which may be the same as or different from each other,
represent a hydrocarbon group having 1 to 20 carbon atom(s) or
a silicon-containing group; and the two groups represented by

NZZ’ which are adjacent to each other may be bonded via Z or

Z’, and in the case where those are bonded, bridging groups of



15 with the polyner obtained by using conventional catalysts for olefin
pol yneri zation. In addition, the polyner of a-olefin of the present
|nvent|onsﬁé§2§9lom1regloregularlty, and for exanple, the polynmer having a
| ower crystallinity can be obtained. On the other hand, when

copol ynerization is carried 20 out, excellent copolynerizability of
conononers, and the ethylene olefin copolyners having high conononer
content with the use of only a small anount of conononer, can be obtained
i n conpar it§@FEN Nalve @ ade nehleséroohvent i onahe apdrad nesit sobnelaolishi,n
polymerization are used, and since copolymerization of SF-1239 25

vi nyl i den& E@prp@smdtsmdmebhyrm:mrﬁ:ablleﬁteﬁ 051 tgalipd] HrefRe Ml i AligO
possi ble, there is a significant industrial value. The transition netal

conpound ebiike apwaga@eh@t%mImyd%ea%oﬁgg%d afifid b3l ysh d9h ol efin
pol yneri zation having the 5 above- nenti one or man e. According to the

rocess f rragluc iqt d of th
anentlong&Oﬁ(?g ﬁ%g%ﬁ%gghggggf%gﬁrggégé é> ﬁgl?9éhglfé§ aﬁé?%
conmpound nted the above- msntloned eneral fornmula (1) with high
purlpt yyané%ﬁﬁlg%?' 10 § y| ‘&OHB%%FY W%@%R% NGWWOIHN@(ENZFPQ\I )

Hereinafter, catalysts for olefin polynerlzatlon related to the present
i nvent i on9T4UBI e R LHVGENFCoMtEig N6l BT P 1 8ngdl yrRmEe seut sok éfkilogenpol yner
a novel transition nmetal conpound, and a process for producing the
tran5|t|oﬂtﬁ@tarltbﬁw@@ﬁdalmnf¢rmulae (1), (10), and (12), Y represents
a neutral ligand having an electron—donating group, in the
general formula (12), m is a number satisfying the valence of
10 M, and when m is 2 or more, a plurality of groups represented
by NZZ’ may be the same as or different from each other, in
the general formula (1), m is a number satisfying the valence
of M, and whenm is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different from each other,
15 the plurality of groups represented by X may be bonded to each
other, theyrmay form a conjugated straight-chain diene residue,
a conjugated branched-chain diene residue, a non-conijugated
straight-chain diene residue.or a non-conjugated |
branched-chain diene residue,land the plurality of groups
20 represented by X may be bonded to each other to form a ring,

in the general formulae (1), (10}, and (12), n represents an

integer of ¢ to 3.

THE EFFECT OF THE INVENTION



be described in detail. In the present specification, there is a case where
the word "polynerization' is used not only to nmean 20 honopol yneri zati on
but al so s&-ieaa copol ynerization. In addition, there is the case where a
word “polymer' is used not only to nean honopol ynmer but al so to mean
copolymer. The catal ysts for ol efin polaynerization related to the present

i nvention includes SF-1239 26 (A) a transition nmetal conpound represented
by the following general fornula (1), and (B) at |east one conpound

sel ected from tTiee graupl gonsé@ipdentoffdr (B-kirmoirgasesetabkienconmpounds,
(B-2) organoal um num oxy conpounds, and (B-3) conpounds capabl e of reacting

with the bEaBsiih@ndBird preHAURLvEALibA LOR D ARSI PN NRideriFbk§bn €ach of
t hese conponents, which are conprised in a catal yst for "olefin 10

pol ymeri zgt Lgn S C ion, wll bhe. described.

T el ¢ o o LFh ookt 00 PO e L U Pl v A c PR ch | s
usef ul as 4 ftransition net al conpound conponent in the catalyst for olefin
15 pol ymePTZation” ¥ et af B 197% heP PIRSER S Neon, 3§C8 N p PESEALERS by the

foll ow ng general formula (1), [Chem 9]
5 “etc., or a copolymerization of olefin such as ethylene -

propylene, ethylene - butane etc., is carried out. In addition,
" when polymerization of a-olefin is carried out, the olefin
polymer having an alkyl side-chain which is different from the
supplieda-olefinbased side-chain canbe produced. For example,
10 whenhomopolymerization of ethyleneis carriedout, the ethylene
polymer having an alkyl side-chain is produced.
When a homopolymerization of q—olefin e.g., propylene,
butene, decene etc., is carried out, an olefin polymer having
a large amount of internal olefins can be produced in comparison
15 with the polymer obtained by using conventional catalysts for
olefin polymerization. In addition, the polymer of a-olefin
of the present invention has a low regioregularity, and for
example, the polymer having a lower crystallinity can be
obtained. dn the other hand, when copolymerization is carried
20 out, excellent copolymerizability of comonomers, and the
ethylene olefin copolymers having high comonomer content with
the use of only a small amount of comonomer, can be obtained
in comparison with the case where conventional catalysts for

- olefin polymerization are used, and since copolymerization of



SF-1239 27 RBR RARLi7 Xm MRS/ Yn Q RSR8 (1} R7 In the above
general fornmula (1), Mrepresents a transition netal atom selected from
G oups 4 Bb-52%% the periodic table, and specifically is Goup 4 netal
atons of titanium 5 zirconium and hafnium Goup 5 netal atons of
vanadi um ni obium and tantalum and @oup 6 netal atonms of chrom um

nmol ybdenum and tungsten. Anong these, transition netal such as titanium
zirconium hafnium vanadi um niobium tantalumand chromum is

pr ef er abl Binwhbhene teswcant aup po lyweal zatdonanitl cantngapes8 diGneetas at om
are preferable, further, Goup 4 or Goup 5 transition netal atons of the
peri odi ¢ 4abbeponsiihieh therd riansd tdigmifetaaint dhadmshkirhad &avakence nunber
of 2, 3, or 4, are nore preferable, and titanium zirconium hafnium and

vanadi um are parid claidik i Bl REeRAPLEMPSnd 230 B& Rk tRintBYthEnt he sane
as or different fromeach other, and represent eaCh an atomor a group
sel ected fromea,bydragen catalyst for clefin polymerization having the
b5 above-mentioned performance.
According to the process for producing a transition metal
compound of the present invention, it is possible to simply
synthesize the transition metal compound represented by the

above-mentioned general formula (1) with high purity and high

10 yield.

BEST MODE FOR CARRYING QUT THE INVENTION
| Hereinafter, catalysts for olefin polymerization related
to the presént invention, a'process for producing olefin
15 polymers, anolefincopolymer, anovel transitionmetal compound,
and a process for producing the transition metal compound, will
be described in detail.
In the present specification, there is a case where the
word ‘polymerization’ is used not only to mean
20 homopolymerization but also to mean copolymerization. In-
addition, there is the case where a word ‘polymer’ is used not
only to mean homopolymer but also to mean copolymer.
The catalysts for olefin polymerization related to the

present invention includes



atom a hal ogen atom a hydrocarbon group, a hal ogenated hydrocarbon
group, a silyl group-substituted hydrocarbon group, 5 a hydrocarbon

group- subStr-fdtéd silyl group, an oxygen-containing group and a

ni trogen-containing group, and specifically is a hal ogen atom such as
fluorine, chlorine, bromne and iodi@s a hydrocarbon group having 1 to 30
carbon atom (s) such as an al kyl group e. g. , nethyl, ethyl, propyl,
butyl, 10 hexyl, octyl, nonyl, dodecyl, eicosyl, an alicyclic group e.g.,
cycl ohexyl(A) nar bozmyl t i adansetretlh yompamnar yeakkybngequpy ecigs ,folhenzyl,
phenyl et hyl , phenyl propyl, trityl, and an aryl group e.g., phenyl, tolyl,
di met hyl phenglkalt eopmtby| phepydng et hyl phenyl, propyl phenyl, bi phenyl,

napht hyl , met hyl napht hyl, 15 ant hracenyl, phenanthryl; a hal ogenated

hydr ocar beg) gsou VA F t ) il i | one
hydr ogen Qi% %ﬁep%ggséyﬁgé%i %E@Q%§%3%§§F§o§95§63%9ﬁﬁ@?ﬁgC%gf%%ggEgarbon
aton(s) igesubstituted to a halogen atom a hydrocarbon group-substituted
silyl group.having 1 to 30 carbon aton(s) in 20 total such as

trinmet ylzkl *, met h Idighen | silyl, dinmethylphenylsilyl and

tri phehyl Ti , ChAANAOEF Y1 C TSR ERBBL i t ut ed hydrocar bon group having 1
to 30 or preferably 3 to 30 carbon aton(s) in total in which at |east one
hydr ogen (Pn?t hergdevel wehrwonety hyetpeardson agrbup is substituted to, for
SF-1239 29 exanple, a hydrocarbon group-substituted silyl group such as a
trimethyl $éB+y] aproupnds cagdbliieonf tdwctivny grieupsheftRndic iR meliach are
adj acent

compound (A) to form an ion pair. First, each of these
-compenents, which are comprised in a catalyst for olefin
10 polymerization related to the present invention, will be
described,
[Transition metal compound (A)]
The transition metal compound, which is useful as a
tranéitionlnetal compound component in the catalyst for olefin
15 polymerizationrelatedix)thepresentinvention,isrepresented
by the following general formula {(1).

fChem. 9]



to each other, may be conbined to forman aromatic ring, an 5 aliphatic
ring or a heteroring with the carbon atons to which the two are bonded,
and pref ersdbllg3Borm an aromatic ring. As the ring fornmed by conbining the
two groups of R to R4 adjacent to each other with the carbon atons to

whi ch the two are bonded, an indene rilng and a fluorene ring are
preferable. 10 Specific exanples of the oxygen-containing group include an
OXy group; a peroxy group; a hydroxy group; a hydroperoxy group; an al koxy
group such as netHoxy, ethgx propoxy and butoxy; an aryl oxy group such
as phenoxy, net phenoxﬁ{ di met hyl phenoxy and napht hoxy; an aryl al koxy
group such as 15 ppenyl et hoxy and phenyl et hoxy; an acetoxy group; a
carbonyl group; ap—aedlyl acetonato group (acac); an oxo group and the

l'i ke. Specific exs s\ of the nitrogen-containing group include an am no
group; an al ky4a up sugh ai nret hyl am no, 20 di net hyl am no,
diethylan1n§2 T pre 1 i butyl am no and di cycl ohexyl am no; an

al kyl aryl am no group 0 aryl am group such as phenyl am no,

di phenyl am no, ditolylam ne fhyl am no and net hyl phenyl ami no; an

al kylimno group sugh as y(pﬁl an ethylimno group, an

i -propylimno group PF-1239 and a tert-butylimno group; an arylimno
group such as pheny}i m no, 2- hpylphenyllnlno group, a

2, 6-di met hyl phenyl i nfno group, a 2,%406-tri net hyl phenyl i m no

Q - (1)

RB Ra . »

‘In the above general formula (1), M represents a
transition metal atom selected from Groups 4 to 6 of the periodic
table, and specifically is Group 4 metal atoms of titanium,

5 zirconium and hafnium, Group 5 metal atoms of vanadium, niobium
and tantalum, and Group 6 metal atoms of chromium, molybdenum
and tungsten. Among these, transition metal such as titanium,
zirconium, hafnium, vanadium} niobium, tantalum.and chromium
is preferable, among these a Group 4 metal atom énd a Gfoup 5

10 metalatomarepreferable,further,Grm434orGroup5transition
metal atoms of the periodic table in which the transition metal
atom M has a valence number of 2, 3, or 4, are more preferable,
andtitanium,zirconium,hafnhnnandvanadhnnareparticularly

preferable.



group, a 2-i-propylphenylimno group, a 5 2,6-di-i-propyl phenylimno group,
a 2,4,6-tri-i-propyl phenylimno group, a 2-tert-butyl phenylimno group, a
2, 6-di -t eBE-BABYI phenylim no group and a 2,4,6-tri-tert-butyl phenylim no
group; and an al kyl or 10 aryl am ne group such as trimnmethyl am ne,
triethylamne, triphenylamne, N N, N28N -tetranethyl et hyl enedi am ne
(tnmeda) and N, N, N, N -tetraphenyl propyl enedi am ne (tppda). R5 to R8 may be
t he sane as or_differgnt fromeach other, and represent each an atomor a
group sel ected krém A madr bgerhe Eanmet amoa didifegemtatoon eadiy ditbear, bon
group, a hal ogenated hydrocarbon a sil 1 substituted hydrocarbon group, Y
group- greug, repiyshroc ahbnagr oty substdioledSidatledJFOHR, a @Ydrogen |
oxygen-cont ai ni ng group and a nitrogen-contai ning group. The two groups of

RS to R8, awbinghaangl 86LACEAEM | Oa BRFN UdV&on a1 4P GOTRILR HW%EE the carbon

atons to which the two are bonded Tto forman aromatic ring such as

b , t aliphatic ring. A t hese,
o 15 o clErabr s oy oA bon ot I et eoRy ek e GRS o
hal ted. hyd b ing SF-1239 31 1 to 20 carbon at ,
11 By oipt SHERTH L P BcP RO CRA ol L by MR-t 720 car bon”at o or - a

hydrocarbon group-substituted silyl group which is a group having 1 to 20
carbon at ST FOR A BRLING | FBIR BEY gi Yt RogempeRab ininpewe®, and

specifically is a Ealogen atom such as fluorine, chlorine,
bromine and iodine; a hydrocarbon group having 1 to 30 carbon
atom(s) such as analkyl groupe.g., methyl, ethyl, propyl, butyl,
10 hexyl, octyl, nonyl, dodecyl, eicosyl, an alicyclic groupe.g.,
cyclohexyl, norbornyl, adamanthyl, an arylalkyl group e.qg.,
benzyl, phenylethyl, phenylpropyl, trityl, and an aryl group
€.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl,
15 anthracenyl, phenanthryl; a halogenated hydrocarbon group
_ having 1 to 30 carbon atom(s) in which at least one hydrogen
in the above-mentioned hydrocarbon group having 1 to 30 carbon
atom(s) is substituted to a halogen atom; a hydrocarbon.
group-substituted silyl group havintj 1 to 30 carbon atom(s) in
20 total such as trimethylsilyl,. methyldiphenylsilyl,
dimethylphenylsilyl and triphenyisilyl, and a silyl
grou.p—substituted hydrocarbon group having 1 to 30 or preferably
3 to 30 carbon atom(s) in total in which at least one hydrogen

in the above-mentioned hydrocarbon group is substituted to, for-



5 effect on polynerization activity. Anong these, RB is preferably a
hydr ocarbon group having 1 to 20 carbon atom (s) , a hal ogenat ed
hydr ocar b&igZd% having 1 to 20 carbon aton(s), a silyl group-substituted
hydr ocarbon group having 1 to 20 carbon aton(s) in total, or a hydrocarbon
10 group-substituted silyl group whicl9s a group having 1 to 20 carbon
aton(s) in total, and specifically is a hydrocarbon group having 1 to 20
carbon aton(s)such as an alkyl group e . g. , nmethyl, ethyl, propyl,
butyl, heRyPmPéyel 8hexgrocaribyh gmorpHsulsodienyied andyei ¢osyd , sweh ald cyclic
group e.g., norbornyl and adamant hyl; 15 an aryl al kyl group e.g., benzyl,
phenyl et hgl frphetylypsaopyll grduptrityl, and an aryl group e.g., phenyl,
tolyl, dinethyl phenyl, trimethylphenyl, ethyl phenyl, propyl phenyl,
bi phenyl, naphthddiratdml \Y I I, sand. .phenant_hy.yl ;

£80RLRYd r o R5L 1y pYIr 420G, %ﬂ%g? E{Hr?af(?n\%mi ch a

hal ogenat ed hydrocarbon group having I to 20 carbdn a
hydr ogen atogypi-f boye: t] d hydrocarbon group having 1 to 20
R R S R

carbon aton(s) is su a nhal oge :
e T R R i R
havi ng 1. TBS 60 b aipneiesin P REebeBRLEN GRS e akpdnogent Bbom En th
hydr ocarbon group is substituted to the hydrocarbon group-substituted
silyl grotpe Baréertedgpy combénpngsene dww gnbiips,oR&’ its RbEEjRIeher abl y
1;0 each other with the carbon atoms to which the two are baonded,
an indene ring and a fluorene ring are preferable.
10 Specific examples of the oxygen-containing group include
an oxXy group; a peroxy group; a hydroxy group; a hydroperoxy
group; an alkoxy group such as methoxy, ethoxy, propoxy and
butogy; gn aryloxry group such as phenoxy, methylphenoxy,
dimethylphenoxy and naphthoxy; an arylalkoxy group such as
15 phenylmethoxy and phenylethoxy; an acetoxy group; a carbonyl
group; an acetylacetonato group (acac); an oxo group and the
like.
Specific examples of the nitrogen-containing group
includeemnaminogroup;analkylaminogroupsuchasn@thylamino,
20 d;methylamino, diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino; an alkylarylamino group or an arylamino
group such as phenylamino, diphenylamino, ditolylamino,
dinaphthylémino and methylphenylamino; an alkylimino group

suchasn@thylimino,anethyliminogroup,ani—propyliminogroup



a tertiary alkyl group, an arylal kyl group, an aryl group, an alicyclic
group, a hal ogenated al kyl group, a hal ogen-containing aromatic group, and
a tertiargFsiiPgl group, and specifically is a tertiary alkyl group such as
tert-butyl; 10 an aryl al kyl group such as benzyl, phenylethyl, phenyl propyl
and trityl; an aryl group such as phemyl, tolyl, dinethylphenyl,

tri met hyl phenyl, ethyl phenyl, propyl phenyl, biphenyl, naphthyl,

met hyl napht hyl , ant hracenyl and phenanthryl; a hydrocarbon group having 4
to 20 carbod at bestshohyhsmane afteys! | £n 1drgrioume.oupn@idedr Byl and
adamant hyl, etc.; a hal ogenated al kyl group having 1 to 20 carbon aton(s)

in which ghbjgregenoat @ -mek hepRékyl i QURARW NG 1 to 20 carbon aton(s)
substituted to a hal ogen atom such as trifluoromethyl; a hal ogenated aryl

group havng-8ih0rR01ALKON: AL AR, SYGh 8 20 % 3. 4-8. Supentalhugrophenyl
3, 5-di f | uor ophenyl ngﬁ%, . |tri?fu ‘onet Sﬁﬁo §H§ﬁ§%§§#¥3§§§¥%ﬁﬁég§ silyl
group sucg trigethylsilyl. mnethyldiphenylsilyl, dinethylphenylsilyl and
tri phenyl F?é?{ %ngEﬁr oy %e?¥i%ﬁQQﬁt3Eﬁ 'si3yl group in which a
hydroc'rbgn grouE is supstituted and a group having 1 SF-1239 33 to 20
car bor? at onP (9} "L APT PRI PheayiinardseyRefr abl e exanpl es i ncl ude
tert-butyl, adamanthyl, trityl, phenyl, tolyl, dinethylphenyl,
tri met hyl phén§ttréthyppheyiphenybylphamdyp, & phenyl, napht hyl,
met hyl napht hyl , ant hracenyl, phenanthryl, 5 trifluoronethyl,
2,3, 4,5, 62peatatbuoy bpiemyl imimd; Syehdg,uar ophenyl ,
3,5-ditrifluoronethyl phenyl,
2,6-di~tert-butylphenyliminc group and a
2,4,6-tri-tert-butylphenylimino group; and an alkyl or
10 arylamine group such as trimethylamine, triethylamine,
triphenylamine, N,N,N', N'-tetramethylethylenediamine {tmeda)
and N,N,N',N'-tetraphenylpropylenediamine {tppda).
R’ to Rsnay be the same as or different from each other,
and represent each an atom or a group selected from a hydrogen
16 atom, a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group-substituted hydrocarbon group,
a hydrocarbon group~substituted silyl group, an
oxygen-containing group and a nitrogen-containing group. The
two groups of R® to R®, which are adjacent to each other, are
20 combined with the carbon atoms to which the two are bonded to
form an aromatic ring such as benzene, naphthalene and
acenaphthene, or an aliphatic ring.

Among these, R® is preferably a hydrocarbon group having

1 to 20 carbon atom(s); a halogenated hydrocarbon group having



trinmethylsilyl, methyldi phenylsilyl, dinethylphenylsilyl and
triphenylsilyl. Particularly, R8 is preferably a tertiary al kyl group, 10
a tertiargFrangBal kyl group, an aryl group, a tertiary alicyclic group or a
tertiary silyl group having 1 to 20 carbon aton(s) in total. Further, from
the viewpoint of activity, R8 is partdicularly preferably a tertiary alkyl
group, a tertiary arylalkyl group, a tertiary alicyclic group or a
tertiary silyl 15 group having 1 to 20 carbon aton(s) in total. Exanples of
such grodpsoiiiticadecheatohsy) ,a addvanybylip- sulbyt i ¢ et hempdreidaybon trityl,
trimethylsilyl and the Iike. X represents a hydrogen atom a hal ogen atom
a hydrocatbop Baoupg 2 Hal pgepaiBen hyesRs a PN Y HHa rdbr20

oxygen-contai ning group or a nitrogen-containing group; Q represents -0-,

-S-. - N t

a nydr ocatbon? SESE%P%F%%%?ﬁ%ﬁmWfé%roﬁ%iﬁ?ﬁlﬂﬁ"? ogenatom
fl SE- d I fied. As
thé"L'yS?oca?%Sn'ag”crou rO?Bg‘g?'??gmﬁlﬁlc%gé?éic%ﬂlr‘g%hn%‘ﬁ%g%@o FRGCEG 30

carbo ato such as an al k group, e.qg., nethyl, ethyl, propyl, butyl,
hexyl ocf e05099|p0333%5§$a hﬂHSa%F%%%QY a cycl oal kyl group having 3 to
30 carbon atons e.g. cycl opentyl, cycl ohexyl, norbornyl and adamant hyl;
an al kenyl gr oMpeRy @.h,es\ﬁr@F lSpPGpéﬁbeénda bydirohiexbny| greup dayliabkyl

1 to 20 carbon atom(s), a halogenated hydrocarbon group having
1 to 20_ carbon atom(s), a silyl group-substituted hydrocarbon
group having 1 to 20 carbon atom(s) in total, or a hydrocarbon
10 group-substituted silyl group which is a group having 1 to 20

carbon atom(s) in total, and specifically is a hydrocarbon group
hgving 1 to 20 carbon atom(s) such as an alkyl group e.g., methyl,
ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl
and eicosyl, analicyclic group e.g., norbornyl and adamanthyl;

15 an arylalkyl group e.g., benzyl, phenylethyl, phenylpropyl and
trityl, and an aryl group e.g., phenyl, tolyl, dimethylphenfl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
halogenated hydrocarbon group having 1 to 20 carbon atom(s) in

20 which a hydrogen atom in the above-mentioned hydrocarbon group
having 1 to 20 carbon atom(s) is substituted to a halogen atom;
a hydrocarbon group-substituted silyl group having 1 to 20
carbon atom(s) in total e.g., trimethylsilyl,

methyldiphenylsiiyl, dimethylphenylsilyl and triphenylsilyl,



group e.g., benzyl, phenylethyl and phenyl propyl; an aryl group e.g.,
phenyl, tolyl, dinethylphenyl, trinmethylphenyl, 10 ethyl phenyl,

propyl phedyt12BPphenyl, napht hyl, nethyl naphthyl, anthryl and phenant hryl
can be exenplified. As the hal ogenated hydrocarbon, specifically, a group,
in which at | east one hydrogens in tBe hydrocarbon group having 1 to 30
carbon atom (s) is substituted to a hal ogen atom can be exenplified. As

t he 15 hydrocarbon group and the hal ogenated hydrocarbon, ones having 1 to
20 car bonaationg) var erpref sukbt et uitsd hiyelroxpgenncondap miavg ngr bu aad t he
nitrogen cont ai ni ng group, - sane ones exenplified as the "~ oxygen-containing
group' andathen” attmogenigondbeali 1Y W' a 2/ drgdil terfdn €as be
exenplified. In a case where X is either an alkylimno group or an

aryl i m nohgaeYRar¥oROHLSS 01 M Wit b douhl e hondie PWHQ)-aPon @ number

satisfying the valence of M it is determne by val ence of transition

netal ato u F- of X, and is a nunber to neutralize
gkgfhgeg 9&9&9@ Frs 1259 qﬁér oy

positive Ive va ences relations of a - 2 b x mcan be

obt ai ned provi dj iS an absolute val ueg of val ence of tranS|t|on
net al rlt-’eat gm M %ﬁ]ge%s”?% tgntké%§5ﬁ§?§tv]arﬁ?§ltolfor%/aﬁeﬁé‘em%lfe Rrefprabryy

specifically, for exanple, if Mis Ti" and Xis -, mis 2. Wwen mis 2

or nore, 2 PHEtEATY 1o lagsrEreralraups lvdpoasent eanb3rd mape t B8 same as
or different fromeach other, the plurality of groups represented by X nay
be bondedatdceaktic group, a halogenated aikyl group, a

halogen-containing aromatic group, and a tertiary silyl group,
and specifically is a tertiary alkyl group such as tert-butyl;

10 an arylalkyl group such as benzyl, phenylethyl, phenylpropyl
and trityl; an aryl group such as phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl and phenanthryl; a
hydrocarbongrouphaving4to20cmrbonatomssuchasanélicyclic

15 groupe.g., norbornyl and adamanthyl, etc.; a halogenated alkyl
group having 1 to 20 carbon'atom(s) in which a hydrogen atom
in the alkyl group having 1 to 20 carbon atom(s) substituted
to a halogen atom such as trifluoromethyl; a halogenated aryl
group having 6 to 20 carbon atoms such as

20 2,3,4,5,6—pentafluorophenyl, 3,5~difluorophenyl and 3,5-
ditrifluoromethylphenyl; and a tertiary silyl group such as
trimethylsilyl, methyldiphenylsiiyl, dimethylphenylsilyl and
triphenylsilyl, and preferably is a tertiary silyl gfoup in

which a hydrocarbon group is substituted and a group having 1



other, they may forma conjugated straight-chain diene residue, 10 a

conj ugat ed branched-chain di ene residue, a non-conjugated straight-chain
di ene resPFHuéZ28?P a non-conjugated branched-chain diene residue, the
plurality of groups represented by X nay be bonded to each other to forma
ring, and also nmay forman aronmatic BiBng, an aliphatic ring, a 15
conjugated cyclic diene residue or a non-conjugated cyclic diene residue.
Wen mis 2 or nore, a plurality of atons or groups represented by X nmay
be the sahe28scarbali ffenéat ihrtorhadachPathecylanhdprhéephlblakkeypbdesgr oups
represented by X may be bonded to 20 each other to forma ring. Y

repr esent snalunéat rattbgant, haddmghay gl eotiton- dgnminiylg teigup. The
el ectron-donating group is a group containing unpaired electrons that can

be donat ed_iﬁ@tlﬁfilﬁﬁémyﬁﬁdtffirﬁ@ﬁ’hﬁ%héﬂﬂ,! igand A dyaAnd p@spyt phénthe neutral
| i gand havi ng SF-1239 36 el ectron-donating property. Specific exanples of

the neutrgl. i} d kel yd | i cycli t r ur at ed
cther's Ut AS i b sy "o Sr R ey Shbfi PR L ERsRan R,
di i soprpylether, 5 tetrahydrofuran, furan, dioxane, dinethylfuran, anisole,
dipheﬁile ﬁ%?f%%ﬂo%%€%¥ftt T§L4;§RﬁYRQHﬁ%f%ﬂ3ﬁ93 "ilreyclic saturated or
unsat ur at ed_al dehydes such as_acet oal dehyde, propi onal dehyde,
n- but yl al dehydel L berorherehided » S liditiddperamaddiidienylt ol ual dehyde and
phenyl acet oal dehyde;

trimethylsilyl, methyldiphenylsilyl, dimethylphenylsilyl and

triphenylsilyl.
Particularly, R® is preferably a tertiary alkyl group,
10 atertiary arylalkyl group, an aryl group, a tertiary alicyclic
group or a tertiary silyl group having 1 to 20 carbon atom(s)
in total. Further, from the viewpoint of activity, R® is
particularly preferably a tertiary alkyl group, a tertiary
arylalkyl group, a tertiary alicyclic group or a tertiary silyl
16 group having 1 to 20 carbon atom(s) in total. Examples of such
groups include tert-butyl, adamanthyl, cumyl, diphenylethyl,
trityl, trimethylsilyl and the like.
| X represents a hydrogen atom, a halogen atom, a
|
hydrocarbon group, a halogenated.hydrocarbon group, an
- 20 oxygeh—containing group or a nitrogen-containing group; Q
} represents -0O-, -5-, - NR* -, or - PR® -; and R® and R® represent
each a hydrogen atomor a hydrocarbonrgroup having 1 to 20 carbon
atom(s) .

As the halogen atom, fluorine, chlorine, bromine and



10 acyclic or cyclic saturated or unsaturated ketones such as acetone,

net hyl et hyl eket one, net hyl - n-propyl ketone, acetophenone, benzophenone,

n- but yr opEnrdA&%and benzyl net hyl ket one; acyclic or cyclic saturated or
unsaturated am des such as formam de, acetam de, benzam de, n-val eram de,
15 stearyl am de, N, N-di net hyl formam dé4 N, N-di net hyl acet am de,

N, N- di et hyl propi onam de and N, N-di net hyl -n-butyl am de; acyclic or cyclic
saturated or unsaturated anhydri de such as acetic anhydride, succinic
anhydri deiaddnaatancbantyatnp defiedicyclic or cyclic saturated or unsaturated
i mdes such as 20 succinimde and phthalimde; acyclic or cyclic saturated

or unsat ur at edAgstRe Shpdede @b dretdndu@Bc aedpad, £ ielahyly  aeetiabearbenzy|
acet ate, phenyl acetate, ethyl fornmate, ethyl propanoate ethyl stearate

and et hyl ggsaggq{aamagcyced §0 Ua G agoxﬁgggws E%da%ﬁennf«ﬁ ngf:a&ﬁ%.arﬁ,nes such

as trinet ylanlne trlethy am ne, SF-12 trip

di met hyl thy Lenedi I
Ntﬁ?di%et yFaX|f|ne ﬁyF %Fﬁgﬁ: |perl EEQE%QU] Bﬁgpl?égeéyl and

Nitro n-contal heter lic co ounds such_as pyridine, a- pi coli ne,
( 3- pi Iiﬁécoﬁﬁ n0|9%9 9 HSPHRe! aV?”ﬁe%HV%ﬁQr?ﬂFh%ﬁ %W??b@eg oxazol e,
i m dazol e, pyrazole and indole; sulfur-containing heterocyclic conpounds
such as EWf PRERCHAd QYﬂkﬁhﬂﬁylrphegbﬁrﬁEéE@utﬁda@anthﬁéthyh@ﬁ@@phﬂne
triethyl phosphine, tri-n-butyl phosphine and 10 tri phenyl phosphi ne;

sat ur at edgpeupnsagur avedyhj tprdmsngucEn@scyclohexenyl; an arylalkyl

group e.qg., benzyl, phenylethyl and phenylpropyl; an aryl group
e.g., phenyl, tolyl, dimethylphenyl, trimethylphenyl,

10 ethylphenyl, propylphenyl, biphenyl, naphthyl, methylnaphthyl,
anthryl and phenanthryl can be exemplified. As the halogenated
hydrocarbon, specifically, a group, in which_at least one
hydrogens in the hydrocarbon group having 1 to 30 carbon atom(s)
is substituted to a halogen atom, can be exemplified. As the

15 hydrocarbon group and the halogenated hydrocarbon, ones having
1 to 20 carbon atom(s) are preferable.

As the oxygen-containing group and the
nitrogen-containing group, same ones exemplified as the
‘oxygen-containing group’ and the ‘nitrogen-containing group’

20 for R' to R*, can be exemplified.

In a case where X is either an alkylimino group or an
arylimino group, X bonds to M with double bond.

Symbol m is a number satisfying the valence of M, it is

determined by valence of transition metal atom M and valence



acetonitrile and benzonitrile; inorganic salts such as lithium chloride,
sodi um chl ori de, potassium chloride, magnesium chloride and cal ci um

chl ori de; SFrdEg&ni ¢ conmpounds such as carbon nonoxi de and carbon di oxi de;
an organonetal | ic compound 15 of (B-1) described below, and the like.
Further, it may be a conpound in whi&h a part of the conmpound is
substituted to a substituent such as, for exanple, an al kyl group, a

hal ogen group, a nitro group, a carbonyl group, an am no group and the

li ke. Asofffe 3hd nstheirdboyee menttiredédegengrdlvef arduegatiye vadrongst hose
20 neutral |igands, ethers, aldehydes, ketones, nitrogen-containing

het er ocychieeetapposlwlsi @il d Moy gani &€ pakts ce&amdAiRdabkyverengl i fied.
Here, n which represents a nunber of Y is an integer of 0 to 3, and

preferabl ynps 150ri 2. 40Bpk23%t 8va§bEeQEe§§f%§c%33rocaﬁgitﬁ%% me®Qd - PR b-.

Ra and Rb represent each a hydrogen atomor a on group having 1

to 20 car a o )\ ,As a hy [oca r.bon Qup dro ar,bo roup
having 1 ? 8? &car oﬁbaton(§3 anDng'% éﬁgbovéﬁ%en friohed © ﬁydg%ég?bon

groups, exenpl i fi ed Rl to R4, can be exenplified, O these, it is
pr ef er'abl §P cﬁ§ﬁ?%%£ bdﬁ”@ﬁﬁﬁﬂmﬂéhdlﬁéMtﬁéuEg gndpKef sy Ghiry T 453 b.

hydrocarbon group having 1 to 10 carbon aton(s) such as nethyl, ethyl,
propyl, butyl, Wesryn lpkemy maxs.yia phmr@éuﬁy1pﬁeﬁypmSnaphghyupand the
i ke. 10 When R2 and R3 in a conpound represented by the above-nentioned
gener al foepubaeftiigd by maybiendd: seméarsm andifferent from each other,
the plurality of groups represented by X may be bonded to each
other, they may form.a conjugated straight~chain diene residue,
10 a conjugated branched-chain diene residue, a non-conjugated
straight-chain diene residue or a non-conjugated
branched-chain diene residue, the plurality of groups
represented by X may be bonded to each other to form a ring,
and also may form an aromatic ring, an aliphatic ring, a
15 conjugatedcyclicdiene residue or a non-conjugatedcyclicdiene
residue.
When m is 2 or more, a plurality of atoms or groups
represented by X may be fhe same as or different from each other,
énd the plurality of groups represented by X may be bonded to
20 each other to form & ring.
Yrepresentseaneutralligandhavingan1electron—dqnating
group. The electron-donating group is a group containing

unpaired electrons that can be donated to metals, and Y may be

any ligand as long as it is the neutral ligand having



aliphatic ring or an aromatic ring wwth the carbon atons to which the two

are bonded, Rl and R2 may be further conbined to form an aliphatic ring or
an aromat BE-i2%¢ with the carbon atons to 15 which the two are bonded, or

R and R2 may not be conbined with each other, and further, R4 and R3 may

be further conbined to forman aliphagic ring or an aromatic ring with the
carbon atons to which the two are bonded, or R4 and R3 may not be conbi ned
wi th each other. Anong these conpounds, it is one of the 20 preferred

aspect s thbtchurh-domoundpiameatay.structure in which, for exanple, R is
not conbined with R2, and R4 is not combined with R3. In addition, when R3

and R4 are contgped ftie £ampads o RO G rhll NDE QInAR B ORLd 8%@:1@9&“ th the
carbon atons to which the two are bonded, Rland R2 nay be conbined to form

an al i phag} eyelri L2390 etdéd grg saaﬁdgn%:%r&aé{ﬁefé %gcﬂ’iatnégld%gghgﬂi‘%ﬁx?@r atonms to

which the two are bon may not Dbe co gach ot her,
and furth ﬁg d R3 I e further conhined t % rman aliphatic ring
or an arcwéﬁ?%: %%ﬁ%ﬁﬁ%f#qi%ﬁﬁﬁﬁ%ﬁﬁ?qgﬁdnglﬁgoﬁﬁpgﬁe ﬁgrtmo 5 are bonded, or
R2 an FBt”E%a”?%ﬁbe conbi ned with each other. Anong these conpounds, it
is oné of " HR I BIE I radpl@y Haransuc R1R6HPYGAHE2RavanAS_®uct ure in
which Rl is not conbined with R2, and R2 is not combined with R3. O her
than t hos@lribguel e thegmpaithdes thy Inttieats RutydetRerar ecyohbéned ¢ycibem an
aliphatic 10 ring or an aromatic ring with the carbon atons to which the
two are $wndedeahdRArerat R tarce adokbiyoed tachoam apedbiphaiydeying or an
aromatic ring with the carbon atons to which the two are
propionaldehyde, n-butylaldehyde, benzaldehyde,
p-nitrobenzaldehyde, p-tolualdehyde and phenylacetoaldehyde;
10 acyclic or cyclic saturated or unsaturated ketones such as
acetone, methylethyleketone, methyl-n-propylketone,
acetophenone, benzophenone, n-butyrophenone and
benzylmethylketone; acyclic or cyclic saturated or unsaturated
amides such as formamide, acetamide, benzamide, n-valeramide,
15 stearylamide, N,N-dimethylformamide, N,N-dimethylacetamide,
N,N-diethylpropionamide and N,N-dimethyl-n-butylamide;
acyclic or cyclic saturated or unsaturated anhydride such as
acetic anhydride, succinic anhydride and maleic anhydride;
acyclic or cyclic saturated or unsaturated imides such as
20 succinimide and phthalimide; acyclic or cyclic saturated or
'unsaturatedesterssuchasnmthylacetate,ethylacetate,benzyl
acetate, phenyl acetate, ethyl formate, ethyl propanocate, ethyl

stearate and ethyl benzoate; acyclic or cyclic saturated or

unsaturated amines such as trimethylamine, triethylamine,



bonded, can al so be exenplified. Exanples of the conpound which can be
represented by the 15 above-nentioned general formula (1), in which the
two of RLSFel2R® adjacent to each other are conbined to forma ring with
the carbon atons to which the two are bonded, include a conpound
represented by the follow ng general figrnula (2) in which R2 and R3 are
conbined to formone aromatic ring with the carbon 20 atons to which the
two are bonded; a conpound represented by the follow ng general formula
(3) in whitchpR8nghdmR4car aimeovhynedinéo formone aromatic ring with the
carbon atons to which the two are bonded; and a conpound represented by

the foll ow, AgN' genetat rhREANY Btk 1die MUFTHEAL ANd jR2 are conbined to form

one SF-1239 40 aromatic ring with the carbon atons to which the two are
A i R MR R A,
R R 14 Ni%g%géklcgnggig§né?heterocyclic compounds such as pyridine,
5 oa-picoline, B-picoline, quinoline, isoquinoline,
2-methylpyridine, pyrrole, oxazole, imidazole, pyrazole and
indole; sulfur-containing héterocyclic compounds such as
thiophen and thiazole; phosphines such as trimethylphosphine,
triethylphosphine, tri-n-butylphosphine and
10 triphenylphosphine; saturated or unsaturated nitriles such as
acetonitrile and benzonitrile; inorganic salts such as lithium
chloride, sodium chloride, potéssium chloride, magnesium
chloride and calcium chloride; inorganic compounds such as
carbon monoxide and carbon dioxide; an organometallic compound
18 of (B-1l) described below, and the like. Further, it may be a
compound in which a part of the compound is substituted to a
substituent such as, for example, analkyl group, a halogen group,
a nitro group, a carbonyl groué, an amino group énd the like.
.Agihe&f;nﬁheabbve—mentioﬁedgenéraiformula(1);amohgﬁhoéé'
"1;20-?£eutral ligandé, ethers, aldehydes, ketdnes;
nitfogen—containingheterocycliccompoundsandinorganicsalts
éan be preferably exemplified.

Here, n which represents a number of Y is an integer of

0 to 3, and preferably is 1 or 2.



Rs Ra (2) R7 In the above general formula (2) , RO to R14 may be the sane
as or different fromeach other, and represent each an atomor a group
sel ect ed BiFem28%hydrogen atom a hal ogen atom a 10 hydrocarbon group, a
hal ogenat ed hydrocarbon group, a silyl group-substituted hydrocarbon
group, a hydrocarbon group-substituté&s# silyl group, an oxygen-containing
group and a nitrogen-containing group, and the two of RO to R14 which are
adj acent to each other nay be conbined to forman aromatic ring, 15 an
ali phatic ring @rrephetentos ridy, +vé+h tNRF-gcanhan-ardbas Rd S 139 41  which
the two are bonded. As the hal ogen atom the hydrocarbon group, the
hal ogenat edphygdeacashen Hropiroddie aZidhybr 8 RHPrSEbSteL u;t]ﬁﬂlphmrv%@r bon

t

group, the hydrocarbon group-substituted silyl group, e

Oxygen- GONL) BN, AHPof (810 ia% B 1EA00REANL I NG 81O RERat oS Of

groups exenplified for R to R4 can be exenp 4, at

| east one nd 0.is,.preferabl al. ogen atom. a hydrqocarban group,
a hal ogeng?ég%%r%% &R 2 gr SH o) %qrﬁlsngﬁgaﬁgsﬂb%tﬁl%%ee_é d°5E8r bon
group or ﬁ ég h%dgocarbon groqg-substituteq_silgl group, and specifically a
hal ogeh ab8MFeGEhC38 FIUES freciieht bt ehECTR obf Re; GaduPRexeaplifie@- group

such as nethyl, ethyl, propyl, butyl, hexyloctyl, nonyl, dodecyl, eicosyl;
a hydr ocaPBdhagreoupt Iié\ﬂrrfgfpelréthiﬂ@ hysladserbanor{e)re s avt e tdrevdlairdycl'i ¢
group e.g., cyclohexyl, '

preferably is a hydrocarbon group having 1 to 10 carbon atom{s)

such as methyl, ethyl, propyl, butyl, benzyl, phenyl, tolyl,

dimethylphenyl, naphthyl and the like.

10 When R? and R® in a compound represented by the
above-mentioned general formula (1) are combined to form an
aliphatic ring or an aromatic ring with the carbon atoms to which
the two are bonded, R and R? may be further combined to form
an aliphatic ring or an aromatic ring with the carbon atoms to

156 which the two are bonded, or R' and R? may not be combined with
each other, and further, R? and R® may be further combined to
form an aliphatic ring or an aromatic ring with the carbon atoms
.to which' the two are b'on.ded, or R* and R® may not be combined
with each other. "Among these compounds, it is one of the

20 preferred aspects that such compounds have a structure in which,
for example, R' is not combined with R?, and R? is not combined
with R’. In addition, when R® and R® are combined to form an

aliphatic ring or an aromatic ring with the cérbon atoms to which

the two are bonded, R'and R® may be combined to form an aliphatic




15 norbornyl, adamanthyl, etc., an arylal kyl group e.g., benzyl,
phenyl et hyl , phenyl propyl, trityl, etc., an aryl group e.g., phenyl,
tolyl, diserhgBphenyl, trinethyl phenyl, ethylphenyl, propyl phenyl,

bi phenyl, napht hyl, nethyl napht hyl, anthracenyl, phenanthryl, etc.; a

hal ogenat ed hydrocarbon group having B920 to 20 carbon aton(s) in which at
| east one hydrogen in the above-nentioned hydrocarbon group having 1 to 20
carbon aton(s) is substituted to a hal ogen atom a hydrocarbon

gr oup- substinbuteédnsatyhagi oupirtawiing thé ea2®oeasboms atowhs phithe tabal such
as trinmethylsilyl, nethyldiphenylsilyl, SF-1239 42 dinethyl phenyl silyl
triphenyl &kb)&bond’é’tﬂ, drskiatla R@Er&'«_!zpn&'tb% bbibed AW ar aLkan eRopp sRavi ng 1
to 20 carbon aton(s) in total in which a hydrogen atomin the hydr ocar bon

group is %UE%BEEUtE?daEQ ﬁmﬁam@é (}Qﬁftl?l%'} Qéﬂﬂpng&'tﬁ%ﬁag{nher 1r1at§cgr oup.

When both t RO and R10 are“each a or an a hydrogen
atom the or different from_ each ot Rll
preferabl% aghdfgﬁeﬁr%T%ﬂF d”ﬁ%bﬁ&éb'@& % ARHRAA H lfhﬂg“?6W8arbon

aton(s a hal ogenated h drocarpon group haV|ng 1 to 20 carbon atonm(s), a
silyl %roéﬁesﬁ fedutm h?&?o@aﬁﬁﬁhngﬁoﬁﬁ ﬁ@WPh@e@.W%ﬁ@Oﬁ%ﬁ¥Eﬁﬁeéton(s) in
total, or a hydrocarbon group-substituted silyl group having 1 to 20
carbon at amesY thesotcampoamdisspati §3 calel 9f tthe pa:ﬁéeav:@dsaspeqiss gh@[tlps
exenplified as preferable groups for RO and R1O0 can be :
such compounds have a structu;e in which R! is not combined with
R2, and R? is not combined with R®. Other than those above,
compounds in which R' and R? are combined to form an aliphatic
10 ring or an aromatic ring with the carbon atoms to which the two
are bonded and R’ and R? are combined to form an aliphatic ring
or an aromatic ring with the carbon atoms to which the two are
bonded, can alsoc be exemplified.
Examples of the compouﬁd which can be represented by the
15 above-mentioned general formula (1), in which the two of R! to
R? adjacent to each other are combined to form a ring with the
carbon atoms to which the two are bonded, include a compound
represented by the following general formula .(2) in which R?
and R’ are combined to form one aromatic ring with the carbon
20 atoms to which the two are bonded; a compoﬁnd represented by
the following general formula (3) in which R® and R? are combined
to form one aromatic ring with the carbon atoms to which the

two are bonded; and a compound represented by the following

general formula (4) in which R! and R? are combined to form one



exenplified. In addition, the two or all of R9, R10, and R'" may be each a
group or an atomother than a hydrogen atom and they nmay be the sane as
or differ@htl289m each other. 20 Anong RO to R14, in a case where at |east
one of RO, R1I0O and Rl11 is a hal ogen atom a hydrocarbon group, a

hal ogenat ed hydrocarbon group, a sil¥$D group-substituted hydrocarbon
group, or a hydrocarbon group-substituted silyl group, any of RO to R4
whi ch are other than a hal ogen atom a hydrocarbon group, SF-1239 43 a

hal ogenat @domgdi @ cdmgonighdilps carbphyd t group- subsh itthet edo dnedbondetion group:
or a hydrocarbon group-substituted silyl group, is preferably a hydrogen
atom Theahsa Fr®RISaBATRIY at-bec@hioLipsd represenbed Hyoldllid @iRY9with which
are adjacent to each other, may be conbined to forman expanded aromatic
ring withchbecsashona ebmarsed O g Joha r 212 papded, and any adj acent
groups of Rl11 and R12 R12 and R13, and R13 ang R19, may be conbined with
each other to f njgﬁpanded .aromatic ring, and preferably, groups of

R 1 and R12, or and 10 R13 are conbined with each other to form an
expan%gd aromatic ring since they give an inproved effect on nol ecul ar

wei ght” and stereoregularity in polynerization of a-olefin. In specific, it
is preferably benzoLnquyI, ~di benzoi ndenyl or substituted benzoi ndenyl,
and in particylar, FQﬂ t is nore preferably substituted benzoi ndenyl in
whi ch hydrodQ nt benz%bpﬁﬁnyl group is substituted to a hydrocarbon

group

R13-

O | -+ 2 (2)

In the above general formula (2), R’ to R may be the same
as or different from each other, and represent each an atom or
a grqup selected from a hydrogen atom, a halogen atom, a
10 hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbén
group~substituted silyl group, an oxygen-containing group and
a nitrogen-containing group, and the two of R® to R' which are
.adjacent to each other may be combined to form an aromatic ring,

15 an aliphatic ring or a hetero ring, with the carbon atoms to



having 1 to 20 carbon aton(s), a hal ogenated hydrocarbon group having 1 to
20 carbon aton(s), a silyl group-substituted hydrocarbon group having 1 to
20 car bon S&t-d@3@s) or a hydrocarbon 20 group-substituted silyl group having
1 to 20 carbon aton(s) in total. When the two groups anong the groups

represented by R to R14, which are adjacent to each other are conbined to
form an expanded aromatic ring with the carbon atons to which the SF-1239
44 two are bonded, any one or both of RO and R10O nay be each an atom or a
group ot hehichapha thidepgermaicam andHabylogynhedretsany dmsaabodi f f er ent

fromeach other. [Chem 11] 5 R18 Rl7 R19 RI6 R20 RI5 /Xm ~ Y n Q¢( 3
} s R 4'Nlroup, the halogenated hydrocarbon group, the silyl
group-substituted hydrocarbon group, the hydrocarbon
group—substituteq silyl group, the oxygen-containing group,
5 and the nitrogen-containing group, same atoms or groups
exemplified for R' to R! can be exemplified.
Among R® to R, at least one of R® and R* is preférably
a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
group, & silyl group-substituted hydrbcarbon group or a
10 hydrocarbon group-substituted silyl group, and specifically a
halogen atom such as fluorine, chlorine, bromine, iodine; an
alkyl group such as methyl, ethyl, propyl, butyl, hexyloctyl,
nonyl, dodecyl, eicosyl; a hydrocarbon group having 1 to 20
carbon atom(s) such as an alicyclic group e.g., cyclohexyl,
15 norbornyl, adamanthyl, etc., an arylalkyl group e.g., benzyl,
- phenylethyl, phenylpropyl, trityl, etc., an aryl group e.qg.,
.phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl,
propylphenyl,biphenyl,naphthyl,nethylnaphthyl,anthracenyl,
phenanthryl, etc.; a halogenated hydrocarbon group having 1.
20 to 20 carbon atom{s) in which at least one hydrcgen in the
above-mentioned hydrocarbon group having 1 to 20 carbon atom(s)
is substituted to a halogen atom; a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom{s) in

total such as trimethylsiiyl, methyldiphenylsilyl,



R7 In the above general formula (3), R15 to R20 may be the sane as or
different fromeach other, and represent each an atom or a group selected
froma hydregensatom a hal ogen atom a 10 hydrocarbon group, a hal ogenated
‘hydr ocarbon group, a silyl group-substituted hydrocarbon group, a

hydr ocarbon group-substituted silyl @roup, an oxygen-containing group and
a nitrogen-containing group, and the two groups anong the groups
represented by R15 to R20, which are adjacent to each other, may SF-1239 45
be conbi nedmeoh{;opheanl & Dyt €ighdrgy 1 &l il | phat iac siilyg or a  hetero ring,
with the carbon atons to which the two are bonded. As the hal ogen atom

the hydrogaphgnsgpetPrutdie MgdLaenalsd gl aGaMkReN 19kQUR thenshl vl
group-subgtitgted hydr%cargg§£5 group, %he hydré%gﬁbon group-substituted

St1yl groypon|ibe s Qxygely contalnkng avauR;and.Lie i Lieosysoatanalng

group, sane atons or groups exenpli can-beé exenplified.
Anmong R15 to R20, at | east e of R%g and R20 is preferab hal ogen
Arom & HGHPBR AR Er CH R A Gy RRRE S o BE P B 0T DL GRS aver | y
group-substituted hydrocarbon group or a hydrocarbon group-substituted
silyl Yro@pOUBlnd specifically sanme atons or groups exenplified for the
above-nentioned RO to R14 such as %he hal ogen atom the hydrocarbon group
having 1 to 20iker herthatbe(®) andhe'’hatogerdt edytyafr ocashatae otipehavi ng 15
1 to 20 carbon aton(s), the silyl group-substituted hydrocarbon group
having 1 traZ( cgcbopeat HIds,) thrg hhe by dhecsih®rs or different from
each other.
R'™ is preferably a halogen atom, a hydrocarbon group
10 having 1 to 20 carbon atom({s), a halogenated hydrocarbon group
having 1 to 20 carbon atom(s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(s) in total, or
a hydrocarbon group-substituted silyl group having 1 to 20
carbon atom(s) in total, and specifically the same atoms or
15 groups exemplified as preferable groups for R? and R*® can be
exemplified.
In addition, the two or all of R?, R“% and R”‘may'be each
a group or an atom other than a hydrogen atom, and they may be
the same as or different from each other.
20 among R’ to R, in a case where at least one of R?, R
and R'" is a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a silyl group=substituted hydrocarbon group,
or a hydrocarbon group-substituted silyl group, any of R? to

R' which are other than a halogen atom, a hydrocarbon group,



group-substituted silyl group having 1 to 20 carbon aton(s), can be
exenplified. Wien both of R15 and R20 are each a group or an atom other 20
than a hy8Fogen%atom they may be the sane as or different from each
other. R16 and R19 are each preferably a halogen atom a hydrocarbon group
having 1 to 20 carbon aton{(s), a hal ogénated hydrocarbon group having 1 to
20 carbon aton(s), a silyl SF-1239 46 group-substituted hydrocarbon group
having 1 to 20 carbon aton(s), or a hydrocarbon group-substituted silyl
group havinfalagena2ed daydorcarom syrdup.t ¢t ailvandirspecisbsalitytede sane
atons or groups exenplified as preferable groups for R15 to R20 can 5 be
exenpl i fi bgdrboasiseh tgomup tde 4 ioydiduashar @ldupefsulEsithted BR19yand R20
each may be a group or an atom other than a hydrogen atom and they nay be

the sane gso@p, differentrin £3A¢ .atHae two groups anong the groups
represented by R16 ?% R19, P%B mhlchggﬁg adj acent to each other, may be

conbined to for e LC. [l ] r 18 14t 0 whi ch
the two are bdﬁgggfodﬁgggﬁgqﬁﬂ?gggh? %ﬁ% ps%%kgﬁ%%%§%§]%€$; E%gﬁahd R B
and R18 and.R19, mybe conbined wi.th _each other to form expanded

o ommtT . PRHEY 455 ARSI % §3h SthRGr oFak §° Do IRby ToLh o

di benzoi ndenyl or substituted benzoindenyl, and in particular, it is nore
pr ef er abl FXBEBYEE (AAWE Peh ZIPAdEATR ThE WP ThpdrsgeRo which the two

are bonded, and any adjacent groups of R' and R*?, R'? and RY,
and RB and R, may be combined with each other to forman expanded
aromatic ring, and preferably, groups of R'* and R*?, or R' and
10 R™ are combined with each other to form an expanded aromatic
ring since they give an improved effect on molecular weight and
stereoregularity in polymerization of w«-olefin.
In specific, it is preferably benzoindenyl,
dibenzoindenyl or substituted benzoindenyl, and in particular,
15 it ismorepreferably substituted benzoindenyl in which hydrogen
in the benzoindenyl group is substituted to a hydrocarbon group
having 1 to 20 carbon atom(s}, a halogenated hydrocarbon group
‘having 1 to 20 carbon atom(s), a sily.l group-substituted
h_ydrocarbon group having 1 to 20 carbon atom{s) or é hydrocarbon
20 group-substituted silyl group having 1 to 20 carbon atom(s) in
total.
When the two groups among the groups represented by R
to R**, which are adjacent to each other are combined to form

an expanded aromatic ring with the carbon atoms to which the



in the benzoi ndenyl group is substituted to a hydrocarbon group having 1
to 20 carbon aton(s), a hal ogenated hydrocarbon group 20 having 1 to 20
carbon at 8At3¥23%a silyl group-substituted hydrocarbon group having 1 to 20
carbon atom (s) , or a hydrocarbon group-substituted silyl group having 1
to 20 carbon atom(s) in total, since4they give an inproved effect on

nmol ecul ar wei ght and stereoregularity in polynerization of a-olefin.

SF- 1239 47 Wen the two groups anong the groups represented by R1I6 to
R19, whi chwarareabpaded; dmy eachonttheth odre’ eanbkenh ¢ Gef 0aoh aanaexpanded
aromatic ring wwth the carbon atons to which the two are bonded, any one

or both obrRlgrang &Heﬂ%é&@ae@%@r@gbﬁ a&lcaN ghdac i PHAyobdehd Bafea
hydrogen atom and they nay be the sane as or dlfferenF from each ot her.

[Chem 12152,R @Befe RO5: R4S I o322 TNRcn RS Qn O RRa R7  (4)

10 I n the above general formula (4), 2 to R28, which may be the sane as
or different frfgﬂe%cri ther, represent each an atomor a group sel ected
froma hydrogen aton} ‘a hal ogen atom a hydrocarbon group, a hal ogenated
hydr ocar bon group, a silyl

R‘IS RTT

O L. (3)

In the above general formula (3), R to R?® may be the

same as or different from each other, and represent each an atom

or a group selected from a hydrogen atom, a halogen atom, a

10 hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon_

group-substituted silyl group, an oxygen-containing group and

anitrogen-containing group, and the two groups among the groups

represented by R*® to R?®, which are adjacent to each other, may



group-substituted hydrocarbon group, a hydrocarbon 15 group-substituted
silyl group, an oxygen-containing group and SF-1239 48 a

ni t rogen- 86niaBAi ng group, and the two groups anong the groups represented
by R21 to R26, which are adjacent to each other, nay be conbined to form
an aromatic ring, an aliphatic ring o#5a hetero ring, with the carbon
atons to which the two are bonded. 5 As the hal ogen atom the hydrocarbon
group, the hal ogenated hydrocarbon group, the silyl group-substituted

hydr ocar bbe comibimedtie frydr eraromagicupiagbsan tal gthastiiey lriggowm, at he
oxygen-cont ai ni ng group and the nitrogen-containing group, sane atons or

groups exeapeirdimichd,0nilBh tife R4drgan Heowxemlhitedthel Owdian: bhadkwo groups
anong the groups represented by R22 to R28, which are adjacent to each

Other, arfiscobl Redobonl o, acid N diddL il GALRE] 24aMRaN8qMALERg! he t WO

are bonded, preferably R22 an are conbined with each

other to ing, and preferably to faorman_ aliphatic ring.,15 In this
case, R21$§§£%$H£E§ga%ﬁo¥58 gﬁ%&%é%ﬁ?Fﬁ%ﬁ%ﬁ?ﬂﬁ%f%itﬁ%&%obgﬁrogg599nIn
addition, the ri formed by conbining the two groyps. anong the groups

r epr esent TCHS RS t BYRBRCA TR 1 R W SRttt b SdddH GERBP wFBR t he

carbon atons to which the two are bonded, may be substituted with at |east
one atom YFYICYT eoPtILNLeY eI QP famsntdehalidgmyeat-ewntaihjdgoearbbn group, a
hal ogenated hydrocarbon group, a silyl group-substituted hydrocarbon group
and a hydsouaebomsge D urosysss et Jeidf isid ¥br@loupR® Aanl naskenpeioheB22, R23,
R26 and R27, preferably R22 and o
Among R* to R*’, at least one of R and R?" is preferably
a halogen atom, a hydrocarbon group, a halogenated hydrocarbon
10 group, a silyl group-substituted hydrocarbon group or a
hydrocarbon group-substituted silyl group, and specifically
same atoms or groups exemplified for the above-mentioned R® to
R* such as the halogen atom, the hydrocarbon group having 1
to 20 carbon atom(s), the halogenated hydrocarbon group having
15 1 to 20 carbon atom(s), the silyl group-substituted hydrocarbon
-group having 1 to 20 carbon atom(s) and the hydrocarbon
group~substituted silyl group having 1 to 20 carbon atozﬁ(s) '
can be exemplified.
When both of R'® and R?*® are each a group or an atom other
20 than a hydrogen atom, they may be the same as or different from
each other.
R*® and R'® are each preferably a halogen atom, a

hydrocarbon group having 1 to 20 carbon atom(s), a halogenated

hydrocarbon group having 1 to 20 .carbon atom(s), a silyl



R27 or R23 and R26 is a tertiary alkyl group, an arylal kyl group, SF-1239
49 an aryl group, an alicyclic group, a hal ogenated al kyl group, a

hal ogen- c6Atak@Png aromatic group, or a tertiary silyl group. As the
tertiary al kyl group, the arylal kyl group, the aryl group, the alicyclic
group, the hal ogenated al kyl group and6the 5 tertiary silyl group, sane
groups exenplified as preferable exanples for R8 can be exenplified.
Specific exanples of the transition netal conmpound (A) represented by the
above gengrabpferhatatytgdviydrdeadestrybog Heetiow Ibub 20 icsrboh |inmted
thereto. 10 In the present specification, a nethyl group, an ethyl group,
an n- propgtogrep,omaterdrdudntorgoupp- b adapenéd el 1L ydr oxdup aa@uﬂgl group,
a trinmethylsilyl group, a triphenylsilyl group, a trityl group, a phenyl

group, a maﬁﬂQUY&aﬂf&PQtoﬁ(sPﬁQﬂ@BEQEY'arPH Q%Qcﬁfgcc@li?%h%yéar% Q‘EBms
(2,4,6-trimethyl phenyl) 15 are sonetines abbreviated as Me, Et, nPu, tBu,

Ad, Ou THB. oTES0s Jfemfucd Iangga% e o T RBREEL L vk ol e, , 1]
5 be exemplified.

In addition, the two, three or all of R'®, R?®, R!® and R?
each may be a group or an atom other than a hydrogen atom, and
they may be the same as or different from each other.

The two groups among the groups represented by R'® to R

10 which are adjacent to each other, may be combined to form an
exXpanded aromatic ring with the carbon atoms to which the two
are bonded, and any adjacent groups of R'® and R'7, R and RS,
and R*® and R'®, may be combined with each other to form an expanded
aromatic ring. |

15 In specific, it is preferably benzoindenyl,
dibenzoindenyl or substituted benzoindenyl, and in particular,
it ismore preferably substituted benzoindenyl in which hydrogen
in the benzoindenyl group is substituted to a hj{drocarbon group
having 1 to 20 carbon atom(s), a halogenated hydrocarbon group

20 having 1 to 20 carbon atom(s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(s), or a hydrocarbon
group-substituted silyl gro.up having 1 to 20 carbon atom(s) in
total, since they give an improved effect on molecular weight

and stereoregularity in polymérization of a-clefin.



