;e3e. k. hD FT6T% W1 *166166* 17 S E P 2002 OLEFI N PCLYMERI ZATI ON+icAekAL YST
AND PRcmmmﬁmﬂme I N POLYMERI ZATION 5 The present invention relates to an
ol efin ﬁw n catal yst and a process for olefin poly ' '

using the cajeghyst'. Mre particularly, the 10 invention reIQNﬂNWﬂWMﬂmmm»el

ol efin polynerization catal yst mhigh has a hi gh pol ynmerization activity,
and also relates to a process for Olefin polynerization ' tal yst.

15 "Kam nsky catal ysts" are well known as ol efin ponneJFZé?EJ% | ysts.
The Kam nsky catal ysts exhibit extrenmely high polynerization activity, and
by the use of them polynmers of narrow nol ecul ar wei ght distribution can be
obt ai ned. Transition netal conpoundBIfnEwWn as enpl oyable for 20 the

Kam nsky catal ysts are, for exanple, bis(cyclopentadienyl)zirconium

di chl ori de of.BFaIN FOLMMERITXXTION LeATALYST RNDl PROCESS YOR IX3PrN983) and
et hyl enebi s(4, 5, 6, 7-tetrahydroi ndenyl ) zi rconi um di chl ori de (see Japanese

Pat ent Lai d- Qpen Publication NeporiRfRrbanoNy. 25 It is al so known that the
ol efin polynmerization activity and 2 ~~s E P 2002 the properties of the
resulging polyolefins greatly vary whey different transition neta

conpounds are used in the polynerization. Recently, transition netal

conpounds having a |igand ?%Eﬂ%lﬂ%ﬁiﬁﬁliqﬁﬂﬁfiﬁﬂve been proposed as novel
5 olefin polynerization catalysts (see 1Tnternatioaal Patent Publication No.
9623020). By e Yabedit! UHRIANEYCPEIRELY éavsne g%'éﬁ“ mechani cal

properties, so that they axe used i1n many fields su as fields of various

ol ded PEadyilsy s AP catl 1Tt "end Oa dp¥BESEL! B YL ¥ caui rements for

.the propertles 0
polymerization using the catalyst. More particularly, the

10 invention relates to a novel olefin polymerization catalyst
which has a high polymerization activity, and also relates

to a process for olefin polymerization using the catalyst.

BACKGROUND OF THE INVENTION

15 "Raminsky catalysts" are well known as olefin
polymerization catalysts. The Kaminsky catalysts exhibit
extremely high polymerization activity, and by the use of thenm,
polymers of narrow molecular weilght distribution can be
obtained. Transitionmetal compounds known as employable for

20 the Kaminsky catalysts are, for example,
bis(cyclopentadienyl)zirconium dichloride (see Japanese
Patent Laid-Open Publication No. 19309/1983) and
ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride
(sea Japanese Patent Laid-Open Publication No. 130314/1986).

25 It is also known that the olefin polymerization activity and



pol yol efi ns, polyol efins of various properties have been desired in recent
years. Moreover, increase of productivity has been al so desired. Under such
ci rcunst ances as nentioned above, there has 15 been desired devel opnent of
ol efin polynerization catal ysts exhibiting excellent olefin polynerization

activity and capabl e of produci ng pol yol efi as of excell rogeshhesS. 20
It is an object of the invention tg provide as olefin pglnngBE)EaZQQZ
catal yst exhibiting an excellent olefin polynerization activity and a

process p%lo?éﬁm BFEERE Ad AL LB R Pl letinly greaRlySthiRbed THE
| NVENTI ~ S E P 2002 The olefin plynerization catal yst according to

the pres | t S St d 1A cdnpdirihs tae weédl ia08heund
represen‘?g%f%)%&?ﬁeh?gfﬁg\g\naﬁg ?%?tnul (f(l c BR-// N.. . U, MXn @ ~Al m

Cl) me;éj?%%i?ggﬁé,m“ k280 EELA| £ AARRL ELOR Heth T E6iDSUAER Fa¥ingy oup 11

of the U1s a carbon atom having a substituent group R2, a

10 nitrogepn,atq I ' It BaadodeOhowrednosphor us
2 238530 8% AN YuA Pl Bats Bedh!poepBs

atom t aving a substituent group R3, a nitrogen atom

or a phospharus_ato i c hNgndesHAtibhdadNtpatiedid R4 a 15
ni t rc%en°§?gﬁflop°;‘y%5§ﬁ%%sn Z‘%%?n&%?g gaﬁgrggn? at om havi ng a
substltu%n 1 2%% Jﬁing%'3§£§ETW)at°”‘or a phosphorus atom

By the way, polyolefins generally have excellent
mechanical properties, so that they are used in many fields
gsuch as fields of various molded products. However, with the

10 diversification of requirements for the properties of
polyolefins, polyolefins of various properties have been
desired in recent years. Moreover, increase of productivity
has been also desired.

Under such circumstances as mentioned above, there has

15 been desired development of olefin polymerization catalysts
exhibiting excellent olefin polymerization activity and

capable of producing polyolefins of excellent properties.

OBJECT OF THE INVENTION

20 It is an object of the invention to provide an olefin
polymerization catalyst exhibiting an excellent olefin
polymerization activity and a process for olefin

polymerization using the catalyst.

25 SUMMARY OF THE INVENTION



mis an integer of 2 to 6, RL to R5 may be the sane or different, when Mis
a 20 transition nmetal atom selected from Goup 3 to Goup 5 and 4 17?SE
P 2002 Goup 7 to Goup 11 of the periodic table, they are each a hydrogen

atom a hal ogen atom a hydrocarbon group, a heterocyclic conpound resi dual

group, an oxygen-containing group, a nitrogen-containl grou
boron-containing group, 5 a sulfuﬁ-containing group, a B 2002
phosphorus-contai ning group, a silicon-containing group, a _

ger mani um CoRhal 1&g wﬁeﬁidﬂ&ﬂ%&tﬂwgtgaeuemi s a
transition netal atom selected from Goup 6 of the periodic tab e, RlLis a

hydrogeBrghgghquygﬂggghzgégg gliphatic hydrocarbon group, an 10

alicyclic carbon group, a terocycllc conmpound resi dual group, an

oxygen- cont al( NG Y4k ﬁ&trﬁgggf gﬁﬂé hngeg Qnt%db% C)r]:uceont ai ni ng

group, a sulfu contalnlng gr oup, or us ntai ning a

silicon, t ai,ni n ernanlun}contalnlng group or a tin-containing
group aﬁ& "ﬁ? %%ﬁ“ﬁ% gjagh a hydrogen atom a hal ogen atom a
hydrgcarbon group, a heterocyclic conpound residual group, an oxygen (

contai ning group, a nitrogen-containing group, a boron containing group, a
sul fur-containing group, a phgsphorus contai ni ng group, a

si | i con-contai ni ng group, ? ger mani um contai ni ng group or a
tin-containing group, two or e of R to R5 may be bonded to each ot her
to forma ring, and one geBUN ef\R to R5 contained in one |igand and one
group of Rl to RS contaiped in angther ligand may forma bonding group or a
(single bond, 25 n is a nunber sati MIXna val ence of M and s17SEP
2002 X is a hydrogen atgry a hal n atom a hydrocarbon group, an
oxygen-cont ai ni ng gr oy ur fcontai ni ng group, a nitrogen-containi ng
group, a boron- cont ai% oup, aénaluninun}containing group, a
phosphor us-cont ai ni ng Qroupy, a s hal ogen-contai ni ng group, a heterocyclic
compound residual grou@; alsilicon-containing group, a gernaniun}containing

group or a tin-containing groups and when n % )2 or greater', plural groups
i ndicated by X may be the sane or different to’each other and plural groups

indiCatQﬂhg¥ef£nﬁyigeabQPQﬁQiEQon metal atom selected from Group 3

to Group 11 of the periodic table,

U is a carbon atom having a substituent group R2, a
10 nitrogen atom or a phosphorus atom,
A is a nitroéen atom or a phosphorus atom,
Q is.a carbon atom having a substituent group R3, a
nitrogen atom or a phosphorus atom,
S is a carbon atom having a substituent group R4, a
15 nitrogen atom or a phosphorus atom,
T is a carbon atom having a substituent group R5, a
nitrogen atom or a phosphorus atom,
m is an integer of 2 to 6,
R! to R5 may be the same or different, when M is a

20 transition metal atom selected from Group 3 to Group 5 and



10 each other to forma ring. The olefin polynerization catal yst according
to the present invention conprises: (A) Transition netal conpound
represented by the above formula (1), and is (B) at |east one conpound
selected from (B-1) an organonetallic conpound, (B-2) an organoal um num
oxy-conpound, and (B-3 ) a conpound which reacts with thg _}ran5|t|on nmet al

conpound (A) to forman ion pair. 20 The ol efin pol ymer i st
according to the present invention nay further corrprl se a carrier ( in
addl {1 0N by (AL 1B 2! K8 POLIdaL ) ¢ £Bfle ! chEGShrBNERLRTROUNT (B)
sel ected romt e organonetal Irc co ound , the anoal um num

- t 6 17 h t
wih the HpEraFes el ehgfgﬁﬁﬁﬁth 3 ?ﬁ*%gg%?’%%‘ el Cees for
ol efin or di n co
pol ylrrerlo%gngg{c‘)ér) gopo?q %éi? Ps‘gg‘s' ﬁgﬁ 2 gx%égﬂcgo"?aiﬁgng

above- nentioned ol i I on_catal yst n_ex Ianatory

U ew shoHgRg @p%f'fﬁ?f:%?-%a’#ﬁéniﬁgt%@% %ﬁ’ﬁ -%?a]ﬁa%f EBeRrys:
according to e presenf jnvention. | ITEI‘I ation catalyst of

t he pSese?tts‘i%Rf’ﬁ'\'/‘e?ﬁ"r%*P’a‘?ﬂ PR (?c? g‘ro Zi;ﬂ'ﬂe PHB0f usi ng
thIS cataléﬁ. are described is detail herei after The rreanl of the term
" pol yner i 851 +§An-GeRbafBlagoreuRota |9 Wwy-e |°d-'n"" but nmay
conprehend, "copol yneri zation". Al so, the rreanl ng of the term" pol ymer" 20
used her eF%nT'§°ﬁBP‘1P?‘Wt SHOUB " ARFUNREY i ks Bu TRt avéad a&eBol yer "
The ol efin grrerl zation catal yst according to the invention is forned

(from (A)sa Adi frem Graup ScefipbhaPerindie et ey Rihks a hydrogen

atom, a halogen atom, an aliphatic hydrocarbon group, an
10 alicyclic hydrocarbon group, a heterocyclic compound residual
group, an oxygen-containing group, a nitrogen-containing
group, a boron-containing group, a sulfur-containing group,
a phosphorus-containing group, a silicon-containing group,
a germanium-containing group or a tin-containing group and
15 R2 to RS are each a hydrogen atom, a halogen atom, a hydrocarbon
group, a heterocyclic compound residual group, an oxygen-
containing group, a nitrogen-containing group, a boron-
containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
20 germanium-containing group or a tin-containing group,
two or more of Rl to RS may be bonded to each other to
form a ring, and one group of R! to R5 contained in one ligand
and one group of R! to R5 contained in another ligand may form
a bonding group or a single bond,

25 n is a number satigfying a valence of M, and



25 formula (1) described bel ow, and 1 ? SEP 2002 (H at |east one
conpound sel ected from (H 1) an organonetallic conpound, (H 2) an

or ganoal um num oxy-conpound, and (H3 ) a compound which reacts with the
transition 5 nmetal conpound (A) to forman ion pair. First, the catal yst

conponents for formng the olefin polymerization catal ygt yavention
are described. The transition rretaf conmpound (A) for usi?%E}Eg?ﬂg?
invention is represented by the following formula (2). Rt i N U.) MXn

Q- ~A ~ m (|)x LB d hpasbgus 1M} la%ha Mbdén A tioni N Hydiod@ikdn geupsel ect ed
from Goup 3 (including | anthanoid) to G oup 11 of 15 the periodic table,

prefer ably GichgdRstbh@RiAERG! g2b0f, 58! Sal el M MG drdif HItk N

| ant hanoid) to Goup 9, nore preferably a transition net atom sel ect ed

f G 9 G, i ti
A i Tt A LN g i A O S S

2002 Uk G5 SeSLSEL A6 52 3080 L Yo AN GO0y B
ol yldenugs o Qﬂgééﬁg?aﬁﬁﬂga{;‘??gﬁiﬁ Qeﬂhﬂgh:obﬁr%i%”%p#%%@ E@s&%aﬁhese’

pref érabl'e ale scan _ um “zirrconfum h um vanadium™ ni obi um
21 coni (RFORRT nfLAHLRABHTFORERAAIAR ST B TrabriE- FoTe ARG (e
ke, Pa{;i-i:&%' oa:rrlaY é%.rne-fceorna}:balienfﬂge gt:[chfg,i ua.IHd when n is 2 or greater,

plural groups indicated by X may be the same or different to

each other and plural groups indicated by X may be bonded to

10 each other to form a ring.

The olefin polymerization catalyst according to the
present invention comprises:

(A) Transition metal compound represented by the above
formula (I), and

15 (B) at least one compound selected from:

(B-1) an organometallic compound,

(B~-2) an organocaluminum oxy-compound, and

(B-3) a compound which reacts with the transition
metal compound (A) to form an ion pair.

20 The olefin polymerization catalyst according to the
present invention may further comprise a carrier (C) in
addition to the transition metal compound (A) and at least
one compound (B) selected from the organometallic compound

(B~1), the organoaluminum oxy-compound (B-2) and the compound



zirconiumand hafnium 10 N----Mgenerally indicates a coordinate bond, but
in the invention, it-sonetines indicates no coordinate bond. A'is a
nitrogen atom or a phosphorus atom preferably a nitrogen atom A-M
generally indicates a bond between A and the netal 15 M but in the
invention, it may indicate that a rrole group (in the e IS
nitrogen) is '~bonded to the netaﬁywl Uis a carbon at6ﬁ3ﬁ§0?9g2g02
substituent group RZ (- (RZ)C=) , a nitrogen atom (-N=) or a phosphorus

at om (- PHB-3)pwhichabbyces wi€hrdlnd taiaysitalom thet Sl kdhpbundt (gyotd R or a
phosphorus atom nore preferably a carbon atom having a substituent group z
R. Qis fomardioicd gadwyi ng a substituent group R3 (- (R3) C) , a
nitrogen atom( -N=) or a phosphorus atom ( -P=) , preferably 3 25 a

carbon atom ha!.‘ﬂd"ﬁ):_%c%‘él%stfb&:“@ﬂbfﬂ.i@ﬁ@l%nerizitloﬁ BcBo2892¢SebSeige Car bon
atom having a substituent group R ( - (R-) C=) , a nitrogen atom (-N=) or

o PLoSRIkn i Mriveirtion RiGHRE B0 FolMerls Bhare8 Wesg et b2LbS 1o

group R. T Is a carbon atom having a substitue group ) C) ,

0,2 st ABETL LM (con ' Pe R00RNGEENE! ABbeP Rk REELCLIMRN 2 car bon

atom having a substituen roup m1s an I nteger of preferably
as integ 4, rably 2. RL to RS nay be the sane or

di fferenﬁo%gnrﬁ?%i%ﬁnl)%g?%ié?fi on netal atom selected fromGoup 3 to
Goup 5 and Goup 7 to Goup 11 of the periodic table, they are each a
hydrogen atom a hal ogen atom a hydrocarbon group, a heterocyclic conpound

resi dual group, an ox - Lol OHR, mB=N len- cont ai ni ng group. a
(bor on- cont ai ni ng grouég£@§£§&é§¢£%gg%§ﬁié?n?r5‘8&%@@%53

phosphor us-co ini,n rou a_siliconscontainin rou a
gernaniun}conpéf%Tﬂggﬁgﬁhﬁgg}aﬁaFPﬁyﬁﬁh?ﬁfhfwgmﬁesgﬁ?sgﬁﬁrRﬁ%ﬁ‘ﬁ*?? a
transition metal  atom.sel ecied from 6 of th, eriodic table, R is a
hyar Ifen BB LE Fi SRS IARCLOR AT LETE ARRR LG o SHE BESaRES0

al i cyclic, hydrogcarbon group, a heterocyclic conpound residual group, an
oxygen-co%?éPﬂFﬁﬁngroup, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-contai ning group, a gerni aniumcontaining group or a tin-containing
group and 25 RZ to RS are each a hydrogen atom a hal ogen atom a
hydrocarbon 10 ~ PESALILED RFEECRIREPLON Qb HileLBYERL 8N pound resi dua
group, an oxygencontai ning group, a nitrogen-containing group, a

bor oncont ai ni n§bgr edpfin volymexdsmtdion FRtRHMEE of PHR PERER%ONt ai ni ng

group, a silicon-containing group,'a ]
[5  invention and the process for olefin polymerization using this

catalyst are described in detail hereinafter.

The meaning of the term "polymerization" used herein is
not limited to "homopolymerization" but may comprehend
"copolymerization®. Also, the meaning of the term "polymer"

20 used herein is not limited to "homopolymer" but may comprehend
“"copolymer”.

The olefin polymerization catalyst according to the
invention is formed from:

(A) a transition metal compound represented by the

25 formula (I) described below, and



5 germani um contai ning group or a tin-containing group. Exanples of the
hydr ocar bon groups include: aliphatic hydrocarbon groups, specifically,
straight-chain or branched al kyl groups of 1 to 30 carboy atons, preferably
1 to 20 carbon atons, such as nethyl, ethyl, 10 n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tertqbutyl, neopentyl and n-hexyl,

strai ght-chain or branched al keayl groups of 2 to 30 caﬂb n§

preferably 2 to 20 carbon atons, such as vinyl, allyl d i ggpggyy;I and
strai ght - cha|(@)oraﬂorleﬁmmﬁek9n{w0§¥1§u§9199t9<’t &xam:car bon 15 at omns,
preferably 2 to 20 carbon atons, such as ethynyl and propargyl; allcycllc
hydr ocar bon groumﬂB1ﬂkxﬁn|@aﬂtyomeysliécsapmpauad:hydrocarbon groups of 3
to 30 carbon atons, preferably 3 to 20 carbon atons, such as cycl opropyl,
20 cycl obutyl, cycdm-pﬂahtgah,orgahohéuylnmdowammﬁundanchnq/cl ic
unsat ur at ed hydrocarbon groups of 5 to 30 carbon atons, such as

cycl opent adi enyl , (BwEhyd compdundvédnbdh readta erdnth they drasaitdongr oups,
specifically, aryl groups of 6 to 30 carbon atons, preferably 6 to 20
carb6n aleysl &ompodhdasAphenyforicnazyionna@itnyl, bi phenylyl, terphenyl,
11 ~ 7 S E P 2002 phenanthryl and anthryl, and al kyl -substituted aryl
groups, such pbrs®) Ythei 6apadpiskpenpbnehtBUEWED Eoawingl ity mlddisny! and
di -t - butyl phenyl. =n the above hydrocarbon groups, a hal ogen atom may be 5
substi t Lt%]&pbﬁ@ﬂmewndeaqaug@tcomf e lffert i1l & Yale #62LBEA . 9 OUPS

i ncl ude hal ogenated hydrocarbon groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atons, RS ' . : ;fluorophenyl and

chl oropheayl . i The above ydr ocar bon groups nay pe substituted with 10

ot her hydrocamentgaaumoﬁxmaqs Umgdifad NUS) Sedstisyt £ Lydrocarbon

groups include aryl-substituted al kyl "groups,
10 invention is represented by the following formula (I).

{

(1)

In the above formula, M is a transition metal atom
selected from Group 3 {(including lanthanoid) to Group 11 of

15 the periodic table, preferably a transition metal atom
gselected from Group 3 (including lanthanoid) to Group 9, more
preferably a transition metal atom selected f£rom Group 3 to
Group 5 and Group 9, particularly preferably a transition

metal atom selected from Group 4 and Group 5. Examples of



such as benzyl and cuu~yl. Further, the above hydrocarbon groups may be
substituted with heterocyclic conpound residual groups; oxygea 15
cont ai ni ng groups, such as an al koxy group, an aryl oxy group, an ester
group, an ether group, an acyl group, a carboxyl group, a carbonato group,
a hydroxyl group, a peroxy group %pd a carboxylic anhydride group;

ni trogen-contai ni ng groups, such as an am no group, an ﬂﬁ?d@Equyn) an

am do group, an imdo 20 group, a hydrazino group, a hydrazono gro&%, a
aitro greagh metnl rasomgr bopludecyaanddnm,p tianisogy aicoprdiym, a cyani c
ester group, an am dino group, a diazo group and an ammoni um salt derived
from an lmofmioumyy orgmadiwan- adobiaun| ngagtalpm, swhalts ahHwdiamedi yl group, a
boranetriyl group and a di boranyl 25 group; sulfur-containing groups, such

as a nergegEdug) etiomiuly, hdélPbBeRur)tutysbens satigadictid), rRetdiilfil, 0OESt €r
group, an alkylthio group, an arylthio group, a thioacyl group, a thioether

group, aiikdn Ey@N-@tRSALGmII 0P, tRIsd s ObPaEYaABLe A%eChcEnAYRm,a sul fonic
ester group, a sul fonam do group, a thiocarboxyl 5 group, a dithiocarboxyl

grous, 3¢ SEhhfufl] OxPrcéndithf ORNEn 96l Pvadadilib, Nl oB1AMD. tantdhlanY! group,
a sul foaato group and a sul fiaato group; phosphorus-contai ning groups, such

as a phospbate, FHBE ui a@@%&'&oiikegr%@re?ﬁﬁé&?@f@'&@e\’hiﬂﬁﬂ&w P group,

silicon-contai ning groups; and a hos hato 10 germani um cont ai ni ng groups;

or 1in-Conialnlig, IhReRTum! NéSbalte PHUSAGH!,P Wb OHES, TR umybsti tuted
wi th an oxygen-contalning group, nitfogen-contalning group, a o
bor on- CO{:‘&.&#QiGﬂ HPYRe Pritd!! T ‘Hiﬁ%%&llggﬁg%‘é&ab‘iep&oé RRQaUIuGONt @l ni ng
(group, a silicon-contalni'hg group, a g ni-um cont al ni ng groud, a

tin-containln [0 o] hg.like, and in this case, the substituent group
such as ?%ga8§§g§ng§8n%§%ﬁﬁﬁﬂhgroup is desirably a group whose

chargecteristig atogic group.is nat directly bonde 0 o] h rbon at om
of U Q S, TﬁBF—AH: %e'tg?l:éaﬁﬁ’rﬁﬁ N Eoc%?r‘?ﬂ%agﬁgﬁfé‘%r ti)’h"%'s,fn% S erabl e
are strakght-g¢hain qr branched alkyl. groups of 1 to,30 carbop atons,

ot of or ablronEdSsy & Foheiind it he sdot e STbaRE Ol

i sopropyl, n-bputyl, isobutyl, sec-butyl._ t-bytyl, neopentyl .and.,n-hexyl;
aryl groups o?‘ %gtg §gg539¥33n&§9 x éTE’P@FQEﬂ% t°§:°§’0 %ﬁ?%‘%tom,
such as phenyl, naphthyl, biphenylyl, terphenyl, 13 17 S E P 2002
phenanthgyplgﬁﬁgﬁﬁtﬁF§¥é'and substituted aryl groups wherein the above aryl
groups are substituted with 1 to 5 substituent groups such as hal ogen
atoms, al kyl @rHugengradly, indicatesnaPehe, PEERPERDI @,mg the et bon
atogi al koxy groups of 1 5 to 30 carbon atons, preferably 1 to 20 carbon
atoms? aMyl PiEcimdhsa ioveptipnaisoray inficnes &hak ¢ BYFEOde €PN at ons,
and aryloxy groups of 6 to 30 carbon atons, preferably 6 to 20 carbon
atoms. TdA& Shensaseowhgreg A B duit1egesdhded Tﬂ'ob‘é%‘é?fyo"é‘heﬁh? dma¥riorm a
ring. Exanples of such rings include condensed rings, such as a benzene
ring, a Maphthal ene ring, an acenaphthene ring and an indene ring; and
groups wherein al kyl groups such as nethyl, ethyl, propyl and_butyl are
substituted f&FigRecaybengdemhaning ?%%%EJ-EBHBEMR%MS.(RﬁCTKe

het erocyclic conpound residual group is a cyclic group containing 1 to 5
het ero atl®dtEieges atomd-Nme qaétaepgtogmﬂw etom (S?=P'oPrBf°1I'Hglt"ycl ic
ring is, for exanple, a nonocyclic or polycyclic rijng of 4 to 7 nenbers,

pr ef @Pablay carhamw@tdn hagrinmla Griistd tient drap R coneabrhesSphexudpl es

atom, more preferably a carbon atom having a substituent group
2
R .
Q is a carbon atomhaving a substituent group R3 (- (R3)C=),

a nitrogen atom (-N=) or a phosphorus atom (-P=), preferably

3
25 a carbon atom having a substituent group R .



—

—

20 of such groups include residual groups of nitrogen-containing conpounds
such as pyrrole, pyridine, pyrimdine, quinoline and triazine; residual
groups of oxygen-contai ni ng conpounds such as furan and pyran; residual
groups of sul fur-containing conpounds such as thiophene s and groups
wherein these residual 25 groups age further substitut gd4yw S i tuent
groups such 14 1 7 S E P 2002 asbalkyl groups of 1 tg zgsig?ﬁaﬂi%tons,
preferably 1 to 20 carbon atons, and al koxy groups of 1 to 30 carbon atons,
preferably 1 8ds28 cexbomattnimvifizea expgdi-tomitagnouy RYrcuR4)<=g gr oup
containing 1 to 5 5 oxygen atons therein. In the oxygen-containing group,

t he abova-nisrogémdatm of-003)C ldrc acpiwpsphorus satiom| ( F=0up prefeatablye| uded,
and a group containing a nitrogen atom a sulfur atom a phosphorus atom a

hal ogen at esrbonaatioln bariaipra eamiatitientighows ®isect!y bonded to the
oxygen atomis not included 10 either. Exanples of the oxygen-containing

groups i ncl ude faNa Waedhah SE8Mhavihga Wubgt Hivedt g@bufIse(- D) An et her
group, an acyl group, a carboxyl group, a carbonato group, a hydroxyl

groups aaPRLe¥¥géhtaordNCl1f=f AP aXyKobphatlilaten Ormuyp, pileHdfablye are an
al koxy group, an aryl oxy group, an acetoxy 15 group, a carbonyl group, a

hydroxylag@g&gcgnqggyaﬂ%ggégwy S Qe ngEgapakhi ng group contai ns
0

carbon atom the nunber carbon atons Is desired to be in the range of

1 to 30, prefefall ynl inRegylr B DNidd mewm;ﬁwr%&& Gl PUP
containing 1 20 to 5 nitrogen atons therein, and the above-descri bed

heterocyeld @ ,CHRQPldEst Ay group is not included. Exanples of the
ni t rogen-contai ni ng groups 1 nclude as am no group, an inmno group, an am do

group, an im g gLOwE, hpdr Rbie" R alleC W @ £ PEUHAON QP YP 1.8 &1 LT O group,
a nitroso 25 group, a cyano group, an isocyano group, a cyanic ester group,
15 1,5 S ] di i i |

10,5 S AR L AL L0 ObPac e 2200 %208 29 86 A0TDN U3 ¢

group derive om an ar no grou hese, pre n-an no group,
an imao group,., an 1 do u n_imdo gy ou ViiL o group _and a cyano
gr oup. er?qigﬁe']% ?%}goé"f? g%ﬁt%ls Ny & h%g%gc‘g?\"?glehsé%e g% ea?%%g Fhe
nunber of %ﬁ&pon augns IS ﬁeﬁired to be in tg% gag%%npf 1 to 30, preferably
lto 20.hﬂuasﬁﬁ?tﬁ-?%Mt%i In 8Q§Poﬂg°?é 2 BFOUB (¢ talﬁfﬁﬁpl o 5 sul fur

t t her ei I he_above- | bed. het | i d L dual
PR S R R St A

mercapto group, a thioester gro a dithioester group, .an al kylthio group,
an arylt rﬁq‘b°‘§$)baﬁ}l¥%?’ba%9§tgggaﬁ, gquﬂ'oﬁﬁ’r?é" 'rctﬂf&aiéﬂﬁﬁ S%?Hﬁi’c est er
group, an isqthiocyanic, aster group, a,sulfox~ic ester, group, a sulfonam do
oroulS o R DRI e oS (1 RPBERGSAA- SRARIE LA By, Bup,
sul fonyl gropup, a sulfinyl group, a sulfeny] group, a sulfonato group and a
U sul fiFhELCapTepRt el i RacgTOBPer® MRALI I E S DHRG TR O,

sul finato group, ap al kylthio group and an, arylthio gr.oup. \Wen the

sul fur-co %TﬂgﬁﬁangﬁS SEALRYF nane Y BeR ‘ét’cﬁngttl’l"@nf@%tﬂ%é‘fetﬂﬁ 8%P%on at ons
i's desired to be_in the range of 1 to 30, &geferably 1 1o 20. The

si | i con- cBALEFRPAGEEPB FFIWP £ gfotke RATLEH G Fabley B <18 i Bydxogan
therein, and exangles t hereof include a silyl group, such as a

hydr ocar bBhOBubét PRIPEENS Bt@m g it R1iPhal ik hdr o 3Fhen PR 3R

hydr ocar bon- substi tuted sil oxy group, or the ]
20 alicyclic hydrocarbon group, a heterocyclic compound residual

group, an oxygen-containing group, a nitrogen-containing

group, a boron-containing group, a sulfur-containing group,
a phosphorus-containing group, a silicon-containing group,
a germanium-~containing group or a tin-containing group and

25 R2 toR® are each a hydrogen atom, a halogen atom, a hydrocarbon



16 17 S E P 2002 |like. Exanples of the hydrocarbon-substituted silyl groups
I ncl ude nmethylsilyl, dinmethylsilyl, trin~ethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl, diphenylnmethylsilyl, tripheaylsilyl,

di et hyl phex~ylsilyl, 5 dinmethyl-t-butylsilyl and

di raet hyl (pent af | uor opheayl ) silyl .jgOf these, preferable %r7 thylsilyl,

di ~c~ethylsilyl, trinmethylsilyl, ethylsilyl, diethylsilyll t8i hZ@@ZIyI,

di met hyl phenyl silyl and triphenylsilyl. Particularly preferable are

tri met hy 9&i9YA, 8 wadaldc aaenoundargsidugl exeupi ner hgkpdeny! silyl .
Exanpl es of the hydrocarbon-substituted siloxy groups include
trinethyPQQQﬁéﬁiHMhaWQHNB5#Inikquganﬂm#mbnéﬂﬁuﬁrﬁwntaﬂhbocanbon at om

t he nunber of carbon atons is desired to be in the range of 1S 1 to 30,

pr ef er abloprtainizg gitesmh s phwl H1excorntabnbyg ggvappi saa group containing 1
to 5 phosphorus atons therein, and the above-described t heterocyclic
conpound plewphatugauntaining grminud el s ifdaog-ssomtfaining group, ‘a

phosphor us-cont ai ni ng groups include a 20 phosphi no group, a phosphoryl
group’ a germuphiospioontaixing ginsup @hos ptibnecgntapnidgeghboupn- cont ai ni ng
group is a group containing 1 to 5 boron atons therein, and the

above- descri betkaugilar=n @ | tife Qoydooddhbeni gietpgr bnpludenot i ncl uded.
Exanpl es of the 2S boron-containing groups include a boranediyl group, a

1 ~ 17 S E P20hdxiangididdathon fgidips, dspechfytayiplip. Preferable is a
boryl group substituted with 1 to 2 hydrocarbon groups of 1 to 30 carbon

at ons, predPd BPtt-dhd On 32 1P RORe @ hANEL Prodb oL Bo WOERrBERAtoid,ed W th
(1 to 3 hydrocarbon Qroups of 1 to 30 5 carbon atons, pxeferably 1 to 20

O R e I i I
di ff qpentn-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-~
butyl, neopentyl and n-hexyl, stralght-chain or branched
alkenyl groups of 2 to 30 carbon atoms, preferably 2 to 20
carbon atoms, such as vinyl, allyl and isopropenyl, and
straight~chain or branched alkynyl groups of 2 to 30 carbon

15 atoms, preferably 2 to 20 carbon atoms, such as ethynyl and

propargyl;
alicyclic hydrocarbon groups, specifically, cyclic
saturated hydrocarbon groups of 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,

20 ecyclobutyl, cyclopentyi, cyclohexyl and adamantyl, and cyclic
unsaturated hydrocarbon groups of 5 to 30 carbon atoms, such
as cyclopentadienyl, indenyl and fluorenyl; and

aromatic hydrocarbon groups, specifically, aryl groups

of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms, such

25 as phenyl, benzyl, naphthyl, biphenylyl, terphenyl,



—

Exanpl es of the gernmani um contai ning groups or the 10 tin-containing groups
i ncl ude groups wherein silicon is replaced with germaniumor tin in the
above-nentioned silicon-containing groups. The oxygen-contai ni ng
group, ni trogen-contai ni ng group, sulfur-containing group, boron cont ai ni ng
group, 15 al um num contai ning groyp and phosphorus- cont g

ment i oned above are each preferably a group Wnose characterl stic

group is_directl bondedtoNort f U Q.S TorAlnthe
f or mul ap(h‘-’)nanlt%%élo&f@ gtﬁiﬁgg “(F&f]eﬁrbf} $FOUBSRS 20 are
nore specifically descrlbed belom1 O _the ox gen contai nir~g groups,
preferréd“'ékaﬂﬁl'i%llb}-'thé°aFRB¥}PBPBUﬂss ] dPReWdwy, et hoxy, n-propoxy,
i sopropoxy, n-butoxy, isobutoxy and tart-butoxy~ preferred exanples of the
aryl oxy &imathviphenyt ﬁhénéiyt~quYZBhemﬁhrwlphenoxy and

2,4,6-trinmethyl phenoxy; preferred 181 7 S E P 2002 exanpl es of the acyl
groups i ncl uden falren-alove dudrocarhon \droypsh|a haiagesy ataminay be

p- met hoxybenzoyl ; and preferred exanpl es of the ester groups iaclude

acet §| oeybsteituyed xfor nthhohydzpeny atophenBxamplbenpf auadhp 5

chl orophenvxycarbonyl. O the nitrogen-containing Qoups, preferred

exanpl eshypdrodmerbon dpraupsl indluwdeubalagenatieddhydiovabhybagataupgiofand

N- net hyl benzam do; preferred exanpl es of the ami no groups include

al kyl am hceqr3ilpa risar e tind fovatsly di ted 20 awirbon AR othsgt Bylchiti no,

di propyl am no, dibutyl am no and di cycl ohexyl am ao, and. aryl am no groups or
al kyl ar yAantnbf haorpmethydh) pentladiypcatphenyd EmwehydidrsphehyDl yI am no,

di napht hyl am no and net hyl phenyl am no; preferred exanples of the imdo
groups i ncl udehecaebo¥edhydidcashbanigtoupthald Hy efuidteleedplienof the

i mno groups include methylimno, ethylimno, propylimno, butylin~i.no and
phenyl i i #Rexr GhydREca¥bbul ge8ipal Ni Kgarih DeiP Sof [H1ed HRS stbtiltdd t he

al kylthi o groups include nethylthio and ethylthio; preferred exanpl es of

the arylg ;ﬁaeogaeueﬁ gReupie iRhamdd fa:%%xmmmnaiﬂuogaadps,

napht hyl t preferred exanples of the thioester groups include

acetyl t hiQchb8BZ 8¥hizyi10 adidiigini ocar bonyl and phenyl t hi ocarbonyl s
preferred exanpl es of sulfonic ester groups include mnethyl sul fonate,

et hyl sul f onat pyapfleph)egis HHd R Ar8ehebon ?P&xﬁé %2 b8 Gubski tuted E P

2002 exanpl es of the sul fonam do gr oups i ncl ude pheayl sul f onam do,

N- net hyl 0 @}% 88k d0oxFyagm! es of the
Btk B%@e% ner&h&#(sul fonato tr| ¥ HD

sul fonat o groups 1 ncl ['uor onet hanesul f onat o,

phexpy! SH%L%QQB&négQSQ%‘,S%ER@ An 21kOLY U f 9L 8y1oxy group,

an ester group, an ether group, an acyl group, a carboxyl group,
a carbonato group, a hydroxyl group, a peroxy group and a
carboxylic anhydride group; nitrogen-containing groups, such
as an amino group, an imino group, an amido group, an imido
20 group, a hydrazino group, a hydrazono group, a nitro group,
a nitroso group, a cyano group, an isocyano group, a cyanic
ester group, an amidino group, a diazo group and an ammonium
salt derived from an amino group; boron-containing groups,
such as a boranediyl group, a boranetriyl group and a diboranyl

