WD 2011/ 0165811PCT/ JP2010/ 063591 DESCRI PTI ON METHOD OF PRODUCI NG 1- HEXENE
Field of the invention [0001] The present invention relates to
a met hod W0 2prigdessiing 1- hexene, nore partjcularly to a BCOABIMGHRL hod of
1- hexene which can efficiently renove netallic 5 conponents at a state of a
good oil -water separatability and is capable of preventing corrosion of

equi pnent. Background of the |Invent ilﬂﬁﬁéﬁﬁgﬁbﬁ' hexene is used as a base
material for linear |ow density polyethylenes and the 10 |i ke. Regarding

the production nethods of 1IMESHOBR OF BRODUKCING ¢é-HBXENE Docunent 1

di scl oses a nmethod in which ethylene is trinerized by using a specific
titani um conpl ex and an organoal um num oxy conpound as catal ysts. [0003]

[ Patent Docunent 1] WO 09/5003 15 Brief Summary of the Invention [0004]

In the neantine, in the industrial and continuous production of 1-hexene,

si nce ndueld of thedpygsbigent s are contained in a reaction liquid, problens of
e.g. an[@@hgsion of the netallic conponents to a distillation colunmm can be
br ought "about wi th dependi ng upon the 20 conditions of distillation and

separation of 1-héhepeesertdavéntion adlhtgs torhmiethadof preiiuading I0hdxehd) Mmoradf t er a
separati on, o{ 1- hexene froma reaction liquid, 1S recycled and reused or is

di sposed®articplagiyita ppreducmgansthon of Lihexeng whishcag efficiently remeve mstalli¢ on, in

case I chfifndl a4ile bEH SoAMil- 933l Lphble! Fnd Bl flslon
corrponentgﬁaré1 pr eaci p?tat% asl O%Flg%daﬁaé%rlrp nZ’g?%&llptﬁmgﬁ?gﬁeg%gtg‘}é?oﬁ?oeslonﬁ’&t
or exhaequipment etc. of a pipe or punp to cone not to be able to conduct a
| ong period 25 of operation. In case that the residual solution is
di sposed, there is a possibility that the nmetallic conmponents are
preci pi Batiedodr éfQHé IfvenGsPonent s on a burner nozzle etc. at the burnout
of waste oil etc. to cone not to be able to conduct a | ong period of
oper at i MOZAS. mentioned above, in the industrial and continuous production
of 1-hexene, it ' Y-hexene is used as a base material for linear low-density polyethylenes and the
10 like. Regarding the production methods of 1-hexene, for instance Patent Document 1 discloses
a method in which ethylene is trimerized by using a specific titanium complex and an
organoaluminum oxy compound as catalysts.
[0003]

[Patent Document 1] WO 09/5003

15 Brief Summary of the Invention
[0004] '

In the meantime, in the industrial and continuous production of 1-hexene, since
metallic components are contained in a reaction liquid, problems of e.g. an adhesion of the
metallic components to a distillation column can be brought about with depending upon the

20 conditions of distillation and separation of 1-hexene. Additionally, when a residual solution,
after a separation of 1-hexene from a reaction liquid, is recycled and reused or is disposed, if
metallic components are contained in residual solution, in case of recycling and reusing, there is
a possibility that the metallic components are precipitated as fouling components in an inside,
inlet port or exhaust port etc. of a pipe or pump to come not to be able to conduct a long period

25 ofoperation. In case that the residual solution is disposed, there is a possibility that the metallic
components are precipitated as fouling components on a burner nozzle etc. at the burnout of
waste oil etc. to come not to be able to conduct a long period of operation.

As mentioned above, in the industrial and continuous production of 1-hexene, it is



WO 2011/ 0165812PCT/ JP2010/ 063591 inportant to renove netal lic conponents
contained in a reaction liquid. For exanple, Patent Docunent 1 discl oses

t hat t he weaetiiaesssol uti on containi ng the, produced 1-heremgpr2momassied Wit h
hydrochl oric acid solution and pure water®. The nethod described in Patent
Docunment 1, however, had the problemof 5 causing corrosion of the

equi p”?%plgxg&ﬁ@éfengvegrge%%‘lﬂé c@ﬁ%%ﬁ%l*s conta(i]ned. ina riércﬁex)%gih e of the present

i nvention O provi e produci ng 16 %hi ch can
ef ficiently renpv&oretahple, PatenitDocament ladiscloseh eHat tief resetida@blubioh c¥@hiin

separat abi | i I s capabl e, of preventing corrosion_of equipnent. [(%005]
10'Fl)'he pit ﬁé‘\{‘i"aug‘i‘ﬁxﬁ?‘élsgﬁ%g‘?ﬁp?"f@ ﬁ@&‘%’ﬂ@“ﬁg@ééﬂl“tlph\?ﬁ‘ﬁf"i“@ﬁ"%‘;ﬁ finding that
netal li c conponen ?x?e@h il Qi s 0

oi | -wat er separ at ggﬁe | tyﬁéﬁéﬁgﬁgﬁﬁﬁ ?gaﬁg@?rllgﬁ%‘gee‘%l’?’%gﬂ%f r{gllﬂtgflhoo%s.