Re OVVRe Re Re / /C MT1, Zr, H Re, RB='"Bu, Ad, TM5, Cu, Ph, Tr, TPS
SC O ORB [Chem 14] R®" R® Rl R o RORo ReCl ~RB/CI OGO Re/Cl '-C

'Cl | '"CSFOleB3® Re Re ORe ORe Rl n ORo OROR Oio RSC ~RB Re
MCl /d '-C0 M-M-O0C GO OO RDRe Re Re ORe O
47

When the two groups among the groups represented by R®
to RY’, which are adjacent to each other, are combined to form
an expanded aromatic ring with the carbon atoms to which the
two are bonded, any one or both of R™ and R* may be each an

b atom or a group other than a hydrogen atom, and they may be the

same as or different from each other.

[Chem. 12]

L (4)

10 In the above general formula (4), R** to R*®, which may
be the same as or different from each other, represent each an
atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocérbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon

15 group-substituted silyl group, an oxygen-containing group and



METi, Zr, Hf Re, Re='Bu, Ad, TM5, Cu, Ph, Tr, TPS RB, Rl=Me, Et, "Pr, Ph
R | =Ph, Mes, Nap, Phen, TPS [Chem 15] SF-1239 51 OR C C Rzo V\E. Rzo
R15 jm—-RSH-IEBM ' SCl | '-Cl /Cl OOl C Ra Re Re 0 RRE Rla Rzo ' G RF
a a M- METi, Zr, HF / "A \Cd RE, Ra=1Bu, ‘Ad, This, Cu, Ph, Tr, I O TPS
Rt 5, R20=Me, Et, "Pr, Phn ORE [Chem 6] O Bu Bu 1Bu f~I "eu CI G O M- C
c MOr SCCC O RSRe RAREORe C C TO9 OO ~.~0 '

a nitrogen-containing group, and the two groups among the groups
represented by R** to R?®, which are adjacent to each other, may
be combined to form an aromatic ring, an aliphatic ring or a
hetero ring, with the carbon atoms to which the two are bonded.
5 As the halogen atom, the hydrocarbon group, the halogenated
hydrocarbon group, the silyl group-substituted hydrocarbon
group, the hydrocarbon group-substituted silyl group, the
oxygen-containing group and the nitrogen-containing group,
same atoms or groups exemplified for R' to R? can be exemplified.
10 When the two groups among the groups represented by R?!
to R*®, which are adjacent to each other, are combined to form
a ring with the carbon atoms to which the two are bonded,
preferably R*? and R?®, and R?® and R?’ are combined with each
other to form a ring, and preferably to form an aliphatic ring.
156 In this case, R**, R®*, R? and R® are each preferably a hydrogen
atom. In addition, the ring formed by combiﬁing the two groups
among the groups represented by R** to R*®, which are adjacent
to each other with the carbon atoms to which the two are bonded,
‘may be substituted with at least oné atom or a group selected
20 from a halogen atom, a hydrocarbon group, a halogenated
hydrocarbc_m group, a silyl group-substituted hydrocarbon group
and a hydrocarbon groﬁp—substituted silyl group.
At least one of R%?, R23,- R*® and R, preférably R?*? and

R*” or R*®* and R*®* is a tertiary alkyl group, an arylalkyl group,



/[ ' M OO Re ORev MTi, Zr, HH Re, R --'"Bu, Ad, TM5, Cu, Ph, Tr,
TPS R15, R20=Me, Et, "Pr, Ph Such transition netal conpound (A) can be, for
exanpl e, S¥F-ALB8&uced by the foll owi ng processes f or producing the
transition SF-1239 .52 netal conpound. [(B-1) Organonetallic Conpound] As
the organonetallic conpounds (B-1), specifically the following Goups 1, 2
and 12, 13 of the periodic table can be 5 exenplified. (B-la) An

or ganoal um num conpound whi ch can be represented by a general formula

- RamAl (ORbpnHpXyl gheue) mn RaiapdlRb geyube 4 helsarpadsdosl kit feiemt, from
each other and represent each a hydrocarbon group having 1 to 15, 10

pref erabl ¥ Haloy<h-cashan raith sdma & & RRIRSENS S 22 Al 0O8N 521 0D p and
g are nunbers of 0<m 93, 0<-n<3, O<- p%%rand OS§<3 respgctlv% ;upn

mtn+p+q =a3. t}‘feBEéP’El yahkyhal.ed, dogigé%)&&/g%g%gﬁ% rﬁjﬁﬁ%’gﬁ%ﬂ?ﬁ:o%lpignd

al um num whi ch can be” represent

wher ei n, Ii\.@e 5_8?:8 ti%: (Ijgsbulﬁl?' tR& hélc?'c_?gna efi]%?lenérsouap and the

5 tertiary silyl group, same groups exemplified as preferable
examples for R? can be exemplified.

Specific examples of the transition metal compound (A)
represented by the above general formula (1) will be deécribed
below, but it is not limited thereto.

10 In the present specification, a methyl group, an.ethyl
group, an n-propyl group, a tert-butyl group, an adamanthyl
group, a cumyl group, a trimethylsilyl group, a triphenylsilyl
group, a trityl group, a phenyl group, a naphthyl group, a
phenanthryl group and a mesityl group (2,4,6;trimethylphenyl)

15 are sometimes abbreviated as Me, Et, “Pu, *Bu, Ad, Cu, TMS, TPS,

Tr, Ph,'Nap, Phen and Mes, respectively.

[Chem. 13]



hydr ocar bon group having 1 to 15, preferably 1 to 4 carbon atons. (B-ic) A
di al kyl conpound of Group 2 or 12 nmetals, which can be represented by a
general f&fmMI2Z8%RaRoM3, wherein, Ra and Rb are the sane as or different
from each other, and represent 20 each a hydrocarbon group having 1 to 15,
preferably 1 to 4 carbon aton(s); anddvB is My, Zn, or Cd. As the
above- nenti oned or ganoal um num conpounds belong to (B-la), the follow ng
conpounds can be exenplified. An organoal um num conpound whi ch can be
represented oy SF-1239 53 a general fornula RamAl (ORb) 3_m wherein, Ra

2 SH , nd represent each a
hydr ocar bon “gr o 8. havj g1l treferably lto on atons; and mis

f0al umsnum conpound, ich-@an be

represented by a general formul aj RaWwXIX3_m wherein, |Ra Eepé esents a
hydr ocar bon hupahaving 1 to 15 pr[e?"erably 1 to 4 darhopn étoms; X
represents ogen atom and A\ sopreferably O or ganoal um num
conmpound rep gd by a gener 10 formul a Ra wherein, Ra

represents a ir ocar bon groume havirRy 1 to 15, préferabl®y 1 to 4 carbon
atons; andm s~ preferably 2<-nk3. An organoal um num conpound represented by
general for a RamAl (ORb) "X9, wherein, Ra and Rb may be the sane as or

di fferent fopm each other, and represent each a hydrocarbon group
having 1 to 15,7p efﬁ@abl‘y 1 to 4,carhan aton(s) ; X represents a hal ogen
?ﬂ\m RS, R®='Bu, Ad, TMS, Cu, Ph, Tr, TPS
O
RB
fChem. 14]
Rl‘i R11 .
R10 @ Riﬂ
Qq.. Q...
cl Cl
- e
M
I a [ e
o} o]
RB © RB
R10
\Rg/ol
M
| e
o]
RB

M=Ti, Zr, Hf

RY, R%='Bu, Ad, TMS, Cu, Ph, Tr, TPS
R%R1%=Me, Et, "Pr, Ph

R"'=Ph, Mes, Nap, Phen, TPS

[Chem. 15]



atomm m n, and q are nunbers of 0<nk3, 0:9n<3 and 0<-Qq<3, respectively;
and mkn+q = 3. A As the organoal um num conmpound belongs to (B-la) is 20
speci fi caBIFyléﬁénpl ified by trialkylalumnumsuch as trinethylal um num
triethylalum nium tri-n-butylalum num tripropylal um num
tripentylalumnium trihexylalum niumbl trioctylalum nium
tridecylalumniumand the like; tribranchedal kyl al um num such as
triisopropylalum num SF-1239 54 triisobutylalum nium

tri-sec-butylatum num tri-terg=putylalum num tri-2-nmethylbutylal um nium

tri-3-methyl RUtyl al umi nium tri met hyl pent y)2 m

tri-3-nmethyl pgr yI alum nium tr -rrethyl pent um 5
tri-2-nmethy® b um ni um  RPTX "Fhé/l hexyl al I um

tri-2-ethyl hex Ilufﬁ'nl um and the Nke€!' tricyc] oflkyl al uninum such as

tricycl ohexyl tricycl ooct yljabgni num Bnd yheR™| gke; triarylal uni num
such as triphenylal umnum tritg y|é| um num and t he M’Re di al kyl al um num
hydri de suchya 10 diethylalu @ m hydri de, dii sbut/y\l\ail um num hydri de and
the like; t gnyl al um nu e @S trii sopreny -Iumnumandthe i ke
whi ch can be rep esent ed by (1-C4H9) xAly (C5HL0] wherein, x, y and z
are each a po ive nuneral, ary > 2X) etc. ;RS Rl um ni um al koxi de
such as isob al umi num met ho 2, 15 isobutyl al um num et hoxi de,

i sobutyl al um B=Ym i sopr opoxi de /a the Iike; dialkylalum nium al koxi de
~such as di alem num  meRPOPYER™ dc5|6t hyl al um num et hoxi de,

di butyl al um numRut oRii de

M\ M=Ti, Zr, Hf
] ~g [ ~a RS, R°='Bu, Ad, TMS, Cu, Ph, Tr,
d o TPS

R'$,R%°=Me, Et, "Pr, Ph

M=Ti, Zr, Hf

RS RE='Bu, Ad, TMS, Cu, Ph, Tr,
TPS

R R%=Me, Et, "Pr, Ph

Such transition metal compound {A) can be, for example,

5 p:oduced by the following processes for producing the transition



and the |ike; alkylalum num sesqui al koxi de such as et hyl al um num
sesqui et hoxi de, butyl al um num sesqui butoxi de 20 and the like; partially
al koxyl at @d-akR9l al um num havi ng an average conposition of the fornula
Ra2. 5Al (ORb) 0.5; dial kyl al um num aryl oxi de such as di et hyl al um num
phenoxi de, diethylal um num (2, 6-di-téet-butyl-4-net hyl phenoxi de),

et hyl al um nunbi s(2, 6-di -tert-butyl -4-net hyl phenoxi de), SF-1239 55

di i sobutyl al um num( 2, 6-di -tert-butyl -4- et hyl phenoxi de) ,

i sobut yl afngrdhuabins¢@né- di -t ert - but yl - 4- net hyl phenoxi de) and the |ike;

di al kyl al um num hal i de such as di net hyl al um num chl oride, diethylal um ni um
chloride, dibutylBdum otgacdtherd de.c TaiRiuidial um num brom de,

di i sobutyl al umi num chloride and the 1like; alkylalum num sesqui halide such

as ethyl al unmi nimth%eégehﬁ%e%gﬂﬁ%%%m nym ?jyfﬁ%fﬁféaiﬂ / the

et hyl al um num sesqui brom de and t parti al ogenat
al kyl al umegyim, 9ﬁ9| al_kyl al 'qgn:ﬁr1lides.s ch as 10 et hyl al um num
di chl ori de, pr%%@%é?%ﬁlﬁ%?VdFC%P%f?%%, 151 §$§I8ﬁfﬁﬂ Qi o F&ah8 t he
li ke; ?ialk | a uﬁiniunlhydride such as diethyl al um num hydri de,
di but y1 al GAFARM hyefi de and the like; other partially hydrogenat ed
al kyl al um num for_ exanpl e al kyl al um num di hydri de such as ethyl al um num
15 di hydri de, pr®pyalalfimsrgardidiydringe aedposad wkéchandnphetial |y
al koxyl at ed and hal ogenated al kyl al um num such as et hyl al um num
et hoxychl bepdesebiey|lay L geme balt cforehilor iRtgal (@yHatym num et hoxybr oni de
and the |ike.
wherein, R* and R® may be the same as or different from each
other and represent each a hydrocarbon group having 1 to 15,
10 preferably 1 to 4 carbon atom(s); X represents a halogen atom;
m, n, p and.q are numbers of 0<m<3, 0sn<3, 0<p<3 and 0£qg<3,
respectively; and mtn+p+g = 3.
(B-1b) An alkylated complex composed of Group 1 metal and
aluminum, which can be represented by a general formula M?A1R%,,
15 wherein, M? represents Li, Na, or K; and R® represents a
hydrocarbon group having 1 to 15, preferably 1 to 4 carbon atoms.
(B-1lc) A dialkyl compound of Group 2 or 12 metals, which
can be represented by a general formula R®RPM3, wherein, R® and
RP are the same as or different from each other, and represent
20 each a hydrocarbon group having 1 to 15, preferably 1 to 4 carbon
atom(s); and M’ is Mg, Zn, or Cd.
As the above-mentioned organcaluminum compounds belong

to .(B~la), the following compounds can be exemplified.

An organcaluminum compound which can be represented by



In addition, conpounds simlar to (B-la) can al so be used, 20 and for
exanpl e, an organoal um num conpound in which two or nore alum num
conpounds SEr€ 23&nded via nitrogen can be exenplified. A specific exanple
of such conpounds i ncl udes (C2H5) 2A1IN(C2H5) Al (C2H5)2 As a conpound bel ongs
to the above-nenti oned conmpound SF-123% 56 (B-1b), LiA (C2H5)4 and

Li Al (C7H15)4 is exenplified. In addition, as the organonetallic conpounds
(B-1), nethyllithium ethyllithium propyllithium butyllithium

met hyl nag#eseoarbi ofid vy lae Al MR esd, urhehtbnj d¥, abd atthy k- eeigie sianm

brom de, ethyl magnesium chloride, propyl magnesi um brom de, propyl magnesi um
chl ori de, ashuby| abgihesénin bramidiash R TaGRES indPrellkati dgcnhdimet hyl

magnesi um di et hyl magnesi um di butyl magnesi um butyl ethyl nagnesi um and

the Iike, hWo@b%Bﬁﬁegf{ﬁﬁgha%QnEﬁrE@?ﬁr&, YRiCh 6B oh Y Bddhe

above-nmentioned al uni num conpolnds in the polynerization System for

exanpl e %%@bi;nn%tsi gnn(agn%jggl §?erfgg§gggl_ um num and al kyllithium or

conmbi nation o al ogen um hum ahd al kyl magnesi um can al so be used.
Anong t he or gangrret allic corr,poundsa‘%B- 1), the 15 organoal um num conpound i s
preferdbl e. The BHOVRAMRGHFOHEE 6PFRAGREY aV Pt @b GifpBENERPIERAYERARY be used

alone or in conbination with 2 or nore kinds. [(B-2) Organoal um num oxy
Conpound] T FarahBamUAR Mind by c Uhpsgats R Brepressd medurdtiong oon

group havihg 1to 15, preferablylto 4 carbon atoms; X represents
a halogen atom; and m is preferably 0<m<3.
An organocaluminum compound represented by a general
10 formula R%AlH3.n, wherein, R® represents a hydrocarbon group
having1lto 15, preferably 1l to 4 carbon atoms; andm is preferably.
25m<3,
An organocaluminum compound representedby general formula
R%AL (OR®) 1X4, wherein, R? and R® may be the same as or different
15 from each other, and represent each a hydrocarbon group having
1l tol5, preferably 1l to 4 carbon atom(s); X repreéents a halogen
atom; m, n, and g are numbers of 0<m<3, 0<n<3 and 0<qg<3,
respectively; and mtn+g = 3.
A As the organocaluminum compound belongs to (B-la) is
20 specifically exemplified by trialkylaluminum such as
trimethylaluminum, triethylaluminium, tri~—n—bu.tylaluminum,
tripropylaluminum, tripentylaluminium, trihexylaluminium,
trioctylaluminium, tridecylaluminium and the like;

tribranchedalkylaluminum such as triisopropylaluminum,



20 necessity in the present invention may be a conventional publicly known
al um noxane or benzene-insol ubl e organoal um num oxy conpounds di scl osed as
exanpl es iS¥~1#RYA- 2- 78678. The known al unmi noxane can be produced by e.g.,
the foll ow ng processes, and in general, it is obtained as a SF-1239 57
hydr ocar bon sol vent solution. [1] A prdcess conprises addi ng an

or ganoal um num conpound such as trial kylalum numto a hydrocarbon sol vent
in which a conpound containing adsorbed water or a salt -containing crystal
5 wat er, érgisopsgiiésiumivhiori deihydeabetytappeineul fate hydrate,

al um num sul fate hydrate, nickel sulfate hydrate or cerium(l) chloride
hydr at e ateistspentedylabdmieraef i ngithenotiganoat Wd Numncaaqpound with the
absorbed water or crystal water. [2] A process conprises reacting water,

ice or st eaﬁr-3l&edh5f@5t1t]s,41M&ﬁiﬁﬂuﬁr 9@99@%%&%&1&%&%&“@5

trialkylalumnumin a solvent e.g., benzene, er or

s i mut hyl 1 ol aY PR BT LR R oo { b et OF g T RUAR. 5. conpou

as di net hyl ti noxi I NoX1 de”" W t h ‘an conmpound

such trialkyl a ipumin, a solvent, e.g., decane, . benzene or toluene.
Nbreoair,EkﬁeEa 8%#%%53ﬁ§iﬁ%§mﬁ%ﬁ?%jnt5?§$%W?t¥%£hﬁﬁy%ﬁlumﬁﬂ&éﬁbnetaI
conponent . Furthernore, the solvent or unreacted organoal um num conpound
i s di stil FE4"anATPEkDoEY. # Hem v Hem 200t & Lkent i Hird resddudieddimdnuim noxane

solution, and then the
such as tricyclohexylaluminum, tricyclooctylaluminum and the

like; triarylaluminum such as triphenylaluminum,
tritolylaluminum and the like; dialkylaluminum hydride such as
10 diethylaluminum hydride, diisobutylaluminum hydride and the
like; trialkenylaluminum such as triisoprenylaluminum and the
l1ike which can be represented by (i-C,He)xAly (CsHig)z, wherein,
X, Yy and z are each a positive numeral, and z 2 2x) etc.;
alkylaluminium alkoxide such és isobutylaluminum methoxide,
15 isobutylaluminumethoxide,isobutylaluminimniSOpropoxideand
the like; dialkylaluminium alkoxide such as dimethylaluminum
methoxide, diethylaluminum ethoxide, dibutylaluminum butoxide
and the like; alkylaluminum sesquialkoxide such as
ethylaluminum sesquiethoxide, butylalﬁminum sesquibutoxide
20  and the like; partially alkoxylated alkylaluminum having an
average composition of the formula R% Al (ORP)q.s5:
dialkylaluminum aryloxide such as diethylaluminum phenoxide,
diethylaluminum (2, 6-di-tert-butyl-4-methylphenoxide),

ethylaluminumbis (2, 6~di-tert-butyl~4-methylphenoxide),



al um noxane may be re-dissolved in a solvent or suspended in a poor

sol vent of al um noxane. As specific exanples of the organoal um num conpound
used for SEhé2pgPeparati on of al um noxane, sane organoal um num SF-1239 58
conmpounds exenplified for the above-nentioned organoal um num conpound
(B-1a) can be exenplified. O these cafpounds, trialkylalum num and
tricycloal kyl al um num are preferable, and trinethylalumnumis
particularly preferable. Such nmentioned 5 organoal um num conmpounds can be
used al ondiésobntgdabimatiinn2, 6ith-Pe ot -pwt ¢l kd -netsshylhesixerys useful for
preparation of alum noxane include aromatic hydrocarbons such as benzene,

toluene, xgbeneylalumenemsysepes-aliphatigyhydr oGardNSRCR &8 )Pent ane,
hexane, 10 heptane, octane, decane, dodecane, hexadecane and oct adecane;

YO crRMde Ao astshyas) GXELORIM ANG, GXE! SSANT, 1RIBLIRCaNe 2N

met hyl cycl opent ane; petroleum fractions erosene and gas
oil; and i of,.t bhove . aromatjc,. aliphatic._and alicyclic,
hydrocarbgﬁgb?gsaffhbqﬁggflég?nf§ﬂg%6 %ﬁ%?’gﬁgpfyl?ﬂﬁmb?H%F%&§§FQ?'
conpoggds Lngéuge ethers, such as ethyl ether and tetrahydrofuran. O

t hese Sol FeRtRY e huBHRER PR Paridrobst vARlgRANIE Byl Bide Fows thre

preferable. The benzene-i nsol ubl e organoal um num oxy conpounds 20 contain
an Al conpdhent akky il eninuhepeemelzal Bl Glugh @s @ik lusfingeneral |y 10%
or less, preferably 5% or less, particularly _
sesquichloride, butylaluminum sesquichloride, ethylaluminum
sesquibromide and the like; partially halogenated
alkylalﬁminum, for example alkylaluminum dihalides such as
10 ethylaluminum dichloride, propylaluminum dichloride,
butylaluminum dibromide and the like; dialkylaluminium hydride
such as diethylaluminum hydride, dibutylaluminum hydride and
the like; other partially hydrogenated alkylaluminum, for
exampie alkylaluminum dihydride such as ethylaluminum
15 - dihydride,pr0pylaluminumdihydrideandthelike;andpartially
alkoxylated and halogenated alkylaluminum such as
ethylaluminum ethoxychloride, butylaluminum butoxychloride,
ethylaluminum ethoxybromide and the like.
Inaddition,compoundssimilarto(B—la)canalsobeused,
20 and for example, an organoaluminum compound in which two or more
aluminum compounds are bonded via hitrogen.can be exemplified.
A specific example of such compounds includes
(Caffs) 2A1N (CoHs ) AL (CoHs) 5.

As a compound belongs to the above-mentioned compound



preferably 2% or less in ternms of Al atom and they are preferably

i nsol ubl e or hardly soluble in benzene. An exanple of the organoal um num
oxy conpoGAdlaBso SF-1239 59 includes a boron-containing organoal un num
oxy conpound (G 1), which can be represented by the foll ow ng general
formula (5) [Chem 17] R21 R20 R21 Ab¢4-B-O Al RR1 R21 . . . (5 5
wherein, R20 represents a hydrocarbon group having 1 to 10 carbon aton(s).
R21s represent each a hydrogen atom a halogen atom or a hydrocarbon group
having 1 t(8-1D) catbah (@il snd anidh Iy H, be, tilke exanmpelasied. di fferent from
each other. 10 The boron-contai ni ng organoal um num oxy conpound (G 1)

represented by ihes@dDveogenes alhd Wrglrdn(®aican Rerphaddseds-Mth reacting
al kyl boronic acid (G 2) represented by the follow ng general fornula (6),

[Chem 18heo4ky R2O: B ) 2et1?ylli§rgﬂn.z:@,’;‘e§%%lﬁ%fﬁpr%%%@tﬁﬁhiﬁﬁe group as

R20 in the above general or mu or danoalami num cénpound in
AL REEL S ot M s SR B SRt
the ajgylggﬁgfkggggégu (%g mide, ethylmagnesium chloride, |
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chioride, dimethyl
magnesium, diethyl magnesium, dibutyl magnesium, butylethyl
magnesium and the like, may alsc be used.

10 Further, compounds which can form the above-mentioned
aluminum compounds in the polymerization system, for example
combination of halogenated aluminum and alkyllithium, or
combination of halogenated aluminum and alkylmagnesium, can
also be used. BAmong the organometallic compounds (B-1), the

15 organcaluminum compound is preferable.

The above-mentioned organometallic compounds (B-1) can
be used alone or in combination with 2 or more kinds.

[ (B-2) Organcaluminum oxy Compound]

The organoaluminim oxy compounds (B-2) used according to

20 neceésity in the present invention may be a conventional
publicly known aluminoxane or benzene-insoluble
organocaluminum oxy compounds disclosed as examples in

JP-A-2-78678. The known aluminoxane can be produced by e.g.,

the following processes, and in general, it is obtained as a



SF-1239 60 represented by the general fornula (6) include methyl boronic
acid, ethylboronic acid, isopropylboronic acid, n-propylboronic acid,

n- but yl bofénilé3&ci d, i sobutyl boronic acid, n-hexyl boronic acid,

cycl ohexyl boroni c acid, 5 phenyl boronic acid, 3,5-difluorophenyl boronic
acid, pentafluorophenyl boronic acid &md
3,5-bis(trifluoronethyl)phenyl boronic acid. Anong these, nethyl boronic
acid, n-butyl boronic acid, isobutylboronic acid, 3,5-difluorophenyl boronic
aci d and hyGrpearbhbhuspbpienysdbbriohirc. aci d are preferable. These can be
used alone or in conmbination with 2 or nore kinds. As organoal um num

conpounds for rear®h pigodddcerphi saRRIANRIaALKYERGE 0tk Enagidmpolilid
speci fic, sane organoal um num 15 conpounds exenplified for organoal unm num

compound bakangs {0: abaves RN (Brlakocanshe SYRMLI edy AgoRe these,

trial kyl al um nium and tricycl oal kyl al uninum-are pre

trimethyl ' i et hyl al uni ni d_trii tyl al uni ni
par 1 cul g Yo RPAr e Rt ShERE - ha S oneoBre i LAY ARE on wi t h

2 or nmor e ki nds. The above-nentjoned organoal um num oxy_conpounds (B-2) can
be  udhd HFBRE: S G RS AT BRLAF £ RS VO aksr £ IGRRISS U {BE ST YPSAEET ng

| oni ¢ Conpound] The ionizing ionic conpounds (B-3) are the conpounds which
react SF-a2w@oinhum sulfate hydrate, nickel sulfate hydrate or cerium{(I)

chloridehydratearesuspended,andreactingtheorgénoaluminum
compound with the absorbed water or crystal water.

[2] A process comprises reacting water, ice or steam

10 directly with an organocaluminum compound such as
trialkylaluminum in a solvent e.g., benzene, toluene, ethyl
ether or tetrahydrofuran.

[3] A process comprises reacting an organotinoxide such
as dimethyltinoxide or dibutyltinoxide with an organocaluminum

156 compound such as trialkylaluminum in a solvent, e.g., decane,
benzene or toluene.

Moreover, the aluminoxane may contain a small amount of
organometal component. Furthermore, the solvent or unreacted
organocaluminum compound is distilled and removed from the

20 above-mentioned recovered aluminoxane solution, and then the
aluminoxane may be re-dissolved in a solvent or suspended in

a poor solvent of aluminoxane. |
As specific examples of the organocaluminum compound used

for the preparation of aluminoxane, same organoaluminum



61 wth the transition nmetal conpound (A) to forman ion pair. Exanples
of the conpounds include Lew s acids, ionic conpounds, borane conpounds
and car boS&aré286npounds as described in JP-A-1-501950, JP-A-1-502036,
JP- A-3-179005, and U. S. Pat. No. 5 5,321, 106, etc.. Exanples further

i nclude a heteropoly conpound and anSgsopoly conpound. Specifically, _
exanpl es of the Lewi s acids include conmpounds represented by BR3 (wherein
R is a phenyl group which my have a substituent group such as fluorine,
met hyl gr cgppopnd® ¢xeérfpLiof beetion gheupbooe-meht Lonéde Bias ]l vgnigun
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron,
tris(3,5-dokbuanaphenyh) besenbe &xbisgdsf1a0r oget EMEBQGBM@Q%@&
tris(pentafluorophenyl)boron, tris(p-tolyl)boron, 15 tris(o-tolyl)boron,

1 Syt aban b, s ko Al 2, SO
(. 1 Ch%%m%%lly%gléﬁi%gn%gl SG%argéu%guB%%%rleéerabl]é .ZGSECB 'rrien(t7i)oned
9 organcaluminum compounds can be used alone or in combination
with 2 or more kinds.

The solvents useful fof preparation of aluminoxane
include aromatic hydrocarbons such as benzene, toluene, xylene,
cumene cymene; aliphatic hydrocarbons such as pentane, hexane,

10 heptane, octane, decane, dodecane, hexadecane and octadecane;
alicyclic hydrocarbons such as cyclopentane, cyclohexane,
cyclooctane and methylcyclopentane; petroleum fractions such
as gasoline, kerosene and gas oil; and halides of the above
aromatic, aliphatic andalicyclichydrocarbons (e.g.,chlorides,

15 bromides, etc.). The other useful compounds include ethers,
such as ethyl ether and tetrahydrofuran. Of these solvents,
aromatic hydrocarbons or aliphatic hydrocarbons are
preferable.

The benzene-insoluble organcaluminum oXy compounds

20 contain an Al component soluble in benzene at 60 °C in an amount
of generally 10% or less, preferably 5% or less, particularly
preferably 2% or less in terms of Al atom, and they are preferably

~ insoluble or hardly soluble in benzene.

An example of the organocaluminum oxy compound also



Here, R22+ is exenplified by H+, carbonium cation, oxonium cation,
anmoni um cati on, phosphonium cation, cycloheptyltrienyl cation,

f erroceni wh-éd8Pon having a 5 transition netal or the like. R23 to R26 nay
be the sane as or different fromeach other and represent each an organic
group, preferably an aryl group or a5%ubstituted aryl group. Specific
exanpl es of above-nentioned carboniumcation include tri-substituted
carboni um cations such as triphenyl carboni um 10 cati on,
tr|(nethyPpﬁén?ﬁ;GabbcqnuqonaaLnnn@mdgahpa@dmﬁnuhyhphenmp¢cadUGHHUU1catlon.
Speci fic exanpl es of above-nentioned amoni um cati on incl ude

trial kyl ammohuran Gat repsesenbeasoyt thaetdyl ammpigemesatli Sfrmula (5) .
triethylamonium cation, tripropylamoniumcation, t ribut yl ammonium
cation and 15 triK&nbuty])anmoni um cation; N, N-dial kyl anilinium cations
such as N, N-di nmethylaniliniumcation, N, N-diethylanilinium cation and

N, N- 2, 4, 6- pent anet hyl ani | i ni um cation; dial kyl anmoni um cati ons such as

di (i sopropyl)anmoni um cation and di cycl ohexyl anmoni um cation; and the

l'i ke. 20 Specific exanples of above-nentioned phosphoni um cation SF-1239 63
i nclude tri EylphosphonF@ﬁ@cationstth as triphenyl phosphoni um cati on,
tri(methyl yI)phosph nium cati and tri(di me thyl phenyl) phosphoni um
cation and tﬁ&% Th R22% i's p{eferably carboni um cati on, amoni um

cation 5 or arly preferably trlphenylcarbonium
~cation, N,hkgqnethylanlllniun1catiQn or N, N-di ethylanilinium

R21 « - (5)
wherein,ijrepresentsa}umhocarbongrouphaving].tolOcarbon
atom(s). R*s represent each a hydrogen atom, a halogen atom
or a hydrocarbon group having 1 to 10 carbon atom(s), and may
be the same as or different from each other.

10 The boron-containing organcaluminum oxy compound (G-1)
represented by the above general formula (5) can be produced
with reacting alkylboronic acid (G-2) represented by the
following general formula (6),

[Chem. 18]

R2-B(OH)2 c e (B)

15
wherein, R?" represents a same group as R?® in the above general
~formula (5), with the organcaluminum compound in an inactive
solvent under an inert gas atmosphere for 1 minute to 24 houré
at a temperature range of -80°C to room temperature.

20 Specific examples of the alkylboronic acid (G-2)



cation. Exanples of the ionic conpounds include trialkyl-substituted
ammoni um salts, N, N-dialkylanilinium 10 salts, dialkylanmonium salts,
triaryl ph8EphdAPum salts and the |ike. Specific exanples of the

trial kyl -substituted anmoni um salts include

tri et hyl ammoni unt et r a( phenyl ) boron, ®0i pr opyl ammoni unt et r a( phenyl ) bor on,
15 tri(n-butyl)ammoniuntetra(phenyl)boron,

trimet hyl anmoni unt et ra(p-tolyl)boron,

tri met hyl apRbasentedriay cholgdaneredofprmula (6) include methylboronic
tri(n-butyl)ammoniuntetra(pentafl uorophenyl)boron,

tripropyl anhdni ethel baton pe daaed hyl phergy herahic 2814,
tri(n-butyl)ammoniuntetra(m m di net hyl phenyl ) bor on,

tri(n-but ML%QBW}JE:@%EM: agpr &’ idlyier ot v henyil g barRyt viboronic
tri(n-butyl)amoniuntetra(3,5-ditrifluoronethyl phenyl) bgr on,

tri(n- bmé&%ﬁ%ﬂ%#ﬁ%é%gﬁ%&a bo%gé@]%%égje%lénl&% ac%g(?ci fic exanpl es of

the N, N-di a rumsaltfs inclu

N, N-digret hyl aniliniuntetra(ph | ) bor on, , ,

N N di ot bGP RF AT 6P bhemi s G Eophenylboronic acid, |
N, N-2, 4, 6-pent anet hyl ani | i ni unt etra(phenyl)boron and the |ike. Specific
exanpl es BfNtRel WEPRYPRAHPFUM S AT iafed ude, 5 for exanpl e,

di (1-pr opgl ) amoni unt et r a( pent af | uor ophenyl ) bor on,

di cycl ohexy?dmh® hit tii bt o agrpétengll )diemyi ancbrtilte ddike.

Among these, methylboronic acid, n—bﬁtylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and
10 pentafluorophenylboronic acid are preferable.
These can be used alone or in combination with 2 or more
kinds.
As organoaluminum compounds for reacting with such
mentionedalkyiﬁoronicacids,inspecific,sameorganoaluminum
156 compounds exemplified for organocaluminum compound belongs to
above-mentioned (B-la) can be exemplified. Among these,
trialkylaluminium and tricycloalkylaluminum are preferable,
and trimethylaluminum, triethylaluminium and
triisobutylalumihium are particularly preferable. These can
20 Dbe used alone or in combination with 2 or more kinds.
The above-mentioned organoaluminum.oxy compounds (B-2) can be
used alone or in combination with 2 or more kinds.
[ (B-3) Ionizing Ionic Compound]

The ionizing ionic compounds (B-3) are the compounds which react



Exanpl es of the ionic conpounds further include

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate, 10

N, N- di net A¥FARABLI ni unt et r aki s( pent af | uor ophenyl ) bor at e,

ferroceni unt etra(pentafl uorophenyl)borate,

tri phenyl car beni unpent aphenyl cycl opentadi enyl conpl ex,

N, N- di et hyl ani | i ni unpent aphenyl cycl opent adi enyl conpl ex, boron conpounds
represented by the follow ng general formula 15 (8) or (9) and the like.

[ Chem 20Y¥i1ER3thel Era2nyitBod méid Weympayndet (A)s tan fetrthykngriooppaifChem 21]
SF-1239 65 CF3 NaB CF3 Specific exanples of the borane conpounds include -
decabor anBxasplés off thaiconpoanab iashidd Leiwf B-duitad,) 1 eim® riotpbaaaabor at e,

S bis[tri(n-butyl) ammoni unjdecaborate, bis[tri(n-butyl)

amoni unj egesaberAbSunddi Shd rddFsdrind )ccﬁq{ﬁmcima@@%%%l%%@hean
bis[tri(n-butyl) ammoni un] decachl orodecaborate and
JP-A-1-501950, JP-A-1-502036, JP-A-3-179005, and U.S. Pat. No.
5 5,321,106, etc.. Examples further include a heteropoly
compound and an isopoly compound.

Specifically, examples of the Lewis acids include
compounds represented by BR; (wherein R is a phenyl group which
may have a substituent group such as fluorine, methyl group or

10 trifluoromethyl group, or a fluorine atom), e.g. trifluoroboron,
triphenyliboroen, tris(4—flu§rophenyl)boron,
tris (3, 5~difluorophenyl)boron,
tris(4-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,

15 tris(o-tolyl)boron, tris(3,5-dimethylphenyl)boron and the
like.

Examples of the ionic compounds include compounds
represented by the following general formula (7).

[Chem. 19]

20



bis[tri(n-butyl)amoni uni dodecachl orododecaborate; salts of 10 netallic
borane ani ons such as tri(n-butyl)amoni unbi s(dodecahydri dododecabor at 0)
cobal t at eBFIrE3&8nd bi s[tri (n-butyl)anmmoni uni bi s(dodecahydri dododecabor at 0)
ni ckelate(ll11). 15 Specific exanples of the carborane conpounds include

salts of anions such as 4-carbanonaborégne, 1, 3-di carbanonaborane,
6, 9- di car badecaborane, dodecahydri do-1-phenyl -1, 3-di car banonabor ane,
dodecahydrido-l-nethyl-l,3-gé ar banonaborane, 1 SF-1239 66
undecahydrido-l,B-dinethyF{ ,

2, 7- di car baupdecabor ane,

undecahydri -7,8-dinethy|} - di car baundecabor ane,

dodecahydr hyl - 2 C decaborane, 5
tri(n-but —cat ,
tri(n-butyl)ammoni unl - car aundecabor at e,

tri(n-butyl)amoni un - car jadodecabor at e,
tri(n-butyl)ammonium-tri | silyl-1I-carbadecaborate,
tri(n-butyl)anmoni unbro -car badodecaborate, 10 *= * ('7]
tri(n-butyl)ammoni unt- car badecabor at e,
tri(n-butyl)amoni unb-gcar badecabor at e, . . . _
tri (n-butyl)amBRfamii carDEFFEREdBdrdtley Y, carbonium cation, oxonium
tri(n-butyl)ammoni unv, 8-di car baundecabor at e,

cation, ammonium cation, phosphonium cation,

cycloheptyltrienyl cation, ferrocenium cation having a

5 transition metal or the like. R® to R?® may be the same as or
different from each other and represent each an organic group,
preferably an aryl group or a substituted aryl group.
Specific‘examples of above—mentioned carbonium cation include
tri-substituted carbonium cations such as triphenylcarbonium

10 cation, tri{methylphenyl)carbonium cation and
tri{dimethylphenyl)carbonium cation. Specific examples of
above-mentioned ammonium cation inciude trialkylammonium
cations such as trimethylammonium cation, triethylammonium
cation, tripropylammonium cation, tributylammonium cation and

15 tri(n-butyl)ammonium cation; N,N-dialkylanilinium cations
such as N,N—dimethyianilinium cation, N,N-diethylanilinium
cation and N,N-2,4, 6-pentamethylanilinium cation;
dialkylammonium cations such as di(isopropyl)ammonium cation
and dicyclohexylammonium cation; and the like. |

20 Specific examples of above-mentioned phosphonium cation

di car banonabor ane, 7, 8-di car baundecabor ane,



tri(n-butyl)anmmoni un®, 9-di car baundecaborate, 15 tri(n-butyl)

anmmoni undodecahydri do- 8- net hyl - 7, 9-di car baundec aborate, tri(n-butyl)
anmoni unufdec@hydri do- 8- et hyl -7, 9-di car baundeca borat e,
tri(n-butyl)ammoni unundecahydri do- 8- butyl -7, 9-di car baundeca 20 borate,
tri(n-butyl)amoni unundecahydri do- 8- akByl - 7, 9- di car baundeca bor at e,
tri(n-butyl)amoni unundecahydri do-9-trinethylsilyl-7,8-dica

r baundecaborate and SF-1239 67 tri(n-butyl)

amoni unuhdedafiy di T tor ¥ Bhos binombar? -carbraumdecd dsorate; salts of netallic

carborane anions such as _ _
tri (n- but ykj ansnyl pevbs s cenahyed £ don 1, S direihapmrakan ahelpheakaht ate( 1 11),
5 tri(n-butyl)amoni unbi s(undecahydri do- 7, 8- di car baundecabor a

to)ferratgbtib) and tri(dimethylphen hos onium cation and the like.
tri(n- butyl)armDnlunbls(undec%hlgldrly p ché? aunE cabora f

cobaltate(lll) ztm n|u I nde drido-7,
8- di car baundecab ora 16g$%§n|c Iﬂ% HEEE 0N M dri®niium cation

tri(n | ) anmo |unb|s ndecahydri do- 7, 8 di car baundecabor a
to)éuﬁf é )€? {E éé’partlghlarly preferably triphenylcarbonium
tri(n- butyl annnnlunbls(undecahydrldo 7, 8- di car baundecabor a

t o) aur at efFpFi9n, N-dimethylanilinium cation or N,N-diethylanilinium

cation.

Examples of the ionic compounds include
trialkyl-substituted ammonium salts, N,N-dialkylanilinium

10 salits, dialkylammonium salts, triarylphosphonium salts and the
like.

Specific examples of the trialkyl-substituted ammonium
salts include triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,

15  tri(n-butyl)ammoniumtetra (phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron,
tri(n-butyl)ammoniumtetra (pentaflucrophenyl)boron,
tripropylammoniumtetra(o,p—dimethylphenyl)boron,

20 tri(n-butyl)ammoniumtetra (m,m-dimethylphenyl)boron,
tri(n—butyl)ammoniumtetra(p—trifluoromethylphenyl)boron,
tri{n-butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl)
boron, tri(n-butyl)ammoniumtetra(o-tolyl)boren and the like.

Specific examples of the N,N-dialkylanilinium salts include



15 tri (n-butyl)ammoni unbi s(nonahydri do-7, 8-di met hyl -7, 8-dicarb
aundecaborato)ferrate(lll),

tri (n-but yEyard8ni unbi s(nonahydri do- 7, 8-di net hyl -7, 8-dicarb
aundecaborat o) chromate(111),
tri(n-butyl)ammoni unbi s(tribronmooct ahydri do-7, 8-di carbaunde 20
caborato)cobaltate(lll),
tris[tri(n-butyl)anmoniun bi s(undecahydri do-7-carbaundecabo
rat0)Chr0Haye@pmgyhylanlllniumtetra(phenyl)boron,
bis[tri(n-butyl)amoni un bi s(undecahydri do-7-car baundecabor

at o) mangaNalNe@i®rhyBEni238i 68tetra (phenyl)boron,

bi s[tri(n-butyl)amoni unj bi s(undecahydri do-7-car baundecabor

at o) cobal naweg| k| y-paftamethylaniliniumtetra (phenyl)boron and the
bis[tri(n-butyl)amoni un bi s(undecahydri do-7-car baundecabor

at o) ni ckehake( ! Woec sHhechehst opaly . foTAUNG. caNRI-ALS Of1 A0 13Lqmge! ect ed

from silicon, phosphorus, titanium germani"um arsenic and tin, and one

or two. or r s) selected fromvanadi um niobium nol ybdenum and

tungst%n.fggegfgﬁgf%kanples of the heteropoly [ conpound include

phosphovaga?ic aci d, germanovanadi c acid 10 arsenovanadi ¢ acid,

phosphoni Bbit £ REPRY 1 JeFReRbH BT 62 HrRem:at sl \asdioa  aci d,

phosphonol ybdi ¢ acid, titanonolybdic acid, germanonolybdic acid,

ar senonol §bayelalzedylanmapnihonts i mhergi 1o, bqatvos get wings tliikeaci d,

germanot ungstic acid, stannotungstic acid, phosphonol ybdovanadi ¢ acid,
Examples of the ionic compounds further include

triphenylcarbeniumtetrakis(pentafluorophenyl)boratef

10 N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyi)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex,
boron compounds represented by the following general formula

15 (8) or (9) and the like.

[Chem. 20}
CF4
@ S
HELO): B
4
e (8)
Fa

Wherein, Et is an ethyl group)

[Chem. 21]



15 phosphot ungst ovanadi c aci d, gernmanot ungst ovanadi c aci d,
phosphonol ybdot ungst ovanadi ¢ aci d, germanonol ybdot ungst ovanadi ¢ aci d,
phosphonoFybd@téngstic aci d and phosphonol ybdoni obic acid, salts of these
acids for exanple, Goup 1 or Goup 2 netals of the periodic table such 20
as lithium sodium potassium rubidi #h cesium beryllium magnesium

calcium strontiumor barium organic salts such as triphenylethyl salt,

i sopoly conmpounds, and the |ike. For the heteropoly conmpound and the
i sopoly compound, 2 OrIﬂNEig%ﬂdS anong the above-nenti oned conmpounds can
be used in conbination, SF- 9369 without being linmted to one kind. The

i oni zing ionic conpounds (B-3) ,nentioned above can | ( be used alone or in
conbi nat i Wi or/ore\kinas. [OQher Transition Metal Conmpound] 5 In
t he pol yneri zari esemt invention, other known transition neta
conpounds, ' i gdnds contai ni ng heteroatons, for exanple,

ni trogen, oxygen, por op or phosphorous can be used in conbi nation
with the above- {rangi #i on metal compound (A). 10 [Pol yneri zation
Process of Oefin] The prodess’for producing olefin pol yi€$ related to the
present invention either poig??rize one olefin selected from the foll ow ng
ol efins or copolynerize two 3ore kinds selected fromthe follow ng
olefins, in the presence of the above 15 conponent (A), conponent (B), and

if necessary, catalysts
Specific examples of the borane compounds include

decaborane; salts of anions such as
bis[tri (n-butyl)ammonium]nonaborate,

5  Dbis[tri(n-butyl)ammonium]decaborate,
bis[tri(n-butyl)ammonium]undecaborate,
bis[tri(n-butyl)ammonium}dodecaborate,
bis[tri(n-butyl)ammonium]decachlorodecaborate and
bis[tri({n-butyl)ammonium]dodecachlorododecaborate; salts of

10 metallic borane anions such as
tri(n-butyl)ammoniumbis (dodecahydridododecaborato)
cobaltate(IiI) and
bis[tri(n-butyl)ammonium]bis (dodecahydridodddecaborato)
nickelate (III).

15 Specific examples of the carborane compounds include
salts of anions such as 4-carbanonaborane,
1, 3-dicarbanonaborane, 6,9-dicarbadecaborane,
dodecahydrido~l-phenyl-1, 3-dicarbanonaborane,

dodecahydrido-l-methyl-1, 3-dicarbanonaborane,



conprising other transition netal conpounds. An olefin is a conpound havi ng
a carbon - carbon double bond, and it may be for exanple so-called

hydr ocar b&f-d@R¢i sting only of carbon atons and hydrogen atons, or may be
a conpound 20 contai ning a heteroatom such as an oxygen atom a nitrogen
atom or a sulfur atom Specific exanplées include a-olefins having 2 to 20
carbon atons such as ethyl ene, propylene, 1-butene, 1-pentene,
3-nmet hyl -1 -butene, 1-hexene, 4-nethyl-I|-pentene, 3-nethyl-I-pentene,

3, 4- di net bpdekcapydreéde; 1 SE-d R8Ot YL - 4, Bred hyd rbarexkane;ard-, et hyl - | - pent ene,
3-ethyl -4-net hyl -1-pentene, 3,4-dinethyl-I|-hexene, 4-nethyl-I|-heptene,

3, 4- di net iyb-bibepbenrdedabstene, 217 derenssadnddodacainne-tetradecene,

1- hexadecene, j 5 1-octadecene and 1-eicosen; oligoners of a-ol efins each

havi ng auﬂ@é@bﬁy@?ﬂgoom,QD@iﬁgghyPi7y%uﬁibéigﬁdﬂ% éﬂd@%&%ﬁ to pol ystyrene
y

standards) is ranging from 300 to 20000, such as ol goet ene; olefins
each havi ongd_ its_Anpner. pant such as _ cis-2-butene and
trans-2-bgggﬁgggg?%§?$d£géﬁé%%%%u%ﬁg %hcﬁfgﬁynéﬁf%%(ﬁﬁﬁFéne,

2-met hyl -1 - penten , 4-di pet hyl - | - pent ene, 2, 4-di net hyl - - hexene,
2,4, 4- ri%ﬁgﬁ9rgﬂg¥%ﬁ?%mﬁﬂlu@ﬂYE%F 45ARPLHEDt ene, 2- net hyl but en
2-net hyl hexene, 2-net hyl heptene, 2-nethyl octene, 2, 3-di et hyl but ene,
2, 3- di net hyLpenPeREl) ammory wel tyad Hexerde cab@-atiavet hyl oct ene, 15
3,3-trimethyl buten, 2,3,3-trinethyl pentene, 2,3,3-trinethyl hexene,
3, 3-tri het hytbet pheammoniumi~carbadodecaborate,

2,

2,
tri(n-butyl)ammoniumlhtrimethylsilyln1—carbadecaborate,
tri(n-butyl)ammoniumbromo-1l-carbadodecaborate,

10 tri(n-butyl)ammoniumé-carbadecaborate,
tri(n-butyl)ammoniumé~carbadecaborate,
tri{n-butyl)ammonium7-carbaundecaborate,
tri(n—butyl)ammonium?,8—dicarbaundecaborate{
tri(n-butyl)ammonium2, 9~dicarbaundecaborate,

16 tri(n-butyl)ammoniumdodecahydrido-8-methyl-7, 9-dicarbaundec
aborate,
tri(n-butyl)ammoniumundecahydrido-8~ethyl-7, 9-dicarbaundeca
borate, |
tri{n-butyl)ammoniumundecahydrido-8-butyl~7, 9-dicarbaundeca

20 Dborate,
tri(n-butyl)ammoniumundecahydrido-8-allyl-7, 9~dicarbaundeca
borate,
‘tri(n-butyl)ammoniumundecahydrido-9-trimethylsilyl-7, 8-dica

rbaundecaborate and



i nyl i denecycl ohexane, vinylidenecycl ooct ane,

-nmet hyl vi nyl i denecycl opent ane, 3-neghyl vi nyl i denecycl opent ane,

4- met hyl vi nyl i denecycl opent ane, isoprene, 4-nethyl-1, 4-pentadi ene,

a- met hyl styrene, a-ethylstyrene, SF-1239 71 2-nethyl - 3-phenyl propyl ene,
met hyl methac¢nybat el ) etrhyh i umehdecs iy @t 850 -1, - roret-1aeaybatiadetgo- propyl
nmet hacryl ate, n-butyl nethacrylate, iso-butyl nethacrylate, tert-butyl

met hacr yl beat; CYANOD OPYhENE 1 2 MBI NQVGR! AN apdrens, 5
2- am nopropyl ene, 2-hydroxynet hyl propyl ene, 2-fl uoropropyl ene and

2-chl or op ene; i |l ef . i Ving 310 k ch as
cyclopentEgg¥hc§§F%£%§é%%?Pu§éﬁ%gﬁggﬁghgglﬁ%ﬁﬁg%%gﬁ%&i%8%%%%§E§§§ or bor nene
and tetrac C%ﬁdgdgﬁﬁf; cyclic or acyclic dienes or polyenes having 10 2 or
nor e doubF&°BohdE® W to 30 carbon atons, preferably 4 to 20 carbon
atons such as but adi ene, isoprene, 4-nethyl-1,3-pentadiene,

1, 3- peht aliF enBToUt vl hapreri whel s (andrgpdidiisine, 7 £ 4liiserkauagecabora

1, 3-hexadi ene, 1, 3-octadiene, 1,4-octadiene, 1,5-octadiene, 1,6-octadiene,
1, 7- oct adtenésrastet hiI) denenor bor nene, vi nyl norbornene, di cycl opent adi ene;
7-met hyl -1, 6- oct adi ene, 4-ethylidene-8-nethyl-1, 7-nonadi ene and

5, 9- di met byl {4;¥uBy earicn DR i aqeidddahpddio cQEpeURETbaundecabora

2,3,4-trinmethyl pentene, 2,3,4-trimethyl hexene, 2,3,4-trimethyloctene,
2,4,4-trimethyl hexene, 2,4,4-trimethyloctene,

2- net hyl - 3FeyeBehexyl propyl ene, 20 vinyli denecycl opent ane,

Vi nyl

2

to)cobaltate(III),
tri(n—butyl)ammoniumbis(undecahydrido—?,8—dicarbaundecabora

10 to)nickelate(III},
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-dicarbaundecabora
.to)cuprate(III}, |
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-dicarbaundecabora
to)aurate (III),

15  tri({n-butyl)ammoniumbis (nonahydrido~7,8-dimethyl-7,8-dicarb
aundecaborato) ferrate (III),
tri(n-butyl)ammoniumbis (nonahydrido-7, 8-dimethyl-7, 8-dicarb
aundecaborato)chromate(III),
tri(n-butyl)ammoniumbis (tribromooctahydrido-7,8-dicarbaunde

20 caboraﬁo)cobaltate(III),
tris[tri(n-butyl)ammonium]bis (undecahydrido-7-carbaundecabo
rato)chromate (III),
bis{tri(nfbutyl)ammonium]bis(undecahydrido—7—carbaundecabor

ato)manganate (IV),



such as styrene, o-nethylstyrene, mnethylstyrene, p-nethylstyrene, o,

p- di net hyl styrene, o-ethylstyrene, 20 methylstyrene and p-ethyl styrene;

vi nyl cycl 6hexaae. In addition, olefins may have a functional group

i ncludi ng atons such as oxygen, nitrogen and sul fur. Exanples include
unsat urated carboxylic acid such as aeéBylic acid, nethacrylic acid,
fumaric acid, itaconic acid and bicyclo SF-1239 72
[2.2.1]-5-heptene-2, 3-di carboxylic acid, and their netallic salts such as
sodi um sabt s [ poi &ssbuhy & phtmohidrhi i aldecatiyir i alt-carbgnesegabsal t and
calciumsalt of the unsaturated carboxylic acids; 5 unsaturated carboxylic

anhydri deagsutBonsl pateicranhyggi de, itaconic acid anhydride, and bicyclo
[ 2.2.1]-5-hept ene- 2, 3-di carboxylic acid anhydride; wunsaturated carboxylic

est er sucgl§§tg§EH¥$u@%%¥éﬁ$§%lacry &HH@H ;FRPWOE%Eb%%EMEQEB r

i sopropyl acryl ate e, 1sobut acrylate, tert-butyl
acryl ate, hyl hex ryl ate, nethyl nmet hacryl ate, ethyl nethacryl ate,
n- propyl ago %a%%?fag% I<?gbpropylmethacrylate n- but yl nethacrylate and

i sobut yl nethac vin esters such as vinyl acetate, vin
pr opi chat e, viﬁ?{ f@eEQBP Xﬁgmﬁﬂqﬂﬂc€%ﬁ¥%f%c’ ?%@Fomﬁﬁ%ﬁ%iexﬁﬁ9m
stearate and vinyl trifluoroacetate; unsaturated glycidyl esters such as
gl yci dyl &éi?¢@@ePhﬂ%ﬁhQﬂHSdﬁnt@m#@magérmﬁdlumn@mqﬂnnwEegﬂeﬂl apndconat e
hal ogenat ed ol efins such as vinyl chloride, vinyl

one or two or more atom(s) selected from vanadium, niobium,

molybdenum and tungsten. Specific examples of the heteropoly
compound include phosphovanadic acid, germanovanadic acid,

10 arsenovanadic acid, phosphoniobic acid, germanoniobic acid,
siliconomolybdic acid, phosphomelybdic acid, titanomolybdic
acid, germanomolybdic acid, arsenomolfbdic acid,
stannnomolybdic acid, phosphotungstic acid, germanotungstic
acid, stannotungstic acid, phosphomolybdovanadic acid,

15 phosphotungstovanadic acid, germanotungstovanadic acid,
phosphomolybdotungstovanadic acid,
germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid and phosphomolybdoniobic acid, salts of these acids for
example, Group 1 or Group 2 metals of the periodic table such

20 as lithium, sodium, potassium, rubidium, cesium, beryllium,
magnesium, calcium, strontium or barium, organic salts such as
triphenylethyl salt, isopoly compounds, and the like. For the
heteropoly compound and the isopoly compound, 2 or more kinds

among the above-mentioned compounds can be used in combination,



fluoride and allyl fluoride; unsaturated cyano conmpounds such 20 as
acrylonitrile and 2-cyano-bicyclo[2.2.1]-5-heptene; unsaturated et her
conpounds HucllE s nmet hyl vinyl ether and ethyl vinyl ether; unsaturated

am de such as acrylam de, nethacrylam de and N, N-di net hyl acryl am de;
functional group-containing styrene dggivatives such as net hoxystyrene,

SF- 1239 73 ethoxystyrene, vinyl benzoate, nethyl vinyl benzoate,

vi nyl benzyl acetate, hydroxystyrene, o-chlorostyrene, p-chlorostyrene and
di vi nyl bemnzémeutNbeimyl gymieed todene andgthe like. 5 OAefin is preferably
ethylene or a-olefin, and particularly preferably ethylene. For the

pol ynmeri zation, ThBeiphosess PinAddiAGIhRis Q%qunﬁ@htgﬁﬁe&3ﬁ§yve can
m e addi ng” process,

pol ymeri zati on vessel, the usage of éach conponent,

and the addi rder..can.be_1 . ed arbjtrarily. Sone exenplary
processes giggggvggon%epgm?n(g?ﬁﬁkggéﬁﬂ%oﬁﬁk¥ ?ASrdWH“?ﬁg' onent (B) are
added to a polﬁggbiza ion vessel in an arbitrary order. (2) A catalyst in
whi ch the conmponghnt'§T (ATAARH1E} Mekat 1Pt ed i n advance is added to a
polyne%ization vessel . gB) A catal yst conponent in which the conponents
(A) antl (B) arelBohP8cPedynarbavaiee,ohinthe hereomoriententBprar otadded to a
pol yneri zation vessel in an arbitrary order. In this case, these

conmponent $NPB) kapnbétihe sabel ocompéimdentwhich consist of ligands

containing hetercatoms, for example, nitrogen, oxygen, sulfur,
boron or phosphorous can be used in combination with the
above-mentioned transition metal compound (A).

10 [Polymerization Process of Olefin]

The process for producing olefin polymers related to the
bresent invention either polymerize one olefin selected from
the following olefins or copolymerize two or more kinds selected
from the following olefins, in the presence of the above

15 component (A), component (B), and if necessary, catalysts
comprising other transition metal compoﬁnds.