25 group; sulfur-containing groups, such as a mercapto group,



tri met hyl benzenesul fonato, triisobutyl benzenesul f onat o,

p- chl or obenzenesul f onat o and pent af | uor obenzenesul f onat 0. Exanpl es of the
sul finato groups include nethylsulfinato, pheayl sul finato, benzylsulfinato,
p-tol uenesul finato, 10 trimethyl benzenesul finato and

pent af | uor obeazeaesul finato. O the phosphorus-containi eferred
exanpl es of the phosphino groups include dinethyl phosph?%g‘gmzmﬁ

di phenyl phosphi no group or the ljke; preferred exanp]es. of ,the phosphoryl
groups’ i fcFRHLSRHET) TS Hsh 8r 91’-‘=§i188|5,€°f59i"§88v ow{%ﬂaébﬁb#w %gwap,
phenyl phosphoryl group or the like; preferred exanRIes of the

t hi ophosFoBAYIFIID SFeRpPue HRiesFYhi 85ABRph8r FR1igeEheTr gxroup, a

i sopropyl t hi ophosphoryl group, phenylthi ophosphoryl group or the liKke;
pref er redﬂéeqwe& REEOR FFAIPHORB éFBEbé°FM&P§&e°ﬂ%@§pﬁ6ﬂ“@'a(§ d group,
20 phosphate ester group, such as dinethyl phosphate, diisopropyl
phosphat eulfioninespensghoer, arsuhfoppridongepup,i & &hdogashdgxl net al
atom selected fromGoup 3 to Goup 5 and Goup 7 to Goup 11 of the

peri ofi c grdim, arlithidsachexyhgropref®suldify groyplr el fonyd gromal,ogen
atom 25 a hydrocarbon group, a heterocyclic conpound residual group, an
oxygen- catsiXfi vy rgegup A anisaldipeylk grcimi rg spldopate grovps aBdPazoo?2
bor on-cont ai ni ng group, a sul fur-containing group, a silicon-containing
group, a melfibmatonr goatpiy nphgsphotpsecoathilimingnigrouwpsy grunlp.ad ken Mis a
transition netal atom selected fromGoup 6 of the periodic table, Rl is

pr ef er ablphdsphibddrgoedp At 0 Phasphdnde yradupy aathibphbapheripldyeeapbon
group, as alicyclic hydrocarbon group, a heterocyclic conpound residual

group, asandygephegphatksi gFodbeuplld con-cagtaitdmigdsupy oup, a
bor on-cont ai ni ng group, a sulfur-containing group, a silicon-containing

group0 a gérgenin-uoneaindng g8oMpeP o tAri-ddomaiihiing RPr@islp, and Rz to
R5 are each preferably a hydrogen atom a hal ogen atom a hydrocarbon

group, a heteregysl i €hé WRBEBL IS Grdurl Q4R ba s ¥SEPru €l v 1 AG gr oup,
a nitrogen-containing group, a boron-containing group, a sulfur-containing

group, a dRygbhl-e8AtadRiAG gibul, 0 H trdAH TEEHEHELINY adFbdlg, g4 Ooup or a
tin-containing group. when Mis a transition netal atom selected from G oup
boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
15 germanium-containing group, a tin-containing group or the
like, and in this case, the substituent group such as the
oxygen-containing group is desirably a group whose
characteristic atomic group is not directly bonded to N or
the carbon atom of U, Q, S, T or A in the formula (I).
20 Of the above groups, preferable are straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, preferably 1
to 20 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, t-butyl, neopentyl and n-hexyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon

25 atoms, such as phenyl, naphthyl, biphenylyl, terphenyl,



3to Goup 5 and Goup 7 to Goup 11 of the periodic table, R to R5 are
each especially a hydrogen atom a hal ogen atom 20 a hydrocarbon group, a
het er ocycl i ¢ conpound residual group, an oxygen-containing group, a

ni t rogen-containing group, a sulfur-containing group or a

silicon-containing group. Wen MI3s a transition netatzaggmgsgﬂpgted from
G oup 6 of the periodic table, Rl is especially a hydrog t a hal ogen

ﬁgt g gg&gm& OL gga%%ﬁgﬁ%wamtm@d saeghi grswggmxb&{h group, a

IC CO resi group, an oxygen-contarnihg group, a

ni trogen;.co |Qi rou sul fur- talni r r

sili con?' 8§n§}é§\{ﬁg n“é_':, f&rﬁ?upa%are %Diggggégaﬁggﬁgf &% gos‘“%tajf%u%%%h

especi al | r ef er abl drogen ato a_hal ogen_at a hydr ocarbon group,
a heter 8 |80588ﬁpﬁén€a$ég?ﬁ%a‘?°ﬁb[ﬂfk%ﬂ%§ %-oégﬁ']t 5f’n$ﬁg°@’%6 . a

ni trogen_containi rLQup,. a sul fur-containin rQup or _a silicgn 5

cont ai ni‘ﬁé’m&'oﬁ’ﬁ.e%fi’clﬁ%ﬁo é‘s‘rﬁ%r"o’sm&%t?‘bﬁ Y [growrs Qf el abl y a
hydrogen atom a _hal ogen atom a hydrocarbon_grou a heterocyclic conmpound
r esi JualtoyrSuFazhny & bd’F%‘E&EﬂK‘P{-m 2dtQ; F@l cagbea, atoms, aryl

hydr ocar bon-substituted siloxy 10 group, an al koxy group, an al kylthio
group, SFouRA 8%\6 §PoIP caxban akeme REPLCEALI¥ A t@r&ﬁ?‘éﬁ’”e%?‘é‘ﬁsgroup, a
t hi oester group, an ami do group, an am no group, an im do group, an an no
gr oup, [epaicxe arquRg Afp 6 &osaPf snahpaoagpeapmaea??aﬁglgr 8uB® a nitro
group or a hydroxyl group, nore preferably a 15 hydrogen atom a hal ogen
atom a 2fyfraxkematemdup or a hydrocarbon-substituted silyl group.
(Preferred exanpl es of the hydrocarbon groups indicated by RS include

st rai ght - chaifworohmard st Rk o §Foaps be hondedotoaedch atbes, tpreferably
1 to 20 carbon atons, such as 20 nethyl, ethyl, n-propyl, isopropyl,

n- bifyl ,fomwlaurihg . scExampyes dfapuchut hgs noupludy lcondensddexghgseyclic
saturated hydrocarbon groups of 3 to 30 carbon atons, preferably 3 to 20
carbon aswsls,asuchexzanea mipropyl paphthellend rings| epeatghapbybleolecxyl and
adamantyl; aryl 25 groups of 6 to 30 carbon atons. preferably 6 to 20
carbon atimg and 3R iddéng PidPHand groups wherein alkyl groups such

as methyl, ethyl, propyl and butyl are substituted for the
hydrogen atoms on these condensed rings.

15 The heterocyclic compound residual group is a cyclic
group containing 1 to 5 hetero atoms therein, and the hetero
atom 18 O, N, S, P or B. The cyclic ring is, for example,
a monocyclic or polycyclic ring of 4 to 7 members, preferably
a monocyclic or polycyclic ring of 5 to 6 members. Examples

20 of such groups include residual groups of nitrogen-containing
compounds such as pyrrole, pyridine, pyrimidine, quinoline
and triazine; residual groups of oxygen-containing compounds
such as furan and pyran; residual groups of sulfur-containing
compounds such as thiophene; and groups wherein these residual

25 groups are further substituted with substituent groups such



—

such as phenyl, benzyl, naphthyl, biphenylyl aad triphenylyl; and groups
wherein the above groups are substituted with substitueat groups such as an
al kyl or al koxy group of 1 to 30 carbon atons, preferably 1 to 20 carbon
atons, a hal ogeaated 5 al kyl group of 1 to 30 carboy atons, preferably 1 to
20 carboy atoms, an aryl or aryloxy group of 6 to 30 carbon atons,

preferably 6 to 20 carbon atons, H4 ogea, a cyano group,l 2 SE'?SZMUF) and
a hydroxyl group. Preferred exanpl es of the hydrocarbon-lstub silyl

10 groupgg R9keat Ra £ pckyd b3 &t | 9Rd PyEsbh ¥l
trimet hyl sil y?‘?@“et&%f/’%ﬁ §|f, Bk ﬁ‘;[%‘% , A toms e Fyﬁbw 1 to 20

di oh i 2 Cr . . :
d: ﬁe?%l E’? Eutn;:am niﬁ' ;ng ﬁl ne?%h%/%/ z[‘)oe‘%gﬁﬂg%g%ﬁgﬁglsﬁ:é%%ﬁl aﬁé’?‘?i’cul arly

f b [ | ' | ph | silyl, diph I hyl si |yl ,
prefera c}ﬁ%q_,ag&:% %‘+ 5%6 yéa*_%%;#&%?y phenyl sily I phenyl net hyl sily

| sopheay[l'si phex~ met hyl -t-butylsilyl and

di met hyl (pent gfl uorophenyl ) silyle T r s of R _t0 ,

pref erably nei g%@?&%& %ociﬂﬁ):sﬂ'%w \éle%"qg{gng[e&dg‘tg£§§ hcg?ﬁgﬁ'ng‘ﬂ‘gsgr?‘r?an

al i phati ¢ rang, 20, an omatjc ri ra_hydrocarbon ring containng a

het er a%bﬁf?%@ﬁ'§§°ﬁsﬁ¢¥?5§bﬁ'eu{ﬁaegfh8§¥¥FPﬁ5?”%&3“#&@?ﬂEPuRavgha
substituent groyp. e group of 0 R5 contained jn_one |igand and one
group of °‘?%"¥£B%"g#?%‘? %P 9% Wq'fib'r’r?'l grﬁ’b‘ﬁ’d&ﬁgn‘@Foup 23
17 S ERPR 2002 or a single bond, and_éis. R2s,. R3s, R4s, or R5s na¥ be the
sane or diFFRidSH: IRT A SEMDTORAIRIDG ) A LEPLEAR2EPmN 2sBRLERFcal | y,
an integer of 0 to 5, _preferably an integer of 1 to 4, nore 5 preferably an
i nt eger AtoMs § Bhosphorys Atemgahal SEPE LM OFc B bHToR 88SFbon
group, as oxygen-contai nin roup, a sulfur-containing group, a

ni t rogen-%h%’g-ichi 48 %’Gﬁﬁ)‘:gﬁ%&a&;ﬁl EBrithe AFYgegy BEp™ %%%E?ﬁﬁ“@ﬁ@nt ai ni ng
group, a phosphorus-containi ng group, a 10 halogen-containin% group, a

het erlcy @i ehennpdurnples efaFhgromgen-eertraining Axaurhdnglods an

ger mani um contai ning group or a tin-containing group. When nis 2 or
greater, alkoxy group, an aryloxy group, an ester group, an ether group,

an acyl group, a carboxyl group, a carbonato group, a hydroxyl
group, a peroxy group and a carboxylic anhydride group.
Preferable are an alkoxy group, an aryloxy group, an acetoxy
15 group, a carbonyl group, a hydroxyl group and the like. When
the oxygen-containing group contains carbon atom, the number
(‘, of carbon atoms is desired to be in the range of 1 to 30,
preferably 1 to 20.
The nitrogen-containing group is a group containing 1
20 to 5 nitrogen atoms therein, and the above-described
heterocyclic compound residual group is not included.
Examples of the nitrogen-containing groups include an amino
group, an imino group, an amido group, an imido group, a
hydrazino group, a hydrazono group, a nitro group, a nitroso

25 group, a cyano group, an isocyano group, a cyanic ester group,



{

plural groups indicated by X nay be the sane or different. The hal ogen atom
Is fluorine, chlorine, bromne or 15 iodine . Exanples of the hydrocarbon
group: include the sane groups as previously described with respect to R

to R5. Specifically, there can be nentioned a?kyl groups, such as nethyl,
ethyl, propyl, butyl, hexyl, cctyl, nonyl, dodecyl 20 an $ﬁ§

cycl oal kyl groups of 3 to 30 carbg% atons, such as cycl opentyl, cycl ohexyl,
nor bornyl and adamaatyl; al keayl groups, such as vinyl, propenyl and

cycl ohexgayi fmd Q_}Mpﬂ@@.@azé”ﬁ%@é DRAZY , aASRYhS! Exitagfi
phenyl propyl ; and aryl groups, suc as phenyl, tolyl, nethy pﬁenyl 25

trimethy q;%i &kl Qﬂgﬁgl PYlg¥heRyk E P 2002
napht hyI met Fﬁap% and phengﬁ'ltﬂhry T ese ﬁf/a rocar on groups

i ncl ude t b Ci in at

| east orcl;ﬁLydr g%e%ql gx?éepi aice%Igl %ﬁa o%gﬁ |ar§i %ﬂihﬁy%’%&ggﬁoﬁ@g%gups of 1

to 20 cg;t%qﬂﬁ QE%@ ab I r drocar bon

grolupzI ca¥%&n %’%‘%&f _ %ﬁ%Itg%oo?'tghgggx%g’éﬁag%ﬁ??t| ngR g{ oupR;
nc e [ rewi o [ respec 9. R to

Spec?flcéacfrf f’fr?ecrgaé%%?\ aéorﬁ) etr%ﬂd%&ﬁ O? 5%‘3%&% t&l} ﬁ‘ﬁoéﬁsiﬁ & oups,

such as nethox hox butox | o such as

phenoxy, ?r&%y*llbh@%@&ﬁg éyﬁﬁ’egg E&B’ﬁ%éﬁﬁ %u[& al koxy groups,

ch a hen Inetho and nyl et ho acet ox 0 nd a carbonyl

erjoup SE>I2an4y R &% %/ ‘é?£ #%Bﬁt%%%}’ﬁg r%tﬂf?‘%l%%qﬁui%jt‘ﬁ@% E2ne g)r/oups

be pretv'%‘éi:l}ﬁg%e?%%agiﬂ BFEBRS, SHLIFhR MRe AR heterocye1ie © O
e nenti 4

trifluoronethanesul f gnat 9, phenyl sul f onat o, benzylsulfonato

p- t ol uerRUEPPERA: BesiAnaAd: AFrHEn A&h&ah 1 akdﬁ%i't wledy | Exsmmlasaf, &hesul f onat o,

20 p-chl orobenzenasul fonato and pent af | uorobenzenesul fonato; sulfinato
grodfs, =RLfurscABER}PIDE: BFLUSS FMSANAR) & MRKIRAPYR BXPERM 2 nat o,

p-t ol uenesul fi nat o,
thiocester group, a dithiocester group, an alkylthio group, an

arylthio group, a thioacyl group, a thiocether group, a
thiocyanic ester group, an isothiocyanic ester group, a
sulfonic ester group, a sulfonamido group, a thiocarboxyl
15 group, adithiocarboxyl group, a sulfo group, a sulfonyl group,
a sulfinyl group, a sulfenyl group, a sulfonato group and a
R sulfinato group. Of these, preferable are a sulfonato group,
a sulfinato group, an alkylthio group and an arylthio group.
Wwhen the sulfur-containing group contains carbon atom, the
20 number of carbon atoms is desired to be in the range of 1 to
30, preferably 1 to 20.
The silicon-containing group is a group containing 1 to
5 silicon atoms therein, and examples thereof include a silyl
group, such as a hydrocarbon-substituted silyl group, a siloxy

25 group, such as a hydrocarbon-~substituted siloxy group, or the



trimet hyl benzenesul fi nat o and pent af |l uorobenzenesul fi nato; alkylthio
groups; and arylthio groups. 2s 1 7 S E P 2002 Exanpl es of the

ni t rogen-contai ning Qoups include the same groups as previously described
with respect to Rl to R5. Specifically, there can be nentioned an am no

group; al kyl am no groups, such as jgethyl am no, di net hy.

di et hyl am no, di propyl asni no, dlbugtlanlao and dlcycldtgﬁgﬂgﬁgzgozand
aryl am ng or al kyl aryl am no groups, such as phenyl ani no, henyl am no,

di t ol yl akidde® - di Fn%edw#mwb%ma ﬁ%teﬁx%bv IXUBRHhe
boron-cont ai ni ng groups include 8R4 (R 10 is a hydrogen, an alkyl group, an
aryl gr odmadudsh !!\%&hlhbﬁ/iallalsubbw’&hlﬁfhﬂigﬂauptré!nﬁﬁhb’ééalxﬁom or the like).
Exanpl es of the al um num contai ning groups include AIR4 (R is a hydrogen,

an al kyl efhxigilnl arddethylsd il chtndethmielbydubsti t uent group, a hal ogen
atomor the like). is Exanples of the phosphorus-containing groups include
trial kyl phighemynetiybsllylc tatphenylisihyl phdipethglphenplsiilgliosphi ne
and tricycl ohexyl phosphi ne; triaryl phosphi ne groups, such as

t ri phény|dirsying het elait s byY lapidodihe tieyl fpastiflecgophpayl pbbiphi.do
groups), such 20 as mat hyl phosphite, ethyl phosphite and phenyl phosphite; a
phosphor i@ achelsg) oppefandbhe phpspletheladloglgr dinetbydmillegd ,of the

hal ogen- cont ai ni ng groups include fluorine-containing groups, such as PF6

and HF4, wiimetRelsODyD| ne€ByUs0UPE, dllebhgtsOioa, aneiSeRlyisiand,i odine 2s
cont ai ni ng groups, such as =0d. 26 1 7 S E P 2002 Exanples of the

heterOCyQiiﬁé@HﬁﬂﬁH&ﬁylSElﬂﬂahnarEBEEXbBQEBQlehe Pafeiendupsyas previously
described with respect to R to R5 anpl es of the silicon-containing

Qoups | @Eé@_@r&ﬁﬁe%ﬁé”@r%@t‘ﬁﬁléilﬂﬂﬁv'tQ‘!S’l: gdaawlbed with respect to Rl
to R5. Specifically, there can be ment i oned hydr ocar bon- subst i t ut ed
100 triphenylsilyl and dimethylphenylsilyl. Examples of the
hydrocarbon-substituted siloxy groups include
trimethylsiloxy.
When the silicon~containing group contains carbon atom,
the number of carbon atoms is desired to be in the range of
15 1 to 30, preferably 1 to 20.
The phosphorus-containing group is a group containing
1 to 5 phosphorus atoms therein, and the above~described
heterocyclic compound residual group is not included.
Examples of the phosphorus-containing groups include a
20 phosphino group, a phosphoryl group, a thiophosphofyl group
and a phosphono group.
The boron-containing group is a group containing 1 to
5 boron atoms therein, and the above-described heterocyclic

compound residual group is not included. Examples of the

25 Dboron-containing groups include a boranediyl group, a



silyl groups, such as phenylsilyl, dipheaylsilyl, trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,

met hyl di phenylsilyl, 10 tritolylsilyl and trinaphthylsilyl:

hydr ocar bon-substituted silyl ether groups, such as trinethylsilyl ether;

silicoa-substituted al kyl groups, ;such as trinethylsii @YI' d
silicon-substituted aryl groups, éZch as trinethylsil ﬁtﬁgg ZIEQPExanples
of the germani um contai ni ng groups i nclude the sane groups as previously

descri bedorathatriégpegirotp Bnd a KHAbdpagtY igxaddry, Errfiembldesreqt i oned
groups wherein silicon a.s replaced with germaniumin the above-nentioned

si l'i con-Besydi grogposabgtitdfe@wiBhes 06 2 erdideactidni gidigpg/efis | ncl ude
t he sane groups as previously described Wth respect to RL to R5.

Speci fi cablan chbbba Ldind e praterlAd §tAIP6 CHiDR Atsink|, ¥ aibbor«y aced
with tin in the above-nentioned silicon containing groups. 2 17SEP

2002 WegrBupSsdbatifuealiciith! 4" 8b 9" Ry@FobAfbEAl §8olifisXofBY &8 3¢ Sane or
different, and plural groups indicated by X may be bonded to each other to

forma ricRgpoX atdilsS’ SrdlHatabily d 088 M @loRbén NALEHET 3N0MR @he

hydr ocar bon group, an Oxygen-contalning group or a nitrogen-containing

group, MpLeo r__%foqlr@%,}in% ng{,?gfgl aa&Pg‘v}p %u%%lt%gﬁéﬁ TR evib gi{ﬁ@&fﬁrebo n

group. Exanples of the transition net conpounds represente

gr oup. | 1 mp. :

| rited PYSFRRrEolt bt Y Ao B ol Shay bd AR KL 21 C N0
tal at o 1), Ti(n), Ti(IV), zr(iiy, zr(1vy, Fif(ly),

(\r}?ﬁo,aN ?\od(i#ae’(r\%§l 'Co(?l),l(Co(I?I),l(ha/?l),r(Rh(l?l) (r)E \Ié)h(IYI) ( é) t hese,

TV, 2r(N) Rlaokls dd s b P dkdh ik YcdRe RISLREBEBups or the

10 tin~containing groups include groups wherein silicon is
replaced with germanium or tin in the above-mentioned
gilicon-containing groups.

The oxygen-containing group, nitrogen-containing group,
gulfur-containing group, boron-containing group,

15 aluminum-containing group and phosphorus-containing group
mentioned above are each preférably a group whose

( characteristic atomic group is directly bénded to N or the
carbon atom of U, Q, S, T or A in the formula (I).

The above examples of the groups indicated by R! to RS

20 are more specifically described below.

Of the oxygen-~containing groups, preferred examples of
the alkoxy groups include methoxy, ethoxy, n-propoxy.,
isopropoxy, n-butoxy, isobutoxy and tert-butoxy; preferred
examples of the aryloxy groups include phenoxy, 2,6-

25 dimethylphenoxy and 2,4, 6-trimethylphenoxy; preferred



X is hal ogen such as d or Br, or an alkyl group such as nethyl. Wen

plural X are present, they may be the sane or different. n is decided by a
val ence of the netal M For exanpl e, 20 when two nonoani ons are bonded to
the metal, there can be nentioned n = 0 in case of a dival ent rretal n =1

in case of a trivalent netal, n:ﬁ%ln case of a tetr alent andn:
3 in case of a pentavalent netal. re specificall y 1 ESER:Q e rrentloned
n=2incase of Ti (IV) , n=2in case 25 of Zr Iv) , and n = 2 in case
of H ( leRample®fltReSasyP g’.’:ﬂﬂ&)s J.ncludd\/lfothln acékpl/ Heguzdﬂyl, ~ ..
MXn ~ z Si Me3 hQVE , -MKn " "MXn N2 N2 SiMe3 Ti-"" MXn N 'j. Nwe2

MXri N z pS&&mBo Mﬁz&&t&d}i B-mbbhollyenbo#1yi dBpreferred examples
of the ester groups include acetyloxy, benzoyloxy,
methoxycarbonyl, phenoxycarbonyl and p-

5 chlorophenoxycarbonyl.

Of the nitrogen-containing groups, preferred examples
of the amido groups include acetamido, N-methylacetamido and
N-methylbenzamido; preferred examples of the amino groups
include alkylamino groups, such as methylamino, dimethylamino,

10 diethylamino, dipropylamino, dibutylamino and
dicyclohexylamino, and arylamino groups or alkylarylamino
groups, such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino; preferred examples of
the imido groups include acetimido and benzimido; and

15 preferred examples of the imino groups include methylimino,
ethylimino, propylimino, butylimino and phenylimino.

Of the sulfur-containing groups, preferred examples of
the alkylthio groups include methylthio and ethylthio;
preferred examples of the arylthio groups include phenylthio,

20 met:hy—lphenylthio and naphthylthio; preferred examples of the
thicester groups include acetylthio, benzoylthio,
methylthiocarbonyl and phenylthiocarbonyl; preferred
examples of sulfonic ester groups include methylsulfonate,

ethylsulfonate and phenylsulfonate esters; and preferred



29 ,,..,. , "' ... MXn N2 SiMe3 2 SiEt3 ~~ 13 " MXn 2 tBu 1 7 S E P 2002
xn 2 SiPhMez OOH g,~tBui " iPr .. - M(Nn NZNC"'~ SiMe3 ~Ph i Pr iPr
M-~ .. M\n N? N_tBu N2 ~tBu ~SiPh3 " MXn Z tBu pr ~ iPr ~"" MXn " MXn
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17 SEP 2002

examples of the sulfonamido groups include phenylsulfonamido,

N-methylsulfonamido and N-methyl-p-toluenesulfonamido.
Examples of the sulfonato groups include methylsulfonato,

trifluoromethanesulfonato, phenylsulfonato,

5 benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p-chlorobenzenesulfonato and pentafluorobenzenesulfonato.
Examples of the sulfinato groups include methylsulfinato,
phenylsulfinato, benzylsulfinato,‘ P-toluenesulfinato,

10 trimethylbenzenesulfinato and pentafluorobenzenesulfinato.

Of the phosphorlus-conta.ining groups, preferred examples
of the phosphino groups include dimethylphosphino group,
diphenylphosphino group or the like; preferred examples of
the phosphoryl groups include methylphosphoryl group,

15 isopropylphosphoryl group, phenylphosphoryl group or the
like; preferred examples of the thiophosphoryl groups include
methylthiophosphoryl group, isopropylthiophosphoryl group,
phenylthiophosphoryl group or the like; preferred examples
of the phosphono groups include phosphoric acid group,

20 phosphate ester group, such as dimethyl phosphate,
diisopropyl phosphate, diphenyl phosphate, or the like.

When M is a transition metal atom selected f£rom Group

3 to Group 5 and Group 7 to Group 11 of the periodic table,

Rl to RS are each preferably a hydrogen atom, a halogen atom,

25 a hydrocarbon group, a heterocyclic compound residual group,

an oxygen-containing group, a nitrogen-containing group, a
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boron-containing group, a sulfur-containing group, a
silicon~-containing group, a germanium-containing group or a
tin-containing group. When M ig a transition metal atom
selected from Group 6 of the periodic table, R! is preferably
a hydrogen atom, a halogen atom, an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group, a heterocyclic
compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a
sulfur-containing group, a silicon-containing group, a
germanium~-containing group or a tin-containing group, and R2
to RS are each preferably a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterocyclic compound residual group,
an oxygen-containing group, a nit;rogen-containing group, a
boron-containing group, a sulfur-containing group, a
silicon~containing group, a germanium-containing group or a

tin-containing group.

When M is a transition metal atom selected from Group
3 to Group 5 and Group 7 to Group 11l of the periodic table,
R! to RS are each especially a hydrogen atom, a halogen atom,
a hydrocarbon group, a heterocyclic compound residual group,
an oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group or a silicon-containing group. When
M is a transition metal atom selected from Group 6 of the
periodic table, R! is especially a hydrogen atom, a halogen
atom, an aliphatic hydrocarbon group, an alicyclic
hydrocarbon group, a heterocyclic compound residual group,
an oxygen-containing group, a nitrogen-containing group, a

sulfur-containing group or a silicon~containing group, and

N,2 ~N



N ~

~N_CéFFS~N, " MXn wN 32 O ~-N~" Mn ~ N2 NO2 ~N~ MXn ~ N 2 CF3 ~N,

N 2 Cl

-M-N.2\ 1 17 SEP2002N-~2~~... MXn 2 N ~ CGaH3~ ~N) ' MXn
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E P 2002 More specific exanples of the transition netal conpounds

represented by the fornula (1) inalude follow aQ titani s and
44 i dpati

conpounds wherein titaniumis rep
follow ng titani um conpounds.

10

15

20

25

ced with hafniumo
R? to RS are each especially preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a heterocyclic compound
residual group, an oxygen-containing group, a nitrogen-
containing group, a sulfur-containing group or a silicon-~
containing group.

In particular, as regards activity, RS is preferably a
hydrogen atom, a halogen atom, a hydrocarbon group, a
heterocyclic compound residual group, a hydrocarbon-
substituted silyl group, a hydrocé.rbon—substituted siloxy
group, an alkoxy group, an alkylthio group, an aryloxy group,
arylthio group, an acyl group, an ester group, a thiocester
group, an amido group, an amino group, an imido group, an imino
group, a sulfonic ester group, a sulfonamido group, a cyano
group, a nitro group or a hydroxyl group, more preferably a
hydrogen atom, a halogen atom, a hydrocarbon group or a
hydrocarbon~-substituted silyl group.

Preferred examples of the hydrocarbon groups indicated
by R5 include straight-chain or branched alkyl groups of 1
to 30 carbon atoms, preferably 1 to 20 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, neopentyl and n-hexyl; cyclic
saturated hydrocarbon groups of 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; aryl

groups of 6 to 30 carbon atoms, preferably 6 to 20 caxbon atoms,

33 ~7S
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such as phenyl, benzyl, naphthyl, biphenylyl and triphenylyl;
and groups wherein the above groups are substituted with
substituent groups such as an alkyl or alkoxy group of 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, a halogenated
alkyl group of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, an aryl or aryloxy group of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, halogen, a cyano group, a
nitro group and a hydroxyl group.

Preferred examples of the hydrocarbon~-substituted silyl
groups indicated by R5 include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl-t-butylsilyl and dimethyl (pentafluorophenyl)silyl.
Particularly preferable are trimethylsilyl,
triethylphenylsilyl, diphenylmethylsilyl, isophenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl.

Two or more groups of R! to R3, preferably neighboring
groups, may be bonded to each other to form an aliphatic ring,
an aromatic ring or a hydrocarbon ring containing a hetero
atom such as a nitrogen atom. These rings may further have
a substituent group.

One group of Rl to RS contained in one ligand and one group

of R! to RS contained in another ligand may form a bonding group

,_ha2 N Z Si Mea ~~_~
-Ticdt2 T~ 1ia2 Z22 ~ N2
2Cl ~A 1 ~N, " Tcd2 w~

N T|2§ZI 2 ~N2 ~ CeH- r1 7NS,EPT2&]5 b~
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N 1

Tid2 ~N1?SEP2002Ow 1~ ~N ' Tid2 ~NaMN2I~~N, Tid2 ~ .
N2t 36 1 ~ S E P 202 Exanpl es of the conpounds represented by the above
formula (1) wherein Mis a transition nmetal atom M- of G oup 6 of the
periodic table are yivea bel ow, but the conpounds are not limted to those

exanpl es. "M'Xn . MXn/ 2 ~ 2iNE3M~~~_..’-V¥>£n2N/~....MXn
~-- MXn/ 2/ 2 N~MXn ~ ~M Xn N// /i N N S\EZPZ&Q% N~ M~Cn
N37 ~"" MXn ~2"'" MXn N 2J MXn 12 ~N.. ..M~ NON... ~ 2

~?sEP200drMaXmilngle bond, and R!s, R2s, R38, R4s, or RSs may be the
same or different.
n is a number satisfying a valence of M, specifically,
an.integer of 0 to 5, preferably an integer of 1 to 4, more
5 preferably an integer of 1 to 3.
X is a hydrogen atom, a halogen atom, a hydrocarbon group,
an oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a phos;ihorus-containing group, a
10 halogen-containing group, a heterocyclic compound residual
group, a silicon-containing group, a germanium-containing
group or a tin-containing group. When n is 2 or greater,
plural groups indicated by X may be the same or different.
The halogen atom is fluorine, chlorine, bromine or
15 iodine.
Examples of the hydrocarbon groups include the same
} groups as previously described with respect to R! to RS.
Specifically, there can be mentioned aikyl groups, such as
methyl, ethyl, propyl, butyl, hexyl, cctyl, nonyl, dodecyl
20 and eicosyl; cycloalkyl groups of 3 to 30 carbon atoms, such
as cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl
groups, such as vinyl, propenyl and cyclohexenyl; arylalkyl
groups, such as benzyl, phenylethyl and phenylpropyl; and aryl
groups, such as phenyl, tolyl, dimethylphenyl,

25 trimethylphenyl, ethylphenyl, propylphenyl, biphenylyl,



MXn 2 ~N/MXn NN~ jMsCn N 3817 S E P 2002 Exanpl es of the
transition netal conpounds represented by the above fornmula (1) wherein M
is atransition nmetal atomof Goup 6 of the periodic table are Q ven

bel ow, but the transition nmetal conpounds are not limted to those exanpl es

17 ~SEP2002f rIXOXCOX /""" rX" 22Z~22Z ; SiMe~-OX"' OX
G OX OXZNZI2N=-2,~~ JE_'Crx~~'1quJq\[I.:P@0822~2v~z
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2002 | n taphtihyile onethy bsapithyibnoanthuyheahil phevapthEyldenThesean et hyl
group, iPr denotes an i-propyl group, tBu denotes a tert-butyl group, and
Ph denot dgrdxrgamriydn grooyps Tecludeshdaloyemeted lnydmocdber pyeseps 2d by t he

formila 5specifica11y, groups wherein at least one hydrogen is replaced
with halogen in the hydrocarbon groups of 1 to 20 carbon atoms.

5 Of the above groups, preferable are hydrocarbon groups
of 1 to 20 carbon atoms.

Examples of the oxygen-containing groups include the
same groups as previously described with respect to R! to RS.
Specifically, there can be mentioned a hydroxyl group; alkoxy

10 groups, such as methoxy, ethoxy, propoxy and butoxy; aryloxy
groups, such as phenoxy, methylphenoxy, dimethylphenoxy and
naphthoxy; arylalkoxy groups, such as phenylmethoxy and
phenylethoxy; an acetoxy group; and a carbonyl group.

Examples of the sulfur-containing groups include the

15 same groups as previously described with respect to Rl to RS.
Specifically, there can be mentioned sulfonato groups, such
as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,

20 p-chlorobenzenesulfonato and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;

alkylthio groups; and arylthio groups.



(I') wherein mis 2 and one group of Rl to R5 contained in one |igand and
one group of RL to R5 contained in another ligand forma bonding group or a
single bond is, for exanple, a conmpound represented by the follow ng

formula (1-a). R11t N,, ,-" N~U-U"' .. Mn I T, S ST 10 15 ( |-a)
have the same nmeanings as those ofpsM A, Q S, T, U, R[L?thp QG??forrrul a
(r-a), M A Q S, T, U RLto R and X R5 and X in the formul a ), and A

has the same nmeaning as that of A U is a ¢arbon atom having a substituent
group R12 ( (Bxeyelps afpthegtbregenr CORERSRIRT EESPREiRCHE@m thep=) m
preferably a carbon atom having a substjtuent group R or a phosphorus atom
nore pr eBaPEHEYOBPE RS RMFeNINHtY idrper hed Witlerespecy baRRto RS2 S E P
2002 Q is a carboy atom having a substituent group R13 ( (R13)C=), a

ai t r ogen Spegrhflasdlyr thermspanrbe menhiened) anpamippagkpuaicarbon at om
havi ng a substituent group R13.. S is a carbon atom having a substituent
group Rlalkylamind gdupsa such ogemetbyilaming, odimephydpmdmnaes at om (- P=)
, preferably a carbon atom having a substitueat Qoup Rl~. T' is a carbon
at om Havidig thysldrsirid ,uciipxppvbaiiho( dRbhGE€Iamiaonandogen atom (-N=) or a
phosphorus atom (-P=), ' preferably a carbon atom haviag a substituent
group RlWick:TsHestyldlitndpyatid® dihelanino osr dalkelenylamidohgsoups, sane
meaning as that of R, and Rla to R15 have the sane neanings as those of RZ

to R5. Rlguidh Rl apleiiilahin&] Sdipliehglahdndgmditolgilfabdment, and two or
nore groups of R to R5 and R11 to R15, preferably 15 nei ghboring groups,

may be bangiesbhthybati 9 hehdt fRetRilphBngtiapiaic.c ri ng, an aromatic ring or
(a hydr ocarbon ring containing a hetero atom such as a nitrogen atom t
Examples of the boron-containing groups include BRy (R

10 is a hydrogen, an alkyl group, an aryl group which may have
a substituent group, a halogen atom or the like).

Examples of the aluminum-containing groups include AlR,
(R is a hydrogen, an alkyl group, an aryl group which may have
a substituent group, a halogen atom or the like).

15 Examples of the phosphorus-containing groups include
trialkylphosphine groups, such as trimethylphosphine,
tributylphosphine and tricyclohexylphosphine;
triarylphosphine groups, such as triphenylphosphine and
tritolylphosphine; phosphite groups (phosphido groups), such

20 as methylphosphite, ethylphosﬁhite and phenylphosphite; a
phosphonic ;cid group; and a phosphinic acid group.

Examples of the halogen-containing groups include
fluorine-containing groups, such as PFg and BFy; chlorine-

containing groups, such as ClO; and SbClg; and iodine-

25 containing groups, such as IOq.