Mor e 5s peausingeirtogiontaf ¢heqequippmint becaaset ofuseofhcides to a net hod of produci ng
1- hexene conpri si 15st 1: a,periqdic table, group IV transjtion netal
conpound, an orgah@gmﬁ‘fi‘%‘fﬁﬁ%%‘aﬁ _CBH‘EP ’éttﬂyf‘é’l‘@ %1?‘88‘898_65 uring d-hexgpect
Wi th eaghidi difleffidierlyS@in 08 nclaliO&riddhedts 30 WaleF 20N il Ater era%%ﬂﬁ' and
step 2: the solution obtained in step 1 is brought into contact wt ?’an
aqueous asdisirapahie ebprevénting gorrosien af eqwipmenti de and having a pH of 12.0 or
hi gher . &?5 50006] According to the present invention, it is
possi blg 3 efficiently renove netallic conponents at a state of a good

oi | -1at er separ at Jhé pidsyntdientods REc@uDlithedQhé piekétt ifenfoit by ARATng ithht plt@allic
process of producing 1l-hexene. Detailed Description of the Invention 25

[ 0007] components can bgeffiGientlydemeyed#tacntate ptp goarkaibwates sensratabilityt by using

present oA ggiqigrc'bg& ofs. step in which a periodic table group IV
transi tion netal® conpound, an organoal um num conpound and et hyl ene are

brought into cont Mudre spdcificatly, thopiesent inveaticotelres totaamethddbNpradaethg!ti on
cont ai niln 1- hexene (this step may hereinafter be referred to as "step 1")
and a s @%nFﬁomTIW’t he 30 solution obtained in step 1 is brought into

COrPel M, o AP RERR LR g iy Sl i °
2"). compound and ethylene are brought into contact with each other in a solvent to obtain a solution
containing 1-hexene; and
step 2: the solution obtained in step 1 is brought into contact with an aqueous
solution containing a metal hydroxide and having a pH of 12.0 or higher.
20 [0006]
According to the present invention, it is possible to efficiently remove metallic

components at a state of a good oil-water separatability and to prevent corrosion of equipment in

the process of producing 1-hexene.

Detailed Description of the Invention
25 [0007]

The method of producing 1-hexene according to the present invention comprises a
step in which a periodic table group IV transition metal compound, an organoaluminum
compound and ethylene are brought into contact with each other in a solvent to obtain a solution
containing 1-hexene (this step mﬁy hereinafter be referred to as "step 1") and a step in which the

30 solution obtained in step 1 is brought into contact with an aqueous solution containing a metal
hydroxide and having a pH of 12.0 or higher (this step may hereinafter be referred to as "step
2").
[0008]



[0008] WO 2011/0165813PCT/JP2010/ 063591 [Step 1] Stepis 1is a
step in which a periodic table group IV transition netal conpound, an

or ganoal mvoumwasgzound and et hyl ene are b{ought i nt o comtagP20ab/béBsEach
other in a solvent to forma solution containing 1-hexene. Step 1
preferably corrpri ses contacting a periodic table 5 group IV transition
netal c an organoal um num conpound and ethylene in a solvent to
forma g%t on cont ai ni ng 1-hexene produced at a selectivity of 50% or

hi gher. Here, sel &t igiltiya step daivhichat pedioldic: taléh@rcgfptIV(@nsmfonlnételmmound

bt ai ned i t 1)/ f t h d te
Toe. ¢ nensBspERIaY 6P Epgu Arleg oY braseh BRuIonsHYBh SOl infp o 1
it s pesfirhl £sdi@io ®ntdifihg 'lllﬁkél{éce’St%?eggl%fé&Bl?Q HRL R onfak] urfﬁoaf'%éfmdlct ble

conpounds and haf ni um conpounds conpounds, titani npounds are
pr ef eSr r @oumwwm@n métali compaund, \anicrganoaiuwiitym gonkphendeand esleylerst inai sbjvent to

th he fol |
gener al 1000 pat it goraat g CRTRR PioRuor R Sl RS YoPhariher hggen ™"