An olefin is a compound having a carbon - carbon double
bond,eumiitmaybeforexampleso—calledhydrocarbonconsisting
only of carbon atoms and hydrogen atoms, or may be a compound

20 containing a heteroatom such as an oxygen atom, a nitrogen atom
or a sulfur atom. Specific examples include a-olefins having

| 2 to 20 carbon atoms such as ethylene, propylene, l-butene,
l-pentene, 3-methyl-1l-butene, l-hexene, 4-methyl-l-pentene,

3-methyl-l-pentene, 3,4-dimethyl-l-pentene,



20 In the present invention, the polynerization can be carried out through
any of |iquid-phase polynerization processes such as solution

pol yneri z&ti-az3@r suspensi on pol ynerization and gas-phase pol ynerization
processes. Exanples of the inert hydrocarbon nmedia used in the

| i qui d- phase SF-1239 74 polynerizati om include aliphatic hydrocarbons such
as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons such as cycl opentane, cycl ohexane and

met hyl cyclepenthgie]l-aerent| c3hydhocar bpastdnsuch as benzene, tol uene and
xyl ene; hal ogenated hydrocarbons such as ethylene chloride, chlorobenzene

and di chl gremBihanemetBOM- M XE4E 886 Of 3 hegendwidy acarans,and the |ike. The
olefin itself can also be used as the solvent.” To carry out the olefin

pol ymeri zat_| LA_th nce ,10. _above- nenti.oned catal yst, the
conponentq(k§gpgﬂuge§eﬁég§§h gh%u%%8%¥ﬁ£§ugﬁ%¥%ﬁﬂ%3:%gxi =% ol
preferably 10"11 to 1g-%ﬁ ol Pased on 1 liter of the reaction volune. Even
in a case SFECr n&~EBMBeTRNt LT AT TFRASSRRE 1 Nt P FHAUTIIN& y hi gh
concentration, olefin can_be polynerized with high 15 polynerization
activily. [TRECBBREBRARMNT B~} CPEens el jgPmaRshoam mhnfins fach theeingol ar
ratio [(B-1)/(M] of the conponent (B-i) to the transition netal atom (M

i n the coApinemte PX)d bacorresnds wd wlyi¢h Ohety (2008000 tpeflersalylngn@. 05 to
50, 000. 20 The conponent (B-2) is used in such an amount that the

standards) is ranging from 300 to 20000, such as oligoethylene;
olefins each having a double bond at its inner part.such as
cis-2-butene and trans-2-butene; vinylidene compounds such as

10 isobutene, 2-methyl-l-pentene, 2,4-dimethyl-l-pentene,
2,4-dimethyl-1l~hexene, 2,4,4—trimethyl—1-pentene,
2,4—dimethyl—1~heptene, 2-methylbuten, 2-methylhexene,
2-methylheptene, 2-methyloctene, 2,3-dimethylbutene,
2,3-dimethylpentene, 2,3-dimethylhexene, 2, 3-dimethyloctene,

15 2,3,3-trimethylbuten, 2,3,3-trimethylpentene,
2,3,3-trimethylhexene, 2,3,3-trimethyloctene,
2,3,4-trimethylpentene, 2,3,4-trimethylhexene,
2,3,4-trimethyloctene, 2,4,4-trimethylhexene,
2,4,4-trimethyloctene, 2-methyl-3-cyclohexylpropylene,

20 vinylidenecyclopentane, vinylidenecyclohexane,
vinylidenecyclooctane, 2-methylvinylidenecyclopentane,
3-methylvinylidenecyclopentane,
4-methylvinylidenecyclopentane, isoprene,

4-methyl-1,4-pentadiene, o-methylstyrene, a-ethylstyrene,



molar ratio [(B-2)/(M] of the alumnumatomin the conponent (B-2) to the
transition netal atom (M in the conponent (A) becones usually 1 to

500, 000, prefeB8bly 10 to 100, 000. The conponent (B-3) is used in such an
anount that the SF-1239 75 nolar ratio [(B-3)/(M] of the conponent (B-3)
to the transition netal atom (M in ¥he conponent (A) becones usually 1 to
10, 116 preferably 1 to 5. Wen the conponent (B) is the conponent (B-1),
the 5 conponent (D is used in such an anobunt that the nolar ratio
[([»/(B—ggrm@bhbhE%-MQQQYl@mﬁpYMemexZMEthymﬂmatﬂwcwyaatetoeﬁhym the case
that the conponent (D) is used. Wien the conponent (B) is the conponent
(B-2), theetbapopeate ( Bf-piropyseate i Gtifihtegni sagephdpyhakthberobae, ratio
[(D)/(B-2)] becones usually 0. 001 10 to 2 in the case that the conponent

(D) is usachupyefnsablyr 05 £%J‘butvl\ylerI‘f*"'tt}Plea‘ﬁ?’rﬂ%%entt‘a(‘”@”:’h;‘é%’%at t he

conponent (B-3), the conponent Is used 1 n sSuch an anount

Sin theese it nﬁgfﬁ"ﬂi‘(’%n%fi"%éé o%%'c%%g%ﬁ BREEG L i
pol y ization systemis no rticul limt and appropriately
elegﬁgd ?n %%%%#%f&ﬁgL i\Q§E% Eﬁﬁ%ﬂﬁQP h to be used or a
copolynerlzatlon rati o of the copol yner which to be obtained. The

t enper at uf 8" { BPTRMEC IO} SR RPE &t 1O o PESHg ePRe CYZD- igbplel enhRuhtd

pol yneri zation catalyst is in the range of
3 to 20 carbon atoms such as cyclopentene, cyclohexene,

cycloheptene, norbornene, 5-methyl-2-norbornene and
tétracyclododecen; cyclic or acyclic dienes or polyenes having
10 2 or more double bonds and 4 to 30'carbon atoms, preferably 4
to 20 carbon atoms such as butadiene, isoprene,
4-methyl-1, 3-pentadiene, 1,3—pentadi¢ne, 1, 4-pentadiene,
1,5-hexadiene, 1,4-hexadiene, 1,3-hexadiene, 1,3-octadiene,
l,4-octadiene, 1,5-octadiene, 1,6-octadiene, 1l,7-octadiene,
15 ethylidenenorbornene, vinylnorbornene, dicyclopentadiene;
7-methyl-1, 6-octadiene, 4-ethylidene-8-methyl~1, 7-nonadiene
and 5, 9-dimethyl-1,4,8-~decatriene; aromatic vinyl compounds
such as styrene, o-methylstyrene, m-methylstyrene,
p-methylstyrene, o, p-dimethylstyrene, o-ethylstyrene,
20 m-ethylstyrene and p-ethylstyrene; vinylcyclohexane.
In addition, olefins may have a functional group
including atoms such as oxygen, nitrogen and sulfur.
Examplés include unsaturated carboxylic acid such as acrylic

acid, methacrylic acid, fumaric acid, itaconic acid and bicyclo



usually -50 to 200 C, preferably O to 170 C. The pol ynerization pressure is
in the range of usually atnospheric pressure to 100 kg/cn2 (9.8 MPa in
approxinaﬁgr}2§9eferably at nospheric pressure to 50 kg/cm2 (4. 9 MPa in
approximate). The SF-1239 76 fff polynerization reaction can be carried
out by any of batchwi se, seni-contind8us or continuous process. The

pol yneri zation can be conducted in two or nore separated steps under _
different reaction conditions. 5. Changing a polynerization tenperature, a
nononer  ¢énéehl rarhent eand? a3 vt ed snx ot ertircht i daeiconeksllihe

nmol ecul ar wei ght and nol ecul ar wei ght distribution of polyolefin obtained
accor di ngstdts hmuigh esespdinuestl on.pothagdiher sailt, cahtheure arilicgl zédcby usi ng
a chain transfer agent 10 such as hydrogen. In addition, the nol ecul ar

wei ght andalb| eesdass eh 0841t dhysd rédutien £f1PYsyehef nsakl,zbred according
to the present invention can be controlled by changi ng the use anmount of

organonet@gkggx§pg@og@gdgﬁ-1), an organoal um num oxy conpound 15 (B-2), or
bot h conpounds.” The use anount of the conponent (B) and the for controlling

a nol ecul i.gh r nol ecul ar_weight distributiqgn.obtained. .in the
orosent i Charbidntedecdr B oE i Antidcte it Ay 184 pBhTe5865000. i n a
rati o of the nupber of nole of transition 20 netal in the transition netal
conmpoundsttBCPRES rimberaRiy bt e, g el Bigdnoal umi num conpound
(organoal um num

[2.2.1]-5-heptene-2,3-dicarboxylic acid anhydride;

unsaturated carboxylic ester such as methyl acrylate, ethyl
acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl

10 acrylate, isobutyl acrylate, tert-butyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, ethyl methacrylate, n-propyl
methacrylate, isopropylmethacrylate, n-butyl methacrylate and
isobutyl methacrylate;
vinyl esters such as vinyl acetate, vinyl propionate, vinyl

15 caproate, vinyl caprate, vinyl laurate, vinyl stearate and
vinyl trifluorcacetate; unsaturated glycidyl esters sﬁch as
glycidyl acrylate, glycidyl methacrylate andmonoglycidylester
itaconate; halogenated olefins such as vinyl chloride, vinyl
fluoride and allyl fluoride; unsaturated cyano compounds such

20 as acrylonitrile and 2-cyano-bicyclo[2.2.1]-5~heptene;
unsaturated ether compounds such as methyl vinyl ether and ethyl
vinyl ether; unsaturated amide such as acrylamide,
methacrylamide and N,N-dimethylacrylamide; functional

group-containing styrene derivatives such as methoxystyrene,



conpound/transition metal). The nol ecul ar wei ght can be reduced by
increasing the ratio of (organoal um num conpound/transition netal).
SF-1239 78F-A@a%rding to the present invention, polyolefin terminals can
be functionalized with further using a particular reactive reagent (D)
descri bed bel ow at the end of the pol yi®erization. The term nal
functionalizing process is not particularly 5 limted and may be carried
out according to any processes, for exanple, according to a process

di scl osed SithopysEyrRolkynvisyil. beR002(27) meiByY, viMagl dmizoddem Phys.
2001(202), 1757 or a process anal ogous thereto. Exanples of the reagent (E)
used in tvHeylbecesd acetude,r eageskssdisehosed-inldhesapavas nentioned 10
report, such as air, oxygen, sodium hydroxide/ hydrogen peroxide, chlorine

/" carbon bet:ha@&b@rt&%neFHMD@iAyfﬁém@né,ehti’r%ggbgfroléagnéQﬁh%ef car bon

tetrai odi de. Polynerization process related to t resent invention can
be used agjigcprocess for producing polyners satisfying either 15 of the
following requirenents (i) to (iv) or polynmers having plura
characteristics.of .those at the sane tine. It is used K preferably to
produc% pol ynerggggﬁlsf'?mﬁe%%]éak? UTHRAETRS Q3 )R @i PIGE (i) and (iii)
at the sane tine particularlg preferably to produce polyners satisfying

t he requiPéﬁEﬁFEléF}Y poefrrabhvidethvigrat the same tine. In addition,
according to the polynerization process of the present invention, the
fol | owi ng requi Fenehhs pahyiherization, the process of adding the

component (A) to a polymerization vessel, the usage of each
component, the adding process, and the adding order can be
10 selected arbitrarily. Some exemplary processes are given
below.
(1) The component (A) and the component (B) are added to
a polymerization vessel in an arbitrary order.
(2) A catalyst in which the components (A) and (B) are
15 contacted in advance is added to a polymerization vessel.
(3) A catalyst component in which the components (A} and
(B) are contacted in advance, and the component (B) are added
to apolymerization vessel in an arbitrary order. In this case,
these components (B) may be the same or different.
20 In the present invention, the polymerization can be
carried out through any of liquid-phase poiymerization
 processes such as solution polymerization or suspension
polymerization and gas-phase polymerization processes.

- Examples of the inert hydrocarbon media used in the liquid-phase



satisfied when olefins of n kind (nis an integer of 2 or nore) selected
froma-olefins having 2 to 20 carbon atons are SF-1239 78 copol yneri zed.
Upon copolSfitdiZd38 ng n (where n is an integer of 2 or nore) kinds of
olefins M, M2, ..., M which are selected fromethylene and a-olefins
having 3 to 20 carbon atons, when a ratd4o0 of a 5 concentration R (which is
a nolar ratio of M to the total nolar anount of all nononers and sol vents
in the copolynerization system of either one olefin M (where i is an

i nteger ofPoRyrerigptasprigrdheiobéiphstio Myte coapboysesidats@rapystesm to t he
sum of the concentrations of all olefins (R +R2+...+Rn) is defined 10 as

G (ol %) brt ab@ORbéfRINGR2 hexahB)Ye@tnchan oa:lauﬂdarw@:ar@é,i 8odetah8erwl
nunmber of structural units derived froman olefin in the obtained

copol yner ke@okh@et; obak cpuIDer nof 884 ri9hns SEE MGt ved fromthe
olefins in the copol ymg? IS dgffne rasn%l i é%aéy%rk}ﬁlﬁ% éues for all

olefins M Iovm l.a, (E r ef er abl
(Eg- 2), Cé’cw%%l?é{aﬁree ergﬁfﬁﬁ“ié{%}ég%n %de /EH ngjy(dl‘:éf rQO@ 20 G/ Pi Y
1.40 2 < G /Pi wherein, "i" is an integer of 1
to n. ( qco)hlcen?? ST R E%P&Pe ‘?‘é{cﬂ‘é’)’i%‘fe%Fﬁ%P%ﬁ’éat%?Jbﬂ%rb&ﬂSgne or
the like, in a polynerization solution of each nmononer, which is in a gas

state un&@ic%?lcﬁtt}iYéﬁ@eo?h?ﬂ‘ééhﬁi? emjdnahenZzene andosipieidrenstdenare,

and mixtures of these hydrocarbons and the like.  The olefin
itself can also be used as the solvent. |

To carry out the olefin polymerization in the presence

10 of the above-mentioned catalyst, the component (A) is used in
an amount of usually 107" to 1072 mol, preferably 10™* to 107°
mol based on 1 liter of the reaction volume. Even in a case
where the component (A) is used in a relatively high
concentration, clefin can be polymerized with high

15 polymerization activity.

The component (B-1) is used in such an amount that the
molar ratio [({B-1) /(M) ] of the component (B-1) to the transition
metal atom (M) in the component (A) becomes usually 0.01 to
100,000, preferably 0.05 to 50,000.

20 | The component (B-2) is used in such an amount that the
molar ratio [(B-2)/(M)] of the aluminum atom in the component
(B-2) to the transition metal atom (M) in the component (A)
becomes usually 1 to 500,000, preferably 10 to 100, 000.

The component (B-3) is used in such an amount that the



can be cal cul ated by using Aspen Plus (cal cul ati on nethod based SF-1239 79
on RK-SOAVE; Reid, R C.; Prausnitz, J. M; Poling, B. E. The Properties of
Gases andSEr4dBls, 4th edition; MacGaw Hill: New York.), and by inputting
nmononer ki nd, nononer pressure, solvent kind and tenperature.
Concentration R (nolar ratio) of dec&€hde 5 or the like, in a solution of
each nonomer, which is in a solution sate under conditions of room
tenperature and at nospheric pressure, can be cal culated by {(fed anmount of
ol efin M nmRlasgediifoi o(Br3avi t)] phvitecobmponenrghiB-31 td thé titasakiool ar
quantity of total nonomer and solvent in the system) . 10 In addition, the
pol ymeri zattah praceds) dfn tthe poepentnti NRENbEOSMEHChiiges) v Pprecess for
produci ng polyners satisfying the above-nentioned (Eg-1) , and at the sane
time havipgeebihiery pftgeguirenents (i) to (iv) or having plural of those
requirenents. It is preferably a process for producing polynmers 15

satisfying the W?:k{feﬂ%dnﬁ%g%n(iff(%ﬁd.as?ﬁh% Cfog‘g’ﬁ%%% t(igir_wg&rzﬁuiesf yi ng the

requirenments (i) an par y preferably
a process_for producing pol rs satisfying the abov -rrenéi oned (Eg-1) and
at the%sa(rzr%m ?lﬁ%ntsg[%ijg? ﬁ%%étjﬁb %%hi%ﬁé“rﬂ fivhat the ardagi FPF.gOZO When
copol yneri zi n? an ol efin or one or nore kinds of olefins selected from
a- ol ef i nsLAEV] M D) } eromesr Benadt - W e 18, drgiarastlivg8nerso Fadrng
doubl e bonds on their one end e.g., oligoethylenes, as the a-olefin
ol i goner sthe ¢trsaiddwte.tdie copipiogestthyDénés asedpr éftemaliihe ttoeponesti n whi ch
t he anmount of _
(B) is the component (B-2), the component (D) is used in such
an amount that themolar ratio [ (D} /(B-2)] becomes usually 0.001
10 to 2 in the case that the component (D) is used, preferably 0.005
to 1. When the component (B) is the component (B-3), the
component (D) is used in such an amount that the molar ratio
[(D}/(B-3)] becomes usually 0.01 to 10, preferably 0.1 to 5 in
the case that the component (D) is used.
15 The amount of olefin in polymerization system is not
particular limited, and appropriately selected in accordance
with a kind of colefin which to be used or a copolymerization
ratio of the copolymer which to be obtained.
The temperature for the polymerization of using the
20 above-mentioned polymerization catalyst is in the range of
usually -50 to 200 °C, preferably 0 to 170 °C. The
polymerization pressure is in the range of usually atmospheric

pressure to 100 kg/cm® (9.8 MPa in approximate), preferably

atmospheric pressure to 50 kg/cm?® (4.9 MPa in approximate) . jThe



SF-1239 80 double bonds in oligoethylene is in the range that the ratio
of doubl e bonds-containing end groups to total end groups is 85%or nore,
and partieltafBy preferably 90% or nore. As oligoethyl enes having doubl e
bonds on their one end, 5 ones produced by processes disclosed in

JP- A- 2000- 351813, JP- A-2001-002731, JP-A-2003-73412, JP-A-2004-359861 and
JP- A- 2004- 3598962, can be used. Regardi ng the nol ecul ar wei ght of
oligoethylene for a use, having double bonds on its one end, it is

pr ef er abl ROt Waer i et 1am mpwctiehatdy et 02 pol 53 oyteme asyartidptishwiisew t hi n
the range of 300 to 20000, in particular, it is preferable that the Mv
(rel ati vestnipodhysiyrene ost andairds)ud sruceébsn e pabhgesof > 800>n £an10000,
nore preferably the Mv (relative to polystyrene standards) within the

range of BO0céHISOOE BNCLRArd il | ek fRf erallsy widkhi RikRerEapge of,
for exanple, 1000 to 5000. |In addition, the polynerization process of the

present jayentson.dne ydessa process for producing either of .
above-nmenti oned p(r)lTyners (|3 and (iii), or polymers having both of these

characteristics..of t.he pol rs at the sane ti by 20 carrying out the

pol ymg,\Sri zat onsqhnarfghlengprae eoﬁéféneé:flztaﬁéona 58S nﬁi"%nea IBP’%?’iXﬁr

pol yneri zation catal yst of the present invention, when copol ynerizing an
ol efi n orCPELHI T Hot P kidFE 2 SRLELIFENSOBERPREFRBLPR orad: GioBftirRd BBSing 2 to
20 carbon atons w th above-nentioned a-olefin oligonmers e.g.,

ol i goet hyrekeaular wetht and molecular weight distribution of

polyolefin obtained according to the present invention.
Further, it can be controlled by using a chain transfer agent
10 such as hydrogen.

In addition, the molecular weight and molecular weight
distribution of polyolefin obtained according to the present
invention can be controlled by changing the use amount of
organometallic compound (B-1), an organocaluminum oxy compound

15. (B-2), or both compounds.

The use amount of the component {B) and the for controlling

a molecular weight or a molecular weight distribution obtained

| in the present invention are 0.1 to lO,CO0,000, preferably 10

to 1,000,000, in.a ratio of the number of mole of transition

20 metal in the transition metal compounds to the number of mole
.Of the organoaluminum compound (organoaluminum

‘compound/transitionmetal). The molecular weight can be reduced

by increasing the ratio of {organcaluminum compound/transition

metal).



81 It is preferable to carry out a |iquid-phase polynerization process
such as a solution polynerization or a suspension polynerization, and
particul ad¥ lg3& erable to carry out a solution polynerization in a state
where oligoners 5 of a-olefins e.g., oligoethylenes are dissol ved
conpletely. \When copolynerizing an ol#fin selected froma-olefins having
2 to 20 carbon atons with a vinylidene conpound in accordance wth the
pol ymeri zati on process of the present invention, it is particularly
preferabl e to cAFFPréingaaldheinpssbnrhasespol ymepodgbilefinandntitml s

pol yneri zation tenperature is in the range of usually -50 to 200 C, and
pref erabl ya@ be fibEtGorlal iaddi 10N, fulit@poli¥iBEi Z phir@NcRI 968585 afi che
present invention is suitable as a process for producing copolyners 15

having a eeabent 18} ideddofdd vafi oler StRIIGIIY Blr tpLt nWJi%réi%%q from an
| |

olefin to the structural units (W) derived from a ene conpound of
ol ef i ns. solgctea rom turotioliLi GNP ¥EBELEL OB R o e Hh &
o ) S SOSRES0) BL O PrERees oL g aben Tent neg, ety for
copol ynerization of an_a-olefin wth a conjugated di ene conpound such as
1, 3- but adPEABPARd FSDFEHE tean MFOIERT PéEcasedi ith Pipgh BFLyR3$ag2
» 2002(27), 1347, Macromol. Chem. Phys., 2001{202}), 1757 or a
process analogous thereto. Examples of the reagent (E) used
in the process include reagents disclosed in the above-mentioned
10 report, such as alr, oxygen, sodiumhydroxide/ hydrogen peroxide,
chlorine / carbon tetrachloride, 5romine / carbon tetrabromide,
and iodine / carbon tetraiodide.
Polymerization process related to the present invention
can be used as a process for producing polymers satisfyingeither
15 of the following requirements (i) to (iv) or polymers having
piural characteristics of those at the same time. It is used
preferably to produce polymers satisfying the requirements (i)
and (ii) or (i) and (iii) at the same time, partiéularly
preferably to produce polymers satisfying the regquirements (i),
.20 (ii) and (iii) at the same time.
In addition, according to the polymerizatibn process of
the present invention, the following requirements can be

satisfied when olefins of n kind (n is an integer of 2 or more)

selected from a-olefins having 2 to 2‘0 carbon atoms are



activity, and obtained pol yner contains conjugated diene in high ratio and
has hi gh nol ecul ar weight. Also, it is capable of obtaining a polyner
havi ng a ®ardéw ol ecul ar wei ght distribution of for exanple, 3.0 or bel ow,
preferably 2.5 or 5 below. It is particularly preferable for a

copol yneri zation of ethylene butadiélfe. Further, since the conjugated

di ene can be polynerized singly, obtained polyner has a high nol ecul ar
weight. Also it is capable of obtaining a narrow nol ecul ar weight

di stri but CORCéV™EEEzesdlanpl e, 3.0 or below, preferably 10 2.5 or bel ow
[Oefin-Polynmer] Oefin polymer related to the present invention can be

obt ai ned by car Pgbngogutl yare rdlzefignn peinerer h Zat bonritdddert be 2 abewaayent i oned
process in the presence of the above-nentioned 15 conponents (A) and (B)

and if nekessary: odatrahysys, ¢PL] SUMYHiHNEFe tdARSIIOB SR AL A@HROUNdS.
Oefin polymer related to the present invention is a polyner that has

ith f c - i Sti f. t f ol | ow i ' r havi
cliner of ahheuchacasheriating 81 4R LAULON 000r() g (f Moty tiing
at the sanenEeneEst g el (AT ST an) B ROt e PO Pt e bdRTes t he
requi rement of (%%,%iii) and (iii)_ at the sanme tine. (i) An olefin polyner
r

conpri si ng™8PPbc 1 Jnnefst iaret SSRVER3s 88n §hemamd Yoie tigad leininds ~ of

ol efins selected from a-ol efins having -
system) of either one olefin Mi (where i is an integer of 1 to

n) among the olefins in the copolymerization system to the sum
of the concentrations of all olefins (R1+R2+.+Rn) is defined
10 as Ci (mol%) (= 100Ri/(R1+R2+..+Rn))} and an abundance ratio
of the mol number of structural units derived from an olefin
Mi‘in the obtained copolymer to the total number of mol of
structural units derived from the olefins in the coﬁolymer is
defined as Pi (mol%), Ci/Pi values for all olefiﬁs M1, M2, ..,
15 Mn satisfy the follbwing formula (Eq—l),.preferably (Eg~2), and
more preferably {(Eg-3).
0.33 < Ci/Pi < 1.50 (Eg-1)

0.60 < Ci/Pi < 1.40 ({Eg-2)

A

0.75 < Ci/Pi < 1.30 (Eg-3)

20 wherein, “i” is an integer.of 1l ton. A concentration Ri (molar
ratio) of ethylene} propylene, butane or the like, in a
polymerizationsolutim&cfeachnpnomer,whichis:klagasstate
under conditions of room temperature and atmospheric pressure,

~canbe calculated by using Aspen Plus (calculation method based



2 or nore carbon atons, in which the tri-substituted internal olefin
quantity is 0.1 or nore per 1000 carbon atons when neasured by 1H NVR 5
Such pol y®érléBShaving tri-substituted internal olefins can be nodified to
produce a pol yner having functional groups in the polymer, and thus is
useful as functional material. Specif/i% exanples of the ol efin polynmner

i ncl ude pol yet hyl ene, a honopol yner of a-olefin having 3 or nore carbon 10
atons, or a copolynmer obtained by copolynerizing 2 or nore kinds of

ol ef i ns séheBKedChYiomReiolefR.f5 ;h&rangn2ter dor¥. caidbimat GhsE. Bherein the
tri-substituted internal olefin quantity is 0.1 or nore per 1000 carbon

at oms wheRrppastiiesd dfy GabeBMhd THese dspol redse adre matcpawticul anky | i mted
as long as they are the 15 above-nenti oned honopol yner or copol yner, and

preferabl yobRey, antenohpRot YRE RVHCERE 10 LAY SR, +06LEPE GRRYLKRET .
1H-NVR can be used as a quantitation nethod to determ ne the

tri -SUbStkEHH‘;agxog g%rgéﬁg%mg#@fi %%rﬂc%nrt%;e%ﬁ{@(am ggagcg%gnéf 2L tng?l ‘o 10

tri-substitut efins 1's preferabl’y 'in ahge o
[ t he

per. 1000 rbon. atons. In addition, the olefin paolyner satisfyin

aboveggen ?éhéhlf¥3'&&ﬁiBBEngaaégae h?ﬁmﬁpﬂﬁraéﬁpfﬂl§sﬂﬁlaﬁ&ﬁ% Pfizi ng an
olefin using the catalyst for the polynerization of olefins, characterized
by i ncl ud?ﬁg.e wrdg B 3eoRdi t {9 s £ F (et th I aratalrec emfo aFaosppeasent ed by

the follow ng general formula (1'), and
pressure, can be calculated by {{fed amount of olefin Mi x

specific gravity) /molecular weight of Mi} / (total molar
guantity ofltotal monomer and solvent in the system) .

10 In addition, the polymerization process of the present
invention includes a process for producing polymers satisfying
the above-mentioned (Eq-1}), énd.at the same time having either
of requirements (i) to (iv) or having plural of those
requirements. It ispreferablyaprocess forproducingpolymers

15 satisfying the above-menticned (Eg-1) and at the same time
satisfying the requireménts (1) and (ii), or (i) and (iii), and
particularliy preferably a process for producing polymers
satisfying the above-mentioned (Eg-1) and at the same time
satisfying the requirements (i), (ii) and (iii}.

20 When copolymerizing an olefin or one or more kinds of
olefins selected from o-olefins having 2 to 20 carbon atoms with
a—-olefin oligomers having double bonds on their one end e.q.,
oligoethylenes, as the a-olefin oligomers to be used e.g.,

oligoethylenes are preferably the ones in which the amount of



(B) at |east one conmpound selected fromthe group consisting of 5 (B-1)
organonetal | i ¢ conpounds, (B-2) organoal um num oxy conpounds, and (B-3)
conpounds S€apdBPe of reacting with the transition netal conpound (A) to
forman ion pair. [Chem 22] RB Rz RA RL M.~ Yn R Q C) R6 R8 10 RY
wherein, Mrepresents a transition negdl atom selected fromanong G oups 4
to 6 of the periodic table; X represents an atomor a group selected from
a hydrogen atom a hal ogen atom a hydrocarbon group, a hal ogenated

hydr ocar béaugileuponas b aixioyerttgdrtna disndngthaprange at it rogeragast ai ni ng
group; Q SF-1239 85 represents -0-, -S-, -NRa- or -PRb - (wherein, Ra and

Rb represefit doelatd loMysh Ogeth Bl @@ ghpdbacapbest 91 AR igrbdpaPresents a
neutral |igand having an el ectron-donating group; mis a nunber satisfying

the val enges0brMhoddll whGNoOHE Scd) £ I e & A Y AlJdl ¥o.5 n@lrcAL OMB OF GF OUpS
presented by X naybe the sane as or different
As oligoethylenes having double bonds on their one end,
5 ones produced by processes disclosed in JP-A-2000-351813,
JP-A-2001-002731, JP-A-2003-73412, JP-A-2004-359861 énd
JP-A-2004-3598962, can be used.
Regarding themolecular weight of oligoethylene for a use,
having double bonds on its one end, it is preferable that the
10 Mw (relative to polystyrene standards) is within the range of
300 to 20000, in particular, it is preferable that the Mw
(relative to polystyrene standards) is within the range of 300
to 10000, more preferably the Mw {(relative to polystyrene
standards) within the range of 300 to 5000, and particularly
16 preferably within the range of, for example, 1000 to 5000.
In addition, the polymerization process of the present
invention includes a process for producing either of
above—mentionedpolymers(i)and(iii),or;miymershavingboth.
of these characteristics of the polymers.at the same time by
20 carrying out the polymerization in the presence of the
above-mentioned olefin polymerization catalyst of the present
“invention, when copolymerizing an olefin or one or more kinds
of olefins selected from a-olefins having 2 to 20 carbon atoms

with above~mentioned a-olefin oligomers e.g., oligoethylenes.



fromeach other, the plurality of groups represented by X may be bonded to
each other, it may forma conjugated straight-chain diene residue, a

conj ugat e8Fbrdd&hed- chai n di ene resi due, a non-conjugated straight-chain
di ene residue or a 10 non-conjugated branched-chain di ene residue, the
plurality of groups represented by X8y be bonded to each other to forma
ring, and also nay forman aromatic ring, an aliphatic ring, a conjugated
cyclic diene residue or a non-conjugated cyclic diene residue; n
represents an ihtegerpotigrabls; tRicaorRowmhich ik irgephiase he sane as or
different fromeach other, represent each an atomor a group selected from
a hydr ogepoaynariaahabngercadsumsuch By ds eosinboinorgpelpnea;i bat ogenat ed

hydr ocarbon group, a silyl group-substituted hydrocarbon group, a

hydr ocar bgfisgeAYRoRUBSE iyt 86 81by] HHQUPar 8- OXYIRN HUHAIH 1T +g" oup and
20 a nitrogeéen-containi ng group,- and two groups anorig ‘the an atom or groups

r epr esent ggrp% K taosgf“}t%hgﬂ?l%p]ﬁgaﬁg%% 15O, & %@e ﬁﬁgger QDl(r;ga %ersconbi ned

to forman arodomatic ring or ring  wththe car atonms to
whi ch t he %mo_a e_bonded; and; RS 1o RB, which nné 5e the sane as or
differi')tentO r8n?£3§ﬁn8tﬁe?;'Sﬁiﬁi%%t%% Sheprakerts %ﬂ199ﬂ9%ﬁ5ﬁi§'group
sel ected froma hydrogen atom a hal ogen atom_ a hydrocarbon_group, a
hal ogenat ed hydfeRar Berelgreiiring s yilgfrisupsassed fren rydteEanbon
group, a hydrocarbon group-substituted silyl group, an 5 oxygen-contai ning
group andhaviangrdgea-2ontaripemegrosipyidndg iy kg aoppoamangnt he gr oups
represented by R5 to R8, which
accordance with the polymerization process of the present
invention, it is particularly preferable to carry out a
10 liquid-phase polymerization, and the polymerization
- temperature is in the range of usually -50 to 200 °C, and
preferébly 0 to 150 °cC.
In addition, the polymerization process of the present
invention is suitable as a process for producing copolymers
15 having a content ratio (Uo/Uv) of the structural units (Uo)
derived froman olefin to the structural units (Uv) derived from
@ vinylidene compound of 50/50 to 99/1 (molar ratio), by
copolymerizing one or more kinds of olefins selected from
a—olefinshaving211120carbonatomswithaxdnylidenecompound
20 in the presence of the above-mentioned catalysts for olefin
polymerization.
According to the present invention, copolymerization of

an o-olefin with a conjugated diene compound such as

1,3-butadiene and isoprene, can be carried out with high



are adjacent to each other, may be conbined to forman aromatic ring, an
aliphatic ring or a hetero ring, with the carbon atons to which the two
are bonde8F-183Ferein, as the transition netal conpound represented by the
formula (1'), follow ng exanples can al so be included apart fromthe ones
exenplified for the conpound representéd by the above-nentioned general
formula (1). Exanples include: 15

(cycl opent adi enyl ) (3, 5-di net hyl - 2- phenoxy) ti tani undi chlorid e;

(cycl opent&8i@al) @t @rtainadboyphesoxy ptnsaminyndiadiedotighe &n high

(cycl opent adi enyl ) (3-tert-butyl-5-nethyl-2-phenoxy)titanium 20 dichloride;
(cycl opentadienghy (Bapheiyth -i2e phenioxy )ud ith. unﬂl@@loiﬁ(kh capable of

(cycl opent adi enyl ) (3-tert- butyldinethylsilyl 5- et hyl - 2-

phenoxy) t bbaBli HAHECAl 861 ¢er havin narrow molecular weig
(cyclopentadlenyl)(S trimethylsilyl-5-nethyl-2- phenoxy)tlta SF 1239 87

ni undi chl Qﬁ_bggﬂ_n% +O“ ?&d e%@ﬁlp)l(e?’ et HRULYY o F; MBLOXYAZy 2.5 or

phenoxy)titaniu

(cycl gpentadi,gnyl), (3 BLLt UYL 3y IPIBEDYL AL "8 2 P e 2 zat don

cycl opent adi enyl 3-tert-butyl -5-fl uoro-2-phenoxy)titanium dichloride;
(cy P o% h}ig( . butad1e¥e Further, sgnce tg% conjugated diene

can be polymerized singly, obtained polymer has a highmolecular

weight. Also it is capable of obtaining a narrow molecular

weight distribution of for example, 3.0 or below, preferably
10 2.5 or below.

[Clefin Polymer]

Olefin polymer related to the present invention can be
obtained by carrying out an olefin polymerization with the
above-mentioned process in the presence of the above-mentioned

15 components (A) and (B), and if necessary, catalysts comprising
other transition metal compounds.

Olefin polymer related to the present invention is a
polymer that has either of the characteristics of the following
(i) to (iv) or having plural characteristics of those at the

20_ same time. It is preferable that the polymer satisfies the
requirement of (i) and (ii), or (i) and (iii) at the same time,
particularly preferable that the polymer satisfies the
requirement of (i}, (ii) and (iii) at the same time.

(i)Anolefinpclymercomprisingstructuralunitsderived



(et hyl cycl opent adi enyl ) (3, 5-di nmet hyl - 2- phenoxy) titaniundi chloride; 10
(met hyl cycl opent adi enyl ) (3-tert-butyl -2-phenoxy)titaniundic hloride;
met hyl cyclSdpea3@di enyl ) (3-tert-butyl -5-net hyl - 2- phenoxy)tit

ani undi chl ori de;

(et hyl cycl opent adi enyl ) ( 3- phenyl - 2- plsgnoxy) ti t ani undi chl or 15 i de;
(met hyl cycl opent adi enyl ) (3-tert-butyl di methyl silyl-5-nmethyl :
- 2- phenoxy) ti tani undi chl ori de;

(et hyl cydlropemedicemyts k3atisiofet hyf shi WeledredhytorRapbesexns Waving
titani undi chl oride; 20 '

(met hyl cyeél opendiasliceion( 3tbRk! - bty +ar MBkhexy=20P5eNoX¥ad internal

i tani undi chl ori de;

(et hyl cyehepent gdhgpyt) (3steri 'QPH?(JJE&?E?%%?%&%(% ) . s Ooér%{a&%ﬁr}sylwpgpf | uor o- 2

noxy)titani undi chl'oride; (nethylcyclope
?fé35?gu?@ﬁ%&gﬁggé%%ggﬁgﬂyf;?éf2[3{hg?ﬁy|-2- phenoxy) titani undi chl ori de;
b e e s S Sy 5o oo
titani undi chl ori de; - ,
(tert-but fRBYRE SpsHtiddicetyl predppeny ol ypieenbay) byt Bmamiimal groups
in the polymer, and thus is useful as functional material.
Specific examples of the olefin polymer include
polyethylene, a homopolymer of a-olefin having 3 or more carbon
10 atoms, or a copolymer obtained by copolymerizing 2 or more kinds
of olefins selected from a-olefins having 2 or more carbon atoms,
whereinithe tri-substituted internal olefin quantity is 0.1 or
more per 1000 carbon atoms when measured by 'H-NMR. These
polymers are not particularly limited as long as they are the
15 above-mentioned homopolymer or copolymer, and preferably they
are not polypropylene or ethylene/l-octene copolymer. ‘H-NMR
can be used as a quantitation method to determine the
tri-substituted internal olefins in the polymers. The amount
of the tri-substituted internal blefins is preferaﬁly in the
20 range of 0.1 to 10 per 1000 carbon atoms.
In addition, the olefin polymer satisfying the
above-mentioned (i) can be produced with high activity by

polymerizing an olefin using the catalyst for the

polymerization of olefins, characterized by including:



hl oride; 10 (tert-butyl cycl opentadi enyl)(3-tert-butyldinethylsilyl-5-ne
thyI-2-phenOXé)titaniundichloride;

(tert-but $FcyéB8pent adi enyl ) (3-tri et hyl silyl -5-net hyl - 2- ph

enoxy) ti tani undi chl ori de;
(tert-butylcycl opentadi enyl)(3-tert-b&#yl -5-net hoxy 15

- 2- phenoxy) ti tani undi chl ori de; ,

(tert-butyl cycl opent adi enyl ) (3-tert-butyl-5-di met hyl am no-2

phenoxy) titani ub@l chlo¥amrfeition metal compound represented by the
(tert-butyl cycl opentadienyl)(3-tert-butyl-5-fluoro-2

- phenoxy) tol dovimgi ghheradefoRula (1), and

(tetramet hyl cycl opent adi enyl ) (3, 5-di met hyl - 2- phenoxy) titani undi chl ori de;
(tetramet hyl cycimpedt ka1 9dS3-didoid We12RReN@xyht thangroypdi chl ori de;
(tetramet hyl cycl opent adi enyl) (3-tert-butyl-5-nethyl-2-phendo SF-1239 89
xy)tltanlgggggg€£ﬁgeéf . . . . .
(tetramet hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) titani undi chl ori de;
(tetr t hyl cycl opent adi.enyl ) (3-tert-butyl di methylsilyl-5-m 5

et hyl - -phenoxy)titaﬁ&ﬂ&ﬁic E o@?Falqlc compounds,

(tetramet hyl cycl opent adi enyl )(3-trinmethylsilyl-5-nethyl-2-p
henoxy)titaniundichldﬁ?%% organoaluminum oxy compounds, and

(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-net hoxy-2-phen
oxy)titaniundichl ori d&~3) compounds capable of reacting with the

transition metal compound (A) to form an ion pair.

[Chem. 22]

10

wherein, M represents a transition metal atom selected
from among Groups 4 to 6 §f the periodic table; X represents
an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, an

15 oxygen-containing group and a nitrogen-containing group; Q



10 (tetranethyl cycl opentadi enyl ) (3-tert-butyl-5-di met hyl am no- 2-phenoxy)
titaniundi chloride; (tetranethylcyclopentadienyl)(3-tert-butyl-5-fluoro

- 2- phenoxyi-iltzad¥ undi chl ori de; conpounds therefor in which the titaniumis
replaced with zirconium or hafnium conpounds in 15 which the chloride is
repl aced by brom de, iodide, dinethyl &t de, diethylam de, nethoxide,

i sopropoxi de, benzyl or methyl; conpounds in which the cycl opentadi enyl
noiety is replaced by dinethyl cycl opentadi enyl, trimethylcyclopentadienyl,
phenyl cyclrspassaditeny?- orSpheiinoereRP —y (whérans RF andreet sdp 24:onpl exes
| i ke conpounds in which the phenoxy group is replaced by a phenylthio
group in eambi aahyoBowkehhat&fses At dhe drides: ngEF);AQ B gEdHePod yTer
which is produced fromol efins selected froma-olefins having 2 to 20

carbon at Q@t(rlé’l%@c%@ﬁd htali}%hgeér_tﬂléll%%%r%ﬁ%BBE)f%EadrPcilﬁ%anﬁdaﬁ )ik i ch

the constituent SF-1239 90 ratio of regioirregu I'mkage (head-head

bondi e -t al ' - [ t he total a-olefin chai
moasur ad by 1ICUATR 14" T0TRBF O ot TGO 5 3 e AP IS

regioiéregglq; Iinka%e %head 5 to head _bonding and tail to_ tail bonding)
i s usef ul 47T 8% IBCHP SRS Sant e e & maphe shgriane ap oL kenedW heat  of
fusion, in conparison with usual a-olefin polyner having only head to tai

bonding,l§ﬁ8mtﬁﬁ§b ey £ itheepdnphés tuf of her wind ineppelsgmeed hylXideya 10
homopol ymer of a-olefin having 3 or nore carbon atons, and a
be bonded to each other, it may form a conjugated straight-chain
diene residue, a conjugated branched-chain diene residue, a
non-conjugated straight-chain diene residue or a
10 non-conjugated branched-chain diene residue, the pluraiity of
groups represented by X may be bonded to each other to form a
ring, and also may form an aromatic ring, an aliphatic ring,
a conjugated cyclic diene residue or a non-conjugated cyclic
diene residue; n represents an integer of 0 to 3; R' to R? which
15 may be the same as or different from each other, represent each
an atom or a group selected from a hydrogen atom, a halogen atom,
a hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen—contéining group and
20 a nitrogen-containing group, and two groups among the an atom
or groups represented by R' to R?, which are adjacent to each
other, may be éombined.to form an aromatic ring or an aliphatic

ring with the carbon atoms to which the two are bonded; and R®

to R®, which may be the same as or different from each other,



copol ynmer obtai ned by copolynerizing 2 or nore kinds of olefins selected
froma-olefins having 2 or nore carbon atons. (iii) A polynmer which can be
obt ai ned BY-a2p8l yneri zation being supplied with one or nore kind(s) of
olefin(s) selected 15 froma-olef ins having 2 or nore carbon atons,
having on its side chain two or nore leds of al kyl groups selected from an
ethyl group (bl), an alkyl group having 3 carbon atons (b2), an al kyl
group having 4 carbon atons (b3), and an al kyl group having 5 carbon atons
(b4) (provesgedsehatgaathen aumber afyroapbosl & tosk £26maf hgdeobeéh mthayi ng 3 or
nore carbon atons supplied in a polynerization is t, side chains having

t-2 carbon Dogerla@ om)od Hytddedatdm kbﬁpﬁ'zkhlalGE_:[@HEtéQ' Ritafiem (bl) to
(b4)) wherein the total nunber of a?kyl gr oups, to b in the pol yner

is 1.0 orgmeng, PAr <1009 59«599%@159 tutka @fot %af &%O\L;ﬁ!drj{%ﬁt he catalysts of

t he present i nvention, a pol yner aV|ng a tioned
short - chap ag alk % g _ bt ai n and t hereby anount of
a-ol efins pe Ocan% 8 §g§g§e§ub§ € é f%%l@ﬁﬁﬁpwuﬁq1 an equal al kyl
branchi ng %uantLté %o, 5 the ones obtalned by u5|ng the existing catalysts.
13C- NVR c8fiYBE"uSRh ?bnﬂﬁgégﬁ?%%é¥ﬁ%aqﬁéﬁfpﬂ9noF°B aipingHrBM-aiehéd in the
pol yner, and the nunber of the total alkyl groups, bl to b4 in the
ol ymer i ENBrEveraisypsL amopg Fheedaebs L0 axreritask byeR® 1O0B catich at ons.
polyi
10 (iv) An ol efin-vinylidene conpound copol ymer, which is a copol ymer of
at | east oene aldantsébesd ed dfthem,amel éfd pembavketdgto form an aromatic
ring, an aliphatic ring or a hetero ring, with the carbon atoms
to which the two are bonded.
10 Herein, as the transition metal compound represented by
thefbrmula(l'),followingexamplescanalsobe:ﬂxﬂudedapart
from the ones exemplified for the compound represented by the
above-mentioned general formula (1).
Examples include:
15 (cyclopentadienyl) (3, 5~-dimethyl-2-phenoxy)titaniumdichlorid
e; |
{cyclopentadienyl) (3-tert-butyl-2-phenoxy)titaniumdichlorid
e;
(cyclopentadienyl) (3~tert-butyl-5-methyl-2-phenoxy)titanium
20 dichloride;
(cyclopentadienyl) (3-phenyl-2-phenoxy)titaniumdichloride;
(cycldpentadienyl)(3—tert—butyldimethylsilyl—S—methyl—Z—

phenoxy)titaniumdichloride;

(cyclopentadienyl) (3-trimethylsilyl-5-methyl-2-phenoxy)tita



2 to 20 carbon atons and a vinylidene conpound, in which the ratio (Uo/ W)
of the total content of structural units derived fromthe olefin (Uo) to
the contelt-df£38tructural units derived 15 fromthe vinylidene conpound
(W) is from50/50 to 99/1 (nolar ratio). The nol ecul ar wei ght
distribution (MvV M) as determ ned bg7GPC neasurenent of such polyner is
preferably 4.0 or less, nore preferably 3.5 or less, and particularly
preferably 3.0 20 or less. [Process for producing Transition Metal
Conpoundshiumfdachioceds; for producing transition nmetal conpounds rel ated
to the present invention is a process for producing the transition netal

conpound repcespsheddbynyhe(abeyver gonefals Seddnl, 32 formula (1). The
process conprises reacting an am de conplex represented by the follow ng

general fgraHba &ggiamgﬂdggh Lo . ligand (L) having a structure
represented by %] e follow ng ormul a (11) or with a neutral organic

conpound i ' .5 L.is,hydrogenated, so t e gonverted into a
reaction 6?8%%§Qn%%§ %?%%LS% elétfﬁg%gc%lgdrﬁﬂ%i“er B@%’ﬁoe' —B;Er‘epﬁﬁy? ol | owi ng
gener%; Lo%nula é1%$ %FWgcgss 11, and reacting the reaction product

obt ai fed FroAttWEIEBrbeetd®1] with a conpound represented by the fol | owi ng

general fornula (13), to prepare the transition 10 netal conpound
representéﬂy%§09%@t%%b@%ygb e rf drunit la- -l uder-Geedsn2ky) tThenpumcesses
are successively carried out. << Am de Conplex represented by the
f ol | owi ngdionhet ad€10)
(methylcyclopentadienyl) {3, 5-dimethyl-2-phenoxy)
titaniumdichloride;

10 (methylcyclopentadienyl)(3—tert—butyl—2—phenoxy)titaniumdic
hloride;
methylcyclopentadienyl)(3-tert—butyl—5umethyl—2—phenoxy)tit
aniumdichloride;

(methylcyclopentadienyl) (3-phenyl-2-phenoxy)titaniumdichlor

156 ide;
(methylcyclopentadienyl)(3-tert—butyldimethylsilyl-S—methyl
—2~phenoxy)titaniumdichloride;
(methylcyclopentadienyl)(3—trimethylsilyl45—methyl—2—phenox
y)titaniumdichloride;

20 - (methylcyclopentadienyl)(3—tert~butyl~5—methoxy—2—phenoxy)t
itaniumdichloride;
(methylcyclopentadienyl)(3—tert—butyl—5—dimethylamino—2—phe

noxy)titaniumdichloride;

(methylcyclopentadienyl) (3-tert-butyl-5-fluoro-2-



The am de conpl ex represented by the following fornula 15 (10) is used in
the process for producing transition nmetal conpound related to the present
i nventi onSEMMNBGRZZ' )mlYn ... (10) Wierein, Mrepresents a transition netal
atom sel ected fromanong Goup 4 to 6 of the periodic table, which is sanme
. 20 as the Min the above general form#lga (1). Wrepresents a hal ogen atom
and. specific exanples include fluorine, chlorine, brom ne and iodine. "p"
is an integer of 0 to 2, and p and mM are determned to satisfy the

val ence obhenpxikétanipmdiclingitikat the absol ute val ue of the M val ence {
SF-1239 93 is "a", relationship of a=p+nml is obtained. Wen "p" is 1 or

2, Wis el(itrirnabedylaythepbresessngl) (2, s-athedhylmy be the sane as or
different from each ot her, and represent each a hydr ocar bon group having 1

to 20 5 eaehen eggggﬁluﬂﬁl@h§%£iggn cont ai ni ng group, and specific
exanpl es of incFu de a hydrocarbon group having 1 to 20 carbon atom (s)

onyl - d aEa%EF?‘Eu%é?rfOéeth R Bictess o tshosararerph
norbor ad Q etc., an arylalkyl 10 group e.g., benzyl,
phenyl ?P Eﬂa %rop tr|tyI etc. and an aryl group e.g., phenyl,

tolyl, dlneth ghenx trlnethylphenyl et hyl phenyl, propyl phenyl,
bi phenyl , tﬁégh 128 Cﬁ@lﬁ@?mﬁ@ﬁn¢mwl %ﬁnﬁﬂnﬂxhuﬂy -Sheranyir-g-phenox; and

y)titaniumdichloride;
(tert-butylcyclopentadienyl) {3-phenyl~2-phenoxy)titaniumdic
hloride;

10 (tert-butylcyclopentadienyl) (3-tert-butyldimethylsilyl-5-me
thyl-2-phenoxy)titaniumdichloride;
(tert-butyleyclopentadienyl)(3—trimethylsilyl-5—methyl—2—ph
enoxy)titaniumdichloride;

{tert-butylcyclopentadienyl) (3-tert-butyl-5-methoxy

15 -2-phenoxy)titaniumdichloride;

(tert-butylcyclopentadienyl) (3-tert-butyl-5-dimethylamino-2
-phenoxy)titaniumdichloride;
(tert—butylcyclopentadienyl)(3—tert—butyl-5-fluoro~2
—phenoxy)titaniumdichloride;

20 (tetramethylcyclopentadienyl)(3,5;dimethyl—2—phenoxy)titani
ﬁmdichloride;
(tetramethylcyclopentadienyl)(3—tert—butyl—2—phenoxy)titeni
umdichloride;

(tetramethylcyclopentadienyl) (3-tert-butyl~5-methyl-2-pheno




a hydrocarbon group-substituted silyl group having 1 to 20 15 carbon
aton(s) e.g., trinethylsilyl, nethyldiphenylsilyl, dinethyl phenylsilyl,
and tri phemdlgi3%1, etc. When mis 2 or nore, a plurality of NZZ' groups
may be the sanme as or different fromeach other. Al so, the two groups

adj acent to each other anong the 20 @%ups represented by NZZ' may be
bonded via Z or Z', and in the case where those are bonded, bridging
groups of those may have a chiral structure. Y represents a neutral |igand
havi ng anzxel)éé¢tronuddnahbngdegr oup, and specific exanpl es include sane

| i gands exenplified SF-1239 94 for Y in the above general fornmula (1).

Here, n rdpeesencshglcyblegentefifntD) 83- 1L enarmles @fardigagt ruct ure
of am de conplex Tepresented by general fornula (10) wi'll be shown as

foll ow ngch1B-hewever it is not limted thereto. In the follow ng formlae,
a nmet hyl group, an ethyl group, an i-propyl group, a phenyl group, and a

ety SRR, MRS AR (Lol B Tty P U -5
ERE R e DR T B

(tetramethylcyclopentadienyl) (3—trimeth'ylsilyl—5—methyl-2-—p
henoxy) titaniumdichloride; |
(tetramethylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-phen
oxy)titaniumdichloride;

10 {tetramethylcyclopentadienyl) {3-tert-butyl-5-dimethylamino-
prhenoxy) titaniumdichloride;
(tetramethylcyclopentadienyl) (3-tert-butyl-5-fluoro
—-Z2-phenoxy) titaniumdichloride; compounds therefor inwhich the
titanium is replaced with zirconium or hafnium; compounds in

15 whichthe chloride is replacedbybromide, iodide, dimethylamide,
diethylamide, methoxide, isopropoxide, benzyl or methyl;
compounds in which the cyclopentacﬁienyl moiety is replaced by
dimethylcyclopéntadienyl, trimethylecyclopentadienyl,
phenylcyclopentadienyl or phenylindene—l—yi; transition metal

20 complexes like.compounds in which the phenoxy group is replaced
by a phenylthioc group in combination with those, and the like.

(ii) An olefin polymer which is- produced from olefins

selected from a-olefins having 2 to 20 carbon atoms (provided

that ethylene homopolymer is excluded), inwhich the constituent



Cl SiMe3 CI SiMe3 C SiMe3 T/N- THF~Ti ~N~ THF~TIN j~N THFI'N THF-j--N Cl
SiMe3 Cl SiMe3 CI SiMe3 C Si(i-Pr)3 C SI(I-Pr)3 LI yi(i-Pr)3 T;N
THF-Ti, , NSITHENN IN THF~I N THE- | --N Cl SO--Pr)3 C Si(i-Pr)3 C
Si(i-Pr)3 C SiNe3 Cl Sinme3 THF. Ti'-,NTHE 10 C SIMe3 C Si Me3 [Chem |

24] SF-1239 95 Zr(NWe2)4 Zr (NMe2) 4(THR 2 Zr (NEt 2)4 Zr (NEt 2) 4( THF) 2
Zr (NMePh) 4 Zr (NMePh)4(THF)2 CI Ph G Ph G Ph Zr NTHF ~N THF N Zr Zr N
THF 1 NTHF GO Ph C Ph C Ph C SiMe3 d SiMe3d C Sift ,N- THF N~ THF ~N
Zr  ~~N THRtIRQ P regirircpgsilme31chksyte3hehdShaed bEhdNd iakRt )3 C
SI(-Pr)3 G Si(i-Pr)3
tail-tail bonding) of w-olefins to the total oa-olefin chains
measured by “*C-NMR is 10 mol% or more.
Such polymer having a lot of regioirregular linkage (head
5 toheadbonding and tail to tail bonding) is useful as a flexible
material, since, for example, it has a low heat of fusion, in
comparison with usual o-olefin polymer having only head to tail
bonding, and thus.
Specific examples of the olefin polymer include a
10 hofnopolymer of a~olefin having 3 or more carbon atoms, and a
copolymer obtained by copolymerizing 2 or more kinds of olefins
selected from oz—oiefins haviﬁg 2 or more carbon atoms.
(1ii) A polymer which can be obtained by a polymerization
being supplied with bne or mor.é kind(s) of olefin(s) selected
15 from a-olefins having 2 or more carbon atoms, having on its side
chain two or more kinds of alkyl groups éelected from an ethyl
group (bl), an alkyl group having 3 carbon atoms (b2), an alkyl
group having 4 carbon atoms (b3)_, and an alkyl group ha\}ing 5
carbon atoms (b4) {(provided that, when numbér of cérbon atoms
‘20 of o-olefin having 3 or more carbon atoms supplied in' a
- polymerization is t, side chains having t-2 carbon atoms are
_ ﬁot included in the alkyl group selected from (bl) to (b4)),

- wherein the total number of alkyl groups, bl to b4, in the polymer

is 1.0 or more per 1000 carbon atoms.




Zr,, THF _ ~NTHF, ~N2zZr " Zr ~N THF~~~N THF~~~N Cl Si(i-Pr)3 C

Sip-Pr)3 C Si(t-Pr)3 C SiMe3 C SiMe3 /NTHF.'/NI \N ! \N/ THF Zr \N

/ | O SiFE31EB9SiMe 3 [Chem 25] Hf(NWe2)4 Iif(Nwe2)4(THF)2 Hf (NEt2)4

Hf ( NEt 2) 4( THF) 2 Hf (NMePh) 4 Hf (NMePh) 4(THF)2 €l Ph O Ph O Ph /N THF, _ ~N

THF _ ~NHKN THF If" N~ THF ~N C BHi C Ph C Ph C SiMe3 d Si NEBS'C:\/E3
|

Si M3 w, N~ THF~Hf N~ THF, f N ~N THF ~N THE' H-N C SiMe3 C Si Me3 Cl

O Si(i-Pr)3 O Si(i-Pr)3 O Si(i-Pr)3 H N- THE~Hi-N- THF~H N fj ~' N THF |
~N THF O Si (i -P¥p3i0g ¢ cappl3sch & the Predent] iSidEsid@l, SipE3mERF. /
"FAN/ THF"if\N /

10

15

20

having a lot of above-mentioned short-chained alkyl groups can
be obtained, and thereby amount of a~olefins fed can be reduced
Co obtain a polymer with an equal alkyl branching quantity to
the ones obtained by using the existing catalysts.

C-NMR can be used to determine the guantity of bl to
b4 contained in the polymer( and the number of the total alkyl
groups, bl to b4, in the polymer is preferably 1.0 or more and
10.0 or less per 1000 carbon atoms.

(iv) An olefin-vinylidene compound copolymer, which is
acopolymerofatleastoneolefinselectedfromu—olefinshaving
2 to 20 carbon atoms and a vinylidene compound, in which the
ratio (Uo/Uv) of the total content of structural units derived
from the olefin (Uo) to the content of structural units derived
from the vinylidene compound (Uv) is from 50/50 to 99/1 {(molar
ratio).

The molecular weight distribution (Mw/Mn) as determined
by GPC measurement of such polymer is preferably 4.0 or less,
more preferably 3.5 or iess, and particularly preferably 3.0
or less. |

[Process for producing Transition Metal Compounds]

The process for producing transition metal compounds
related to the present invention is a process for producing the

transition metal compound represented by the above.general



C SiMe3 - O SiMea << Anion Ligand (L) >> SF-1239 96 In the process for
producing the transition netal conpounds related to the present invention,
t he ani onSEi-gd8A@ represented by the following general formula (11) is
used. [Chem 26 RBRRZ RA RL LRSQRGERB... 11 () R7 5 Werein, R
to R4 and R5 to R8 each represents a & atom or a group as Rl1 to R4 and
R5 to R8 in the above general fornmula (1). Qrepresents -0, -S, -NRa, or
-PR b. Ra and Rb represent 10 each a hydrogen atom or a hydrocarbon group
having 1 £erPelaafbon TheoptsFesanchrperids ceaxdiplesni sl delemmiexgr oups
represented for Ra and Rbo in the above general fornmula (1). << Am de
Conpl ex reppeserhtddiyy ghpefal ldwmmaubanéta) sormAR ani veyi¢ongph ex ekt ai ned
by reacting the am de conplex 15 represented by the above general fornula
(10) w thlthenani(@ having a structure represented by the following
formula (11) or with a neutral organic compound in which the
5 L is hydrogenated, so to be converted into a reaction product
containing an amide complex representedby the following general
formula (12) [Process 1], and reacting the reaction product
obtained from the [Process 1] with a compound represented by
the following general formula (13), to prepare the transition
10 metal compound represented by the above general formula (1)
[Process 2]. The processes are successively carried out.
<< Amide Complex represented by the following formula (10)
>>
The amide complex represented by the following formula
15 (10) is used in the process for producing transition metal
compound related to the present invention.
MW, (NZZ' Y Yy e (10)
Wherein, M represents a transition metal atom selected
from among Group 4 to 6 of the periodic table, which is same
20 as the M in the above general formula (1).
Wrepresents a halogen atom, and specific examples include
fluorine, chlorine, bromine and iodine. “p” is an integer of

0 to 2, and p and ml are determined to satisfy the valence of

M. Herein, providing that the absolute value of the M valence



l'igand (L) represented by the above general fornmula (11) or with the
neutral organic conpound in which the L is hydrogenated, is represented by
the foll ofgd3S nula (12). SF-1239 97 LM (NZZ ' )ni¥n ... (12) Werein L
is the anion ligand represented by the above general formula (11). M Z, Z
", Y, and n respectively represent thé&Zane neaning 5 as defined in the

above general fornmula (10) . "m' is a nunber satisfying the valence of M
meaning that m2 is equal to an absolute value of M valence. Conpound
represent é¢ By genetatieosiip o B3P+ tiseobtatess. f Ghepr ddticisgl taransi ti on
metal compounds 10 related to the present invention, the conpound
represent &€ by ist kdifmdhbewtingngettes abrdewgrulia (13) is used. VX1 ... (13)
Wherein, V represents a netal atom selected fromGoup 1 of the periodic

table, a hydrogep~abg ~z Ny PGA BoR GLQWP as18:-haYERGLdnt Of 20, GarhON
aton(s), a hal ogenated hydrocarbon group having 1 to 20 carbon aton(s), a

si l'i con- ceptaini ng 0¥ | en- tai.ning aroup, or.an
oxygen-contaiﬁfng gr0§%£e§§n$g%%%gg%?é&ﬁQﬁ%Fbggn92P891hiﬁ%% %H%)é%hpounds

r epr esgnt t he above general, 20 formula (13), compounds in which the
XL is a|§§é%%£n %PWZS% © sah§ﬁib§%ﬂTcﬁ% P ANG FPeRE SIS hal ogen

and the Vis a silicon-containing group; conpounds in which the X1 is
hal ogen examples of include a hydrocarbon group having 1 to 20 carbon

atom(s)suchasenualkylgroupe.g.,n@thyl,ethyl,propyl,butyl;
hexyl,octyl,nonyl,dodecyl,eicosyl,etc.,analicyclicgroup
€.g., cyclohexyl, norbornyl, adamanthyl, etc., an arylalkyl
10 group e.g., benzyl, phenylethyl, phenylpropyl, trityl, etc.,
and an aryl group e.g., phenyl, tolyl, dimethylphenyl,
trimethylphenyl, ethylphenyl, propylphenyl, biphenyl,
naphthyl, methylnaphthyl, anthracenyl, phenanthryl, etc.; and
a hydrocarbon group-substituted silyl group having 1 to 20
15 carbon atom(s} e.g., trimethylsilyl, methyldiphenylsilyl,
dimethylphenylsilyl, and triphenylsilyl, etc.
| When m is 2 or more, a plurality of NZZ’ groups may be
the same as or different from each other.
Also, the two groups adjacent to each other among the
20 groups. represented by NZZ’ may be bonded via Z or 27, and in
the case where those are bonded, bridging groups of those may
have a chiral structure.
Y represents aneutral ligand having an electron-donating

group, and specific examples include same ligands exemplified




and the V is a nitrogen-containing group; and conpounds in which the X1l is
hal ogen and the V is a hydrocarbon group having 1 to SF-1239 98 20 carbon
aton(s) alké&-pEeéPerable, and conpounds in which the Xl is halogen and the V
i s hydrogen; conpounds in which the X1 is halogen and Vis a
silicon-containing group; conmpounds irm®4 which the X1 is hal ogen and the V
is a nitrogen-containing group 5 are particularly preferable. Specific
exanpl es of such conpounds include hydrogen chloride, trinethylsilyl
chl ori de, foirl ¥cén tber abhier gdeeradli frethwylani he. hydrochl ori de and the |ike:
<< Production Process >> 10 For a synthesis of am de conpl ex represented by
the above-nentHened foraptas€des,an NeRSS i Scltased in such as Dalton
Trans. , 2003, 4580, Organonetallics, 2004 (23) , 1576, or simlar
processes thereghegan; BeeksRgl e S chdeF QAN of n{i%i%CE'o%BlE?(qu! dis
dried under reduced pressure to renove 15 amne, which is the volatile
by- produc L I i ca er he_.reacti i-s.confirmed to
be procesgggggaégkggﬁif?%égga&gﬂﬁaﬁgﬁIV YiﬁLﬁ%%ﬂ?q&ﬁn?E§Q¥Q§MHH%H
pr oduc an be used as jt_.js, fo he next reactiaon,_In,a case where the
by- pr o ucflolwsvﬁFojvtr d?d?oﬁr%ﬂ?hi?e?fg eﬁﬁﬁppul%ﬁli%‘ﬁ GSe4OY BRI ZPHeHR®irng a
transition netal conplex, such as extraction, recrystallization and the
li ke can Bé&idud ¥508Bt direlehplpEouparajel ~poapY berofipe spherrt grseul for
extraction or recrystallization is not particularly Iimted, and exanples
and a tetrahydrofuran are abbreviated as Me, Et, i-Pr, Ph, and

THF, respectively.