Y is a bonding group or a single bond forned fromat |east one group
selected fromR to R5 and at | east one group selected 20 fromR11l to R15.
The bondi ng group indicated by Y is specifically a group containing at

| east one atom sel ected from oxygen, sulfur, carbon, nitrogen, phosphorus,

silicon, selenium tin, boron and gée |ike. Exanples bff P @08@ps i ncl ude
groups 25 contai ning chal cogen atons such as -O, -S and -Se-~ 17SEP

2002 nitrogen-_or phosphorus-containi ng grougs, such as, -NH, -N(CH3)z-,
-PH and - P(CH5amples 5 Ehe RePERGECEC 1°PBPoRRd iF BB LAURINETOUREh as
-CHZ-, -CHZ-CHz- and -C (CH3 ) s-= residual_groups of cyclic unsaturated
hydr ocar beralede dhe samecgrpuypssagRyAvViaurly dederikacd withoresppeke and

ant hraceae; residual groups of heterocyclic compounds having 3 to 20 carboy
at oms ancc@dit 2iniBg hetero atons, such as pyridine, quinoline, thiophene

and furan; silicon atom containi ng groups, such as -SiHz- and -Si (CH3) Z-;
tin atom cont aExamples cofsthe uehligonocoshpdningdorsypgcipeiude: thad boron
at om cont ai ni ng groups, such as -BH, -B(CH3)- and -BF-. The transition
met al Sconpame drepesenprevipusily dessuibed whthwespect Ro RAERRS.form a
bondi ng group or a single bond is, for exanple, a conpound represented by
t he foll cSpeaglififcablyithdre bhn bélmentoded hydrocakhop-sAbstAtted=S S=f
(T-b) 20 In the fornula (I1-b), M A Q S T, U RZto R5 and X have the
same neangbliglagrotipse sucll as plhenylsilyl, MAphenyWdillyY, S E P Z~~2 RS
and X in the formula (1), and A, Q, 8, T, U and Rl~
trimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
10 tritolylsilyl and trinaphthylsilyl; hydrocarbon-substituted
silyl ether groups, such as trimethylsilyl ether;
silicon-substituted alkyl groups, such as
trimethylsilylmethyl; and silicon-substituted aryl groups,
such as trimethylsilylphenyl.
15 Exanmples of the germanium~containing groups include the
same groups as previously described with respect to R! to RS,
Specifically, there can be mentioned groups wherein gilicon
is replaced with germanium in the above-mentioned
gilicon-containing groups.
20 Examples of the tin-containing groups include the same
groups as previously described with respect to R! to RS.
Specifically, there can be mentioned groups wherein silicon

is replaced with tin in the above-mentioned silicon-

containing groups.



t0 R15 have the sanme neanings as those of A, Q, S, T, U and Rz to R15
inthe formula (I-a). Rs to R5 and Ri's to R15 may be the sane or different,
and 5 two or nore groups of Rz to R5 and Ris to R15, preferably nei ghboring
groups, may be bonded to each other to forman aliphatic ring, an aromatic
ring or a hydrocarbon ring cont a| gzng a hetero atoms c.? as a ogen
atom In the fornmula (I1-b), at t one of R~ and Rli larly
both of them are each preferably a hal ogen atom a hydrocar bon group, a

het erocycl i ¢ whepaurits Resk dgwdagao, plara L yy@tips AAddicaited BiyOX may
ni t rogen-contai ni ng group, a boron-containing group, a sulfur-containing

group, abghehghgais- 6endaffietent!,Ownd §l%uralc oty alizm'maﬁd)%r% ® 15
ger nani umcontal ning group or a tin-contalning group. n1s a nu

sati sfyi payabeabendadoicdMeatt ottt It fddny arﬂ‘ﬂ?ably a hal ogen atom a
hydr ocarbon group of 1 to 20 carbon atonms or a s onato group. Wen n is 2

or greater, tRejl peeif@raBAy ORYdDSYn M dn Ofa %%?h 8RdgdokO gach ot her
e

may be an aromatic ring or an aliphatic ring. Y sane neani ng as

that of ¥ylaRddaerbd By, o oxAfsh-Wsicaiisng Gy¥gdagcaLbgn group, the

hydr ocar bon group has 3 or nore carbon atons . Such a bonding group Y' has

a SUrUCt Wierene emgo%ealmmﬁu@aherbs Eeagrt.abi&eg t%d%géﬁré‘%ﬁ( 3 or

P 2002 at’omrs, nore pre era ns parflcul arly
f b 0 Dgpgj Qﬁﬂ h bstit t
g;gugraa%n% tog'ej‘} ?'{1 I va%]q%‘f% ondl ng gr oup ??(Y- ?\rllgl 3d2u580|hargggen
t h {
(1 oups, Sﬁﬁchazﬂg%es%ﬁa%) cFangft} §9§%fb?93@£9 .cﬁlﬁe%"%%%%lﬁ?ﬁg
gr oups,

- SnHs- %ucp_gn fﬂfsﬁ ?E?a?‘lﬁa vgﬁ“ %’c? °éﬁ'n| ont ggag §ﬂ°§ssu as_

( 16 compounds are not limited to those examples.

In the following examples, M is a transition metal atom,
e.g., Sc(IIrr), Ti(rrI), Ti(IV), Zr(III), Zx(IV), HE(IV),
V(IV), Nb(V), Ta(V), Co(IXI), Co(III), Rh(II), Rh(IXII) or
Rh(XIV). Of these, Ti(IV), Zr(IV) or Hf(IV) is particularly

15 preferable.

X is halogen such as Cl or Br, or an alkyl group such
as methyl. When plural X are present, they may be the same
or different.

n is decided by a valence of the metal M. For example,

20 wh—en two monoanions are bonded to ;:he metal, there can be
mentioned n = 0 in case of a divalent metal, n = 1 in case
of a trivalent metal, n = 2 in case of a tetravalent metal,
and n = 3 in case of a pentavalent metal. More specifically,
there can be mentioned n = 2 in case of Ti(IV), n = 2 in case

25 of Zr(IV), and n = 2 in case of HE(IV).



10 and -BF-. Exanples of the hydrocarbon groups include saturated

hydr ocar bon groups of 3 to 20 carbon atons, such as - (CHz) 4-, - (CHZ) 5-
and - (CHz) 6-; cyclic saturated hydrocarbon groups, such as s

cycl ohexyl i dene group and a cycl ohe~l ene group; groups wherein parts of

t hese saturated 15 hydrocarbon groupg are substituted with 1 to 10

* substituent groups such as hydrocarbon groups, halogeg§7(§ﬁzp gQQz, f

| uorine, chlorine, brom ne) and hetero atons (e. g., (0] 1) PSS ar, 1

ni trogen, phosphorus, silicon, selenium tin, boron); residual groups of
cyclic unsaturated hydrocarbons of 6 to 20 20 carbon atons, such as
benzene, napht hal ene and ant hracene; and residual groups of heterocyclic
conmpounds having:3 to 20 carbon atons_qpd contai nin etero atonms, such as

pyri di ne, oline, hene and f(r ar 4s 1 7 P 2002 Exanpl es of
t he transi met al unds represepg¥ed by the f la (z-b) are given
bel ow, but ftfhe conmpound$_of the foz~nul imted to those
exanpl es. }Mgns E Wu 6u E3ute \MxXn
2 N 12 2
h




~ 7 s ~ P 2002 =n the above exanples, Me denotes a nethyl group, and Ph
denotes a phenyl group. In the present invention, transition netal

coi gpouads wherein the titaniumnetal is replaced Wth a netal other than 5
titanium such as zirconiumor hafnium is the above-nentioned conpounds
are al so enpl oyable. The process for preparing the transition netal
conpound (A) is not specifically lipgted. For exanple, %oﬁ‘EcBnZ{]@?_i gand
precursor) which WIIl beconme a ligand in the 10 synthesized transition
metal compound (A) is allowed to react with a transition netal -containing
conpound such as a conpound represented by MXk (M and X have the sane
meanings as those of Mand X in the formula (I) and k is a nunber

sati sfyihg al ence of ¥§. 15 The p ess is now specifically described.
When t hef for A LA Nng t hé ansition metal conpound (A) is a a
pyrrol e-2 gAe | i gan conmpound | gand precus ) which will becone

inthe s hesi zed tr (tion nmetal conpound

the pyrrol ¢

al doi m ne |
(AQ is ol di M

by 20 al %9 e compedlidskMEnreact with a

primary gonpound ted I gz formula R ; (R has the sane
meani ng As that of Rl i 2f or mul & Q )) such as @niyaniline conpound or an
al kyl am ne”CogiMasnd. rejspeci fi cal¥, ~gikwgy acyl py impEound and the

primary anm ne conpound Baxi ssol ved in a solvent. Then, the resulting
solution is 48 1 7 S E P 2002 stirred under the conditions of a
tenperature of roomtenperature to refl?@P*‘terrperaturfor about 1 to 48

hours, where he correspondi ng kf tBwr sor
ACeH13 .




o

high yield. As the solvent, any solvent generally used for 5 such reaction
i s enpl oyabl e. Above all, an al cohol solvent such as nethanol or ethanol or
a hydrocarbon sol vent such as toluene is preferable. Wen the |ligand for
constituting the transition netal conpound (A) is a phosphol e al doi m ne
ligand, the ligand 10 precursor can be obtained by, for exanple, allow ng
an acyl phosphol e conpound obtai ned gy fornylation of hal ogenated phosphol e
(by a nmethod described in Angew Chem 1994, 106 (11) 1'ﬁ2§ﬁ{)2@ act with
an aniline conpound or R-NHa (R has the sane nmeaning as th f RL in the
formula (1)) in the same 15 manner as described above. Al so, when the
ligand is a five-nenbered heterocyclic conpound wherein in the fornula (1)
Uis a carbon atom A.is F' a nitrogen atomor a phosphorus atom and at

| east one of Q S and is anitrogen atomor a phosphorus atom a . g. ,
pyrazol e 20 aldoi m

exvi he |igad pre s0r can b nt hesi zed by
performng o rny on and od bn of an | gro in the sanme
manner as de bed “g#ove. I n TRE€ synthesis ofim™ | Ngan Ppr% tXor wherein U

in the formulal (1).ig a nitrogeg.at xm-Nt he |i gand g;ﬁif can be 25
obt ai ned by "owWMNg five-meffber£t, heferocyclic [congoind 49 17 SEP
2002 havi ng t the a-paglti Ogmsuch as p | e, NTol e, phosphol e
or pyrazol e, th a & a2 conmpound s froman aniline
or al kylam a / More spéci MwalTy, both of the arting conmpounds

are dissolved 5 is a solvent, and the resulting solution is stirred at a
tenperature of 0 Cto reflux tenperature for about 1 to 48 hours, whereby
the corresponding ligand is obtained. A water solvent is preferable as the

sol vent. The diazgni um conmpound is obtai nedQy, for exanpks, 10 allow ng a
primry anilinearn'ne conpound to reac h sodiumnte, al kyl
nitrite or the ke and a sti&Q aci d suc hydr ochl oritfacid in water.
la the synthesis the |igan recursor, a cid B
B o R
: 2
N /2 N 12 2 4
“L/L\ /N)k\ N hkﬁ)\wsu
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catal yst such as formc acid, acetic acid or toluenesul fonic 15 acid may be
used as the catalyst. It is effective for the progress of the reaction to
use dehydrating agents such as nol ecul ar sieves, nmagnesium sul fate and
sodiumsulfate or to ( . performdehydration by the Dean and Stark nethod.
Then, the thus obtained ligand precursor is allowed to 20 react with a
transition nmetal -containing conpoypd to synthesize the corr %ﬁﬂg&
transition nmetal conpound. More specifically, the synth s nd
precursor is dissolved in a solvent and then allowed to directly react with
the transition netal -containing conpound, to synthesize the 25
corresponding transition nmetal conpound. so 17 S E P 2002 =f necessary,
the ligand precursor nay be contacted with a base to prepare a salt, and
the salt may be mxed Wth a netallic conpound such as a netallic halide or
a netallic alkylate at a | ow tenperature and stirred at a tenperature 5 of
-78 Cto roomtenperature or under reflex for about 1 to 48 hours. As the
sol vent, any solvent generally used fo ch reaction is enpl oyabl e. Above

all, a pol sol vent such, as ethyl eth tetrahydrofuran (THF) or a
hydr ocar bfn sol vent 10 glch as tol uene preferably enpl d. Exanpl es of
t he base e%&ﬁr prepahng a salt inclur netal lic sal = @S |ithium
salts (€ g. “but yl [ and sodi g SMXn(e. g., sadi up drlde) and
organic es/zsuch asitri€tlgyl am ne and pyfilgdi ne, al thoygmthe<bases
enpl oy@bl €y 15 are no ited thereto | S“possi bl e t¥ eighange the netal
M in tha#ynt hesi zed pon net al pRound Wit h anot ransition

metal is a conventional way. en any | to RS is H,
{other than H can be introduced in any sigge of the 20 synthesis process.
The transition netal conpounds (A) nentioned above are

}iﬁ MXn N\ xn NN
N 12 s
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used singly or in conbination. The transition netal conmpound (A) can be
used in conbination with other transition netal conpounds, e.g., known
transition nmetal conpounds constituted 51 1 7 S E P 2002 of |igands
‘containing a hetero atom such as nitrogen, oxygen, sulfur, boroa or
phosphorus. In addition to the transition netal conpound (A), a titanium
cat al yst conponent coatai ni nQ magnesi um titanium5 and hal ogen as its
essential ingredients is enployabl e32 Exanpl es of the tr‘EQfSi téﬁn ﬁﬁhal
conpounds ot her than the above transitionnetal conpound 5) n2 e the
followng transition netal conpounds, without limting to those 10
exanples. (a-1) Transition netal im de conpound represented by the
following formula (I-c): R31 R32 N/ , ~;MXg R33 \N.., R34 15 (I-c) _ In
the above formula, Mis a transition netal atom selected fromGoup 8 to

G oup 10 of the periodic tattw preferably niLckel, palladiumor platinum
R31 to R34 may be the sane %ifferent andy'@ e each a 20 hydrocarbon group
of 1 to 50 can®@Hgat ons, a ogenat ed ~ SEP 200Z-fdr ocar bon group
of 1 to 50 cah on atons, a rocarbon su t ut ed sinIup or a

hydr ocar bon @roap, substi t ut Wth a substrfYueat group coOffalrirng at | east
oxygen, phwsphorus, sulfN\and silicon. 5
afl by R3F to\Rgzn pref Fablyyggi ghbori ng
her to f N I ng. == N

2 = 2 = 2

one at om sellect M?(Pom nitr
= =~

Two or nor{e iN“ yhe groups
groups, maybe ‘tned to

n

CgH NO,
jo s ci al
NJ
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s N

MXn é Mixn

= = )
\N 2 . \N 2



gis an integer of 0 to 4. X is a hydrogen atom a hal ogen atom a

hydr ocarbon group 10 of 1 to 20 carbon atons, a hal ogenat ed hydrocarbon
group of 1 to 20 carbon atons, an oxygen-containing group, a

sul fur-containing group, a silicon-containing group or a

ni t rogen-contai ni ng group. Wen is 2 or greater, plyral ndi cat ed
by X may be the sane or differen83 15 ( a-2) Transitioz gﬁEEFQQQZde
conmpound represented by the following formula (1-d): N ((EmMA ~ jMKP N R

(=-d) 20 M¥elspeliffiRk dXA2plad bE cheveransfiulon Metalacdtpdmehdison net al
atom selected fromGoup 3 to Goup 6 of the periodic table, preferably

titani upppZbEeABHTLY thd TEdthuta Y fhclddebEolhewdage tatagiihiner ent sad
are each a 5 hydrogen atom a hydrocarbon Qoup of 1 to 50 carbon atons, a

hal ogengbipfoindko anb Yot d fwHet @120 £6aHEMAL8Feplaced with
hydr ocar bon-substituted silyl group or a substituent group having at |east

one at ogh g4l Ge! 8¢ AYBIHILPIRY cREYEET10REAZP Rk URL U I datipdS! | | Con. 10
mis an I nteger of to 2. als as integer of 1 to 5. Ais an atom sel ected
fromGoup 13 to Goup 16 of the periodic table, specifically boron

carbon, nitrogen, oxygen, silicon, phosphorus, sulfur, germanium selenium
tin or the 15 |ike, preferably carbon or silicon. When n is 2 or greater,
plural atomnms indicated by A may be the sanme or different. Eis a
substitueat group having at |east one atom sel ected from carbon, hydrogen,
oxygen, hal ogen, nitrogen, sulfur, phosphorus, boron and silicon. Wen mis
2, two of E may be 20 the sane or different or may be bonded to each ot her
to formaring. pis an integer of 0 to 4. X is a hydrogen atom a hal ogen
atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenated

hydr ocar bon group of




25 1 to 20 carbon atonms, an oxygen-containing group, a s4 17 S E P 2002
sul fur-containing group, a silicon-containing group or a

ni trogen-contai ning group. Wien p is 2 or greater, plural groups indicated
by X may be the sane or different. X is preferably a hal ogen atom a

hydr ocarbon group of 1 to 20 5 carbon atonms or a sulfonato group. (a-3)
Transition netal di phenoxy conpound repgesented by the followi ng fornula
(I-e): BI~Ai -\M\tA~)m 10 (I”e) In the above forml a, M-ﬂggpm i tion
nmetal atom selected fromGoup 3 to Goup 11 of the periodic TablFeX4 and m
are each an integer of O or i. 15 A and A are each a hydrocarbon group of
1 to 50 carbon atons, a hal ogenat ed hydrocarbon group of 1 to 50 carbon
atons, or a hydwsgcarbon gr or a hal ogepat ed hydrocarbon group of 1 to 50
carbon atons @ havi ng bstituent gfoup contai nin gen, sulfur or

silicon. A andy& 0 Sifferent. Hig a hydrocarbon group
:j%grbon groupyof 1 to 50 carbon

of 0 to 50 carfign atons, a | ogenat ed hyo
atoms, a grouf regie¥ente v Z, oxygemgricgul fur. Riand RZ are each
5517 S EPJ 2 hydrogar 2 group hayi fo 20 c#fboy'#tons or a

[ o 20

may be sanme or

:,

) car bon gat®™®ns “and cont g-jf Nz at | east one
- . . / . .

hetero atom and Z is car nitrogen, s , phosphorys or silicon. 5 p
is a nunber satisfying a valence of M X is auhydrogen at oliMey hal ogen
atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenated

hydr ocar bon greyp of 10 ™ 20 carbon atons, an oxygen-containing group, a
sul fur-cont aj g group, | i con-cont ai group or

(ni trogen-contahi ng group.TWey pis 2 or ater, plural Jgroups indicated

by X may be thghsanme or diN+weRt or may b bonded to eath other to forma

ring. (a-4) ffransf'Yon ng on%ound congar™Nmg,a lig ) qﬁipg

cycl opent adi g akel et ofiBontki ning at Ilea pne 5
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15 hetero atom said conpound being represented by the follov~ring fornula
(1-f): ~~)a ~R~ ~X X~X ~R~a M¥c X ~R~-a~ ~R~a b 20 (=-f) s6 1 7 S EP 2002
In the above fornmula, Mis a transition nmetal atom selected fromGoup 3 to
Goup 11 of the periodic table. X is an atomselected from Goup 13, G oup
14 and G oup 15 of the periodic table, and at |east one X is an atom ot her
5 than carbon. a is 0 or 1. $ach may be the sane or different and is a
hydrogen atom a hal ogen at om ad ydr ocar bon group, ‘/nggg)ezgngd

hydr ocar bon group, a hydrocarbon-substituted silyl a

hydr ocar bon group having a substituent group containing at |east one atom
sel ected from nitrogen, oxygen, phosphorus, sulfur and silicon. Two or nore
of R may be bonded to each other to forma ring. b is an integer of 1 to 4.
Wen b is 2 or greater gramps 15 indicated by-%(FQa)Sb%ér may be the sane
or drfferent d Rs may osslinked to each other. I's a cunber

sati sfying ence of M S a hydr ogemCﬁHgm a haI ’ atom a

hydrocarbon ghoup of 1 to 2 ar bon atons a hal ogenat rydrocarbon group
of 20 1 to 2QNc§rbon atomns Néi%gxx en-c nrn group,
gr |

3 a_sul fur-containing
L ai ni

group, a si I conyy tr 2conta| group. Wien c is
2 or great raI gro |cated y be the %ane cdi fferent,

and pl ural Nu 5 i ndic by2Y 25 nmay=be ‘tPonded to ther to forma

ring.
Q CL
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~ 7 s EP zoo2 (a-5) Transition netal conpound represented by the foll ow ng
formula: PB(Pz)3MXa In the above formula, Mis a transition netal atomof 5
Goup 3 to Goup 11. of the periodic table . Ris a hydrogen atom a

hydr ocarbon group of 1 to 20 carbon atons or a hal ogenat ed hydrocarbon
group of 1 to 20 carbon atons. | Pz is a pyrazoyl group or a substituted
pyrazoyl group . 10 n is a nunber36atisfying a val enc‘}e 0 E\{D 20@ a
hydrogen atom a hal ogen atom a hydrocarbon group of 1 To 20 Carbon stons,

a hal ogenat ed_ hydrocarbon_group of 1 t0 C t n

oxygen- cont aid%ﬁ(*apg?ﬂuﬁg SﬂguFBHP988&sairn%%ﬁ§a%%? % stl:lixlglc%lr’ﬁggnt ai ni ng
group or _a 15_nitrogen-coptainin roup., \WWen n.is 2,0or greater, plural

gr oups iﬁﬁmﬁ}%d(ﬁy%@%?fﬁé‘&%%sgw%% @‘reé"ﬁﬁ' 8‘F°ﬁh% b‘%'é to each
other to_forma rin a-6) Transition nmetal _.compound ..epresented_ by the
fol lowing ? rﬁ?ap?gi§§?°2g¢iﬂ px? ??'V°Q4 93-6’“1%4%“?'2 tl‘i GOMPANRAT” (=- )

1 ~SEP 2002 Ip,the above formula, Y~ and Y3 may be the sane or different
and are BREhNSR AiBdted &o &hose, AXGMRALES of the periodic table, and YZ
is an atom selected from G oup 16 of the periodic table. 5 R41 to R48 may
be the sane or different, they are each a hydrogen atom a hal ogen atom a

hydr ocarbon group of 1 to 20 carbon atons. a hal ogenat ed hydrocarbon group
of 1 to 20 carbon atons, an oxygen-containing group, a sulfur-contaiaiag



group or a silicon-containing group, and two or nore of them 10 may be
bonded to each other to forma ring. (a-7) Conmpound conprising a conpound
represented by the following formula (I-h) and a transition nmetal atom
selected fromGoup 8 to G oup 10 of the periodic table: R51 N Rs2 N ~~ R53
N-R54 15 (1-h) In the above fornmula, R51 to R54 may be the sane or
different, they are each 'a hydrogen atom a hal ogen atom a hydrocarbon

group of 1 to 20 carbon atons or a Bl ogenated 20 hydroc f 1to
20 carbon atoms, and two or nore of them may be bonded t?%@gffzgmto

forma ring. (a-8) Transition netal conmpound reFresented by the follow ng
formula (1-i): 59 ass FYi An Rs~ RmRss MXg Rss P1 7 S E P 2002 (I-1)
In the above formula, Mis a transiti.otal atom5 selected from G oup 3

integer of 0 to 3. nis an

3. gis a nunb satisfying a
re each a
(MBroup of 1fto rbon at ons,
2

to Goup 11 _ef the periodic table. mi
i nteger of or 1. p isﬁ’n i nt eger of

e

. ;‘ ““““ MXn AMixn ANk Kieeeee g
/ / & M'Xn
# / A v

N2\ MXn N”N>M'Xn N3N NZ U MXn
/ N 12 / N 2 / N® 12 / N/
P 7 7 r()



carbon atons, an oxygen-containing group, a sulfur-containing group, a
silicon-containing group or a nitrogen-containing 15 group, and two or
xeore of them may be bonded to each other to forma ring. X is a hydrogen
atom a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons, a

hal ogenat ed hydrocarbon group of 4k to 20 carbon atong,,a ygen. cont ai ni ng
group, a 20 sulfur-containing group, a silicon-contai n?n§ﬁ$< r a 60
17 S E P 2002 nitrogen-containing group. Wen q is 2 or greater, plural
groups i ndi c@raehrilesXofayphbetrhnsitdonometiallf comnoundsnuepbespotedd t o each
other to formaring. Yis a group to crossliak a boratabenzeae ring and is
5 car boiby shki abaverfgeanukai (I whereianMaism $eiasutiddidn avat@loagodd, G oup
15 and Group Z6 of the periodic table. (a-9) Transition nmetal conpound

r epr eseifesdoug e 60| tloei periocdful tablle) prel givenV¥eldur,s Butn $hd~s R-s
(I-~) I'n the above fornmula, Mis a transition netal atom sel ected from

G oup 3 drargitiod hetfall 66mpounddi £ré aldtelihited to ahdgd egampdlesl to 3. A
is an oxygen atom a sulfur atom a seleniumatomor a nitrogen atom havi ng
a substituent group R~~. R~1 to R~~ may be the sane or different, they are
each a hydrogen atom a hal ogen atom a hydrocarbon group, a 20

het erocycl i ¢ conpound residual group, an oxygen-contai ning



s 117 S EP 2002 group, a nitrogen-containing group, a boron-containing
group, a sulfur-containing group, a phosphorus-containing group, a
silicon-containing group, a germani untcontaining group or a tin-containing
group, two or nore of them nmay be bonded to 5 each other to forma ring,
when mis 2 or greater, one group of Ryl;to R~~ contained in one |igand and
one group of R~1 to R~~ contained in-araot her |igand g§$PPn2$ﬂ%to each
other, and R-ls, R-zs, R-3s, R-4s, R-5s,~ R~ss or R~~s be same or
different. 10 nis an integer satisfying a valence of M X is a hydrogen
atom a hal ogen atom a hydrocarbon group, an oxygen-containing group, a
sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an al um num contai ning group, a pbesgphorus-contai ning group, a 15
hal ogen-cont ai ni ng group, a heterocycli adpound residual group, a

si | i con- cont ani ng group, ger mani um c 21 ni ng group or [a_tin-containing
group, and e N IS 2 or eater, plural jgroups indicated may be the
same or dif#A rdnd pl wAE\reups i-ndi ghitegoly X may b ed to each
ot her to 20 4 ring. Transi tijon Bt al conmpoung~ontZi ni ng a

| i gand havino cycT opent g skel et onyT4 ¥ Vanadi u ogpound
represent e\ qf@rmjla 25 OR ) aXg 162 1 7 SEP
2002 In the above fornmula, RY%€%n al i pha hydrocarbon esiPdual group. X
is a halogen atom a is a nunber satisfyi's he coalition of 0<n3. 5 1B-1)
Organonetal i ¢ conmyound Exanpl es of the organonetallic conmpounds (H 1) for

use in the igmxention incl he bel ow descyi bed conpounds _which contain a
.netal sel ec rom Group oup 2, G od P and Group f the periodic
(table. '" 18(B | a) O ganoahgm™mum conpour ppresented b e
N, "\ Cr N
>)C’x } 5 X >Crx }Crx
z \ N 12 N /2
N _~# N)

ooy
5)2“ *g) f



following formula: R-m~ ( ORb ) aHp~ wherein Ra and Rb may be the sane or
different and are each a hydrocarbon group of 1 to 15 carbon atons,
preferably 1 to 15 4 carbon atons; X is a halogen.atom and m a, p and g
are nunbers satisfying the conditions of 0<nB, 0On<3, 0p<3, 0g<3 and mtra+p+q
=3. (,; (8-1b) A kyl conplex conmpound conprising a nmetal of Goup 1 of

the periodic table and al uminum <% d conpound bei ng 307 r P0xd by the
following formula: M-AlRa4 wherein Mz is Li, Na or K; andggapis a

hydrocarbon gnoURKHY abdwd lekdmd hed), & Eendt & €4 dRbhy1 §rdupdr Ben atons.
63 1 7 S E P 2002 (B-Ic) D alkyl conpound containing a netal of G oup 2 or

%Frgmlﬁﬁ‘(ﬁ'%eﬁ %:g{i?R~;)%Bt°%m\/‘\%e'r Zﬁngﬁgﬂ%m%wn%%émm&gr |;P:rent
gg?bgaea%&aﬂym-%%%%.]aﬁégagrrhgldé%o é‘?ﬁié(%i?egn oa zﬁém {J)r/n Lrod
ol Lowing 10 o ardAEL R et f R e B L PR RS Y S
or of cPabl G EREATE P85 2 o SE B Y KR 0 o bR AR R ARV g (e
Fol | owi gl RGPHh A IHMBXS P Bt oih TP CA Lt SEaPROREBF HIFORET 10 15
carbon, Sgmy ShEELEs hveh, bR, 4 HEBIR BRI 15y BT ARER] Aom and

compound represented by the following formula (I-a).

10 (I~a)

In the formula (I-a), M, A, Q, S, T, U, R! to R5 and X
have the same meanings as those of M, A, Q, S, T, U, Rl to
R5 and X in the formula (I), and A' has the same meaning as
that of —A.

15 U' is a carbon atom having a substituent group R!2 (-
(R12)C=), a nitrogen atom (-N=)or a phosphorus atom (-P=),
preferably a carbon atom having a substituent group R12 or a
phosphorus atom, more preferably a carbon atom having a

12
substituent group R .



an organoal um num conmpound represented by the follow ng forrmula: RamAl H3_m
1 7S E P 2002 wherein Ra is a hydrocarbon group of 1 to 15 carbon atons,
preferably 1 to 4 carbon atoals, a:~ mis preferably a nunber satisfying
the condition of Znk3; and 5 an organoal um num conpound r~epzresented by
the followng f onaul a RamAl (

) aXq wherein Ra a,r% I& t he sane
ar different and are each a hydro Lt bon group of 1 tol 15 Eéﬂ ons,
preferably 1 to 10 4 carbon atons, X is a halogen atoa, and m a and q are

nunmbers satisfyi g dheaspsdi Atons halrigyad sibst ittt apfbup RY 1-3.
Particul ar exanpl es of the arganoal um num conpounds (H1la) include: 15

tri-n-al kyinlauy W ey S td RNy Ji PHsgHdRI Wt Ni-2ay,
tri-n-butylal ==~Trum tripropylalum num tripeatylal um num trihexylal ~~am

trioctyl %umuﬂhgr‘d EhAB6Y LU HMnd IR e Dk { g Ghis YRENIN: ~urTs,

such as tri1sopropy um num triisobutylalumnum Tri-

butyl al umi nun g Laeaeﬁuhyh%'ﬁw:h&yq :51 ﬁs{lﬁ%\?’i&%ﬂé PGP UL (-

tri-3-net~, xy3~utylalumnum tri-2net e um num
15 Tl RtV U U U TR B e som (-52).

26 tri cyBFaReIpraT LR NATERR AT R TN T areer HERESRE; HHoRa H s, “such
o5 L1 pheny! ABmpum Andall WA VRPN Sl ulab gLaup st ges. suer
(R1%5)C=), a nitrogen atom (-N=) or a phosphorus atom (-P=),

preferably a carbon atom having a substituent group Ru.

10 R!1 to R!5 may be the same or different, Rl has the same
meaning as that of R!, and R!2 to RS have the same meanings
as those of R?2 to RS,

R! to R5 and Rl to R15 may be the same or different, and
two or more groups of R! to R5 and Rl to R5, preferably

15 neighboring groups, may be bonded to each other to form an
aliphatic ring, an aromatic ring or a hydrocarbon ring
containing a hetero atom such as a nitrogen atom.

Y is a bonding group or a single bond formed from at least
one group selected from R! to R5 and at least one group selected

20 from R! to RS,

The bonding group indicated by Y is specifically a group
containing at least one atom selected from oxygen, sulfur,
carbon, nitrogen, phosphorus, silicon, selenium, tin, boron
and the like. Examples of such groups include groups

25 containing chalcogen atoms such as -0-, -S- and -Se-;



hydride; trial kenyl al um nuns represented by (i-CdHg), ~Al y(CSHi 0) z (wherein
X, y and z are each a positive cunber, and z2x), such as

triisoprenylalum num 10 al kyl al um num al koxi des, such as i sobutyl al um num
nmet hoxi de, isobutyl al um num et hoxi de and isobutyl al um num i sopropoxi de;

di al kyl al um num al koxi des, such as,di met hyl al unm nu g@y iﬁ

di et ~yl al um num et hoxi de and di but‘% al um num 15 bu'?i)%3 ﬁa ﬁOQm um num
sesqui al koxi des, such as et hyl al um num sesqui et hoxi de and butyl al um num
sesqui buhdxirdgenpaldy FHospHdery+Edeea thkiyd agre@ps, meubhy asg -AR-gver age
conposition represented by RazZ 5A1 (ORb) 0.5% 20 di al kyl al um num

aryl oxi dest(Cxy¢ h- as-P et dxyd ad p(CHRYR-PhRydrodarbon groups of 1 to 20

di et hyl al um nun( 2, 6-di -t - but yl - 4net hyl phenoxi de),

et hyl al UlaRWdY &€3mB; dduéh i youdrpt it ploanoxané)-C (CH;) ;-7 residual

di i sobutyl al um un(2, 6-di -t-butyl -4net hyl phenoxi de) and

i sobut y| rigRigy §E %&%a.&cduntsalwtﬁdte% HY ©F ko 20S8a2bénS E P

2002 di al kyI al um num hal i des, such as di nmet hyl al um num chl ori de,

di et hy| alppindUBLER £k iKn 7 SA N M HAHE TUHB GRHAOBRER adiesiehY ek LaLRYM
brom de and dii sobutyl al um num chloride; 5 al kyl al um num sesqui hal i des,

such as eflylal W ﬂu%gglagwﬂ@ eeh.s%unﬁgt KhPiHE Su. %Saum%oatsﬁsand

et hyl al um num sesqui br , partially hal ogenated al kyl al ui ai nuns, such as
t hyl al I
i by o det EREHLRLAY hePhoRY b oS! THILE & P et i nu%’%'%i Mie and
di butyl al t | 44yd
slpegl %/I 2%%&3%&3%‘%%% dlb#'g ggé&gﬁgﬁﬁggl %H [%ﬁl{)&%{%im num %Bhydrl de
land propy'@iﬁ'm R LW R 45,2 Al d el o A £k BabRogRA! o0

al kyl al um nurs
10 -SnH,- and -Sn(CHj3)3-; and boron atom-containing groups, such

as -BH-, -B(CH3)- and -BF-.

The transition metal compound represented by the formula
(X-a) wherein R! and R1! form a bonding group or a single bond
ig, for example, a compound represented by the following

15 formula (I~b).

() N N
s Ny
" /\

\

S_—.I

—'I/

(I-b)

20 In the formula (I—b)’ Ml A, Q’ S' T’ U, Rz tO Rs and x

have the same meanings as those of M, A, Q, S, T, U, R? to



such as et hyl al um num et hoxychl ori de, butyl al um num but oxychl ori de and

et hyl al um num et hoxybr om de. Conpounds anal ogous to the organoal um num
conmpound 20 (B-1a) are al so enpl oyabl e. For exanple, there can be nentioned
or ganoal um num conpounds wherein two or nore al um num conpounds are

conbi ned through a nitrogen atom such as ( CzHS ) ZAIN ( ) Al ( CZHS

CzH5
) 2 . Exanples of the conpounds (B43b) include Li d 25 Li Al (
CxlS) a 6' 1 ? S EP 2002 O her compounds, suéli Z\ggﬁ Izbn?thi um

ethyllithium_pr |10 thium Quty]lithi met hyl npgnesi um brong d
net hyl rra%e?r”tﬁ}gmébﬁbc?e,fu e e'si’tﬂgﬁn&'dm%e', t’h 'rraéﬁeﬁ’anfg‘ﬁl ori de,
pr opyl magnesi brom ge, 5 propyl pagaesi um chl ori de, butyl magnesi um
br oni de, g"b%t%#%@ﬁ@s?’ fh EWBrW%?f’?ﬁM%ﬁ%é%ﬁ e &'et By nBgmeVi'um
di but yl magnesi $m and . utyl et hyl magnesi um are al so enpl oyabl e as the
or ganomet3¢ R*c SfpRinddn Bhe) forguilanddrdds of conpounds capabl e of
produci ng the 10 above- mentli oned organoal um num conpounds in the
pol yneri zat i onrR% &t & ard R*? go RifopaxtPerthe sane gxadisfexpusi nandand
al kyl I ithium and a conbi nati on of hal ogenat ed _al um num and al kyl magaesi um
are alPso &Wpleyampse groune efgBAoket BF | ard cRifpsn®dS¢ ppupferablys
or ganoal um num conpounds are preferable. The organonetal lic conpounds (B-1)
ment i onedrebghboringugrauesngmpyobei hondeti kot pashopthar te forwm kionds. |
The organoal um num oxy- conpound (B-2) for use in the 20 invention may be
convent i onhiphatidenyinge en ssromafiige wdmg:-om o hdnoaaxiroroating num
oxy-conpound as exenplified in Japanese Patent Laid-Qpen Publication No.
78687/ 199€ontaining a hetero atom such as a nitrogen atom.
In the formula (I-b), at least one of Rt and R4,
10 particularly both of them, are each preferably a halogen atom,
a hydrocarbon group, a heterocyclic compound residual group,
an oxygen-containing group, a nitrogen-containing group, a
boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a
15 germanium-containing group or a tin-containing group.
n is a number satisfying a valence of M.
(1 X is particularly preferably a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a sulfonato group.
When n is 2 or greater, the ring formed from two or more of
20 X bonded to each other may be an aromatic ring or an aliphatic
ring.
Y' has the same meaning as that of Y in the formula (I-a),
and when Y is a hydrocarbon group, the hydrocarbon group has

3 or more carbon atoms. Such a bonding group ¥' hag a structure

25 wherein the main chain is constituted of preferably 3 or more



~ 1 S E P 2002 The conventional al um noxane can be prepared by, for
exanple, the follow ng processes, and is generally obtained as a

hydr ocar bon sol vent solution. (1) Aa organoal um num conpound such as 5
trial kylalum numis added to a hydrocarbon nedi um suspension of a conpound
cont ai ni ng adsorption water or a salt containing water of crystallization,
e.g., magnesium chloride hydrate, éﬂpper sul fate hy@r}t&EF&lﬁ}ﬂZﬁum sul fate
hydrate ni ckel sulfate hydrate or cerous chloride hydrate, to allow the 10

or ganoal ugicem,CROPE Pih fer-A13E 4 b R0 4H6m3 SR i AMLAWLF breferia®iqat er of
crystallization. (2) Water, ice or water vapor is allowed to directly act

on an or ganed YEl REBREOTPOMDN $Usihdihd Idufthsy il H AT BB BAAERSUCh as
benzene, toluene, ethyl ether or 15 tetrahydrofuran. (3) An organotin oxide

such as dj It|n oxide or dibutyltin oxide is allowed to react with an
or ganoal um num ( ; conpound such as tr| al kyI alum numin a nedi um such as
decane, benzen 1YV e 1D & -EEF& BERPNEg BYo %ﬂ@*n) 3 58Ph e 2 MOUNt
of an organonetallic conponent. er, It 1s possible that t & 5ol vent or

the ung eaq%eag]ég %@dﬁ{ﬂ négqcﬁtgrg)gu_r@ i s_glisiid! eds Of fn%éggggg_se_oégcover ed

sol uti on unm noxane an remal nder” i s redissofl ve vent or

suspended 4 bet%Mg.& 2ol TRl AOR -9, Lf(éuh h

Exanpl es 0 e organoal um ] conpounds used for prepari ng’the al uni noxane

i ncl ude tﬁiaﬁ%ganogﬂ%gﬂ %9‘%9%&% rbggl ? Lyages%_hbedﬁﬁlgt h

respect t al uimi num conpoun ese pre efable are 5
trlalkylal and I’IC cIo Ialumnums rticul ferable is
Kt ri met hyl al unfé@l e organoa ﬁ‘% ufi=ComS dundJ:c&har eBCus 2S| n gl'y or in
conbi nat i t,vvo or in : es of th ts

prepari ngcgt}?’lgé}i’d 3¢ u’rﬁ‘%g‘é g-cﬁ&%&&gﬁx&gg% BT 1RE hy < r%b%gbﬁ , sﬁiﬁgé)s'

e ponDandedcrie: RIS G AP HEAAT A CEPED® AT Rane and

oct adecane; allc i.C drocar bons, such_as cycl opent.ane, cl ohexane,
cycl ooct arfeP & ‘hﬁa 3‘& q‘é?‘é?’é‘i’%eﬁ'%%s ?Bit o ‘gtﬁr‘?f?%’é??’br% e By

gasol i ne, kero and gas. oils sad haI o enat ed oduct s of hese aromati c,
al i phatic &hd” ‘FV i & Yrglar 6TaRBONS h'cuﬁ%ﬁ c‘?ﬂ‘b‘f’F?‘n’éﬁ d or

brom nat ed products thereof . Ethers such as ethyl ether and

t et r ahydr OFYAERCAFROR | SEORREY 0§UBReaE OB erlzbeg%ﬂl\%éﬁpg IFLUR ARGA y

preferable are aromati ¢ hydrocarbons and ali phatic hydrocarbons.
cyclohexylene group; groups wherein parts of these saturated

15 hydrocarbon groups are substituted with 1 to 10 substituent
groups such as hydrocarbon groups, halogens (e.g., £luorine,
chlorine, bromine) and hetero atoms (e.g., oxygen, sulfur,
nitrogen, phosphorus, silicon, selenium, tin, boron);
residual groups of cyclic unsaturated hydrocarbons of 6 to

20 20 carbon atoms, such as benzene, naphthalene and anthracene;
and residual groups of heterocyclic compounds having 3 to 20
carbon atoms and containing hetero atoms, such as pyridine,

quinoline, thiophene and furan.