[Chem. 23]

TifNMez)y  Ti{NMeg)g(THF),  TifNE)y  Ti(NELJs(THF),  T(NMePhy; Ti(NMePh),(THF),

3 IS S 3
Tl - SR>
1N THF™ ] N THET | N
Gl ph Ct ph O pp
(::I Emﬂea . (::| %iM93 (::l ?iMBa .
ﬁ\~: :> H5>%<N ﬂw)ﬁ(ﬁ ?
| N THF | N THE | N
Cl SiMe, Cl' giMe, Cl' SiMe,
(=3| Ei(i-Pl’)s e (:;| §i(i—Pr)3 C::I ?i(i'PF)s“
> e >
| N C O THFT N L
Cl SigPr)s G sifiPrs Ct §ifkPryg
CI Site; Cl SiMeg
N O THFEE N O
‘\\ﬁ 4!5 THFI“\':l 4!b
Cl. siMey Cl SiMe,

10
[Chem. 24]



i nclude petrol eum ether, hexane, carbon tetrachl oride, toluene, SF-1239 99
benzene, dichl oronet hane, chloroform tetrahydrofuran, diethyl ether and
m xed sol §fr-dd3Bhereof. Then, a synthesis of transition nmetal conpound
represented by the above-nentioned general formula (1) can be 5 carried
out in accordance with the processes di5scl osed in such as J. Am Chem

Soc., 2000(122), 8093, J. Am Chem Soc., 1996(118), 8024,

Organonetal lics, 1995(14), 5, Oganonetallics, 2003(22), 5498,

Or ganonet al . 280362 4 or PLAGRSS.E That is,

t he synt hes{ms is 10 car‘?rl)-lgﬁ o% %4 rgggt%¢€£the co%‘ozrﬁygfﬁ%gge)éent ed by the
above generglehformul a (‘]3,3)% under stlgrphng with the am de conplex

repr esent ed_:py gemeral N mJI aHF(\]j ich is purified in the above
manner and \sﬁsed s R %I t e ,5 rature of solution during the
reaction i sd p,the rangeco h-80 to 129 415 °C, preferably the range of 0 to
60 Cis selected. The solvent for a use is not particularly limted, and
exanpl es ing L@ﬁlﬁz pet r ol eglms,@; her, he@l e, Carbon tetrachloride, t ol uene,
benzene, dig msth@ e; Q ofwi .ahydrofuran, di et hyl ether and

m xed sol ut?’mﬁ er t \[eacrb'r on, the volatile by-product can
be rem)vedcbg,Mgryl ng uné reduc i ure. On this occasion, in a case
where the reaction is confi rn”ed to be proet‘,eeded quantltatlvely usi ng an
NVR or the ISﬂ.Pr)3t he resyl &gng, pr oducé S,(igp{;}p be used as it is for a

pol yreri zat I\%N act nan\z‘rl CaSﬁ-iF\z/N
N THF ] > THF j\
Cl' SiGiPr), c ém-Pr);, Gl SiPr,
Ci SIMeg CI SlMe:;
THR.Z
THF” ‘\
C' SlMe ct SlMe
[Chem. 25]

HiNMeols  HINMeo)s(THF),  HANEL);  HANEtL)a(THF),  Hi(NMePh); HFNMePh)y(THF),

£ Eh THF. ¢ Eh THF. ¢ f':h
< ShiC SHT }
i N THF | N THF | N

Cl pp Cl P Cl ph

cl ?iM93 c| SIME::, Cl ?iMB:;
N THF. N CTHR_ E _N—
H >Hf: L >
i N THFE |} N THF” | N

€l SiMe, Cl SiMeg Gl SiMey
Ci St(l Pris C (i-PF);; CI SI(I-PI’)3
N N THF._Z N THF. N—a"
e SHE ShC >
i N THE” | N THF ) N

Cl Sifi-Pr)g Gl §i-Prg G sigi-Pry;
Cl SiMes : ¢l SiMeg

S0 I

l
Cl siMe; _ Ccl SFM93

<< Anion Ligand (L) >>



SF-1239 100 where the by-product is provided, an ordinary mani pul ation
used for refining a transition netal conplex, such as extraction,
recrystal EFzactBeon and the |i ke can be used to obtain a pure target
conplex. 5 The solvent useful for extraction or recrystallization is not
particularly Iimted, and exanples inglude petrol eum ether, hexane, carbon
tetrachl oride, toluene, benzene, dichloronethane, chloroform

t et rahydrofuran, diethyl ether and mi xed solution thereof. The conpound
represented by thethdQpahoyvs generodting anelIransinebnpaetkcul arly
limted, and exanples include hydrogen chloride, dinethylam ne

hydrochl oebfgeouhsis "B hyit &4 104 ﬂ%@'PEb@%nttQEQQEPEQﬁPsﬂﬂé”H%fHHilﬂgQ%d|'ke1
and tetrachlorosilane is preferable. In addition, the transition netal
conmpound 5 v eneral fornmula ( can_ be .obt ai ned
directly E§B£§%§§%$§gb§h%g%ﬁégghggﬁﬁféng%ﬁg%é%hng'abfléhelgbgﬁgdgeneral
formula (10) mﬁg&ltheﬁﬁﬁgon | igand (L) having a structure represented by
t he above gener For (11) or with the neutral organic conpound in
which the L is hydyogenated, 20 fol]|owed by reaction wth the conpound
represented by th abo*QB genggal farmula (13) without isolating the am de
conpl ex represeted by the apdve gehefd formula (12). According to the

present inventiaoh, the cq}uuqnd represented by the general formula (1) in
which the X is Ral ogen 'g‘s
F?4 {\'/} F21
L=
R3 Q
RS RB . e (11)

Wherein, R' to R? and R® to R® each represents a same atom
or a group as R' to R? and R® to R® in the above general formula
{1).

Q represents ;O, -3, -NR?*, or -PR°. R® and R® represent

10 eacha hydrogen atom or a hydrocarbon group having 1 to 20 carbon
atom(s), and specific examples include same groups represented
for R* and R® in the above general formula ({(1}.

<< Amide Complex represented by general formula (12) >>

An amide complex obtained by reacting the amide complex

15 represented by the above general formula (10) with the anion
ligand (L) represented by the above general formula (11) or with
the neutral organic compound .in which the 1 is hydrogenated,

is represented by the following formula (12).



101 is produced, and then the X can be changed to a hydrogen atom wth
the use of Li[AIH4], LIi[AI(OBu)3H, M/ tetrahydrofuran and the |ike.

Al so, thesgenp@gnd represented by the general forrmula (1) in which the X
is hal ogen is produced, and then the X can 5 be changed to a hydrocarbon
group or a hal ogenated hydrocarbon group with the use of A1R3, LiR, RwWBr,
Rwvgl and the like (Each R represents an al kyl group such as a nethyl

group, an ethyl group, a propyl group, a butyl group, a phenyl group, a

2, 6-di net hyl pheny! (gzoup),ya 2, 4, - tinewet hyl phenyl group, a 10

2, 6-di-iso-propyl phenyl group, a 2,6-di-iso-propyl-4-nethyl phenyl group, a

2,4,6-tri-iso-prREYLPhenyls FHRUR. 13021 8gdhat BLL DU YL SRGNY L hIQUR
2,6-di-tert-butyl -4-net hyl phenyl group, "a 2,4,6-tri-test™-butyl phenyl group
or a benz p; ien 5 group such as a substituted conjugated

di enyl gr %B?E§E Ea s?#%uyi%ghon-conjugated di enyl group or a substituted
cycl opent adi enyl, group; or _a_hal ogenated hydrocarbon group such as

4-11 uor opheny! 'gr dup?."a 2, 2285 FEEPEERERGIY GBFF 6P tdhe same meaning
2,4,6-trifluorophenyl group). The conpound represented by the 20 general
formul® (35 ¥9fWREHD Ree)ebevh gl Sopmodacetl)) andnt herg mwabkrcan be
.changed to an oxygen-containing group with the use of LiOR NaOR and KOR
(Each R reptésépisgarhaliallergromf Msumkaasing neéhyh+ricipsquaril etchyln group,
a propyl group, a butyl group, a phenyl group, a 2, 6-dinethyl phenyl group,
a SF-1239aB8dlute value of M valence.
<< Compound represented by general formula (13) >>.
In the process for producing transition metal compounds
10 related to the present invention, the compound represented by
the following general formula (13) is used.
vxt o .(13)
Wherein, V represents a metal atom selected from Group
1 of the periodic table, a hydrogen atom, a hydrocarbon group
15 having 1 to 20 carbon atom(s), a halogenated hydrocarbon group
having 1 to 20 carbon atom(s), a silicon-containing group, a
nitrogen-containing group or an oxygen-containing group.
x* represents a halogen atom.
Among the compounds represented by the above general
20 formula (13), compounds in which the X' is halogen and the V
is hydrogen; compounds in which the X* is halogen and the V is
a silicon-containing group; compounds in which the X' is halogen

and the Vis a nitrogen-containing group; and compounds in which

the X' is halogen and the V is a hydrocarbon group having 1 to



2,4,6-trinmethyl phenyl group, a 2,6-di-iso-propyl phenyl group, a
2,6-di-iso-propyl -4-net hyl phenyl group, a 2,4,6-tri-iso-propyl phenyl
group, a 2r6idinotert-butyl phenyl group, a 2,6-di-tert-butyl-4-nethyl phenyl
group, a 5 2,4,6-tri-tert-butyl phenyl group and a benzyl group). Moreover,
t he conpound represented by the generalg formula (1) in which the Xis

hal ogen i s produced, and then the X can be changed to a
nitrogen-containing group with the use of Li NMe2, LiNEt2, LiN(Si Me3)2,

NaNVe2, NaNECZrbdaN ©briVes) Zar KRZ e AN, 228 5&5&1&%& 211@rwm_rtrarﬂh@| nat e
conpound represented by general fornulae Li [R(ICNR) (CNR' ) ] , Na

[RICNR ) &ENR ﬁal]og%ﬁda%%}%\'% 1)s hg@wgtg )]c&ﬁ% olha@nd, Rhlche‘@ﬁ@ x*

represents an al kyl” group such hyl gro an et hyl group, a propyl
group, a huyt p phen I. roup, dlneth he 959 ol 15
2 6t n&%h*y‘ e ng%s%gbygp%%uﬁ GrR Ry s
2, 6- d|-|so p th henyl roup 6-tri-iso-propyl phenyl
group, B%fee%t ]P%]rgﬂ%ﬂyal E)P‘é’)t}blseﬁ ?léragePeFPnBﬁ%an{gﬁé’Pﬁ’yl phenyl
group, a 2 4 6-tri-tert- butylphenf group or a benzyl group). 20
| NDUSTR A@rﬂpperEABMLaIrl(ymrﬁéerﬁl@ eatal ysts for olefin polynerization
related to the present invention polynerizes olef in, a polynerization
with high pol yseecizalde osxanbles tof | suaxdduigeechdsAndhdlmde égsleocthat SF- 1239
103 the copolynerization is carried out, an ethylene-olefin
chloride, trimethylsilyl chloride, silicon tetrachloride,
dimethylamine hydrochloride and the like.
<< Production Process >>
10 For a synthesis of amide complex represented by the
above-mentioned formula (12), a process disclosed in such as
Dalton Trans., 2003, 4580, Organometallics, 2004(23), 1576,
or similar processes thereof can be used. After the reaction,
a reaction liquid is dried under reduced pressure to remove
15 amine, which is the volatile by-product. On this occasion, in
a case where the reaction is confirmed to be processed
gquantitatively using an NMR or the like, the resultant product
can be used as it is for the nexkt reaction. In a case where
the by-product is provided, an ordinary manipulation used for
20 refining a transition metal complex, such as extraction,
recrystallization and the like can be used to obtain a pure
target complex. The solvent useful for extraction or

recrystailization is not particularly limited, and examples

includepetrolemﬁether,hexane,carbontetrachloride,toluene,



copol yner having a hi gher conononer content can be obtained although the
smal | anmount of conononers is used in conparison wth known catal ysts for
ol efi n polsyreeBgation, thereby it is 5 extremely industrially valuable. The
process for producing transition netal conpounds of the present invention
can synthesize the transition netal eompound (A) represented by the above
general fornula (1) at high purity and with high yield, which is al so
sinple, thereby 10 is extrenely industrially valuable. BRI EF DESCRI PTI ON

OF THE DRadhRESeFi gicilbsomeiBéndNVReSPEE Farm oft dthearpeinymiraght ai ned in
Exanple 3. 15 Fig. 2 is a 13C NVWR spectrum of the polynmer obtained in

Exanpl e 44iEt8yl3ctBed 336 MMRgPESIfuBOfcidepol yrer obtained in Exanple
8. Fig. 4 is a 13C- NWR spectrun1of t he polyner obtained in 20 Exanple 9

Fig. 5is a 1HNVR spec t le 10. Fig. 6
s a 13ESNNR spectruﬁ%o%yyﬁ% %yner 5 FHéL %EHEQXanp Q" gP|SF 1232 1048
Fi 7 is_a 1HN ectrum f t he ner, obt ai a ig
505 13C RERTERRREP AT i a0REFyReR e b ar g p L Tormu1e (1P Can Be

5 carried out in accordapce with the processes disclesed in such
as J. Am. Chem. Soc., 2000(122), 8093, J. Am. Chem. Soc.,
1996(118), 8024, Organometallics, 1995(14), 5,
Organometallics, 2003(22), 5498, Organometallics, 2003(22),
4658, or.similar'prOCesses therecf. That is, the synthesis is

10 carried out by reacting the compound represented by the above
general formula (13) under stirring, with the amide complex
represented by the general formula (12), which is purified in
the above manner and dissolved in a solvent. The temperature

 of solution during the reaction is in the range of -8B0 to 120
15 °C, preferably the range of 0 to 60 °C is selected.

The solvent for a use is not particularly limited, and
examples include petroleum ether, hexane, carbon tetrachloride,
toluene, benzene, dichloromethane, chloroform,
tetrahydrofuran, diethyl ether and mixed solution thereof.

20 After the reaction, the volatile by-product can be
removed by drying under reduced pressure. On this occasion,
in a case where the reaction is confirmed to be proceeded
quantitatively using an NMR or the like, the resultant product

can be used as it is for a polymerization reaction. In a case



Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e

11. 5 Fig. 9 is a 13C- NWR spectrum of the pol yner obtained in
20. Fig. 10 is a 1H NWMR spectrum of the polynmer obtained in
2&r-Ai2g9 11 is a 13C NVR spectrum of the polymer obtained in 10
28. Fig. 12 is a 1H NWR spectrum of the polyner obtained in

29. Fig. 13 is a 13C NWR spectpom of the pol ynmer obtained in

29. 15 Fig. 14 is a 1H NWMR spectrum of the polynmer obtained in
30. Fig. 15 is a 13C NWR spectrum of the polymer obtained in
3@hekiegihd Byi-pradhbt NYRospecti&amaef ot Ben pOY yaBh pabLak prdiddy 20
31. Fig. 17 is a 13C-NWR spectrum of the pol yner obtained in

3 Fi-gf4 bSaar r&h NVR frum t p ' |
53 Toraritnbte tlfr%hg. T et a%Sgghﬁl%ngegwﬁ%?%%eéBp%]dfrfer

obta!ned E@cr&é@gﬁpgzéiioﬁigndzghéslgké3§§£mg%8£§§ér%gnégtgigaémgﬁ%%Fr
obt ai ned in anpl & .

10

15

20

target complex.

The solvent useful for extraction or recrystallization
is not particularly limited, and examples include petroleum
ether, hexane, carbon tetrachloride, toluene, benzene,
dichloromethane, chloroform, tetrahydrofuran, diethyl ether
and mixed solution thereof. The compound represented by the
above general formula (13) is not particularly limited, and
examples include hydrogen chloride, dimethylamine
hydrochloride,tximethylsiiylchloride,tetrachlorosilaneand
the like, and tetrachlorosilane is preferable.

In addition, the transition metal compound represented
by the above general formula (1) can be obtained directly by
reacting the amide complex represented by the above general
formula (10) with the anion ligand (L) having a structure
represented by the above general formula (il) or with the
neutral organic compound in which the L is hydrogenéted,
followed by reaction with the compound represented by the above
general formula (13) withoﬁt isolating the amide complex
represented by fhe above general formula (12).

According to the present invention, the compound

represented by the general formula (1) in which the X is halogen



5 Fig. 21 is a 13C-NWR spectrum of the pol yner obtained in

Fig. 22 is a 'H NW spectrumof the polyner obtained in Exanple 35. Fig.

Exanpl e 34.

23 is a 1BFNVR3gpectrum of the polyner obtained in 10 Exanple 36. Fig. 24

is a 'H NWR spectrum of the polyner obtained in Exanple 37.

[ EXAMPLES]

Hereinafter, the present invention wild1be nore specifically explained
with reference to Exanples, but the present invention is not limted by

the foll owi ng Exanpl es. The various physical properties of obtained

pol ymer s

(Mol ecul ar wei ght and Ml ecul ar wei ght Distribution)

adseprodassd ptarand haet ehel xeshn bd kit aheleldonb ng Hpdweyen 2@ om

and the mpkegular yueicghts (s, priumlomt@fu the, @h@t/%egghpewﬁﬁﬁam&ﬁ

measur ed

filtered
prepare

5

10

15

20

by using a hi

B0 ata e X R GT g TR6°Indh €

be changed to a hydrocarbon group or a halogenated hydrocarbon
group with the use of ALR3, LiR, RMgBr, RMgI and the like (Each
R represents an alkyl group such as a methyl group, an ethyl
group, a propyl group, a butyl group, a phenyl group, a
2,6—dimethylphenyl group, a 2,4,6—triﬁethylphenyl group, a
2,6-di~iso-propylphenyl group, a
2,6-di-iso~propyl-4~-methyvlphenyl group, a
2,4,6-tri-iso-propylphenyl group, a 2,6-di-tert-butylphenyl
group, a 2,6-di~tert-butyl-4-methylphenyl group, a
2,4,6-tri~tert-butylphenyl group or a benzyl group; a dienyl

group such as a substituted conjugated dienyl group, a

" substituted non-conjugated dienyl group or a substituted

cyclopentadienyl group; or & halogenated hydrocarbon group such
as 4-fluorophenyl group, a 2,4~difluoropﬁenyl group or a

2,4,6-trifluorophenyl group). The compound represented by the
general formula (1} in which the X is halogen is produced, and
then the X can be changed to an oxygen-containing group with
the use of LiOR, NaOR and KOR (Each R represents an alkyl group
such as a methyl group, an ethyl group, a propyl group, a butyl

group, & phenyl group, a 2,6-dimethylphenyl group, a

tenperature gel perneati on chromatography (GPC).

i gh-
| 3?222[525@%85 i BpeE e %Snzeﬁgeggn%g%%@* %rég{f%lrﬁéﬁ'%a

a Slg gred filter_ having a pore anet.er e';'s(m"n to

15

The nol ecul ar wei ght



Gel Perneation Chromatography Alliance GPC 2000 type (manufactured by
Waters Co., Ltd.) <Analytical Apparatus> Data processing software Enpower

Pr of essi opal-1236 (rmanufactured by Waters Co., Ltd.) <Measurenent

Condi tions> Col um: TSKgel QGVH6-HT x 2 + TSKgel QGVH6-HTL x 2 (both of them
are 7.5mm . D. x30cm manufactured by Tosoh Corporation) Colum Tenperature:
140 C 15 Mobil e phase: o-dichl orobenzene [ODCB] (containing 0.025% BHT)
Detector: differential refractive index neter Flowrate: 1 nb/mn

Mol ecul ar 2y ght r Goatiey Bhiosriy Pgroabl, i at koal -$a8Pheo QPpI@&WE@%bQF, net hod.
Mol ecul ar weight relative to PE standards was cal cul ated from nol ecul ar

wei ght rebapigeqi o B f@ﬁ@gsm W Tyt MN | _calibration nmethod using
Mar k- Houwi nk par a%ret eés (‘K=17. 5e(1)(;)[b5, :O.Q\ér%ﬁ%ora pol ystyrene; K=40.6

10- 5, =,0-7250. . SF-1239 7 .(lntrinsic.Vi it

The i ntri26teey sont e TTE) EHEDR e dertth hed o e CqRPaE N Lt 155C
usi ng Ubbel ohde vi sc ter, and the viscosity-average nol ecul ar wei ght
Mwas cal 86PHPed? 1‘ggg%ﬁ%ef%%‘mﬁ‘ﬁbem%ﬂgrwm:6. 2 (10-9 M, 7.

(Chia%g, R J. Polym Sci. 1959, 36
2,4,6-tri-tert-butylphenyl group and a benzyl group).

Moreover, the compound represented by the general formula (1)
in which the X is halogen is produced, and then the X can be
changed to a nitrogen-containing group with the use of LiNMe,,
LiNEt;, LiN(SiMej),, NaNMe,, NaNEt,, NaN(SiMes),, KNMe,, KNEts,

100 KN(SiMe3), or an amidinate compound represented by general
formulae Li [R(CNR') (CNR*’ )], Na[R(CNR’) (CNR’')] and K[R(CNR")
(CNR’;)} (R, R and R'’ each represents an alkyl group such as
a methyl group, an ethyl group, a propyl group, a butyl group,
a phenyl group, a 2,6-dimethylphenyl group, a

15 2,4,6—trimethylphenyl.group,;12,6—di—iso—propylpheny&.group,
a 2,6-di-isc-propyl-4-methylphenyl group, a
2,4,6-tri-iso-propylphenyl group, a 2,6-di-tert-butylphenyl
group, a 2,6-di-tert-butyl-4-methylphenyl group, a
2,4,6—t;i—tert—butylphenyl group or a benzyl group).

20
INDUSTRIAL APPLICABILITY

Using the catalysts for olefin polymerization related to

the present invention polymerizes olefin, a polymerizationwith

high polymerization activity is exhibited. And in a case that



91.) (Content of a-olefin) The content of a-olefin in the obtained

ethyl ene/a-olefin 10 copol yner was determ ned by IR or NMR (Anmount of
tri-substBfull2d%internal olefin) The tri-substituted internal olefin in the
obtai ned polyner was neasured by using a 'H NVR and determ ned by
assigning the signals of the tri-substdiuted internal olefin 15 wth
reference to the chem cal shift of signals of the tri-substituted interna
ol efin in pol ypropyl ene which is disclosed in Polyner, 2004(45) , 2883, the
chem cal sheftopblyseghabsial isicamuhisdd tatted amteehydkenel-efeninn

et hyl ene/ 1- oct ene copol ynmer which is disclosed in 20 Macronol ecul es, 2005

ASAP (Vi ngepalyiisi K9vehigad . Nighet dbrdridner dishtlor tthe guaBbthyned
tri-substituted internal olefin, the content was cal cul ated by using the

(710000 2 BT oA 2 B B o e M et B ot oy 31080 Tot a
Geach 1< ERn T Y PR Yoo T T SRR GPEEs £ OB ol T by Tded from.
(3ry i nyPrbeeRe by G aons sl et Fociing i nylidene o N
| The process for producing transition metal compounds of

the present invention can synthesize the transition metal

compound (A) represehted by the above general formula (1) at

high purity and with high yield, which is also simpie, thereby

10 is extremely industrially valuable.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a *C-NMR spectrum of the polymer obtained in
Example 3.
15 Fig. 2 is a '3C-NMR spectrum of the polymer obtained in
Example 4.
Fig. 3 is a **C-NMR spectrum of the polymer obtained in
Example 8.
| Fig. 4 is a °C-NMR spectrum of the polymer obtained in
20 Example 9.
Fig. 5 is a 'H-NMR spectrum of the polymer'obtained in
Example 10.
Fig. 6 is a '*C-NMR spectrum of the polymer obtained in

Example 10.



C (5.4-5.2ppm: R CH=CHR2 (2H) di-substituted internal olefin 10 D
(5.2-5.0ppnm: R CH=CR2R3(1H) tri-substituted internal olefin E
(2.0-1.8ppmy123R CH2C=C (2H) net hyl ene adjacent to olefin F (1.3-1.1ppm:

R-CH2-R 2 (2H) main-chain nethylene G (0.8-0.7ppm: R1-CH3 (3H) nethyl 15
(Amount of Regioirregular |inkage) Theo4atio of regioirregular |inkage
(head to head bonding and tail to tail bonding) between a-olefins to the
total a-olefin chains, for the obtained polyner was determ ned by
assigning the Bignal siofa t'HeNMBgbpertegul af thekaseret ween iaeal éhi ns 20
using 13CGNVR with reference to the chem cal shift of signals derived from
regi oi rregubaplei Dkages in PP which is disclosed in Mcronol ecul es,
1992(25), 4876, the chemi cal shift of signals derived fromregioirregular
| i nkages in PB fchg i dir 0 +RPalyper , or. t he |ike,
and carrying SF-1 3§3f%ba'oﬁ?hﬁﬁgqﬁﬁgﬁ%?%%??vgh%§§§¥é§%Enﬁ%% &%ﬁﬁh?ﬁof Et hyl
group andﬂé%ﬁ%%egi up having 3 to 5 carbon atons, positioning on Side

oly

Chain in r) "The ethyl group (bl), alkyl group having 3 carbon atons
5 (b2), alkyl group having,4 carbon atons (b3), or alkyl group having 5
car borP at oms (81‘2139( ot A ded GTMR Stﬂ?é’téluEfog%]&%p%Olﬁﬂﬁq \Pgtfaflﬁ’@ﬁ% &Mol ef i ns

having 3 or nore carbon atons are excluded) was assigned by using 13C NVR
with refeF8aBeleo2fhe

Fig. 10 is a 'H-NMR spectrum of the polymer obtained in
Example 28.
Fig. 11 is a **C-NMR spectrum of the polymer obtained in
10 Example 28.
Fig. 12 is a *H-NMR spectrum of the polymer obtained in
Example 29.
Fig. 13 is a “*C~NMR spectrum of the polymer obtained in
Example 29.
15 Fig.714 is a 'H-NMR spectrum of the polymer obtained in
Example 30.
Fig. 15 is a '’C-NMR spectrum of the polymer obtained in
Example 30.
Fig. 16 is a "H-NMR spectrum of the polymer obtained in
20 Example 31.
Fig. 17 is a ’C-NMR spectrum of the polymer obtained iﬁ
Example 31. )
Fig. 18 is a 'H-NMR spectrum.of the polymer obtained in

Example 32.



chem cal shift of signals derived fromthe short-chain branches 10 which is
di sclosed in JM5-REV. Macronol. Chem Phys., 1989(C26(2&3)), 201;

Macr onol e@H-6£391999(32) , 1620; Polymer 1992(33), 650 or the like, to
carry out the quantitative estimation. (Arount of structural units (Uv)
derived fromvinylidene 15 conpound)1dbe quantitative determ nation of the
structural units (Uv) derived fromvinylidene conpound in an

ol efin/vinylidene conpound copol yner, in the obtained pol yner was neasured
using 1H NMR i Bigccb® danee'oi-tiiRt Bpept oesst dilscheseflet No@hined in

Macr onol ecul es, 1998(31) ,5145, J. Am Chem Soc. ,2003(125), 10788 or the
i ke. [Symtdaebiie Branple 1] <<(2-{Inden-1'-yl}-4,6-tBu2-C6H40) Ti C12>>

[ Synt hesis of 2-(lnden-3'-yl)-4, 6-di-tert-buty|pheno| SF-1239 110

(2-{inden-3' -yl - CBH2 2 = Br =4, 6- tert- I phenol (16.00
g, 56.10 rrrml) blél g%%ﬁ%e ( %ﬂ? %peé%gﬂ%@n%h)% %Hmﬁr b? %/%rp?cﬁl dm (1.57
Min hex ane. éS nL 119 nnnl) were used to carry out a reaction 5 in
accor dance W EhT e process disclosed in Dalton Trans., 2003 , 4580, and
the resul tant crude product was purified by flash S|I|ca gel colum

chr omafogr aphy f&fu lsnéxaﬁéNPﬂgt ﬁ@?‘éﬁ?éumd?rﬁ Ghiedeotye 1)ohtaigirdiin 8. 29 ¢

of the targeted 2- (Inden 3'-yl)-4,6-di-tert-butyl phenol (yield 46% white
Example 34.

Fig. 22 is a 'H~NMR spectrum of the polymer obtained in

Example 35.
Fig. 23 is a 'B-NMR spectrum of the polymer obtained in

10 Example 36.

Fig. 24 is a 'H-NMR spectrum of the polymer obtained in

Example 37.

[EXAMPLES]

15 Hereinafter, the present invention will bemoré
specifically explained with reference to Examples, but the
present invention is not limited by the following Examples.

The various physical properties of obtained polymers are
measured and determined in the following manner.

20 (Molecular weight and Molecular weight Distribution)

The molecular weight and the molecular welght
distribution of the obtained polymer were measured by using a
high-temperature gel-permeation chromatography (GPC). |

<Pretreatment of Sample>



10 solid). The obtai ned product was analyzed wth 'H, 13C NWVR (CDC13) 1H
NVR (C6D6), and the results corresponded to the values disclosed in the
above- nentSifen&dodocunent . [ Synt hesi s of
(2-{Inden-1'-yl}-4,6-tBu2- C6H40) Ti (NMe2)2] 15
2-(Inden-3'-yl)-4,6-di-tent-butyl phenod6(1.43 g, 4.46 nmmol) , and Ti
(NMe2) 4 (1.00 g, 4.46 mmol) were used to carry out a reaction in
accordance with the process disclosed in Oganonetallics. , 2004(23)

, 1576, and then3f riog ¢ hesamsie tvidd cagd EHar; dikecs@levent andmther
by-product were distilled off 20 under reduced pressure to obtain 2.03 g of

the targebedich2otbpéeiede -t 124, ﬁcta%@t@h&@uﬂl(d}‘lvﬁg)szfl(ﬂ&@d E«@Ehve red
solid). The obtained product was analyzed wwth 1H NVR (C6D6), and the

results CQr§ﬁ§M}QfglﬁeeEhﬁsyﬂr#%ngfé%1%?{1%%@&”0%IB& gm%zacgo %}}_%pare

above- nenti oned docunent
(2- {Inden agl% 6- tPuZ C6H40) Tid 2] To a Schl enk-type reactor thoroughly
dried and® purge Y WP 1trogen a rotator was placed, the 5
(2- {quen | " -yl}-4,6-tBu2- C6H40) Ti (NMe2)2 (0.60 g, 1.32 mmol) obtained in
the prévious re ?%HF%%&;ﬁﬂﬁﬂﬁﬁﬁPs nd benzene (10 nl) was added, and then
the m xture was stirred. Me3Sid (0.84 nli, 6.60 nmml) was added thereto at
roon1tenperatur@%leﬂﬂrmaﬁniOn%ﬁhnqmtumgﬁaphytmﬂﬂﬁmgcatGBO gobortgphours.
Fromthe resultant 10 solution, the solvent and the by-product were
distill ed(méfiufactured by Waters Co., Ltd.)
<Analytical Apparatus>
Data processing software Empower Professional
10 (manufactured by Waters Co., Ltd.)
<Measurement Conditions>
Column: TSKgel GMH6-HT x 2 + TSKgel GMH6-HTL x 2 (both
of themare 7.5 mmI.D.x30cm, manufactured by Tosoh Corporation)
Column Temperature: 140 °C
15 Mobile phase: o-dichlorobenzene [ODCE] (containing
0.025% BHT)
Detector: differential refractive index meter
Flow rate: 1 mL/min
Molecular weight Conversion: PS calibration/ sampie
20 conversion method. Molecular weight relative to PE standards
was calculated from molecular weight relative to PS standards
with an universal calibration method using Mark-Houwink

parameters (K=17.5 (10™°, a=0.670 for polystyrene; K=40.6 (107%,

o = 0.725 for polyethylene).



under reduced pressure to obtain 0.58 g of the targeted
(2-{Inden-1"-yl}-4,6-tBu2- C6H40) Ti C12 (quantitative, red solid). The

obt ai ned PpFoded® was anal yzed with Elenental Analysis, 15 NVR and FD-MS
and the following results were obtained. Elenental Analysis: Calc: C,
63.18; H 5.99. Found: C, 63.00; H 5.®b. 1H NWR (CDC13) : d 7.87 (d, J =
8.57 Hz, 1H, Ind-H4) , 7.54 (dd, J= 7.58, 7.57 Hz, 1H, Ind-H5), 7.45 (d,
J =8.64 Hz, 1H 20 Ind-H7), 7.39 (d, J = 1.99 Hz, 1H, phenoxy), 7.350
(dd, J = 7.58, A8HrsidWidawbiMy)(n])7. 346 (d, J = 2.30 Hz, 1H, phenoxy)
, 7.15 (d, J=3.51 Hz, 1H, rlI5-CH) , 7.10 (d, J= 3.24 Hz, 1H r15-CH) ;

1.38 (s), 1.33 Tss 1&Hr1@|¥&%)v1§-&gﬂ-ﬂ N’YRof%C&]ﬁQer Qa§7c?ét?er(m-ﬁ'ne@91
SF-1239 112 147.1, 138.6, 137.5, 134.6, 2, 129.7, 129.1, 128.5, 127.9,

127.5, 1 t CMVe3

31.7, 292%6%%]1%%;13@1%}%%&%%6 )&AW(‘%S%%IH&?IM Ig-iltzJl §§EI pélenoxil)

7.172 5 , d, J.=

| nd- H-4) ‘99396}%35“%(15)‘;%”%6 §§’lﬁ£}ﬁnox‘¥%h%*‘h“?)waseg%c%ﬂteﬁ “517“94*21187 18 Hz,

1H kgg 72 (dd, J = 8.25. 7.27 Hz, 1H, Ind-H6), 6.45 (d, J = 3.24
He, 1:}0 hhowwgﬁ@%e%% 1H, r15 CH), 1.42 (s), 1.33 (s, 9H OMe3). 10

13C [1H NWR (CeD6) : d 173.8 ng- -+ 147.1, 138.5, 137.5, 135.3,
132.1, 129.6, 12d9=6.2129.00 MY Cllzancsg R2472,Plidm.1Sci. 1959, 36
, 91.)

(Content of wa-olefin)

The content of w-clefin in the obtained ethylene/a~olefih :
10  copolymer was determined by IR or NMR.

{Amount of tri-substituted internal olefin)

The tri-substituted internal olefin in the obtained
polymer was measured by using a 'H-NMR and determined by
assigning the signals of the tri-substituted internal olefin

15 with reference to the chemical shift of signals of the
tri-substituted internal olefin in polypropylene which is
disclosed in Polymer, 2004 (45) ,2883, the chemical shift of
signals of tri—substituted internal olefin in
ethylene/l-octene copolymer which is disclosed in

20 Macromolecules, 2005 ASAP (Vincenzo Busico et al.) or the like,
and for the quantity of tri-substituted internal olefin, the
content was calculated by using the following computational
expression.

Tri-substituted internal olefin (/1000C) = (D / total



124.0, 109.7 (unsaturated C); 35.6, 35.1 (Cwe3); 32.0, 30.0 (Cwe3)

FD-M5S: 436 (M+) 15 [Synthetic Exanple 2]

<<[(2-{I n8&n1233y|)-4, 6-tBu2- C6H40) Ti Me2] >> To a screwcap type NMVR tube
t horoughly dried and purged wi th nitrogen,

(2-{Inden-1"-yl }-4,6-tBu2- C6H40) Ti C122¢®. 026 g, 0.059 mmol) obtained in
the previous reaction was charged, and 20 benzene-d6 (0.8 nL) was added.
Subsequently, MeLi (1.02 Min diethyl ether; 0.116 ni, 0.118 muol) was
added usi REMBeKi 8Ff oCashen ngeoms) rock @&Gmer at ure, and then reacted whil e
bei ng shaken at roomtenperature for 2 mnutes. The resultant suspension
was filtered w Total ghassef idft earbbheawhinke=@awes was +emoved, +SFE1239 113
and the filtrate was concentrated and dried to obtain 0.023 g of the
targeted ¢2r{inden-3y2yb}-A26-tBu2-C6HAO Ti Me2 (quantitative, brown
solid). Wien the obtained product was analyzed with NVMR, the 5 follow ng

results were ObAaﬂdW%deaJ:H Nth}( ,gzi'an%u{r'l_ if%l(_lg 0%81?{(-501‘&485%512%%’“'42 1H,

phenoxy) , 7.42 J =78.40 Hz,

h 6 67 (dd, J = 7.64 08 Hz,
?He”?ﬁ%)rfﬁ?zagés‘g? ff—(é"f ot th 'z 8 fafffo %‘ﬁu (ra)resgeﬂlfsi@d 7=
2.97 Hz, rl % 68(),137(1 oH, CME3) : 1.08 (s), 0.20 (s,
3H, Ti-I\/ES). [s%rnffheh G divpl ¢ 3ppm). . RHC=CH, (3H) vinyl

B (4.7-4.6ppm): R'R®C=CH, (2H) vinylidene

C (5.4-5.2ppm): R'CH=CHR? (2H) di-substituted internal
olefin

10 D {5.2-5.0ppm) : R'CH=CR* R® {1H) tri-substituted internal
olefin

E (2.0-1.8ppm) : R'CH,C=C (2H) methylene adjacent to olefin

F {(1.3-1.1lppm): R1~Cﬂ2—R2 (2H) main-chain methylene

G .(0.8-O.7ppm): R'-CHs; (3H) methyl

15 (Amount of Regioirregular linkage)

The ratio of regioirregular linkage (head to head bonding
and tail to tail bonding) between c-olefins to the total a-olefin
chains, for the obtained polymer was determined by assigning
the éignals of the regioirregular linkage between o-olefins

20 using “’C-NMR with reference to the chemical shift of signals
derived from regioirregular linkages in PP which is disclosed
in Macromolecules, 1992(25), 4876, the chemical shift of
signals derived from regioirregular linkages in PB which is

disclosed in Polymer, 1992 (33) ,650 or the like, and carrying



<< (2-{Inden-2'- yI} 4, 6-1Bu2- G6H40) Ti C12>> [ Synt hesi s of

2-(Inden-2' -yl )- d| -tert-butyl phenol; 15

(2-{1 ndenSE‘-lQBP 4 6-t Bu2- C6H20) H2] 2- Br on- 4,6-di -tert-butyl phenol (15.00
g, 52.59 mmol ), 2-1ndanone(6.95 g, 52.95 mol) and n-butyllithium (1.57 M
in hexane; 70.3 nL, 110 nmmol) were us®d to carry out a reaction in
accordance with the process disclosed in Dalton Trans., 2003 20 , 4580, and
the resultant crude product was purified by flash silica gel colum

chr omat ogPaphyh¢ etiuvant i tdiekehed stetmyfiiearre chloride = 3/1) to obtain 4.79 g
of the targeted 2-(lnden-2'-yl)-4,6-di-tert-butylphenol (yield 28% white
solid). SF-1239(Ad<duniThe Elivdi geduprzogiust kywagranglheaeichgis tthe eanreohal

Anal ysis, NWMR and FD- M5 and the follow ng results were obtained. Elenental

Anal ysi Sia@bﬁsl o&tﬁ@n é‘ﬂx Bidd CkFaPMlO!Ln @ol e@@ H 8.75 5 1H NWR
(CDC13): d 7.43 (d, J =7.25 Hz, 1H, Ind) d, 'J =6.92 Hz, 1H, Ind) ,

715 (aa ) T e il %’U%H‘bif' ﬁlk@ é@'oelﬁ’dhi‘]’lng 2 Fadfon, 4o o nory)
5 b wﬁbo%%f 771?%% 2 i nbRab B todhy or Stk eug 50

141 9, 135.6, 129. 4 126. 6, 125 123.7, 123.5, 123.14, 123.05, 121 0
(unsat ur abgdiey ° @f@rlaow@%)ms @54>2 (Egpviqevidpt, Fheyalkyl groppses)

derived from a-olefins having 3 or more carbon atoms are
excluded) was assigned by using B3Cc-NMR with reference to the
chemical shift of signals derived from the short-chain branches
10 which is disclosed in JMS-REV. Macromol. Chem. Phys.,
1989(C26(2&3)), 201; Macromolecules, 1999(32) ,1620; Poclymer
, 1892(33), 650 or the like, to carry out the guantitative
estimation.
(Amount of structural units (Uv) derived.fronaﬁinylidene
15 compound)
The guantitative determination of the structural units
(Uv) derived from vinylidene compound in an olefin/vinylidene
compouﬁd.copolymer, in the obtained polymer was measured using
'H~-NMR in accordance with the process disclosed in
20 Macromolecules, 1998(31) ,5145, J. Am. Chem. Soc. ,2003(125},
10788 or the like.
[Synthetic Example 1]
<(2-{Inden-1'-yl}-4,6~"Bu,~C¢Hs0) TiCl,>>

[Synthesis of 2~{Indén-3'—yl)—4,6—di-tert—butylphenol;



1H NMR (C6D6) : d 7.49 (d, J=2.31 Hz, 1H, phenoxy) , 7.24-7.10 15 (m 5H,
aromatics), 6.75 (s, 1H, CH), 5.56 (s, 1H OH); 3.34 (s, 2H, CH2) ; 1.64
(s) , 1.38F¢$239H, Cwe3) . FD-MS: 320 (M+). [Synthesis of
(2-{Inden-2'-yl}-4,6-tBu2- C6H4O) Ti ( NMe2) 2]
2-(Inden-2'-yl)-4,6-di-tert-butyl phenol0 (1.50 g, 4.68 20 nmol) obtained in
the previous reaction and Ti (NMe2)4 (1.05g, 4.68 mmol) were used to carry
out a reaction in accordance with the process disclosed in

Or ganonet 4BH{ trden-3bowl P34, 6-1Br6-Ch®) Hthen from the resul tant sol ution,

t he sol vent and by-product having |lowboiling point were distilled off
under reduced SI~H238b-14,5-dhir-esstir-euty 1ghismiol &16e00 cg udss .Aodtel ), Thi s
product was analyzed with 1H NVR (C6D6) and it was observed to contain 59%

of the tanrgehd@nedecy. ad Zr,{ 5aden-gmoy] } -hSnt-BuzvEEH O i (NVE2) 21 i4he crude

product 5 was dissolved 1 n benzene (6 nL), and concentrated slowy by

Gt ) .
vapor 21 ngekbie S0 Y Sl 1OPMAIPRLALULELUNTSTC A ATEN  cBLEBSANCT o

The red precipitated crystal was filtere ass ter, washed

ith 0.5 niL . th dri . . t bt ai 80 f
the t &f gt B T0 Lo b A 1S P oot PAT2 BRAO T FCNHED) S T 1ot 28PAnge
solid). The obtained product was anal yzed with El enmental] Analysis and
NVR, and the%bl PEW REer e8art sajker& wist é’irﬁédl.CtEWéﬁe‘?ﬁ%}f%IWs%é?S@alc.: C,

71.36; H, 8.43. Found: C, 70.96; H, 8.70.
silica gel column chromatography (eluant; hexane/methylene

chloride = 4/1) to obtain 8.29 g of the targeted
2-(Inden-3'-yl)-4, 6-di~-tert-butylphencl (yield 46%, white
10 solid).

The obtained product was analyzed with 'H, **C NMR (CDClj) :
gy NMR {CeDg), and the results corresponded to the wvalues
disclosed in the above-mentioned document.

[Synthesis of (2-{Inden-1'-yl}-4, 6-"Bu,-CgsH,0) Ti (NMey) 2]

15 2- (Inden-3'-yl) -4, 6-di-tert-butylphenol (1.43 g, 4.46
mmol), and Ti(NMez)q (1.00 g, 4.46 mmol) were used to carry out
a reaction in accordance with the process disclosed in
Organometallics., 2004 (23} ,1576, and then from.the resultant
solution; the solvent and the by-product were distilled off

20 under reduced pressure to obtain 2.03 g of the targeted

{(2-{Inden-1'-yl}-4, 6-"Buy,-CeHs0} Ti {(NMe), (quantitative, red
solid). |

The obtained product was analyzed with 'H NMR (CgDg), and

the results corresponded to the values disclosed in the



15 1H NW\R (CDC13): d 7.64 (dd, J =6.43, 3.13 Hz, 2H, Ind-H4, 7), 7.26 (d,
J=2.64 Hz, 1H, phenoxy), 7.20 (d, J =2.64 Hz, 1H, phenoxy), 7.12 (m 2H,
Ind-H5, 87183%3 (s, 2H, rl 5-CH), 3.01 (s, 12H, Nwe2), 1.41 (s), 1.34
(s, 9H, Cwe3). 13C [1H NMR (CDC13) : d 167.5 (Ti-OC) ; 140.6, 137.9,
134.3, 20 127.9, 124.1, 123.6, 123.411122.9, 122.5, 108.0 (unsaturated
C; 47.1 (Nwe2); 34.9, 34.4 (Cwe3) ; 31.8, 29.7 (Cwe3). 1H NMR (CeD6) : d
7.52 (d, J =2.31 Hz, 1H, phenoxy), 7.42 (d, J =2.31 Hz, 1H, phenoxy), 7.28
(dd, J =62Boveangrtipne@plocumahtd- 4, 7), 6.85 (m 2H, Ind-H5, 6), 6.33 (s,
2H, rl 5-CH) , 2.98 SF-1239 116 (s, 12H, Nwe2), 1.67 (s), 1.42 (s, 9H,
CMe3) . [ Synt hesfiSyrofhd2-o lafdgi—2'Tnylleh-4, 6y Bu2; 66 HAQNTiHA|T iTA &

Schl enk-type reactor thoroughly dried and purged with nitrogen, a rotator

was placed, 5 (i §lsRgQRnZ- ybbm%é%ﬂ&ﬂﬁhéﬁ%ﬂ§aﬂ}eww&ah%dﬁhfi%&wigh80 nmol )

obtained in the previous reaction was charged, and benzene m.) was

added, ang; { henet he, m xture was shifred. Q14 (0.202 nl, 1. 76 nmmol) was

added using a mcro syringe at roomtenperature, and then reacted under

stirri omt erature fiaor 2.m e 10, Fram_the resyltant. sol ution,
the so \g/eﬁé_gfn)’bg%rh_e b}llg)r_o%uesc_t B&é?%ﬁ%?’i%?i\“i“%% zof@'ghdgr Eeg%c@ﬂob essure
to obtain 0.35 g of the targeted (2-{Inden-2'-yl}-4,6-tBu2-CeHAQ)Ti C 2
(quanti t PR VRLNEG dp SBRIRPSVIHE sBRaFhEl HrOFIGT IREs AAREIEENR ( hO

El emental Analysis, 15 NVMR and FD-Ms5, and the following results were
obt ai ned.mL) was added, and then the mixture was stirred. Me3zSiCl (0.84

mL, 6.60 mmol) was added thereto at room temperature, and then
reacted under stirring at 50 °C for 3 hours. From the resuitant
10 scolution, the solvent and the by-product were distilled off
under reduced pressure to obtain 0.58 g of the targeted
(2-{Inden-1'-yl}—-4,6-"Bu,—~C¢HsO} TiCl, (guantitative, red
solid).
The obtained product was analyzed with Elemental Analysis,
15 NMR and FD-MS and the following results were obtained.
Elemental Analysis: Calc: C, 63.18; H, 5.99.
Found: C, ©3.00; H, 5.65.
"H NMR (CDCls): d 7.87 (d, J = 8.57 Hz, 1H, Ind-H-4), 7.54
(dd, J= 7.58, 7.57 Hz, 1H, Ind-H-5), 7.45 (d, J = 8.64 Hz, 1H,
20 Ind-H-7), 7.39 (d, J = 1.99 Hz, 1H, phenoxy), 7.350 (dd, J =
7.58,~ 7.58 Hz-, 1H, Ind-H-7), 7.346 (d, J=2.30Hz, 1H, phenoxy),
7.15 (d, J= 3.51 Hz, 1H, n°-CE}), 7.10 (d, J= 3.24 Hz, 1H,n°-CH);
1.38 (s), 1.33 (s, 9H, CMe,).

13c['H} NMR (CDCls): d 173.2 (Ti-0-C);



El emental Analysis: Calc.: C 63.18; H 5.99. Found: C, 62.26; H 5.64. 1H
NWR (CDC13) : d 7.84 (dd, J =6.59, 2.97 Hz, 2H, Ind-H4, 7) , 7.51 (m 2H,
| nd-H 5, 8¥-123938 (d, J =2.31 Hz, 1H, phenoxy) , 20 7.30 (d, J=2.31 Hz,
1H, phenoxy) , 7.19 (s, 2H, H5-CH) ; 1.37 (s) , 1.36 (s, 9H Cwe3). 13C
[IH NMR (CDC13) : d 169.31 (Ti-OC 11247.5, 145.2, 134.4, 130.3, 129.1,
126.7, 125.8, 124.2, 123.8, 122.8 (unsaturated C), 35.1, 34.9 (Cwe3) ;
31.6, 29.7 (CMe3). SF-1239 117 'H NMR (C6D6) : d 7.49 (d, J =2.31 Hz, 1H,
phenoxy),1%732, 1(3fd,6,J136.59,1B..30) M32.2H, 12NdF,H129.7) ,12R 15, (d7.9,=2.31
Hz, 1H, phenoxy), 6.89 (m 2H, Ind-H5, 6), 6.43 (s, 2H, r15-CH), 1.45

(s), 1.351%3%,59H24LNE3)12450FDt Mb: 8 436 4 M) (unsbhSyptheti€) Bewml es4] o
<<(2-{2-Me-inden-1'-yl}-4,6-tBu2- CGH4C))T|CIZ" [ Synt hesi s of

(2-{2- Me- (C@@JJ 131)/'7} é9615t B CPHAO0) Ti (NMe2) 2] 10
2- (2- Met hyl i nde 4,6-di -fert-butyl phenol (1 50 g, 4.48 mol ), and

Ti (NMe2)4 (1.0% I e, ys t rea I
accordance W t thg uf Ccff(l:) 5% %F!@F é&l %d 903531:% alﬁqecnsoxy 2084&22) , 1576,
tant sol utian, the solvent and t he by-product were

d
ig d|t ti | E%‘gg]oﬁtp aﬁresui%'dﬁ’ §3°8Yessire & 6dobtaPn58 Fra HlofnHRE—4 ar get ed

(2- {2|\/b|nden1- Ig 6-t Bu2- C6H40) Ti ( NMe2) 2
d, 58 Hz, 1H, Ind-H-7), 6.96 (dd, J=7.42, 7.18 Hz,

1H, Ind-HS5), 6.72 (dd, J = 8.25, 7.27 Hz, 1H, Ind-H-6), 6.45
(d, J = 3.24 Hz, 1H), 6.44 (d, J = 3.24 Hz, lH,r]s—-CH);
1.42 (s}, 1.33 (s, 9H, CMes). |
10 YC[*H] NMR (C¢De) : d 173.8 (Ti-0-C); 147.1, 138.5, 137.5,
135.3, 132.1, 129.6, 129.2, 129.2, 128.5, 127.5, 124.2, 124.1,
124.0, 109.7 (unsaturated C); 35.6, 35.1 (CMes): 32.Q, 30.0
(CMes) .
FD-MS: 436 (M+).
15 [Synthetic Example 2]
<<[(2-{Inden~1'-yl}-4, 6= Bu,~CsH,0) TiMe,]>>
To a screw-cap type NMR tube thoroughly dried and purged
with nitrogen, (2—{Inden—1'—yl}—4,6—tBu2—C6H4O)TiClé (0.026 g,
0.059 mmol) obtained iﬁ the previous reaction was charged, and
20 benzene-ds (0.8 mL) was added. Subsequently, MelLi (1.02 M in
diethyl ether; 0.116 mL, 0.118 mmol) was added using a micro
syringe at room temperature, and then reacted while being shaken
at room temperature for 2 minutes. The resultant suspension

was filtered with a glass filter, the white powder was removed,



(quantitative, red solid). The obtai ned product was anal yzed with '"H NWR
(CDC13), and the results corresponding to the value disclosed in the 20
above- nenBFoRéd%docunent were obtained. [Synthesis of
[2-{2-Me-inden-1"-yl}-4,6-tBU2- C6H40) Ti C12] To a Schl enk-type reactor

t horoughly dried and purged with nitrbb®n, a rotator was placed, SF-1239
118 (2-{2-Me-inden-1"'-yl}-4,6-tBu2-C6H40) Ti (NMe2)2 (2.10 g, 4.48 mol)
obtained in the previous reaction was charged and benzene (15 nL) was
added, an@nfheRe tHel thataumeswasnsentratied MegSidgiied( 2ogsoain 2. 88 gnol ) was
added thereto at roomtenperature, 5 and reacted under stirring at 50 C for
7 hours. PFfotheheargesadlt 42t { TodentdDh-v hel sbitBeptCand) rhepy- product were
distilled off under reduced pressure to obtain 2.02 g of the targeted
(2-{2-Me-igdentitaylye s, Sré@u2s£6H40) Ti C12  (quantitative, red solid). 10
The obt ai ned product was anal yzed with NVMR and FD-M5, and the follow ng

| ' : 1.1.= 8. d- ,
7 50 ;Sz\glezren Oﬁmﬁlg%a? fliﬂ)sgg;meléégi ?}(Es%u%H%a%g-aé%)lﬁfﬁogl?é, H@ﬁ,’ 1%; n 1%3)
(s), ]535158_%30%?@9grvgg%%%g‘*é%}%@ﬁ%fCDClB) . d 172.9 (Ti-00) :

148. 4, 14 128.5, 127.8, 127.4, 127.3,

124. 3, 124.0, 123.9, 109.6 (unsaturated Cz; 35.1, 34.8 (Cwe3); 31.7, 29.6
HNMR (CDClz):'d 7.55 (d, J=2.64 Hz, 1H, phenoxy), 7.42

(d, J=8.40 Hz, 1H, Ind-H-4), 7.28 {d, J=2.64 Hz, 1H, phenoxy),
7.01-6.94 (m, 2H, Ind-H-7 and 6), 6.67 (dd, J = 7.64, 7.08 Hz,
1H, Ind-H-5), 6.59 (dd, J = 3.30, 0.66 Hz, 1H, n°-CH-3), 6.21
10 (d, J=2.97 Hz, 1H, n°-CH-2); 1.68 (s), 1.37 (s, 9H, CMes); 1.08
(s), 0.20 (g, 3H, Ti-Mej).
[Synthetic Example 3]
<<(2-{Inden-2'-yl}-4, 6-"Bus-CeH0) TiCl,>>
[Synthesis of 2-(Inden-2'-yl)~-4, 6-di-tert-butylphenol;
15 (2-{Inden-2'-yl}-4, 6-*Bu,-CsH,0)H,]
2—Bromo—4,6—di—tert;butylphenol (15.00 g, 52.59 mmel),
2-Indanone{6.95 g, 52.95 mmol) and n—butyllithium (1.57 M in
hexane; 70.3 mL, 110 mmol) were used to carry out a reaction
in accordénce with the process disclosed in Dalton Trans., 2003
20 » 4580, and the resultant crude product was purified by flash
silica gel column chromatography (eluant; hexane/methylene
chloride = 3/1) to obtain £4.79 g of the targeted
2-(Inden-2'-yl)-4,6-di-tert-butylphenol (yield 28%, white

solid).



(CWe3);

7.27 20

I nd-H5),

2.03 (s,

(Ti-O O,

16.2 (Me3). IH NMVR (C6D6) : d 7.55 (d, J = 2.31 Hz, 1H phenoxy),

d, J =8.57 Hz, 1H, Ind-H4) , 7.14 (d, J = 2.31 Hz, 1H phenoxy)
,  7.05 (8F-3238.57 Hz, 1H, Ind-H7), 6.99 (dd, J = 8.49, 6.67 Hz,
6.75 (dd, J = 8.59, 6.92 Hz, 1H, Ind-H®6), 6.35 (s, iH g5 CH

1H, Me), 1.44 (s), 1.34 (s, 94 CWe3). 13 1H) NWR (C6D6):

1H,

d 173.2

147.6, 146.7, 138.4, SF-1239 119 136.3, 135.1, 128.8, 128.4,

128.0-127.3 (overlapped with C6D6 peaks) , 127. 1, 124. 0, 123. 9,

109. 5 (unsat uFkg eBtelngg mrodw4 Bas enedyzed3di ) E2endantLMBBplyssss (CMe3) .

FD-MS: 450 (Mt). 5 [Synthetic Exanple 5] <<

(2- { 2- Me- ¥MRhand dED-MS -y - dh - BUbWEGHE Q)SEUT 2> we eSybithe aks . of

2- (2- Met hyl - 4- Phenyl i nden-31-yl)-4,6-di-tert-butyl phenol ;

(2-{2- Me- 4- Ph- igmigerY a1y | Breh y Hios t BU2G6HAQ) Hals . 20; H, 8.11

2-Bronon-4, 6-di -tert-butyl phenol (15.00 g, 52.59 nmol ),

2-N@thy|-4-Phethﬁhjganqgﬂqﬁgl¥h6%.gg 52.59 mol ), which can be obtained
e

in accordance wt

a process disclos

123. 8§,

in Oganometal lics, 1994(13) , 954,

and n-bputyllithiu : i\n xane; 70Q. 34 ., 110, 44 ) re.used to
carry %ut a reagt IH%% @ﬁﬁ)acgﬁd@c@’mﬁt%t% Hﬁr’ogElSSI )s'cl7og§d?fin Dal t on

Tr ans.

2003 .4580,. and the resultant crude product was purified by

fl ash

silica gef Tol%izchtomat8gr aptit (Efuahts? -Hexahed ety LBnelndhl drfde = 3/1)
to obtain 9.05 g of the targeted

10

15

20

(d, J=12.31 Hz, 1H, phenoxy), 7.15 (dd, J =7.23, 7.24 Hz, 1H,
Ind), 7.08 (d, J=2.31 Hz, 1H, phenoxy), 7.07 (s, 1H, CH), 5.77
(s, 14, OH); 3.75 (s, 2H, CH2); 1.39 (s), 1.26 (s, O9H, CMej).

YC[*H] NMR (CDCls): d 149.3 (0-C); 144.7, 144.3, 142.8,
141.9, 135.6, 129.4, 126.6, 125.0, 123.7, 123.5, 123.14, 123.05,
121.0 (unsaturated C); 42.6 (CHy); 35.2, 34.4 {CMes); 31.7, 29.8
{CMej) .

*HNMR (CeDg) : ¢ 7.49 (d, J=2.31Hz, 1H, phenoxy), 7.24-7.10
(m, 5H, aromatics), 6.75 (s, 1H, CH), 5.56 (s, 1H, OH); 3.34
(s, 2H, CHz); 1.64 (s), 1.35 (s, 9H, CMes).

FD-MS: 320 (M+).

{synthesis of (2-{Inden-2'-yl}-4, 6-"Bu,-CgHs0) Ti (NMey) ]

2-(Inden-2'-yl)-4,6-di-tert-butylphenol (1.50 g, 4.68
mmol) obtained'in the previous reaction and Ti({(NMe;), (1.05g,

4.68 mmol) were used to carry out a reaction in accordance with

theprocessdisélosedleOrganometallics., 2004 (23) ,1576. And

then from the resultant solution, the solvent and by-product

having low-boiling point were distilled off under reduced



2-(2-Met hyl - 4-Phenylinden-3'-yl)-4,6-di-tert-butyl phenol 20 (yield 43%
white solid). The obtained product was anal yzed with El enental Anal ysis,
NVR and FEEMBZ3@nd the following results were obtained. Elenental

Anal ysis: Calc.: C 87.76; H 8.35. Found: C, 87.41; H 8.69. SF-1239 120
'"H NWR (CDC13): d 7.58 (d, J = 8.24 BZ52H, aromatics), 7.46 (m 2H,
aromatics), 7.39-7.31 (m 2H, aromatics), 7.36 (d, J = 2.31 Hz, 1H,
phenoxy) , 7.22 (d, J = 7.25 Hz, 1H) , 7. 122 (d, J = 7.26 Hz, 1H,
aromat i c)Preysurg 1o (ebtadinr P 30 KaudeH prsiterdxy)This Bodhqts wabH, OH) ;

- 3.61 (s, 2H, CH2) ; 2.08 (s, 3H, M), 1.49 (s), 1.35 (s, 9H, Cwe3).
13C 1H NAMRI€Bed3)itkd L8 AGMT (@DE) ;anthG.bwatddberddd .th cohddith, 59%0. 2,
137.7, 135.1, 134.8, 128.48, 128.45, 127.3, 127.2, 125.3, 124.4, 123.5,
120. 6, 119f Ochainsatssateebdder 43.1, (CH2); 10 35.1, 34.4 (Cwe3); 31.79,
31.75, 31. 69 29.74, 29.70, 29.65 (Cwe3); 15.1 (NE). FD-MS: 410 (W) .

> (- Nt A fﬁenﬁ? i & Oy PR agY BT e B 3 es

\T/e:rﬂa) usgfj&—%lg %a? rﬁ/l[ o%cg' p%le\r/:aeggztsqr}r?ﬁa(cﬁt Wﬂcg%g‘dia-r‘?(‘? c\?ﬁ“ﬂz'% F%g 5?8@& Qg?smlsed

in Organonetal |]ics, 2004(23), 1576 and then fromthe resultant sol ution,
t he SO|Veﬁﬁporlzlng the solvént at room temperature under a nitrogen

atmosphere. The red precipitated crystal was filtered with G3
glassfilter,washedwithbenzene(O.5mL);andthendriedunder
a vacuum to obtain 0.80 g of the targeted
10 (2-{Inden-2"~yl}-4, 6-"Bu,~CeH,0) Ti (NMe,) (17%, orange solid).
The obtained product was analyzed with Elemental Analysis
and NMR, and the following results were obtained.
Elemental Analysis: Calc.: C, 71.36; H, 8.43.
Found: C, 70.9%96; H, 8.70.
15 'H NMR (CDCls): d 7.64 {dd, J =6.43, 3.13 Hz, 2H, Ind-H-4,
“7), 7.26 (d, J=2.64 Hz, 1H, phenoxy), 7.20 (d, J =2.64 Hz, 1H,
phenoxy), 7.12 (m, 2H, Ind-H-5, 6), 6.53 (s, 2H, ns—CH), 3.01
(s, 12H, NMep}, 1.41 (s), 1.34 (s, 9H, CMes).
*3c{'H] NMR (CDCl3): d 167.5 (Ti-0-C); 140.6, 137.9, 134.3,
20 127.9, 124.1, 123.6, 123.4, 122.9, 122.5, 108.0 (unsaturated
C); 47.1 (NMep); 34.9, 34.4 (CMes); 31.8, 29.7 (CMes).
'H NMR (CgDg): d 7.52 (d, J =2.31 Hé;-lH, rhenoxy), 7.42
(d, J =2.31 Hz, 1H, phenoxy), 7.28 (dd, J =6.60, 2.97 Hz, 2H,

Ind-H-4, 7), 6.85 (m, 2H, Ind-H-5, 6), 6.33 (s, 2H, n*-CH), 2.98



20 and the by-product were distilled off under reduced pressure to obtain
2.06 g of the targeted (2-{2-Me-4-Ph-inden-1"-yl}-4,6-tBu2-C6H40)Ti (NWe2)2
(quant it abEvéZ3Ped solid). The obtained product was anal yzed with NWVR, and
the SF-1239 121 following results were obtained. 13C [1H NWR (CDCl13) : d
171.4 (Ti-OC , 141.1, 140.4, 137.4,11434.4, 133.5, 130.1, 128.7, 128.2,
127.5, 126.8, 125.4, 125.0, 124.0, 123.6, 122. 6, 121. 8, 119.7, 101. 4
(unsaturated C), 48.93, 5 48.88, 47.57, 47.48 (Nwe2), 34.9, 34.4 (Cwe3),
32.01, 31(9, 28HG NMg9),7 (.G\e3)s),12..92 Ms),. 9HH RNR:;(C6D6) : d 7.72 (d, J =
6.93 Hz, 2H, phenyl-ortho H), 7.63 (d, J=2.64 Hz, 1H, phenoxy), 7.40 (d, J
=2.31 Hz, 1H, phenoky3is B8 Fhddn-BHyllnd- W-Teapdtphenyicngpta H), 7.22
10 (t, J = 7.26 Hz, 1H, phenyl-para H), 6.99 (d, J = 6.92 Hz, 1H,
I nd-H5), 6.85 tdd,scherB:.—26; - H;1rl5-CH),
3.28, 2.58 (s, 6H, NVB2): %g’gf%f?c%%tkg;—” ?hﬁg%gfd@hfg%anﬁ(ﬁg‘??%ﬁ?%é%s).
[Synthesiﬁiggoéén(zé{%ﬁggfngwggg&ﬁgﬁéé-yl}-4,6-tBu2-C6H40)Ti012] To a

rie

Schl enk-type réact or or oughl'y [ and purged with nitrogen, a rotator
336 ol 2obE AFRAZ] AV et ph e AUBTE b BHfoRss Eetdyé ahG0 BEobanzene
(10 n) V@gtggggg’ir?‘%%et gggvgggsn}:é(;gtrieorﬁsassglflrarrgg&i, and benzene (2

mL} was added, and then the mixture was stirred. sicl, (0.202

mL, 1.76mmol) was added using amicro syringe at room temperature,

and then reacted under stirring at room temperature for 2 minutes.