The benzeae-i nsol ubl e organoal um num oxy- conpound for use in the invention
is preferably an organoal um num oxy conpound containi ng an Al conponent
that is soluble in benzene 25 at 60 Cis an anouat of usually not nore than
10 ~s, preferably 17 S EP 2002 not nore than 5 % particularly
preferably not nore than 2 % in terns of Al atom Tr t is, the
beazene-insol ubl e organoaluninun1oﬂ§-conpound is pre 3?éﬁzp Qﬁggluble or
sparingly soluble in benzene. 5 The organoal um num oxy-conpound for use in

the invention Examblescstnphe, t 2dnigabRIheTR D FOEFIuERIP st NY
boron and represented by the following formula (IV): 21 20 21 RR1I- | Al

OB O R 1b®2thi0 forulahqrmiy) Rid gidrdl Helcw P Bud end dmpotRadOogar bon
atons; and each Rsl may be the sanme or different and is a hydrogen atom a

hal ogen ath® GormulalN@cHPUr& P Pimitéa 48 eﬁabeneﬁhﬁg& gf, 15 The

or ganoal um num oxy- conpound cont ai ni ng boron and represen eg by the formul a
(I'V) can be prepared by allow ng an al kyl boronic acid represented by the
following formula (V) to react with an organoal um num conpound in an inert
solvent at a tenperature of -80 Cto roomtenperature for a period 20 of 1
mnute to 24 hours under an inert gas atnosphere, Rzo-g- (OH) z (v) wherein
RZ is the sane group as descri bed above. "1 ~7 S E P 2002 Exanpl es of

t he al kyl boroni c acids represented by the fornula (V) include nethyl boronic
acid, ethyl boroaic acid, ‘



i sopropyl boroni c acid, n-propyl boronic acid, n-butyl boronic acid,

i sobutyl boroai ¢ acid, a-hexyl boroaic acid, 5 cycl ohexyl boronic acid,

phenyl boronic acid, 3,5 difluoroboronic acid, pentafluorophenyl boroaic acid
and 3,5-bis(trifluorvnethyl)phenyl boronic acid. O these, preferable are
met hyl boroni ¢ acid, n-butyl boronic acid, isobutylboronic acid,

3, 5-di fl uorophenyl boronic acid and | O geat af | uor opheayl_ boroni ¢ acid. These
al kyl boronic acids are used singly or in conbination ’i;f? @%R)QO@Qre ki nds.
Exanpl es of the organoal um num conpounds to be reacted with the

al kyl boroni c acid include the sane organoal um num conpounds as previously
described with respect to the 15 organoal um num conpound (B-l1a). O these,
preferable are trial kylalum nums and tricycl oal kyl al um Rarticularly
preferable are trinethylalumnum triethylalum num and
These organoal um num conpounds are used singly or is conbinati
nore kinds. 20AThe ganoal um num oxy- conpounds (B-2) T § (zpabove are
used singly oy i i nation of t or norne ki nds. anp¥es\ of /t he

conpound (B- eacts with the 2&.t p\ansition aN conpgaRd (A) to
forman ion - red "2 S‘%ﬁ’ 02 to as igaizi nfipnic
conpound her|ei n ncl ude Levi s .4Ci & "gh ionic conpounty, por ane
conmpound an e compoun scri i n Japanese Pat Lai d- Open
Publ i cati on 95¢4 1989, No. / 9, No. 179005N9%, No. 5
179006/ 1991, No. 703/1991 and No. 04/ 1991, and & Pa No. S,

32i,106. A heter& y conpound and an isopoly conpound dre al so avail abl e.
The Lewis acid is, for exanple, a conmpound represented by HR3 (R is

(f1'uorine or a phenyl agroup whi ch may s,have,a 10 substituent group such as
fluorine, nmethyl\_or/tiNfluoromethyl )\ Ex es of such c oumds i ncl ude
trifluoroboron, triphehylboroa, tri¢s(4-TTuofophenyl)bor gn,

(
tris(3,5-difluora )boron, tyi sg4..[XueNonet hyl phenyh) bokgn,
tris(pentafl or9ﬁﬁ§§~y ) bor on, f&t;@ﬁito ) bor on, rﬂ%fﬁaﬁfbn | ) bor on
and tris(3, NN N \\
/ N
tBu /= tBu i
tBu t Bu é

N-- ...
(- N\ ;ﬂ/ N\N %
i ey

s



di met hyl phenyl ) boron. The ionic conpound is, for exanple, a conpound
represented by the followwng formula (VI). R2a O R2zRx3 ~ ~ R2s R26 20 (v=)
317 S E P 2002 =n the above formula, RZ2 is H+, carboniumration,
oxoai um ration, amoniumration, phosphoniumration, cycloheptyltrienyl

ration, ferroceniumration having a 5ran5|t|on met al ? Eﬂgdgntg 5 Rs3 to
Rss may be the sanme or different ané are each an orggn cS referably
an aryl group or a substituted aryl group. Exanples of the carboai um
rations includeIfirthsusboveuesdmpisbpnMaendeabtessa methydsgroup, and

tri phenyl carbonium 10 ration, tri(methyl phenyl)carboniumration and

tri (di met hphplenpkpsaarbphenylr giroap.. Exanpl es of the anmvoni umrations
i aclude trial kyl ammoni um rati ons, such as trinmethyl ammoni um rati on,

tri et hyl ammoni ulhr ehieoprebeng’ dayettion} wramiiitdion Metal edneumasi um
ratios and tri(n-butyl)amoniumration; N, Ndialkylaniliniumrations, such

as N, N-di i sRbRyianthe HitAnium hdthlis Ne&ﬂdv:eahwlenld matamémé:%h%@
N, N-2,4,6 pentanethylaniliniumration; and dial kyl anmoni um rations, such as

di (i sopg opyikanaes, uanéﬁhlsoghﬁé@nz&éw&f@imyw@mwwh'e%ioﬁml es
of the phosphonlun1rat|ons I nclude triaryl phosphoni um rations, such as

tri phenyl pagﬁ,ﬁg%alynarﬁ Ia3B0 te[,i‘(lrgyggg_é)henyl ) phosphoni um r ati on and
tri (di nmet hyl phenyl ) phosphoni um rati on. i | S E P 2002

The process for preparing the transition metal compound

(A) is not specifically limited. For example, a compound
(ligand precursor) which will become a ligand in the

10 synthesized transition metal compound (A) is allowed to react
with a transitionmetal~containing compound such asg a compound
represented by MX, (M and X have the same meanings as those
of M and X in the formula (I) and k is a number satisfying
a valence of M).

15 The process is now specifically described. When the
ligand for constituting the transition metal compound (A) is
a pyrrole-aldoimine ligand, a compound (ligand precursor)
which will become the pyrrole-aldoimine ligand in the
synthesized transition metal compound (A) is obtained by

20 allowing an acylpyrrole compound to react with a primary amine
compound represented by the formula R!-NH, (R! has the same
meaning as that of R’ in the formula (I)) such as an aniline
compound or an alkylamine compound. More specifically, the
acylpyrrole compound and the primary amine compound are

25 dissolved in a solvent. Then, the resulting solution is



Rs~ is preferably carbonium cation, anmpai um cation or the |ike,
particularly preferably triphenyl carbonium cation, N, N-di methylanilinium
cation or N,N-diethylaniliniumcation. 5 Al so enployable as the ionic
conpound is a trialkyl substituted anmmonium salt, a N.N-dial kylanilinium
salt, a dial kylamoniumsalt or a 48iary|phosphon|u 2a$ | es of the
trial kyl -substituted annnniun1salts I ncl ude

triethy am?guat GhiacPhgay | ang el I UM AR STL £ £g4RNeY! ) bor on.

tri(n buty an~xnoni u or on,

i ?ﬁhﬂ?:ﬁ?ﬁ PREHELER BEE; 3%?*&% EoBPSS ﬁ‘té‘“ [%EE#L%@% 18 T Bazal) ) Poren
buty1) Qﬁﬁgﬁ%ﬂﬁ% é?ﬁ? ﬁ??ﬁﬁeﬂ‘y“ﬁ%%ﬁ%ﬁégﬁs '8 obtatned in a

b | ) amnr f b

bﬂ% gl ggnnE ﬁ( %r Ici’f?%?ﬁr?ﬂe?%%‘b %eixle%r. Olcﬁ’%he%é‘ﬁly used for

NN i é}% mﬁ?ﬁ% %ﬁéﬁ?é&%@?ﬁﬁ%gm mer? AURRRRY SPHHRA ) bor on,

N, N dleth I|n|u etr hen bar on and N

pent anet h ?‘f’rﬂ‘% (‘%ﬁ(—?{é%’m % & zgrgcgrggp 39bYeRt SRFRAHT t he
dlalkylanunonlun1§f4ts |nclude d|(1
propyl)a ophenyl)boron and
dlcyclohexyla~on|untetraé hen? boron. Further enployable as the ionic

conpound is 5 ¥ieh Yo CoRgtdtyding the srnsdyinn aetal N
d|nethylanlI|n|untetrakls(pentafluoropheayl)borate

f er r oceni GRFRURG Mafisuc ahessholn r%&@?imine ligand, the ligand
tri phenyl car beni unpent aphenyl cycl o entadlenyl nEIex .
N, N- di@t hPrasursas, geenthe ibhta i nfexi exgmpéerppdiowingoan boron

conmpound represented by the follomnng formula (M) or (MI1). H(Et2 3 3
acylphosphole compound obtained by formylation of halogenated

phosphole (by a method described in Angew Chem 1994, 106 (11),
1214) to react with an aniline compound or R1-NH; (R! has the
same meaning as that of R! in the formula (I)) in the same

15 manner as described above.
Also, when the ligand is a five-membered heterocyclic

compound wherein in the formula (I) U is a carbon atom, A is

—

a nitrogen atom or a phosphorus atom, and at least one of Q,
Sand T is a nitrogen atom or a phosphorus atom, e.g., pyrazole
20 aldoimine, the ligand precursor can be synthesized by
performing o-formylation and introduction of an imino group
in the same manner as described above.
In the synthesis of a ligand precursor wherein U in the
formula (I) is a nitrogen atom, the ligand precursor can be

25 obtained by allowing a five-membered heterocyclic compound



4 (VIl1) 15 wherein Et is an ethyl group. 76 ~ 7 S EP 2002 a 3 4 (v==2)
Exanpl es of the boraae conpounds include: 5 decaborane(14); salts of

ani ons, such as bis(tri(n butyl)amoni um aonaborate, bis(tri(n

but yl ) anmoni um) decaborate, bis(tri(n butyl)amoni um undecaborate, bis(tri(n
10 butyl)amoni um) dodecaborate, biggtri(n

but yl ) anmoni un) decachl or odecabor at gband bis(tri(n 1 7 SEP 2002

but yl ) anmoni um dodecachl or ododecaborate; and | salts of netallic borane

ani ons, shakriag hydfogen at the a-position, such as pyrrole, indole,

but yl ) anmoni unbi s(dodecahydri dododecabor ate)cobaltate(lll 15 ) and

bi s(tri (nphosphpdenox yaizolejodec ataatrt doidoil ex aba zomiwm cékehpoed| | ) .
Exanpl es of the carborane conmpounds include: salts of anions, such as

4- car banosghthanadzbd) friond ai carilane aorakiefllanine compound. More

6, 9- di car badecabor ane(14), 20 dodecahydri do- 1-phenyl - 1, 3- di car banonabor ane,

dodecahydepdeificallliy,” bothlidk thy etaeide compounls- ard- d.sdidred
undecahydri do- 1, 3-di net hyl - 1, 3- di car banonabor ane, 7,8

di car baundacab@ARRINE3) andl AHE GRENALEIES MO WELd 3)s stirred at a
undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,
temperature of 0 T to reflux temperature for about 1 to 48
hours, whereby the corresponding ligand is obtained. A water
solvent is preferable as the solvent.
The diazonium compound is obtained by, for example,
10 allowing a primary aniline or amine compound to react with
sodium nitrite, alkyl nitrite or the like and a strong acid
such as hydrochloric acid in water.
In the synthesis of the ligand precursor, an acid
catalyst such as formic acid, acetic acid or toluenesulfonic
15 acid may be used as the catalyst. It is effective for the
progress of the reaction to use dehydrating agents such as
molecular sieves, magnesium sulfate and sodium sulfate or to
perform dehydration by the Dean and Stark method.
Then, the thus ocbtained ligand precursor is allowed to
20 react with a transition metal-containing compound to
synthesize the corresponding transition metal compound.
More specifically, the synthesized ligand precursor is
dissolved in a solvent and then allowed to directly react with
the transition metal-containing compound, to synthesize the

25 corresponding transition metal compound.



dodecahydri do- 11- net hyl - 2, 7- di car baundecaborane, tri(n 5

but yl ) anmoni um 1- car badecaborate, tri(n-butyl)ammonium 1l carbaundecaborat e,
tri(n-butyl)ammoni um 1l carbadodecaborat e,
tri(n-butyl)auunonium1-tri~zeethylsilyl 1-carbadecaborate,
tri(n-butyl)ammoni unbrono-1 car baggdecabor at e, trl(rﬁtﬂngﬁ§a?gyﬁpiun}6 10
car badecaborate(14), tri(n- butyl)annnalun}G car badecabor
tri(n-butyl)ammoni um 7car baundecabor at e( 13)

tri (n-butyl ) afGRRIPRTARY CheAiAaREPTPGEEFQDmay be contacted with
tri(n-butyl)ammoni um 2, 9di car baundecabor at e( 12 tri(n

but yl ) anAoRASPd Qe PERPATEIS- 9&4&:mﬂnd7 they; Md&?aﬂéﬁﬁde with a
tri(n-butyl)amoni unundecahydri do-8 et hyl -7, 9-di carbaundecaborate, tri(n
but yl ) anfetadddcd corppandd siusty a8 |a mefal kg 8 9% armetallic
tri(n-butyl)ammoni unundecahydri do-8 20 aIIyI-? 9- di car baundecaborate, tri(n
but yl ) amasdivilahed afaly dowd Sempanataine [and \d tizrned)iats @ Senparaioiee ¢ and
tri(n butyl)ammni unundecahydri do- 4, 6-di bronb-7 car baundecabor at e; and '8
1 7 SSE P226GB 26| ts rgomuienpeIa turdHmMadey sefluxyEpnrasbont(h to

but yl ) anmoni unbi s(nonahydri do-1, 3 di car banonaborate)cobaltate(lll), tri(n
but yl ) amé®aiheovxss( undecahydri do-7,8 5 di carbaundecaborate)ferrate(lll),
tri(n butyl)ammai unbi s(undecal ~ydri do-7, 8

di car baundecalry athe) auilatdret £ (dny ) gsolverdta generally used for such

but yl ) anmoni unbi s(undecahydri do- 7, 8 di car baundecabor at e) ni ckel ate(11Y),
tri(a 10 dadot Jemicniempilicyfabicec aapdiviedall,S8a polar solvent such as
d|carbaundecaborate)cuprate(III) tri(n butyl) aaunoni unbis

( undecahysithylD ethed o Garthrahidhosfior et (TR ace (@ hirffrotarbon solvent

but yl ) anunoni unbi s( nonahydri do-7, 8-di methyl -7,8 15

di canbaunsiesiabos ot s)denié aie(iai:hferabwnemployed.

Examples of the bases used for preparing a salt include
metallic salts such as lithium salts (e.g., n-butyllithium)
and sodium salts (e.g., sodium hydride) and organic bases such
as triethylamine and pyridine, although the bases employable

-~ 1§ are not Iimited thereto.

It is possible to exchange the metal M in the synthesized
transition metal compound with another transition metal in
a conventional way. When any of Rl to R5 is H, a substituent
group other than H can be introduced in any stage of the

20 synthesis process.

The transition metal compounds (A) mentioned above are

used singly or in combination. The transition metal compound
(A) can be used in combination with other transition metal

conmpounds, e.g., known transitionmetal compounds constituted



but yl ) anxnoni unbi s( nonahydri do-7, 8-di net hyl -7, 8
di car baundecaborate)chromate(l11), tri(nl

but yl ) anmoni unbi s(tri br onmooct ahydri do-7, 8

di car baundecaborate)cobal tate(lll), tris(tri(n 20

butyl)annDniun)bis(undecahydrido-310arbaundecaborate)i27 te(lll),

bi s(tri (nbutyl)anmoni unm bi s(undecahydri do- 7car baundec ogggéa anate(lV),
bi s(tri (nbutyl)anmroni um bi s(undecahydrido-7 25

car baundet dirands coptiadning pheteho Rtan SuCh as nitrogen. syygen,

but yl ) anmoai um bi s(undecahydri do-7 carbaundecabor at e) ni ckel ate(lV). The
heteropoﬁvléﬁﬁpohﬁﬁoﬁoﬁﬁrPé@§ﬂ&9€ﬁ%wnselected fromsilicon, phosphorus,
titanium germanium arsenic and tin and 5 one or nore atons selected from
vanadi um ai oBruafidisilppd&euthendrantddiar me&ad| ecmpeurdchAtonpounds

i ncl ude phosphovanadi ¢ aci d, gernmanovanadi ¢ aci d, arsenovanadic acid,
phosphontdbapiym gatgdystncamponentcicontainingmagnaaivyei itanium
phosphonol ybdi ¢ acid, titanonolybdic acid, germanonol ybdic 10 acid,

ar seffonoap8dhelagen, ast disoesssadiiakhcingr wet Lagempdoxabade.

ger manot ungsti c acid, stannotungstic acid, phosphonol ybdovanadi ¢ acid,
phosphot ungst ovanadi cQ&bi ansdid pda reampounads
phosphonol ybdot ungst ovanadi ¢ aci d, 15 ger manonol ybdot ungst ovanadi ¢ aci d,
phosphonol ybdexampdieisc ofcitthe ghasysiorimny wkdrd o kianpoundanctiset t shafh t hese
acids, for exanple, the salt of these acids and netals of Goup 1 or G oup
2 of thetperdlssive tirahsd tisn MetalliddnpoundodAlmMngbids thenfol Lowihgm
cesium beryllium mgnesium calcium strontium 20 bariun), and organic
sal t s suelammitrdldrs neftdlhesenpeinds Andlithopbhehymdthing tal thoBee | oni zi ng
ioni c conpounds (8-3) nentioned above are used singly or in conbination of
two b0 mesangleds. | f the organoal um num oxy-conpound (B-2) such as 25

met hyl al um noxane i s used as a cocatal yst conponent, the so17SEP
2002 transiti qa-15t erafisiReuvidneed Blivtildeaconpoung teptdeehta@ Ny 6He

e gransLTAON) s

following formula (I-c):

R31
|
32
R /N.\
MXq
X L
R33 N
F|{34
15 (I-c)

In the above formula, M is a transition metal atom
selected from Group 8 to Group 10 of the periodic table,
preferably nickel, palladium oxr platinum.

R31 to R34 may be the same or different and are each a

20 hydrocarbon group of 1 to 50 carbon atoms, a halogenated



exhibits an extrenely high copolynerization with an excellent activity

agai nst ol efin conpounds. |If the ionizing ionic conpound (B-3) such as 5
tri phenyl car boni unt etraki s( pent af | uor ophenyl ) borate is used as a cocat al yst
conponent, an ol efin polyner having an extrenely high nol ecul ar wei ght can
be obtained with excellent activi tey. I'n the ol efi n1?>:3/ rization 'catalyst
according to the 10 invention, thée bel ow descri bed' carxiL rZOQQ can be used,
if necessary, in addition to the transition nmetal conpound (A) and at | east
one conpbydadocBirboel axewp fobm tte 0 gemuvben aktomseorpbydadocerbon-t he

or ganoal um num oxy- conpound (H 2) and the ionizing ionic conpound (B-3). 15
| r,J Car sudstitmtesd didy) Qrdup are hydrhdordarhamtgooup ssubstiougedi ¢ or
organi ¢ conpound is the formof granular or particulate solid. As the

i nor gani eritdime Guulss t itnrents grougeconteiging at?lehakonyss atem sébscteday

m neral or an ion-exchange |ayered conpound is preferable. Exanples of the
por ous OXfrmtes ritdagkn ,Sidiyrged A0Shodphbrds D silfidr HndA3 s104dCGon/n0O Hal,
ThO2, and conpl ex conmpounds or m xtures containing these oxides, such as
naturgl or 25midieindrd 6ok i tlte GEOLPHUIhASEabedAbZOR3 TORM,OZ,

Si 02- V205, 8l ~ ~s F P zoo2 Si02-Crz03 and Si Oz-Ti 01- MO O t hese,

pr ef er ablyar- i i AOTHP HHIGhKH e Yridipd ,OhadBe BoAdd Oco aadheithe¥aLer
conponent. The inorgani c oxides may contain snmall anounts of 5 carbonate,
sul fate, fdsdm ad &k, Oxi de conponents, such as NazC03, KzCG3, CaC8, MyQ03,
Na2S0~, Al's (SOS) 3, HaSQd, KNG3, My (NO3 ) 2, Al (N0O3 ) 3, Nal QO KsO and
Li zO . Al though fdeaRoiRusgexi §8Sodibfgr in their properties depending upon
(the type and the preparation process thereof,

X is a hydrogen atom, a halogen atom, a hydrocarbon group
10 of 1 to 20 carbon atoms, a halogenated hydrocarbon group of
1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-~containing group or a
nitrogen-containing group. When g is 2 or greater, plural
groups indicated by X may be the same or different.
15 (a-2) Transition metal amide compound represented by the

following formula (I-4):

Tl
N
(Em)A) & SMXp

D—=2

(T-4)
20



(

10 the carrier preferably used in the invention has a particle dianeter of
10 to 300 dun, preferably 20 to 200 dun, a specific surface area of 50 to
1000 ne/g, preferably 100 to 700 nZ/g, and a pore volunme of 0.3 to 3.0
cnB/g. If necessary, the carrier is calcined at 100 to 1000 C, preferably
150 to 700 C, 15 prior to use. Ex | es of the ingr i l\ageni des

enpl oyable in the invention inclu Mmd z r NgBrz,.Kﬁ£E?%a®U@gBrz . The

i norgani ¢ hal ogenide may be used as it is, or may be used after pulverized
by a ball milInothanabseéel faimalanpi M 1isThe t2@nisitiganmetadl @gem de nay be
used as fine particles of a precipitate obtained by dissolving the

i nor gani sebategdnffomi GroupoByvent Group &S ofl theipearidbdirertatsiisluct i ng
precipitation using a precipitant. The clay enployable in the invention is
gener al | prefepaPlySticanian] eirelomdum ar dafnilvm. on- exchange | ayered
conpound $2 1 7 S E P 2002 enployable in the invention is a conpound
having a cryskal afiir netdag BBEEcRbNsRinGr o Hid¥Eerenteahdrarat edch aparal | el
to one another Wth a weak bond strength by ionic bonding or the |ike, and

the iﬁnshﬁaﬂb_éiaﬂeﬂtbﬂ,tQ%f&ﬁ&@&ﬂﬂoﬁrer@dﬁ hedeald 60 carMes atbndd,ay

mnerals are 1on-exchange |ayered conpounds. The clay, the clay mnerals
and the hofag¥gBARGRd AYArEtatRROYItaC B QY el o RakhRn RARMd 0B are not

limted to natural ones but include synthetic ones. Exanples of such clay,

clay m nﬁﬁk&;@%&@@n@&&%&%&%ﬂ%%@moun%ﬂsmlumtc l@bugs! ay

m nerals and ion crystalline conpounds ving layered crystal structures

such as pg¥aganal @&%%S%n%a]gﬂ[cﬁg% & £ PR Yn L ¥ PSg ek Qﬁy{im? and Cdl's

type . Particul ar exanples o ay and the clay mnerals 15 1 nclude

kaol i n, Sﬂkﬂﬂdfasﬂdéﬂfiur sIPidHme clay, allophane, hisingerite

pyrophyll'ite, mca, nontnorillonite, vermculite, chlorite, palygorskite,

kaol jgi te, nagr iitse’andii(iiﬂetg%xa% hpldoysite. Particular exanples of the ion

n is an integer of 1 to 5.

A is an atom selected from Group 13 to Group 16 of the
periodic table, specifically boron, carbon, nitrogen, oxygen,
silicon, phosphorus, sulfur, germanium, selenium, tin or the

15 1like, preferably carbon or silicon. When n is 2 ox greater,
plural atoms indicated by A may be the same or different.

E is a substituent group having at least one atom selected

(}

from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur,
phosphorus, boron and silicon. When m is 2, two of E may be
20 the same or di:fferent or may be bonded to each other to form
a ring.
P 1ls an integer of 0 to 4.
X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of

25 1 to 20 carbon atoms, an oxygen~containing group, a



—_—

exchange | ayered conpounds include crystalline acid salts of 20 pol yval ent
nmetals, such as OGZr (HAsO04 ) 2 HZO CQc-Zr (HpO4 ) a. OG Zr (KP0O4) Z
3H20, O~-Ti (HPO4) Z, a-Ti (HAsS04) z HzO O Sn (HPQD ) 2 H20, 'y-Zr (HPO4
) a, 'y-Ti (HPCGa ) 2 and 'y-Ti (NHAPO4 ) z H20 . The clay, the clay

m nerals and the ion-exchange | ay %ed conpounds ar. pgiéﬁ ﬁﬁbﬁ t hose havi ng
a pore volune, as 25 neasured on g res having a r d] | ess than 20
A by g3 17 S EP 2002 a nmercury penetration method, of not less than 0.1
cc/g, anduhferpebnta&hdnbygpbaberabhﬁMﬂumn&dunﬁaﬁptnqxnxnumﬂmmmnof 0.3to
5cc /g . The pore volune i s neasured on the pores having a radius of 20
to 3x10 nitbyganrebntal nifgegraupan Whehop fisi Agor greateay,y plwrad neter.

| f a conmpound having a pore volune, as neasured oa pores having a radius of
not | essgibaps2@nigeateld besSx wWadnN He LRC/dhnes diSall ffeddgt cant ijgy, it
tends to be difficult to obtain high polynerization activity. 10 =t is

pr ef er abpgeEbablle aC hallogiesh lalton;| ay Hid¥SRIxbdwIgreep | Gf tDheconyention are
subj ected to chemcal treatnents. Any of surface treatnents to renove

i npurs ti pardbha@kdths @2 e sifcaed ARfdueat nents having an influence on
the crystal structure of the clay are enployable. Exanples of such 15

chem cal treatgests priaclsd@ ofC ndthilcaiPFhhnoxy Edmpour r@ptescritldd
treatment and organi c substance treatnent. The acid treatment contributes

to not O%Fyﬂﬂ@ﬂ@gﬂﬁb&ﬂﬁ&”ﬂ&fﬂﬁigr$¥uéfméSurface but also eluting cations
such as , Fe and My present 1n the crystal structure to increase the
surface area. 20 The al kali treatnent destroys crystal structure of clay to
bri ng about change in the structure of the clay. The salt treatnment and the
organi ¢ substance treatnent can produce ionic conplex, nolecular conplex,
organic derivative or the like to change the surface area or the distance
bet ween | ayers. s4 1 ~ S E P 2002 The ion-exchange | ayered conpound for
use in the invention may be NHYEKES conpound in which the exchangeabl e

i ons between | ayers have exchan wi th other |arge and bul ky ions
utilizing ion exchange prop z& es to/enlarge the 5 di stance between the

| ayers. The bulky ion plays -Ilke roll to support the |ayer
strughure and is generally called a "pillar”. Introduction of ot her
substances between | ayers of a |layered conpound is called ~'iatercal ati oa.
Exanpl es of the~guest conpounds to be 10 intercal Qﬁ i ncl ude cationic

i norgani ¢ conpounds, such as TiCdd and Zrd 4; netalli’c al koxi des, such as

the' |1 ke) : arth e 1Peh, EERFER:  ndS B8 @si?ﬁrgé%%%aﬁ%&g“’”p ¢
Zr4 + 30 T I
(15 conttHie ?%%aofo{mgrs‘wmm £8) Bdur T: S PERC AR B AR LY, s
may be_carrled}out in the presence L aly 9 9 tajned by hydrol ysis of
Tic al koxt R B ATE08 Eﬁi&eg?r%? ¥ tdGe ((R) 4 ( R
R;Ej?glf?:a(r:bgn gigu%%? tChe i [ k%()l é in thg Rr&;gn an oI Q) g)gk_ Ekor glanlsca
d Jbi are eac ydroca.r o u 5 bo

COI'Tp S SucC

~

atoms, a halogenated hydrocarbon group of 1 to 50 carbon atoms,
or a hydrocarbon group or a halogenated hydrocarbon group of
1 to 50 carbon atoms each having a substituent group containing
oxygen, sulfur or silicon. A and A' may be the same or
20 different.
B is a hydrocarbon group of 0 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, a group

represented by RR2Z, oxygen or sulfur. R! and R? are each



—

20 Exanples of the pillars include oxides produced by intercalation of the
above-nentioned netal lic hydroxide ions between |ayers, foll owed by
dehydrati on under heating. The clay, clay mnerals and ion-exchange | ayered
conpounds nentioned above may be used as they are, or nmay be 25 used after
they are subjected to a treatnent ng bal | m'IIing,? %3%20 E P 2002
sieving or the like. Mireover, théy may be used af e5 e subjected to
wat er adsorption or dehydration under heating. The clay, clay mnerals and
i on- exchanbrdragsrbdnc grpupndaviimg e ties P Harhon ;rtoms combrnati on of two
or nore kinds. 5 O the above-nentioned nmaterials, preferable are clay and
cl ay ni nbydrecazhdnpgroupihavingpl ciockfibtarhen abomsmnd lcomtadning
vermculite, pectolite, taeniolite and synthetic mca. i The organic
conpoundatsledst exefEtsra aieajuland fris ddchpen  ircit wageersoldul fiiargpound
having a particle dianeter of 10 to 300 um Exanples of such conpounds

i ncl ude prezphbyis xpEdddesh.using an o~-olefin of 2 to 14 carbon atons
such as et hyl ene, propyl ene, 1-butane or 4-nethyl-1-pentane as a chief

i ngregli ent, (poigoly HRmbeldl GHtAGERITI Maldnyeé cyE | mhexane or styrene as a
chief ingredient, and nodified products thereof. The ol efin polynerization
catal yst of tlgefd AvBparegefitatdh) aRA169E8RIdtSom ] AchPpatovadBefgrmep speci fic
or gani ¢ conpound conponent (D), if necessary, in addition to the 20
transiti o Hetal 2608REHEE 4 Pdms il a | IRIEdgiEe 6@ RPAPSCAEDoR e £6Ee £ rom t he
organonetal i ¢ conpound (B-1), the organoal um num oxy-conpound (8-2) and
the ioni2i ke i2WicarBIP ULBhs BB oRpFeh NeoRPaLADAL! Yrotpd garrier (O. -
7 S EP 2002 In the present invention, the organi c conpound conponent (D)
IS opti oRgllehURkthtediinilf PHOROSCa Obil IRSRVESALRhYHE! #dRD by adnd
properties of the resulting polynmer. Exanples of the organic conpounds

inclyge iG3Yeh-diMdfng group. When p is 2 or greater, plural
groups indicated by X may be the same or different or may be
bonded to each other to form a ring.
(a=4) Transition metal compound containing a ligand
having cyclopentadienyl skeleton containing at least one

15 hetero atom, said compound being represented by the following

formula (I-f):

(R 5 2y (R)° MYe

(T-£)

20



5 conpounds, carboxylic acids, phosphorus conmpounds and sul fonates. As the
al cohol s and-the phenolic conpounds, those represented by R31-OH (R31 is a
hydr ocarbon group of 1 to 50 a = carbon atons or a hal ogenat ed hydrocar bon
group of 1 to 50 10 carbon atons) are generally enployed. The al cohols are

preferably those of the above formyl a wherein R31 4 I nat ed

hydr ocar bon group. The phenolic c§ﬁrrpounds are prefL?aSl@ﬁtﬁggg wherein the
oc, a' -positions of the hydroxyl group are substituted with hydrocarbon
groups 15 of Ini $heoabevieoformmin, AL ke carangdtien seetal akome
represented by R3a-COON (R32 is a hydrocarbon group of 1 to 50 carbon atons
or a hal egdestad frdm o JrouEoiun 1b b thenperbedhs, tabdeerably a
hal ogenat ed hydrocarbon group of 1 to 50 carbon 20 atons) are generally
enpl oyed. As #hdspansatom use bertped fimm Gresiphd.3i,c Groupsla aand @Grou H bond,
phosphat es havi ng P-OR bond or P=0O bond and phosphi ne oxi de conpounds are
pr ef er abllhp efiptbeaperilddic tidliemt eandapl deabtconeills ancattmssthepr esent ed
25 by the following formula (IX): 87 RB33 Xmn m' n~? S E P 2002 (=x) S
wher e n Mhan asartiarm sel ected from Goup 1 to Goup 14 of the periodic
table; R33 is hydrogen, a k~ydrocarbon group of 1 to 20 carbon atons or a
hal ogenat ed hywdriacar lwan Proup of 1 to 20 carbon atons; X is a hydrogen
atom a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons or a

hal ogenat ad 1Gaauili o Godyp e HKE sddie lod (A LOF €X6 MO Nasid 01% ; a My drSfen Nt eger
of 1 to 7; and 1a7. In Fig. |, steps for preparing the olefin
pol ynmeri zadw)) a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a hydrocarbon-substituted silyl group or
10 a hydrocarbon group having a substituent group containing at
least one atom selected from nitrogen, oxygen, phosphorus,
sulfur and silicon. Two or more of R may be bonded to each
other to form a ring.
b ig an integer of 1 to 4. When b 18 2 ox greater, groups
15 indicated by [((R)a)s-X5] may be the same or different, and
Rs may be crossalinked to each other.
¢ is a number satisfying a valence of M.
Y is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of
20 1 to 20 carbon atoms, an oxygen-containing gi:'oup, a
sulfur-containing group, a silicon-containing group or a
nitrogen-containing group.
When ¢ is 2 or greater, plural groups indicated by Y may
be the same or different, and plural groups indicated by Y

25 may be bonded to each other to form a ring.



catal yst of the invention are shown. In the polynerization, the conponents
can be used in any 15 way and in any order. Sone exanples of the processes
are given below. (1) The conponent (A) and the conpound (H) are fed to the
pol ymeri zation reactor in an arbitrary order. (2) A catal yst conponent

wherein the conponent (A) is 20 sypported on the cayr+ ) nd t he
conponent (H) are fed to the pol y;@ri zation reactorﬁizesE(érZQQZary or der.
88 1 7 S E P 2002 (3) A catal yst conponeat wherein the conponent (B) is
supported on t(ae S5)armasrs itGon arik4h ecaowpanmd ntepresantedelyt bhiehe

pol ymeri zation reactor in an arbitrary order. (4) A catal yst conponent
wher ei n tfed loavipanefidrnu®ad S 5 supported on the carrier (C) , and a

catal yst conmponent wherein the conponent (B) is supported on the carrier

(C) are fed to the ge(pamMxzati on reactor in an arbitrary order. ( 5 ) A
catal yst conmponent wherein the conponent (A) and the conponent (B) are

supported on 'fdaHeérdbd¥e (fJxrmild £M tDs 1) tienpht yoRMhELL. #BomesEt OF . I N
t he above processes, two or nore of the catal yst conponents may be

previ guslgrsgptActSdordiip CL£f b B8R¥ perpeanel yabliezed onto a solid catal yst
conponent wherein the conponent (A) and the conponent (B) are 15 supported

on the carriergr {&)a hrbgenHERR) WBFdZE6af6bh GrorirabY Al 6 @WPOALBbn 2
catal yst conmponent may be further supported. In the process for olefin

pol ymer i Zgt s & CO il TG gdRatdE hPaLotaPBonadrehpf b 1St8ORYNBALEEE OF
copolynmerized in 20 the presence of the above-nentioned ol efin

pol yreri zg¢ bon catalyst to obtain an olefin polyner. In the present
i nvention, the polynerization can be carried out as any of liquid phase

( Bg: )}ng : ;gt : 821,’2 ;\%Qgggrﬁgkﬁi 20.08! ¥ ittt dtled pFRETDVANgroup.
10 n is a number satisfying a valence of M.
X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of
1 to 20 carbon atoms, an oxygen-containing group, a
sulfur-containing group, a silicon-containing group or a
15 nitrogen-containing group. When n is 2 or greater, plural
groups indicated by X may be the same or different or may be
bonded to each other to form a ring.