10 Fromthe resultant solution, the solvent and the by-product were
distilled off under reduced pressure to obtain 0.35 g of the
targeted (2-{Inden-2'-yl}-4,6-"Bu,-CeHs0)TiCl, (quantitative,
red solid).

The obtained product was analyzed with Elerﬁental Analysis,

15 NMR and FD-MS, and the follow:ing results were obtained.

Elemental Analysis: Calc.: C, 63.18; H, 5.99,

Found: C, 62.26; H, 5.64.

'H NMR (CDCl3): d 7.84 (dd, J=6.59, 2.97 Hz, 2H, Ind-H-4,
7), 7.51 (m, 2H, Ind-H-5, 6), 7.38 (d, J =2.31 Hz, 1H, phenoxy),

20 7.30 (d, J=2.31 Hz, 1H, phenoxy), 7.19 (s, 2H, n®*-CH); 1.37 (s),
1.36 (s, 9H, CMes).

C['H] NMR (CDCls): d 169.31 (Ti-0-C), 147.5, 145.2, 134.4,
130.3, 129.1, 126.7, 125.8, 124.2, 123.8, 122.8 (unsaturated

C), 35.1, 34.9 (CMe3); 31.6, 29.7 (CMeas).



Sicd4 (0.77 nm., 6.72 mmol) was added thereto at roomtenperature, and then
reacted under stirring for 5 mnutes. Fromthe resultant solution, the

sol vent afd-tlBE8°by- product were distilled off under reduced pressure to
obtain 1.77 g of the SF-1239 122 targeted
(2-{2-Me-4-Ph-inden-1"-yl}-4,6-tBu2-C6HAO) TIiCl 2 (quantitative, red solid).
The obt ai ned product was analyzed wwth NVMR and FD-M5, and the follow ng
results were obtained. 5 1H NW\R (CDC13) : d 7.69 (d, J = 8.24 Hz, 2H,
phenyl -ortho HH NMRS8C#D32 (ny . 8B, (G Glvedd.Gd) Hz7. OR, (heriddy)r,15-6), 2. 30
(s, 3H, Nb) 1.40, 1.36 (s, 9H, Cwe3). 13C[1H NMR (CDC13) : d 172.8
(Ti-OC), (848.7,=4459,1,3 BUL K%, 2H39.1hg-438,77)137.17 484 57 .=2129. &z, 129. 0,
128.7, 128.5, 128.3, 10 127. 8 125.8, 124.0, 123.9, 122.9, "109. 4

t t n & Irelds 3 g2 2 16. 3
(V) - 1H KR (EBbe. s 7 6s 1, DL TB0T T, 3 ChRangR e ortng 77 58 (a

J=2.31 Hzy 1H, phenpx (m 2H aronatlcs) , 1.22 (d '3 =2.31
Hz, 1H, phenoxy?s.| g %% J E%H {ﬁé ‘15 Hz, 1H, Ind), 7.12-7.07 (m 2H,
aromatd cs), 6. gﬁi %473 7.09 Hz, 1H Ind-H6), 6.81 (s, 1H

ri5s- , 2.01 (5, ¥."46, 1.36 (s 9H, CWe3). FD-Ms: 526 (M+).

[ Synthetic Exanple 61 20 << (2 {1 nden-1' -yl } C6H40) Ti C120 [ Synt hesi s of
2- (1 nden-3' -yl) etic Example 4]

<<(2-{2-Me-inden-1"-y1}-4, 6=-"Bu,~CeH,0) TiCl,>>
[Synthesis of
(2-{2-Me-inden-1'-yl}-4, 6-"Bu;—-CgH.0) Ti (NMes) 5]

10 2-(2—Methylinden—3?—yl)—4,6—di—tert"butylphenol {1.50
g, 4.48 mmol), and Ti{(NMez)s (1.01 g, 4.48 mmol) were used to
carry out a reaction in accordance with the process disclosed
in Organometallics., 2004 (23) 1576, and then from the
resultant solution, the solvent and the by-product were

15 distilled off under reduced pressure to obtain 2.10 g of the
targeted (2-{2-Me~inden-1'-yl}-4, 6-"Buy-CgH,0)Ti (NMe,),
(quantitative, red solid).

The obtained product was analyzed with H NMR (éDClﬂ,
and the results corresponding to the value disclosed in the

20 above-mentioned document were obtained.

[Synthesis of
[2-{2-Me~inden~1'-yl}-4, 6~"Buy~CsH;0) TiCl,]
To a Schlenk-type reactor thoroughlydried and purged with

nitrogen, a rotator was placed,



(2 {inden-3" -yl } C6H40) H2] 3- Br onophenol (15.00 g, 86.70mmuol),

1- 1 ndanone(11.46 g, 86.70 nmol) and n-butyllithium (1.57 Min hexane;
116.0 ni, ST8223F-1239 123 nmol) were used to carry out a reaction in
accordance with the process disclosed in Dalton Trans., 2003, 4580, and
the resultant crude product was puri¥iged by flash silica gel colum
chromat ogr aphy (el uant; hexane/ nethylene chloride = 3/1) to 5 obtain 5.39 g
of the targeted 2-{Inden-3' -yl }phenol (yield 30% vyellowoil). The

obt ai ned pZodidctewasdemal Yyzel} Wi t & "Buenes,al TAMEMyS).S,(2 . MVRgand . E®D- M5, and
the followng results were obtained. Elenmental Analysis: Calc.: C, 86.51;

H 5.81. dfloFpumttaiGed8n 28ic Prebi dds ercNNBn(v@%%)ar ddlarRYbénantém 1H),
7.40-7.26 (m 5H), 7.06-6.97 (m 2H, aronatlcs) ? , J = 1.98 Hz, 1H,

. 5.3 60, (derd=1 > CDC13
it (gl%§ML%§%mgﬁb?f§ 7g %ASh%n e e g vé 1%5 ﬁtl%ggbz %ggﬁgi 125. 4 )

(o500} a3 88 ot gl vis vl “é%fg G GO

aromatd cs 6.1 = 98 Hz, 1 s O—I); 99 (d,
J=1.9 gﬁ%ﬁe%,ﬂ%d SRS e B (qw??? §yrﬁoﬁe§/i FogFs. Fiom the
(2-{Inden-1'-yl)C6H4 le(NI\/bZ)Z] 2- (Inden -yl ) phenol (1.50g, 7.20nmmmol)
obt ai ned'ﬁ&:@\ﬁﬁtant ution, the solvent and the by product were
distilled.off under reduced pressure to obtain 2.02 g of the
targeted (2-{2-Me-inden-1'-yl}-4,6-"Bu-CsHs0) TiCl,
(quantitative, red soclid).
10 The obtained product was analyzed with NMR and FD-MS, and

the following results were obtained.

'H NMR (CeDg): d 7.83 (d, J

8.57 Hz, 1H, Ind-H-4),
7.56-7.25 (m, H, aromatics); 6.94 (s, 1H, n5-CH)}; 2.03 (s, 1H,
Me) ; 1;39 {s), 1.35 (s, 9H, CMejs).

15 “C['H] NMR (CDC13): d 172.9 (Ti-O-C); 148.4, 147.1, 138.8,
136.8, 134.7, 129.1, 128.5, 127.8, 127.4, 127.3, 124.3, 124.0,
123.9, 109.6 (unsaturated C); 35!1, 34.8 (CMes); 31.7, 29.6
(CMes); 16.2 (Mes).

'H NMR (CGDG): d 7.55 (d, J=2.31 Hz, 1H, phenoxy), 7.27

20 (d, J=8.57Hz, 1H, Ind-H-4), 7.14 (d, J=2.31 Hz, iH, phenoxy),
7.05 (d, J=8.57 Hz, 1H, Ind-H-7}, 6.99 (dd, J = 8.49, 6.67 Hz,
1H, Ind-H-53), 6.75 {dd, J = 8.59, 6.92 Hz, 1H, Ind-H-6), 6.35
(s, 1H, n°-CH), 2.03 (s, 1H, Me}, 1.44 (s}, 1.34 (s, 9H, CMe;).

SCTH] NMR (CeDg) : d 173.2 (Ti-0-C), 147.6, 146.7, 138.4,



previ ous reaction and Ti (NMe2)4 (1.62 g, 7.20 mmol) were used to carry out
a reaction in accordance with the process disclosed SF-1239 124

i nOr ganométallkBés, 2004(23) , 1576, and then fromthe resultant solution,

t he sol vent and the by-product were distilled off wunder reduced pressure
to obtain 2.47 g of the targeted (2-{i®den-1'-yl}C6HA40)Ti (NWe2)2
(quantitative, red oil). 5 The obtai ned product was anal yzed with NVR, and
the following results were obtained. 13C ['H NWR (CDC13) : d 175.7
(Ti-OC 13629,213328, 9,26.28. 6,25.126129, 04267. 1, (ob%&lalf—ga,edl%ﬁthO@gDGlZ4. 3,
122. 6, 122.5, 120.7, 120. 6, 118.5, 100.7 (unsaturated C); 49.7, 46.6

(NVe2) . 1ﬁeiklsNN32(706_D61)24 o 72439(dd3. 3,306, 56?11né'at§§ré*¥edéi") 35,6,28-7.19
(m 3H), 6.95-6.87 m2H) 684670m2H aromatics); 6. (,J:

2.97 Hz, 1K, sq 6.:30 6 rI 5 CH-3), 3.19
(s), 2.44 (s, gCI%g\I o 53 ér(gqu‘ I-ﬁb%ﬁfg %%Dg) ?&%3%176 8 (Ti-OC ; 129.8,
129.5, 129. 2, SP4%8 %§%Zé&§ (overlaps with C6D6 peaks), 126.9, 125.4,
125 1, 124 6, ﬁ 121.2, 119.1, 115.7, 101.1 (unsaturated O);

7 (Nwe nt hesi s of (2 {1 nden-1'- yI}CBFMC»T|C12] To a
Schleﬁk type re@%X%&gg et dtiIRLrdiled and purged with 20 nitrogen, a

rotator was placed, (2-{Inden-1"-yl}C6H4O Ti (NMe2)2 (1.59 g, 4.65 mmol)
obtained in thé%r@nbﬁx@ﬂ&-e‘h-dthﬁmdmldhazrlged,G éBmig—aneHz@)rtElc(]JgGmL) was
added, and then the m xture was stirred. SiCl4 (1.17 nlL, 9.32 mml) was

~added thereto afSyrodmediemet at ure,
~(2-Methyl-4-Phenylinden-3'-yl) -4, 6-di-tert-butylphenol;
(2-{2-Me-4-Ph-inden-3'-yl}-4, 6~ *Bu,-CeH4s0) H,]
10 2-Bromo-4, 6-di-tert-butylphenol (15.00 g, 52.59 mmol),
2-Methyl-4-Phenyl-1-indanone (11.69 g, 52.59 mmol), which can
‘be obtained in accordance with a process disclosed in
Organometallics, 1994 (13) , 954, and n-butyllithium(1.57 M in
hexane; 70.34 miL, 110.44 mmol) were used to carry out a reaction
15 in accordance with the process disclosed in Dalton Trans., 2003
, 4580, and the resultant brude product was purified by flash
silica gel column chromatography (eluant; hexane/methylene
chloride = 3/1) to obtain 9.05 g of the targeted
2—(2—Methyl~4—Phenylinden—3'—yl)-4,6-di~tert—butylphenol
20 (vield 43%, white solid).
TheobtainedprdductwésanalyzedwithElementalAnalysis,
NMR and FD-MS, and the following results were obtained.
Elemental Analysis: Calc.: C, 87.76; H, 8.35.

Found: C, 87.41; H, 8.69.



and then reacted under stirring at roomtenperature for 10 SF-1239 125

m nutes. Fromthe resultant solution, the solvent and the by-product were
distilled=dflan¥der reduced pressure to obtain 1.51 g of the targeted
(2-{I'nden-1"-yl}C6H4O Tid 2 (quantitative, brown solid). 5 The obtained
product was anal yzed with NVR and FD-WBp and the following results were
obtained. 1H NWR (CDC13): d 7.89 (d, J = 8.90 Hz, 1H), 7.57 (dd, J= 7.41,
7.41 Hz, 1H), 7.49-7.34 (m 4H), 7.25-7.14 (m 3H, aromatics and H5-CH);
6.62 (d, J = 8.24 MMR (HCIs) : 56 CH) 58 104,13CH BHR4NNR, ( OPC1BYomath dshb. 7
(Ti-OC ; 138.5, 137.6, 132.1, 130.3, 130.1, 129.5, 129.1, 128.0, 127.9,

127.7, 124.%6 123.8, atdBabicdil072 3punsaturmt ed, Qrondt MR (€6D8) (g d
7.25-7.15 (m 2H), 7.10-6.95 (m 3H), |Ili 6.93°6.82 (m 2H), 6.74-'6.68 (m

1 1y5ecn - HEVE S8 RO Ra T B 227 10107 B2 3 1 T
0. [Synt hasT< G T2 (1 S BERARE hr 15 Pt 22 31 7L 3551 AFopgIrop ani ¢
i 17 0gbn, %3 Forat orins) Bl SNERO B) 6.2 1 15 Hholelua- Ehcigod, and
et hanol- (21 nL) was added thereto, to
1.35 (s, 9H, CMes).
YC['H] NMR (CDCls): d 149.3 (0-C); 146.4, 144.2, 141.7,
141.1, 140.2, 137.7, 135.1, 134.8, 128.48, 128.45, 127.3, 127.2,
125.3, 124.4, 123.5, 120.6, 119.0 (unsaturated C); 43.1, (CH,);
10 35.1} 34.4 (CMejz); 31.79, 31.75, 31.69, 29.74, 29.70, 29.65
(CMesz); 15.1 (Me). |
FD-MS: 410 (M+).
[Synthesis of
(2-{2-Me-4-Ph-inden~1'-yl}-4, 6-"Bu,-CeH,0) T (NMe;) 2]
15 2-(2-Methyl-4-phenylinden-3'-yl)~4, 6-di-tert-butylphe
nol (1;50 g, 3.65 mmol) obtained in the previous reaction and
Ti (NMe;), (0.85 g, 3.78 mmol) were used to carry out a reaction
in accordance with the process disclosed in Organometallics,
2004(23),15?6andthenfromtheresultantsolution,thesolvent
20 and the by-product were distilled off under reduced pressure
to obtain 2.06 g of the targeted
{(2-{2-Me-4~Ph-inden-1'~yl}-4, 6-"Bu,-C¢Hs0) Ti (NMe,) o

(quantitative, red solid).

The obtained product was analyzed with NMR, and the



SF-1239 126 obtain EtONa solution. A solution prepared by dissolving

Di et hyl - n- propyl mal onate (7.63 g, 37.75mmol) in ethanol (5 nL) was slowy
added to theldB&ve Et ONa sol ution at roomtenperature, and to this
reaction solution, ethanol (10 nlL), which was used 5 to wash the flask once
charged with the Diethyl-n-propyl mal ohale, was al so added. Subsequently,
to the reaction solution, an orange solution prepared by dissolving

2- Brononet hyl -1 - (9- phenant hryl ) napht hal ene (15.00 g, 37.75 nmol) which can
be obt ai né@lilgwasgordanteswieheaobtatesd. 10 di sclosed in Bull. Chem Soc.
Jpn., 1986(59) ,2044 in ethanol (50 nL)/toluene(40 nL), was slowy added at

room tenperat ut’e [(Bydenk forch)maatesy (rife d)enper at uneooh, tikeg , 4obt ai ned
brown solution was el evated and refluxed for 3. 5 hours. To a dark-brown

sol i d obtaBaed, bysgistinlsbi Ag P2 4 he sgolveny; 15 framgt he) Eeactian qproduct,
tol uene (200 nl) was added,gand ahueous'so%uf?b%zgggﬁyg%%b 1&#%60écid

havi ng pHzd, sjgﬁpqp h esul.t.an d@gf-%romn suspensi.on. T&
temperature of ' the éd%%%ﬁ%ﬁg%&mgé}éﬁgbﬁt a éuPﬁ?F%§%Ha§8?’fff %Hours.
The r sulga P d ggpr rude product obtained by distilling off 20 the
sol verd fr m@ he4a7;' ct%@g‘l%mﬁﬁéﬁ %ﬁs%lﬁqi-fﬁ ety F3ashl 3k Pe2%8Ir col um
chromat ography (eluant: nethylene chloride) to obtain 8.69 g of the
targeted 23« (1 {f¥ephenantthriiginapht h- 2-yl ) - 2- n- propyl propionic Acid (yield
55% white solig) . The obtai ned product was anal yzed SF-1239 '

H NMR (Cg¢Dg): d 7.72 (d, J = 6.93 Hz, 2H, phenyl-ortho
H), 7.63 (d, J=2.64 Hz, 1H, phenoxy), 7.40 (d, J =2.31 Hz, 1H,
phenoxy), 7.38~7.30 (m, 3H, Ind-H-7 angd phenyl-meta H), 7.22

10 (t, J=7.26 Hz, 1H, phenyl-para H), 6.99 (d, J = 6.92 Hz, 1H,
Ind-H-5), 6.85 (dd, J = 8.26, 6.93 Hz, 1H, Ind-H-6)}, 6.55 (s,
1H, n°-CH), 3.28, 2.58 (s, 6H, NMe,}; 2.01 (s, 3H, Me), 1.70,
1.46 (s, 9H, CMe;).
[Synthesis of
15 (2-{2-Me-4-Ph-inden-1'-yl}-4, 6-"Buy-CgH,0) TiCl,]

To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
(2-{2-Me-4-Ph-inden-1'-yl}~4, 6-"Bu;-Ce¢Hs0) Ti (NMe,), (1.83 g,

3.36 mmol) obtained in the previoﬁs reaction was charged and
20 benzene (10 mlL) was added, and then the mixture was stirred.

SiClq(O.77mL,6.72mmol)wasaddedtheretoatroomtemperature,

and then reacted under stirring for 5 minutes. From the

resultant solution, the solvent and the by-product were

distilled off under reduced pressure to obtain 1.77 g of the



127 with NVR and FD-MS, and the followi ng results were obtained. 1H NWR
(CDbC13): d 8.79 (d, J = 8.58 Hz, 2H), 7.88-7.84 (m 3H), 7.77-7.57 (m 4H),
7.52 (dd, 8¥-*28957, 3.30 1H), 7.43-7.15 (m 5H, aromatics); 2. 90-2.72
(m, 2.64-2.45 (m total 5 3H, CHand CH2); 1.43-1.01 (m 2H, n-Pr-CH2),
0.98-0.84 (m 2H, n-Pr-CH2) ; 0.59 (t122 = 7.26 Hz), 0.51 (t, J = 7.26 Hz,
total 3H, Me). 13C[1H NWR (CDC13) : d 181.4, 136.7, 136.5, 135.8, 135.1,
133.5, 132.4, 132.3, 132.2, 132.0, 131.6, 131.5, 130.5, 130.3, 10 129.1,
129. 1, 128argete8. 02- 1278 447~ tpddi27l '3,y 11126L & -"B26-G:;H,APBi A, 125. 4,
122.9, 122.7, 122.9, 122.7, 46.7, 46.0, 36.3, 36.2, 34.3, 34.2, 20.2,
20.1, 13. GgudBtdtatDrdB: rdd8{dMH)d) . [ Synthesis of 15

2- 1 sopropyl -4-(9- Phenant hryl ) -5, 6- Benzo- | -i ndanone;

{2-1Pr-4-(9- Phefje 308 aBazd-HhAdaNONeL) 1 ' -
3 (1 - (9- phenant hryl ) napht n-2-v1 )= 2 ropr ooyl aropioni e adhd 186y §7%6. 46

nmol ) obt Eh@ego%fovta?ﬁ pfgg&fuss vge%f:ié:té n was used as a raw material to
carry out a cycliza ion Feaction 1h étcdo‘rdance with a simlar process

to the process gjsclo [n Oganagnetal lics, 1994(13) 6 954. The resul tant

cr udeeE’pr oduct \A%SE&BU?$$(FL’Q ‘b ?I‘ g%h@i 19 §aBgéf %ol \ith OREBNACBEERBhy |
(inpurities were eluted with hexane/ nethylene chloride = 2/1, and
subsequently 7 38ngéR prodiibt axanasiased i (sexbihenteChy) ehe3(SEs1239 128

3H, Me), 1.40, 1.36 (s, 9H, CMes).
”Ctﬁﬂ NMR (CDCls): d 172.8 (Ti-0-C), 148.7, 147.1, 141.2,
139.1, 138.7, 137.1, 134.7, 129.2, 129.0, 128.7, 128.5, 128.3,
10 127.8, 125.8, 124.0, 123}9, 122.9, 109.4 (unsaturatedC), 35.1,
34.8 (CMes), 31.8, 31.7, 29.7, 29.6 (CMes), 16.3 (Me).
'"H NMR (CeDg): d 7.69 (d, J = 8.07 Hz, 28, phenyl-ortho
H), 7.58 (d, J=2.31 Hz, 1H, phenoxy), 7.31-7.25 (m, 2H,
aromatics), 7.22 (d, J=2.31Hz, 1H, phenoxy), 7.21 (d, Jd=7.25
15 Hz, 1H, Ind}, 7.12-7.07 (m, 2H, aromatics), 6.85 (dd, J=8.73,
7.09 Hz, 1H, Ind-H-6), 6.81 (s, 1E, n°-CH), 2.01 {s, 3H, Me),
1.46, 1.36 (s, 9H, CMes).
FD-MS: 526 (M+).
[Synthetic Example 6]
20 <<(2-{Inden-1"-y1}CeHs0) TiC1,0]
[Synthesis_ of 2-(Inden-3'~yl)phenol;
(2-{inden-3'-y1)CeH,0) H,]

3-Bromophenol (15.00 g, 86.70 mmol), l-Indanone(11.46 g,

86.70 mmol) and n-butyllithium (1.57 M in hexane; 116.0 mL, 182



chloride = 1/1) to obtain 1.33 g of the m xture containing targeted
2-1sopropyl -4-(9-Phenant hryl ) -5, 6- Benzo-1 -i ndanone at the ratio of 81%
purity (liSghtl2pél | ow solid) . The m xture was repeatedly purified with a
chr omat ogr aphy and then washed 5 with diethyl ether to obtain pure

2- 1 sopropyl -4-(9-Phenant hryl ) -5, 6- Benz®31| -i ndanone (white solid). The
obt ai ned pure 2-1sopropyl-4-(9-Phenanthryl)-5, 6-Benzo-I|-i ndanone was 10
anal yzed with NVMR and FD-M5, and the following results were obtained. 'H
NVR ( CDC18¥rol) dw@r8uged td carrPbutza Pédctidh 4h G8cottibnee Bit0thd, J =
8.24 Hz, 1H) , 7.92 (dd, J = 7.74, 1.48 1H) , 7.79-7.65 (m 4H) ,

7.53-7. 36p¢ﬂbe4bbdls@laﬁeﬁdanﬁaﬁt@Q'f?an@H 2@@@W&Q5g§) an&5t§622 (dd, J =
17.46, 8.57 Hz, 1H, Ind-CH 3) .79-2.65 (m 1H, Ind-CH2) , 2.44 (dd, J=

17. 48, 4 » : 9- 1H,
o i BEQ?u%an%]%rdd@ dé)&t %548% }fgéd %&]I{}% Qﬁ) §f CE%%%H] MR
CDC13 4 1 6,20 134.3 133.8 132 8, 131.6, 131.1,

530.7 )13gh§88i§8&ga§%¥8%?§uiﬁ% gheﬁiﬁﬁé@eﬁﬁﬁigpe:é%ﬂQ§ldf26 é 126°4,
126. 2,126 éb %hﬂ 12,2, 123, 1, 1227, 48,0 336 319 20.5 20.4,
13.9. ° Fo°RBE213 3( PI PRy eREetedc - Smdersg’ 'tag fphenol (yield 30%

2-(2-1sopro Phenant hryl ) -5, 6- Benzoi nden-3' -yl ) -4, 6-

di-tert~bﬁ?$i%ﬁeﬁbl

TheobtainedproductwasanalyzedwithElementalAnalysis,
NMR and FD-MS, and the following results were obtained.

Elemental Analysis: Calc.: C, 86.51; H, 5.81.

10 Found: C, 86.28; H, 5.74.

" ONMR (CDCl3): d 7.59-7.55 (m, 1H), 7.40-7.26 (m, 5H),
7.06-6.97 (m, 2H, aromatics); 6.67 (t, J=1.98 Hz, 1H, CH);
5.36 (s, 1H, OH); 3.60 (d, J=1.98 Hz, 2H, CH,).
| ’C['H] NMR (CDCl3): d 153.0 (O-C); 144.2, 143.7, 140.5,

15 132.7, 129.4, 129.2, 126.3, 125.4, 124.0, 121.6, 120.5, 120.3,
115.6.(unsaturated C): 38.7 (CH,).

'H NMR (C¢Dg): @ 7.38=7.22 (m, 3H), 7.15-7.02 (m, 4H),
6.88-6.82 (m, 1H, aromatics); 6.16 (t, J =1.98 Hz, 1H, CH);
5.11 (s, 1H, OH); 2.99 (d, J=1.98 Hz, 2H, CH.).

20 FD-MS: 208 (M+).
[Synthesis of (2-{Inden=-1'-y1}CgH,0)Ti (NMes),]
"2-(Inden-3'-yl)phenol (1.50g, 7.20mmol) obtained in the
previous reaction and Ti(NMe,), (1.62 g, 7.20 mmol) were used

to carry out a reaction in accordance with the process disclosed



(2-{2-1Pr-4-(9-Phen)-5, 6-Bz-inden-3" -yl }-4, 6-tBu2- C6H20) H2]
2-Brono-4,6-di-tert-butyl phenol (1.03 g, 3.60 nmol), 5

2- Isoprop@ﬁr42@9-PhenanthryI) 5, 6- Benzo-1-i ndanone at 81%purity (1.44 g,
3.59 Mol ) obtained in the previous reaction and n-butyllithium (1.57 Min
hexane; 4.81 nL, 7.55 nmmol) were usetli2#o carry out a reaction in
accordance with the process disclosed in Dalton Trans., 2003, 4580, and
the resultant crude 10 product was purified by flash silica gel colum

chr omat ogiaghsganameteslctiet: .22B0411834, 6187761 anid-thiry F ptenale meas:ledadtred Wi t h
hexane, and subsequently a target product was eluted with hexane/diethyl
et her = 95biuttienpbtakns0192ng szldtﬁﬁetﬁj}gpi@@iuct were distilled off

2-(2- Isopropyl 4- (9- Phenant hryl ) -5, 6- Benzoi nden-3' -yl )-4,6- 15

di - t ert - bubykphenglcEyi Elrgséér/% Vi bee 504 dﬁ’ ’\%oﬁb& t%g[é{tl g guct was

anal yzed wi th El emental " Analysis, NWR an Wi ng results

86, 18, H (80350 T KiACTERer) ﬁM&CS' : g5 tsl?»aﬁfeggrégf’?’éﬁf"é{i‘ﬁmﬁ cs)

794786m2 64 (m 3H), 7.60 J= 1.98 Hz,
5. 44(7 37{:%?11 O‘%Fﬁllgeéi I%’;)’éi‘l% (@ az}?l(ﬁé?recﬁrgfb%t@s)NMR gnsethe) | 5.21
(s t ot al . 3.45 (dd, J = 23.08, 3.30 Hz, 1H, Ind-CH3) , 3.16

(dd, J = §Slie§ln9 258%t81wr¢n@bm13e)d 2.33 SF-1239 130 (t, 2H, CH2) ;
1.511(s) 1.506 (s, total 9H, Cwme3); 1.46-1.42 (m 2H, CH2) ; 1.39(s),
1.38 (s, total YB[“OMNBR, (CICIZ0:(d 175 . 77(H2-CHT,) ;3H29 NB) 128. 9, 128. 6,
126.9,126.1,125.10,125.06,124.3,122.6,122.5;120.7,120.6,
118.5, 100.7 (unsaturated C); 49.7, 46.6 (NMes).
10 UHNMR (CeDe): d7.43 (dd;, J=7.62, 1.65 Hz, 14), 7.28-7.19
(m, 3B), 6.95-6.87 (m, 2H), 6.84-6.70 (m, 2H, aromatics); 6.43
(d, F=2.97 Hz, 1H, n°-CH-2), 6.30 {(dd, J = 3.62, 0.82 Hz, 1H,
n°-CH-3); 3.19 (s), 2.44 (s, 6H, NMe,).
YCI'H] NMR (CeDg): d 176.8 (Ti-0-C); 129.8, 129.5, 129.2,
15 128.4-127.6 (overlaps with Ce¢Dg peaks), 126.9, 125.4, 125.1,
124.6, 123.0, 122.8, 121.2, 119.1, 115.7, 101.1 (unsaturated
C): 49.7, 46.7 (NMey).
[Synthesis of (2-{Inden-1'-yl}CgH4s0)TiCl,)
To a Schlenk—type reactor thoroughly dried and purgedwith
20 nitrogen, a rotator was placed, (2—{Inden—1'-yl}CsH,;O)Ti'(NMez)z
(1.59g, 4.65mmol) obtained in the previous reaction was charged,
‘and benzene (10 mL) was added, and then the mixture was stirred.

SiCly (1.17mlL, 9.32mmol) was added thereto at room temperature,

and then reacted under stirring at room temperature for 10 |



13C'H NMR (CDC13) : d 151.0, 149.5, 149.4 (0-C); 144.0, 5 141.9, 141.8,
140.4, 135.3, 135.3, 135.1, 134.72, 134.68, 133.5, 132.6, 132.5, 131.8,
131.5, 13%F2412380.7, 130.3, 128.7, 128.3, 126.9, 126.8, 126.7, 126.1,
125.2, 125.1, 124.8, 123.6, 123.0, 122.7, 120.8, 117.8 (unsaturated O ;
39.7, (Ind-CH2) ; 35.1, 34.4, 31.7, 2v7, 22.3 (CH and Cwve3); 14.0 (Me).
10 FD-Ms: 588 (M+). [ Synthesis of _
(2-{2-1Pr-4-(9-Phenant hryl)-5, 6-benzoi nden-1' -yl }-4, 6-tBu2- C6H40) Ti C12]
2- (2- | sophapyfresd. (JrRretast mepl)lten6- BehrdindentBe-gblvdst and the
)-4,6-di-tert-butyl phenol (0.052 g, 0. 088 nmpl) obtained in the previous
reacti on hpdpFodilve2)et o 816201 gedCh OBEnaERl Yedwiel psedsure tabbYaddt a
reaction in accordance with the process disclosed inOrganonetallics,

2004(23),11576g endrhdensfsored hext esidant: - solditi®nyidhe sol vent and the
by- product were distilled off 20 under reducéd pressure to obtain a brown

solid. Su : ed to the solid and stirred. SiCl4 (0.02
@éﬁaHF?EMW% %&{xﬁfgﬁofp&h

m, 0.176 “nmol) was at reto at roomtenperature, and then reacted
he by’ pr oduct WSt SRGPAPER StPBITE HRGEH T Chttoa 6P \Wose 8t0 1 c88tr o to
obtain 0.063 of the targeted
(2-{2-i Prthﬁ(ggbh%‘ﬁlarh% hS$FYL S eieh ATl -yl }- 4, 6-t Bu2- C6H40) Ti C12
(quantitative, promn solid). The obtained product was anal yzed with NVR and
FD-MB, and H NMR (CDCls): d 7.89 (d, J = 8.90 Hz, 1H), 7.57 (dd4,
J= 7.41, 7;41 Hz, 1H), 7.49-7.34 (m, 4H), 7.25-7.14 {m, 3H,
aromatics and n°-CH); 6.62 {(d, J = 8.24 Hz, 1H, ﬁS—CH).
10 = C['H] NMR (CDC13): d 176.7 (Ti-0-C); 138.5, 137.6, 132.1,
130.3, 130.1, 129.5, 129.1, 128.0, 127.9, 127.7, 124.1, 123.8,
113.6, 110.2 (unsaturated C).
'H NMR (CeDg): d 7.25-7.15 (m, 2H), 7.10-6.95 (m, 3H),
6.93-6.82 (m, 2H), 6.74-6.68 (m, 1H, aromatics); 6.42 (d, J =
15 4.32 Hz, 1H, n°-CH), 6.40 .(d, J= 3.51 Hz, 1H, n°-CH).
FD-MS: 324 (M+).
[Synthetic Example 7]
<<(2-{2-1iPr-4-{9-Phenanthryl)-5, 6-Benzoinden~1'-yl}-4
, 6-"Bup—-CgHa0) TiC1,>>
20 [Synthesis of
3-(1-{9-phenanthryl)naphth-2-yl)}-2-n-propylpropionic Acid]
To a 300 mL Schlenk-type reactor thoroughly dried and

purged with nitrogen, a rotator was placed, Na (0.87 g, 37.75

.mmol) was charged, and ethanol (21 mL) was added thereto, to



o

5 the followng results were obtained. 1H NWR (CDC13) : d 8.90-8.81 (m 2H)
, 8.25-8.06, 7.89-7.55, 7.40-7.35, 7.26-7.20 (m total 14H, aromatics);
6.65 (s),5B-5839(s, total 1H, D5-CH); 1.66 (s, 2H, CH2); 1.444 (s), 1.438
(s, total 9H Cwe3); 1.39, 1.38, 1.37 (total 11H, Cwe3 and CH2), 10
0.86-0.77 (m 3H, Me). FD-MS: 704 (M#Z6 [Synthetic Exanple 8]
<<(2-{Fluoren-9' -yl }-4,6-tBu2- C6H40) Ti C12" [Synthesis of 15

9- (2- Hydroxy-4, 6-di -tert-butyl phenyl)fluorenol] To a Schl enk-type reactor

t hor oughl §oEeiRdERPNR psrhetian t hA aplvbien, prepated dry wiiss g3 laciest,
2-Brono-4, 6-di-tert-butyl phenol (5.00 g, 17.53 mmol) was charged, and THE
(20 nL) wasetidgber-@puwh ¢ Treal drwer ari( Xt 88ey, WA . 7 20mdi1gSDh wedauBders gty rring.
After conpletion of the n-butyllithium(1.57 Min hexane; 23.44 nL, 36.81

mmol ) sl o s addit iytidd fo Chel 41 JELEPEH ALY SRS ase PYbY t@hﬁg%eqmand
reacted under stirring at roomtenperature for 14 hours resul t ant

m xture “@ﬁd kEQSaﬂéé@E%&aémﬁugf? nde@hgﬁ%ftkﬂﬁﬂEF 1232 1%%s Qreﬁared by

di ssol vi ng 9-Fl uorenone ) WasS~SI'ow y
Sti T B0 ROBHCehe RPUPE CTPes TS A ﬁ%%ﬁ?sea%ﬁ%aigﬁ%gfhé”d”
reaction liquid, water 5 (20 nL) and conc. HCL (8 nL) were added to stop
t he reaCtW%ﬁ also added. ubsequently, to the reaction solution, an
orange solution prepared by dissolving
2?Bromomethyl-1—(9—phenanthryl)naphthalene (15.00 g, 37.75
mmol) which can be obtained in accordance with a process
10 disclosed in Bull. Chem. Soc. Jpn., 1986(59) ,2044 in
ethanol (50 mL) /toluene (40 mlL), was slowly added at room
température {added for 5 minutes). The temperature of the
-obtained brown solutionwas elevated and refluxed for 3.5 hours.
To a.dark—brown solid obtained by distilling off the solvent
15 from the reaction product, toluene (200 mL) was added, and
aqgueous solution of hydrochloric acid having pH=1 was added to
the resultant dark-brown suspension. The temperature of
thé.suspension was elevated and refluxed for 11.5 hours. The
resultant dark-brown crude product obtained by distilling off
20 the solvent from the reaction product was purified by flash
silica gel column chromatography (eluant: methylene chloride) -
to obtain 8.69 g of the targeted
3-(1-{9-phenanthryl)naphth-2-yl)-2-n-propylpropionic Acid

{yield 55%, white solid). The obtained product was analyzed



The m xture was transferred to a separatory funnel, and diethyl ether was
added and shaken, and the organic |ayer was separated. After the

separati osF-128@s concentrated and dried to obtain 7.28 g of the targeted
10 9-(2-Hydroxy-4,6-di-tert-butyl phenyl)fluorenol in a crude form (brown
solid). The obtained product was analyzed with FD-MS, and the follow ng
result was obtained. FD-Ms: 386 (M+) 15 [ Synthesis of

9- (2- Hydroxy- 4, 6-di -tert-butyl phenyl)fluorene] To a Schl enk-type reactor

t hor oughl yidhi BMR amgd pED-9e3, Wiridh thel FEOgeRing rOi@l®d W% RIAGeGed.
9- (2- Hydroxy-4, 6-di-tert-butyl phenyl)fluorenol (7.28 g) 20 obtained in the

previous reaction was @miged, qagdzaceyi cyacidl sd 146 and g37%.
hydrochl oric acid (29m) V\g?e added;, gn'd stirred. The@@r%i'x?urgg 3\21384react ed

under stirpin t KO epperatu f rs. The .esul tan rown
suspensi or(lfn\'/vagHgbu?égﬂ tr71f gpwg?’er{ﬁ%'ngf 'e%srgc%f’edj Wi [éh 5Ji'e;§h§3l% ér. The
obt ai ned grganic er_SF-1239 133 was washed firstly with

hydr ogench' ggﬁZt %Eg(é‘lie%}gsa%@ﬁﬁ'%ﬁ) arnd 2t Ker 2With %M‘%ﬁ@o&@ﬁ§&l fite
aqueous solution (10 w% ca. 150 nL), and Na2SO4 was added to the washed
organit | aferCH apd Clrized. 43né - PRI thaké obt Brneik)by Of PBtP aBh ofmmad,
concentrated 5 and dried to obtain a brown solid. To the solid,

hexane/ di et RytCHethdr. 5 Xéd §oFut i oh Hz=95/5,51358, mll)=via2 @dided totthén it was

wel |
3H, Me).

*C['H] NMR (CDCls): d 181.4, 136.7, 136.5, 135.8, 135.1,
133.5, 132.4, 132.3, 132.2, 132.0, 131.6, 131.5, 130.5, 130.3,
10 129.1, 129.1, 128.7, 128.0, 127.8, 127.6, 127.3, 126.8, 126.6,
126.1, 125.4, 122.9, 122.7, 122.9, 122.7, 46.7, 46.0, 36.3, 36.2,
34.3, 34.2, 20.2, 20.1, 13.6, 13.4,.
- FD-MS: 418({M+).
[Synthesis of
15 2-Isopropyl-4-(9-Phenanthryl)-5, 6~-Benzo-1l-indanone;
{2-iPr—4—(9-Phen)—5;6-Bz—1—indanone}]
3-(1-{9-phenanthryl)naphth-2-yl)-2-n-propylpropionic
.Acid (6.89 g, 16.46 mmol) obtained in the previous reaction was
used as a raw material to carry out a cyclization reaction in
20 accordance with a similar process to the process disclosed in
Otganometallics,1994(13},954. Theresultantcrudeproductwas
purified by flash,silica.gel column chromatography (impurities
were eluted with hexane/methylene chloride = 2/1, and

subsequently a target product was eluted with hexane/methylene



stirred, washed and filtered. The obtained insol uble substance was dried
to obtain 1.32 g of the targeted

9- (2- Hydr 6¥y-1436-di -tert-butyl phenyl ) fluorene (19% light 10 yellow
solid). The conposition dissolved in hexane/diethyl ether m xed solution
(=95/5) was purified by flash silica ggt¢ colum chromat ography (el uant;
hexane/ di ethyl ether = 95/5) to further obtain 0.61 g of the target
product (9% Ilight yellow solid). The yield in total was 1.93 g (280). 15

The obt ai sedoptidduet 1Mas anablyzeitnwit b3 By esenitad rfinadursd ssonthiVRiand FD- VS,
and the following results were obtained. Elenental Analysis: Calc: C,

87.52; H, tﬁré@teﬁogn@sogkoﬁflzﬁ* QLPﬂeﬁﬁhth%}f%E§(élﬁgﬁﬁo ﬁii%dgioﬁ@ J
=7.27 Hz, 2H, Flu-H 4 ) 20 7.43 (t, , 2H, Flu-H 3, , .42

d, J =7. E H,. aro 5.14 (s,
i oo o Bt Jgﬁig‘%@g?ltx DPa] o Mot ?\Hﬁfﬁw(m&
: d 150.6 (O C 1 0. 127 127 , 125.4, 123.1,
120. 2 (uns%?u?%x?%@t%}gly é’gil fl?&il Eé al_zé@‘ Og(réli?g‘ ands‘ih%n(‘“’él%le&nd cH) |
29.8 FD-MS; 370 (Mt). [Synthesis of
(2- {Fw%orﬁhtb dypthyl eetBeD- EBHARY IO RIre To a Schil enk-type react or
t horoughly dried and purged wwth 5 nitrogen, a rotator was placed, TiCl4
(1.0 Min2tékapnepyDd-98(ftPhenastmpl ) - Was-Bdrerqyeld- iirtvemetre,  (whlikene (10 nl)

was added. To the m xture,
solid).

The obtained pure
2~Isopropyl-4-{9~Phenanthryl) -5, 6-Benzo-1l-indanone was
100 analyzed with NMR and FD-MS, and the following results were
obtained.
'H NMR (CDC1l3): d 8.84 (t, J=7.91 Hz, 2H), 8.47 (s, 1H),
8.10 (d, J=8.24 Hz, 1H), 7.92 (dd, J=7.74, 1.48 1H), 7.79-7.65
(m, 4H), 7.53-7.36 (m; 4H), 7.26 {d, J=6.60Hz, 2H, aromatics);
15 3.22 (dd, J=17.46, 8.57 ﬁz, 1H, Ind-CH-3), 2.79-2.65 (m, 1H,
Ind-CE-2), 2.44 (dd, J=17.48, 4.95Hz, 1H, Ind-CH-3), 1.97-1.85
(m, 1H, CHz), 1.49-1.36 (m, 1H, CH,), 1.35-1.18 (m, 2H, CHg),
+0.84 (t, J = 7.25 Hz, 3H, Me).
“>CI'H} NMR (CDCls): d 209.7 (0=C); 14‘6..1, 136.7, 135.1,
20 134.3, 133.8, 132.8, 131.6, 131.1, 130.7, 130.6, 130.4, 128.7,
128.7, 128.5, 128.4, 127.0, 126.8, 126.4, 126.2,.126.1; 124.4,
124.4, 123.1, 122.7, 48.0, 33.6, 31.9, 20.5, 20.4, 13.9.
FD-MS: 400 (M+). |

[Synthesis of



9- (2- Hydroxy-4,6-di-tert-butyl phenyl)fluorene (0.37 g, 0.98 mvol) obtained
in accordance with the previous process was 10 slowy added dropw se at
room t enpé&Fatidé under stirring, and after the addition, it was reacted
under stirring at room tenperature for 1 hour. The resultant red solution
was cooled to -78 Cin a dry ice-acelppe bath, and n-butyllithium(1.56 M
in hexane; 1.26 nL, 1.97 nmmol) was slowy added dropw se. 15 After the
addition, the tenperature of the m xture was slowy changed back to room

t enper at ule,(2stisppedpldr42Q9RhPHesaath PDM-5 | €APEL 8¢ Lidsn -aBrd-yJubsgguent | y
reacted under stirring at 100 C for 3.5 hours, to obtain a brown

suspensi oalufagtsg§§§m§h@ﬁoly\/as filtered with a glass filter, which is
filled with celite, 20 under a nitrogen atnosphere. The resul tant bl ack

substance (wag,.washed wi Eﬂeh Lyepeg( 4. {{’31‘%11*33”9 the é“&%ﬁf-e%q%?gﬂ s m xed

with the f||trate The resu taht solution was' concentra and
' recrystalllzed h tol eto obt m}%é%g} of br con alnlngthe
‘target product.“SF-1239 1 Tﬁ%r%%i’%ﬁ ?f?‘?)]du@t Q(/)aaﬁfa% I ZE‘H‘O\;W th NVR and
FD- M5, ang the fol | ow ng results wer e obtained. 1H NMR (C6D6) : 7.70-6.05
(m 10H, ardRAPFERYL-4-44(BhenpnthexkRyS, 61Bawzqsl-olaroms )t 83% D MB: 486
(M+). [Synthetic Exarrpl e 9]
<<2-{1,1, Buairy7( 1041090036151%'(11!&!}1(11 102t31i4eR 8n95h6-previous reaction
t ahydr odi benzo[ b, h] fl uorenyl }-4, 6-t Bu2- C6H4OH,
and n-butyllithium (1.57 M in hexane; 4.81 mL, 7.55 mmol) were
used to carry out a reaction in accordance with the process
disclosed in Dalton Trans., 2003, 4580, and the resultant crude

10 product was purified by flash silica gel column chromatography
{unreacted 2-Bromo-4, 6-di-tert-butyiphenol was eluted with
hexane, and subsequently a target product was eluted with
hexane/diethyl ether = 95/5) to obtain 0.92 g of the targeted

' 2-(2-Isopropyl-4-(9-Phenanthryl) -5, 6-Benzoinden-3'-yl)-4, 6-

15 di-tert-~butylphenol (yield 43%, white solid).

The obtained product was analyzed with Elemental Analysis,
NMR and FD-MS, and the following results were obtained.

Elemental Analysis': Calc: C, 89.75; H, 7.53.

Found: C, 89.18; H, 6.92.

20 - H NMR (CDC1s): d 8.83 (t, J = 7.09 Hz, 2H, aromatics),
7.94-7.86 (m, 2H), 7.81 (s, 1H), 7.77-7.64 (m, 3H), 7.60 {(d,
J=1.98Hz, 1H}, 7.44-7.37 (m, 5H), 7.23-7.18 {m, 2H, aromatics);

5.26 (s), 5.21 (s, total 1H, OH); 3.45 (dd, J=23.08, 3.30 Hgz,

1B, Ind-CH-3}, 3.16 (dd, J=23.09, 7.25 Hz, 1H, Ind-CH-3); 2.33



9- (2- Hydroxy-4, 6-di -tert-butyl phenyl ) Cct anet hyl oct ahydrodi b 10

enzof | uorene>> [ Synt hesi s of

1,1,4,4,75F-103%0-octanmet hyl -1, 2, 3, 4,7, 8,9, 10- oct ahydr odi be

nzo[ b, h] fl uor enone; Cct anet hyl oct ahydr odi benzof | uorenone] 15
1,1,4,4,7,7,10, 10-octanet hyl -1, 2, 3, 4,738, 9, 10- oct ahyd

r odi benzo[ b, h] f | uor ene( Cct anet hyl oct ahydr odi benzof |l uorene; 5.00 g, 12.93
nmol ) synt hesi zed in accordance with a process disclosed in

O ganonet dktl i 2K, , CEO0A (23)1 (s777.1.88% ysedibeagabny cpul) the 4@&&@@? on
reaction in accordance with a simlar process 20 to a process disclosed in
J. Og. Chem 2g]981(62)8 7y (5\Thg gesul t ~Rraduc S PYifi by fl ash
silica gel col u%m %:)hrolrsra%?)(gsr)a'pﬁ_y 3(8elstgén??ttﬁgxgglé/ %%%’\%yl’equ)re' 8@hﬁ%l’i ﬁe = 1/1)
to obtain 3.44 g,of s4he éEr get product (66% yellow solid). The obtained
product was anal yzéd V\ltl\ﬁ [emental Analysis, SF-1239 136 NWVR and FD- M5,
and the foll ow 1r3g E}ﬁﬁlﬂl‘@s were obtained. Elenental Analysis: Cacl.: C
86.95: H, 9.06 FoUNL:NE §§30) 14 19167, 1LARMR, (EEAS) (017, 844(8, 2H,

Fl u), 7.4%5 2H. Flu); 5 1.70 (s, 8H CH2) ; 1.35 (s, 12H, Cwe3), 1.29
(s, 124, 39, 14138 1440 MVRL B TDA 3P5: 3d 1BS4.10 18EC)2,; 115168, 138554, 141. 3,
132.6, 122.7, 117.9 (unsaturated C); 35.3, 34.92, 34.85, 34.7, 31.6 (CH3
and CH2). 1D §B:13400,( MB)L. 8] 3t Hesii31ok, 130.7, 130.3, 128.7, 128.3,

126.9, 126.8, 126.7, 126.1, 125.2, 125.1, 124.8, 123.6, 123.0,
122.7, 120.8, 117.8 (unsaturatedC); 39.7, (Ind-CH,); 35.1, 34.4,
31.7, 29.7, 22.3 (CH, and CMes3); 14.0 (Me).

10 FD-MS: 588 (M+).
[Synthesis of
(2—{2—iPr—4~(9~Phenanthryl)—5,6—benzoinden—l'—yl}~4,6—tBur-
C5H40) TiCl,]

2—(2—Isopropyl—4-(9-Phenanthryl)~5,6~Benzoinden—3'—yl

15 )-4,6-di-tert-butylphenol (0.052 g, 0.088 mmol)obtained in the
previous reaction and Ti(NMez)s (0.020 g, 0.088 mmol) were used
to carry out a reaction in accordance with the process disclosed
inOrganometallics,2004(23),1576,andthenfromtheresultant
solution, the solvent and the by-product were distilled off

20 under reduced pressuré to obtain a brown solid. Subsequently,
CDCls; was added to the solid and stirred. SiCly; (0.02mL, 0.176
mmol) was added thereto at room temperature, and then reacted
ﬁnder'stirring for Sminutes. From the resultant solution, the

solvent and the by-product were distilled off under reduced



10 9-(2-Hydroxy-4,6-di-tert-butyl phenyl) Cct anet hyl oct ahydrodi b

enzofl uorenol] To a Schl enk-type reactor thoroughly dried and purged with
ni trogen, SE-tLB8aAt or was pl aced, 2-Bronp-4,6-di-tert-butyl phenol (2.36 g,
8.29 mml) was 15 charged and THE (30 nL) was added, and then the m xture
was dissolved under stirring. After I3pletion of the slow addition of
n-butyllithium(1.56 Min hexane; 11.2 nL, 17.41 mmol) at 0 C, the
tenperature was slowy el evated, and reacted wunder stirring at room

t enper at upeefsnréd2tbodpsaiThe. &S W tahtt 20 ttapgateel was cool ed again to -78
C, and a solution prepared by dissolving

9- Cct anet hyt ogt abydy ods benaod A torenores, €-3ea3t: dindeh8129ymyok) sibmdHE (50 nl)
was slowy added. After the addition, the tenperature was slowy el evated,

and reactged;,d %%EiSt ﬁéﬁﬁbtéﬁ 001 ne for 16 hours. After the
reaction, ?% 7 he Sﬁ 39 137 J?égctl EHP%%%% ) ‘water (100 ml) mas added to

i ethyl et nor S ORBASH A SRR e T DR GRN 0 Apar Vel BT at b

It was dried over MpSO4, and concentrated and dried to obtain 5 the
t ar get®ed @h?zf@&ﬂ?%k9g4ﬁ%ﬁ¥ﬁt§eﬂquNﬁRﬂ%ﬂﬂﬁﬂrl)octanethyloctahydrodib
enzofluorenol in a crude form (brown solid). [Synthesis of
9- (2- Hydr oxy- 4, 6L MR (&DC1bLit W HHihyd )&k tammstthyl Be2ah§ & ©di7h 8910 - 55,
enzof | uor ene]
7.40-7.35, 7.26-7.20 (m, total 14H, aromatics}; 6.65 (s}, 6.50
(s, total 1H, n°-CH); 1.66 (s, 2H, CHp); 1.444 (s), 1.438 (s,
total 9H, CMes); 1.39, 1.38, 1.37 (total 11H, CMe; and CH,),
10 0.86-0.77 (m, 3H, Me).
FD-MS: 704 (M+).
[Synthetic Example 8]
<(2-{Fluoren-9'-yl}~4, 6-"Buy-CeHs0) TiCl,>>
[Synthesis of |
15  9-(2-Hydroxy—-4, 6-di-tert-butylphenyl)fluorenol]
To a Schlenk-type reactor thoroughly dried and purgedwith
nitrogen, a rotator was placed,
2-Bromo-4, 6~di-tert-butylphenol (5.00 g, 17.53 mmol) was
charged, and THF {20 mlL) was added, and then the mixture was
20 dissolved under stirring. After.completion of the
n-butylilithium (1.57 M in hexéne; 23.44 mL, 36.81 mmol) slow
addition at 0 °C, the temperature was slowly elevated, and

reacted under stirring at room temperature for 14 hours. The

resultant mixture was cooled again to -78 °C, and a solution



To a Schl enk-type reactor thoroughly dried and purged with nitrogen, a
rotator was placed, crude

9- (2- Hydr ®&+143% di -tert - butyl phenyl ) oct amet hyl oct ahydrodi b enzof | uor enol
(8.29 g) obtained in the previous reaction was 15 charged, acetic acid (70
m.) and 57% hydroiodic acid (14 nL) wepe added, and stirred. The m xture
was reacted under ref lux at roomtenperature for 7 hours. The resultant
brown suspension was poured into water (300 nlL) and extracted with diethyl

ether. Theeghtraidied dirsganive nhayerl vesenasded . flergt Ly . 8Rtdnc20 in THF
hydr ogencar bonat e aqueous sol ution and then with sodium hydrogensulfite

aqueous sql2et i@ (LQ \Ml%ﬂlgaadéég.m@her’&%%r,"‘%eﬁé%@ﬂe&?t&?@ yaghed

organic layer, dried, and filtered to obtain’'a ye solution. The

sol ution w3s,, sl ent. hus .unr.eact ed
9- Cct anet hyl ggt}g%%?%%%e %gé?‘lt eﬁagcrteencgﬁgdéﬁsl 9t &P ;C/”snt%efmpperreacﬁupriet ate was
was first concentrated and dried, the

renoved b% fi%%ration. The fi]trate
Fesul tant t5g 1S iR b PPaRidiRy hexdifereh Sty dtABLAnitadE S ol uti on
.$ 95/5,20 nl), and purified by flash silica gel colum 5 chromatography
(el uan?: HePaRb) dRBE HEANGt BEL 489BLE)we ke Gisidch tolsbapgtld 1erctimmyet ed
product as a rotanmer mxture (sp- and ap-form (21% Ilight yellow solid).
The obt ai Fé¢ piothce wasst mared §etedvicbhe NWRaaad oER-fMBnedndanti sl ftddylowi ng
results were obtained. 10 1H NWR (CDC13): d7.78-7.51 (m 4H, fluorenyl) ;
6. 70- 6. 36 ethrr ok apienny 5hak&R( Ind Bhd® righanitotafd Hyvakldbdd:Bsedh. 51(br),
After the separation it was concentrated and dried to obtain
7.28 g of the targeted
10 5-(2-Hydroxy-4,6-di-tert-butylphenyl)fluorenol in a crude
form (brown solid).
The obtained product was analyzed with FD-MS, and the
fdllowing result was cbtained,.
FD-MS: 386 (M+)
15 [Synthesis of
9-(2-Hydroxy-4, 6~di-tert~butylphenyl) fluorene]
Toa Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
9-(2-Hydroxy-4, 6-di-tert-butylphenyl) fluorenol (7.28 g)
20 obtained in the previous reaction was charged, and acetic acid
(l46ml) and 57% hydrochloricacid (29 mL) were added, and stirred.
The mixture was reacted under stirring at room temperature for

5> hours. The resultant brown suspension was poured into water

-and extracted with diethyl ether. The obtained organic layer



5.02 (br, total 1H, OH); 1.70 (br, 8H, CH2) ; 1.38-1.03 (m 30H, CH3 and
Cve3). FD-Ms: 590 (M+). 15 [Synthetic Exanple 10] <<

(1- {1 ndenS8F-1pI3g- 2- CLOH6O) Ti C12) [Synthesis of 1-(Inden-3'-yl)-2-naphthol;
(1-{inden-3"-yl}-2-C10H60) H2] 3- Brono- 2- napht hol (10. 00 g, 44.83 nmol), 20
1- I ndanone(5.92 g, 44.83 mol ) and n-beByllithium (1.57 Min hexane; 60.0
m., 94.1 nmmmol) were used to carry out a reaction in accordance with the
process disclosed in Dalton Trans., 2003 , 4580, and the resultant crude
product wasspuasheddibytilashch dividirogegekrbohata axhreanmt egi aphyn @elduant ;
hexane/ met hyl ene SF-1239 139 chloride = 1/1) to obtain 3.69 g of the

targeted thefl @ﬂﬂ@s%'di)ﬁ@h%df@@c‘éﬁé‘@if:(ﬁ/é Qlofhe32% syvhit £o:8qliiotye s The .obt ai ned
product was anal yzed with El enentary Analysis, NVR and FD-MS, and the

ol Lont ng 1o > A e Sy, BotheoEL TS Spu byl el o, GBS, S
7,588, ety el Bglythl I Mhende 2500 et uoe (4,0
oH), 3.75(d, J =1.35 Hz, 2H, CH2)._ 13C[1H NWR (CDC13) : d 150.9 (0-OC);
144. 4,5 1440 ,drllgeaj 79 obtain a brown solid. To the solid, héxane/diethyl
ether mixed solution (=95/5, 350 mL) was added, then it was well
' stirred, washed and filtered. The obtained insoluble substance
was dried to obtain 1.32 g of the targeted
9-(2-Hydroxy-4, 6~di-tert-butylphenyl) fluorene (19%, light
10 .yell.ow solid). The composition dissélved in hexane/diethyl
ether mixed solution (=95/5) was purified by flash silica gel
column chromatography (eluant; hexane/diethyl ether = 95/5) to
further obtain 0.61 g of the target product (9%, light yellow
solid}). The yield in total was 1.93 g (28%).
15 The obtained product was analyzed with Elemental Rnalysis,
NMR and ¥D-MS, and the following results were obtained.
Elemental Analysis: Calc: C, 87.52; H, 8.16.
Found: C, 87.78; H, 7.55.
'H NMR (CDCl3): d 7.85 (4, J =7.27 Hz, 2H, flu—a—4, 5),
20 7.43 (t, 3 =7.26 Hz, 2H, Flu-B~-3, 6), 7.42 {(d, J =7.59% Hz, 2H,
Flu-H-1, B) ,- 7.33-7.24 {m, 4H, aromatics), ; 5.14 (s, 1H, OHE};
1.33 (br s, 9H, CMej), 1.28 (br, 9H, CMes).

“CI'H] NMR (CDC13): d 150.6 (0~C); 145.6 (br), 142.1, 140.4,

127.8, 127.7, 125.4, 3123.1, 120.2 (unsaturated C); 34.8, 34.3



135.8, 132.9, 129.7, 128.9, 128.1, 126.5, 126.3, 125.6, 125.0, 124.0,
123.3, 121.2, 117.3, 114.3 (unsaturated C); 39.1 (CH2). 15 FD Ms: 258
(Mt). [Systrhegis of (1l-{Inden-1'-yl}-2-CIOH6O Ti (NMe2)2] 1 - (Inden-3'" -yl)
-2 -naphthol (1.00 g, 3.87 nmol) obtained in the previous reaction and

Ti (NMe2)4 (0.87 g, 3.87 mmol) were used to carry out a reaction in
accordance with the process 20 disclosed in Organonetallics., 2004(23)
1576, and then from the resultant solution, the solvent and the by-product
were dist(cMegd of f. under, weduced, ppessuientio, obtain 1.52 g of the
targeted (1-{Inden-1"-yl}-2-ClO0H6O) Ti (NMe2)2 (quantitative, red solid).
SF-1239 140 Thepglpd ai Hipgl ﬁgl\}aduct was anal yzed with NVR, and the follow ng
results were obtained. 'H ceD6): d 7.72 (dd, J :758 7.58 Hz, 2H),

7.65 (d, J = 3- 5m,4 4. 5 1.08
Hz, 1H), 6.83 (5%‘;’“?% 5711%%‘3%‘% {57421 f&b Jr ﬁd%g A58 Cf%%“alcg%s He, 1H,
aromat|cs) ; 648(5‘? J=2.97 Hz, 1H, 115- CH-ZL 6. 40 (dd, J—311 095
He, , 5- O3} 2 Sshlenis)type pgagior thprongh ydrﬁé[anfﬂpwcm d
174. 2 T| -OC) 135.4, 130.5, 130.1, 10 129.0, 128.5, 126.65, 126. 58
125. 4,5 12818rogen, A rpgater ¥as, pacedp3Tiaho (3. 01M8in (Waiswinerafed8C)
49.8, 46.7 (Nwe2) . [Synthesis of (1-{Inden-1"-yl}-2-C oH60)Ti d 2]

mL, 0.98 mmol) was charged thereto, toluene (10 mL) was added.