(a-6) Transition metal compound represented by the

following formula (I-g):

20
3 44
R\YF 45
<"
) 3 46
Y /Y\ R

4
R41
42
R R48 R4

(I-g)



25 phase pol yneri zati on. g9 1 7 S E P 2002 Exanpl es of inert hydrocarbon
media for use in the |iquid phase polynerization iaclude aliphatic

hydr ocar bons, such as propane, butane, peatane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons, such as 5

cycl opent ane, cycl ohexane and net g cycl opent ane; qazoggébmr ocar bons,
such as benzene, toluene and xyl ene; hal ogenated hydr r = such as

et hyl ene chl oride, chl orobenzene and di chl oronet hane; and m xtures of these
a hydr ocar bongn tipahews fppmulae (¥ and Yhmayshe the sane oF differeny | n t he
pol yneri zation of an olefin using the aolefin polynerization catal yst, the
conponentaqdaaxes aasdy ann afeng Fedected §¥om FFowp- 18 of the eeplodbeeferably
10-1 to 10 3 nol. The conponent (B-1) is used in such an anmount that the 15
mol ar r attadXeBand/ YA)p an atiom getpohediExan Group LAoR thaderbedbet al atom
(M in the conmponent (A) becones usually 0.01 to 100000, preferably 0.05 to
50000. Theakdsponent (B-2) is used in such an anount that the nolar ratio
((B-2)/(M) of the alum numatomin the conponent (B-2) to the transition
20 nmefal at omE4Y) tonRéhamxpripencind fane ber cdibEfexsent | ytHoyt axrs808861R,
preferably 20 to 100000. The conponent (B-3) is used in such an anount that
t he nol ara MatdrodedB-at)on(,Ma) halloggba atoppnetydbSirhan tdwoup afsit ten net al
atom (M in the conponent (A) becones usually 1 to 10, preferably 1 to 5.
90 17 S ERF cdbboiWetiorde £ dgloysiatddt hydroamdsbagrdup admorenko(B), the
conponent (D) is optionally used is such an anount that the (D)/(B-1) ratio
by nol becaribsn atdis,yah odrden-bntuiriiaiggdryup, h kelburWbentahaingnponent
((B- 2) is used as the 5 conponent (B), the conponent (D) is optionally used
'in such agrétpuwy & Ballildeh-(ddntaiing yriotip,0ahdl twb & awRs ofsuhkly 0 .
001 to 2, preferably 0.005 to 1. Wien the conmponent (B-3) is used as the

conpoent ma) bet BEn@aAPLBERAcHDbtharORlc Eodinl Va Watl .
(a-7) Conmpound comprising a compound represented by the
following formula (I-h) and a transition metal atom selected

from Group 8 to Group 10 of the periodic table:

51 __n52
R\N_P/<N R
‘ N
R53 N—R54
(] 15 (Ix-h)

In the above formula, R5! to R5¢ may be the same or
different, they are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or a halogenated

20 hydrocarbon group of 1 to 20 carbon atoms, and two or more
of them may be bonded to each other to form a ring.

(a-8) Transition metal compound represented by the

following formula (I-i):



in such an anount that the (D)/(H 3) ratio by nol becomes 10 usually 0.01
to 10, preferably 0.1 to 5. In the olefin polynerization using the olefin
pol ymeri zation catal yst, the polynerization tenperature is in the range of
usually -50 to +200 C, preferably 0 to 170 C. The polynerizati on pressure
is in the range of usually 15 atnnggheric pressure to 100 kg/cn¥,
preferably atnospheric pressure to”%0 kg/cnZ. The pol yerizati Qn _reaction
can be carried out by any of batchw se, sem -continuou aﬁHEEoﬁﬂﬂéuous
processes. The polynerization can be conducted in two or nore stages under
different reaction conditions. 20 The nol ecul ar wei ght of the resulting

ol efin polyner can be control]ed by allow ng hydrogen to be present in the
pol ymeri zati on gyst or by d¢hangi st he pol yneri zation tenperature. The
nol ecul ar wei g 8 \be contfolled gl so by\changing the type of the
conponent (8). Sﬁ P% of the olefins which can be
pol ymeri zed by|the Xis f the ol rigaxtion catalyst include:

strai ght-chain oerTa ch@d c-ég ofeg o 30 carbon atons, preferably 2
to 20 carbon at\ons, ch as y , 5Rprgpyl ene, 1-butane, 2-butane,
1- pent ane, 3-nejhyl -Anbut ane) 1- hexgite, 4-fpethyl - 1- pent ane,

3-net hyl - 1- pent ane, 1-octane,\ 1-deceae, 1lf/dodecene, 1l-tetradecene,
1- hexadecene, 1 i , octadeceae and 1-eicosene; and EycL olefins of 3 to 30
carbon atons, preferably 3 to 10 20 carbon atons, g ch 'ds cycl opent ene,
cycl ahept ene, norbornene, 5-nethyl-2-norbornene, tetracycl ododecene and
2-met hyl -1, 4,5, 8-di net hano- 1, 2, 3, 4, 4a, 5, 8, 8a oct ahydr onapht hal ene. Pol ar
nononers are 0 | gyabl e. Exanpl es ,of the 15 pal ar nononmers include a,.
((3-unsaturategiéaF§§B§$¥ ea%?ﬁgyigﬂcﬂ 48 A tpeneitdon maahatemc acid,
fumarisc agég ggée%ic a§h§drige, itaconic acid, itaconic_anhydride and
bi cycllo( 2°23T3TEBINEFPRNETSUR. §i £ Gropm d19fy Fhei@erkadicitakbesa of oc,
~3-unsat ur at ed cgrboxylic aci ds, such as
m 18 an’integer of 0 to 3.
n is an integer of 0 or 1.
P is an integer of 1 to 3.
q is a number satisfying a valence of M.
10 RS! to R6® may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to
20 carbon atoms, a halogenated hydrocarbon group of 1 to 20
carbon atoms, an oxygen-containing group, a sulfur-containing
group, a silicon-containing group or a nitrogen-containing
15 group, and two or more of them may be bonded to each other
to form a ring.
X is a hydrogen atom, a halogen atom, a hydrocarbon group
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of

1 to 20 carbon atoms, an oxygen-containing group, a

20 sulfur-containing group, a silicon-containing group or a



20 sodiumsalts, potassiumsalts, lithiumsalts. zinc salts, magnesium
salts and calciumsalts of the above acids; oc, (3-unsaturated carboxylic
esters, such as nethyl acrylate, ethyl acrylate, n-propyl acrylate,

i sopropyl acrylate, n butyl acrylate, isobutyl acrylate, tart-butyl
acrylate, 25 2-ethyl hexyl acrylate, methyl nethacrylste, ethyl 92 ~ 7 S E
P 2002 nethacryl ate, a-propyl nethagylate, isopropyl te, n-butyl
met hacryl ate and i sobutyl nethacryﬁ?te; vi nyl esterlﬁ?gﬁtﬁﬁgiﬁt?nyl

acetate, vinyl propionatge, vix~yl caproate, vinyl caprate, vinyl |aurate,
vinyl st eHRROARr SABKALTIRG GNP cadtien & 1th RaoR FmertErycindpradst er s,
such as glycic' ~yl acrylate, glycidyl nethacrylate and nonoglyci dyl

i t acoaat e gxAWPHAMGIErteshby Ximyy defihes samecAradiffayenthévmate kend vi nyl
fluoride. Vinylcycl ohexane, dienes and''polyenes are also 10 enpl oyabl e.
The di ened 4 o mack ethertoditr hering. are cyclic or chain conpounds
having 4 to 30 carbon atons, preferably 4 to 20 carbon atons, and havi ng
two or nore dolblis omEmurstaneizes aifindueh booatekedszdane lnddgy middigene,

i soprene, 4-nethyl-1, 3-pentadi ene, 1, 3-pentadiene, 1,4 15 pentadi ene,

1, 5- hefadiacadorl, &ilkhauh e, gdridatbuadi ene, 1, 3-oct adi ene, 1, 4- oct adi ene,
1, 5-oct adi ene, 1, 6-octadiene, 1,7-octadiene, ethylideae norbornene, vinyl
nor bor nene, di @ydisopanatdnensledtad@tiindm Grougctiadi egoupiistdnd igiow

8-nmet hyl -1, 7-nonadi ene and 5, 9-di nmethyl -1, 4, 8-decatriene. 20 Aromati c vinyl
conpounds I8 efaltdoe ayent yddd ecatkkepl es of such conpounds i ncl ude nono- or
pol yal kyl styrenes, such as styrene, o-nethylstyrene, m nethylstyrene,

‘pret hyl styr ene, (a0:9)- drreidit 531y medtea l CoShpdhsd V¥ ete st & | 5Y YERgE and

p- et hyl styrene; functional group 25 containing styrene derivatives, such as
met hoxyst WeATowing Formula E(F-$PO2 et hoxystyrene, vinyl benzoic acid,

nmet hyl vi nyl benzoate, vinyl benzyl acetate, hydroxystyrene, o-chlorostyrene,
p chl qpoat yreae and di vi nyl benzene; and ot her conpounds, such as

3- pheayl propyl ene, 4-phenyl propyl ene and a S net hyl styrene. The ol efins
menti oned above can be used singly or in conbination of two or nore kinds.
10 The ol efin polynerization cajg}yst according to the present invention
gthibits a high polynerization tivity against olefins. 15 The present
invention is further desclf-’{?'eg,mi.t_ \reference to the foll ow ng exanpl es,

but it should by | construed MXavention is in no Wy limted to

t hose exanpl es. R73

—

(x-3)

In the above formula, M is a transition metal atom
selected from Group 3 to Group 11 of the periodic tabie.
15 m is an integer of 1 to 3.
A is an oxygen atom, a sulfur atom, a selenium atom or
a nitrogen atom having a substituent group R77.
R71 to R77 may be the same or different, they are each
a hydrogen atom, a halogen atom, a hydrecarbon group, a

20 heterocyclic compound residual group, an oxygen-containing



Some exanpl es of syntheses of conpl exes are given below 20 The structures
of the conpounds obtained in the synthesis exanples were determ ned by 270
MHz 1H NMR (Japan El ectron Optics Laboratory GSH 270Mbdel), FD- nmass
spectronmetry (Japan El ectron Optics Laboratory SX-102A Mddel) and netal
content analysis (analysis by ICP pethod after dry a 417 SE
P 2002 dissolution in dilute ni tri@Faci d, device: SHI IVZD%EPCzQU 000
Model). 5 Into a 300 ml reactor thoroughly purged with aitrogen, 150 m of
et hanol , dgrdéup, @58l tmogénotontalning gnodup,la barsvh+oodbaiofing group,

pyrrol e-2- car boxyal dehyde ware introduced. To the ( reactor was further
added 1 na sdlfur+eontaeining agtewed aphoisphorug -tontedm itreggeonipyr a f or ~24
hours. The reaction 10 sol ution obtained was vacuum concentrated to renove
t he sol vemilhedntbentathjiagt gdohp, Sa Igerfinagelum-ad omtia uing i grdumdat @ obt ai n
6.0 g (34.9 mol, yield: 66 %9 of a white solid. The analytical results of
t he whit ecsakeonBatndngcgirbag, bewoWorlilote~bf( EREeM3mhy be. Bopdedllh . 6. 69
(dd, 1H , 6. 89 (d, 1H , 15 7.1-7.5 (m 4H), 8.29 (s, iH, 9.85 (brs, 1H)
FD-ma$s s@&6h! OERéF Yo Wk 0 PildyG aBewem! €5 idr drdvandi,! @neokirdupr Oved to
be a conpound (ligand precursor (1)) represented by the followng Tormila.

I'N ~~NH o@spit €oSREY iV [ 19ganidRsid boe Febap 6eagmL (1 al
In a 100 ?ﬂ react or tk?oroughrll?/dl(rjlr%]e%(?e;ndfgpurged W th grﬁgo% ?6 IEQ

diethyl egivelcciilditded) 1@&5%@3@11*&& fHair Pe bOSaddo )eagh U!l.ﬁel::‘ gand

precursor (1) was cooled to -78 o the solution, 4.2 of a hexane
sol ution ggAt AT NRB@L08pmW] olagn ﬁ“"d Wssggwwgrﬁqwb%e%d%eand t hen
’the tenperature of the resulti'ng Sol utionwas raised to room tenperature.
‘The sol ut henqWeFeblagih .Sl oWy dropwi se added to a m xture consisting of 6.08
n of a heptarie sol uti on of titanium 10 tetrachloride (concentration of

titanjgim tetraghligrisgde: dpr%@gﬂﬁ?ﬁ 0 Hisicdigt hy! ether, said
to - t'e

m xt ure havi ng been C00 e r the dropw se addition was

conpl eted, theyts ,1[.15§” ng gi%li ale g!hutalﬂp §g§#’§§r§1 oruey sed to

roomterrperature Wlt hen, e solutfon Wwas er stirred

Chrough ae Seabiccleal iy & e a'{ Bl SO Bl bR "B The 5ol
o ut P'otna%g?’-‘s% §°%}€Z’?h%§' T ek e tﬁg“?i%’?f-lﬁgegfﬁﬂg  8Rure 20 vas
201 14 was PR SsPCRAR E R, Bp 5 §§°§“ rhetRig b0 Bouum
g%éf;’ﬁ cal %%qlsc%@i%rgr%‘%%& gtﬁqﬁr éc??’gﬁ% I%Wi‘g‘?illql- N-II\-Iltjlte
(CDCL3) - & 05.d & Badfdn - doB0aiSing Uroup, a germanium-containing

( group or a tin-containing group, and when n is 2 or greater,
'
plural groups indicated by X may be the same or different and
plural groups indicated by X may be bonded to each other to
20 form a ring.
(a=10) Transition metal compound containing a ligand
having cyclopentadienyl skeleton
(a-11) Vanadium compound represented by the following

formula:



96 1 7 S E P 2002 FD-mass spectronetry: 456(M+) El enental analysis : Ti

10 . 4 ~ (calculated value : 10 . 5 %9 Fromthe above results, the dark
brown solid proved to be a conpound (transition netal conpound (i-a))
represeated 5 by the following formula. TiC 2 10 Synthesis of transition
metal cont~onnd (1-b) Into a 300 react or thorouglhllzy %Be? de pur ged
with argon, 1.11 g (2.95 mmol) of zirconiumtetral IS e Q F conpl ex
and 40 m of tetrahydrofuran were introduced, and they were cooled to -78
~C. To the reageal @he bbd¥e Hordnfli£] W!idSakt ABiphat Uti RPpaee8habaNg | .02 g
(6.0 mmol ) of the ligand precursor (1) was slowy dropw se added. After the
dr opwi se ra@ddiguadn géesuggonpl et ed, the tenperature of the resulting solution
was slowy raised to roomtenperature with stirring. Then, the solution Was
further stirredi3d o pIdfd skl € 20 for 8 hours. The reaction solution
was filtered through a 1'~S EP 2002 glass filter, and the filtrate
Was vacuum CORC Ry ledlfifhh 16y S0 A £y DESCLRE 8bRE1¥ESndbESBkued .in 10 il of
nmet hyl ene chloride, and to the solution was slowy added 70 m of pentane
with gtirring. The m xtyge i ! om5 tenperature to
preci pitate reddi sh brows crystals. e crystals were filtered off on a

glass filter, %m@ e nfag%sgg,&%t\ﬁ%%%%gﬁh% Qalt.&imfgr.?’ésg (0. 70

aaaol , yield: of a'ye reen sol i e anal ytical results of
th |1 Qui e ' ' I . 6
5.7 gk ERellEFintgoh YRR ae A BRI N dilloribell Bbbucli W B Srenta
anallysi s:q gly o 8 o mleG2la64 A e ¥3HCG-L8 Zﬁfﬁsféﬁ‘é,h%r%%‘éﬁzr g4l ts, the
yel | owi sh green Sofft prove& to be a corrpan ("transition al “conpound (

'1-b) ) reprsisend £ 45:RY Hhe1bakLovhagef ormla. Zrd 2

10 (B-la) Organcaluminum compound represented by the

following formula:
R*;Al (ORP) JH X
wherein R2 and RP may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
15 4 carbon atoms; X is a halogen atom; and m, n, p and g are
numbers satisfying the conditions of O0<me3, 0en<3, 0ep<3,
0eg<3 and m+n+p+q = 3.
(B-1b) Alkyl complex compound comprising a metal of Group
1 of the periodic table and aluminum, said compound being
20 represeﬁtéd by the following formula:
M2A1R2,
wherein M2 is Li, Na or K; and R®* is a hydrocarbon group of

1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.



9g 1 ? S E P 2002 In an atnosphere of nitrogen, 24.8 g (0.26 nol) of
pyrrol e- 2- car boxyal dehyde was introduced iato 44.8 g (0.50 nol) of a 50 %
aqueous solution of dinmethylam ne to give a solution. After the solution
was stirred at roomtenperature 5 for 3 hours, water was added to the

solution. As a result, a light yelhow slurry was obt4i ecipitate
was filtered, washed with dichl org%et hane and \/\/ater,?_[]?gﬂr?@\?g(rzuum dri ed

to obtain 29. 6 g (yield: 92.0 s) of a purple solid (dinmer conpound (2a)
represeated | i(B-ficd Ddlalliwilngompoumida)contedmiivip aiaetal ok Grosph2r e of
nitrogen, 5.0 g (20.5 mmol) of the dinmer conmpound was dissolved in 100 m
of THF. ARt Grouipe 1sblaft ithre \pexricsiiedcdlle lSedid 3¢o8poundf balhngxane
solution ( ~ containing 49.0 nunol of n-BuLi was slowy dropw se added, and
15 t he t eepreatanted by the enllowinhg ofatmwbanas rai sed to room
tenperature. The solution Was then cooled to -78 C, and 3.1 m (49.0 nmol)
of nethyl iodpdrbmtis sl owWy dropwi se added. The tenperature of the
resulting solution was raised to roomtenperature, and the solution was

stirred hwierdiHOWeS andheb tay eIt SahélléPaVPSefeiftCARd ab-éhedch: 4 Mol e
sodi um acet at e aqueous sol ution, and the~organic |ayer was extracted and

recrystalg hgatiofcra%cﬁi roupC8Eat &cd AP Ragibonlatdhs) préfer&Mly 1 to~ 7 S E
P 2002 yield: 59 %9 of a ite solid (of f-methyl substituted di ner conpound

repr esentgeGadbdltat sths PVAAW MOy, ZWesr Ne@. 5 The oc-net hyl substituted
di mer conpound was dissolved in 40 of THF, and the solution was m xed

with 60 nl of Beamples of the organcaluminum compounds (B-la) include:
an organoaluminum compound repregented by the following
10 formula:
R3,AL (ORP) 3
wherein R2 and R® may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms, and m is preferably a number satisfying the
15 condition of 1.5eme3;
an organocaluminum compound represented by the following
formula:
R3pA1X3 n
wherein R2 is a hydrocarbon group of 1 to 15 carbon atoms,
20 preferably 1 to 4 carbon atoms, X is a halogen atom, and m
is preferably a number satisfying the condition of 0<m<3;
an organcaluminum compound represented by the following
formula:

R*:ALH3



0.4 nol e sodi um acet ate aqueous solution. The reaction of the m xture was
conducted for 6 hours under reflux, whereby hydrol ysis proceeded. After the
reaction was conpleted, the 10 organic |ayer was extracted with diethyl
ether, then the solvent was distilled off, and the remai nder was vacuum
dried to obtain 2.53 g (23.2 mol, _yield: 96.7 % of 5

nmet hyl pyrrol e- 2- car boxyal dehyde a reddi sh purpl eafter, 2.52
g of the 5-methylpyrrole-2 15 car boxyal dehyde was jlgg\%gpt guggact with

2.12 g (3thékdi®Ins Qfs aNhyidie B NETe&S1 8 Ned ASors VAl dis] S of the
| i gand precursor (1) , to obtaln 2 3 yield: 57 % of a brown solid. The
anal yt.| ?Ei:lrdz?e%ﬂﬁm_b By af ¢ cbhe @apwnsa%aés ar&cﬂ%qrs' g%fwagwg &Hmh%ér( o),
. 88 (br%,éﬁf ’ &:[9 rgf ;84@/0 | oo 1 7 S E P 2002 Fro’m

t he abovea?esullfﬁi t he br own sﬂ§£d proved fo be a conpound (Iigand
precursor (2))adgpresented by the following formula . /N ~~NH 5 synthesis
of transition netal compound (2-A In a 100 m reactor thoroughly dried and

purgeqd with ar Rnf :l_q%r 76 g

(4. 11gaunol) 0 thg%% gar'i%{ipr echrgg zg) ség%)%f;ég%f%%af@'f%g?

sol ution, of a hexane solution containing 4.48 mol 10 of n- BuLi was
slow y dropvvl se édded and the tenperature of the resulting solution was

rai sed to roong, 'TR%E@ U*.E$ The i solution was then slowy dropw se added
to a mxture co |st|n 3.9 mM of a heptane sol ution of titani um

tetrachl orj de ent § on ani umtetr Ior|d /m) and
20 m of WRETRYE BT SELRA PR 8 RETeng pasATarent and ars JIEK' )

a hydrocarbon group of 1 to 15 car>on atoms, preferably 1 to

10 4 carbon atoms, X is a halogen atan, and m, n and ¢ are numbers
satisfying the conditions of O<xe3, 0en<3, 0e¢qg<3 and m+n+q
= 3.

Particular examples of the crgancaluminum compounds
(B~1la) include:

15 tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, trihexylalumircmzm, trioctylaluminum and
tridecylaluminum;

branched-chain trialkylalumimums, such as

20 triisopropylaluminum, triiscobutylaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tri-2-
methylbutylaluminum, tri-3-methylbutylaluminum, tri-2-
methylpentylaluminum, tri-3-metkylpentylaluminum, tri-4-
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-

25 methylhexylaluminum and tri-2-etkylhexylaluminum;



cooled to -78 C. After the dropw se addition was conpleted, the tenperature
of the resulting solution was slowy raised to roomtenperature with
stirring. Then, the solution was further stirred at roomtenperature for 8
hours. The reaction 20 solutionwas filtered through a glass filter, and the
filtrate lol ~ 7 SEP 2002 was vacuum concentrated. The solid precipitated
was dissolved is 5 ml of nethylenebkhloride, and to qhp %&meas sl ow y
added 10 m of hexane with stirring. The m xture was all d tand at

T ered of 1 o s fr BSEORd Bt g oe® AL AT oRVRRTLIEIG
anaryti oa Al R dlintnptl "L 1 o are descr i bed bel ow | H NI -t
300(h) B emeripSr s Hebuounte; Talon,gp. B aRatrhfy hryaRic a8 7O
metal confLRR YA RFRLREHE coont od by the ol loving formia. TiG 2 15 In an

t h fonjt 10. 1 1, 1) of the.di d (2a) which
s asynt het (L HREF R e b padeBl " sbeR a6 810a 08y AT NEAD) "5 ¢

Z00z Iigﬂl g{gcursor (2) Was dissolved in 200 mMl of THF, and the sol ution
was cool 2495 C To the sol uti on, 62 m of a hexane sol ution containing

99.2 nmol of n-Huly wa | 0 dr opwi se add a he te rature of the
resul ting sol u'f?gﬁkiﬁeﬁﬁiaf‘é‘?‘yﬁﬁmﬁorgBﬁﬁﬁﬁﬁﬁﬁgggirquTéﬁPéﬁﬁqgﬁgf’gvl)ati on was
cooled to -78 C, and 12.5 nml (99.2 mmol) of trinmethylsilyl chloride was
dropwi se GdlaeEelinnsy c¥f i zt axet eaghr at RPelbiveBupbenrt ARG 36RWron was
(raised to roomtenperature, and the i solution was stirred for 3 hours. The

reacti on S8Fht 28ntRAdsoprgoydefumlnuey a 0 . 4 nol e sodi um acetate aqueous

sol utjon, and ]
10 alkylaluminum alkoxides, such as isobutylaluminum

methoxide, isobutylaluminum ethoxide and isobutylaluminum
isopropoxide;

dialkylaluminum alkoxides, such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum

15 butoxide;

alkylaluminum sesquialkoxides, such as ethylaluminum
sesquiethoxide and butylaluminum sesgquibutoxide;

partially alkoxylated alkylaluminums having an average
composition represented by R*;.sAL(ORP)g.s;

20 dialkylaluminum aryloxides, such as diethylaluminum
phenoxide, diethylaluminum(2,6-di-t-butyl-4-
methylphenoxide), ethylaluminumbis(2,6-di-t-butyl-4-
methylphenoxide), diisobutylalumium(2,6~dl-t-butyl-4-
methylphenoxide) and isobutylaluminumbis(2,6-di-t-butyl-

25 4~-methylphenoxide) ;



the organic | ayer was extracted to obtain 16.6 g (41.3 mmol, yield: 100 %
of an oc-trinethylsilyl substituted dinmer conpound as white needl e

crystals. Then, 12.4 g (32.0 mmol) of the oGtrinmethylsilyl 15 substituted
di . mer conmpound was dissolved in 150 m of THF, and the solution was m xed
with 300 M of a 0.75 nole sodi um acetate aqueous solution. The reaction of

the m xture was conducted for 15 h6&irs under refl ux,;vx?rosggymm ysi s
proceeded. After the reaction was conpl eted, the organlic I was
extracted w thydj I h t he | yent v S5 J 4 off, and the
remai nder was %gé:%yélr‘%'g&t‘% %%?gldre\gio%gwé %@4\%%?3#0 1%/:'7 e JE:f:“n%luant .) of 5
trimethyl silylpyrrolke-2:-carboxyal dehyde. .Ther eaf.t ar 0 28. 7 mmol ) of
the 5 25 ‘%‘%ﬁ%?rs???EW?PEP@?%aFE‘kﬁ%éh%@“&%l%%‘g% to 103 172S
E P 2002 react . with_ 2. 28..7 I foanilj | s .t he nner as in
the synt e rﬁ&fhé?%&%& BRaBERS °P%d,° t’&‘%%?‘%‘rﬁ%‘?@mﬂﬁ%: 54 9

of a w ne doi,l (G purity: 90 %9. 1HNWR (CDC13) : 0. 30 (s, 9 , 6.49
(d, 1H ,"%f°§¥df’( iHI)D, 5y7.1-7./% (m 5H),(8.29 %s, 1H), 9.%5 (er)s, 1H)

FD- mass spectropetry:. 242(M+) Fromthe above results, the wine red oil
proveg’}to be aaggﬁ'bgﬁﬂ’&if‘ i §2& P@éﬁ'ﬂ?&' (5“553 38 (ERELRMBIAE ¢ he
follow ng formyl a. 18’ /N~ ~NH SiMe3 15 In a 100 m, reactor thoroughly
dried and®pafydghirrader gbrtyielymigum, sg hig¥xide Apdi i on cont ai ni ng
0.848 g (3.50_nmol ) of the ligand precursor (3) was cooled to -78 C. To the
sol uti on, eshydajuminun gesqud ®n containing 4.48 mmol of n-BuLi was

slowy dropwi se added, and the tenperature of
partially halogenated alkylaluminums, such as

ethylaluminum dichloride, propylaluminum dichloride and
10 butylaluminum dibromide;
dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride;
partially hydrogenated other alkylaluminums,
specifically, alkylaluminum dihydrides, such as
15 ethylaluminum dihydride and propylaluminum dihydride; and
partially alkoxylated and halogenated alkylaluminums,
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.
Compounds anaq.ogous to the organocaluminum compound
20 (B-la) are also employ;.ble. For example, there can be
mentioned organcaluminum compounds wherein two or more
aluminum compounds are combined through a nitrogen atom, such
as (CzHs) 2A1N(C;Hs) Al (CoHs) 2.
Examples of the compounds (B-1b) include LiAl (C,Hs)4 and

25 LiAl (CyHis) 4.



104 1 7 S E P 2002 the resulting solution was raised to roomtenperature.
The solution was than slowy dropwi se added to a m xture consiatiag o 3.5
mL of a heptane solution of titaaiumtetrachloride (concentration of
titaniumtetrachloride: 0.5 5 uunol/m) sad 20 m of diethyl ether, said

m xt ure having been cooled to -78 C. After the dropw se addition was

conpl eted, the tenperature of the 6%sulting sol uti 011 Fl @[]Q rai sed to
roomtenperature with stirring. Thea, the solution was further stirred at
roomtenperatu r T eact] jon [ A t hr ough
a glass fil ter(?élé%g ?%388#]@?& g&ﬁésg\g/a%%:t}n% g]c')%giégiﬂrnét g’gﬁyﬁ%&g%ﬁ%d
precipitated bjected,to.necrystallization fram hexane and then vacuum
dried to %B?Bﬁiéégéh‘a’(g.‘%ﬁ&&% 1?(""‘yi meshy esitn | Beehidey’ o e

anal ytical sults of .the ac olid.are 15 descri.bed |l ow. 1H NMt
(CDC13) ‘mgthy geesiym, °?‘&8.r§'- .'4"?‘:'&\"%5)9’*,“3"%-*’2". ®m 10H), 7.82 (s,
2H) FD-nmasg,spectronetry: 600 El enental analysi,s: Tj: 7.8 % (cal cul at ed
val ue: 8.5‘?‘%’%9??%&1%8@85&3%e§ﬁ@§{l%%% Wﬂ oved to be a
conmpound (transition npetal ,congound ( 3-A) repr esent ed the foll ow ng
formis. brogyinasagsits’ shds e, Bt EnaonRtim FEEHI 1 hor oughl v dr s ed
and purgeg wWth 5 argoa, 0.45 , (1']1%& |) of a zirconium

t et r achl oPRE¥ARRARSINA Splard fimgt ¥R x oduced, and they were
cooled to -78.C_ To the resulting_ solutign, 15 m of a_THF sol ution

cont ai ni n§lethylyagnepingm, ¢ibrtyhuagngsiimand syl ety lnagnasdmm,

dropwi se added. After the dropw se addition was _10 conpleted, the

t enper at uBEeoP1eRe eppdorrble 26 GhieorrEasosesRily icaicempaundsdBtdnper at ur e
(Wth stirring. Thea, the solution was further stirred for 7 hours under
heating at 55CComifimpatioms fyqampeunsisitganakes 9f |pxedycingicthe| trate was
vacuum concentrated. The solid precipitated was washed with 15 hexane and
vacuuh? dr edeviermemtdionegl argpnoalminym comrewnds 1ingthe nud yel | ow sol i d.

The analytical results of the nmud yellow solid axe described bel ow. 1H NWR
(CDC13 ) Podymezdzation giystens e3p.( B pPbingtionzofdhakpyenated

aluminum and alkyllithium and a combination of halogenated
aluminum and alkylmagnesium, are also employable.
Of the organometallic compounds (B-1), the
15 organcaluminum compounds are preferable.
The organometallic compounds (B-1) mentioned above are
used singly or in combination of two or more kinds.
{B-2) Organoaluminum oxy-compound
The organoaluminum oxy-compound (B-2) for use in the
20 invention may be conventional aluminoxane or such a
benzene-insoluble organcaluminum oxy-compound as
exemplified in Japanese Patent Laid-Open Publication No.

78687/1990.



6.8-7.2 (m 10H), 7.87 (s, 2H) 106 FD-mass spectronmetry: 644(M+) ~ 7 S E
P 2002 Elenental analysis: Zr: 14.4 % (calcul ated value: 14.2 %9 Fromthe
above results, the nud yellow solid proved to be a conmpound (transition
metal compound (3-B)) represented 5 by the following formula. Zrcd 2 10 Into
a 300 mM reactor thoroughly purged wwth nitrogen, 150 ml of ethanol, 5.22 g

(52.6 mmol) of cycl ohexyl anine an®85.0 g (52.6 nur]o?)sg{f) m
pyrrol e- 2- car boxyal dehyde were introduced to dissolve cl yl am ne and

pyrrol e-2 car agxy AARBHS ddb BB nofdKe | &en SP6 UbkePared BY| M Eeg at 15

roomtenperature for 24 hours. The reaction solution was vacuum

concent r el f RIRY 8ot A8ialY 88 AL WACHHE L1 fndPa by Akl 9 (50. 4

nmmol , yield: 96 o) of a dark brown oil. fThe analytical results of the dark
brown oil_ are ' e ; S E P 2002 1IHNMt (CDC13 ) : 1.
Z-1. 9 (r%”afo@a,!%é’t.ﬁg"-‘g A%V'?’r‘r‘f éhg&“',}i%n? 21 (d, 1H) , 6.48 (d, iH , 6.
89 (dd, 1H |, .1 ) b F ss.Spectronetry: 176 5
From t he above&r)esu sd,“f%;e‘)a %mﬁgﬁﬁ?oﬁgﬁt gsbe a conpound ( |igand
pr ecugsor, epyesent ed the fol l.ow f or nul /N ~~NH 10 In a 100
m react otrl(‘taf{ln:lb]_%%%ag ?@{W'gc? aﬁgg&%é’d%%“?ﬁ"%%&c?% ‘Tégiir"r’}n %‘fs%eﬁ'%?’ﬁyl et her
sol ution S gtcat.lm%g&& 'c%%t%.i(:&ngsaggggtion water or a salt containing

water of crystallization, e.g., magnesium chloride hydrate,

copper sulfate hydrate, aluminum sulfate hydrate, nickel
sulfate hydrate or cerous chloride hydrate, to allow the

10 organcaluminum compound to react with the adsorption water
or the water of crystallization.

(2) Water, ice or water vapor is allowed to directly
act on an organocaluminum compound such as trialkylaluminum
in a medium such as benzene, toluene, ethyl ether or

15 tetrahydrofuran.

(3) An organotin oxide such as dimethyltin oxide or

X dibutyltin oxide is allowed to react with an organocaluminum
compound such as trialkylaluminum in a medium such as decane,
benzene or toluene.

20 The aluminoxane may contain a small amount of an
organometallic component. Further, it is possible that the
solvent or the unreacted organocaluminum compound is distilled
off from the recovered solution of aluminoxane and the
remainder is redissolved in a solvent or suspended in a poor

25 solvent for aluminoxane.



of the ligand precursor (4) was cooled to -78 C. To the solution, 3.8 m of
a hexane solution containing 6.08 mmvol of n-BuLi was slowly dropw se added,
and the tenperature of 15 the resulting solution was raised to room
tenperature . The solution was then slowy dropw se added to a m xture
consisting of 5.78 m of a heptane solution of titaniumtetrachl oride

(concentration of titaniumtetrach9ride: 0.5 annql 7@;3(@% m  of
di et hyl ether, said m xture having been 20 cooled to * : ter the

dropwi se addi t 8? cqgml et ed I t erature of
the resulting so E\tﬁ%n °vvashs o%%/ax%%ﬁ’se ’g%'ér%%‘ﬁ %‘g'%érg%?‘e%\%gth stirring.
Then, the_sol ut, oa s further stirred,at_rpoomtenperature for .8 hours. The
reacti on];’g"()elpuatliié1 vtvavié‘ge fq‘#f‘é}é H?o{féﬁl'ééalggg PRy er; I8RS H@iﬁuﬂrate 5
was vacuum concentrated. The soli recj pi,t a was _di ssol v in 5mnm of
met hyl en& TRV ,“arRF?‘B"?‘ﬁ%f¥o&ﬁgf’ﬁﬁbgﬂswggg\/\fﬁsgaﬁgd%fo of hexane
Wi th stirrir}%i e mMxture was Ilow;:dto s#a‘g(?j at roorrhte erature to
preci pi t AF2EW R i emneRnd o (Balads 9% (R o1 PrRRO5aBL 9S8 | ter,
washed 10 wi th hexane, and vacuumdried to obt aig 0. 52 %?(1. 11 mol , yield:

38 9% of Fipedabppipuns andtrifyehpalibxinlunipupfe Farkicuirglyr e
descri bed bel ow.. 1H NMFt CDC13?L: 0.7-2.7 (m 22H), 6.2-7.9 (m 6H), 8.00
(s, 2H) Prefierahle bR Eromethylalupippp gl enental analysis @ Ti : 17 . 8 %
(calculated value : 17 . 8 %9 From the above results, the black solid
proved to be FRORFEAARCIIWAER; gamRevEAsSc8xBoUReY 2Ry OF dFent ed by
the fol |l ow ng, fornula. 109 ~ 7 SEP 2002 TiG2 In a 100 mM reactox
t hor oughlSrPebpiratier firgwe oFtmoxegkdndg .30 m of a diethyl ether solution
(containing 1.11 g (6.28 nmml) of the ligand precursor (4) was cooled:to -78
C. To the sol E¥amplesgofi the gohvenke uvged: fox Feparing thes mvl of
n- HULi was slowy dropw se added, and the tenperature of the resulting
sol utllon akuminexanetinebede targreatichydmnanions #udh agabenrenes| ow y
dropw se added to a m xture consisting of 1.Z4 g of a Zrd ~(THF)z conpl ex
(3.0 nmmol johwene, syiénei cudens Andl ciywemes hdibhgticchydyoregbons,78 C.
After the dropw se addition was conpleted, the tenperature of the resulting
sol uti on sachsagwentansethdxanao hdprger alontane,t detanst,i dodeganghan, t he
solution was further stirred at room

hexadecane and octadecane; alicyclic hydrocarbons, such as

cyclopentane, cyclohexane, cyclooctane and
15 methylcyclopentane; petroleum fractions, such as gasoline,
kerosine and gas oil; and halogenated products of these
aromatic, aliphatic and alicyclic hydrocarbons, particularly
chlorinated or brominated products thereof. Ethers such as
ethyl ether and tetrahydrofuran are also employable.i Of the
20 solvents, particularly preferable are aromatic hydrocarbons
and aliphatic hydrocarbons.
The benzene-insoluble organcaluminum oxy-compound for
use in the invention is preferably an organoaluminum oxy-
compound containing an Al component that is soluble in benzene

25 at 60 °C in an amount of usually not more than 10 %, preferably



tenperature f or 8 hours . The reaction solution was filtered through a
glass filter, and the filtrate was vacuum concentrated. The solid
precipitated was filtered off on a glass filter, washed with hexane and
vacuum dried to obtain 11 o T 7 SEP 2002 0.78 g (1.52 nmol, yield: 48
% of a yellow solid. The analytical results of the ‘ﬁellow solid are

descri bed below. 1HNMt (CDCl13): @ 6-2.0 (m 20H), kﬁ&g@gzz&
6.0-6.9 (m 6H), 8.07 (s, 2H) 5 FD-nmass spectronetry: 512 enent al

anal ysis: Zr: 18.1 % (calcul ated yvalye: 17_. 8 % Fromthe above results,
the yel | &R%BPF8 we%%t'opﬁﬁtgcb‘\cl}ﬁﬁga’nar?ﬁﬁﬂ’eﬁi RRE A8 tg‘aﬁpgu'ﬁd (4-B))
represented by the following formula, 10 ZrG 2 . ,~3rnt is Examx~le 9 In
a 10 0 min & AhMb ARAY- JrEHAF ity ﬁh%gbe%%ea ’b%%f‘?&@ezs m of a THF
solution containing 1.02 g (5.78 mml) of the hggang prﬁggsor (4) was

cool ed t ®XIARQRlumigyR QY FPmROURdglf PEPLQrARL YN AREGLUPLEN OFont ai ni ng

6. 08 a~nol of n-BulLi was slowy dropw se added, and the tenperature of the
resul ti nPRAFIRIA sRkble st PenEeBArt enperature. The 20 sol ution was than
slowy dropw se added to 25 ml of a THF 111 1 7 S E P 2002 sol ution
cont a%ni ng 1. Okheorgaggoaiumipust oxycAeBRPURAIFI%E MBS iR sherHpventbrax, said
THF sol ution having been cooled to -78 ~C. After the dropw se addition was
conpet ed,iahdermranniec a5t organealynlnym ¥yt FRPIRBASFRRF§indnged 5 to
roomtenperature with stirring. To the solution was then added 2.7 m (2.90
mmol ) of kedow amfecrepresenyed| by thm Eolldeowdngolfexmula (I rtesul ting
solution was further stirred at roomtenperature for 2 hours. The reaction
solution was filtered through a glass filter, a=id the filtrate was vacuum
{ 10 concentrated. The solid precipitated was dissolved in 5 m of nethylene
chloride, and to theg8bl uti org3fas sl o/\nay added

Al—O0—B—0—Al

/ \

R21 R21

10 (IV)
wherein R20 is a hydrocarbon group of 1 to 10 carbon atoms;
and each R2! may be the same or different and is a hydrogen
atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon
atoms.

15 The organoaluminum oxy-compound containing boron and
represented by the formula (IV) can be prepared by allowing
an alkylboronic acid represen;:ed by the following formula (V)
to react with an organcaluminum compound in an inert solvent
at a temperature of -80 °C to room temperature for a period

20 of 1 minute to 24 hours under an inert gas atmosphere,

R20-B- (OH) 3 (V)

wherein R20 is the same group as described above.



10 M of hexane with stirring. The m xture was allowed to stand at room
tenperature to precipitate a black solid. The solid was filtered off on a
glass filter, washed with hexane 15 and vacuumdried to obtain 0.09 g (0.22
mmol, yield: 8 %9 of a black solid. The analytical result of the black
solid is described below. 1 FD nmass spectronetry: 417(M+) From the above

result, the black solid proved toMe a 20 conpound t ESEP 2@0 net al
coi npouad (4-C) ) represented by the follow ng for 2’? SEP

gtogzn{):ve Izgtg ﬁ%&gﬁ J‘f%%tneglaﬁgaqlor %@ﬁd%‘%% Oc?q%% é} gloam agf
i ssoi ve BRSO Wi SR aroﬁ%%%&‘%ég .‘%’ﬁ‘%‘h TS S he

zol ut i on %wﬁmpﬁ LRI S"E%%tpﬁﬁrﬁe%%ﬁé‘%“ B TR L
dried to Ob’éﬂ njr 381%34 0, nuao yi e 5 of 2cred I.sh brows powder.

The anal W9 romic agifs hop 8W§ ]BBRBE afté Gescrl bed bel ow.
lH—NI\/R CDC13). : 1. 3 .56 15 6 . 43

26 (t , d ,

m) cxs Loheyey oo rcm}c F?eidaavbegyiépﬁomg a é%& ‘5-1H) FD- mass
spectro 122 Fromthe above results, the redd| sh ,brown powder proved
to be a &J’ﬂ%ﬁ!ﬁr’f‘f’?‘l’?ﬁ%ﬁﬁ aeidurReRtpE I ROraphenyibegopy ot Pr@’-f’oP‘F’é\M ng
f or mul a. 113 1 7, S E P 2002 ~N ~~NH

3,5-bis(trifluoromethyl)phenylboronic acid. Of these,

(‘f preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and

10 pentafluorophenylboronic acid. These all;ylboronic acids are
used singly or in combination of two or more kinds.

Examples of the organocaluminum compounds to be reacted

with the alkylboronic acid include the same organcaluminum
compounds as previously described with respect to the

15 organcaluminum compound (B-la). Of thesa, preferable are
trialkylaluminums and tricycloalkylaluminums. Particularly
preferable are trimethylaluminum, triethylaluminum and
triisobutylaluminum. These organocaluminum compounds are
used gingly or in combination of two or more kinds.

20 The organocaluminum oxy-compounds (B~2) mentioned above

are used singly or in combination of two or more kinds.

Examples of the compound (B-3) which reacts with the

25 transition metal compound (A) to form an ion pair (referred



In a 10 O M reactor thoroughly dried and purged with argon, 24 m of a

di ethyl ether solution containing 0. 80 g (6.55 aunol) 5 of the Iigand
precursor (5) was cooled to -78 ~C. To the solution, 4.3 m of a hexane
solution containing 6.88 nmol of a-HuLi was slowy dropw se added, and the
tenperature of the resulting solution was raised to roon1tenperature. The

solution was then slowy dropw se 72&dded to a m xtur IFi9 ng of 6.6
m of a heptane solution of titaniumtetrachloride ? g‘ig?m%n of

titani um et rsaq'q.lo% zq.% Q(?%i%u%prgtx)n@ﬂ%e%S :l.&la:ﬁ:lt O% & hé/i dél r]‘..eew:i. sai d

m xture Bavit ng Been “co After t se addr t1 o1 was
conpl ete t erngper.a ure of t&r}e resul tj ng, §@ 540#4 rai sed 15
to room %‘ecr%pe'r trhiigonv:\‘n' T %?ram{ he° U |on Was T %tirred

room tenperatyre for ur The r |It redthrough
a gl ass 99 % ‘ﬁﬁ‘&sﬁﬁ&bﬂg a\faé’%%sﬁlgg‘& n’d?igé {’?g?e%& SR8
preci pitated ed_in f ene and to the
sol ution V%@_Sgsf@vfié Qe 1 dﬁ:@(lﬂﬁé ﬁ%?%(ggﬁa‘ g‘ﬁe m xture was
allo dtosan roomten_})eratureto reC|p|t_Z; ? fc 114 1 7 SEP
2002 Sol %9 ’s%?’rd Neis 297103 61P 21 randl NPy 2067941291, \BRA - §i t h
hexane and vacuumdried to obtain O.68 él 88 mmol, yield: 58 %9 _of a
bl ack soll?%uce%é"%lﬂé'ﬁqlua’fosresﬁl PQ"—GF°PF|‘ YhFSEROUBH, and, antaerPh¥d bel ow.
5 1HNr~ (cDd 3);: Z 05£ 3.09 (q, 4H), 6.2-7.9 (m 6H), 8.00 (s, 2H)
FD mass SGRERPERR2Te 3 B‘(’M*Ya Lekdfral analysis : Ti : 13 . 3 ~ (
calculated value : 13 . 3 %) Fromthe above results, the black solid
roved to be ath® I&}fﬁpﬂ)mq tiran §ox; gamRlel BoRpERANRASTepreseRtedent ed by
he followng formula. r~c~2 15 Into a 300 m reactor_thoroughly purged
with nitrey egRs 160 18 Hluexinaopr a. yhepvlsgrguRnBhichs may; baYEe &nd 4.9 g
(49.8 mml ) of im dazol e-4-carboxyal dehyde were introduced to dissolve
ani | ilfe amdbstituentegnoynr bughabdefijyorinest metdlyl &% the sol uti on was
stirred at roomtenperature for 20 20 hours. The reaction solution was
vacuum cobrdfiluaredetbyl) .1 Exaiflé&sFof 836R compoundle inofludet and t hen
vacuumdried to obtain 8 .47 g (49 . 5 mnol, yield: 99 %9 of a white
powder. Thei&huabybbozbn;etuniphenflbheoihi teipdddEluareoptienyill) bedongl ow.
IHN~t (CDC13) : 6.6-7.9 (m 7H), 8.43 (s, 1H) 5 FD nass spectronetry: 171
From t he tkded3;, ssdifinorophamylsd hoowoer tprieied- t 0 be

fluoromethylphenyl)boron, tris(pentafluorophenyl)boron,
15 tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-
dimethylphenyl)boron.
The ionic compound is, for example, a compound

represented by the following formula (VI).

R24
R R
Il{26

20 (V1)



a conmpound ( ligand precursor ( 6 ) ) represented by the follow ng formula.
IN ~~NH N= " 10 SynthASis of transition netal conpound (6-A) In a 100 mni
react or thoroughly dried and purged with argon, 30 mM of a diethyl ether
solution containing 1.03 g (6.02 mvol) of the ligand precursor (6) was
cooled to -78 C. To the solution,_3.76 m of a hexane solution containing
6.02 mml 15 of n-HuLi was sl ovrAy3dropvm se added, hidStthP PB0Ber ature of
the resulting solution was raised to roomterrperature The sol ution was

then sl owly' dropyh S8 AFed 133 Mas! 1 8+CONShAAIGn BaeG ol hxQhs GunEPt AN

sol ution of trr?anr UM et ras e (‘concén |on 0 ital

tetrachl grigdes 0 E d 30 m of di et hyl

et her, sal 5<ture %‘\J}iﬁn‘é"‘%ﬁgﬁ cghﬁggﬁon%%ggu% ter the dropwi se

20| on osoRREBL et bk R Site Aol AR saa o v
further st|rr o) t enperatu for 8 hours . The reaction solution was
filtered?t fgﬁgﬁ ’a?ggg'f?qgt éﬁ ggﬁ ®he filtrate was vacuum concentr at ed.
‘he Sol ut 8Le LRkl BET i S R oSt dRenT SO Arggse °h'egﬁ1 dture 10
was aIIovvedtid stand at r om erature to ecr%ﬁl‘%sﬁ @ I|d The
sol i d waSF¥RrPLE R T+ pEﬁ' at‘ﬁ"f%f' Rﬁé&’n é&éﬁ"@ acuum
dried to obtain 0.11 g (0.24 mmol, yield: 8 ~) of a black solid. The

anal yti c&F°FRsul ts of the black solid are described bel ow. 15 ~H NMt

(CDC13) : 6.0-7. 7 16 FD- mass pectrorretr . 4 ) From t he above
fesults, the E?‘&ER §5I P PBVE&’PB g, Cf 51(“4\/I+aﬁ‘rsjr’t| on net al
corrpound (.6- % é represented by the following formula. .. ~ Tjd2 2 20
Synt hesi 8ubghisnEedy carbpniym catiopso@uqhaf LFoRPAYIRAFRRIMor oughl y

purged with nitrogen, 90 ni of ethanol, 1.92 g (21 mmpl) of aniline and 3.0
g (20 ©cation, txi (methylphenyl)carbonium cation and

tri(dimethylphenyl)carbonium cation.

Examples of the ammonium cations include
trialkylammonium cations, such as trimethylammonium cation,
triethylammonium cation, tripropylammonium cation,

15 tributylammonium cation and tri(n-butyl)ammonium cation;
N,N-dialkylanilinium cations, such as N,N-dimethylanilinium
cation, N,N-diethylanilinium cation and N,N-2,4,6~-
pentamethylanilinium cation; and dialkylammonium cations,
such as d4i(isopropyl)ammonium cation and

20 dicyclohexylammonium cation.

Examples of the phosphonium cations include
triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and

tri (dimethylphenyl)phosphonium cation.



mol ) of indol e-2-al dehyde were introduced, then 0.2 nil of 5 acetic acid
was added, and the m xture Was stirred at roomtenperature for 24 hours.
The reaction sol ution was vacuum concentrated to renove the sol vent, and
the concentrate was purif ied by the use of hexane and di chl oronet hane to
obtain 4.17 g (20 nmol, yield: 93.2 %9 of a deep red powder. The 10
anal ytical results of the deep redi4solid are desc\gi ’?es&ﬁglgﬁmz 1IH Nt
(CDC13) : 6.98 (s, 1H) , 7.1-7.8 (m 9H) , 8.50 (s,  1¥-' & (brs, iH)
FD- mass spectr fry: 220 Fromthe abpve respults, the deep red solid proved
to be 1 S a cOrpobPPTofPaRlY FREPRLIm (Sa51qns AAMRRINEELELORPF ol | owi ng
formula. N ~= 11 s, 1 S EP 2002 1n a 100 m _reagtor, thoroughly dried
and purgé’d‘e\/\}mear%‘fi?ﬁzﬁl%Pr&f&rM tEf‘ﬁﬁP"%’EJFGPﬁBH"BBﬁ%‘Hﬁﬁg 1.0 g
(4.54 mmuol ) _ of, the ligapd, precursor (7) was cqQoled to -78 "C. To the
sol uti on,N'ﬂ'ﬁqﬁtwl%%%%%msﬁﬁ%?éng’Eo’ﬂt%{l ggﬁ gU.lBB'i Ul of a-BuLi was
slowy dropwi se added, and the tenperature of the resulting solution was
rai sed t&QNiﬂﬁtenperature. The solution was then slowy dropw se added to
a mxture consisting of 4.54 m of a heptane solution of titanium
tetraéhl ori de Xlotthcamployabhe odst thanionicecruphund ds: aotsiadkyds! /m ) and
20 M of diethyl ether, said m xture having been cooled to -78 "~ . After
t he dr opW'&Bb%@lM!@namgn&mpBelgd, at NeNtdapdkuiland ldniume sadsul @ ng
solution was slowy raised to roomtenperature with stirring. Then, the
sol ut i on dislkyikampontwnr salitacrr aohrianpdrhegphobpdums sady.s. The reaction
15 solution was filtered through a glass filter, and the filtrate was
vacuum concentExampleghef sthadtpiatkpltgubstdtyteds aogopinm sadd®e, and t he
{resulting black powder was dissolved in 10 m of ether and 50 m of
met hyl eneinélwde deriabbyiammbndnmes rhi(phenyd )boromgh a gl ass filter, and
the filtrate was 20 concentrated to obtain a black powder. The bl ack powder
was vidshethriptropitamnondnnteseayphenydd boaronmht &ixi (-9 g (1.41 mmol, vyield:
61 ~) of a dark brown solid. The anal yti cal

butyl)ammoniumtetra (phenyl)boron,

trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron, tri(n-
butyl)ammoniumtetra (pentafluorophenyl)boron,
15 tripropylammoniumtetra(o,p-dimethylphenyl)boron, tri(n-
butyl)ammoniumtetra (m,m-dimethylphenyl)boron, tri(n-
[ butyl)ammoniumtetra (p-trifluoromethylphenyl)boron, tri(n-
) butyl)ammoniumtetra (3,5-ditrifluoromethylphenyl)boron and
tri(n-butyl)ammoniumtetra(o—tolyl)borqn.
20 Examples of the N,N-dialkylanilinium salts include
N,N-dimethylaniliniumtetra(phenyl)boron, N,N-

diethylaniliniumtetra(phenyl)boron and N,N-2,4,6-

pentamethylaniliniumtetra (phenyl)boron.



results of the dark brown solid are described bel ow 1H NVR (CDC13):
6.0-8.5.(m. 20H), 8.92 (s, 2H) 25 ~D-nmss spectronetry: 556( M) 119 1 7 S
E P 2002 Fromthe above results, the dark brown solid proved to be a
conpound (transition netal conmpound (7-A)) represented by the foll ow ng
formula. Tid2 5 Into a 300 M reactor thoroughly 4p ni trogen, 150
m of ethanol, 12.05 g (52.58 n’mﬂs) of 3,5 10 bi s( ? gﬂpv%whyl)ani l'ine
and 5.0 g (52.58 nnDI) of pyrrol e-2-carboxyal dehyde were introduced, then

0.2 m of ac@hidnAddl JBStIRE0ela1RPTakhéniin! Hat¥aEnsliuleedi]lL S OOM
tenperature for 1 week. The reactlon sol uti on was vacuum concentrated to

remove the, \&ﬁﬁonfﬁﬂtéﬂfa@88£€QEi&&foéﬁén%ilBB&bB!ﬁ%dpy the use of

hexane and di chl oromethane to obtain 9.6 5 aunol, yield: 60.0 % of

a dark t he dark brown solid are
Gouar | pafus belﬁ%gﬁlmoamughga BBEaYL) Botbr!. (CDC13) . 6. 39 (dd, 1H)

6. 80 (4, ddrendr. offbfanil)an £d01Essc?thupul by 11, 830 (<,

iFD 9.40 (brs spectronetry: e above results, the
dar k br

repr esen ej@éﬁﬁ@&gﬂgﬂ%ﬂﬁgtgg}%ﬁggﬁgagiugyfgg%%ﬁl) eac B‘}%r t hdr%ughl y
dried a 4 solutlon
contgrné%#%gggf&&%gEngﬂg FfﬂiFQPﬁ 8E&§ﬁ%l§%§éy 1ﬂ§¥ ®"vas cool ed to
- 78 g-rrogeniumtetra(pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complesx,
N,N~-diethylaniliniumpentaphenylcyclopentadienyl complex or

10 a boron compound represented by the following formula (VII)

or (VIII).

CFs
H(Et,0),8

CF5
4

(VII)

15 wherein Et is an ethyl group.



solution, 2.22 m of a hexane solution containing 3.55 muvol of n-HuLi was
slowy dropwi se added, and the tenperature of the resulting solution was
rai sed to roomtenperature. The 15 solution was then slowy dropw se added
to a mxture consisting of 3.25 m of a heptane solution of titanium
tetrachloride (concentration of titaniumtetrachloride: 0.5 mmol/m) and 40
m of diethyl ether, said mxture having been cooled to -78 ~ . After the
dropwi se addition was conpleted, 20 the tenperature of ft S{Peggﬂg' ng
solution was slowy raised 121 1 7 S E P 2002 to roomtenperature with
stirring. Then, the solution yas ffﬁé r stirred at roomtenperature for 12
hours. The reaction solution tened through a glass filter, and the
filtrate was vacuun1cé§ben()u 0. \he spblid precipitated 5 was washed with
hexane, and the resulti Ng-Bt3 id s vacuumdried to obtain 0.75 g
(1.02 mmol, yield: 62 % of & a8 { bro solid. The analytical results of
the dark brown solid are desc ibedcgel . IH-NVFt (CDC13 ) : 6 .18 (dd, 2H)
, 6 . 48 (d, 2H) , 6 . 62 (d, \2H) , 0/ 7. 0-8.5 (m 8H) FD nass
spectrometry: 728(M+) Fromthe above results, the dark brows solid proved
to be a conpound (transition netal conpound (8-A)) represented by the
followng formula. F3\ CFa /N.. ~" Tid2 /w2 15 Into a 200 m reactor

t horoughly purged with nitrogen, 90 m of ethanol?vgg%ﬁg (20. 25 nmol ) of
cycl ohexylaniline and 20 3.0 g (20.25 nmmol) of indol e-2-al dehyde were

i ntroduced, and 122 1 7 S E P 2002 they were stirred at roomtenperature

for 12 hours. The
Examples of the borane compounds include:

5 decaborane(14);
galts of anions, such as bis(tri(n-
butyl)ammonium)nonaborate, bis(tri(n-
butyl)ammonium)decaborate, bis(tri(n-
butyl)ammonium)undecaborate, bis(tri(n-

10 butyl)ammonium)dodecaborate, bis(tri (n-
butyl)ammonium)decachlorodecaborate and bis(tri (n-
butyl)ammonium)dodecachlorododecaborate; and

salts of metallic borane anions, such as tri(n-
butyl)ammoniumbis (dodecahydridododecaborate)cobaltate (III

15 ) and bis(tri(n-butyl)ammonium)bis-~

(dodecahydridododecaborate)nickelate (III).

Examples of the carborane compounds include:

salts of anions, such as 4-carbancnaborane(l14), 1,3-
dicarbanonaborane(13), 6,9-dicarbadecaborane(14),

20 dodecahydrido-l-phenyl-1, 3-dicarbanonaborane,

dodecahydrido-l1-methyl-1, 3-dicarbanonaborane,



reaction sol ution was vacuum concentrated to renove the solvent, and the
conceatrate was crystallized and purified by the use of hexane to obtain
3.46 g (15.3 mmol, yield: 75.5 % 5 of a brown solid. The anal yti cal

results of the brown solid are described below. 1H N ~t (CDC13): 1.0-2.0

(m 10H), 3.1-3.4 (m 1H), 6.70 (g9 1H), 7.0-7.7 ( é?EHBB 32 (s, iH,
9.30 (brs, 1H) t FD-mass spectronetry: 226 10 Fron1ta \29025u|t8, t he
brown solid proved to be a conpound (ligand precursor (9)) represented by
t he fol | shdegahydmiide-1,N-dimethyl 1l 3 4diaxanenaberantor dbudhl y dried and
purged with argon, 30 ml of a diethyl ether solution containing 1.02 g

(4. 51 nuddcprbaundedabpmahellsdur 2n7 (B caxibavndecabonanggli), To the
solution, 2.9 nl of a hexane solution containing 4.51 nmmol of n-HuLi was
sl owl y duogeicshydddelh-%r&kdiwe tieyipe? A8 +dicafbauid@8cdbgrana, P 2002 t he
resulting solution was raised to roomtenperature. The solution was than
sl owl y ddodeicahyiddetb 410l -matibytln 2z, T-ehbcatbagndécadbSratepf talljapt ane
solution of titaniumtetrachloride (concentration of titanium

tetraghl touitgd ) athnforil uisil 4 ddpbadec aiforatef tirk(hybutyhpammeaidmAixt ure
havi ng been cooled to -78 ~ . After the dropw se addition was conpl et ed,

t he t enpeaabaunddcdbwrdtos)| ton siobtyl pammeaiaheny rai sed to room
tenperature with stirring. Then, the solution was further stirred at room

t enper at WarYadoderdWsiste, e il Pn L88€Y1 PamEohiinon-BREmbhi2eadyilhr ough a
glass filter, and the resulting black solid was washed with di ethyl ether.

The sol i d v@asraddaberatd {]hcﬂi chipheye) Annendasbyasgdum-concentrated. The
{solid preci pitated was washed Wth hexane, and the resulting black solid

was vacularid fsid dabi 2t 8, O 8L (Aonatyl) 48manAah~6%i el d: 65 ~) of a bl ack
solid. The anal yti cal resufl ts o% t he %Iack solid are described bel ow.

10 carbadecaborate(l4), tri(n-butyl)ammonium-6-
carbadecaborate(12), tri(n-butyl)ammonium-7-
carbaundecaborate(13), tri(n-butyl)ammonium-7,8-
dicarbaundecaborate(12), tri(n-butyl)ammonium-2,9-
dicarbaundecaborate(12), tri(n-

15 butyl)ammoniumdodecahydrido-8-methyl-7,9-
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
ethyl-7,9~dicarbaundecaborate, tri(n-
butyl) ammoniumundecahydrido-8-butyl-7,9-
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-

20 allyl-7,9-dicarbaundecaborate, tri(n-
butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-
dicarbaundecaborate and tri(n-
butyl) ammoniumundecahydrido-4, 6~dibromo-7-

carbaundecaborate; and



1H NWt (CDC13) : 0.3-2 . 8 (m 22H) , 6.7-7 . 8 (m 8H) , 8. 30 (s, 2H),
8.95 (d, 2H) FD mmss. spectronetry: 568(Mt) 20 Fromthe above results, the
bl ack solid proved to be a conpound (transition nmetal conpound (9-A))
represented by the follow ng formula. 124 1 7 SE P 2002 rci2 Intoa 20
O m reactor thoroughly purged vm:zg nitrogen, 5 100 m of ethanol, 5.67 g

(21.0 gaol) of n-octadecyl anine and 2.0 g (21.0 mdl} QEP
pyrrol e- 2- car boxyal dehyde were introduced, and they were stirred at room
tenperature fealtd bdumetalildcr eacticorarsolantiicos waictaamrexcbbrentrated to
renove the solvent, and the concentrate was vacuumdried to 10 obtain 6. 46
g (18. 6 hongl) apmend un®3 X ridnaliydrido-+le, powder. The anal ytical results of
the white powder are described below. 1HN~t (CDC13) : 0.90 (t, 3H) , 1.28
(m 30H) dicarbancmabddate )tobdixtdtie (P4)), tri(@<4 (dd, 1H) , 6. 48 (d, 1H
, 6. 88 (d, 1H , 8 . 08 15 (s, 1H , 9.20 (brs, iH FD nass spectronetry:
346 Fr onblukg 1l damniced iss(udde-alirdel govreg- proved to be a conpound
(l'igand precursor (10)) represented by the follow ng formila. 125 ? 7 S
E P 2023ivatauridedatdddt &) fdirdde (PECY preshoioughly dried and purged
with argon, 40 m of a diethyl ether solution containing 1.0 g (2.9Z : mol)
butyl)ammoniumbis (undecahydrido~7, 8~
dicarbaundecaborate)cobaltate(III), tri(n-~
butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)nickelate(III), tri(n-
10 butyl)ammoniumbis(undecahydrido-7,8-
dicarbaundecaborate)cuprate(III), tri(n-
butyl) ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)aurate (III), tri(n-
butyl)ammoniunmbis (nonahydrido-7, 8-dimethyl-7,8-
15 dicarbaundecaborate)ferrate(III), tri(n-
butyl) ammoniumbis (nonahydrido-7, 8-dimethyl-7, 8~
dicarbaundecaborate)chromate(III), tri(n-
butyl)ammoniumbis (tribromooctahydrido-7,8-
dicarbaundecaborate)cobaltate (IXI), tris(tri(n-
20  butyl)ammonium)bis(undecahydrido-~-7-
carbaundecaborate)chromate (III), bis(tri(n-
butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)manganate(IV), bis(tri(n-

butyl)ammonium)bis (undecahydrido-7-

25 carbaundecaborate)cobaltate(III) and bis(tri(n-



5 of the ligand precursor (10) was cooled to -78 ~. To the solution, 1.95
m of a hexane solution containing 2.91 mol of a-BuLi was slowy dropw se
added, and the tenperature of the resulting solution was raised to room
tenperature. The solution was then slowy dropwi se added to a m xture 10
consisting of 2.9 m of a heptane solution of titaniumtetrachloride

(concentration of titaniumtetracflPoride: 0.5 / m of diethyl
Cre T A P00

ether, said m xture having been cooled to r opwi se

addi tion t t er, of,the resulting solution was

sl ow y r?ﬁ?&&s%gp‘{ogiﬁ%ar%{%%%a&%&%&eﬁ% 7sti rring. Then, the solution was
further sti %’red t roomét e)rg).eratfre { 8 hours. The reaction solution was
filteredS®h seaforate)tialelata (e ti I trate was vacuum concentrat ed.
The solid pre(é:l%ipe{,\ba;;ed wag dissolved in 5 mM of nmethylene chloride, and to
the sol ution Z5Q.HEtEFERPIY AMROUBA AORRIR8A AR GFPR RE10FFRR £ mi xt ur o
was aIIO\/@g'to stapd af roomtenperature to precipitate a bl ack 12s 1 7 S
E P 2002 AJHGPRTREOEBRAT a4 1 4R ity um, preenic|and tipanthd with
hexang and vacuumdried to obtain 0.44 g (Q.54 mpl, .yield:  37. % of a

bl ack®solqRP OFHPLS Atemecarlegtaf & VARaAI NN bt molahdenued bel ow.
5 1H-NWR (CDC13): 0.9-2,0 (m_ 70H), 2.8-3.3 (m 4H), 6.2-7.9 (m 6H), $.88
(s. 2H) MEddungghen r ofdamplesRivieuch Gameunds inelidets, the bl ack
solid proved to be a_conpound (transition metal conpound (10O A))

r epr esentRiPgRbarradie aeidni sermanoyanadic acidymrsenevanadicagddasi s of

| i, gand vrecursor (%11 15 rnto a 200 nl reactor thoroughly purged with

ni t r ogen, Phepheninbie pgid, germmenicbicachth| sidicemaprbddencitd 5.0 g

*(52.58 nmol ) of pyrrol e-2-carboxyal dehyde ware introduced, then 0.5 m of

acetic adhrsehomgbradiamcide tdsanemolydedie iaqidl geymanenekykdicure for
3 days . The reaction solution 20 was vacuum concentrated to renmove the
sol vdft, aeidi hersencoalybdiécwasidacatangeredybdiobagid 10.24 g (51.1 mol ,

phosphotungstic acid, germanotungstic acid, stannotungstic
acid, phosphomolybdovanadic acid, phosphotungstovanadic
acid, germanotungstovanadic acid,
phosphomolybdotungstovanadic acid,

15 germanomolybdotungstovanadic acid, phosphomolybdotungstic
acid, phosphomolybdoniobic acid and salts of these acids, for
example, the salt of these acids and metals of Group 1 or Group
2 of the periodic table (e.g., lithium, sodium, potassium,
rubidium, cesium, beryllium, magnesium, calcium, sprontium,

20 barium), and organic salts such as salts of these acids and
triphenylethyl salt.

The ionizing ionic compounds (B-3) mentioned above are
used singly or in combination of two or more kinds.
If the organocaluminum oxy-compound (B-2) such as

25 methylaluminoxane is used as a cocatalyst component, the



12 1 7 S E P 200Z yield: 96.3 % of an unber powder. The anal yti cal
results of the unber powder are described below. 1H NWR (CDC13 ) : 3 .82
(s, 3H , 6.28 (dd, 1H , 6. 68 (d, 1H) , 6.8-7.0 (m 3H), 7.1-7.3 (m 2H),
8.30 (s, iH), 10.10 (brs, 5 1H) FD-nmass spectronetry: 200 Fromthe above
results, the unber powder proved to be a conpound (| i4gan or (11))
represented by the t followi ng fo8Rula. O N ~~NH 1(] ?nggﬁm% react or
thoroughly dried and purged with argon, 40 nl of a diethyl ether solution
cont ai ni Re-ahs i3 oh herd? dEHRSur cshgl&hqm&f&ﬁ% ¥ thd Dnveas 1Pl ed to

- o]

78 "~. To the 15 solution, 3.4 ni a hexane solution containing 5.12

mmol  of Qﬁqyit}@&%ﬁ@%ﬂ@ﬂ%ﬁ%we%éf@nRﬁmeiﬂ}e‘f&ﬂfex{ém

resulting solution was raised to roomtenperature. The solution was then

slouly JLQRAARAUAEN dd HIET @41 NGOl (ldéeﬁs(%‘%%e% ne

solution of titanium 12% 1 tetrachlori i on of

titani umJg opgo@_%a%ﬁrgg)llm) and 30 ml of diethyl ether, said

m xture having bee 0 -78 C. After the dropw se addition was

I f . | L ' W, i sed
F oom § eSS STt T e P e PR R BB R R e ot
room tenperat ure for %%alliou%s. The_reacti On°§8€%ti 00y as flizé;trered t hrough a
gl ass fi 58S 3h& FREAFRI¥PS: EORREFRCuu cOnBent B el S Tha SOty 2

precipitated t. ° i ssol v in 5 of thyl en' e. chlori de nd to the
0 sof ut ift nrtety Bioh sfrsither elghtsn B Hdiasa FEERPEHATHS e was
allowed to stand at roomtenperature to precipitate a black solid. The
solid wa®d¥3YEr ¥y off by a glass filter, washed with hexane and vacuum

{dried to obtain 0.64 .24 ol , yield: 48 9% of a blacgk solid. The 15
anal ytical resth iRorlefdmpelymesization &&5@'?’55@‘5896 ing to the

10 invention, the below-described carrier (C) can be used, if

necessary, in addition to the transition metal compound (A)
and at least one compound (B) selected £rom the organometallic
compound (B-1), the organcaluminum oxy-compound (B-2) and the
ionizing ionic compound (B-3).
15 {C) Carrier
The carrier (C) for use in the invention is an inorganic
( or organic compound in the form of granular or particulate
solid.
As the inorganic compound, porous oxide, inorganic
20 ha—logenide, clay, clay mineral or an ion-exchange layered
compound is preferable.
Examples of the porous oxides include SiO;, Al;03, MgO,
ZrO, TiO,, B;03, Ca0, ZnO, BaO, ThO;, and complex compounds
or mixtures containing these oxides, such as natural or

25 synthetic zeolite, Si0;-Mg0O, Si0;-Al;03, S10,-TiO;, 8i10,~V,0s5,



1H NwZt (CDC13 ) @ 3. 6-4. 0O (m 6H) , 6. 0-8 .2 (m 16H) FD nass
spectronetry: 516(Mt) Fromthe above results, the black solid proved to b~
a conmpound (transition netal compound (11-A)) represented by 20 the
foll owi ng formnul a. 129 17 S E P 2002 Synthesis of |ig~and precursor {12)
Into a 200 mM reactor thoroughly rged with nitrogen, 5 80 of et hanol,
8.64 g (53.63 nunol) of trifluoro-%-toluidine and1g ﬁp mml) of
pyrrol e- 2- car boxyal dehyde were introduced, the of acetlc aci d was
added, asdobherpdxtand S@G,;-Sticj-Mgot oaomueemerpa:tefea:aimre Zaxkys. The
reaction solution was vacuum concentrated to renove the 10 sol vent, and the
concent r gompah A GOHB L By t 9L Pladidy P ATD,0 agdZheiFajort el d: 79.5 %
of a black solid. The analytical results of the black solid are descri bed
bel ow. 1lidMMRdeed?Gl3 ) : 6. 30 (dd, 1H) , 6 .72 (d, 1H) , 6 . 98 (d, 1H
7.26 (d, 2H), 7. 60 (d, 2H) 8.28 (s, 1H), 9.70 (brs, 1H) 15 FD-mass
spectronet ry: m438 JHHG a&;gt & GRAN- { Sont BEn PLEALK 1S lnbdnBEO Qd to be a
12

corrpound (l'igand precursor represented by thefollow ng orrru a.