To the mixture,
9-(2-Hydroxy-4, 6-di-tert-butylphenyl) flucrene (0.37 g, 0.98
mmol) obtained in accordance with the previous process was
10 slowly added dropwise at room temperature under stirring, and
after the addition, it was reacted undef stirring at room
temperature for 1 hour. The resultant red solution was cooled
to -78 °C in a dry ice-acetone bath, and n-butyllithium (1.56
M in hexane; 1.26 mL, 1.97 mmol) was slowly added dropwise.
15 After the addition, the temperature of the mixture was slowly
changed back to room temperature, stirred for 10 hours at room
temperature, and subsequently reacted under stirring at 100 °C
for 3.5 hours, to obtain a brown suspension. The suspension
waé filtered with a glass filter, which is filled with celite,
20 under a nitrogen atmosphere. The resultant black substance was
washed with toluene {4 mL), and the wash liquid was mixed with
the filtrate. The resultant solutionwas concentrated anddried,
and recrystallized with toluene to obtain 0.13 g of brown solid

containing the target product.



To a Schl enk-type reactor thoroughly dried and purged with 15 nitrogen, a
rotator was placed, (1l-{Inden-1"-yl}-2-C OH60)Ti (NMe2)2 (1.47 g, 3.74 mol)
obt ai ned sB&E-tLhB9previ ous reacti on was charged, and benzene (5 nlL) was
added, and then the m xture was stirred. Me3Sid (2.38 ni, 18.67 mmol) was
added thereto at roomtenperature, aruBmfter 20 the addition reacted under
stirring at 50 C for 6 hours. From the resultant solution, the solvent and
t he by-product were distilled off under reduced pressure to obtain 1.40 g
of the targetethd biftlaidert dreghdt 2a€, HEDY 6 Chid thgUbhtiaEDWES, Brawn
solid). SF-1239 141 The obtai ned product was anal yzed with NVR and FD- M5,

and the tpkl oyl ngwig§ULESuYES 8y ORE almtatined] NVR (CDC13): d 7.95-7.86 (m
3H), 761723(m 8H aromatics and g5-CH); 6.86 (d, J = 8.91 Hz, 1H, rl

?é?%' ?3%3% LN 5 %13)12790 g“ jOZSZZlél%B(Mf&8 %mﬁégg 1]2%3345 (s E%M >

124.1, 122.8, 121. 1 0,7 (unsaturated C). 1H NMR (C6D6) : d7 59
(d, J=8. 6(£21M i) 2173984‘3"' g"d‘? ﬁ%b 1.62 Hz, 1H), 7.24-7.11 (m 4H), 6.98

(dd, 3 = 7. 56 7. 10 1H) 6. 78 (d, 3 =891 H, 1H), 6.67 (m 2H,
aromatd cs) : 6%%‘% @9@ 8494 Hz, 1H, HS-CH2), 6.54 (dd, J = 3.38, 0.68

Hz, 1H, rl5-CH3) FD-Ms: 374 (I\/Hr) [ Synt heti ¢ Exanple 11]
[Synthetic Example 9] -

<<2-{1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-0c
tahydrodibenzo[b,h]fluorenyl}-4,6—tBu2—C&hOH;
9~ (2-Hydroxy-4, 6~di-tert-butylphenyl)Octamethyloctahydrodib
10 enzofluorene>>
'[Synthesis of
'1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahydrodibe
nzol[b,h]fluorenone;
Octamethyloctahydrodibenzofluorenone]
15 1,1,4,4,7,7,10,10-octamethyl-1,2,3,4,7,8,9,10-octahyd
'rodibenzo{b,h]fluorene(Octamethyioctahydrodibenzofluorene;
5.00 g, 12.93 mmol) synthesized in accordance with a process
disclosed in Organometallics., 2004 {23)1777, was used to carry
out the oxidation reaction in accordance with asimilar process
20 to a process discloséd in J. Org. Chem., 1997 (62)8767. fhe
resultant product was purified by flash silica gel column
chromatography (gluant; hexane/methylene chloride = 1/1) to
obtain 3.44 g of the target product (66%, yellow solid).

The obtained product was analyzed with Elemental Analysis,



15 << (2-{5, 6-(MeO) 2-inden-1'-yl}-4,6-tBu2-C6H40) Ti C12>> [ Synthesis of
2- (5, 6-D nmet hoxyi nden-31-yl)-4,6-di-tert-butyl phenol; 2 ( {5,

6( MeO) 2-i s¢en239-yl }-4, 6-di -tert-but Y1- C6H20) HZ]

2- Bronp-4, 6-di -tert-butyl phenol (7.41 g, 26.01 mmol), 20

5, 6- Di met hoxy-1 -1 ndanone(5. 00 g, 26.0438mol) and n-butyllithium (1.57 Mn
hexane; 54.6 m_., 52. 0 mmol) were used to carry out a reaction in _
accordance with the process disclosed in Dalton Trans. , 2003, 4580, and
t he resul &Rt aatud@e-gepdaal twasfoepealegl yepurtd ives £ kit diinmet. el uant ;
hexane/ nmet hyl ene SF-1239 142 chloride = 1/1, 2"d tinme: eluant; methylene

chloride) by flasbmefthl CAnIEsL£O! UMTL DT OB GOy &y H eloiayet ;
hexane/ net hyl ene <chloride =71/1) to obtain 2.91 g of the targeted

2- (5, 6- Di et hoxyj n-31-yk)g@. 6:digtest-butyl phenol (yield 5 11% white
¥bﬂﬂ§. 81-¥t)od, 6z digtef

solid). The obtained product” was ‘anal yzed with El enentary Analysis, NWR

Galc.: G 76,91 WG, UGCISRo Folmth (& P30 666, (1r AMRTCBeLY) | d
7.32 (d, J =2.43 Hz, 1H), 7.21 (d, J =2.70 Hz, 1H, aromatics); 7.13 (s),
6.88 (%, 1H70Ida) ?Ha.géz)(a,l-ﬁzfsz,. §PHaz CMe) ; CH) 295 (87 L3H, 1§¥edH) ; 3. 92
(s), 3.82 (s, 3H Ow) ; 3.53 (d, J =1.62 Hz, 2H, CH2) ; 1.45 (s) , 1.32
(s, 9H, CMe3) . CI['H] NMR (CDCl3): d 194.0 (0=C); 151.8, 145.4, 141.3,
| 132.6, 122.7, 117.9 (unsaturated C); 35.3, 34;92, 34.85, 34.7,
31.6 (CHs and CHp). FD-MS: 400 (M+).
[Synthesis of
10  9-(2-Hydroxy-4, 6-di~tert-butylphenyl)Octamethyloctahydrodib
enzofluorenol]
To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
Z2~-Bromo-4, 6-di-tert-butylphenol (2.36 g, 8.29 mmol) was
15 charged and THF (30 mL) was édded, and then the mixture was
dissolved under stirring. After completion of the slow
addition of n-butyllithium (1.56 M in hexane; 11.2 mL, 17.41
mmol) at 0 °C, the temperature was slowly elevated, and reacted
under stirring at room temperalture for 12 hours. The resultant
20 mixture was cooled again to ~78 °C, and a solution prepared by
dissolving 9-Octamethyloctahydrodibenzofluorenone (2.36 g,
18.29mmol)inTHF(SOmL}wasslowlyadded. After the addition,

the temperature was slowly elevated, and reacted under stirring

at room temperature for 16 hours. After the reaction, to the



15 13 1H} NWR (CDC13): d 149.3 (0-C); 148.4, 147.9, 141.6, 141.2, 136.9,
136.8, 135.3, 130.7, 123.7, 123.5, 121.2, 108.0, 104.3, (unsaturated C) ;
56.2, 55.8r¢OwBp ; 38.5 (CH2) ; 35.1, 34.3 (Cwe3); 31.6, 29.6 (CMwe3).
FD-Ms: 380 (Mt). 20 [Synthesis of

(2-{5, 6-Me2-inden-1"'-yl}-4,6-tBu2-Cot#®) Ti (NMe2) 21

2- (5, 6-D nmet hoxyi nden-3"'-yl)-4,6-di-tert-butyl phenol (0.53 g, 1.41 mol)
obtained in the previous reaction and Ti (Nwe2) 4 (0.32 g, 1.41 nol) were

used to caeeytodh biduEan! wafedF AABALI 43 s lalideeCHs Gt M trid aldhe o, ocess
di sclosed in Organonetal lics, 2004(23) 1576, and then fromthe resultant

sol uti on, Thaem&qiﬁ@nasaﬁdar@&-&r&@% é"@éﬁagh%k{r'ﬁ%n@ﬂ é&f&ﬁ’%&eft%%‘?ed

pressure to obtain g of the targete

2-{5, 6- I 2- @) NVe2) uantitati

So | 4} TR SBA N d%%‘é%‘ %%%anﬁgﬁ%% e T s
results Ee obt |ne 1H NI\/R (CDC13): 29 (d, J =2.64 Hz, 1H, phenoxy)

. 7.24 \fg PV, Mﬂﬁoﬂpr?éfﬂ)ﬁ?)nce@tg?t@g) ang @dpigd togb tlaﬁa) . 6. 49

(d, J = 2, 96 FE, 1H ri5-cH2) , 6.44 (d, J= 2.97 Hz, 1H, r15-CH3) ; 3.89
(s), 3578tb§ taFgetRB) : 3.31 (s), 2.48 (s, 6H NVe2): 1.41 (s), 1.36 (s,
9H, Cwve3). 13C [1H NWR (CDC13) : d 171.8 (Ti-OC ; 150.8, 150.1, 140.5,
15 134.5, 9127~ Hyanﬁy34 ﬁiﬁlﬂteﬂﬁEbﬁtyﬂﬁﬁbﬁylZbﬂidheth&loétah@ﬁr%dlb
enzofluorenol in a crude form (brown solid).
[Synthesis of
9-(2-Hydroxy-4, 6~di-tert-butylphenyl)octamethyloctahydrodib
10 enzofluorene] | |
To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed, crude
9-(2~-Hydroxy-4, 6~di-tert-butylphenyl)octamethyloctahydrodib
enzofluorenol (8.29 g) obtained in the previous reaction was
15 charged, acetic acid (70 mL} and 57% hydroiodic acid (14 mL)
were added, and stirred. The mixture was reacted under reflux
atroomtemperaturefor'?hours. The resultant brown suspension
waépouredintowater(300mL)andemtractedwithdiethylether.
The obtained organic layer was washed firstly with
20 hydrogencarbonate agueous solution and then with sodium
hydrogensulfite aqueous solution (10 wt%, ca. 150 mL), MgSQy
was added to the washed organic layer, dried, and filtered to

obtainavyellowsolution. The solutionwas slowly concentrated,

and thus unreacted 9-Octamethyloctahydrodibenzofluorenone



100.6, 100.1 (unsaturated C); 56.1, 55.8 (Ow); 49.2, 46.3 (Nw2); 34.9,
34.4 (CVe3); 31.9, 29.6 (CVe3). 1H NWR (C6D6) : d 7.58 (d, J =2.64 Hz, 1H,
phenoxy) $F5323fd, J =2.31 Hz, 1H, phenoxy); 6.69 (s), 6.43 (s, 1H, Ind);
6.38 20 (d, J =3.30 Hz, 1H, r15-CH2), 6.27 (d, J =2 . 96 Hz, 1H,
ri5-cH3) ; 3.37 (s, 3H Ow), 3.36 (38 6H, Nwe2), 3.03 (s, 3H, Ow), 2.59
(s, 6H, NMe z) , 1.72 (s) , 1.43 (s, 9H, Cwe3) . 13C['H NWR (C6D6) : d
172.7 (Ti-OC; 152.3, 151.3, 141.3, 135.1, 128.4-127.5 (overlapped with
C6D6), 127rgstaleppeciphtdie SRsl23moidd4 by28idrrd2od, The §lligaré, 101. 2,
100.6 (unsaturated C); 55.2, 54.9 (Ow) ; 49.5, 46.6 (Nwe2) ; 35.3, 34.6

(CVe3); 3@a2, f30s® céﬁ%@ﬁﬁraié@ﬁ&hﬁ&iﬁidﬁ, the resultant solid was
(2-{5,6-Me02-inden-1'-yl }-4,6-tBu2-C6H40) Ti C12] 5 To a Schl enk-type

reactor tH9soyphty Y| &g gl RN Y ddhy 1UHO0 G x o rs%tl@ttQBnts p! aced
(2-{5, 6- Me02-i nden-1" -yl }- 4, 6-t Bu2- CGH40)T|(NNE2)2 (0.67 g,

obt ai ned b@(%hfo fVloggdr tfl%ﬁ ed and e?gnégnﬁﬂ(S m) mas

added, and m Xture was 7.76 nmmol)
her et o at roon1 enperature and ter the 3?g|t|on reacted
R a

ﬂﬁﬁe?dft.? PRt o P Ppag & IS ot e SR BEEIT 53¢ P8 AULPBAIT he

sol vent and the by-product were dlstllled of f under reduced pressure to
obtai n 0. 6408 dfok He'q degarede@d( Prpgust (#BC) X dlermer mixture (sp- and
-inden-1"-yl}-4,6-tBu2-C6H40) Ti C12 (quantitative, brown

ap-form) (21%, light yellow solid).

The obtained product was analyzed with NMR and FD-MS, and
the following results were obtained.

10 'H NMR (CDCls): d7.78-7.51 {m, 4H, fluorenyl); 6.70-6.36
(m,2H,phenoxy);5.59(s),5.26{s,totallH,Elu—H—9);5i51(br),
5.62 {br, total 1H, CH); 1.70 (bxr, 8H, CHz); 1.38-1.03 (m, 30H,
CH; and CMej)}.

FD-MS: 590 (M+).
15 [Synthetic Example 10]
<{l-{Inden-1'-yl}-2-Ci3Hs0)TiCl;)
[Synthesis of
1-(Inden-3"'-yl)-2-naphthol; (1-{inden-3"-yl}-2-C1oHgO} Hz]
3-Bromo-2-naphthol (10.00 g, 44.83 mmol),

20 1-Indanone(5.92 g, 44.83 mmcl) and n—butyllithium {1.57 M in
hexane; GQ.O mL, 94.1 mmol) were used to carry out a reaction
in accordance with the process disclosed in Dalton Trans., 2003
, 4580, and the resultant crude product was purified by flash

silica gel column chromatography (eluant; hexane/methylene



sol i d). The obt ai ned product was anal yzed with NVR and FD-M5, and the
followng results were obtained. 1H NWR (CDC13): d 7.41 (d, J =2.31 Hz,

1H,

phenoxy), SF-323920 (d, J =1.98 Hz, 1H, phenoxy); 7.05 (s, 1H Ind), 6.95

(d, J = 3.29 Hz, 1H, i5-CH2) , 6.92 (dd, J = 3.29, 0.66 Hz, 1H rl
5-CH3), 6.61 (s, 1H, Ind), 4.01 (s)138.84 (s, 3H, Ow); 1.39 (s), 1.3
(s, 9H CMe3). 13C [1H NMR (CDC13) : d 172.9 (Ti-O-C) : 154.7, 154.0,

146.6, SF-1239 145 137.2, 135.1, 134.6, 131.8, 128.5, 124.6, 124.0, 12

5
3.8,

108.7, 10B1pri#ie0=71¢unsabuchtetnC};656gdof 56n8 {aMpted5. 1, 34.8 (CVe3);

31.7, 29.6 (CMe3). 1H NWR (C6D6) : d 7.57 (d, J =2.31 Hz, 1H, phenoxy),

7.32 5 (d~ (Ins2n3%"’ H&l)lbanﬁE895Y)(y§e§& §§5,]¢$1ﬂé“901fa551 (d, J =
Hz, 1H, rls-CH), 6.49 (d, J-— "96 HZ ST 6 %2 (s, 1, ind))

(). 10 [éyﬁf’h‘gtﬁfc?’fé‘txa %ﬁ%% 1 %ﬂﬁe y thﬁéf%%%n; H40) 21 C12
T d d th nit

(2- ﬁﬁéﬁ%ﬁ@ﬁ%pegMPfRachEM%?rz?%ﬁm%ar%@81a” E4F05F RIS obt af n
in accgr dance with the process 15 disclosed i nOrganonetal lics, 2004(23)

, 1576,

(0.012 m_,
Elementary Analysis: Calec.: C, 88.34; H, 5.46.

lFound: C, 88.02; H, 5.28.
‘H NMR (CDCl3): d 7.83-7.80 (m, 2H), 7.61 (d, J =7;02 Hz,
1"}, 7.52-7.47 {(m, 1H), 7.36-7.18 (m, 5H), 6.96 (d, J=7.29 Hz,
10 1H, aromatics); 6.78 (t, J= 2.16 Hz, 1H, CH); 5.46 (s, 1H, OH);
3.75 (d, J =1.35 Hz, 2H, CH,).
C['H] NMR (CDCls): d 150.9 (0-C); 144.4, 144.1, 138.7,
135.8, 132.9, 129.7, 128.9, 128.1, 126.5, 126.3, 125.6, 125.0,
124.0,'123.3, 121.2, 117.3, 114.3 (unsaturated C); 39.1 (CH,).
15 FD-MS: 258 (M+).
[Synthesis of (1—{Indenwl';yl}—2~CmH50)Ti(NMeﬂz]
1-(Inden-3'~yl)-2-naphthol (1.00 g, 3.87 mmol} obtained
ih the previous reaction and Ti(NMe2}4(0.87 g, 3.87 mmol) were
used to carry out a reactien in accordance with the process
20 . disclosed.in Organometallics., 2004 (23) ,1576, and then from
the resultant solution, the solvent and the by-product were
distilled off under reduced pressure to obtain 1.52 g of the
targeted (1—{Inden—1'~yl}—2—01ﬁk0)Ti(NMeQz (quantitative,

red solid).

3.30

2>>

ed

waSPERAPGED, and benzene-d6 (0.8 nL) was added. Subsequently, Si Cl4



0.11 nmmol ) was added using a mcro syringe at roomtenperature, and after
the addition reacted while being shaken at room tenperature for 2 m nutes.
From the B&sdEB&nt solution, the 20 solvent and the by-product were
distilled off under reduced pressure to obtain 0.026 g of the targeted
(2-{Inden-1"-yl}-4,6-tBu2-C6H40) Zrd 21{quantitative, yellow solid). The
obt ai ned product was anal yzed with NVR and FD- M5, and SF-1239 146 the
following results were obtained. 1H NVR (C6D6): d 7.44 (d, J = 2.31 Hz, 1H,
phenoxy), 7.41 Tid, oBtaiBed @rdudiH wdandnalsz3d wdth) NMR2. 3hdHzhe 1H,
phenoxy), 7.06 (d, 1H, J= 6.48 Hz, Ind) ; 6.92 (d, J = 3.30 Hz, 1H,

r5-CH), 5f619bwbn84résul @4 waroOnsbt£8nedS5. 25 (d, J = 3.30 Hz, 1H rl5-CH);
1.41 (s), 1.33 (s, 9H, Cwe3). FD- Ms: 480 (M+). [Conparative Reference

Bxanpl e 1] << (B (hidqeedi;yld 140 (BU2- GOLHD) Iy 025y 30, Toug , Sehignk- type

reactor thoroughly dri ed and pur ged W|t ni t rogen, a rot’ator ‘'was pl aced,

2-(1nd 4 t b h I b
ob'g alnngg |?(’n éczzor%ggnigle v(ne'[l:%{ aug¥3§e§2q3i g@l’ oglég %hé%aﬁrcg ) ra S%Q C%BOSe
4580 hsa/agd, ther (207@}% was added 15 and the m xture was stirred.
The r actgr cootled &¢ 3 n 7a50ry 3t d8-Beet Bhe Batd? (d%utyFl it hi um

(1.57 Min_ hexane; 3.58 ni., 5. 62 mml) was sl owy added dropvm se, and
after thel2.11, 7. 58 Hz, 1H, aromatics); 6.48 (d, J=2.97 Hz, 1H, n°>~CH~ 2}

6.40 (dd, J= 3.11, 0.95 Hz, 1H, n°~CH-3); 3.22 (s), 2.45 (s,
6H, NMej).
YCI'H] NMR (CeDg¢): d 174.2 (Ti-0-C); 135.4, 130.5, 130.71,
10 12%9.0, 128.5, 126.65, 126.58, 125.4,125.3, 124.7, 123.9, 123.23,
123.17, 122.7, 122.6, 119.3, 118.8, 101.7 (unsaturated.C);. 49.8,
46.77 (NMe3) .
[Synthesis of (1~{Inden-1'-yl}-2-Ci0HgO)TiCl;]
To a Schlenk-type reactor thoroughly dried and purgedwith
15 nitrogen, a rotator was placed, |
(1-{Inden-1'-yl}-2~CioH¢O) Ti (NMes), (1.47 g, 3.74 mmol)
obtained in the previous réaction was charged, and benzene (5
mL)} was addéd, and then the mixture was stirred. Mes;81iCl (2.38
mL, 18.67 mmol) was added thereto at room temperature, and after
20 the addition reacted under stirring at 50 °C for 6 hours. From
the resultant solution, the solvent and the by-product were
distilled off under reduced pressure to obta‘in 1.40 g of the
targeted (1-{Inden—1'myl}—Z—ClgHGO)TiCiz {quantitative, brown

soiid).



dropwi se addition, the tenperature was slowy elevated to room
tenperature, and reacted under stirring at roomtenperature for 20 15
hours. Agé&Fr)l28he reactor was cooled to -78 C, and Tid 4 (1. 0 Min
toluene; 2.81 nL, 2.81 mol) was slowly added dropwi se under stirring.
After the dropw se addition, the tenpesdmrture was slowy changed back to
roomtenperature, and reacted under stirring at roomtenperature for 94
hours, to obtain a brown SF-1239 147 suspension. The suspensi on was
concentrat ed anthepbedin®heprodset ast aneby adhkvyzading thdliFb-MEB 66BCL3),
and the targeted titanium conpound was not observed. [Conparative

Ref er encethyapl Bowind redurdd nelerns loptd ey 6- t Bu2- C6HA0) Ti C12>>
2-(Inden-3' -yl )-4,6-di-tert-butyl phenol (1.00 g, 3.12 rrm)l) TiCl4 (1.0 M

in toluene; 3.1 R %C%%l”}mléi 7a§1§i 7 ngé;ﬂ{réll I3| E2h| u7m6(11 755 ﬁxane

3.97 nm, 6.24 mol) were used to carr a{ctlonlnaBCéofdan(:e wth
the proce di closed 10 1 taII §084 fﬁ 40, and a brown
suspensi o%’%a%asé %t%l%erf‘j dmé %agé%rrﬁ vva§ d é ted (SJFH 'dried. The
resul tEﬁnt was aigal yzed with 1H NVR CDClB and o%% 1% of the targeted
titanium corrpoun@l Vids B s * [dch a?a(frllv@ Ref er¥hce Exandl 6381345
<<(2-{Inden-1"-yl}-4,6-tBu2- C6H40) Zr C12>> To a Schl enk-type reactor
t hor oughl 93§Ir$ed3dndfpl|3@ea Wi3th 2,nilEPogen, 2 G,01laB08, wed8 M ,adéd, 5,
2-(Inden-3' -yl )-4,6-di-tert-butyl phenol (0.90 g, 2.81 mmol)
125.1, 124.1, 122.8, 121.9, 115.8, 110.7 (unsaturated C).
'H NMR (CeDg) : d 7.59 (d, J=8.64, 1H), 7.45 {(dd, J=18.91,
1.62 Hz, 14), 7.24-7.11 (m, 4H), 6.98 (dd, J = 7.56, 7.56 Hz,
10 1H), 6.78 (d, J = 8.91 Hz, 1H), 6.67 (m, 2H, aromatics); 6.58
(d, J=3.24 Hz, 1H, n°-CH-2), 6.54 {(dd, J = 3.38, 0.68 Hz, 1H,
ns—CH—3).
FD-MS: 374 (M+).
[Synthetic Example 11]
15 <<(2-1{5, 6= (MeO)-inden-1"'-yl}~4, 6-"Buy—CgH40) TiCly>>
[Synthesis of
2—(5,6-Dimethoinnden—3'uyl)—4,6—di~tert-butylphenol;
(2-{5,6-(MeO)-inden-1'-yl}-4, 6-di-tert~-butyl-CgH,0) Hj]
- 2-Bromo-4, 6-di-tert-butylphenol (7.41 g, 26.01 mmol),
20 5,06-Dimethoxy-1-Indanone(5.00 g, 26.01 mmol) and
n-pbutyllithium (1.57 M in hexane; 54.6 mL, 52.0 mmol) were used
to carryout a regiction in accordance with the process disclosed

'in Dalton Trans., 2003, 4580, and the resultant crude product

" was repeatedly purified (1°' time: eluant; hexane/methylene



whi ch can be obtained in accordance with a process disclosed 20 in Dalton
Trans. , 2003, 4580 was charged, ether (20 nL) was added, and the m xture
was stirrek-1Dp® reactor was cooled to -78 C in a dry ice-acetone bath.
n-Butyllithium (1.57 Min hexane; 3.58 nL, 5.62 nmol) was slowy added
dropwi se, and after the dropw se addiggon, the tenperature was slowy
changed back to SF-1239 148 roomtenperature, and reacted under stirring
at roomtenperature for 15 hours. This suspension was concentrated and
dried, andhlznGbé €01 65, @ 2 i :nwdbipnvasnatitertms cal1sehbd) fioy miunder a
nitrogen atnosphere. Again, the reactor was cooled to -78 C, 5 and 25 nL of

tol uene cedlladat gel7@cCunds cAddREtHREEPH I NI ENSANE; ﬁ%iéﬂé/%btﬂ@ﬂéﬂé
conpl etion of the toluene addition, "the “tenperature was slow'y changed

back to rngbgq@geLaﬁq@§ tgngbtggﬁcgeglu dgf érEér roomtenperature
for 15 hours, ob tain brown suspen s e su§%%n5|on was

concentrated .a d |ed The sul t ant s anal yzed with 1H NNR (CDC13)
and only 5135 g lge P§§%8882| goﬁ# n%c@ buhe wak obRiianed. (i&ddhar at i ve
Referegce %x | e 4] (2 {Inden-1'-yl}-4, 6-tBu2- C6H40) Zr C12>>

2- (1 ndén- 3 nghAtG §PLi8e t- but yl phenol (1.00 g, 3.12 15 mol), ZrCl4
(0.73 g, 3.12 mmol) , and n-butyllithium (1.57 Min hexane; 3.97 nlL, 6.24
mol ) were usedThe ehieynedtpacdeatctyam dmelaosmbndaic & lwinehthlrg process

di sclosed in Organonetal lics., 2004(23) ,540, and a brown suspensi on was
obt ai ned. Afhéysis, NMR and FD-MS, and the following results were

obtained.
Elementary Analysis: Calc.: C, 78.91; H, 8.48.
10 Found: C, 78.12; H, 8.68.
IH NMR (CDCl3): d 7.32 (d, J =2.43 Hz, 1H), 7.21 (d, J
=2.70 Hz, 1H, aromatics); 7.13 (s), 6.88 (s, 1H, Ind); 6.56 (t,
J=2.03 Hz, 1H, CH); 5.67 (s, 1H, OH); 3.92 (s), 3.82 (s, 3H,
OMe); 3.53 (d, J=1.62 Hz, 2H, CHz); 1.45 (s), 1.32 (s, 9H, CMes) .
15 BC['H] NMR (CDCls): d 149.3 (o—C); 148.4, 147.9, 141.6,
141.2, 136.9, 136.8, 135.3, 130.7, 123.7, 123.5, 121.2, 108.0,
104.3, (unsaturatedC); 56.2, 55.9 (OMe); 38.5 (CHp); 35.1, 34.3
(CMes); 31.6, 29.6 (CMes).
FD-MS: 380 (M+).
20 ' [Synthesis of‘
(2-{5,6—Me02—inden-1'—y1}é4,6~tBu2-c¢h0)Ti<NMeg2]
2-(5,6-Dimethoxyinden-3'-yl) -4, 6-di-tert-butylphenol
(0.53 g, 1.41 mmol) obtained in the previous reaction and

Ti(NMe2)4 (0.32 g, 1.41 mmol) were used to carry out a reaction -



20 suspensi on was concentrated and dried. The resultant was analyzed with
"H NWVR (CDC13) , and the targeted titanium conpound was not observed.

[ Conpar at iSFe 1RSfPer ence Exanpl e 5] << (2-{Me4Cp}-4- Me- C6H40) Ti C 2>> SF- 1239
149 To a Schl enk-type reactor thoroughly dried and purged with nitrogen,
a rotator was placed, 2-(Tetranethyl cy¢Bopentadi en-31-yl)-4-net hyl phenol
(2.61 g, 11.45 mmol) which can be obtained in accordance with a process 5
di scl osed in Organonetallics. , 1997 (16) , 5958 was charged, ether (100
m.) was addedccamdathbe wikh urle wascetsisr dédcldhed feamtgmongs addalead to -78
Cin adry ice-acetone bath. n-Butyllithium(1.57 Mn hexane; 14.6 nL, 22.

9 mol ) wasosl(aaly , 18ddedadaopreserr@ndeiad t eEshheardll WiEE 3ddittieon, the
tenperature 10 was slowy changed back to roomtenperature, and reacted

under St%b&%@ﬂﬁﬁndB9nb£§§P@%§595%i%%&%g%%g?%-a?gp&%ggeﬁgﬁgﬁégﬁfgﬁ

concentrated and dried,” and then dissolv ng t ol uene.
Again it S led ta,-78 C. . T1Cl4 (1. Mn toluene; 11.5 nm, 11.45

nmol ) mas%glS%Félgdgég2d§08§;E%eS%aeée%?grring, 15 and after conpleting of
the dropwi se addition, .the temperature , was slowy changed back to room

t enper tu#é éﬁd%Fgﬁggé&nﬁﬁaéf ‘%%?T?i?ﬁf%ﬂ?‘?dﬁﬁpﬁﬁﬁﬁgﬁakmre for 66 hours to
obtain a brown suspension. The suspension was filtered with G3 gl ass
filter, WAPGRti§akiVEedraftBoted]te, under a nitrogen atnmosphere. The 20

resul tant bl ack substance was washed wi th hexane (10 niL), and
The obtained product was analyzed with NMR, and the

following results were obtained.
'H NMR (CDCls): d 7.29 (d, J =2.64 Hz, 1H, phenoxy), 7.24
10 (d, J=2.31 Hz, 1H, phenoxy); 6.82 (s), 6.58 (s, 1H, Ind); 6.49
(d, J=2.96 Bz, 1H, n°~CH-2), 6.44 (d, J=2.97 Hz, 1H, n°-CH-3);
3.89 (s}, 3.78 (s, 3H, OMe); 3.31 (s), 2.48 (s, 6H, NMe,); 1.41
(s), 1.36 (s, 9H, CMes).
**C['H].NMR (CDCl3): d 171.8 (Ti-O-C); 150.8, 150.1, 140.5,
15 134.5, 127.1, 126.3, 125.2, 123.8, 122.8, 119.7, 117.4, 101.7,'
100.6, 100.1 (unsaturated C); 56.1, 55.8 (OMe); 49.2, 46.3
(NMez) ; 34.9, 34.4 (CMes); 31.9, 29.6 (CMes).
'H NMR (CeDg): d 7.58 (d, J =2.64 Hz, iH, phenoxy), 7.54
(d, J=2.31 Hz, 1H, phenoxy); 6.69 (s), 6.43 (s, 1H, Ind);.6;38
20 (d, J=3.30Hz, 1H, n°-CH-2), 6.27 (d, J=2.96 Hz, 1H, n°-CH-3};
3.37 (s, 3H, OMe), 3.36 (s, 6H, NMe,), 3.03 (s, 3H, OMe), 2.59
(s, 6H, NMes), 1.72 (s), 1.43 (s, OH, CMes).
C[*H] NMR (CeDe}: d 172.7 (Ti-0-C); 152.3, 151.3, 141.3,

135.1, 128.4-127.5 (overlapped with Ce¢Dg), 127.3, 126.2, 124.1,



~the wash liquid was m xed with the filtrate. The resultant dark-brown

sol ution thus obtained was concentrated up to 3 nL, hexane (3 nL) was
added to BeFM2&9 ayer on a top of the solution, and left at room
tenperature, to precipitate a brown crystal. SF-1239 150 The crystal was
separated by filtration with a glass f44ter, washed with toluene, and
dried under reduced pressure, to obtain 57 ng of the targeted titanium
conmpound as brown powder. After the filtrate was concentrated and dri ed,
added wi t h22 .4l Of0 Hexahe, 8 5 1aikd 1cobted2 1 00016 @ndea rarddiec) prsecopi t at e
brown crystal. The supernatant was renoved, the crystal was washed with

hexane (154mb) (ode) edsansiersg eduaate pr,essune, 3hoef uehder; ot gl n3p7omg of
the targeted titani um conpound as brown powder (total 123 ng, vyield 3%

10 The obtajmed product was anal yzed with NWVR and FD-M5, and the follow ng
results were obtained. 1H NWVR (CDC13) : d 7.15 (dd, -J = 8.39, 1.32 Hz, 1H,

Ph-H5) |, (.7, 1H, , Ph- .53 (d, =.8.24 1 Ph- 2.43
[ (s)) 2156pERegEs Chbay (S ne b ol fofmra b Ko ernce
Exanpl e 6] <<(2-{Me4QCp}-4,6-tBu2-C6H40)Ti C 2" To a Schlenk-type reactor
t horolyhly drietP rﬁff}}@ﬁﬁ%&metwa%—@?5§§ﬁ9uahilmd§tl@ﬂ IREPpraedditho

2- (Tetramet hyl cycl opent adi en-31-yl )-4,6-di-tert-butyl phenol (0.70 g, 2.14
mol ) whi BhtEaaebe abrafaker iveagebrcance with

(2-{5,6-MeOz-inden-1"'-yl}-4, 6-"Bu,~CeHs0) Ti (NMe,)» (0.67 g,
1.29 mmol) obtained in the previous reaction was charged, and
benzene (5 mL) was added, and then the mixture was stirred.
10 Megsicl {0.99 mL, 7.76 mmol) was added thereto at room
temperature, and after the addition reacted under stirring at
50 °C for 10 hours. From the resultant solution, the solvent
and the by-product were distilled off under reduced-pressure
to obtain 0.64 g of the targeted (2-{5,6~(Me0),
15 -inden-1'-yl}-4,6-"Bu,~CgH,0)TiCl, (‘quéntitative, brown
seolid). |
| The obtained product was analyzed with NMR and FD-MS, and
the lelowing results were obtained. |
-1H NMR (CDCls}: d 7.41 (d, J =2.31 Hz, 1H, phenoxy), 7.31
20 (d, J =1.98 Hz, 1H, phenoxy); 7.05 {(s, 1HE, Ind), 6.95 (d, J =
3.29 Hz, 1H, n°-CH-2), 6.92 (dd, J=3.29, 0.66 Hz, 1H, n°-CH-3),
6.61 (s, 1H, Ind), 4.01 (s), 3.84 (s, 3H, OMe); 1.39 (s), 1.35
(s, 9H, CMes).

BC['H] NMR (CDC13): d 172.9 (Ti-0-C); 154.7, 154.0, 146.6,



a process disclosed in Oganonetallics. , 2004 (23) , 540 was charged,
ether (20 nL) was added, and the m xture was stirred. The reactor was

cool ed toS¥FF82@% n a dry ice-acetone bath. SF-1239 151 N butyllithium
(1.57 Mn hexane; 2.73 n., 4.29 mmol) was slowy added dropw se, and after
t he dropwi se addition, the tenperaturesswas slowy changed back to room
tenperature, and reacted under stirring at roomtenperature for 15 hours.
Again, the reactor 5 was cooled to -78 C, and TiCl4 (1.0 Min toluene; 2.14
mL, 2.14 lgiok) Ws. 5| adkly 6adued. gy apei.Se undes, ILidr.ci, ng23 Theneaf.ter, the
tenperature was slowly changed back to roomtenperature, and reacted under

stirring ap3ropmobenperabsseutofeddSchouss, ¢, t4s opt@Me)a Bown syspensi on.
The suspension was concentrated 10 and dried. The resultant was anal yzed

“with 1H NWBMé?EC%@J7fﬂyb_éﬁWﬁﬁ%?qof the targeted titani um conpound (in

conpari son w t he anal ysis ta disclosed in Organonetal lics. ,2004(23),
540) was obseryv EXAgg§ A 18 <Pol ymeri zati.on of_. Et hyl ene using
(2-{Inden-1'-y|}-E¥ ~{ 5C69|4 )§5CT¥>‘fT%'élgﬁésslgeééFﬂF”ﬁaviHg3an
interggl vglune_of 500 niL thoroughli purged with nitrogen, 250 nL of a
tol uerfe séPuty ot - WadlzehafgeBNeBABY A/ | ¢ f d(phdde iRd) a godl pltasd wer e
saturated 20 with ethylene gas (= 100 liter/hr) at 25 C. Thereafter, 0.25
mmol of t Ak 88dbut yHal DG &ndi9.(0, nd o2 . &6t Bt uelis s3+0E) pré. 425 (swol /L) of
(2-{Inden-1" -yl }-4,6-tBu2-C6H40O Ti d 2synt hesi zed
1H, Ind), 3.32 (s), 2.83 (s, 3H, OMe); 1.50 (s), 1.36 (s, 9H,
CMes) .
FD-MS: 497 (M+).
10 : [Synthetic Example 12]
<<({2-{Inden-1"-yl}-4, 6-"Bup—-CeH,0) ZrCl,>>
.To a screw-cap type NMR tube thoroughly dried and purged
with nitrogen, (2-{Inden-1"-y1}-4,6-"Bu,~CeH;0)Zr (NMes),
(0.030 g, 0.054 mmol) obtained in accordance with the process
15 'disclosedijlOrganometallics,2004(23) , 1576, was charged, and
benzene-dé6 {0.8 mL) was added. Subsequently, SiCl; (0.012 mL,
0.11 mmol) was added using arnicro_syringe at room temperature,
and after the addition reacted while being shaken at room
temperature for 2 minutes. From the resultant solution, the
20 solvent and the by-product were distilled off under reduced
pressure to obtain 0.026 g of the targeted
(2-{Inden-1"~yl}-4, 6-"Bu,-CeH,0) ZrCl, (quantitative, yellow

solid).

The obtained product was analyzedx&ith.NMR.and FD-MS, and



in Synthetic Exanple 1 were added, subsequently,

tri phenyl car beni unt et raki s( pent af | uor ophenyl ) borate was SF-1239 152 added
in an anof@Rt1eB91.2 equivalent to Ti, to initiate polynerization. After
carrying out the reaction under ethylene (= 100 liter/hr) atnosphere of
normal pressure for 10 mnutes at 25145 snmall anmount of isobutanol was
added to stop the 5 polynerization. After conpletion of the polynerization,
the reaction product was poured into a |arge anmount of methanol to

preci pi t atkeafbliveipol yeerdts anrafdlaraiaddi.ti on of hydrochloric acid,
filtered with a glass filter. The polynmer was well washed w th nethanol

and dried under'y 8BCed: ) es&UT 4 Qdgt 789 G F10H2z101 AP Wiseridx Ot ai. a1
pol yet hyl ene. The Tm of the obtained product was 112.9 C. EXAMPLE 2

<Pol ymeri zat i on @f 16t byl eng, usiq)g 7(32{gdepls-¥h}nd, 641 B %eﬁfék'ﬁ?) Ti C12>
15 The polymerization and the post-treatnent were carri ed in"the same

E t | t hyl th 0.s0 | f
Criisobut y'raFEf?r'\ﬁﬁfa%a G 4P TR Y B B R o i e R L
2- | 1 - -4, 6-t 2-CoH4O Tid 2 th d t het 20 Ex | 1
\(Neré 636 ?} %ﬁy(lnb'a en‘?ﬁ?ﬁ‘%’% ‘laﬁ()l's?;;gﬁt g;; Eﬁro%h% r;)'bgjfl'latcrb ~(ds’ gggeg :

in an anount of 1.2 equivalent to Ti and the reaction tinme  was changed to
15 m nut e§: 43rhéSTI'm bf 33 hées ob¥hi r@ﬁﬁa@ol ymer was

CED-MS: 480 (M+).
[Comparative Reference E#ample 11
<(2-{Inden-1"-yl}-4, 6-"Buy-C¢H,0) TiCl,>>
.10 To a Schienk-type reactor thoroughly dried and purged with
nitrogen, a-rotator was pléced,
2-(Inden-3'-yl)-4,6-di-tert-butylphenol (0.90 g, 2.81 mmol)
which can be obtained in accofdance with a process disclosed
inDalton Trans., 2003, 4580 was charged, ether (20 mL} was added,
15 and the mixture was stirred. The reactor was cooled to -78 °C
in a dry ice-acetone bath. N-butyllithium (1.57 M in hexane;
'3.58 mL, 5.62 mmol) was slowly added dropwise, and after the
dropwise addition, the temperature was siowly elevated to room
temperature,andreactedunderstirringatIoomtemperaturefor
20 15 hours. Again, the reactor was cooled to -78 °C, and TiCl
4(l.OMintolﬁene;Z.BlmL,2.81mmol)wasslowlyaddeddropwise
under stirring. After the dropwise addition, the temperature
was slowly changed back to room temperature, and reacted under

stirring at room temperature for 94 hours, to obtain a brown



113.3 C. SF-1239 153 EXAMPLE 3 <Pol yneri zation of Ethylene using
(2-{Inden-2" -yl }-4,6-tBu2- C6H40) Ti C12> The pol yneri zation and the
post-treafiedt3%ere carried 5 out in the same manner as in EXAMPLE 1 to
obtai n pol yet hyl ene, except that 0.05 mml of triisobutylalum numand 0.2
m. of a toluene solution (5 mmol /L) 47
(2-{Inden-2' -yl }-4, 6-tBu2- C6H40) Ti C12 synthesized in Synthetic Example 3

i nstead of (2-{lnden-1"-yl}-4,6-tBu2-C6H40)Ti d2were 10 used, and

tri phenyl easbensunhet rkle s(useenafilonomaphepylkebtoratedwasd adied. | ihan anpunt
of 1.2 equivalent to Ti. The Tm of the obtained polynmer was 121.8 C. As a
resul t of r$3C1 MRt (BEBafl4l {HdB=dH th VHY NMB2QCOL 15115 drepsiieenRiigeakdt he
polymer, there is observed a signal derived fromethyl branch at 10.9 ppm

20.5 ppm a0da3%ufl BBbofnd! 848! nodesbyesldaom propyl branch at 14.3 ppm

20.1 ppm 36.7 ppm and 9 ppm a 5|gnal derived fromterm nal ethyl
vi nyl i dene at and a signal derived froma
20 net hyl group o?éggﬁg% %%é%% xam ‘%o guat ernary carbon at 7.5

DB ALISC R spost il h;ﬁg'w S SPYLEG 1 DNRLE 4
2—-(Inden-3'-yl} -4, 6~di-tert-butylphenol (1.00 g, 3.12
mmol), TiCly (1.0 M in tcluene; 3.12 mL; 3.12 mmol), and
n~butyllithium (1.57 M in hexane; 3.97 mL, 6.24 mmol) were used
to carry out a reaction in accordance with the process disclosed
10 | in Organometallics., 2004(23) ,540, and a brown suspension was
obtained. The suspension was concentrated and dried. The
resultant was analyzed with 'H NMR (CDC1l3z), and only 1% of the
targeted titanium compound was observed.
[Comparative Reference Example 3]
15 ‘ << (2-{Inden-1'~-yl}-4, 6~ "Buy,-CsHs0) ZrCl,>>
To a Schlenk-type reactor thoroughly dried and purged with
nitrogen, a rotator was placed,
2%(Inden—3'—yl)—4,6—di—tert~butylphenol (0.90 g, 2.81 mmol)
which can be obtained in accordance with a process disclosed
20 'inDaltonTrans., 2003, 4580 was charged, ether (20 mL) was added,
and the mixture was stirred. The reactor was cooled to -78 °C
in a dry ice~acetone bath. n-Butyllithium (1.57 M in hexane;
3.58 mL, 5.62 mmol) was slowly added dropwise, and after the

dropwise additicn, the temperature was slowly changed back to



SF-1239 154 (2-{lnden-2'-yl}-4,6-tBU2- C6H40) TLC12> The pol ynerization and
the post-treatnent were carried out in the same manner as in EXAMPLE 3 to
obt ai n poByeflByPene, except that the reaction tenperature was changed to
80 C. The j 5 Tmof the obtained polyner was 123.3 C. As a result of

13C- NWR (ODCB-d4/ C6D6=4/1 v/v, 120 Cl48reasurenent of the polyner, there is
observed a signal derived fromethyl branch at 10.9 ppm 26.5 ppmand 39.5
ppm a signal derived frompropyl branch at 14.3 ppm 20.1 ppm 36.7 ppm
and 10 36r9oppmmrersityrel ajel readtéd omdeeratiinadingt dty rovmmempgenasuae 12. 4
ppm 28.1 ppmand 36.3 ppm and a signal derived froma nethyl group of

et hyl brafoch WhilclureandBhio squplasianywsardsiterdiratcd ppMdA kBCaR
spectrum of the polymer is shown in Fig. 2. 15 EXAMPLE 5 <Pol yneri zation

of Ethylepecusi n®. 64 %;,{ 2 .Ma- kilAN- hvasy lakidd 6 2kBE2 5680} Jhfrldrde ANe

polynerlzatlon and t he post-treatnment were carried out In the sane manner
(2-{2-Wo- 1% &iwﬁf&ﬁﬁﬂ%r@sﬁﬁ%ﬁiﬁoﬁwégcﬁiﬁt R
Fﬁgnfégct?B s%$ﬁ§PREQ§tead g ege Pg élnde ‘ﬁ%%gégﬁhgﬂﬁﬁg§gégﬁ£gg%%po?;ger
was 124. 1 C  SF-1239
stirring. After completion of the toluene addition, the
temperature was slowly changed back to room temperature, and
reacted under stirring at room temperature for 15 hours, to
-obtain a brown suspension. Thesuspensionwaéconcentratedand
10 dried. The resultant was analyzed with ' NMR (CDCl;), and only
% of the targeted zirconium compound was observed.
[Comparative Reference Example 4}
<{2-{Inden-1"-yl}-4, 6~"Buy—CgHs0) ZrCl,>>
2—(Inden—3'—yl)-4,6-di—tert~but§lphenol (1.00 g; 3.12
15 mmol),
ZrC14(O.TBg,3.1Zﬁmol),andnrbutyllithium(1.57M:n1hexane;
3.97 mL, 6.24 mmol) were used to carry out a reaction in
accordance with the process disclosed in Orgahometallics.,
2004 (23) ,540, and a brown suspension was obtained. The
20 suspension was concentrated and dried. The resultant was
analyzed with 'H NMR (CDCls;), and the targéted titanium compound
was not observed.

[Comparative Reference Example 5]

<(2-{MesCpl}-4-Me-CeH,0) TiCly>>



155 EXAMPLE 6 <Pol ynerization of Ethylene using
(2-{2-Me-Inden-1"'-yl}-4,6-tBu2-C6H40) Ti C12> The pol ynerization and the
post -t reatiedf3@ere carried 5 out in the sane manner as in EXAMPLE 5 to
obtai n pol yet hyl ene, except that the reaction tinme was changed to 80 C
The Tm of the obtained polynmer was 12526 C. EXAMPLE 7 <Pol ynerization of
Et hyl ene using 10 (2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-tBu2- C6H40) Ti C12> The

pol ymeri zati on and the post-treatnent were carried out in the same nmanner
as in EXAVPLE 1T¢ e Jshitla@ink-poipeetdgtene thoexaghl yidrdted and purged with

(2-{2- Me-4-Ph-1nden-1"-yl }-4,6-tBu2-C6H40) Ticl 2 synthesized in Synthetic
Exanpl e Snwasoyssed ansdteatoofwdd @r{deden-1' -yl }-4,6-tBu2- C6H40) Ti C12, and
the reaction tinme was changed to 5 m nutes. The Tm of the obtained polyner

was 126. 62-QTEXAMRLE, 15f@i%§%ﬁg@$émoi ]5[ A0 (
(2-{2- Me-4-Ph-1nden-1 6-t Bu2- CoH4 T e polynerlzatlgn and t he

ot s g gl a3l Saﬂeocf%aq%ﬁ%mgbmgraa REAans 0.2
m L OfSa E.(s)l gglgdsgrll rlc_'fj)anntgmetm?i g F 12:)))9, %gf% wWas charged
ether (100 mlL) was added, and the mixture was stirred. The
reactor was cooled to -78 °C in a dry ice-acetone bath.
n-Butyllithium (1.57 M in hexane; 14.6mL, 22.9 mmol) was slowly
added dropwise, andafter the dropwise addition, _the temperature
10 was slowly changed back to room temperature, énd reacted under
stirring at room temperature for i4 hours. This suspension was
concentrated and dried, and then dissolved by addiné 100 mL of
toluene. Again it was cooledto -78 °C. TiCl4 {1.0Min toluene;
11.5mL, 11.45 mmol) was slowly added dropwise under stirring,
15 and after completing of the dropwise addition, the temperature
was slowly changed back to room temperature and reacted under
stirring at room temperature for 66 hours to obtain a brown
suspension. The suspension was filtered with G3 glass filter,
which is f_illed with celite, under a nitrogen atmosphere. The
20 resultant black substance was washed with hexane (10 mL), and
‘the wash liquid was mixed with the filtrate. The resultant
dark-brown solution thus obtained was concentrated up to 3 mL,

hexane (3 mlL) was added to forma layer on a top of the solution,

and left at room temperature, to precipitate a brown crystal.



(2-{2- Me-4-Ph-1nden-1"-yl }-4,6-tBu2-C6H4O Ti C12 synthesized in Synthetic
Exanpl e 5 were used, triphenyl carbeniuntetrakis(pentafl uorophenyl)borate
was addedri-nzame anount of 1.2 equivalent to Ti, and the reaction 5 tine
was changed to 10 m nutes. The Tm of the obtained polyner was 124.9 C. As
a result of 13C-NWR (ODCB-d4/ C6D6=4/ 13 v, 120 C) neasurenent of the
polynmer, there is observed a signal derived fromethyl branch at 10.9 ppm
26.5 ppmand 39.5 ppm a signal 10 derived from propyl branch at 14.3 ppm

20. 1 ppm T86. IrpphaBnehs e pmad dyskghakadeshvedtf romitesnicaak et hyl
vinylidene at 12.4 ppm 28.1 ppmand 36.3 ppm and a signal derived froma

met hyl grQH@h@aw@ﬂm&ofﬁ@@§haW@d?lé&%ﬁ@efQe@ﬂ%@@&ﬂ%%%n%%ﬂbﬂyobE%&67-5 ppm

A 13C-NMR spectrum of the polyner is shown in Fig. . EXAMP
<Pol yneri zat

| ppeofy Ethylene using , .
(2-12 Mo~ 3 B DRddhs Ty REes B T B ea2S P=PHE BBYSRRr i 25EF5n and
t he post-%ge%tg%nttmere carried 20 $ut %P_the sane. nanner as _in EXAMPLE 8
to obtai n“PoOIryetAvi-EtE s CRREePtr T 1 APAE L 13 B BhbR PP ENERE B he
reaction tinme were changed to 80 C and 30 m nutes, respectively. The Tm of
the obtafREFPIEPnE? Vls’ dotoofurther areeinltabe PERGONMRY $1@OCB- 80 C6D6=4/ 1
vliv, 120 C) SF-1239 157 neasurenent of the polyner, there is observed a
si gnal depupernatant was removed, the crystal was washed with hexane (1
mL), dried under reduced pressure, to further obtain 57 mg of
the targeted titanium compound as brown powder (total 123 mg,
yield 3%).
10 The obtained product was analyzed with NMR and FD-MS, and
the feollowing results were obtained.
'HNMR (CDCl3): d 7.15 (dd, J=8.39, 1.32 Hz, 1H, Ph-H-5),
7.06 (s, 1H, Ph-H-3), 6.53 (d, J = 8.24 Hz, 1H, Ph~H-6), 2.43
(s), 2.01l(s, 6H, CsMey).
15 _ FD-MS: 344 (M+).
[Comparative Reference Example 6]
<< (2-{Me,Cp}-4, 6-"Buy-CgH40) TiCly>>
TRJaSchlenk-typereactorthoroughlydriedandpurgedwith
nitrogen, a rotator was placed,
20 2—(Tetramethylcyclopentadien—Bf—yl)—4,6—di~tert—butylphenol
(0.70 g, 2.14 mmol) which can be obtained in accordance with
. a process disclosed in Organometallics., 2004 (23), 540 was

charged, ether (20 mL) was added, and the mixture was stirred.

The reactor was cooled to -78 °C in a dry ice-acetone bath.



fromethyl branch at 10.9 ppm 26.5 ppmand 39.5 ppm a signal derived
from propyl branch at 14 3 ppm 20.1 ppm 36.7 ppmand 37.7 ppm a signal
derived fE&miE&8Pm nal ethyl vinylidene at 5 12.4 ppm 28.1 ppmand 36.3

ppm and a signal derived froma nethyl group of ethyl branch which bonds
to quaternary carbon at 7.5 ppm A 1B%X NWVR spectrum of the polyner is
shown in Fig. 4. EXAMPLE 10 10 To a reactor [a parallel-pressure catalytic
reaction apparatus (Trade Nane: Endeavor) manufactured by Argonaut,

equi pped Wrbhtglchahnehn @darsl Heh heator 2sYStren] 4hagime lanwas rtlewagl vol une
of 15 nlL thoroughly purged with nitrogen, toluene and 0.005nmol of

triisobut yhakdmirypaiwes, eacdaf ged chant: déwikd hadi €i PhAsBeakth2 rgdsrghase
were saturated with ethylene 8 kg/cn2 G (Hereinafter, there may be a case

wher e thewHBi51&9139%a(gfg.égsﬁﬁgﬂtﬁaykagﬁdt%é@tﬁe,GQnQ're-@tegﬁffuh‘arer 0.25

of a toluene sol ution

(2-{I'ndeng2 -yl }-4,6-tBu2- CoHAQ)Ti Cl 2 s esized iLn_20 nt heti ¢ Exanple 3
s added® ChRH BBEACRGEN FotPR e Brtene” SoirEn (888 Rhot Tt ogrEos
triph%pylcarbeniu etrakjs entafluoroghenﬁé)borate was added i n_an anount

of 1.2 eqUf¥af¥nted &o1T /81 ¢ i AR e pbt YherrZdiwne TRelt dllverse Idas fed

to give a final volune of SF-1239 158 5 nL in total. An ethyl ene gas was
Continuou@ﬁ?lfeﬂa$05%%W¥ﬁéﬁdﬁed dropwise under stirring. Thereafter,

| ‘the temperature was slowly changed back to room temperature,
and reacted under stirring at room temperature for 15 hours,
to obtain a brown suspension. The suspension was concentrated
10 and dried. The resultant was analyzed with 18 NMR (CDCls), and
only 3% of the targeted titanium compound (in comparison with
the analysis data disclosed in Organometallics. ,2004(23),
540) was observed.
EXAMPLE 1
15 <Polymerization of Ethylene using
(2-{Inden-1'-yl}-4, 6-"Bu;—C¢Hs0) TiCl,>
To a glass reactor having an internal volume of 500 mL
.thoroughly purged with nitrogen, 250 mL of a toluene solution
was charged, and a liquid phase and a gas phase were saturated
20.' with ethylene gas (= 100 liter/hr) at 25 °C.‘ Thereafter, 0.25
mmol of triiscobutylaluminum and 1.0 mL of a toluene solution
(5mmol/L) of (2-{Inden-1'-yl}-4, 6-"Bu,~CsH40) TiCl, synthesized
in Synthetic Example 1 were added, subsequently, .

triphenylcarbeniumtetrakis(pentafluorophenyl)borate was



the total pressure of 8 KG After carrying out the reaction at 60 C for 20
m nutes, small anmount of nethanol was added to stop the polynerization.
After conplFetlizd® of the 5 pol ynerization, the post-treatnent was carried
out in the sane nmanner as in EXAMPLE 1, and the resultant was dried under
reduced pressure at 80 C for 10 hourssto obtain polyethylene. As a result
of 1H NMR (ODCB-d4) neasurenent of the polyner, there is observed a signal
(A) derived fromtermnal vinyl at 10 5.7 to 5.6 ppmand 4.9 to 4.7 ppm a
si gnal (Bpddedi vedabr emptetmofal . 2i ayhidenenattd. T/, 1@ 4ni6ipR® a si gnal
(© derived from disubstituted internal olefin at 5.4 to 5.2 ppmand a

signal  (Bpldmervedcioam Weitesubstiyined ; 5.0
ppm 15 A 'H NWR spectrum of the po #yn(%ru:tsrg%l%%c%ﬁ hfagg e%hisltggfesult of

3C | h b d I
1 NVR (TgEi@@)lf%3¥Vqun%@ho %h%?@ 8e ﬁ%%ﬁé% Bgegéﬁaeggggsg%ﬁﬁng %5%2?

derived from et hyl branch at
derived from,prepyl at, 14, 3, 20.1 m 36.7 ppmand 36.9 ppm a
si gnal derl ve§ g fFIB?n e?%?‘ﬁ?ﬁ o h’;r']f’)‘ﬁ?)ﬁﬁf?c?]d #4098l FopsP28he ppm and
36.3 5; nal derived froma nethyl group of ethyl branch which
bonds o Eﬁ Y@?ﬁé? CEAF boAtEEL7 CIMBRAT 1 AN1BE- NWR Replagramiratdfony hshpol ymrer
is shown in Fig. 6. EXAMPLE 11 SF-1239 159 The pol ynerization and the
post - t r eaf FRAE L AR IR @rati wds ponred iMie sahergmmmeunasof nnd:'t)h%ﬂlEt&:O to
obt ai n pol yet hyl ene,

precipitate all the polymers, and after addition of

hydrochloric acid, filtered with a glass filter. The polymer

was well washed with methanol and dried under reduced pressure

10 at 80 °C for 10 hours to obtain polyethylene. The Tm of the
obtained product was 112.9 °C.
EXAMPLE 2
<Polymerization of Ethylene using
(2-{Inden~1'-yl}~4, 6~ Bup~CeHsO) TiCl,>
15 : The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 1 to obtain polyethylené,

except that 0.05 mmol of triisobutylaluminum and.O.Z mL cof a

toluene solution (5 mmol/L) of

(2-{Inden-1'-yl}-4, 6-"Bu,-CeH;0) TiCl, synthesized in Synthetic

20 Example 1 were used,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was

added in an amount of 1.2 equivalent to Ti and the reaction time

was changed to 15 minutes. The Tm of the obtained polymer was

113.3 -°c.



except that the triisobutylalumnumquantity and the pol ynerization
tenperature were changed to 0.03 mmol and 80 C, 5 respectively. As a
result of SEHLRFR ( ODCB-d4) neasurenent of the polynmer, there is observed a
signal (A) derived fromtermnal vinyl at 5.7 to 5.6 ppmand 4.9 to 4.7
ppm a signal (B) derived from termI®m} vinylidene at 4.7 to 4. 6 ppm a
signal (C) derived from 10 di substituted internal olefin at 5.4 to 5.2 ppm
and a signal (D) derived fromtri-substituted internal olefin at 5.2 to
5.0 ppm A 1HNURR@Eectrum of the polynmer is shown in Fig. 7. As a result
of 13C-NWR (TCE-d2) neasurenent of the polyner, 15 there is observed a

signal derived £porgmesfydatrancdE @Ith%ﬁe%ep@@ln@ 5 ppmand 39.5 ppm a
signal derived frompropyl branch at 14.3 ppm 20.1 ppm 36.7. ppm and

36.9 ppm (a-gighah-seryyved, §rem Ler & -6tbyl vinylidene at 12.4 ppm
28.1 ppm and 36. 3 ppn¥aﬁd a si grzlal ﬁngpl \}gg froma met hyI group of met hyl

branch 20 whic 0 uaternar t 13C-NVR, spectrum
of the pol ynerh?@erﬁ S g a ey L%O% T e R FOREED

Et hyl ene/ Pr usin {I nden 1'-yl}-4, 6- tBu2 C6H40) Ti C12> SF- 1239
160 ?c]) aoﬁga%r%%lhéfaﬁ‘f‘%?gq’ﬁﬁﬁ% agnifnk E\loFﬁn%bi'tﬁlnSQQlﬁfEthﬁ’%PSughl y
purged with nitrogen, 250 nL of a hexane solution was charged, and a

i qui d phasecRhdtzatyds hawe lwefetsat aphueglaluninun and 0.2 nl of a

toluene solution (5 mmol/L) of
(2-{Inden-2'-yl}-4, 6-*Buy~C¢H40) TiCl, synthesized in Synthetic
Example 3 instead of (2-{Inden~1'-y1}-4, 6-'Buy-CeH40) TiCl, were
10 used, and |
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti. The Tmof the obtained
polymer was 121.8 °C.
As a result of *C-NMR (ODCB—d%/C6D5=4/1 v/v, 120 °C)
15 measurement of the polymer, there is observed a signal derived
from ethyl branch at 10.9 ppm, 26.5 ppm:and 39.5 ppm, a signal
derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
36.9.ppm, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a
20 methyl group of ethyl branch which bonds to quaternary carbon
~at 7.5 ppm. Z&i3C—NMR spectrum éf the polymer is shown in Fig.
y _
EXAMPLE 4

<Polymerization of Ethylene using



wi th ethyl ene/ propyl ene gas (= 60/40 liter/hr) at 25 C. 5 Thereafter, 0.05
mml of triisobutylalumnumand 0.2 nL of a toluene solution (5 mmol /L) of
(2-{1 ndensS¥-1gBPp- 4, 6-t Bu2- C6H40) Ti C 2synt hesi zed in Synthetic Exanple 1
wer e added, subsequently,

tri phenyl car beni unt et r aki s(pent af | uorpphenyl ) borate was 10 added in an
ampunt of 1.2 equivalent to Ti, to initiate polynerization. After carrying
out the reaction under fi ethyl ene/propylene m xed gas (= 60/40 liter/hr)
at nospher éZofl Indenn@l -pt essuee figrcld,oyimutigs at 25 C, smal |l anmount of

i sobut anol was added to stop the polynerization. After 15 conpletion of the

pol yneri zati on, Thdg s BAGd O N RHUGH VRS pEXLLAFL . jWashed
with diluted hydrochlorlc aci d, concentrated gg%rle under F& uced

pressur e, 8B Srbad nigles od 9n0bkalby g/# % BRSNS SgROLy e

EXAMPLE 13 20 <Copol ynerization o
(2-{I nden } u2- C6H40) Ti A 2> The pol nerlzatlon and t he
post - treat%en J%FglgéFr¥%ﬁF§ﬁﬁ tﬁmPﬁeaEHﬁﬁ‘ﬁﬁhﬁ@ﬁn§§dﬂﬁjﬁQAN©LET§2 to

obtain hylgneégrggglene copol ymer, exce t that SF-1239 161

(2-{1 ien: %@emﬂb\gmldmrﬂt 764 in Synthetic Exanple 3
was used instead of 2-{Inden- %‘ yl }-4, 6- tBu2 C6H40) Ti C12, and the reaction
time was - As a result of C-NMR (ODCB-ds/CeDe=4/1 v/v, 120 °C)

measurement of the polymer, there is observed a signal derived
from ethyl branch at 10.9 ppm, 26.5 ppm and 3%9.5 ppm, a signal
derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
10 36.9 ppm, a signal derived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal derived from a
methyl group of ethyl branch which bonds to guaternary carbon

at 7.5 ppm. A *C-NMR spectrum of the polymer is shown in Fig.

2.
15 EXAMPLE 5
<Polymerization.of Ethylene using
(2-{2-Me-Inden-1'-yl}-4, 6-"Bu,—CgH.0) TiC1l,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain éolyethylene,
20 except that (2-{2-Me-Inden-1'-yl}~-4,6-"Bu,~C¢H,0)TiCl,
synthesized in Synthetic Example 4 was used instead of
2-{Inden-1'-yl}-4, 6-"Bu,-CeH,0) TiCl,, and the reaction time was
changed to 5 minutes. The Tm of the obtained polymer was 124.1

°C.



changed to 10 minutes. 5 EXAMPLE 14 <Copol yneri zation of Ethyl ene/ Propyl ene
using (2-{2-Me-Inden-1"-yl}-4,6-tBU2-C6H40) Ti C12> The pol ynerization and
t he post-EFeaki@ent were carried out in the sane manner as in EXAMPLE 12 to
obtain 10 et hyl ene/ propyl ene copol yner, except that 0.05 mol of
triisobutylalumnumand 0.2 nL of a tbbmene solution (5 mmol/L) of
(2-{2-Me-1nden-1"-yl }-4,6-tBu2-C6H40) Ti C 2 synthesized in Synthetic
Exanple 4 instead of (2-{lInden-1'-yl}-4,6-tBu2-C6H40)Ti Cl12 were used, 15
tri phenyl car bentX@RLE aki s( pent af | uor ophenyl ) borate was added in an anount
of 1.2 equivalent to Ti, and the reaction tinme was changed to 5 m nutes.

EXAVPLE 15 <C0poﬂ><y11ﬁﬁézzﬁdﬁrbr9fofEtEfﬁH£i@{éDﬁﬁﬁﬂ ne using 20
(2-{2-Me-4-Ph-1nden-1"-yl }-4, 6-tBu2- C6H40) Ti C12> The pol yneri zation and the

post -treafpen-MELEnGaF L1 ed,; puf ¢ rghhecsapeoorpner as in EXAMPLE 12 to
obtain ethyl ene/ propyl ene ‘copol ynmer, “except f haf

(2-{2- Me-4-Ph-1 -1 -vll-4,. 6-tBu2- 0)Tid2 synthesized SF-1239 162 in
Synt heti ¢ Exanﬁﬂ%§§xéé§%ﬁ§§@tﬁﬁg&gggc%F% %OSt_g&eg%ment A3 Bt

2-{Inden-1"-yl}-4,6-tBu2-C6H40) Ti¢cl 2, and the reaction tinme was changed to
10 m ute%gtéﬁiﬁﬁfEsi@e manner as in EXAMPLE 5 to obtain polyethylene,

except that the reaction time was changed to 80 °C. The Tm of
the obtained polymer was 125.6 °C.
EXAMPLE 7
<Polymerization of Ethylene using
10 (2-{2-Me-4-Ph-Tnden-1"'-y1 }-4, 6~ Buy-CqHe0) TiCly>
The polymerization and the post-treatment were carried
out ih the same manner as in EXAMPIE 1 to obtain polyethylene,
except that (2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Buy,-CeH40)TiCl,
synthesized in Synthetic Example 5 was used instead of
156 2-{Inden-1'-yl}-4,6~"Bu,-CeH,0)}TiCl,, and the reaction time was
changed to 5 minutes. The Tm of the obtained polymer was 126.6
°C.
EXAMPLE 8
<Polymerization of Ethylene using
20 (2-{2-Me~4-Ph~Inden-1'-yl}-4, 6-"Bu,-CeH,0) TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 7 to obtain polyethylene,
except that 0.05 mmol of triisobutylaluminum and 0.2 mll of a

toluene solution (5 mmol/L) of



5 <Copol yneri zati on of Ethyl ene/ 1-butene using
2-{Inden-2" -yl }-4, 6-tBu2- C6H40) Ti C12> The pol yneri zation and the

post -treafAent3%ere carried out in the sane manner as in EXAWPLE 13 to
obtain { ethylene/l-butene copolynmer, except that an ethyl ene/ 1-butene 10
m xed gas (= 95/5 liter/hr) was used 1%stead of the ethylene/propylene

m xed gas (= 60/40 liter/hr). EXAVPLE 17 <Copol yneri zati on of

Et hyl ene/ 1- but ene using (2-{2-Me-4-Ph-Inden-1'-yl}-4,6-tBu2-C6H40) Ti C12>
15 The pol(#mbErMat# oRhahudemel pogt 4 ,cat Bept CatOe Tals | xhitdsiized he same
manner as in EXAMPLE 15 to obtain ethyl ene/ 1l-butene copol yner, except that
an et hyl ehe/ $yhuhebec Dkxaolgas werdQMyJiter/hr) was used instead of the
et hyl ene/ propyl ene m xed gas (= 60/40 liter/hr). 20 EXAMPLE 18

<Copol ynet - 28heRD1 8F riEE AYLROS, A 1PUd 8NEH USE N roph
(202 b g P Pene P B e o) T B el PRS2t on and

b o R 88Y TR A SR Y 10 Akl By LIE S FEONGH A BeEREYELE 17 to

obt ai n SF- ene/1-but ene copol'yner, “eXcep aft N
et hyl e/%ibutene m xed gas .(=,80/20 !i%gg/rngf s used in t% d gi the -
ot hyl dhe/ THBGI o CRPREGCGES CSmEBRAES | | (5F) AF)CE ERAVPLE PG POLYm
<Cbpo|yne&éga&%gvgoicgtylene/l-butene usi ng
As a result of ’C-NMR (ODCB-ds/CeDe=4/1 v/v, 120 °C)
measurement of the polymer, there is observed a signal derived
from ethyl branch at 10.9 ppm, 26.5 ppm and 39.5 ppm, a signal
10 derived from propyl branch at 14.3 ppm, 20.1 ppm, 36.7 ppm and
36.9 ppm, a signal deiived from terminal ethyl vinylidene at
12.4 ppm, 28.1 ppm and 36.3 ppm, and a signal deriyed from a
methyl group of ethyl branch which bonds to quaternary carbon,
ét 7.5 ppm. A C-NMR spectrum of the polymer is shown in Fig.
15 3. |
EXAMPLE 9
<Polymerization of Ethylene using
{2-{2~Me-4-Ph~Inden-1'-yl}-4, 6—tBu2—C5HqO) TiCly>
The polymerization and the post-treatment were carried
20 out in the same manner as in EXAMPLE 8 to obtain polyethylene,
except that the reaction temperature and the reaction time were
changed to 80 °C and 30 minutes, respectively. The Tm of the

obtained polymer was 125.9 °C.

As a result of C-NMR (ODCB-d,/CeDe=4/1 v/v, 120 °C)



(2-{2-Me-4-Ph-1nden-1"-yl }-4,6-tBu2- C6H40O Ti C12> The pol yneri zati on and
the post-treatnent were carried out in the same manner as in EXAMPLE 18 to
obtain eBRyLER&/ 1- but ene copol yner, except that an ethyl ene/ 1-butene 10
m xed gas (= 95/5 liter/hr) was used instead of the ethylene/l-butene m xed
gas (= 80/20 liter/hr). EXAMPLE 20 <Copol yneri zation of Ethyl ene/lsobutene
using (2-{Inden-2'-yl}-4,6-tBu2-C6H4OQ Tid 2> 15 To a reactor [a

paral | el -pressure catalytic reaction apparatus (Trade Nane: Endeavor)

manuf act ulédsByeregbrraiuthe eolypped thigre 8scliegmetedarsidredl deadtred syst eni
having an internal volunme of 15 nlL thoroughly purged wth nitrogen,

t ol uene afidof). @Zhyintirasicht aki SObUtPre! QB BuppMerel Gbasgesn, andigfaa |iquid
phase and a gas phase were saturated with isobutene 1 kg/cnRG at 30 C

Subsequentikbyi vBEesEMk @ rebyat BYhREE Mas 4. I3n5§ﬁa9§51 PR h%“f‘i%nﬂa%ase and
t he gas. phase were saturated to give a total pressure

Thereafteg ol o [/ L 239164, of
o (2-{1 nden 2' yﬁt m%qﬁlcé%%%)%%%dkgggﬂyﬁ?%&égazgmtwf éfyrﬂ r]'lletdlge(rzleE%Jé le 3
was ed and subs e ene sol t| on, (0.4 ol / '
tri phﬁyl car beRihint ‘rﬁa pg%/&éﬁt ég léoPBBlheﬁE} ) BoFs %ajwéif“é’e&%jéédmi A an
anmount of 1.2 equivalent to Ti, to initiate polynerization. The tol uene
was fed tgebhyé FEFYH L eghgﬁéb%@nch which bonds to quaternary carbon

at 7.5 ppm. A *C-NMR spectrum of the polymer is shown in Fig.
4.
EXAMPLE 10
10 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with.8—channel parallel reactor system] having aﬁ
internal volume of 15 mL thoroughly purged with nitrogen,
tolueneand0.00Smmoloftriisobutylaluminmnwerecharged,and
15 a liquid phase and a gas phase wefe saturated with ethylene 8
kg/cm®+G (Hereinafter, theremay be a case where the unit kg/cm?:G
is abbreviated as KG) at 60 °C.
Thereafter, 0.25 mL of a toluene solution {0.8 mmol/L)
of (2-{Inden-2"-yl}-4,6-"Bu,~CeH:0) TiCl, synthesized in
20 Synthetic Example 3 was added, and eubsequently, a toluene
solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(pentafluorcphenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate

polymerization. The toluene was fed to give a final volume of



5n in total. The ethyl ene gas was continuously fed to maintain the total
pressure of 2 KG After carrying out the reaction at 30 C for 20 m nutes,
smal | ano8Ft123% et hanol was added to 10 stop the polynerization. After
conpletion of the polynerization, the reaction solution was concentrated
and dried, and dried under reduced pgrigssure at 80 C for 10 hours to

“obtain ethyl ene/isobutene copol ymer. A 13CG NVR (TCE-d2) spectrum of the

polymer is shown in Fig. 15 9. EXAMPLE 21 <Copol yneri zati on of

Et hyl ene/ } sdbim e alsi njn et2v{llengeya 2 wapl dort BriBLZHyCEEM AcTnE€igraiifhe
pol yneri zation and the post-treatnment were carried 20 out in the sane
manner asthe R@PLIrsde oift @ KG.etAm enefd sehuenratcepel yareriexcept
that the feed pressure of ethylene gas was changed to give a total

pressure gf ¢bh Ke kpst 2AGh rRfr e, KGna EXAMRME 2% 1Sh2 18300168 s added to

<Copol yneri zati on of Ethylene/lsobutene usi ng

(2-{Indeng Y. Eﬁyg §9H4 Ti > The riz t|on and the :
post - treat@ té%%ﬁ% rrie q% &%% e %%m %%H%er P' |n EXAMPLE 20 to

ol ut o FOTIRGAT LI 2. RO NTEE A YT 36 %%?é%éi@%%&@aséﬁé“ﬁﬁd a
tol uene solution (0.4 nnDI/L) of
manner as in EXAMPLE 1, and the resultant was dried under reduced
pressure at 80 °C for 10 hours to obtain polyethylene.
As a result of ‘H-NMR (ODCB-d4) measurement of the polymer,
there is observed a signal (A) derived from terminal vinyl at
.iO 5.7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B) derived from
terminal vinylidene at 4.7 to 4.6 ppm, a signal (C)} derived from
disubstituted internal olefin ét 5.4 to 5.2 ppm and a signal
(D) derived from tri-substituted internal olefin at 5.2 to 5.0
ppm.
15 A 'H-NMR spectrum of the polymer is shown in Fig. 5.
As a result of Y3C-NMR (TCE-d;) measurement of the polymer,
there is observed a signal derived from ethyl branch at 10.9
ppm, 26.5 ppm and 39.5 ppm, a signal derived from propyl branch
at 14.3 ppm, 20.1 ppm, 36.7 ppm and 36.9 ppm, a signal derived
20 from terminal ethyl vinylidene at 12.4 ppm, 28.1 ppm and 36.3
ppm and a signal derived from a methyl group of ethyl branch
which bonds to quaternary carbon at 7 5 ppm. A 13C-NMR spectrum

of the polymer is shown in Fig. 6.

EXAMPLE 11.



tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate was changed to 1.0
equi valent to Ti and the polynerization 10 tenperature was changed to 40 C.
EXAMPLE 28F<@338l ymeri zati on of Ethyl ene/ | sobutene using
(2-{Inden-2'-yl}-4,6-tBu2-C6H40) Ti d 2> The pol ynerization and the
post-treatnent were carried 15 out inl3he sane manner as in EXAVMPLE 20 to
obtai n et hyl ene/ isobutene copol yner, except that 0.25 nL of a toluene
solution (0.4 mmol/L) of (2-{Inden-2'-yl}-4,6-tBu2-C6H40)Ti C 2was used, a
t ol uene sol uti oRh¢OpP4lymat¥ddtioin and the post-treatment were carried

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate was 20 changed to 1.0
equi val entutoiithet bempalanmer zatiroEXASEFDEr A Weeob vasn ¢lrangethernd4) C and
the feed pressure of ethylene gas was changed to give a total pressure of

11 KG i nskeadpef taaKGtheEMﬂ&o@qf@pmxymr&r@ﬁﬂm ofnEtlned ene/ | sobut ene
usi ng SF-1239 166 (2-{Me4Cp}-4,6-1Bu2-C6H40)Ti G 2>" The pol yneri zati on and

t he post - ] i t in.t nper [ WMRLE 20 to
obtan et Roleher o 5Ll A st ut e SIS OB D m S B LG e

sol uti,on réﬁﬁo-%'”“ﬁ'/L) of (2-{Me4Cp}-4,6-tBu2-C6HAO Ti A 2 synthesized in
accor dancE“RFthaVprécess discl osed in Organometal lics., 2004(23), 540 was
used, a toluene_solution (0.4 mol/ 0

L f
tri phenyl car benP8Rt €2 35Ks S pEnt4R| (@ﬁ%ﬁehwwﬁ@nﬁa@ the polymer,

there is observed a signal (A) derived from terminal vinyl at
5..7 to 5.6 ppm and 4.9 to 4.7 ppm, a signal (B) derived from
terminal vinylideﬁe at 4.7 to 4.6 ppm, a signal {C) derived from
10 disubstituted internal olefin at 5.4 to 5.2 ppm, and a signal
(D} derived from trimsubstituted internal olefin at 5.2 to 5.0
ppm.
A 1H—NMR spectrum of the polymer is shown in Fig. 7.
As a resﬁlt of *C-NMR (TCE-d,)} measurement of the polymer,
15 there is observed a signal derived from ethyl branch at 10.9
ppr, 26.5 ppm and 39.5 ppm, a signal derived from propyl branch
at 14.3 ppm, 20.1 ppm, 36.7 ppm and 36.9 ppm, a signal derived
from terminal ethyl vi_nylidene at 12.4 ppm, 28.1 ppm and 36.3
ppm and a signal derived from a methyl group of methyl branch
20 which bonds to quaternary carbon at 7.5 ppm. A **C-NMR spectrum
of the polymer ‘is shown in Fig. 8.
EXAMPLE 12
<Copolymerization of Ethylene/Propylene using

(2-{Inden-1'-yl}-4, 6-"Buy—CeH0) TiCl,>



changed to 1.0 equivalent to Ti and the polynerization 10 tenperature was
changed to 40 C  EXAMPLE 25 <Copol yneri zation of Ethyl ene/lsobutene using
(2- { Me4Cpat4,183%Bu2- C6H40) Ti C12> The pol yneri zation and the post-treat nent
were carried 15 out in the same manner as in EXAMPLE 20 to obtain ethyl ene/
i sobut ene copol yner, except that 0.251al of a toluene solution (0.4

mmol /L) of (2-{M4Cp}-4,6-tBu2-C6H40)Ti A 2 synthesized in accordance with
a process disclosed in Organonetallics. 2004(23), 540 was used, a tol uene
solution (0.4 niol 2lYlads 2@ractor having an internal volume of 500 mL

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate was changed to 1.0

equi val enthoaolighliyhpupeé el + 2 atd ofbdaTpersat wies rWasypchanged, it q 149 C and
the feed pressure of ethylene gas was changed to give a total pressure of

11 KG i nsma@dcparéedﬁGanoﬁéAﬁ’f&‘%‘.g?ﬁ%é%@%-%Fgfa.szx?g?‘?%{ﬁﬁ%i f tdf%?’if%f

Et hyl ene/ 1, 3- but adi ene usi ng > To a

Endoavor ) eaRuf SECUFE By Y HORRMTSS ol Bhet W6 . rariel Cpar al | o

i trogen. (ol UBRE SR O, S TAROMAGH OF | SR AP ReREAChed ged, and
a liquid phase and a gas phase were saturated with 1, 3-butadiene 1
kg/ cn2' G 8 3otelusppseebienity, (bremslfle) off et hyl ene was
(2-{Inden-1'-yl}-4, 6-"Buy-CgH,0) TiCl, synthesized in Synthetic
Example 1 were added, subsequently, .
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
10 added in an amount of 1.2 equivalent to Ti, to initiate
polymerization, After carrying out the reaction under
ethylene/propylene mixed gas (= 60/40 liter/hr) atmosphere of
normal pressure for 15 minutes at 25 °C, small amount of
isobutanol was added to stop the polymeriiatioﬁ. After
15 completion of the polymerization, the reaction product was
extracted with hexane, washed with diluted hydrochloric acid,
concentrated, and dried under reduced pressure at 80 °C for 10
.hours, to obtain ethylene/propylene copolymer.
EXAMPLE 13 |
20 <Copolymerization of Ethylene/Propylene using
(2-{Inden-2'-yl}-4, 6-"Buy—CgH40) TiCl,>
| The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 12 to obtain

ethylene/propylene copolymer, except that



10 increased and the liquid phase and the gas phase were saturated to give
a total pressure of 2 KG Thereafter, 0.25 nL of a toluene solution (8

mol /L) ofBF-(23%1 nden-2' -yl }-4, 6-tBu2- C6H4O) Ti Cl 2synt hesi zed in Synthetic
Exanpl e 3 was added, and subsequently, a toluene solution (0.4 15 muol/L)
of triphenyl carbeni untetraki s(pent af | ugr ophenyl ) borate was added in an
anmopunt of 1.0 equivalent to Ti, to initiate polynerization. The tol uene
was fed to give a final volune of 5 nL in total. The ethyl ene gas was

cont i nuoudPky {fadetho2 hayht ai p62Wu,he A0t ali cpk essure s0fzed KGsyAtherisarrying
out the reaction at 30 Cfor 20 mnutes, small amount of nethanol was

added to Egk@p1&he pPOLyABEHZahieHad ASt er conpletion of the polynerization
the post-treatnment was carried out in the same manner as in EXAMPLE 12,

and the resy Lgd u?gg .essure at ;80 Cfor
10 hours to %ﬁtaln et¥1g e%e6 3C5uq§§qené’a%%g§ &Iea EQRQEL

<Cbpo|yner zatl n_of | ene/ Nor bor nene using 5

(2-{2- Me- ﬁ ﬁd%% il @¥?Uﬁe %t Bu2- C6H40) Ti C12> To a gl ass reactor having
an internal volune of 500 mL thoroughly purged with nitrogen, 250 nmL of a
tol uerfe sol uti FAMHE 114 of norbornene were charged, and a |iquid phase
and a gas phase were saturated with ethylene gas (= 50 liter/hr). 10
Thereafter, 0.0%opmlyrefrizdtisobuly|ElhytenerPandyleBenisohga

(2-{2-Me-Inden-1"'-yl}-4, 6-"Bu,-CeH,0) TiCls>
The polymerization and the post—treatment were carried
out in the same manner as in EXAMPLE 12 to obtain

10 ethylene/propylene copolymer, except that 0.05 mmol of
triisobutylaluminunland.0.2nﬂ:ofaitoluene solution (5 mmol/L)
of (2—{2—Me—Inden~l'—yl}-4,6—tBu2-C5H4_O)TiC12 synthesized in
Synthetic Example 4 instead of
(2-{1nden—1'-—y1}~4,6-_t13u2—~c6340)ﬁc12 were used,

15 triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, and the reaction
time was changed to 5 minutes.

EXAMPLE 15
<Copolymerization of Ethylene/Propylene using
20 (2-{2-Me-4-Ph-Inden-1'-yl}-4, 6~"Bu,-CeHs0) TiCl,>
The polymerization and the post—treatment were carried
out in the same manner as in EXAMPLE 12 to obtain
ethylene/propylene copolymer, except that

(2-{2-Me-4~Ph-Inden-1'~yl}-4, 6-"Buy;-CgH,0) TiCl, synthesized



~internal vol une

t ol uene solution (5 mmol /L) of

(2-{2-Me-4-Ph-Inden-1" -yl }-4,6-tBu2-C6H40) Ti O 2 synthesized in Synthetic
Exanpl e 55Ret23added, and subsequently,
tr|phenylcarbenluntetrakls(pentafluorophenyl)borate was 15 added in an
amount of 1.2 equivalent to Ti, to imddate polynerization. After carrying
out the reaction under ethylene gas (= 50 liter/hr) atnosphere of nornal
pressure for 10 mnutes at 25 C, small anmount of nethanol was added to
stop the ipobymenézati bxanpid & weonplsetd dmsafeadhepol yneri zation, the 20
post-treatnment was carried out in the sane manner as in EXAMPLE 10, and

the resul 2aninaés- Ur+ed) undersleduged) PrLessUneath8QeaCefioh tLiyEs to
obtai n et hyl ene/ norbornene copolyner. The Tm of the obtained pol yner was

81 C. EXAMPAEGL8 &F- ﬁ@%%u%ﬁ%e <Copol yreri zation of Ethylene /0ligoethylene
containing a termnal vinyl group using

(2-{I nden-2"- -C6H40) Ti C12 > To a gl ass reactor having an
Y B éhéﬁ%%#f 5 t hor oughl y purged mﬁth nitrogen, oligoethylene

conta%ﬂlng a ternl V|n group % 3.00g; MM M1 (MAD) relative to
pol yethyl ene sttt 568 £( yleﬁﬁﬂﬁﬁbeﬂﬁﬁﬁ peingive to

pol ystyrene standards 3790/1500 (2.5), Tm= 119.6 C and 250 nL of a

t ol uene s%ﬂ[EQQﬁﬂV%N?ykﬁnﬂ4ﬁﬂfBuaﬁaﬁhﬁéTnfkﬁure was 10 di ssol ved by heating
at 90 C under stirring. Then, a liquid phase and a gas phase were

sat ur at ed mnthiémhykémmegaaatioﬁOEnd the post-treatment were carried

out in the same manner as in EXAMPLE 13 to obtain

ethylene/l-butene copolymer, except that an ethylene/l-butene

10 mixed gas (= 95/5 liter/hr) was used instead of the
ethylene/propylene mixed gas (= 60/40 liter/hr).
EXAMPLE 17

<Copolymerization of Ethylene/l-butene using
(2-{2-Me-4-Ph-Inden-1"-yl}-4, 6= Buy—CeHs0) TLiC1,>
15 The polymerization and the post—treatment were carried
out in the same manner as in EXAMPLE 15 to obtain
ethylene/l-butene copolymer, except that an ethylene/l-butene
mixed gas (= 60/40 liter/hr) was used instead of the
ethylene/propylene mixed gas (= 60/40 liter/hr).
20 EXAMPLE 18
<Copolymerization of Ethylene/l-butene using
(2-{2-Me-4-Ph-Inden-1"'-yl}-4, 6-Buy—CgH,0) TiCIl,>
The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 17 to obtain



liter/hr). Thereafter, 0.05 nmmol of triisobutylalumnumand 0.2 nL of a
tol uene solution (5 nmml/L) of 15

(2-{1 ndenSZ-1gl3% 4, 6-t Bu2- C6H40) Ti C 2synt hesi zed in Synthetic Exanple 3
wer e added, and subsequently,

tri phenyl car beni unt etr aki s(pent af | uor opBenyl ) borate was added in an anount
of 1.2 equivalent to Ti, to initiate polynerization. After carrying out
the reaction under ethylene 20 gas (= 100 liter/hr) atnosphere of normnal

pressure fghylens/dubesenatc§b Gmesmakkcapburtia 0 bini SObptaol1 Was agded to
stop the polynerization. After conpletion of the polynerization, the

reaction piieddciyawas=cengeot 1ated/apd dakedseanthid £ d4indgfe reduced
pressure at 80 C for 10 hours to obtain SF-1239 170 ethylene/ollgoethylene

cont ai ni ng+& q%hquagu%bﬂglmggggp%?gopgkﬁgfgg }Es%%§g f the obtained

pol yner was C. 'As a resu asurenent of the
pol yner, thereg kg gggegged a signal (A) derived fromtermnal vinyl at 5
5.7 to 5.6 ppm an 4. 7 ppm a signal (B) derived fromtermnna
vi nyl i dene at 4<7 to 4. 6 a SI%%%F (C) derlved from disubstituted
internal olefin gPpglﬂm?Bl%@§P?ﬁnﬁf Ut%T%KH%ﬁgved from
tri-substituted internal olefin at 5.2 to 5 0O ppm 10 A ' H NWR spectrum of
t he pol ymtZ il §-MRodnPhnIfign-10-v1 Asé a6+ d@8ubCef0) TRCINVR ( TCE- d2)
measur enent of the polyner, there is observed a signal derived from et hyl
branch at 10.9 The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 18 to obtain
ethylene/l-butene copolymer, except that an ethylene/l-butene
10 ‘mixed gas (= 95/5 liter/hr) was used instead of the
ethylene/l-butene mixed gas (= 80/20 liter/hr).
EXAMPLE 20
<Copolymerization of Ethylene/Isobutene using
{(2-{Inden-2'~yl}~4, 6-"Bu;-CeH40) TiCl,>
15 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with 8-channel parallel reactor system] having an
internal volume of 15 mlL thoroughly purged with nitrogen,
toluene and 0.02 mmol of triisobutylaluminum were charged, and
20 a liquid phase and a gas phase were saturated with isobutene
1 kg/cm®-G at 30 °C. Subsequently, pressure of ethylene was
~increased and the liquid phase and the gas phase were saturated

to give a total pressure of 2 KG.

Thereafter, 0.25 mL of a toluene solution (0.8 mmol/L)



ppm 26.5 ppmand 39.5 ppm a signal derived frombutyl branch at 23.3 ppm
and 33.8 ppm a signal derived fromanyl branch at 15 32.5 ppm and a signal
derived fs@miBBanches of C6 or nore at 22.6 ppm 31.9 ppmand 33.8 ppm A
13C-NWR spectrum of the polymer is shown in Fig. 11. EXAMPLE 29

<Pol yneri zation of propyl ene using 2064
2-{Inden-2" -yl }-4,6-tBu2- C6H40) Ti C12> To a gl ass reactor having an internal
vol une of 500 nmL thoroughly purged with nitrogen, 250 nL of a toluene

sol uti on ofiag2ehandeds 2 anyl p-4 j riimh,phase)aidla gas:iphasadweire saturated

wi th propylene gas (= 100 liter/hr) of normal pressure at 25 SF-1239 171

C. Thereabyathe@iQSERERb1Of 3 thhd SObudy] alntn JUNBaAi*14, My tefluankol uene
solution (5 nmol /L) of (2-{Inden-2'- yI} 4, 6-t Bu2- C6H4 )Tld 2synt hesi zed in

Synt heti ¢ 5ofExaephe (3 ?etﬁ %pentaﬁand subsequently, 5

trlphenylcarbenluntet | uor ophenyl ) bor ate was added i n an anount
of 1.2 eqy |va ent .to Ti,.to initlat nmerizatio Af t carrying out
the reactlon hnag%caﬁ?%%ﬁ?%E%tﬁ%glfEp%§k?ﬁlQ%ﬁ9ﬁh‘ gt grgagf nor mal
pressure for 10 minutes at 25 C,_smal| anmount of |sobutanol was added 10

to stop tAEd 58|§HE§PZ%T?%#F Af tbr? cHpt @K oo tHe tSolydddid%&t i on, the

reaction product was extracted with hexane, washed with diluted
hydr ochl oPPévaerdzatopeeniThat edluand whd ded undeirve edfteal prelsse efat 80 C

- for 10 hours, to obtain

5mL in total. The ethylene gas was continuously fed tomaintain
the total pressure of 2 KG. After carrying out the reaction
at 30 °C for 20 minutes, small amount of methanol was added to
10 stop the polymerization. After completion of the
pblymerization, the reaction solution was concentrated and
dried, and dried under reduced pressure at 80 °C for 10 hours
to obtain ethylene/isobutene copolymer.
A Bc-NMR (TCE-dy) spectrum of the polymer is shown in Fig.
15 9.
EXAMPLE 21
<Copolymerization of Ethylene/Isobutene using
.(2-—{Inden—2 '-yl}-4, 6-"Buy—-CgHs0) TiCly> |
The polymerization and the post-treatment were carried
20 out in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene cdpolymer, except that the feed pressure of
ethylene gas was changed to give a total pressure of 9 KG instead
of 2 KG.

EXAMPLE 22



pol ypropyl ene. 15 As a result of 'H NVR (ODCB-d4) neasurenent of the
polynmer, there is observed a signal (B) derived fromtermnal vinylidene
at 4.7 toSF828Ppm a signal (C) derived fromdisubstituted internal olefin
at 5.4 to 5.2 ppm and a signal (D) derived from tri-substituted internal
olefin at 5.2 to 5.0 ppm 20 A 'H NVRLspectrum of the polynmer is shown in
Fig. 12. The anount of regioirregular |linkage in the polyner quantitated
with 13C- NWR of polyner was 31 nol % A 13C-NVR spectrum of the polyner is

shown in Fig. 18CokxivibE 80t 5fn 12B8% T2 errd0ld0RItezat b@ingf Propyl ene
using (2-{2-Me-Inden-1'-yl}-4,6-tBu2-C6H40)Ti A 2> The polynerization and

the post - t(ceatnesh-wergl gal [ e QuE Jifd)ifie$8Me manner as in EXAVPLE 29 to
obt ai n pol ypropyl ene, 5 except that 0.25 mml of triisobutylal um num and

1.0 nL of a t i - I of .

(2 (5 Wen 1 nden 1TSS AR BB by Bogmt s riprssmhéerc

Exanpl e 40‘%‘?? uggé:l.sAs a result of, ' HNVR (ODCB-d4) neasurenent of the

pol yner, here”i T DpIBINVEY £ 3i ghd A BLR e v&d tednt er mi nal

vi nyl ir15dene a]tL 4.Z, to 4.6 ppm a signal (C) derived fromdi substituted
interrfal SFBYTRRG( I 30RMtNe Copedmesd axeerihaibatDy. demilved 4 toduene
tri-substituted internal olefin at 5.2 to 5.0 ppm A 'H NWR spectrum of the
pol ynmer i 805Rb@n i (9 .M gmoldL) of (2-{Inden-2'-yl1}-4, 6-"Bu,~CgH,0) TiCl,

was used, a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
changed to 1.0 equivalent to Ti and the polymerization
10 temperature was changed to 40 °C.
EXAMPLE 23
| <Copolymerization of Ethylene/Isobutene using
(2-{Inden-2'-yl}~4, 6~-"Buy-CsHs0) TiCl,>
The polymerization and the post-treatment were carried
16 out in the same manner as in EXAMPLE 20 to obtain ethylene/
isobutene copolymer, excepﬁ that 0.25 mL of a toluene solution
(0.4 mmol/L) of (2-{Inden-2'-yl}-4,6-*Bu,-CeH,0) TiCl, was used,
a toluene solution (0.4 mmol/L) of
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
20 changedtec 1.0 equivalent to Ti, the polymerization temperature
was changed to 40 °C and the feed pressure of ethylene gas was
changed to give a total pressure of 11 KG instead of 2 KG.

EXAMPLE 24

<Copolymerization of Ethylene/Isobutene using



15 The amount of regioirregular linkage in the polyner quantitated with
13C-NWR of polyner was 31 nol % A 13C -NVR spectrum of the polyner is
shown in BFgi2i%. EXAMPLE 31 <Pol yneri zation of propylene using 20
(2-{2-Me-4-Ph-1nden-1"-yl}-4,6-tBu2-C6H40) Ti C12> The pol yneri zati on was
carried out in the same nmanner as in@®XAMPLE 29, and then the
post-treatnent was carried out also in the sane manner as in EXAMPLE 29,
to obtain Eolypropylene, except that 0.2 nL of a toluene solution (5
mol /L) of 2 SHaEFd 75~ "Bra{Q:HMB) BiPhef nden- 1' -yl } - 4, 6-t Bu2- C6H40) Ti cl 2
synthesized in Synthetic Exanple 5 was used. As a result of 'H NWR
(ODCB- d4) neas urtergntl yofe rtilve tjony aed, thé hes et 4 tsreodisemietdeaestgpalied B)
derived fromtermnal vinylidene 5 at 4.7 to 4.6 ppm a signal (C derived

from di supstiimtesl i sums nadndefdd & et 202 tBPBLARInAc8hgnahe ( D)
derived from tri-substituted internal olefin at 5.2 to 5.0 ppm A 1H NWR

t I ] h j .0 a1 T f LOJ I
T nkage | 5 TRe ol y ehr D ughe T B LWt A2 PO A O By R AR 56 ol 66
ALLSC AR, o SPeRLLOL A e RRLYEL | % SBOM lioFhdcr 14, BXRURLE 52,

<Pol yrreri i r
(2-{2-iPr-4-(9-Phenant hryl)-5, 6-Benzoi nden-|1"'-yl}-4,6-tBu2- 15 C6H40)

Ti Cl2> accordance witg a process disclosed in Organometallics.,
2004 (23), 540 was used, a toluene soclution (0.4 mmol/L) of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
changed to 1.0 equivalent to Ti and the polymerization

10 temperature was changed to 40 °C.
EXAMPLE 25
<Copolymerization of Ethylene/Isobutene using
(2-{Me,Cp}-4, 6~"Bus—CeHaO) TiClo>
The polymerization and the post-treatment were carried
15 out in the same manner as in EXAMPLE 20 fo obtain ethylene/
isobutene copolymer, except that 0.25 mL of a toluene solution
(0.4 mmol/L) of (2-{Me4Cp}—4,6~tBu2~C¢hO)TiClz synthesized in
accordance with a process disclosed iﬁ Organometallics.,
2004(23), 540 was used, a toluene solution (0.4 mmol/L) of
20 triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
changed to 1.0 equivalent to Ti, the polymerization temperature
was changed to 40 °C and the feed pressure of etﬁylene gas was
changed to give a total pressure of 11 KG instead of 2 KG.

EXAMPLE 26



The polynerization and the post-treatnment were carried out in the sane
manner as in EXAMPLE 29 to obtain pol ypropyl ene, except that 0.25 mmol of
triisobut yFall@®%num and 1.0 nL of a toluene solution (5 nmmol/L) of 20 ‘
(2-{2-1Pr-4-(9-Phenant hryl)-5, 6-Benzoi nden-1"'-yl}-4,6-tBu2- C6H40)Ti C 2
synthesi zed in Synthetic Exanple 7 were7used. As a result of 'H NWR
(ODCB-d4) neasurenent of the polyner, there is observed a signal (B)
derived fromterninal vinylidene at 4.7 to 4.6 ppm a signal (C) derived
from di subst i t uk€dpSEyd@89zd7#on | oif eRutaylenefli,B-autad che Bs2ngpm and a
signal (D) derived from tri-substituted internal olefin at 5.2 to 5.0 ppm

A 1H NWVR dpedthdened 'the) po| yasiy -8 showidinsFi g. 18. The anount of
regioirregular linkage in the polymer 5 quantitated with 13C NMR of

pol ymer was 43 gl %0 A 35 tL-ur I r.i.s_shown in Fig.
19.  EXAMPLE 33 <Pol yﬁer%gatmér?po%ﬂ%fult%ijn@%ésslén%% BaeaTve 1> r2detoh

2-{Inden-Z -yl }z G-EBU -(1‘[@H40) TLCl2> 10 To gl.ass reactor having an
i nt er nal vgipun%tgl"f3 g 6‘3%716_ #bro ?%ﬁbé@%ﬁaﬁ%qﬂqqﬁ{)&é’nﬁr@@@aﬁﬁof a
t ol ue sglution was charged, and a liquid phase and a gas phase were
sat ur at ed*Hi-PREL- Hﬁ{:]én%'ﬂg%m&e—i FPYFL B hrgagforndrrdiendr dagiding an 25 C.
Thereafter, 0.05 nmmol of triisobutylalumnumand 0.2 nL of a 15 toluene
sol uti on €BLAHBRLLYOSENE 207 | hrlam 2t hadduah By tBU<CEMAAHTINGIt2eyrnhesi zed in
Synt heti c
toluene and 0. 2 mmol of triisobutylaluminum were charged, and
a liquid phase and a gas phase were saturated with 1, 3-butadiene
1 kg/cm®:G at 30 °C. Subsequently, pressure of ethylene was
10  increased and the liquid phase and the gas phase were saturated
to give a total pressure of 2 KG.
Thereafter, 0.25 mL of a toluene solution (8 mmol/L) of
(2-{Inden-2'-yl}~4, 6-"Bu,-CeH;0) TiCl, synthesized in Synthetic
Example 3 was added, and subsequently, a toluene solution (0.4
15 mmol/L) of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.0 equivalent to Ti, to initiate
polymerization. The toluene was fed to give a final volume of
SmL in total. The ethylene gas was continuously fed to maintain
20 the total pressure of 2 KG. After carrying out the reaction
at 30 °C for 20 minutes, small amount of methanol was added to
stop the polymerization. After completion of the

polymerization, the post-treatment was carried out in the same

manner as in EXAMPLE 12, and the resultant was dried under reduced



Exanpl e 3 were added, and subsequently,

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate was added in an anount
of 1.2 eqlFvakeéht to Ti, to initiate 20 polynerization. After carrying out
the reaction under 1l-butene gas (= 90 liter/hr) atnosphere of norma
pressure for 10 mnutes at 25 C, sndld48 anount of isobutanol was added to
stop the polynerization. After conpletion of the polynerization, the
reaction product was extracted with hexane, washed with diluted SF-1239 {
175 hydrpchbsure adci@;’ Cconcedthaatedt apthtdinethyicere r éduebdtapgiessur e at
80 C for 10 hours, to obtain polybutene. EXAVPLE 34 <Pol yneri zati on of
but ene ustoagobyt@r{2- Me-4-Ph-1nden-1' -yl }-4, 6-tBu2- C6H40) Ti C12> The

pol ynmeri zati on and the post-treatnent were carried out in the same nmanner

as in EXAVPLE 33¢4Ampabtai n polybutene, except that 0.2 nL of a toluene
solution (5 nmml /L) of (2-{2-Me-4-Ph-Inden-1"-yl}-4,6-tBu2-C6H40) Ti O 2

syntheS|zed 10 Q;P npl u nstead of .t he tol uene

sol ution &qbé§ﬁ %fﬁﬁl%ﬁwfgzéjﬁﬁeﬁezﬁ Qrﬁﬁﬁioy?lﬁﬁz As a result
of 13C- N S the pol NVR chart shomnng a sanme signa
patterh Q/?Z%TEZ %Tg?r}? ﬁ'tﬂﬁrér png]b'u%'& BHp a8 d1 14T Pol yner, 1992(33),
650 was obtalned and thus confirnmed that 15 it has a remarkabl e
reg|0|rregular’%%ﬁU@ﬂ@ﬁé reacther havhegeani sniobeesl etp lameeofi AEP BRoup

signal derived froma head to head
thoroughly purged with nitrogen, 250 mL of a toluene solution

and 1 g of norbornene were cha;ged, and a liguid phase and a
gas phase were saturated with ethylene gas (= 50 liter/hr).

10 Thereafter, 0.05 mmol of triisobutylaluminum and 0.2 mL of a
toluene solution (5 mmel/L) of
(2f{2—Me—4—Ph—Inden~l'-yl}-4,6—tBu2~CéhO)TiC12 synthesized
in Synthetic Example 5 were added, and sﬁbsequently,
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was

15 added in an amount of 1.2 equivalent to Ti, to initiate
polymerization. Aftercarryingoutthereactionunderéthylene
gas h=501iter/hr)atmosphereofrmmmalpressu;eforlonunutes
at 25 °C, small amount of methanol was added to stop the
polymerization. After completion of the polymerization, the

20 post-treatment was carried out in the same manner as in EXAMPLE
10, and the resultant was dried under reduced pressure at 80
°C for 10 hours to obtain ethylene/ norbornene copélymer. The
Tm of the obtained polymer was 81 °C.

EXAMPLE 28



bonding at 16.2 ppmand 17.8 ppm and a signal derived froman internal
olefin 122 to 142 ppm 13C NMR spectruns of the polynmer are shown in Figs.
20 and 21SF202BRAMPLE 35 <Pol yneri zati on of 1-decene using
(2-{2-Me-4-Ph-Inden-1"-yl }-4,6-tBu2- C6H40) Ti C12> To a gl ass reactor having
an internal volunme of 1000 nL thoroughty purged with nitrogen, 500 nL of
dried 1-decene was SF-1239 176 charged, stirred under flow of nitrogen,
and maintained at 50 C for 30 minutes. Thereafter, 0.125 nmmol of
triisobutyl al unfﬁ@mfwh‘mlem5atrLoxmfofaEtbhzmene/SDiglbeﬂnylénénmidda)mmig
(2-(2-Me-4-Ph-Inden-1"'-yl}-4,6-tBu2- C6H40) Ti C12 5 synt hesized in Synthetic

Exanpl e 5aweeemaddedyiand gubﬁp%@;[hﬁc_i;y,
tri phenyl carbeni unt et raki s(pent af | uor ophenyl ) borate was added in an anmount

of 1.2 equpvakrentnto Ii1 )19, kDid|,ak el ry zation. After being stirred
under flow of ni trogenya;\d be| n2 %? Oqf cﬁlﬂ?he reaction for 30 m nutes at

50 C, small a t i was added to_ s t he po ri zation.
After conpl e?tl)gﬁ ofﬁ Sfes po yrrerl 23 -6, aPhJenE%ElPai %%tO% B&rried
out |n thg sane nner _as . in, EXAVPLE 12, and the resultant was dried under
reduced pr8SEEFENLY Boreedorit %W%gertro Bt hpsnpdceskainisgas a
result of "H NWMR ( CDCB d4) neasurenent of the polyner, there is observed a

si gnal (BFeH@FF%%dVWkﬂ‘n FEPWP NAI3 i 0y iNeiten @DY. ZTetlatdve ppm a signal

(O derived from disubstituted
polyethylene standards = 1547/668 (2.3), Mw/Mn (MWD) relative

Lo polystyrene standards = 3790/1500 (2.5), Tm = 119.6 °C) and
250 mL of a toluene solution were charged, and the mixture was

10 dissolved by heating at 90 °C under stirring. Then, a liguid
phase and a gas phase were saturated with ethylene gas (= 100
liter/hr).

Thereafter, 0.05 mmdl of triisobutylaluminum and 0.2 mL

of a toluene solution (5 mmol/L) of

15 (2-{Inden-2'-y1l}-4, 6-"Bu,-CeHs0) TiCl, synthesized in Synthetic
Example 3 were added, and subsequently,
triphenylcarbeniumtetrakis(pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate
polymerization. After carrying out the reaction under ethylene

20 gas (=100 1iter/hr) atmosphere of normal pressure for 10 minutes
at 90 °C, small amount of isobutanolrwas added to stop the
polymerization. After completion of the polymerization, the
reaction product was concentrated and dried, and dried under

reduced pressure at 80 °C for 10 hours to obtain



internal olefin at 5.4 to 5.2 ppmand a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppm 20 A 1H NWR spectrum of
t he pol yn&F-ig€3%hown in Fig. 22. EXAMPLE 36 <Pol yneri zation of butene
using (2-{Inden-1"-yl}-4,6-tBu2-C6H40)Ti C12> To an autocl ave having an
internal volunme of 2000 nL SF-1239 17770t horoughly purged with nitrogen,
250 nL of a toluene solution and 250 nlL of 1-decene were charged, and then
heated to 70 C with stirring. Thereafter, 0.2 nmol of triisobutylalum num
and 1.0 ethefleact/olugnetagluhbotofRatmbhgly ©frbinal vinyl grou
(2-{Inden-1"-yl}-4,6-tBu2-C6H40) Ti A 2synt hesi zed in Synthetic E&anple 1
vere addedppangmsubsernentd \of the obtained polymer was 116.5 °C.
tr|phenylcarbenluntetrakls(pentafluorophenyFSborate was added 1 n an amount

of 4 equivalentpatQ Jig,io it i@ke XVFr'zation. After. carrying out the
reaction for 180 m nutes fg ?t“@g'%fﬂgﬂa4 @ﬁ%ﬁﬂﬁ?ﬁﬁnﬁ%ﬁﬁﬁFéﬁéﬁmﬁﬁg added

to stop t ol rization. Afte np| etion of the polynerization, the
reaction E?‘S gc gmnclg%s%ﬁt?cg@t Eagﬁftﬁh&ﬁ}e VShIFEF WeERIGH gtEwl at

hydr oc Iorig acid, concentrated and dried under reduced pressure at 80 C
for 10°hodré, tPo° 0Bt PR F vt dfe 4 - I50RE, aar edginel of B) HIANREEODTRII4)
measurenent of the polynmer, there is observed a signal (B) derived from

[=]

termnal VPARLndéAeinwiidere ab 4.76tppPm6 aesi gnal.gb&) (@8r dewedvéd dmom

di substituted internal olefin at 5.4 to 5.2 ppmand a signal (D) derived
from disubstituted internal olefin at 5.4 to 5.2 ppm, and a signal

(D) derived from tri-substituted internal olefin at 5.2 to 5.0
pom.
10 A 'H-NMR spectrum of the polymer is shown in Fig. 10.
As a result of lSC—NMR (TCE-dy) measurement of the polymer,
w.there is .observed a signal derived from ethyl branch at 10.9
ppm, 26.5 ppm and 39.5 ppm, a signal derived from butyl branch
at 23.3 ppm and 33.8 ppm, a signal derived from amyl.branch at
16 32.5 ppm and a signal derived from branches. of C6 or more at
22.6ppm, 31.9ppmand 33.8 ppm. A C-NMR spectrumof the polymer
is shown in Fig. 11.
EXAMPLE 29
<Polymerization of propylene using
20 2-{Inden-2'-yl}-4,6-"Bus~CgHs0) TiCl,>
To a glass reactor having an internal volume of 500 mL
{:horoughly purged with nitrogen, 250 ml of a toluene solution
was charged, and a liquid phase aﬁd a gas phase were saturated

with propylene gas (= 100 liter/hr) of normal pressure at 25



tri-substituted internal olefin at 5.2 to 5.0 ppm 20 A 'H NWVR spectrum of
the polyner is shown in Fig. 23. EXAWMPLE 37 <Pol yneri zation of 1-decene
using (28f2iRB94-Ph-1nden-1'-yl}-4,6-tBu2-C6H40) Ti C12> The pol yneri zation
and the post-treatnent were carried SF-1239 178 out in the sane manner as
in EXAMPLE 36 to obtain polybutene, ¥Xtept that 1 nL of a toluene solution
(2 mol /L) of (2-{2-Me-4-Ph-Inden-1"'-yl}-4,6-tBu2-C6H4O Ti C 2 synthesi zed
in Synthetic Exanple 5 was used instead of 1 nL of the toluene 5 solution
(2 mol / L} Cof TtaHdatden:,| '0-.YI5} mthp6- bBuRx CHEMIO)N Ty Gl RumirAsn &mrdedul2t mdf ' H NVR
(ODCB-d4) neasurenent of the polymer, there is observed a signal (B)

derived feenmat ecMiBak ¥oDytisenes mbho®B/I) te®fr4.6 ppm a signal (C) derived
fromdisubstituted internal olefin at 5.4 to 5.2 ppmand a signal (D)

derived fromrdfehLbrSybgLitslegd, LALLI)E: g eafgmzr%tsi%%%(iA 12 Lszmgg@m A

"H NMR spectrum of the polyner 1s shown in Fi

(oo oon 3RS}, Rl ey (cacior [

paral | el -pressure_catalytic reactjon a 1\Earat us (Trade Nane: Endeavor)

manuf dtt uFEUPBG A GRS }um’SQEﬁ%]ﬁh%fp‘iﬁ aaﬂ‘éq’r_quc}f) baFgteni'atavi ng an
internal volunme of 15 nlL thoroughly purged with nitrogen, toluene and 0. 2
mol  of 8ffedoblt §hapnaintne il e2 céat Hedlenthd @ Ti.quicd iphiasetend a

polymerization. After carrying out the reaction under
propylene gas (= 100 liter/hr} atmosphere of normal pressure
for 10 minutes at 25 °C, small amount of isobutanol was added

10  to stop the polymerization. After completion of the
polymerization, the reaction product was extracted with hexane,
washed with diluted hydrochloric acid, concentrated, and dried
under reduced pressure at 80 °C for 10 hours, to obtain
polypropyiene;

15 As a result of 'H-NMR (ODCB~d4) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm, and a signa.l (D) derived from
tri—substituted internal olefin at 5.2 ﬁo 5.0 ppm.

20 A H-NMR spectrum of the polymer is shown in Fig. 12.

The amount of regioirregular linkage in the polymer
quantitated with '*C-NMR of polymer was 31 mol%. A PC-NMR
spectrum of the polymer is shown in Fig. 13.

EXAMPLE 30



20 gas phase were saturated with 1, 3-butadiene gas 1 kg/cnkG at 30 C.
Thereafter, 0.25 nL of a toluene solution (8 mmol /L) of

(2-{1 ndensE-1gBp- 4, 6-t Bu2- C6H40O) Ti Cl2synt hesi zed in Synthetic Exanple 3
was added, and subsequently, a toluene solution (0.4 SF-1239 179 nmol/L)
of triphenyl carbeni untetraki s(pentaf lupz ophenyl )borate was added in an
anmopunt of 1.0 equivalent to Ti, to initiate polynerization. The tol uene
was fed to give a final volume of 55 nL in total. 1,3-butadi ene gas was
conti nuously fedpPdbymemidaion eoPpriessiflersf ukilkg After carrying out the
reaction at 30 C for 30 mnutes, small amount of nethanol was added to

stop the polypempezahben-1ALyEl- @OGF%Q&L@Qh@fTHbQ pol ynerization, the
post-treat ment was carrled out in the same 10 manner as in EXAMPLE 1, and

the resul t ant gg dé%ft reduced. . pr re r? ’}?J qr. 19.he gS to
obtain 1, 3- but ne "copo yn@? %%% ﬁﬂ% %%E 5§£t S eo ynér G
measured apn constituent unit and_as resu
reasur od 09 {2poc00et LLUSDL Ak MBS BRIl 1o, 200 a0 e L
<Pol ynerization of 1, 3-butadi ene using
(2- { 2-Ve- BEBRPT nblRat 1937 yuupls qfsﬁzleeﬁhe):ﬁ@izwnmﬁeaw1)/ﬂ9ermlza>tf| 8n and
the post-treatnent were carried out in the same manner as in EXAMPLE 38 to
‘obtai n pokgbuendi epbution excapelihatof 2-{2- Nb 4-Ph-Inden-1'-yl }-4, 6-
synt hesi zed in
(2-{2-Me-Inden-1'-yl}-4, 6-"Buy-CgHs0) TiCl, synthesized in
Synthetic Example 4 were used.
Aéearesultole-NMR(ODCB~d4)measurementofthepmlymer,

10 there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-substituted internal olefin at 5.2 to 5.0 ppm.

A H-NMR spectrum of the polymer is shown in Fig. 14.

15 The amount of regioirregular linkage in thé polymer
quantitated with C-NMR of polymer was 31 mol%. A *C-NMR
spectrum of the polymer is shown in Fig. 15.

EXAMPLE 31
<Polymerization of propylene using
20 (2-{2-Me-4-Ph-Inden-1"-yl}-4, 6-"Buy~C¢H,0) TiCl,>
The polymerization was carried out in the same manner as
in EXAMPLE 29, and then the post-treatment was carried out also

in the same manner as in EXAMPLE 29, to obtain polypropylene,

except that 0.2 mL of & toluene solution (5 mmol/L) of



Synthetic Exanple 5 was used instead of the toluene solution of
(2-{Inden-2" -yl }-4,6-tBut 2- C6H40) Ti C12. 13C-NWMR (TCE-d2) of the polyner was
nmeasured &Rdl£BR@ constituent unit was exam ned, and as a result, SF-1239
180 1,4-trans/1,4-cis/1,2- = 30/47/23 was obtai ned. EXAMPLE 40

<Pol yneri zation of 1, 3-butadi ene usinpg’3(2-{2-Me-4-Ph-Inden-1'-yl } -4,
6-tBu2- C6HO0) Ti Cl2> 5 To a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Nane: Endeavor) manufactured by Argonaut, equipped with
8- channel (pafarVet4rBacindesystend }-havé-FiguanCH, o) eenal sitnesicfedld ni

t horoughly purged with nitrogen, toluene was placed, and then 3.00 mml of

dry MAO was agdedet18 Pxhhguéds phase.s8yl, a gas phase were saturated with 1,
3-butadiene (0.8 KG at 30 C Thereafter 0 25 nL of a toluene solution

(1.2 mmol /L) ohs 2d2rieod MOmiRdenct-ofl Lid B B BLChee,

synt hesi zed in Synthetic Exa 5 was ad i ni
n total After

The tol ue give al_.vql ume

carrylng EE?F?ﬁésggac %E%Fl§6a2:¢% de bvﬁgﬁaFEbgtgﬂh??l3ﬁ8§ﬁﬂd8Penethanm
was aqg %o o t he Iynerlzatlon After conpletion of the

pol yneti z3 on’ €ﬂ dg?mt rdat il weds Qarived duer fisnessakBtagnner as

i n EXAMPLE 20 1 and the resul tant was dried under reduced pressure at 80
0C for 1bnhewral td «fbaph pot Houbadimmeand a signal (D) derived from

tri-substituted internal olefin at 5.2 to 5.0 ppm.
A 'H-NMR spectrum of the polymer is shown in Fig. 16.
The amount of regioirregular linkage in the polymer
10 quantitated with C-NMR of polymer was 36 mol%. A 3C-NMR
spectrum of the polymer is shown in Fig. 17.
EXAMPLE 32
<Polymerization of Propylene using
(2-{2-iPr-4-(9-Phenanthryl) -5, 6~Benzoinden-1'-yl}-4, 6-Bu,-
15 C5H40) TiCly>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 29 to obtain polyprepylene,
except that 0.25 mmol of triisobutylaluminum and 1.0 mL of a
toluene solution (5 mmol/L) of
20 {2~{2-iPr—4~(9—Phenanthryl)-5;6~Benzoinden—l'—yl}~4,6—tBuf-
CgH0) TiCl; synthesized in Synthetic Example 7 were used.
Asaresultof1H~NMR(ODCB—d4)measurementofthepolymer,
there is observed a signal (B) derived.frontterminal;vinylidene

at £.7 to 4.6 ppm, a signal (C) derived from disubstituted



EXAMPLE 41 <Pol ynerization of styrene using
(2-{2-Me-4-Ph-Inden-1"-yl}-4, 6-tBu2- C6H40) Ti C12> SF-1239 181 To a reactor
[a paral | €F~g28%sure catal ytic reaction apparatus (Trade Nane: Endeavor)
manuf act ured by Argonaut, equipped with 8-channel parallel reactor systeni
having an internal volunme of 15 nL tho4oughly purged with nitrogen, 5

tol uene was placed, 3. 00 nmmol of dry MAO was added, and maintained at 70
C for 10 mnutes. Thereafter, 0.25 nL of a toluene solution (1.2 nmol/L)
of (2-{2- MetérRhlloidenid atyd }4 4065 t Budm(CodHOaTs Ghda B M hest zesd firdm
Synthetic Exanple 5 was added, and then 2 nL of styrene was 10 added, to

initiate peliysepkzatiead Theetoh UESE MBS d0k 10 1 Ve (A na' volume of 5 nmi
intotal. After carrying out the reaction at 70 C for ‘minutes, snall

amount of met hagoly yask agled 1 o3 %etng%g%gmyéﬁa i inﬁt{gef gorpl et on

of the polynerlzatlon he post-treat was carried out t he sanme 15
manner as in 1, and_the resulta g ried undgﬁ reduced pressure
e

at 80 C for 10 O%r%m?%n%b?%JFl%ﬁﬂ%Eﬁ%ﬂ 2B 18f tPRePBbYEPAed product

was 26 L arative Exa <Po|yner|zat|on of ethy%ene using 20
(2-{1 nYe nQY H?QEPQCW#F%HZQ ~¥HB B@IQﬁ%YWQEtW@ﬁ hhdra¥e pBst SR ment wer e

carried out in the sanme manner as in EXAMPLE 1 to obtain polyethyl ene,
spectrum of the polymer is shown in Fig. 19.

EXAMPLE 33
<Polymerization of butene using
2-{Inden-2"'-yl}~4, 6-"Buy-CeHs0) TiCl,>
10 To a glass reactor having an internal volume of 500 mL
thoroughly purged with nitrogen, 250 mL of a toluene solution
was charged, and a liquid phase and a gas phase were saturated
with 1-butene gas (= 90 liter/hr) of normal pressure at 25 °C.
Thereafter, 0.05 mmol of triisobutylaluminum an.d.O.2 mL of a
- 15 toluene solution (5 mmol/L) of |
(2-{Inden-2'-yl}-4, 6-"Bup,~CeHs0) TiCl, synthesized in Synthetic
Exarﬁple 3 were added, and subsequently,
‘triphenylcarbeniumtetrakis(pentafluorophenyl)bprate was
added in an amount of 1.2 equivalent to Ti, to initiate
20 polymerization. After carrying out the reaction under 1-butene
gas (= 90 liter/hr) atmosphere of normal pressure for 10 minutes
at 25 °C, small amount of isobutanocl was added to stop the
polymerization. After completion of thé polymerization, the

reaction product was extracted with hexane, washed with diluted



except that (2-{Inden-1'-yl}C6HAO) Ti C12 synthesized in Synthetic Exanple 6
was used instead of SF-1239 182 2-{Inden-I1"'-yl}-4,6-tBU2-C6HAO Ti C 2r and

t he reactisgnr1zize was changed to 30 mnutes. } [Conparative Exanple 2]

<Pol ymeri zati on of ethylene using 5 (2-{Inden-1"-yl}C6H40) Ti C12> The

pol ynmeri zation and the post-treatnmentiwere carried out in the same manner

as in EXAMPLE 1 to obtain polyethylene, except that
(2-{I'nden-1"-yl }C6HAO Ti C 2 synthesized in Synthetic Exanple 6 was used

i nstead ohyli@oZhiibrdenatidy! todebnt By SOHO I A2 H%ﬁ%%ﬁﬁﬁ?ion
tenperature and the reaction tinme were changed to 80 an m nut es,

respecti vekks rapi v <Pol ynerizati on.of ethyl ene using

15 (2-{I ngen- fhg&r}ag4g%tgu§5&%%%ﬁ\n¢%2 tIahlen ﬁ’ocicﬁsyr}?éjrtle?ft'i on and the
post -t reat ment F&gﬁﬁPﬁgrg' ed out in the same manner as in EXAMPLE 1 to

obt ai n pol yet hyl'ene, " extept that (2-{Inden-1"-yl}-4,6-tBu2-CoHAO) Ti (NWe2) 2
obtained in accorfance_ W th a process disclosed in Oganonetallics., 20
2004(23), 1576 WaSlYBehidst¥adofbutgnadaing -yl }- 4, 6-t Bu2- C6H40) Ti CL12,

and the reaction tinme was changed to 30 m nutes.
5 (2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Bu,—CeH,0) TiCl,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 33 to obtain polybutene,
except that 0.2 mL of a toluene solution (5 mmol/L) of
(2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Bu,-CgHs0) TiCl, synthesized

10 in Synthetic Example 5 was used instead of the toluene solution
(5 mmol/L) of (2-{Inden-2'-yl}-4,6-"Bu,—~C¢Hs0)TiCl,. As a
result of >C-NMR measurement of the polyﬁer, NMR chart showing
asamesignalpattemlastﬁeregioirregularpolybutenedisclosed
in Polymer, 1992 (33), 650 was obtained, and thus confirmed that

15 it has a remafkable regioirregular structure. Further, there
is observed a terminal group signal dérived.fronla head to head
bonding at 16.2 ppm and 17.8 ppm, and,a signal derived from an
internal olefin 122 to 142 ppm. *’C-NMR spectrums of the polymer
are shown in Figs. 20 and 21.