130 CF3 [\ rporiidl, 75‘51&% 0&%#&@ éﬂaoomaaeasa%ngmrouwéﬁ drd ed and

purged with argon, i a diethyl ether solution containing 1.13 g

(4.73 Mia),c0,0 kL8, | G20E, PIRFE SO, sd) , Vag, €86, Pl Haso8 EmolQ the

Mg (NO3)2, AL(NO3);, NazO0, K;0 and Li;O.

Although the porous oxides differ in their properties

depending upon the type and the pré'paration process thereof,
10 the carrier preferably used in the invention has a particle

diameter of 10 to 300 pm, preferably 20 to 200 um, a specific

surface area of 50 to 1000 m?/g, preferably 100 to 700 m2/g,

and a pore volume of 0.3 to 3.0 cm3/g. If necessary, the

carrier is calcined at 100 to 1000 °C, preferably 150 to 700 °C,
15 prior to use.

Examples of the inorganic halogenides employable in the
invention include MgCl,, MgBr,, MnCl; and MnBr;. The
inorganic halogenide r.nay be ugsed as it is, or may be used after
pulverized by a ball mill or an oscillating mill. The

20 inorganic halogenide may be used as fine particles of a
precipitate obtained by dissolving the inorganic halogenide
in a solvent such as alcchol and then conducting precipitation
using a precipitant.

The clay employable in the invention is generally mainly

25 composed of clay mineral. The ion-exchange layered compound



—

solution, 3.0 mM of a hexane solution containing 4.73 noral of n-BuLi was
slowy dropwi se added, and the tenperature of the resulting solution was
rai sed to roomtenperature. The solution was then slowly dropw se added to
a mxture 10 consisting of 4.7 m of a heptane solution of titanium
tetrachloride (concentration of titaniumtetrachloride: 0.5 °' mol/nl) and
30 m of diethyl ether, said mxtde having been cbal §EPo20N "~ . After
the dropw se addition Vs conpl eted, the tenperature.of the resulting

sol uti on ew@d oVa®ley iRt ikirdrt i Md RRInP U] MdvLisd id 'dRgstaen, the
solution was further stirred at roomtenperature for 12 hours. The reaction

sol ut | 0N e84 retP 808101 @p6rh | dfe L andith i 15l pasal Latiago vacuum
concentrated. The solid precipitated was dissolved in 5 m of nethylene

chlori deon@dnbehbt}ewzehwwaupao\&asséke%uh%&ﬂ%na% anaf:.n?:ég”@hg‘” th

stirring. The P 2002 m xture was al owedtos room
t enper at yr. 0 gg% ff by a
gl ass fi :itigzret ﬁéﬁgﬂd& ﬁ% %(gihgﬁédﬁ QJv%lgﬁum ri e t‘%#%é%glg (1. 37

powae " afi, & QL) oBiAePele AR on 8sHagE, %%%‘Bdf Gt 2 2
0 B o B Il FRES SRSCLASITLE CRR2AMAL ERELLAC180aye esul ts,

t he bl ack ‘orove a cofpoun ransi 1 on e conpound

(12:%) ) coprsacal ogbbycibe LotLoptn, bg Uk Bl e 11T 4 2 15

Tnto a 200 reac roughf‘y purg rogea, anol ,

4.56 33..72 f I d 3.22 33.83 I f
pyrro?e(f%ta“f‘lf)é%%%?lgheﬁtél aﬁgiuaﬁt gglﬂht‘gglg?ﬁgﬁ% 59rr1( of acgm)c) agl d was

T U P s PP i fhie o lAeReLE G S B RaRT e (e

solvegt: AYeldE SSMESHRAE" EntiRab?elay, Ithss hndYads" st 1on

crystalline compounds having layered crystal structures such
as hexagonal closest packing type, antimony type, CACl, type
and CdI; type.
Particular examples of the clay and the clay minerals
15 include kaolin, bentonite, kibushi clay, gairome clay,
allophane, hisingerite, pyrophyllite, mica, montmorillonite,
vermiculite, chlorite, palygorskite, kaolinite, nacrite,
dickite and halloysite. Particular exampies of the ion-
exchange layered compounds include crystalline acid salts of
20 polyvalent metals, such as 0-Zr(HAsOy)2-Hy0, 0O-Zr (HPO4)a,
O-Zr (KPOy) 5+ 3H;0, O-Ti(HPO4)2, O~-Ti(HASO4)z+H20, Q-
Sn (HPOy) 2 +H,0, Y-Zr (HPO4)a, Y-Ti(HPO;); and y-Ti (NH.PO,); -Hz0.
The clay, the clay minerals and the ion-exchange layered
compounds are preferably those having a pore volume, as

25 measured on pores having a radius of not less than 20 A by



g (24.5 aunol, yield: 72.6 %9 of a white solid. The analytical results of
the white solid are described below. 5 1H Nt (CDC13) : 1.20 (d, 6H , 3 .
56 (m 1H) , 6.28 (dd, 1H , 6.5-7.0 (m 2H), 7.1-7.4 (m 4H), 8.20 (s,

1H), 9.78 (brs, 1H) FD-nmass spectronetry: 212 Fromthe above results, the
white solid proved to be a 10 co nd ( ligand pre )
represented by the following formul'a. iPr NH 15 In j%gE{P 2@9210r

t horoughly dried and purged with argon, 40 m of a diethyl ether solution
cont ai ni ry MexFury penbttmatliprofmethed,i gimicopriess dvan 031 eaédgcomhdd to -78
"~. To the solution, 3.15 m of a hexane solution containing 4.71 mol of
n- BuLi wesrepasttlalmniiyspradesdblynthohe haonipey at porecfoldlnd o€ 0e3ul ti ng
solution was raised to roomtenperature . The 133 1 7 S E P 2002 sol ution
was t hen tsd o oe ty opWihee padectollama dexteasuredsoat theg pbrds Hawingf a

hept ane solution of titaniumtetrachloride (concentration of titanium

tetrachl od ixdidl 8£ME®Iondx1ed B athebEutyGidnd t¥d thbdn methdadusigge havi ng
been S cooled to -78 ~. After the dropwi se addition was conpl eted, the

t enpersat us emetctibg pesokimagesol ution was slowy raised to roomtenperature
Wth stirring. Then, the solution was further stirred at roomtenperature

for 12 hours. The coagoudd ELYUhEOH pefe rollufesdas Mdeumired enipsrbisl ter,

and 10 the filtrate was vacuum concentrated. The solid precipitated was

di ssol vedna@ihghh #{a1i®s e et ARlsd tlan 200} Gt Nt Magcygow y
added 10 m of hexane with stirring) The m xture was all owed to stand at

room t enpegaihdbd b8 BhECELRLEELE, aibl BeKasOtbibe TAEEEDLLItWRS bbthehed Of f
by a 15 glass filter, washed wi t h hexane and vacuum dried to obtain 0.22 g

(0. 41 MDLighi Bbl: g;izhtggnaagltq_glgt@omder The anal ytical results of the
bl ack powder are described below. 1H NWt (CDC13): 1.0-1.4 (m 12H),

3.4-31f (M 2Hye @s%z@&ﬁdﬁlé@ﬂh@@hg%i@%%ﬁ%ﬁbr O%Y mine¥B(MEL T om the

above results, the black powder proved e a conpound (transition netal

conpound {13 A}x) thePIES8REEdnPY BN EubGeb@Wane of 8hEHYRa12 B reatments.

Any of surface treatments to remove impurities attached to
the surface and treatments having an influence on the crystal
structure of the clay are employable. Examples of such

15 chemical treatments include acid treatment, alkali treatment,
salt treatment and organic substance treatment. The acid
treatment contributes to not only removing impurities from
the surface but also eluting cations such as Al, Fe and Mg
present in the crystal structure to increase the surface area.

20 The alkali treatment destroys cryétal structure of clay to
bring about change in the structure of the clay. The salt
treatment and the organic substance treatment can produce
ionic complex, molecular complex, organic derivative or the

like to change the surface area or the distance between layers.



134 1 7 SE P 2002 r~ci2 Into a 200 m reactor thoroughly purged with
nitrogen, 5 100 mM of ethanol, 5.0 g (49.4 mmol) of n-hexylamne and 4.7 ¢
(49.4 mol ) of pyrrol e-2-carboxyal dehyde were introduced, and they were

stirred at roomtsnpsrature for 12 hours. The reaction so b Qﬁ@ was vacuum
concentrated to renove the sol ventgq and the concent rh ﬂb umdried to

obtain 8.54 10 g (47 .9 mol, yield: 96.4 ~) of a brown liquid. The

anal yti cal results of the brown |l iquid are described below 1H NMR ( CDC13)
© 0.90 (d, 3HFhe org@iqqham 1&:&%% qumd f?r~use in (:be 2H , 6 . 24
(dd, 1H) 6.45 (d, : 1H) : F&B 48 (brs, 1H)
15 FD nadsvantdian mwﬁye allsymre @mpaméem whd, th@t@cmwml d
proved to be a conpound (ligand precursor (14)) represented by the

f ol | owi ng-onst bettween)layersshave Hiden -an¢harmyesl witlpoghemlarge @ndd
reactor thoroughly dried and purged with argoa, 40 ml of a diethyl ether
sol ut i on ediktynidoney utidd zings 162 ewchange Pproperkdeki yandnpargarshe (14)
was cooled to -78 "C. To the solution, 3.83 m of a hexane sol ution

cont abni il dtatitantodtwdem- Bhidi lapersl ovitlye dvwlky stomdpbaysaad t he
tenperature of the resulting solution was raised to roomtenperature. The
sol ut i on pikkl 4l s oxrd Yl deopritsportdetet hageri stuuetidrec@ansd sits ng of 5. 72
m of a heptane solution of titaniumtetrachloride (concentration of

titani umgerigrallpredtled. & "phliak) .antnEfodbcioni eEhgtherher, said

m xture havi ng been

substances between layers of a layered compound is called
"intercalation". Examples of the guest compounds to be

10 intercalated include cationic inorganic compounds, such as
TiCl, and ZrCl,; metallic alkoxides, such as Ti(OR)y, Zxr(OR)4,
PO(OR)3; and B(OR)3 (R is a hydrocarbon group or the like); and
metallic hydroxide ions, suchas (Al;304(0H)24)7*, (Zrg(OH);4)32*
and (Fe30(OCOCH;3)g¢)*. These compounds are used singly or in

15 combination of two or more kinds. The intercalation of the
compounds may be carried out in the presence of polymers
obtained by hydrolysis of metallic alkoxides such as Si (OR)4,
Al (OR)3 and Ge(OR); (R is a hydrocarbon group or the like) or
in the presence of colloidal inorganic compounds such as SiO;.

20 Examples of the pillars include oxides produced by
intercalation of the above-mentioned metallic hydroxide ions
between layvers, followed by dehydration under heating.

The clay, clay minerals and ion-exchange layered

compounds mentioned above may be used as they are, or may be

25 used after they are subjected to a treatment of ball milling,



cooled to -78 C. After the dropw se addition was conpleted, the tenperature
of the resulting solution was slowy raised 15 to roomtenperature with
stirring. Then, the solution was further stirred at roomtenperature for 12
hours. The reaction solution was filtered through a glass filter, and
thefiltrate was vacuum concentr at The solid precipitat & di ssol ved
in 5mM of nethylene chloride, and"to the 20 sol utioﬁi\%g mmded 40
m of hexane with stirring. The m xture was allowed to stand at room

t enper at wwieting S&he 1ikek PMA@@dvprecktheyatmayabbl usadsafter fTheysol id
was filtered off by a glass filter, washed Wth hexane and vacuumdried to
obt ai n 0.#&fe gubjebbedm waybelafiscrptiombraidiyiGratsiin dndérchemtadiyg i cal
results of the black solid are described below 5 IHNwZt (CDC13 ) : O .
8-1. 6 (mrheXay, Zlaly hirerxdls 4fd , idn-eRchinige Pijerdd cBompoundls,
7.7-8.0 (m 4H) FD-mass spectrometry: 472(Mt) From the above results, the
bl ack solmaly euvesed sty By O P NEoribiRAE1bh06E NeWral of alrPDENKHihd4- A) )
represented by 10 the following fornnula. Tid2 ' Into a 500 m gl ass

aut oclsave t horesigihe dphdeedndit forldd i tegLals 25Prefepdblal Heaec1ay
i ntroduced, and the liquid phase and the gas phase were saturated with

et hyl ene ghdacia onuﬁair&wf 308 paPEichakly PHeFeratae hxd Ml (in terns
of al um num atom of methyl al um noxane was added, and then 0.005 mmol of

the transhéh@RoFELRONnELAPOYEEMmIBAMItE) PRRIED1LLEES riariGasSSiagd Y added to
initiate polynerization. The reaction Was conducted at 25 ~ for the period
of time shomenbeidakigal in an atnosphere of an ethylene gas at ordinary
pressure. 17 S E P 2002 Then, a snall anmount of isobutyl alcohol was

added to term pRbeoLanRo! ¥BRELGAN B, 2bkClxahIRN WTRlaRI1HN YRS

conpl eted, the reaction produCt was Introduced Into a large anount of

aci 3?&";2 i e 2%?'1‘%?%%%% gigike A The'
ol yet hyl Sho” baym TRl e EAH cBponld AHOLI 1cbSefliidls ¢ ¢ o

2002 Tabl e_1 .Transi - RPol ymer - Yi el

of Pol yrer PFREFFRS: MEAR a?‘f‘og58ﬁ‘?%é‘ﬁ' 9% RokS At FATPCR AFFRS: PR A% cos- cos
~pound(m nL¥lit

) l(Jd1§ 9) BEbPibhe, provylsns:-i-Prtens 9ndPATESI BN 189, 8613, 0x. 4
3- A300. 090,049. 36Ex. 53-B300.,16Q. 0712. OEX. 64- &; 3. 9Ex. 74- B300. 340. 13
4. 64EX. 849&8%. 65‘6."6%5‘. ‘é’?q&‘t}é’%‘if ﬁﬁ‘ﬁf‘g‘l& 106-2300. 080. 04l 5. 0Ex. 117-
A200. ?%0 172. 25Ex.,128- A100. 760..9130. 3EX. 139-%%. 330. 362. OéEx. 1310-A200. 290
1711 DEx V1BY 9X§&.°§’f¥.af§5.q§7éﬁymﬁ.%8%*? REREIH93En188%20. 024. 37E
X. 1814- A200..4 0.8%518. %’;1: %auno (transition nmetal) '"hr S Ex~,m~les 19
- 34 | nt o™2%SG39" RROSNEELt thoroughly purged with nitrogen, 250 ni
of toluene was_introdyced, and the liquid se a he, gas_phase ware
Saturated w i n EenRehado LARPEIERtl B Ao G067y AL Ch HRESADIOBARE. 0. 25
nmml (in tfermilof 10 alum ntilm to oé tr3, sgbut Iakum num was added, and
than urther comprise the =] w-aescribe Speclrlc organilic

.

compound component (D), if necessary, in addition to the
20 transition metal compound (A), at least one compound (B)
selected from the organometallic compound (B-1l), the
organocaluminum oxy-compound (B-2) and the ionizing ionic
compound (B-3), and the optionally used carrier (C).

{D) Organic compound component



139 1 7 S E P 2002 0.005 mol of the transition netal conpound shown in
Tabl e 2 was successively added. Thereafter, 0.006 nmol of

tri phenyl car beni unt etraki s( peat af | uor opheriyl)borate was added to initiate
pol yneri zation. The reaction was conducted 5 at 25 "~ for the period of
time shown in Table 2 in an atnospfere of an ethyl as at ordinary
pressure . Then, a small anount of 1sobutyl al cohol ﬁag 0 term nate
t he polynerlzatlon After the polynerization was conpleted e reaction
product was i rkm &deceresend mﬁmﬂj@mt;ntormmtcmuqdoccpmensntat e 10
the total amount of a polyner. Then, hydrochloric acid was added, and the
m xture mbB)fi$t@pbﬂonhlbughsadgfassthhlDGFPOBHeOﬁédmNMQﬂjqnﬂymnr was
vacuum dried at 80 ~C for 10 hours to obtain polyethylene (PE). The results
are set fpeliymeniZabltify a8d pidpeFsiles 2f]l theSriesml2oRy polymer.
Transi - Pol ymer-Yiel d

of Pol yner Exampl astoH theadbrgapndbyeenpaands nisichnuia ailicohodsscphenbiiicscos- coa
~pound(m n)*1ity(dl/g)Ex. 191- A100. 200. 2429. 8Ex. 201- B300. 110. 0424. 3Ex. 212- A3
00. 30G. | 286mp&unds3- A3RBokP1ie4 heillmy. PUDSPUHFUES Gdinpiicirils and

Ex. 244- A51: 102. 6421. 3Ex. 254- 8300. 210. 087. 04Ex. 265- A50. 671. 6224. 9Ex. 277- A200
. 090. 0611gukEEor88eA300. 240. 1022. OEx. 299- A300. 070. 0310. 5Ex. 3010- A100. 460. 553
0. 9Ex. 3111- A300. 200. 08* 2Ex. 3212- A100. 250. 30* 2Ex. 3313- A100. 060. 0823. OEx. 3414

- A100. 780. 94* 244 kHb~A2LbhbARS AhidOR WP pHendlid dofipoiimasWrdde (The
pol ymer under test was insoluble is a 5 solvent for measuring intrinsic

Vi SCOSi t YrhpkBhant 6308y h3 Bls S(raut 95! 2y des LHISHh Yo bhig &5k W tdn migt r ogen,

250 m of toluene was |ntroduced and the liquid 10 phase and the gas phase

‘were sat Upak8enatbmd Bixad h&@.&g@ha%w Ih§ae-dalr®én FrouppG£lhio Fed
propyl ene (flow rate: 150 1/hr) To the autoclave, 1.25 nunol (in teszns

of al ym n!é@r%bﬂn'htom]s‘slajres?e%@l?aﬁ Nggndyddm noxane was added, and then
0. 005 mml of the transition nmetal conpound shown in Table 3 was

successivel y a%%daiegheg | akg Bﬁgra?abigt tR8se THE 15 GEHAR WomhARduct ed

at 25 Cfor the perio time shown in Table 3 in an atnosphere 5 of the

m xed gas gl A3 R ananaJJ@ﬂ a3 ¥ T HorPFRYR) . Of & Pidnd1 13 cohol

was added to ternlna & %he pol ymer 1 zati on.

compounds are preferably those wherein the ¢,0'~positions of
the hydroxyl group are substituted with hydrocarbon groups
15 of 1 to 20 carbon atoms.
As the carboxylic acids, those represented by R32-COOH
(R32 igs a hydrocarbon group of 1 to 50 carbon atoms or a
halogenated hydrocarbon group of 1 to 50 carbon atoms,
preferably a halogenated hydrocarbon group of 1 to 50 carbon
20 atoms) are generally employed.
As the phosphorus compounds, phosphoric acids having
P-0-H bond, phosphates having P-OR bond or P=0 bond and
phosphine oxide compounds are preferably employed.
The sulfonates employable herein are those represented

25 by the following formula (IX):



After the polynerization was conpl eted, the reaction product was introduced
into a | arge anmount of nethanol to precipitate the total anount of a

pol ymer. Then, hydrochloric acid was 10 added, and the m xture was filtered
through a glass filter. The resulting polynmer was vacuumdried at 80 ~ for
10 hours to obtain an ethyl ene/ pr®pyl ene copol yner (EPR). The results are
set forth in Table 3. 15 Table 3
Transi-Pon-YieIdPon-Intrin-Cbntenttionneriza-ofngr72§Eg?éaux%taltionpolym
er Li onvi scos-propyl-comtine(g)activ-ity
(r))enepound(mn)ity(dl/g)(ml % *1Ex. 351- A600. 300. 024. 943d. 7Ex. 364- A302. 250
. 908. 5229. 9Ex. 378- A300. 370. 151 7. &84. 2EX. 3811- A300. 900. 366. 4351. 2Ex. 3912- A30
0. 770. 314. 4434. 7*1: kg/ (transﬂti%@ tal)~hr 142 '~ ~ ~ F p 2002 rato a
500 ml gl ass autoclawme t u ptivged with nitrogen, 250 m of toluene
was i ntroduced, and the |iqu\d pppse apd the gas phase were saturated with
a m xed gas of ethylene (flow rate: 50" &/ hr) and propylene (flow rate: 150
5 1/hr) . To the autoclave, 0 .25 nmol (in terns of al um num aton) of
triisobutylal um numwas added, and then 0 .005 nntol of the transition
metal conmpound shown in Table 4 was successively added ?ereafter, 0. 006
nmol of triphenylcarbeniuntetrakis(pentafluorophenyl)bgra e was 10 added to
initiate polynerization. The reaction was conducted at 50 "~ for the period
of time shown in Table 4 in an atnnsphere of the m xed gas at ordinary

Th I t but | cohql dd 1 nat
Phe pol yntaats dn Eipp SlpRa %ﬁwﬁa‘? Y 5%%%%&53“@%%% k% FBaCti on
duct 1 t d th | t tat
Phe't ot arenponte bt g 3° RrefodRpar oo %7?%%%‘“%@»3@323%5‘& he
t filt dth h fil Th | t
Vsouum dr LD SEPEE 96 ﬁ%gigééna%eéeﬁvaﬁoée%éﬁéng'r% FEL e Eeopol ymer
(EPR). The results 20 are set forth in Table 4. %fS 1 E P 2002
20 carbon atoms; X is a hydrogen atom, alogen atom, a

hydrocarbon group of 1 to 20 carbon atoms or a halogenatad

10 hydrocarbon group of 1 to 20 carbon atomsg; m is an integer
of 1L to 7; and 1lene7.
In Fig. 1, steps for preparing the olefin polymerization
catalyst of the invention are shown.
In the polymerization, the components can be used in any
15 way and in any order. Some examples of the processes are given
below.
(1) The component (A) and the compound (B) are fed to
the polymerization reactor in an arbitrary order.
(2) A catalyst component wherein the component (A) is
20 supported on the carrier (C), and the component (B) are fed

to the polymerization reactor in an arbitrary order.



Tabl e 4

Transi - Pol y-Yi el dPol y-1atri a- Coat eatti onneri za-of neri za-ai cof netal ti oapol ym
erti oavi scos-propyl-comtinme(g)activ-ity

(~)eaepound(m a)ity(dl/Q (nol % *1Ex. 40 4- A300.200.084.088. 4Ex. 41

5- A300. 080. 03Z7. 912. OEx. 42 14- A3088 120. 0527. 89. 2 *11'rgiE?p§iEE§nsition
nmetal)' ' hr 5 Ex~, ngles 43 45 Into a 500 m gl ass autocl h hl y~pur ged

a
Wi th nitrogen, (250 feffafpl ;y%ﬁ]%wmtw@oh%n&ﬂui gap??ﬁf and

t he gas phase were saturat'ed wt ene at a flowrate of 10

he aut ocTSiRow {8458 O e TLcr, MR B ottt [T hors) B okane
Tanl o 5 Vi3 ShecHETyder) MR AR"reRbrblt Wk L o O T T on v
atmsphere-of 38 et hyrateredd defipdt Whearfl b 'BebBhene) o) 88, 0une o
ol ymey | 2L PBHE el T RBGToAT L9 4L s e BrCRPRHTAE AP TRBhEBR LN o
Then,  hydF BRHTOPPERSRr Al Bho- L ARAo=ERe P ChP T FELS21(0) 5 B3B8 Vae
80 - for B RAGVER Fabiam, anaRerh SroRE (BRLOARY (i are set forth
R T R e R oy
(5] B ipodont Ty SR R ST 2 L

2.0 Eg 45 4-A 15 5 Q.94 2.26 5.27 2.9 *1: kg/mmol (transition netal)'hr In
the nthsutBReRelymexizatiam&Geacka®osity of the 10 pol ymer obtained in

each exanpl e, the polynmer was dissolved in decalin and the intrinsic
viscosity was @aﬁeeébavelwmw&vg e R f sthpetatalydle content
of propylene or 1-hexane in the copolynmer was neasured by IR analysis
(N ppon BESRPOEEIRSBIERY be prEwiiousIs amiaet@dp002 1. An ol efin
pol ynerization catal yst conprising (A) a transition netal conpound
represent ed by Aheliefinpway beo prepplymerigied ontqm solid patalyst
component wherein the component (A) and the component (B) are
15 supported on the carrier (C). On the prepolymerized solid
catalyst component, a catalyst component may be further
supported.
In the process for olefin polymerization according to
the invention, an olefin is polymerized or copolymerized in
20 the presence of the above-mentioned olefin polymerization
catalyst to obtain an olefin polymer.
In the present invention, the polymerization can be
carried out as any of liquid phase polymerization, such as

solutionpolymerization or suspensionpolymerization, and gas

25 phase polymerization.



wherein Mis a transition netal atomselected from Goup 3 to G oup 5,
Goup 7 to Goup 9, and G oup 11 of the periodic table, Uis a carbon atom
havi ng a substituent group R2, a nitrogen atom or a phosphorus atom Ais a
nitrogen atom or a phosphorus atom Qis a carbon atom having a substituent
group R3, a nitrogen atomor a phosphorus atom S is carbon _ataom having a
substituent group R4, a nitrogen a§ mor a phosphorusfl ZUE] a carbon
atom having a substituent group R5, a nitrogen atomor a phosphorus atom m

is an integer mianplds 6f Hhet® HFarvRadkdd hedsafousdi id ehentiquden Mis a
transition netal atomselected fromGoup 3 to Goup 5 Goup 7 to Goup 9,

and G OURpHds®bd1imeiaZatdidn § AR Gdet AEYpRA €16 Ao IMBRUE sRlchNA g2

hal ogen atom a hydrocarbon group, a heterocyclic conpound residual group,

an oxygery 724 N e SR QY Ppede dhd | OBERAREN RéPLARe I’ 8¥Pand, DRELRAEONT @i Ni Ng
group, ul'fur-containing group, a phospnorus cont ai ning group, a

si | icon- @6&@& 849046 OKBrod1 18] B LFEINEARYHRGALBRL" shdd Hfont ai ni ng
group; 1461 7 S E P 2002 two or nore of R5 may be bonded to each

ot her sto éf"?f??a a@gci’é‘ﬁe ‘riﬁgpaﬂatﬁ% 1§§cggﬂgﬁtgﬁg,| Br8R8 _l._bgand and

one group o0 & cohtarned In ano |gand may forma | ng group
or a sin re up ..Qf d d and one group
of R cogﬂt1 meggfﬁxg%bt hﬂcwggaﬁgﬁfz%rh% at%g'n fnng él(radg%}, € bondi ng group

a hydr [ 3_ar nunber
!S:.tl sf);l n%gfog a@ aug?fg CS%BOR.SI, &%%&n%yg't om altﬁh IIsj'dae’e'nuatorn a
hyd b t
n.ytiﬁg‘éﬁ 2Bhex ﬁ?ﬁagﬁsﬁéﬁﬁeﬁl %ﬂa%@%% g b Ak cer 7% AR ng
~group, gg ghorgs cont :,éf %{ual .Q0en- c%e a| ni 3 ht
het Yer oRg - P
ggrerocm} contain s gfl n- cqnt aj n| n q{ousnal glrﬁl% gepfy s 2 or
greater, pl ura? #ggpgﬁ'x& &F&'f"&" % san:lian #f 1T ent to each
ot her and )lkur al é‘%ia%gﬁ i ndi tgtet‘d ﬁ)i X ma qn% d io0 ‘g?a% Jgt P?e% t_otform
a ring. 2P 0 nsition

t al d ted b f ~A / i
wher i n NRRSUAL: ?:%L&%&%aﬁyﬁe?oaﬁi‘zmﬁié"ﬁ @eﬁedpr%mb&yp% R ET
Goup 7 tQ Goup 9, and Goup 11 of the periodic table, Uis a carbon atom

havi ng a u’B@?-rtuent group R2, a nltrogen atom or a phosphorus atom Ais a

nitrogen atomor a phosphorus atom is_a_carbon at om havi (r;‘%la sybsti tuent
group R3, a ni FPEyERTROBSNS (B- &ﬁoé—ﬁhBF‘Bg ipofpchk an apeuny dhak dhhavi ng a

substituent group R4, a nitrogen atom or a phosphorus atom
15 molar ratio ({(B-1)/(M)) of the component (B-1l) to the

transition metal atom (M) in the component (A) becomes usually
0.01 to 100000, preferably 0.05 to 50000. 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
20 metal atom (M) in the component (A) becomes usually 10 to
500000, preferably 20 to 100000. The component (B-3) is used
in such an amount that the molar ratio ((B-3)/(M)) of the
component (B-3) to the transition metal atom (M) in the

component (A) becomes usually 1 to 10, preferably 1l to 5.



147 1 ~ S E P 2002 T is a carbon atom having a substituent group R5, a
nitrogen atomor a phosphorus atom mis an integer of 2 to 6, R to R5 may
be the sane or different, when Mis a transition netal atom selected from
Goup 3to Goup 5, Goup 7 to Goup 9, and G oup 11 of the periodic table,
they are each a hydrogen atom a hygl ogen atom a hydraqcarbon group, a
heterocyclic compound residual group, an oxygen-cont i hiSERXE) a
ni t rogen-contai ni ng_group, a boron-contai'ning group, a sulfur-containing
group, a phospieRuEheoRPRPRRRG Y (Bap) éssi‘PPgoﬁgcﬁ‘h‘Paﬁ?ﬂ‘W%ﬁ‘bu@)a
ger mani um cont ai ni ng group or a tin-containing groug; two or nore of R to
R5 may b&hsoseaponendadR)odBepptdopsiivauspfginafgdchnen prepnbititto R5
contained in one ligand and one group of R to R5 contained in another
| i gand ndhe o A(Brokdi rat ip dep wmel becomes B8uallywhbr8ilntehdf,one group of
R in one ligand and one group of R contained in another |ligand forma
bondi ng gmaferabier Poddtags gr dlien the teupovenboflBo2 buis kaedngskle nore
carbon atons; n is a nunber satisfying a valence of M and X is a hydrogen
at om Sa hximpysrentt ofB) a thed conponemtyg(®)p isaapbippadlyonsedningsygelup, a
sul fur-containing group, a nitrogen-containing group, a boroncontai ning
group, armmbhmguntitnthen(y (B-62)prat ipHos plodreccnes aisaaidyg oAl a
hal ogen- cont ai ni ng group, a heterocyclic conmpound residual group, a
si | i con- comi23i prafiegablip,0 20 G teahi uWlamthiencogpgnenp (B~3) tismagedt ai ni ng
group, and when n is 2 or greater) plural groups indicated by X may be the
sanme or g feiendohporast (Bhertihadodhponénygr (Dpsisnepebdradlby ¥seay be
bonded to each other to forma ring, and (B) at |east one conpound sel ected
(from (B-in)swhoigaansehsl that CARBOEDYY (BB33) ratier §anarill BetdRes
oxy-conpound, and (B-3) a conpound which reacts with the transition netal
conpd@nd yéjaldyfor0Labei 20, PBrefegaby Ol.af ko Bal yneri zation cat al yst
conprising a carrier (C) in addition to the transition nmetal conpound (A)

represented byrdhena@beyerifnrpuligmetkizatichau@ihgatthedlolleddst one conpound
(B) of claim2 selected fromthe organonetallic conpound (B-1 ), the

or ganoal upb e PX¥aE28ROAHa1Pse) eRd HEtymariedidon ééﬁyér@c&rg Rg2002

(B-3) which reacts with the transition netal conpound (A) represented by

the abovejfaHaik@nkb) oPludilaAI1Y 1500cd A2BRIc), PrPbdfably o'edOFsE.for
ol efin polynerization, conprising polynerizing or copolynerizing an olefin

in the prefigngs1ghet#saflehl BAAkWIRS izakiPRHALANY S dwapne of claims

1to 3. 5 An olefin polynerization catalyst of claim1l wherein X is not a

benzyjs grQEBosg]hég@.ﬁgP?:UsQuQ‘él %%e&ioéagygrnggf BL¥Ferabi¢ ahﬁbgagg@%&@ n Xis

a hydrogen ato ogen atom an _ group. 7. An o n pol ymer
P L )
% A3SR. AFE, 2308 But: ﬁ%aaéﬂ\lof batchwise, semi-continuous and
continuous processes. The polymerization can be conducted
in two or more stages under different reaction conditions.
20 The molecular weight of the resulting olefin polymer can
be controlled by allowing hydrogen to be present in the
polymerization system or by changing the polymerization
temperature. The molecular weight can be controlled also by

changing the type of the component (B).
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!bC@S 1 (yedmpe(z)atsulzg %ito (grecipitate reddish brown crystals. The
crystals were filtered off on a glass filter, washed with
pentane and vacuum dried to obtain 0.35 g (0.70 mmol, yleld:
24 %) of a yellowish green solid. The analytical results of
the yvellowish green solid are described below.

10 lH-NMR (CDCl;): 6.55-7.85 (m, 16H), 8.95 (s, 2H)
FD-mass spectrometry: 500 (M*)
Elemental analysis: Zr: 18.4 % (calculated value: 18.2 %)
From the above results, the yellowish green solid proved
to be a compound (transitionmetal compound (1-b)) represented

15 by the following formula.
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solution was cooled to -15 °C, 31.9 ml of a hexane solution
containing 49.0 mmol of n-BulLi was slowly dropwise added, and
15 the temperature of the resulting solution was raised to room
temperature. The solution was then cooled to -78 °C, and 3.1
ml (43.0 mmol) of methyl iodide was slowly dropwise added.
The temperature of the resulting solution was raised to room
temperature, and the solution was stirred for 3 hours. The
20 reaction solution was quenched with a 0.4 mole sodium acetate
aqueous solution, and the organic layer was extracted and

recrystallized from ethyl acetate to obtain 3.27 g (12.0 mmol,
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hydrolysis proceeded. After the reaction was completed, the

10 organic layer was extracted with diethyl ether, then the
solvent was distilled off, and the remainder was vacuum dried
to obtain 2.53 g (23.2 mmol, yield: 96.7 %) of 5~
methylpyrrole-2-carboxyaldehyde as a reddish purple solid.

Thereafter, 2.52 g of the 5-methylpyrrole-2-

15 carboxyaldehyde was allowed to react with 2.12 g (22.8 mmol)
of aniline in the same manner as in the synthesis of the ligand
precursor (1), to obtain 2.39 g (yield: 57 %) of a brown solid.
The analytical results of the brown solid are described below.

1§-NMR (CDCl;): 2.56 (s, 3H), 6.31 (4, 1H), 7.2-7.7 (m,

20 6H), 8.10 (s, 1H), 13.88 (brs, 1H)

FD-mass spectrometry: 184 (M%)
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Ina 100 ml reactor thoroughly dried and purged with argon,
20 ml of a diethyl ether solution containing 0.76 g (4.11 mmol)
of the ligand precursor (2) was cooled to =78 °C., To the
solution, 2.8 ml of a hexane solution containing 4.48 mmol
10 of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 3.9 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
15 mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 °C., After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperatuxe for 8 hours. The reaction

20 solutionwas filtered through a glass filter, and the £iltrate
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washed with hexane and vacuum dried to obtain 0.23 g (0.47
mmol, yield: 23 %) of a dark green solid. The analytical
results of the dark green solid are described below.
1H-NMR (CDCl3): 2.52 (s, 6H), 6.1-8.0 (m, 16H)
10 FD-mass spectrometry: 484 (M%)
Elemental analysis: Ti: 9.7 % (calculated value: 9.9 %)
From the above results, the dark green solid proved to
be a compound (transition metal compound (2-A)) represented

by the following formula.

15
Synthesis Example 4
In an atmosphere of nitrogen, 10.1 g (41.3 mmol) of the

dimer compound (2a) which was a synthetic intermediate of the

Wy

\ .
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10 10 101(fsrwide’®&dded, and the temperature of the resulting solution
5 was raised to room temperature. Then, the solutionwas cooled
to -78 °C, and 12.5 ml (99.2 mmol) of trimethylsilyl chloride
was dropwise added. Thereafter, the temperature of the
resulting solution was raised to room temperature, and the
solution was stirred for 3 hours. The reaction solution was
10 quenched with a 0.4 mole sodium acetate agqueous solution, and

the organic layer was extracted to obtain 16.6 g (41.3 mmol,

vield: 100 %) of an o-trimethylsilyl substituted dimer

\

compound as white needle crystals.
Then, 12.4 g (32.0 mmol) of the o~trimethylsilyl
15 substituted dimer compound was dissolved in 150 ml of THF,
and the solution was mixed with 300 ml of a 0.75 mole sodium
acetate agqueous solution. The reaction of the mixture was
conducted for 15 hours under reflux, whereby hydrolysis
proceeded. After the reaction was completed, the organic
20 layer was extracted with diethyl ether, then the solvent was
distilled off, and the remainder was vacuum dried to obtain
10.7 g (64.0 mmol, yield: quant.) of 5-
trimethylsilylpyrrole-2-carboxyaldehyde.
Thereafter, 5.0 g (28.7 mmol) of the 5-

25 trimethylsilylpyrrole~2-carboxyaldehyde was allowed to
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15 Ina 100 ml reactor thoroughly dried and purged with argon,
20 ml of a diethyl ether solution containing 0.848 g (3.50
mmol) of the ligand precursor (3) was cooled to -78 °C. To
the solution, 2.8 ml of a hexane solution containing 4.48 mmol

of n-BulLi was slowly dropwise added, and the temperature of
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was vacuum concentrated. The solid precipitated was

subjected to recrystallization from hexane and then vacuum
dried to obtain 0.52 g (0.86 mmol, yield: 49 %) of a black
solid. The analytical results of the black solid are
15 described below.
1g-NMR (CDCl;): 0.60 (s, 18H), 6.2-6.4 (m, 4H), 6.9-7.2
(m, 10H), 7.82 (s, 2H)
FD-mass spectrometry: 600 (M%)
Elemental analysis: Ti: 7.8 % (calculated value: 8.0 ‘;/o)
20 From the above results, the black solid proved to be a
compound (transition metal compound (3-A)) represented by the

following formula.
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Synthegis Example 6

Into a 100 ml reactor thoroughly dried and purged with
5 argon, 0.45 g (1.19 mmol) of a zirconium tetrachloride/2THF
complex and 15 ml of THF were introduced, and they were cooled
to -78 °C. To the resulting solution, 15 ml of a THF solution
containing 0.58 g (3.7 mmol) of the ligand precursor (3) was
slowly dropwise added. After the dropwise addition was
10 completed, the temperature of the resulting solution was
slowly raised to room temperature with stirring. Then, the
solution was further stirred for 7 hours under heating at 55°C.
After the reaction solution was filtered, the filtrate was
vacuum concentratec:t. The solid precipitated was washed with
15 hexane and vacuum dried to obtain 0.70 g (1.09 mmol, yield:
91 %) of mud yellow solid. The analytical results of the mud
vellow solid are described below.
1H-NMR (CDCl,): 0.53 (s, 18H), 6.38 (4, 2H), 6.43 (4, 2H),

608-7-2 (m’ 10H)' 7.87 (BI 2H)
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Synthegis of ligand precursor (4)
10 Into a 300 ml reactor thoroughly purged.with.nitrogén,
{ 150 ml of ethanol, 5.22 g (52.6 mmol) of cyclohexylamine and
5.0 g (52.6 mmol) of pyrrole-2-carboxyaldehyde were
introduced to dissolve cyclohexylamine and pyrrole-2-
carboxyaldehyde in ethanol, and the solution was stirred at
15 room temperature for 24 hours. The reaction solution was
vacuum concentrated to remove the solvent and vacuum dried
to obtain 8.88 g (50.4 mmol, yield: 96 %) of a dark brown oil.

The analytical results of the dark brown oil are described

below.
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10 In a 100 ml reactor thoroughly dried and purged with argon,
25 m1 of a diethyl ether solution containing 1.02 g (5.78 mmol)
of the ligand precursor (4) was cooled to -78 °C. To the
golution, 3.8 ml of a hexane solution containing 6.08 mmol
of n-BuLi was slowly dropwise added, and the temperature of

15 the resulting solution was faised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 5.78 ml of a heptane gsolution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 25 ml of diethyl ether, said mixture having been

70 cooled to -78 °C. After the dropwise addition was completed,
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solid. The solid was filtered off on a glass filter, washed
10 with hexane and vacuum dried to obtain 0.52 g (1.1l mmol,
yield: 38 %) of a black solid. The analytical results of the
black solid are described below.
1g-NMR (CDCl,;): 0.7-2.7 (m, 22H), 6.2-7.9 (m, 6H), 8.00
(s, 2H)
15 FD-mass spectrometry: 468 (M%)
Elemental analysis: Ti: 17.8 % (calculated value: 17.8 %)
 From the above results, the black solid proved to be a
compound (transition metal compound (4-A)) represented by the

following formula.
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Synthesis of transition metal compound (4-B)

Ina 100 ml reactor thoroughly dried and purged with argon,
30 ml of a diethyl ether solution containing 1l.11 g (6.28 mmol)
of the ligand precursor (4) was cooled to -78 °C. To the
solution, 3.8 ml of a hexane solution containing 6.08 mmol
of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 1.14 g of a ZxCl (THF), complex (3.0 mmol) and
40 ml of THF, said mixture ha.:ring' been cooled to -78 °C., After
the dropwise addition was completed, the temperature of the
resulting solution was slowly raised to room témperature with
stirring. Then, the solution was further stirred at room
temperature for 8 hours. The reaction solution was filtered
through a glass filter, and the filtrate was vacuum
concentrated. The solid precipitated was filtered off on a

glass filter, washed with hexane and vacuum dried to obtain
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Elemental analysis: Zr: 18.1 % (calculated value: 17.8 %)
From the above results, the yellow solid proved to be
a compound (transition metal compound (4-B)) represented by

the following formula.

10

Inal00ml reactor thoroughly dried and purged with argon,
15 25 ml of a THF solution containing 1.02 g (5.78 mmol) of the
ligand precursor (4) was cooled to -78 °C. To the solution,
3.8 ml of a hexane solution containing 6.08 mmol of n-BuLi
was slowly dropwise added, and the temperature of the
resulting solution was raised to room temperature. The

20 solution was then slowly dropwise added to 25 ml of a THF
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at room temperature for 2 hours. The reaction solution was
filtered through a glass filter, and the filtrate was vacuum
10 concentrated. The solid precipitated was dissolved in 5 ml
of methylene chloride, and to the solution was slowly added
10 ml of hexane with stirring. The mixture was allowed to
stand at room temperature to precipitate a black solid. The
solid was filtered off on a glass filter, washed with hexane
15 and vacuum dried to obtain 0.09 g (0.22 mmol, yield: 8 %) of
a black solid. The analytical result of the black solid is
described below.
FD-mass spectrometry: 417 (M*)
From the above result, the black solid proved to be a
20 compound (transition metal compound (4-C)) represented by the

following formula.
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Into a 300 ml reactor thoroughly purged with nitrogen,
5 150 ml of ethanol, 26.3 ml of a methanol solution containing
52.6 mmol of ethylamine and 5.0 g (52.6 mmol) of pyrrole-
2-carboxyaldehyde were introduced to dissolve ethylamine and
pyrrole-2-carboxyaldehyde in ethanol, and the solution was
stirred at room temperature for 24 hours. The reaction
10 solution was vacuum concentrated to remove the solvent and
then vacuum dried to obtain 4.15 g (34.0 mmol, yield: 65 %)
of a reddish brown powder. The analytical results of the
reddish brown powder are described below.
1H-NMR (CDClj3): 1.26 (t, 3H), 3.56 (q, 2H), 6.26 (d, 1H),
15 6.43 (4, 1H), 6.89 (44, 1H), 8.13 (s, 1H), 9.20 (brs, 1H)
FD-mass spectrometry: 122
From the above result‘s, the reddish brown powder proved
to be a compound (ligand precursor (5)) represented by the

following formula.
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5 of the ligand precursor (5) was cooled to -78 °C. To the
solution, 4.3 ml of a hexane solution containing 6.88 mmol
of n-BulLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture

10 consisting of 6.6 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 25 ml of diethyl ether, said mixture having been
cooled to -78 °C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised

15 to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction
solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution

20 was slowly added 10 ml of hexane with stirring. The mixture

was allowed to stand at room temperature to precipitate a black
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10 compound (transitionmetal compound (S-A)) represented by the

following formula.

Synthesis of ligand precursor (6)

15 Into a 300 ml reactor thoroughly purged with nitrogen,
150 ml of ethanol, 4.73 g (50.8 mmol) of aniline and 4.9 ¢
(49.8 mmol) of imidazole-4-carboxyaldehyde were introduced
to dissolve aniline and imidazole-4-carboxyaldehyde in
ethanol, and the solution was stirred at room temperature for

20 20 hours. The reaction solution was vacuum concentrated to
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a compound (ligand precursor (6)) represented by the following

formula.

N
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In a 100 ml reactor thoroughly dried and purged with argon,
30 ml of a diethyl ether solution containing 1.03 g (6.02 mmol)
of the ligand precursor (6) was cooled to -78 °C. To the
gsolution, 3.76 ml of a hexane solution containing 6.02 mmol
15 of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 6.0 ml of a heptane solution of titanium

tetrachloride (concentration of titanium tetrachloride: 0.5
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solution was filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution
was slowly added 10 ml of hexane with stirring. The mixture
10 was allowed to stand at room temperature to precipitate a black
solid. The solid was filtered off on a glass filter, washed
with hexane and vacuum dried to obtain 0.11 g (0.24 mmol,
vyield: 8 %) of a black solid. The analytical results of the
black solid are described below.
15 1g-NMR (CDCl;): 6.0-7.7 (m, 16H)
FD-mass spectrometry: 458 (M¥)
From the above results, the black solid proved to be a
compound (transition metal compound (6-A)) represented by the

following formula.

20 Synthesgis Example 12
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temperature for 24 hours. The reaction solution was wvacuum

concentrated to remove the solvent, and the concentrate was
purified by the use of hexane and dichloromethane to obtain
4.17 g (20 mmol, yleld: 93.2 %) of a deep red powder. The
10 analytical results of the deep red solid are described below.
1H-NMR (CDCl;3): 6.98 (s, 1H), 7.1-7.8 (m, SH), 8.50 (s,
1¥), 9.32 (brs, 1H)
FD-masgss spectrometry: 220
From the above results, the deep red solid proved to be

15 a compound (ligand precursor (7)) represented by the following

formula.
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solution, 2.98 ml of a hexane golution containing 6.08 mmol
5 of n-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
congisting of 4.54 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
10 mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction
15 solutionwas filtered through a glass filter, and the filtrate
was vacuum concentrated. The solid precipitated was washed
with hexane, and the resulting black powder was dissolved in
10 ml of ether and 50 ml of methylene chloride. The solution
was filtered through a glass filter, and the filtrate was
20 concentrated to obtain a black powder. The black powder was
washed with hexane and vacuum dried to obtain 0.79 g (1.41
mmol, yield: 61 %) of a dark brown solid. The analytical
results of the dark brown solid are described below.
lH-NMR (CDCl;): 6.0-8.5 (m, 20H), 8.92 (s, 2H)

25 FD-mass spectrometry: 556 (M*)
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by the following formula.

Synthesis Example 13
Synthesis of ligand precursor (8)
Into a 300 ml reactor thoroughly purged with nitrogen,
150 ml of ethanol, 12.05 g (52.58 mmol) of 3,5~
10 bis(trifluoromethyl)aniline and 5.0 g (52.58 mmol) of
pyrrole-2-carboxyaldehyde were introduced, then 0.2 ml of
acetic acid was added, and the mixture was stirred at room
temperature for 1 week. The reaction solution was wvacuum
concentrated to remove the solvent, and the concentrate was
15 purified by the use of hexane and dichloromethane to obtain
9.65 g (31.5 mmol, yield: 60.0 %) of a dark brown solid. The

analytical results of the dark brown solid are described

below.
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From the above results, the dark brown solid proved to

5 be a compound (ligand precursor (8)) represented by the

following formula.

FaC CFj

In a 100 ml reactor thoroughly dried and purged with argon,
10 40 ml of a diethyl ether solution containing 1.02 g (3.32 mmol)
of the ligand precursor (8) was cooled to -78 T. To the
solution, 2.22 ml of a hexane solution containing 3.55 mmol
of n-BuLi was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
15 solution was then slowly dropwise added to a mixture
consisting of 3.25 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 40 ml of diethyl ether, said mixture having been
cooled to -78 C. After the dropwise addition was completed,

20 the temperature of the resulting solution was slowly raised
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5 was washed with hexane, and the resulting black solid was
vacuum dried to obtain 0.75 ¢ (1.02 mmol, yleld: 62 %) of a
dark brown so0lid. The analytical results of the dark brown
solid are described below.
1H-NMR (CDCl,): 6.18 (dd4, 2H), 6.48 (d, 2H), 6.62 (4, 2H),
10 7.0-8.5 (m, 8H)
FD-mass spectrometry: 728 (M*t)
From the above results, the dark brown solid proved to
be a compound (transition metal compound (8-A)) represented

by the following formula.

Fa CF3

15

Into a 200 ml reactor thoroughly purged with nitrogen,
90 ml of ethanol, 2.0 g (20.25 mmol) of cyclohexylaniline and

20 3.0 g (20.25 mmol) of indole-2-aldehyde were introduced, and
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solvent, and the concentrate was crystallized and purified
by the use of hexane to obtain 3.46 g (15.3 mmol, yield: 75.5 %)

5 of a brown solid. The analytical results of the brown solid

are described below.

(s, 1H), 7.0-7.7 (m, 4H), 8.32 (8, 1H), 9.30 (brs, 1H)

FD-mass spectrometry: 226
10 From the above results, the brown solid proved to be a

compound (ligand precursor (9)) represented by the following

formula.
/N
Z “NH
15 In a 100 ml reactor thoroughly dried and purged with argon,

30 ml of a diethyl ether solution containing 1.02 g (4.51 mmol)
of the ligand precursor (9) was cooled to -78 T. To the
solution, 2.9 ml of a hexane solution containing 4.51 mmol

of n-BulLi was slowly dropwise added, and the temperature of
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10%& 4 ) - &8&95&9 and 40 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The

10 reaction solution was filtered through a glass filter, and
the resulting black solid was washed with diethyl ether. The
solid was extracted with dichloromethane and vacuum
concentrated. The gsolid precipitated was washed with hexane,
and the resulting black solid was vacuum dried to obtain 0.84

15 g (1.48 mmol, yield: 65 %) of a black solid. The analytical
results of the black solid are described below.

iH-NMR (CDCl3): 0.3-2.8 (m, 22H), 6.7-7.8 (m, 8H), 8.30
(s, 2H), 8.95 (4, 2H)
FD-mass spectrometry: 568 (M%)
20 From tﬁe above results,— the black solid proved to be a

compound (transitionmetal compound (9-A)) represented by the

following formula.



109®s, 109& ()- 9 109& ()-3m'109%& ()-s, 109 ()- & 109 ()-  109% ()-9paBbC
1099S 109 ()- L109%& ()- YYL09%& ()-F@ 109%& ()-!103&L0%& () - 3109%& () - z[ <bC
1094109& () -. 109& ()-! H3l 94.09& ()-!

* 31 9L0%NVE ()-! [ 31 YLO%[([& ()-Y'-109& ()-2Z]> 10% 109%& ()-M 10% & ()-M
10% ()-M 10 10 108f#10% ()-6 1Qyk ()- [(dE]>

10% 109& () - &LS109& ()- F3"109& ()%, 109& ()- &% 109& ()- 109%& ()-(_{bCl>
109! 109& ()-3 sl 109& ()-LY 109& ()- S@10%& () -

08310%&' ()- Y10%&' ()- C4567dYNC 10% 10 10 10f8 10% 'E) g@ 12{]@ () - F4-

109&' ()- S2 109& ()-Y Og#l09%&AY~T7J- ndEYNC 10% | Y109 & ()&

109% & ()-LL10% & ()- F 10% & @ 109% & ()-F10% & ()-m VaBYNC 10%

109% & ()-3y-#10% & () -1k S$LOMKEK(& ()-s| 10% & ()-sf 109 & ()- L

109% & ()-B2dEYNC 109% (10% & ()F &L0% & () - Y$S#109% & ()-" 10% & () -y

109% & ()-s10% & ()-2H dYNC 129518( 10( 10(23 10%& ()-0

109% & ()-1. @10% & () -, Z10% ()- EJEYNC 10%

109& ()-"109& ()-s109%& () - YLB% L 109 () - GZ10% () -.j aBYNC

109 109& () - ! F( %4.09BB& ()- 2()-$ 109& ()-"100& ()- 10%& ()-*udEYNC
109%6: 109& () - 4109%& () - 2@L0%=t,- OMLOY& ()-. 109& ()-, 109 ()-*,-./3BLeC
10%
\“

109 KI L10%&' ()- 109%& ()-S ()-

Into a 200 ml reactor thoroughly purged with nitrogen,
5 100 ml of ethanol, 5.67 g (21.0 mmol) of n-octadecylamine and
2.0 g (21.0 mmol) of pyrrole-2-carboxyaldehyde were
introduced, and they were stirred at room temperature for 12
hours. The reaction solution was vacuum concentrated to
remove the solvent, and the concentrate was vacuum dried to
10 obtain 6.46 g (18.6 mmol, yield: 88.5 %) of a white powder.
The analytical results of the white powder are described
below.
1H-NMR (CDClj3): 0.90 (t, 3H), 1.28 (m, 30H), 1.62 (m, 2K),
3.52 (t, 2H), 6.24 (44, 1H), 6.48 (4, 1H), 6.88 (4, 1H), 8.08
15 (s, 1H), 9.20 (brs, 1H)
FD-mass spectrometry: 346
From the above results, the white powder proved to be

a compound (ligand precursor (10)) represented by the

following formula.
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Ina 100 ml reactor thoroughly dried and purged with argon,
40 ml of a diethyl ether solution containing 1.0 g (2.91 mmol)
5 of the ligand precursor (10) was cooled to -78 T. To the
solution, 1.95 ml of a hexane solution containing 2.91 mmol
of n-Bulii was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise a;ided to a mixture
10 consisting of 2.9 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
rmmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
15 to room temperature with stirring. Then, the solution was
further stirred at room temperature for 8 hours. The reaction
solutionwas filtered through a glass £ilter, and the filtrate
was vacuum concentrated. The solid precipitated was
dissolved in 5 ml of methylene chloride, and to the solution
20 was slowly added 10 ml of hexane with stirring. The mixture

was allowed to stand at room temperature to precipitate a black
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FD-mags spectrometry: 809 (Mt)
From the above results, the black so0lid proved to be a

compound (transition metal compound (10-A)) represented by

10 the following formula.

Syntl . £ 14 1 (11)
15 Into a 200 ml reactor thoroughly purged with nitrogen,
100 ml of ethanol, 6.47 g (52.54 mmol) of p~anisidine and 5.0
g (52.58 mmol) of pyrrole-2-carboxyaldehyde were introduced,
then 0.5 ml of acetic acid was added, and the mixture was
stirred at room temperature for 3 days. The reaction solution
20 was vacuum concentrated to remove the solvent, and the

concentrate was vacuum dried to obtain 10.24 g (51.1 mmol,
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Ina l00 ml reactor thoroughly dried and purged with argon,

40 ml of a diethyl ether solution containing 1.03 g (5.12 mmol)

of the ligand precursor (11) was cooled to =78 T. To the

15 solution, 3.4 ml of a hexane solution containing 5.12 mmol

of n-BulLi was slowly dropwise added, and the temperature of

the resulting solution was raised to room temperature. The
gsolution was then slowly dropwise added to a mixture

consisting of 5.0 ml of a heptane solution of titanium
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mixture was allowed to stand at room temperature to
precipitate a black solid. The sol:l.d_was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.81 g (1.37 mmol, yleld: 58 %) of a black powdexr. The
analytical results of t_he black powder are described below.

1g-NMR (CDClj3): 6.10 (dd, 2H), 6.50 (d, 2H), 6.8-8.5 (m,
12H)

FD-mass spectrometry: 592 (M%)

From the above results, the black powder proved to be

a compound (transition metal compound (12-A)) represented by

the following formula.

Fa

Into a 200 ml reactor thoroughly purged with nitrogen,
80 ml of ethanol, 4.56 g (33.72 mmol) of o-isopropylaniline
and 3.22 g (33.83 mmol) of pyrrole-2-carboxyaldehyde were
introduced, then 0.5 ml of acetic acid was added, and the

mixture was stirred at room temperature for 3 days. The
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) >9?????mctlon solution was vacuum concentrated to remove
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WWW’\DNQUE@P&XV%&ﬁQAanQQﬂéfaKe/Oﬁs ¥aduim ‘dried td dbthin $.4 5 6

9: ,;, <=>7%
g (24.5 mmol, yield: 72.6 %) of a white s0olid. The analytical
results of the white solid are described below.

5 1H-NMR (CDClj3): 1.20 (d, 6H), 3.56 (m, 1H), 6.28 (44, 1H),
6.5-7.0 (m, 2H), 7.1-7.4 (m, 4H), 8.20 (8, 1H), 9.78 (brs,
1H)

FD-mass spectrometry: 212

From the above results, the white so0lid proved to be a

10 compound (ligand precursor (13)) represented by the following

formula.
iPr
/N
7 NH
15 Ina 100 ml reactor thoroughly dried and purged with argon,

40 ml of a diethyl ether solution containing 1.0 g (4.71 mmol)
of the ligand precursor (13) was cooled to -78 C. To the
solution, 3.15 ml of a hexane solution containing 4.71 mmol
of n-Buli was slowly dropwise added, and the temperature of

20 the resulting solution was raised to room temperature. The
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solution was then slowly dropwise added to a mixture
consisting of 4.71 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 20 ml of diethyl ether, said mixture having been
cooled to -78 C. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was vacuum concentrated. The solid precipitated
wag dissolved in 5 ml of methylene chloride, and to the
gsolution was slowly added 10 ml of hexane with stirring. The
mixture was allowed to stand at room temperature to
precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.22 g (0.41 mmol, vield: 17 %) of a black powder. The
analytical results of the black powder are described below.

1H-NMR (CDCl;): 1.0-1.4 (m, 12H), 3.4-3.6 (m, 2H),
6.3-8.0 (m, 16H)

FD-mass spectrometry: 540 (M%)

From the above results, the black powder proved to be

a compound (transition metal compound (13-A)) represented by

the following formula.
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Into a 200 ml reactor t:horouglhly' purged with nitrogen,
100 ml of ethanol, 5.0 g (49.4 mmol) of fx-hexyla.mi.ne and 4.7
g (49.4 mmol) of pyrrole-2-carboxyaldehyde wera introduced,
and they were stirred at room temperature for 12 hours. The
reactlion solution was vacuum concentrated to remove the
solvent, and the concentrate was vacuum dried to obtain 8.54
g (47.9 mmol, yield: 96.4 %) of a brown ligquid. The analytical
results of the brown ligquid are described below.

1H-NMR (CDC1l3): 0.90 (4, 3H), 1.30 (m, 6H), 1.65 (m, 2H),
3.52 (t, 2H), 6.24 (44, 1H), 6.45 (4, 1H), 6.88 (d, 1H), 8.08
(s, 1H), 9.48 (brs, 1H)

FD-mags spectrometry: 178

From the above results, the brown liquid proved to be

a compound (ligand precursor (14)) represented by the

following formula.
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Inal00ml reactor thoroughly dried and purged with argon,
40 ml of a diethyl ether solution containing 1.03 g (5.72 mmol)
of the ligand precursor (14) was cooled to -78 T. To the
solution, 3.83 ml of a hexane solution containing 5.72 mmol
of n~-Buli was slowly dropwise added, and the temperature of
the resulting solution was raised to room temperature. The
solution was then slowly dropwise added to a mixture
consisting of 5.72 ml of a heptane solution of titanium
tetrachloride (concentration of titanium tetrachloride: 0.5
mmol/ml) and 30 ml of diethyl ether, said mixture having been
cooled to -78 T. After the dropwise addition was completed,
the temperature of the resulting solution was slowly raised
to room temperature with stirring. Then, the solution was
further stirred at room temperature for 12 hours. The
reaction solution was filtered through a glass filter, and
the filtrate was vacuum concentrated. The solid precipitated
was dissolved in 5 ml of methylene chloride, and to the
solution was slowly added 40 ml of hexane with stirring. The

mixture was allowed to stand at room temperature to
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Precipitate a black solid. The solid was filtered off by a
glass filter, washed with hexane and vacuum dried to obtain
0.50 g (1.05 mmol, yield: 37 %) of a black solid. The
analytical results of the black solid are described below.
5 IH-NMR (CDCl3): 0.8-1.6 (m, 22H), 2.7-3.3 (m, 4H), 6.28

(dd, 2H), 7.68 (4, 2H), 7.7-8.0 (m, 4H)

FD-mass spectrometxry: 472 (M%)

From the above results, the black solid proved to be a

compound (transition metal compound (14-A)) represented by

10 the following formula.

Into a 500 ml glass autoclave thoroughly purged with

15 nitrogen, 250 ml of toluene was introduced, and the liquid
phase and the gas phase were saturated with ethylene at a flow
rate of 100 1/hr. To the autoclave, 1.25 mmol (in terms of
aluminum atom) of methylaluminoxane was added, and then 0.005
mmol of the transition metal compound shown in Table 1 was

20 successively added to initiate polymerization. The reaction
was conducted at 25 C for the period of time shown in Table

1 in an atmosphere of an ethylene gas at ordinary pressure.
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Then, a small amount of isobutyl alcohol was added to terminate
the polymerization. After the polymerization was completed,
the reaction product was introduced into a large amount of
methanol to precipitate the total amount of a polymer. Then,
hydrochloric acid was added, and the mixture was filtered
through a glass filter. The resulting polymer was vacuum
dried at 80 C for 10 hours to obtain polyethylene (PE). The

results are set forth in Table 1.
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Ex. 8 4-C 30 0.02 0.01 5.10
Ex. 9 5-A 30 0.29 0.11 18.6
Ex. 10 6~A 30 0.08 0.04 15.0
Ex. 11 7-A 20 0.29 0.17 2.25
Ex. 12 8-A 10 0.76 0.91 30.3
Ex. 13 9~A 10 0.33 0.36 2.01
Ex. 14 10-a 20 0.29 0.17 11.0
Ex. 15 11-a 5 0.91 2.19 5.57
Ex. 16 12~-A 5 1.38 3.32 2.78
Ex. 17 13-4 10 0.02 g.02 4.37
Ex. 18 14-A 20 0.42 0.25 18.3

*1: kg/mmol (transition metal) hr

5 Examples 19 - 34
Into a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid
prhase and the gas phase were saturated with ethylene at a flow
rate of 100 1/hr. To the autoclave, 0.25 mmol (in terms of

10 aluminum atom) of triisobutylaluminum was added, and then
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0.005 mmol of the transition metal compound shown in Table
2 was successively added. Thereafter, 0,006 mmol of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added to initiate polymerization. The reaction was conducted
at 25 C for the period of time shown in Table 2 in an atmosphere
of an ethylene gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polymerization.
After the polymerization was completed, the reaction product
was introduced into a large amount of methanol to precipitate
the total amount of a polymer. Then, hydrochloric acid was
added, and the mixture was filtered through a glass filter.
The resulting polymer was vacuum dried at 80 C for 10 hours

to obtain polyethylene (PE). The results are set forth in

Table 2.
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Table 2

Trangi- Polymer- Yield of Polymer~ Intrin-

tion ization polymer ization sic

metal time (a) activity viscoa-

compound (min) *1 ity ()

(dl/g)
Ex. 19 1-A 10 0.20 0.24 29.8
Ex. 20 1-B 30 0.11 0.04 24.3
Ex. 21 2-A 30 0.30 0.12 30.4
Ex. 22 3-A 30 0.10 0.04 16.1
Ex., 23 3-B 30 0.16 0.07 12.0
Ex. 24 4-A 5 1.10 2.64 21.3
Ex. 25 4-B 30 0.21 0.08 7.04
Ex., 26 5-A 5 0.67 1.62 24.9
Ex. 27 7-A 20 0.09 0.06 11.1
Ex. 28 8-A 30 0.24 0.10 22.0
Ex. 29 9-A 30 0.07 0.03 10.5
Ex. 30 10-A 10 0.46 0.55 30.9
Ex. 31 11-aA 30 0.20 0.08 *2
Ex, 32 12-A 10 0.25 0.30 *2
Ex. 33 13-A 10 0.06 0.08 23.0
Ex. 34 1l4-A 10 0.78 0.94 *2

*1: kg/mmol (transition metal) hr
*2: unmeasurable (The polymer under test was insoluble in a

5 solvent for measuring intrinsic viscosity.)

Examplesg 35 - 39
Into a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid
10 phase and the gas phase were saturated with a mixed gas of
ethylene (flow rate: 50 l/hr) and propylene (flow rate: 150

1l/hr). To the autoclave, 1.25mmol (in terms of aluminumatom)
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of methylaluminoxane was added, and then 0.005 mmol of the
transition metal compound shown in Table 3 was successively
added to initiate polymerization. The reaction was conducted
at 25 C for the period of time shown in Table 3 in an atmosphere
of the mixed gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polymerization.
After the polymerization was completed, the reaction product
was introduced into a large amount of methanol to precipitate
the total amount of a polymer. Then, hydrochloric acid was
added, and the mixture was filtered through a glass filter.
The resulting polymer was wvacuum dried at 80 T for 10 hours

to obtain an ethylene/propylene copolymer (EPR). The results

are set forth in Table 3.

Table 3
Transi- Poly- Yield Poly- Intrin- Content
tion nmeriza- of meriza~ sic of
metal tion polymer tion viscos- propyl-
com- time (g) activ- ity (Nn) ene
pound (min) ity (dl/qg) (mol%)
*7
Ex. 35 1-A 60 0.30 0.02 4.94 30.7
Ex. 36 4-A 30 2.25 0.90 8.52 29.9
Ex. 39 12-a 30 0.77 0.31 4.44 34.7

*1: kg/mmol(transition metal) ' hr

k
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Into a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was introduced, and the liquid
prhase and the gas phase were saturated with a mixed gas of
aethylene (flow rate: 50 1/hr) and propyvylene (flow rate: 150
l/hr). To the autoclave, 0.25mmol (in terms of aluminum atom)
of triisobutylaluminum was added, and then 0.005 mmol of the
trangition metal compound shown in Table 4 was successively
added. Thereafter, 0.006 mmol of
triphenylcarbeniumtetrakis (pentafluorophenyl)borate was
added to initiate polymerization. The reactionwas conducted
at 50 C for the period of time shown in Table 4 in an atmosphere
of the mixed gas at ordinary pressure. Then, a small amount
of isobutyl alcohol was added to terminate the polymerization.
After the polymerization was completed, the reaction product
was introduced into a large amount of methanol to precipitate
the total amount of a polymer. Then, hydrochloric acid was
added, and the mixture was filtered through a glass filter.
The resulting polymer was vacuum dried at 80 T for 10 hours
to obtain an ethylene/propylene copolymer (EPR). The results

are gset forth in Table 4.
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Table 4
Transi- Poly- Yield Poly- 1Intrin- Content
tion meriza- of meriza- sic of
metal tion polymer tion viscos- propyl-
com- time (g) activ- ity (n) ene
pound (min) ity (dl/g) (mol%)
*l
Ex. 40 4-A 30 0.20 0.08 4.08 8.4
Ex. 41 5-A 30 0.08 0.03 27.9 1 12.0
Ex. 42 14-A 30 0.12 0.05 27.8 9.2

*1: kg/mmol(transition metal) * hr

Examples 43 - 45

Into a 500 ml glass autoclave thoroughly'purged with
nitrogen, 250 ml of toluene was introduced, and the liguid
phase and the gas phase were saturated with ethylene at a £low
rate of 100 1/hr. Then, l-hexene in the amount shown in Table
5 was further introduced. To the autoclave, 1.25 mmol (in
terms of aluminum atom) of methylaluminoxane was added, and
then 0.005 mmol of the transitionmetal compound shown in Table
5 was successively added to initiate polymerization. The
reaction was conducted at 25 T for the period of time shown
in Table 5 in an atmosphere of an ethylene gas at ordinary
pressure. Then, a small amount of isobutyl alcohol was added
to terminate the polymerization. After the polymerization
was completed, the reaction product was introduced intoc a
large amount of methanol to precipitate the total amount of

a polymer. Then, hydrochloric acid was added, and the mixture
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was filtered through a glass filter. The resulting polymer

was vacuum dried at 80 C for 10 hours to obtain polyethylene

(PE). The results are set forth in Table 5.

5 Table 5
Trans- Amount Poly- Yield Poly- In- Con-
ition of 1- meriz- of meriz- trin- tent
metal hexene ation poly- ation sic of 1-
com- (ml) time mer activ- wvis- hexene
pound (min) (g) ity cosity (mol%)
*1 (n)
(dl/g)
Ex. 43 4-A 5 5 2.10 5.04 7.65 1.5
*1l: kg/mmol (transition metal) hr

In the measurement of an intrinsic viscosity of the
10 polymer obtained in each example, the polymer was dissolved
in decalin and the intrinsic viscosity was measured at 135 C
using a Ubbelohde viscometer.
The content of propylene or l-hexene in the copolymer

was measured by IR analysis (Nippon Bunko FTIR-350).
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1.

An olefin polymerization catalyst comprising (A) a transition metal compound
represented by the following formula (1):

(1)

wherein M is a transition metal atom selected from Group 3 to Group 5, Group 7
to Group 9, and Group 11 of the periodic table,

U is a carbon atom having a substituent group R? a nitrogen atom or a
phosphorus atom,

A is a nitrogen atom or a phosphorus atom,

Q is a carbon atom having a substituent group R?, a nitrogen atom or a
phosphorus atom,

S is a carbon atom having a substituent group R*, a nitrogen atom or a
phosphorus atom,

T is a carbon atom having a substituent group R°, a nitrogen atom or a
phosphorus atom,

m is an integer of 2 to 6,

R'to R® may be the same or different, when M is a transition metal atom
selected from Group 3 to Group 5, Group 7 to Group 9, and Group 11 of the
periodic table, they are each a hydrogen atom, a halogen atom, a hydrocarbon
group, a heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a germanium-

containing group or a tin-containing group;
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two or more of R' to R® may be bonded to each other to form a ring, and one
group of R'to R® contained in one ligand and one group of R" to R® contained in another
ligand may form a bonding group or a single bond,

wherein when one group of R' in one ligand and one group of R' contained in
another ligand form a bonding group, the bonding group is a hydrocarbon group having
3 or more carbon atoms;

n is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-containing group, a boron-
containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual group, a silicon-containing
group, a germanium-containing group or a tin-containing group, and when n is 2 or
greater, plural groups indicated by X may be the same or different to each other and
plural groups indicated by X may be bonded to each other to form a ring.

2. An olefin polymerization catalyst comprising:
(A) a transition metal compound represented by the formula (1),
1
R

(1)

wherein M is a transition metal atom selected from Group 3 to Group 5, Group 7
to Group 9, and Group 11 of the per}odic table,

U is a carbon atom having a substituent group R?, a nitrogen atom or a
phosphorus atom,

A is a nitrogen atom or a phosphorus atom,

Q is a carbon atom having a substituent group R?, a nitrogen atom or a
phosphorus atom,

S is a carbon atom having a substituent group R, a nitrogen atom or a

phosphorus atom,
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T is a carbon atom having a substituent group R°, a nitrogen atom or a
phosphorus atom,
m is an integer of 2 to 6,
R'to R® may be the same or different, when M is a transition metal atom
selected from Group 3 to Group 5, Group 7 to Group 9, and Group 11 of the
periodic table, they are each a hydrogen atom, a halogen atom, a hydrocarbon
group, a heterocyclic compound residual group, an oxygen-containing group, a
nitrogen-containing group, a boron-containing group, a sulfur-containing group, a
phosphorus-containing group, a silicon-containing group, a germanium-
containing group or a tin-containing group;
two or more of R' to R® may be bonded to each other to form a ring, and one
group of R"to R® contained in one ligand and one group of R" to R® contained in another
ligand may form a bonding group or a single bond,

wherein when one group of R' in one ligand and one group of R' contained in
another ligand form a bonding group, the bonding group is a hydrocarbon group having
3 or more carbon atoms;

n is a number satisfying a valence of M, and

X is a hydrogen atom, a halogen atom, a hydrocarbon group, an oxygen-
containing group, a sulfur-containing group, a nitrogen-containing group, a boron-
containing group, an aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residual group, a silicon-containing
group, a germanium-containing group or a tin-containing group, and when n is 2 or
greater, plural groups indicated by X may be the same or different to each other and
plural groups indicated by X may be bonded to each other to form a ring, and

(B) at least one compound selected from:

(B-1) an organometallic compound,;
(B-2) an organoaluminum oxy-compound, and
(B-3) a compound which reacts with the transition metal compound (A)

to form an ion pair.

3. An olefin polymerization catalyst comprising a carrier (C) in addition to the
transition metal compound (A) represented by the above formula (I) of claim 1
and at least one compound (B) of claim 2 selected from the organometallic
compound (B-1), the organoaluminum oxy-compound (B-2) and the compound
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(B-3) which reacts with the transition metal compound (A) represented by the
above formula (I) of ¢claim 1 to form an ion pair.

A process for olefin polymerization, comprising polymerizing or copolymerizing
an olefin in the presence of the olefin polymerization catalyst of any one of claims
1to 3.

An olefin polymerization catalyst of claim 1 wherein X is not a benzyl group.

An olefin polymerization catalyst of claim 1 wherein X is a hydrogen atom, a
halogen atom, and an alky! group.

An olefin polymer product when made by the process of claim 4.