20 EXAMPLE 35

<Polymerization of l-decene using
(2~{2-Me-4-Ph-Inden-1'-yl}-4, 6= Bu,~CeH,0) TiCly>

To a glass reactor having an internal volume of 1000 mL

thoroughly purged with nitrogen, 500 mL of dried l-decene was



[ Conpar ati ve Exanpl e 4] <Pol ynerization of Ethylene using Cp2Ti d 2> SF-1239
183 The polynerization and the post-treatnent were carried out in the
same nmanné€E-ag3en EXAMPLE 4 to obtain polyethylene, except that Cp2Tid z
was used instead of 2-{lnden-2'-yl}-4,6-tBu2-C6H4O) Ti d 2, 1.25 mmol of dry
MAO was 5 used instead of triisobutyl@abum num and

tri phenyl carbeniuntetrakis (pentaf |uorophenyl) borate, and the reaction
tenperature and the reaction tinme were changed to 75 C and 5 m nutes,

respecti vehyrg[a@onmizatéd/ezrﬁmuew%f 16} RajeHye Bindahs DNt ®Ined at 50
Et hyl ene/ Propyl ene using (2-{Inden-1"'-yl}-4,6-tBu2-C6H40O Ti (NMe2)2> The

pol ymer i zati garand hheupest - tvh%&%mterwebem@rﬁms@ get in the same manner
as in EXAMPLE 12 to obtain ethylene /propyl ene copol yner, except that 1.0

mL. of t
5 Ol nqen P a8 Mlé?uﬂ%l‘l%@@%?"?méﬁog yens palution (5qmel/L).

di | t al 5 d i t d
of (2{1ndg® < 93?9 hQ- B BRIRIRGR L3y ¢ P om0 Y 11929, %650,

of 20 triisobutylal um num and

t ri phehyl EXPbRAF LRE S LRIt AF K EBP b RtRAS Bdded e 2nd sitpsequently,

triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 1.2 equivalent to Ti, to initiate
polymerization. After being stirred under flow of nitrogen and
being left for the reaction for 30 minutes at 50 °C, small amount .
10 of isobutanol was added to stop the polymerization. After
completion of the polymerization, the post-treatment was
carriedout in the same manner as in EXAMPLE 12, and the resultant
was dried under reduced préssure at 80 °C for 10 hours, to obtain
polydecene. |
15 As a result of 'H-NMR (ODCB-d4) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived. from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri-subpstituted intérnal élefin at 5.2 to 5.0 ppm.
20 A 'H-NMR spectrum of the polymer is shown in Fig. 22.
EXAMPLE 36 |
<Polymerization of butene using
(2-{Inden-1'-yl}-4, 6-"Buy-CeHs0) TiCl,>

To an autoclave having an internal volume of 2000 mL



anount of 1.2 equivalent to Ti were used, and the reaction tine was
changed to 30 m nutes. [Conparative Exanple 6] SF-1239 184 <Polynerization
of Et hyl es@~Prgpyl ene using Cp*Ti O 3> The polynerization and the
post-treatnment were carried out in the sane manner as in EXAMPLE 14 to

obt ai n et hyl ene/ propyl ene copol yner, exgept that Cp*Ti C13 was used 5
instead of (2-{2-Me-Inden-1'-yl}-4,6-tBu2-C6H40)Ti C 2, ethyl enel/propyl ene
m xed gas (= 60/40 liter/hr) of normal pressure was changed to

et hyl ene/ phoppligheymbXxege@asi i n1906480, bbdeil ) a aBfudihe Jaqgtign tine
was changed to 30 m nutes. [Conparative Exanple 7] 10 <Pol yneri zation of

Et hyl ene/ aRropyH e J4SiiNGd | (b2 cfhr%f%@&l YATR{ li2a4 g0, %A{;&LOE"_% to

post-treatnent were carrie out Int ane nanner as I'n
obtain ethyk J QI | e coppl ymer., .except .t hat, 2Ti was used i nstead
of (2-{2- %-ﬁ%—%ﬁ-lf§§F?gﬁ? -'tg&-"%ﬁd@§ﬁréi§,g%uf§9ﬁ?@l%@n8f dry
MAO was uieﬂ iﬂStﬁﬁd of triisobut¥!aluninun1and
tri phenyl carbBHi Bht 8t FakPsTpentaft Lok ophem@d Hor 2%, et hyl ene/ propyl ene
m xed gas (= 50/150 liter/hr) was used instead of ethylene /propylene
ni xed Yas (€={60¢a0~11 tB} hé) SofBu2n6ring) THCds siumehearick eichin Sgathiednct | ne was
changed to 30 mnutes. 20 [Conparative Exanple 8] <Pol ynerization of
Et hyl ene/ Prapylent wsiagadbéd| Nafd-desdedusndisal i cyl i dene)anilinato] Ti d 2>
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added in an amount of 4 eguivalent to Ti, to initiate
polymerization. After carryingout the reaction for 180 minutes
10 at 70 °C, small amount of isocbutanol was added to stop the
polymerization. After completion of the polymerization, the
reaction product was extracted with hexane, washed with diluted
hydrochloric acid, concentrated and dried under reduced
pressure at 80 °C for 10 hours, to obtain polybutene.
15 As a result of 'H-NMR (ODCB-d4) measurement of the polymer,
there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D) derived from
tri~substituted internal olefin at 5.2 to 5.0 ppm.
20 A 'H-NMR spectrum of the polymer is shown in Fig. 23.
EXAMPLE 37
<Polymerization of 1l-decene using

(2-{2-Me-4-Ph-Inden-1"-yl}-4, 6-"Bu,-CgHs0) TiCl,>

The polymerization and the post-treatment were carried



The pol ynerization and the post-treatnent were carried out in the sane
manner as in EXAMPLE 14 to obtain SF-1239 185 et hyl ene/ propyl ene

copol yner sFexeept that bis[N(3-tert-butylsalicylidene)anilinato]Ti Cl2 was
used instead of (2-{2-Me-lInden-1"-yl}-4,6-tBu2-C6H40)Tid 2, 1.25 mmol of
dry MAO was used instead of triisobutyj@l um numand 5

tri phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate, ethyl ene/ propyl ene

m xed gas (= 50/150 liter/hr) was used instead of et hyI ene / propyl ene

m xed gaso(t H0/#E |gdmey Mahheof as O MUAMYTIRS Sl €0 fﬂqﬁyoﬂ%%tt'eﬁg tine was
changed to 30 mnutes. [Conparative Exanple 9] 10 <Copolyneri zati on of

Et hyl'ene/ bsobyt eagatist nr {M62Sio (NEACRG LN B (; TGz, The pol ymer i zation

and the post-treatnment were carried out in e sane man as in EXAMPLE
20 Lo obt g f%ﬁ%{geﬁﬁlt&ﬁ’é’fﬂtfﬂ £RPPlyreRy, EWSPEiETatsyntﬁe'Vs%%%d

(Me4Cp) (Nt Bu was used
(2{Inden2é%/%‘h u2- C6H40) Ti C12. [ Conparative Exanpl e 10]
<Copol ymet i Z3¢H E’%WF ﬁe?l%t&‘@@ﬁel%flﬁ@d ‘E%ZBP(%AFQ% EREBERETI C12>
20 The pol yperization and the post-treatnment were carried out in the sane
manner® asS?hABQIVPLE 1m0} A lolstfai (R - (Enidenedd 4 dbdi 6neBueopeliymeH,Clexcept
that [ Me2Si (Me4Cp) (M BU)]TI Cl2 was used instead of

_ As a result of 'H-NMR (ODCB~- dq) measurement of the polymer,

there is observed a signal (B) derived from terminal vinylidene
at 4.7 to 4.6 ppm, a signal (C) derived from disubstituted
internal olefin at 5.4 to 5.2 ppm and a signal (D} derived from
10 tri-substituted internal olefin at 5.2 to 5.0 ppm.
A 'H-NMR spectrum of the poiymer is shown in Fig. 24.
EXAMPLE 38
<Polymerization of 1,3—butadiené using
(2-{Inden-2'-yl}-4, 6-"Bu,—CeH,0) TiCl,>
15 Te a reactor [a parallel-pressure catalytic reaction
apparatus (Trade Name: Endeavor) manufactured by Argonaut,
8-channel parallel reactor system] having an internal volume
of 15 mL thoroughly purged with nitrogen, toluene and 0.2 mmol
of triisobutylaluminum were charged, and a liquid phase and a
20 gas phase were saturated with 1, 3-butadiene gas 1 kg/cm®-G at
30 °cC.
Thereafter, 0.25 mL of a toluene solution (8 mmol /L) of
{2-{Inden-2"-yl}-4, 6-"Bu,~CeH40) T1Cl, synthesized in Synthetic

Example 3 was added, and subseguently, a toluene solution (0.4



(2-{Inden-2'-yl}-4,6-tBu2-C6H40) Ti A 2, and the pol ynerization SF-1239 186
tenperature was changed to 60 C. [Conparative Exanple 11] <Pol ynerization
of Et hyl e®&H€818ut ene using Cp*Ti A 3> The pol yneri zation and the
post-treatnment were carried 5 out in the sanme manner as in EXAMPLE 20 to
obtai n et hyl ene/i sobut ene copol yner, &X8ept that Cp*Ti T 3 was used i nstead
of (2-{Inden-2'-yl}-4,6-tBu2-C6H40)Ti C 2. [Conparative Exanple 12]

<Pol ymeri zati on of Ethyl ene/lsobutene using Cp2Ti 2> 10 The

pol ymer i zamcdrd Landft he post-treatnent were carried out in the sanme manner
as in EXAMPLE 20 to obtain ethyl ene/isobutene copol ynmer, except that

Cp2Ti d 2 wadpheedlcanbbradndét f2k{t ngent 2E1¥btoghdniButGaIAQE C 2.
[ Conpar ati ve Exanple 13] 15 <Copol yneri zati on of Ethyl ene/ 1, 3-but adi ene

using CphEaek3InThe BALYAETbEaii ON.ans asg -4 e f; (wefie carried
out in the sane ﬁanner as in EXANPL%&%G %gg%%té%nj”e?%gﬁgﬁg &%édiene
copol yner

CoPel YIRS 8 20 LUEEEL MBS N MALTL 12 00 g5t 53
FE?LYE%;%%?%@;E??EPEQ gﬁ'f%gpﬁgk%ﬁﬁﬂﬁbgﬁ§>was continuously fed to
maintain a pressure of 1 KG. After carrying out the reaction
at 30 °C for 30 minuteé, small amcount of methanol was added to
stop the polymerization. After completion of the
polymerization, the post-treatment was carried out in the same
‘10 manner as in EXAMPLE 1, énd the resultant was dried under reduced
pressure at 80 °C for 10 hours to obtain 1, 3-butadiene copolymer.
3C-NMR (TCE-d;) of the polymer was measured and the
constituent unit was.examined, and as a result,
l,4-trans/1,4-cis/1,2- = 67/24/9 was obtained.
15 EXAMPLE 39
<Polymerization of 1,3-butadiene using
(2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Buy-CgH0) TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 38 to obtain polybutadiene,
20 except that (2-{2-Me-4-Ph-Inden-1'-yl}-4,6~ synthesized.in
Synthetic Example 5 was used instead of the toluene sclution
of (2-{Inden-2'-yl}-4,6-"But,;—C¢H,0) TiClz.
BC-NMR (TCE-d,) of the polymér-was measured and the

constituent unit was examined, and as a result,



SF-1239 187 The polynerization and the post-treatnment were carried out in
the same manner as in EXAMPLE 29 to obtain pol ypropyl ene, except that 1.0
nm. of a t&lfuérké9%ol ution (5 nmmol/L) of

2-{Inden-1' -yl }-4, 6-tBu2- C6H40) Ti (NMe2) 20bt ai ned in accordance 5 with a
process disclosed in Organonetal lics.18@004(23), 1576 was used instead of
2-{Inden-2' -yl }-4,6-tBu2- C6H40) Ti C12, 0.25 mmol of triisobutylalum num and
tri phenyl car beni unt etraki s( pent af | uor ophenyl )borate in an anmount of 1.2
equi val entl ,otTeneli g4 used/1 ahd £ha0r£acrl ored idglraikrdvas changed to 30

m nutes. [Conparative Exanple 15] <Polynerization of Propylene using

Et hyl i ene (1 ndenyxhyp2&r{d 2> The pol yneri zation and the post-treatnent were
carried 15 out in the sane manner as in EXAMPLE 31 to obtain

polypropylene, <exegpl:Lhatidh Gl of g, dplene fayion (0.5 mol/L) of

Et hyl i ene (Indenyl) 27r Was used 1nstea

ggegzihgt ??Plg%b% ?%Iﬁh?ﬁ%ﬁ?éﬁgyg%l g#ﬁgéiﬁﬁiérbenl3Lte?;gkrﬁ()mas

(pent Iuorophen borate, and the _reaction time was changed to 30

m nut [Corrpa 1§ VECESEN| & 1 radPR YrRiiq saatco s adR LY t3chfeadit éAB usi ng

Cp*T|CI3> The polynerization and the post-treatnent were carried SF-1239
apparatus (Trade Name: Endeavor) manufactured by Argonaut,

equipped with 8-channel parallel reactor system] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene was placed, and then 3.00 mmol of dry MAC was added.

10 A liquidphase and a gas phase were saturated with 1, 3-butadiene
(0;8 KG) at 30 °C.

Thereafter, 0.25 mL of a toluene solution (1.2 mmol/L)
of (2-{2-Me-4-Ph-Inden-1"-yl}-4, 6-*Bu,~CgH,0) TiCl,
synthesized in Synthetic Example 5 was added to initiate

15 polymerization. The toluene was fed to give a final volume of
5 mL in total. After carrying out the reaction at 30 °C for
60 minutes, small amount of methanol was added to stop-the
polymerization. After completion of the polymerization, the
posti-treatment was carried out in the samelnanner'as‘in EXAMPLE

20 1, and the resultant was dried under reduced pressure at 80 °C
for 10 hours to obtain polybutadiene.

EXAMPLE 41 |

<Polymerization of styrene using

(2-{2-Me~4-Ph-Inden-1'-yl}-4, 6-Buy,-CeH;0) TiCl,>



188 out
pol yner,

in the sane manner as in EXAMPLE 38 to obtain 1, 3-butadi ene

except that Cp*Ti C13 was used instead of

neasured and the 5 constituent unit was exam ned, and as a result,
1,4-trans/1,4-cis/1,2- = 11/ 66/ 23 was, @bt ai ned. The above-nenti oned
are shown in the followwng tables 1 to 4. [Table 1] NOOmMM Ki NIn ~-1
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apparatus (Trade Name: Endeavor) manufactured by Argonaut,
equipped with 8-channel parallel reactor system] having an
internal volume of 15 mL thoroughly purged with nitrogen,
toluene was placed, 3.00mmol of dryMAO was added, andmaintained
at 70 °C for 10 minutes. Thereafter, 0.25 ml of a toluene
solution (1.2 mmol/L) of
(2-{2-Me-4-Ph-Inden-1'-yl}-4, 6-"Buy-CgH40) TiCl, synﬁhesized
in Synthetic Example 5 was added, and then 2 ml of styrene was
added, to initiate polymerization. The toluene was fed to give
a final volume of 5mL in total. After carrying out the reaction
at 70 °C for 60 minutes, small amount of methanol was added to
stop the polymerization. After completion of the
polymerization, the post-treatment was carried out in the same
manner as in EXAMPLE 1, and the resultant was dried under reduced
pressure at 80 °C for 10 hours to obtain polystyrene. The Tm
of the obtained product was 261 °C.

[Comparative Example 1]

<Polymerization of ethylene using
(2-{Inden-1'-yl}CeHy0) TiCl,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethyliene,
except that (2-{Inden-1'-yl}C¢H40)TiCl, synthesized in

Synthetic Example 6 was used instead of

(2-{1 ndensZ-19k}- 4, 6-t Bu2- C6H40) Ti C12. 13C-NWR (TCE-d2) of the polynmer was

results

WO P M
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changed to 30 minutes.
[Comparative Example 2]
<Polymerization of ethylene using
5 (2-{Inden~-1'-yl}C¢H,0)TiCl,>
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 1 to obtain polyethylene,
except that (2-{Inden-1'-yl}CeH,0)TiC1, synthesized in
Synthetic Example 6 was used instead of
10 2-{Inden-1'-yl}-4,6-"Bu,-C¢H40)TiCls, and the reaction
temperature and the reaction time were changed to 80 °C and 30
minutes, respectively.
[(Comparative Example 3]
<Polymerization of ethylene using
15 {2-{Inden-1'-yl}-4, 6-"Buy-C¢H,0) T1i (NMe,) o>
The polymerization and the post-treatment were carried
out in the same manner as_in EXAMPLE 1 to obtain polyethylene,
~ except that (2-{Inden-1'-yl}-4, 6-*Bu,-CgH,0) Ti (NMe,), obtained
in accordance with a process disclosed in Organcmetallics.,
20 2004(23), 1576 was used instead of
2~{Inden—1'-yl}—4,GiBur{kHﬂnTiClb and the reaction time was
changed to 30 minutes.
[Comparative Example 4]

<Polymerization of Ethylene using Cp,TiCl,>
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Nr.{ i RhtI@@>Nm&rizaminOand theapost-treatment were carried

out in the same manner as in EXAMPLE 4 to obtain polyethylene,
except that Cp,TiCl, was used instead of
2-{Inden-2'-yl}-4, 6~"Buy—C¢Hs0) TiCl,, 1.25 mmol of dry MAO was
used instead of triiscbutylaluminum and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, and the
reaction temperature and the reactibn time were changed to 75
°C and 5 minutes, respectively.

‘[Comparative-Example 5]

<Polymerization of Ethylene/Propylene using
(2-{Inden-1'~yl}-4, 6-"Bu,-CeH,0) Ti (NMey) o>

The polymerization and the postwtreatment were carried
out in the same manner as in EXAMPLE 12 to obtain
ethylene/propylene copolymer, except that 1.0 mL of a toluene
solution (5 mmol/L} of
(2-{Inden-1'~yl}-4, 6-"Bu,-CeH40) Ti (NMe;), obtained in
accordance wit a process disclosed in Organometallics.,
2004 (23), 1576 was used instead of
(2-{Inden-~1'-yl}-4, 6-"Bu,—CeH40)TiCl,, 0.25 mmol of
triisobutylaluminum and
triphenylcarbeniumtetrakis{pentafluorophenyl)borate in an
amount of 1.2 equivaleﬁt to Ti were used, and the reaction time
was changed to 30 minutes.

[Comparative Example 6]



I
M

I
m
N

10

15

20

Vit 'i MWNPPmM.i W
N
n

UV-a~ mWmo NIn |

NMa X4 wEwo UNON Y F

NIANZ2EMN NN Cry N

O
N
w ;
NNNONNNTII N.-I N
I<I N \ NO mMYOfl °
- - - - - - - - - - - - - O
<Polymerization of Ethylene/Propylene using Cp*TiClz>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 14 to obtain
ethylene/propylene copolymer, except that Cp*TiCl; was used
instead of (2-{2-Me-Inden-1'-yl}-4,6-"Bu,-CeH,0)TiCl,,
ethylene/propylene mixed gas (= 60/40 liter/hr) of normal
pressﬁre was changed to ethylene/propylene mixed gas (= 100/100
liter/hr), and the reaction time was changed to 30 minutes.

[Comparative Example 7]

<Polymerization of Ethylene/Propylene using Cp,TiCl,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 15 to obtain
ethylene/propylene copolymer, except that Cp,TiCl, was used
instead of (2-{2-Me-4~Ph-Inden-1'-yl}-4,6-Bu,~CeHs0) TiCls,
1.25 mmol of dry MAO was used instead of triisobutylaluminum
and triphenylcarbeniumtetrakis(pentafluorophenyl)borate,
ethylene/propylene mixed gas (= 50/150 liter/hr) was used
instead of ethylene/propylene mixed gas (= 60/40 liter/hr) of
normalpressure,andthereactiontimewaschangedtoBOnﬁnutes.

[Comparqtive Example 8}

<Polymerization of Ethylene/Propylene using
bis[N~(3-tert—butylsalicylidene)anilinato]TiClz>

The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 14 to obtain
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.G bis[N-(3-tert-butylsalicylidene)anilinato]TiCl, was used

instead of (2-{2-Me-Inden-1'-yl}-4,6-"Buy;-C¢H;0)TiCl,, 1.25
mmol of dry MAO was used instead of triisobutylaluminum and
5 triphenylcarbeniumtetrakis{pentafluorophenyl)borate,.
ethylene/propylene mixed gas (= 50/150 liter/hr) was used
instead of ethylene/propylene mixed gas (= 60/40 liter/hr) of
normal pressure, and the reaction time was changed to 30 minutes.
[Comparative Example 9] |
10 <Copolymerization of Ethylene/Isobutene using
[Me;S1 {Me,Cp) (N*Bu) ]TiCly> |
The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene copolymer, except that
15  [Me,Si (MesCp) (N*Bu) ]TiCl, was used instead of
(2-{Inden-2'-yl}-4, 6-"Buy~CsH,0) TiCl,. |
[Comparative Example 10]
<Copolymerization of Ethylene/Isobutene using
[Me,Si (Me,Cp) (N"Bu) JTiCl,>
20 The polymerization and the post~treatment were carried
out in the same manner as in EXAMPLE 22 to obtain
ethylene/isobutene'copdlymer, except that
[Me,Si (MesCp) (N*Bu) ]TiCl, was used instead of

(2-{Inden-2'~yl}-4, 6-*Bu,~CsH;0) TiCl,, and the polymerization
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temperature was changed to 60 °C.

[Comparative Example 11]

<Polymerization of Ethylene/Isobutene using Cp*TiCls>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene copolymer, except that Cp*TiCl; was used
instead’ of (2-{Inden-2'-yl}-4,6-"Bu,-CgH,0)TiCl,.

[Comparative Example 12]

<Polymefization of Ethylene/Isobutene using Cp,TiCl,>

The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 20 to obtain
ethylene/isobutene copolymer, except that Cp.TiCl, was used
instead of (2-{Inden-2'-yl}-4,6-"Bu,—CgH,0)TiCl,.

[Comparative Example 13}

<Copolymerization of Ethylene/1,3-butadiene using
Cp*TiClz>

The polymerization and the post-treatment were carried

out in the same manner as in EXAMPLE 26 to obtain

ethylene/butadiene copolymer, except that

[Mez81i (Me,Cp) (N*Bu) }TiCl, was used instead of

(2-{Inden-2"'-yl}-4, 6~"Buy-CeH,0) TiCl,.
[Comparative Example 14]

<Polymerization of Propylene using

(2-{Inden-1'-yl}-4, 6-"Bus-CeHs0) Ti (NMey) ,>
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The polymerization and the post-treatment were carried
out in the same manner as in EXAMPLE 29 to obtain polypropylene,
except that 1.0 mL of a toluene solution (5 mmol/L) of
2~-{Inden-1"-yl}-4, 6-"Buy~CsH40) Ti (NMe,) ; obtained in accordance
with a process disclosed in Organometallics., 2004 (23), 1576
was used instead of 2-{Inden-2'-yl}-4, 6="Bu,~Ce¢H,0) TiCl,, 0.25
mmol of triiscbutylaluminum and
triphenylcarbeniumtetrakis (pentafiuorophenyl)borate in an
amount of 1.2 equivalent to Ti wefe used( and the reaction time
was changed to 30 minutes.
| [Comparative Example 15]

<Polymerization of Propylene using
Ethyliene (Indenyl),ZrCl,>

Thé polymerization and the post~treatment were carried
out:hlthesamenmnnerast1EXAMPLE311x>obtainpolypropylene,
except that 4.0 mL of a toluene solution (0.5 mmol/L) of
Ethyliene(Indenyl),ZrCl, was used instead of
(2-{2-Me-4-Ph~Inden-1'-yl}-4, 6~*Buy,-C¢H40) TiCl,, 1.25 mmol of
dry MAQO Was usea instead of triisobutylaluminum and
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, and the
reaction time was changed to 30 minutes.

[Comparative Example 16]

<Polymerization of 1,3-butadiene using Cp*TiCls>

The polymerization and the post-treatment were carried
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out in the samé manner as in EXAMPLE 3

polymer, except that Cp*TiCl; was used instead of
(2-{Inden-2"'-yl}-4, 6~"Buy,-CeH,0) TiC1,.

“3C-NMR (TCE—dZ) of the polymer was measured and the
constituent unit was examined, and as a result,
l,4-trans/1,4-cis/1l,2- = 11/66/23 was obtained.

The above-mentioned results are shown in the following

tables 1 to 4.

[Table 1]
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l. A catalyst for olefin polymerization comprising:
(A) a transition metal compound represented by the
following general formula (1); and
(B) at least one compound selected from the group
consisting of
(B-1) organometallic compound,
(B-2) organocaluminum oxy compound, and
(B=-3) compounds capable of reacting with the

transition metal compound (A) to form an ion pair,

[Chem. 1]

RB R8 * '(1)

wherein, M is a transition metal atom selected from Groups 4
- to 6 of the periodic table; X represents an atom or a group

selected from a hydrogen atom, a halogen atom, a hydrocarbon



CNLOY'i NNNNNMMNN yNFNOOWQ UOrorornudN EMP
InOr mG o'i N~ ~O NItl MmMMMMMMP H rl Era U U SF-1239 '

194 CLAI RB-1239A catal yst for olefin polymerization conprising: (A a
transition metal conpound represented by the follow ng general fornula (1);
and (B) at |east one conpound sel ected9sromthe group consisting of (B-1)
organonetal | i ¢ conpound, (B-2) organoal um num oxy conpound, and (B-3)
conpounds capable of reacting with the transition netal conmpound (A) to
form an i 8A°pRir2 hilGreanatidd RYdRD caRboRlgXoupM ad Rxygen-containing

group, and a nitrogen—containing group; Q is -0-, =-S-, -NR%-,
or -PRP- (wherein, R* and R® are each a hydrogen atom or a
hydrocarbon group); Y is a neutral ligand having an
electron-donating group; m is a number satisfying the valence
of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different from each other,
the plurality of groups represented by X may be bonded to each
‘other, it may form a conjugated straight-chain diene residue,
a conjugated branched-chain diene residue, a non-conjugated
straight-chain diene residue or a non-conjugated
branched-chain diene residue,.and the plurality of groups
represented by X may be bonded to each other to form a ring;
n is an integer of 0 to 3; two of R! to R? which are adjacent
to each other may be combined to form an aromatic ring or an
aliphatic ring with the carbon atoms to which the two are bonded,
and groups of not forming a ring which may be the same as or
_different from each other, are each an atom, or a group selected
from a hydrogen atom, a halogen atom, a hydrocarbon group, a
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbqngroup,51hydrocarbongroup-substitutedsilylgroup,
anoxygen—containinggroupandarﬁtrogén—containinggroup;and
R’ to Rsinhich,may'be_the same as or different from each othei,

are each an atom or a group selected from a hydrogen atom, a



R6 QR6 R6 1 ) R7 wherein, Mis a transition netal atom selected from
Goups 4 to 6 of the periodic table; X represents an atomor a group

sel ect ed PFoR¥d%hydrogen atom a hal ogen atom a hydrocarbon SF-1239 195
group, a hal ogenat ed hydrocarbon group, an oxygen-containing group, and a
ni trogen-containing group; Qis -0-, 1%, -NRa-, or -PRb- (wherein, Ra and
Rb are each a hydrogen atomor a hydrocarbon group); Y is a neutral |igand
having an el ectron-donating group; mis a nunber satisfying the val ence

of M andlahesiematony g hyskecagbphugaPipy afhaiaranasredhodgscarkphesent ed
by X may be the sane as or different fromeach other, the plurality of
groups represpnt&dsiblyyIX gmyupres Wosidied: teal dacirocatrfver, grouppy af orm a

conj ugat ed straight-chain diene residue, a conjugated branched-chain diene

resi due, Ryo8edcE£ehhiIgRtadh - Sival Ghicehaiin Wi @@ upgsiague or a non-conj ugat ed
branched-chai n diene residue, and the plurality of groups represented by X

may be bopdedet Oc&ACH LS Gl hd AL & %lg??l%erﬁ'}%imgée&%%{ri%%ro&lﬁ,og?ao 3, two

of RL to R4 which are adjacent ~ to eac i'ne orm an

aromatic [] san aliphatic ri wi.th the carhon ato to i.ch.the two
are bonde%?gqgﬁg gfbﬁpghgf%n%Fef%§ ‘ﬁﬁ“ﬁtPi%§3mﬁ&%ﬁrh§§g§§3Fﬁ§g§gﬁ% as or
different_from each other, are each an atom or, a group selected froma

hydrogen &P of*" 3Raf b8 4 dAR% RPdR btRFBOHC dridid, & @ hetero ring,

with the carbon atoms to which the two are bonded.

2. The catalyst for colefin polymerization according to
Claim1, wherein in the general formula (1), R and R® are combined
to form one aromatic ring with the carbon atoms to which the
twé are bonded, and R® and R? are combined to form one aromatic

ring with the carbon atoms to which the two are bonded.

3. The catalyst for olefin polymerization according to
Claiml, wherein in the general formula (1), R? and R® are combined
to form one aromatic ring with the carbon atoms to which the

two are bonded.

4. The catalyst for olefin polymerization according to
Claim1l, wherein in the general formula (1), R? and R? are combined
to form one aromatic ring with the carbon atoms to which the

two are bonded, and M is a titanium atom.



hal ogenat ed hydrocarbon group, a silyl group-substituted hydrocarbon
group, a hydrocarbon group-substituted silyl group, an oxygen-contai ning
group andS&-h239ogen-contai ning group; and R5 to RB which may be the sane
as or different fromeach other, are each an atomor a group selected from
a hydrogen atom a SF-1239 196 hal ogéty atom a hydrocarbon group, a

hal ogenat ed hydrocarbon group, a silyl group- substituted hydr ocar bon
group, a hydrocarbon group-substituted silyl group, oxygen- cont ai ni ng
group and a nitT-og€heconta ﬁ$ﬁdk§t@&pflandolymgrbiatﬁpm(§QQ?ﬂﬁﬁméht9re

- adj acent to each other nmay be conbined to forman aromatic ring, an

al i phati canynme of @lhétmerDd trd dg, whawd in t hen caebganatahs dmmuilai ¢h)t he two
are bonded. 2. The catalyst for olefin polynerization according to Caim
1, whereir®ii tahgrgaﬁe%@lef:@éﬂufaoﬁt1)a) Rl &}:ﬁfrﬁ aedectedf orm one
aronatlc ring with the carbon atons to whic two are bonded and R3

and R4 ar g, 6RubEORL: Lo, LONY Yecanomn ysgl;twlv&%%r# APOR-Bhgrs 1O

which the two are ri Zation
accordlng { wherein in, the eral formil R2 and _R3 are
conb ned P18 For Dhe M OrEtr e [ A i S sh @t%ﬁér%nmﬁ P the two
are bonded._ 4. The catal yst for olefin polynerlzatlon according to Caim
1, mherelﬁe%%ctﬁ%fﬁgﬁét%?l?%?%%tﬁd€i¥ylgﬁ?uéﬁd“hﬂ}5ﬁ€g@@nﬁpﬁédlnﬁﬁgforntone

aromatic ring with the carbon atons to which the two are bonded, and Mis
a titani uaremamc group, and Uﬂ a tertiary silyl group, and is a group

having 1 to 20 carbon atom(s) in total.

6. Aprocess for producing an clefin polymer, the process
comprising polymerizing one or more kinds of olefins in the
presence of the catalyst for olefin polymerization of any one

of claims 1 to 5.

7. The process for producing an olefin polymer according
dto_Claim_6, comprising_copolymerizing two or more kinds of

olefins.

8. The process for.producing an olefin polymer according
t£>Claint7} wherein the two or more kinds of oclefins are olefins
‘selected from o-clefins having 2 to 20 carbon atoms, and any
olefin satisfies the relationship of the following formula
(Eg~1):

0.33 £ Ci/Pi < 1.50 (Eg-1)



SF-1239 197 5. The catalyst for olefin polynerization according to any
one of Clains 1 to 4, wherein, in the general fornmula (1), RBis a group
sel ect ed 5F6ﬁ?@8) a hydrocarbon group selected froma tertiary al kyl
group, an arylal kyl group, an aryl group, and an alicyclic group, (b) a
hal ogenat ed hydrocarbon group sel ect from a hal ogenated al kyl group and
a hal ogen-containing aromatic group, and (c) a tertiary silyl group, and
is agroup having 1 to 20 carbon aton(s) in total. 6. A process for
produci ng AFRBESSUESSoEYAEra TekéopfrREss o fcampmasny gidlomefiazingnene or
nore kinds of olefins in the presence of the catalyst for olefin

pol yneri zal #&hnof Mahyarwerey tdfe cllaifieslihothe dopdhenqariceassrd eyspeaduci ng
an ol efin polynmer according to Claim6, conprising copolynerizing two or
nore ki ndsoathe ohebifnsondsnthhe reces 81 a1 4riofles /9 A 9h ebluRdaakyner
according to Caim?7, wherein the two or nore kinds of olefins are ol efins

sel ected £a0m ol ef 0w hauknd-21 (Al carboa atn a’an?gggggg{ RLSEh"

satisfies the relationship of t owi ng fornu _ < C/PI <
L0, Tl B ML P D AR Bt e o1
copol yneri zation system
9. Aprocess for producing an olefin-vinylidene compound
copolymer, comprising steps of:
copolymerizing one or more kinds of olefins selected from
.a—olefins having 2 to 20 carbon atoms and a vinylidene compound
-in the presence of a catalyst for olefin polymerization
including (A) a transition metallcompound represented by the
following general formula (1), and (B) at least one compound
selected from the group consisting of (B-1) organometallic
compound, (B-2) organcaluminum oxy compound, and {B-3)
compoundscapableofréactingwiththetransitionmetélcompound 
(A) to form an ion pair: and
producing a copolymer having a content ratio (Uo/Uv) of
the structural units (Uo) derived from the olefin to the
structural units (Uv) derived from the vinylidene compound of
50/50 to 99/1 (molar ratio), |

[Chem. 2]



to the sumof concentrations of all olefins is G and an abundance ratio =

(mol %9 of structural units derived froman olefin (M) in the obtained

copol yner SEo1€R& total structural units is Pi. 9. A process for producing

an ol efin-vinylidene conpound copolyner, conprising steps of:

copol ynmeri zing one or nore kinds of ole®ins selected from a-olefins having

2 to 20 carbon atons and a vinylidene conpound in the presence of a

catal yst for olefin polynerization including (A a transition netal

conpound represented by the follow ng general formula (1), and (B) at

| east one co d seﬂﬁﬁéed fromthe group consisting of (B-1)

organonetal lic onpoupd, ( B-2) organoal um num oxy conpound, and (B-3)

conmpounds capabl €y=0 eacting with the transition nmetal conpound (A) to

form an ion;xﬂr'(. otoroducing a copolyner having a content ratio (Uo/ Uv)
ay O

of the structur Ls (Uo) derived fromthe olefin to the structura
units (W) 5 &2 i nyl i dene conpound of 50/50 to 99/1 (nolar

ratio), [Chem 2] SF-1 9 R%xBZ R~RLX /' m M.,~Yn R+Q
m

e

O. | (1)

(wherein, M is a transition metal atom selected from Groups 4
to 6 of the periodic table; X represents an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon
group, a halogenated hydrocarbon group, an oxygen-céntaining
grqup, andeanit:ogenwcontaining group; Q represents -0-, ~-5-,
.—NRa— or -PR® - (wherein, R® and R® are eaéh a hydrogen atom or
a hydrocarbon group); Y is a neutral ligand having an

electron-donating group; m is a number satisfying the valence
of M, and when m is 2 or more, a plurality of atoms or groups
represented by X may be the same as or different fromeach other,
the plurality of groups represented by X may be bonded to each
other, it may form a conjugated straight;chain diene residue,

a conjugated branched-chain diene residue, a non-conjugated



0 RE RBA R7 (wherein, Mis a transition nmetal atom sel ected from G oups
4 to 6 of the periodic table; X represents an atomor a group selected
froma hy8Fodéna%atom a hal ogen atom a hydrocarbon group, a hal ogenated
hydr ocar bon group, an oxygen-containing group, and a nitrogen-containing

group; Qrepresents -0-, -S -NRa- or26PRb - (wherein, Ra and Rb are each a

hydrogen atom or a hydrocarbon group); Y is a neutral |igand having an
el ectron-donating group; mis a nunber satisfying the valence of M and
when m i sSRratghorehatn pliemd i tysbduat o Dmogi-ewps ugkepresent ed by X maybe

the sanme as or different fromeach other, the plurality of groups

r epr esent brabyhedreya e doned-doi®ach arft hele pituradY ¢ Ob?‘QISQBEUQaFed
strai ght-chain diene residue, a conjugated branched-chain diene residue, a

non-conjug@@ggséﬁfégqg,g?%ﬁgfggabgghéahgbnegéﬁgﬁa&%ﬁt%y%bror a.

i .
non- conj ugated branche n di ene residue, e plura Ftylgg’groups
repr esent ed; by, X. bonded tg_e 93 other to forma ring; n is an
i nt eger olﬁ %)Qtaor?(é{méfg%o 0%4,8 gﬁi gh ﬁa %é th"éhjs%ﬁré“aé’s%ethgi PREFeR® from
each ot her .gﬁresentfeach an atomor a group selected froma hydrogen
atom a hat &E‘ SXE0h TEOR RS aF B8R, HRIASSTE RarbgEhaten vy dr starbon

group, a silyl eégroup-substituted hydr ocar bon group, a hydrocarbon
gr oup- sub3% kel Koy le §vdupgeanadbsygen-voigamiatgngr eupydndcarbon

group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
- group-substituted silyl group, an oxygen-containing group and
a nitrogen-containing group, and the two of R' to R! which are
adjacent to each other may be combined to form an aromatic ring
or an aliphatic ring with the carbon atoms to which the two are
bonded; and R® to R® which may be the same as or differen't from
each other, represent each an atom or a group selected from a
hydrogen atom, a halogeﬁ atom, a hydrocarbon group, a.
halogenated hydrocarbon group, a silyl group-substituted
hydrocarbon group, a hydrocarbon group-substituted silyl group,
an oxygen-containing group and a nitrogen-containing group, and
the two of R® to Rwhich are adjacent to each other may be combined
to form an aromatic ring, an aliphatic ring, or a hetero ring,

with the carbon atoms to which the two are bonded. ).

16. An olefin copolymer comprising structural units

derived from one or more kinds of olefin selected from a—-olefins



a nitrogen-containing group, and the two of RL to R4 which are adjacent to
each other may be conmbined to forman aromatic ring or an aliphatic ring
with the €a8rbdAa®atons to which the two are bonded; and R5 to R8 which may
be the sane as or different from each other, represent each an atomor a
group selected froma hydrogen atomZ2@ hal ogen atom a hydrocarbon group,
a hal ogenated hydrocarbon group, a silyl group-substituted hydrocarbon
group, a hydrocarbon group-substituted silyl group, an oxygen-containing
group andavhigrdgen-Bont ataihen @loms, aftereine theo tefi -REbstiR8tadi ch are
adj acent to each other nmay be conbined to forman aromatic ring, an

al i phati cintagnabrolaehiet enantiing, iswh th dihecear pep B @I dr@arheebmthe two
are bonded.). 10. An ol efin copol yner conprising structural units derived
from one whenDrakines 19§ ‘al-afirn sel ected from a-ol efins SF-1239 201

having 2 or nore carbon atons, wherein the tri-substituted internal olefin
quantity is 0.1 or nore per 1000 carbon atons when neasured by 'H NVR 11.
The ol efin copol yner according to Claim10, which is a copolyner of two or

nore kinds of o]gefi selected fro a-ol efins, having,.2,to0.20 carbon atons
or a pol yner 0191% o?g’?i R egf’noﬁ%p%{nyr?w%lf SR HIHY & %&aéal f Oan-lSF‘efi ns
having 3 to 20 carbon atons, wherein the constituent ratio of

regi oi rr el ArceRG lsFe Ah&HE- REABOBBNEIAYS ol 21T insigelssHa@dn§yoBf t he

a-olefins having 3 to 20 carbon atons in the total a-olefin chains
measur ed ®$ycISGNVRAVE N0 2mbd Bbcambes. atoms or a polymer of a-olefin

of one or more kind(s) selected from a-olefins having 3 to 20
carbon atoms, wherein the constituent ratio of regioirregular
linkage (head-head bonding and tail-tail bonding) of the

a~olefins having 3 to 20 carbon atoms in the total a-olefin

chains measured by C-NMR is 10 mol$% or more.

12. An olefin polymer which can be obtained by supplying
the clefin selected from o—clefins having 2 to 20 carbon atoms,
having on its side chain two or more alk'yl groups selected from
an ethyl group (bl), an alkyl group having 3 carbon atoms (b2),
an alkyl group having 4 carbon atoms (b3), and an alkyl group
having 5 carbon atoms (b4) (provided that, .when the number c;.>f
carbon atoms of o-olefin having 3 or more carbon atoms supplied
in a polymerization is t,. side chains having t-2 carbon atoms
are not included in the alkyl group selected from (bl) to (b4)),
wherein the content of the total bl to b4 alkyl groups is 1.‘0

or more per 1000 carbon atoms.



12. An ol efin polynmer which can be obtained by supplying the olefin
selected froma-olefins having 2 to 20 carbon atons, having on its side
chain two 1% al kyl groups selected from an ethyl group (bl), an alkyl
group having 3 carbon atons (b2), an alkyl group having 4 carbon atons
(b3), and an al kyl group having 5 caEbadn atons (b4)(provided that, when
the nunber of carbon atons of a-olefin having 3 or nore carbon atons
supplied in a polynerization is t, side chains having t-2 carbon atons
"are not included in the alkyl group selected from(bl) to (b4)) , wherein
the content of the total bi to b4 alkyl groups is 1.0 or nore per 1000
carbon atons. SE3123%h 202 fik3-viAy1aldehiencsinpyluhdenepsdpmerindscianoliyrer,
which is a copolynmer of at |east one olefin selected from a-ol efi ns having

2 to 20 cardsioBimdmsoand Be¥iyhid8NEe i¢osPoNt g Wheh el R 1LRe ahq_ng(UOUO/ W)

of the total content of structural units derived from the o

t he conte@nxpﬁy%%ﬁggﬁ%g gqh%g %g yﬁﬁ%g%%%@n@gﬁﬁ |&ﬁé|den%hcog393ﬂg (UM)

is from50/50 to ransit’i on ne npo
;ﬁfrﬁfent % 9% Shof gﬁ%lé%taqgcgggggglo%(gggﬂé%urgl ukgggqéeg ved gg%m R4 R

the olefin (Uo) to the content of structural units derived from

the vinylidene compound (Uv) is from50/50 to 99/1 (molar ratio).

14. A transition metal compound represented by the
following general formula (1)}:

[Chem. 3]

iy . (1)

wherein, M is a transition metal atom selected from Groups 4

to 6 of the periodic table; X represents an atom or a group



R5 QR6 R8 a. . (1) R7 wherein, Mis a transition netal atom sel ected
fromGoups 4 to 6 of the periodic table; X represents an atomor a group
SF- 1239 26%-1g8l%cted from a hydrogen atom a hal ogen atom a hydrocarbon
group, a hal ogenated hydrocarbon group, an oxygen-containing group, and a

ni trogen-containi ng group; Q represengs3-0-, -S-, -NRa- or -PRb -
(wherein, Ra and Rb are each a hydrogen atomor a hydrocarbon group); Y
represents a neutral |igand having an electron-donating group; mis a

number safrdfgitrg fhemvallentegeaf AMorgnd wWaebgehi St@nPra Mo lodral ity
of atonms or groups represented by X maybe the same as or different from

each ot hegrouphea phalreddriatf NGRS rboRr %%B}a?%r@%%&d@%&ﬁ;ﬁ%ﬂ% to each

other, they may forma conjugated strai ght-chalin diene residue, a

conj ugat edrBngnchedchad i j o n-conj ugated straight-chain
di ene res?]éue]?l or a%%%@%%ﬁéﬁ?i Jblflgg%ﬁggﬁgha(?ﬁejgir%ﬁgnggsi Lre,%and t he

plurality_gkagroupserepresented hy X be bonded to each other to forma
ring; nis an %t gg\er o(;w %63, Bt I‘?enm HFe RAFOARAYIRPI R B 8dj acent

to each ott}?gpréd]&ncg¥ ae conbined to forman aromatic ring or an aliphatic

ring with't PARIPY 6 WhTPCeFRNESIR arstbahdbigandivkving gnoups not

formng a ring which may be the same as or different fromeach other,
r epr esent St3ehr e~ @eoat bRy @npueupn teleciedelr sat as hyinggere atdenca hal ogen

atom a hydrocarbon
of M, and when m is 2 or more, a plurality of atoms or groups

represented by Xmay be the same as or different fromeach other,
the plurality of groups represented by X may be bonded to each
other, theymay form a conjugated straight-chain diene residue,
a conjugated branched-~chain diene residue, a non-conjugated
straight-chain diene residue, or a non-conjugated
branched-chain diene residue, and the plurality of groups
represented by X may be bonded to each other to form a ring;
n j.s an integer of 0 to 3; the two of R to R?, which are adjacent
to each cher may be combined to form an arometic ring or an
aliphatic ring with the carbon atoms to which the two are bonded,
and the groups not forming a ring which may be the same as or
different from each other, represent each an atom or a group
selected from a hydrogen atom, a halogen atom, a hydrocarbon
gropp, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and

a nitrogen-containing group; and R° to R®, which may be the same



group, a hal ogenated hydrocarbon group, a silyl group-substituted

hydr ocar bon %roup, a hydrocarbon group-substituted silyl group, an

oxygen- coftail@giddg group, and a nitrogen-containing group; and R5 to RS,

whi ch may be the sane SF-1239 204 as or different fromeach other,
represent each an atomor a group set@éted froma hydrogen atom a hal ogen
atom a hydrocarbon group, a hal ogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon group-substituted silyl
group, an@éxyyeriiddstrainti dgogr eaph aiiter A mEdreagen- eaghaani Agpgreaup and t he
two of R5 to R3, which are adjacent to each other, may be conbined to form
an aromat gconpngeleated! fpbat & Chyd ngge®raoetLme Idqit Widn,t e carbon
atons to which the two are bonded. 15. The transition netal conpound

P E bt PREE R LR
R13 O R Xﬂkoﬁg4sﬁ$§tﬂ%htgﬁC&§§&0c£%%on group, a hydrocarbon
g:oup—substitutedsilylgroup,eu1oxygen—containinggroup,and
a nitrogen-containing group and the two of R® to R®, which are
adjacent to each other, may be combined to form an aromatic ring,
an aliphatic ring, or a hetero ring with the carbon atoms to

which the two are bonded.

15. The transition metal compound according to Claim 14,
whereinthetransitionnmtalcompoundiseacompoundrepresented

by the following general formula (2):

[Chem. 4]
R'H
R12 R10
R
[QQ
R14 _Xm
M
[ Y
R> Q
6 O ~8 | s v e (2)



Rs 19 R7 SF-1239 205 wherein, RO to R14, which may be the sane as or
different from each other, represent each an atomor a group selected from
a hydrogéR-atéfh a hal ogen atom a hydrocarbon group, a hal ogenated

hydr ocar bon group, a silyl group-substituted hydrocarbon group, a

hydr ocar bon group-substituted silyl gg®©kp, an oxygen-containing group and
a nitrogen-containing group, and the two of RO to Rl4, which are adjacent
to each other, may be conblned to forman aromatic ring, an aliphatic

ring, or WhRseéno R trgR'‘wi vhithengableonhat ame taz Whi oy fhe-driw fabe bonded.
16. The transition nmetal conpound according to Claim 15, wherein anong the
atons or geohpsthepy esaradmy «R2ht gn Rldom &r 4l g%@h posiel L+ P rangh R0 is a

hal ogen atom a hydrocarbon group having 1 to 20 carbon aton1(s) , a

hal ogenat p¢tdhygeQcarben Yrvad, gﬁn@ aV|nd%%:toIg%QE§f§GE a silyl

group-substi tuted hydrocarbon grou n1(S) , or a
hydr ocar b d SI| roup ving 1 to 20 carbon aton(s) in
total, ngoQ%ﬁ%B%§QQiB#5%£ qﬁ”fﬁ&F%ﬁTSP éﬁFEHEﬁH ot her. 17.
The trans ti.on oun ccordlng to Caim15, wherein anong the

at ons or %Wiu%% ?)rr‘@§é’ﬁg’ RQCFBbF@@r%'P §ub st IaItegesi kit oA oBp

hydr ocarbon group having 1 to 20 carbon atom (s) , a hal ogenated
hydr ocar bdh °F¥86p ~RavLAgNIngw M cardemnitrogen- contalnlng group, and

the two of R® to R, which are adjacent to each other, may be
combined to form an aromatic ring, an aliphatic ring, or a hetero

ring, with the carbon atoms to which the two are bonded.

16. The transition metal compound according to Claim 15,
wherein among the atoms or groups represented by R’ to R, at
least one of R® and R is a halogen atom, a hydrocarbon group
having 1 to 20 carbon atom(s), a halogenated hydrocarbon group
having 1 to 20 carbon atom(s), a silyl group-substituted
hydrocarbon group having 1 to 20 carbon atom(S), or a hydrocarbon
group-substituted silyl group having 1 to 20 carbon atom(s) in
total, and R’ and R may be the same as or different from each

other.

17. The transition metal compound according to Claim 15,
wherein among the atoms or groups represented by R® to R*, R!!
is a halogen atom, a hydrocarbon group having 1 to 20 carbon

at_om(s) , a halogenated hydrocarbon group having 1 to 20 carbon



SF-1239 206 aton(s), a silyl group-substituted hydrocarbon group having 1
to 20 carbon atom(s) or a hydrocarbon group-substituted silyl group having
1 to 20 cabdf3Hon(s) in total. 18. The transition netal conpound
according to Caim15, wherein the two atons or groups of R" to R 14

adj acent to each other conbines to fabfm an expanded aromatic ring. 19. The
transition netal conmpound according to Caim114, wherein the transition
metal conpound i s a conpound represented by the follow ng general fornula
(3): [ Chemt°8Y(SR18a Rl Y IRIReaPREBDSEGYIE M Ay r % ¥DorOgroupREafBnd 3) RY
wherein, R15 to R20, which may be the sanme as or different from SF-1239 207

each ot hefo P@prasenmt aanh(sanoatomydroradiRiPgrsebestsst I £orra sihydr ogen
atom a hal ogen atom a hydrocarbon group, a

group having 1 to 20 carbon atom(s) in total.

18. The transition metal compound according to Claim 15,
wherein the two atoms or groups of R™ to R! adjacent to each

other combines to form an expanded aromatic ring.

19. The transition metal compound according to Claim 14,
wherein the transition metal compound is a compound represented
by the following general formula (3):

[Chem. 5]

R‘]S .R1?

R19_<O R'6

| RZD R’I

Ol e (3)

. 15 . '
wherein, R™ to R*°, which may be the same as or different from



hal ogenat ed hydrocarbon group, a silyl group- substituted hydr ocar bon
group, a gydrocarbon group-substituted silyl group, an oxygen-contai ning
group, % ogen-contai ning group, and the two of R15 to R20, which

are adjacent to each other, may be conbined to forman aromatic ring, an
aliphatic ring or a het er 0 ring, w tBO0Fhe carbon atons to which the two
are bonded. 20. The transition nmetal conpound according to Caim 14,

wherein the transition nmetal conpound has a structure represented by the
fol | owi ng SG&RePAheForFRPLESt daCiiemn 6LoR26r Ry iR RR3ecRRd frd®2 Rea R2
M,, R/ Y Q R R61 R7 . (4) wherein, R21 to R28, which may be the sane

as or dif hederoetr enoBF- 42B81208n each, O&hﬁﬁdré@ﬁ&&ﬁ%ﬂgr h an atomor a
group selected froma hydrogen atom a hal ogen atom a hydrocarbon group,

a hal ogehatlegehudeacayescgrosR, gaosh! Vh 9{93'7'9 &%ié&ﬂ@&ﬂ%@f ocar bon
group, a hydrocarbon group-substituted silyl
: hydrocarbongroup,eahydrocarbongroup—substltuted51lylgroup,
an oxygen-coentaining group, and a nitrogen-containing group,
and the two of R*® to R?®, which are adjacent to each other, may

be combined to form an aromatic ring, an aliphatic ring or a

hetero ring, with the carbon atoms to which the two are bonded.

20, Thetransitionn@talcompoundaccordingtoCﬂaim14,
wherein the transition metail compound has a structure
represented by the following general formuia (4):

[Chem. 6]

s RS R

% | R?
R - X
) hﬂ\\\
R® Q/ Yr
R® O R®
7
R -~ - (1)

‘ . 21 L '
wherein, R*" to R”, which may be the same as or different from



an oxygen-containing group and a nitrogen-containing group, and the two of
R21 to R28, which are adjacent to each other, may be conbined to forman
aromati c PEAgZ38n aliphatic ring, or a hetero ring, with the carbon atoms
to which the two are bonded. 21. A process for producing a novel transition
metal conpound conprising Process 1 208 Process 2: Process 1. reacting an
am de conplex represented by the follow ng general formula (10) with an
anion ligand (L) having a structure represented by the foll ow ng general
formul a (£2Fh @Fhewt reprRAsTaleamhgani gt oonpoundrionpwhe tactde fimoa | i gand
(L) is hydrogenated, and converting it into a reaction product containing

an ani de b@fdpbesnrepomseat bdlbdyet hetdm) | O g renaia] rfdyfyulaa (12):
MA(NZZ' )miYn ... (10) [Chem 7] SF-1239 209 R3 R2 2g RAIRL 1-= R5 QR6

... balpgeRdtM NI OB  Poon - g£dd); AN FOGESA s i8Aq g 4t he
reaction product obtained from gtddd y F? utdd

hydrocarbon group, a hydrocarbon group-substituted silyl group,

an oxygen-containing group and a nitrogen-containing group, and

the two of R* to R®®, which are adjacent to each other, may be

combined to form an aromatic ring, an aliphatic ring, or a hetero

ring, with the carbon atoms to which the two are bonded.

21. A process for producing & novel transition metal
compound comprising Process 1 and Process 2:

Process 1: reacting an amide complex represented by the
-f@llowing general formula (10) with an anion ligand (L) having
a structure fepresented by the following general formula (1.1)
or with a neutral organic compound in which tﬁe anioﬁ ligand.
(L) is hydrogenated, and converting it into a reaction product
containing an amide complex represented by the following general
fqrmula (12) : |

MWP(NZZ’jlen - {10}

[Chem. 7]



the Process 1 with a conpound represented by the following general formula
(13), and preparing the novel transition netal conpound represented by the
fol l owingS§edérd fornula (1): VX1 ... (13) [Chem 8] RBR2 R4 R Xm Yn
R Q1) R6 R8 R7 SF-1239 210 wherein: in the general formulae (1), (10),
and (12), M represents a transition a@Pal atom selected from Goups 4 to

6 of the periodic table; in the general fornmula (12), L is the anion

| i gand represented by the above geperal formula (11); in the general
fornmulae (1) and (A1), to , {ch may be the sane as or different

or a group selected froma

hydr ocar bon grou substituted hydrocarbon group, a
hydr ocar bon, group-s roup, an oxygen-containing group, and
a nitrogen-bﬁnta ningagrOUg, and theftwo of R to R4, which are adjacent

to each other, y b eo@
Rﬁ

IM(NZZ")pY, .. (12); and

o {11)

Process 2: reacting the reaction product obtained from
the Process 1 with a compound represented by the'following
general formula (13), and preparing the novel transition metal
compound represented by the following general formula {(1):

vxt oL (13)

[Chem. 8]

=6 =8 e (1)



an aliphatic ring, or a heteroring, with the carbon atons to which the
two are bonded; and R5 to R8, which may be the sane as or different from
each ot heBF-r@gfesent each an atomor a group selected froma hydrogen
atom a halogen atom a hydrocarbon group, a hal ogenated hydrocarbon
group, a silyl group-substituted hydepearbon group, a hydrocarbon

group-substituted silyl group, an oxygen-containing group, and a
ni trogen-contai ning group, and the two of R5 to R8, which are adjacent to

each ot herhemgynbeivotbengdnénat of ormnl asonmyj c{10)ng ar@r @re)al iphatic ring
with the carbon atons to which the two are bonded; in the general fornula

(10) , Wrepresents a hodgeni otn8a1P dtonPReh BEEERN £ P Gtk Anrg p and
m are determ ned SF-1239 211 to satisfy the valence of M 1'n the general

formia (&)of Xnd sBresantsan of ofhaind freun Sebegled frgm & hydrogen

atom a hal ogen atom a hydrocarbon group, a halogénate n
group, anggxygens ig;n 0 d g nitrogen-containin royp; in the
gener al formJPa ,%e k?gﬁgégéﬁ{%%ﬂ&%Q@ g@%@g@fd{})r_npﬁ@ ?17(8\he|lé1i n, Ra
and Rb represent ea h.a h Progen atom or ~a_hydrogarbon group) ; in the
general form?a ?ﬁ%§:gﬁam¥f§3fljzaﬁﬁd(21)mthHxhﬁyrUétﬁﬁemﬁﬂn@ea§h@r
different fromeach other, represent each a hydrocarbon group having 1 to
20 car bonS@Bri%) Crofiifsrentohr@oiaimiotdegr oupprasent s cwargraaops
represented by NZZ' which are adjacent to each other may be bonded via Z
or Z' , a®¥l &ngrbep caskethmt eftdrose rdrdpndetdomr iad@ianegahodupsm, of t hose
may have a chiral structure; in the general formula
hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group, and the two of R® to R%, which are
_adj acent to each other, may be combined to form an aromatic ring,
an aliphatic ring, or a hetero ring, with the carbon atoms %o
which the two are bonded; and R® to R?, which may be the same
as or different from each other, represent each an atom or a
group selected from a hydrogen atom, a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, a silyl
group-substituted hydrocarbon group, a hydrocarbon
group-substituted silyl group, an oxygen-containing group, and
a nitrogen-containing group, and the two of R° to R®, which are
~adjacent to each other, may be combined to form an aromatic ring
or an aliphatic ring with the carbon atoms to which the two

are bonded; in the general formula (10), W represents a halogen

atom; p is an integer of 0 to 2; and p and ml are determined



(13), V represents a netal atomselected from Goup 1 of the periodic
tabl e, a hydrogen atom a hydrocarbon group having 1 to 20 carbon aton(s),
a halogen§ﬁéé2%§drocarbon group having 1 to 20 carbon atom(s), a
silicon-containing group, a nitrogen-containing group or an
oxygen-cont ai ni ng group; and X represénts a hal ogen atom in the general
formulae (1) , (10) , and (12), Y represents a neutral |igand having an
el ectron-donating group; in the general fornula (12), mis a nunber

sati sfyi n§Ct Réteaf@nebeorabpnandofhidn rni $he genpoeeé, foamplar 4l t yX of
groups represented by NZZ' may be the same as or different from each

ot her; i nrebeegentpabnforomnla (El)granpSEel239ed12rom Sa ahydidagsn satansf yi ng
the valence of M and when mis 2 or nore, a plurality of atoms or groups

repr esent echdyogemmay cbe 4 G ridn §todhf lengnbglhomeasiAd8bhont he
plurality of groups represented by X may be bonded to each other, t hey may

forma cgnbugat gd Sty <5rf>éﬁéaiirﬁrﬂj._ ?g%u g:%gge%trfia%ﬁéﬂg—aéo%dcai&igﬁe

branched- chai n" di ene T'esi due, a no ( ¢ ( chain
(o) due, CLpuon-sophusated ly enghods D Shenetesidue, andtie
S N R PR 2L 3R LAD d 2 kesnt Sacl = Myachoen atom ar | M E0e"
of 0 to 3 1 P yaroeg ©
a hydrocarbon group): iﬁ the general formula (10) and (12),
Z and Z' which may be the same as or different from each other,
represent each a hydrocarbon group having 1 to 20 carbon atom(s)
or a silicon-containing group; and the two groups represented
by NZz’" which are adjacent to each other may be bonded via 2
or Z', and in the case where those are bonded, bridging groups
of those may have a chiral ,slt.ruct.u're; in the géneral formula
(13), V represents a metal atom selected from Group 1 of the
periodic table, a hydrogen atom, a hydrocarbon group having 1
to 20 carbon atom{s), a halogenated hydrocarbon group having
1 to 20 carbon atom(s), a silicon~containing group, a
nitrogen-containing group or an oxygen-containing group:; and
X! represents é halogen atom; inthe general forﬁlulae (1), (10},
and (12), Y represents a neutral ligand having an
electron—donating group; in the general formula (12), m is &
number satisfying the valence of M, and when m is 2 or more,

a plurality of groups represented by NZZ' may be the same as

or different from each other; in the general formula (1), m



SF-1239

212

is a number satisfying the valence of M, and when m is 2 or more,
a plurality of atoms or groups represented by X may be the same
as or different from each other, the plurality of groups
represented by X may be bonded to each dther, they may form a
conjugated straight-chain diene residue, a conjugated
branched-chain diene residue, a non-conjugated straight-chain
dieneresidueorwanon—conjugatedbranchedmchaindieneresidue,
and the plurality of groups represented by X may be bonded to
each other to form a ring; in the general formulae (L), (10),

and (12), n represents an integer of 0 to 3.