(wher ei @ellgctm@rlgsﬁansteab% C30 group haV| ng a cycl opent adi ene type anionic
skel et on or - C30 ar )()I oxy group; X1, X2 and X3 may be identical or
9

differ e&werahﬁ(gb epH-hexane obtadrsddn atent D{waight @) ofethylene ponsumed imstep Lht om  a
Cl- C30 'P[x%(fqicar byl group, a Cl-C30 hydrocarbyl oxy group, 20 a C2-C30
hydr oca arbonyl oxy group or a carbanoyl group; G represents a neutral

ligared; n is an i Msabheperiididtable gZoupdtradsition metal compduad uved netdpr Bt iki gands
may be identical o dlfferent) [ 0011] The C5- C30_ groups having a
cycl opeROSYRIE Housey 195 instange; tiraniym|comprundsy Zitgnivm compeungs and kg tgrs y ps

repr eseghagolthds- @‘?ﬂw@@@orﬁﬂouﬁﬁg AL HPBLRNS arl pRATed ifr Vi OF their catalytic

activity and hexene selectivity.
[0010]

15 As such titanium compounds, those represented by the following general formula

[1] are cited as examples:

x3
L— \ TiZ [1]
W G

(wherein L represents a C5-C30 group having a cyclopentadiene type anionic skeleton or a C6-
C30 aryloxy group; X', X* and X may be identical or different and represent independently a
hydrogen atom, a halogen atom, a C1-C30 hydrocarbyl group, a C1-C30 hydrocarbyloxy group,
20 a C2-C30 hydrocarbylcarbonyloxy group or a carbamoyl group; G represents a neutral ligand; n
is an integer of 0 to 2, and when n is 2, the two neutral ligands may be identical or different).
[0011]
The C5-C30 groups having a cyclopentadiene type anionic skeleton and the C6-
C30 aryloxy groups represented by L and the C1-C30 hydroxdycarbyl groups, C1-C30
25 hydrocarbyloxy groups, C2-C30 hydroxycarbylcarbonyloxy group and carbamoyl groups
represented by X', X? and X* may have a substituent.
[0012] '
The halogen atom represented by X', X* and X® may be, for instance, fluorine
atom, chlorine atom, bromine atom and iodine atom.
30 [0013]



25 hydrocar byl oxy groups, C2-C30 hydroxycar byl carbonyl oxy group and

car banoyl groups represented by X1, X2 and X3 may have a substituent.
[0012] wo2011/01658Bme hal ogen atom represepnted by X1, X2pemdr23omesgote, for
i nstance, fluorine atom chlorine atom brom ne atom and iodine atom 30
[0013] WD 2011/0165814PCT/JP2010/ 063591 Exanpl es of the Cl-C30 hydrocar byl

groups represente , ) - | ~52- 39

al kenyl groups, &%I%ﬁy?pgr%ﬁ g{o%@%%rgﬁ g%/%lpgéaé%%gégg%gu%sm@a&go
cycl oal KeiRrgBO glkyLigroups €20680 alkyﬁylgmlpp,sciamgoeky@hpigmupd, ICB-C30 @yumh I Iy 0014]
5Exanpl es of e..Cl- C30 al kyl groups._include nethy roup, ethyl group,

n- pr opylgr‘gll‘ﬁu{;,?‘q3§c%f’ lkenyjiggenps, ﬁg-&}{)ﬁryl@rew’ang&l-g% Wa“@’ﬂ 8tYPSt ert - but yl
group, Qo@ﬁﬂtw group, neopentyl group, isoanyl group, n-hexyl group,
n-octyl "groudp, n-decyl group, n-dodecyl group, n-pentadecyl group and

n-ei dosyl group. [Exafplesdfte @630 labyl gfouph mnclikle Gdhyll grauyy lethyt gropp, mpopyl
cited vinyl grou al |l y! group, propen roup, .2-mnethyl-2-propenyl group,
omoal | O BOpoRyLarouy OVOR B isER Y efiuB. e e, B Bt ony|
group, HeGSEHI I Boamgl S66SMhe , 1-8836drobys arrae ! AfoGety

al kynyl group}ts ggflg“et hygy . gl?oup)%'g\ plr)opar gy rogirsoup.@géﬁugbﬂf yheidup,
Exanpl ed-psmtadaeyl @oupzmdmyeicesyl gsoupgr oups i ncl ude cycl opropyl group,

cycl obutwdlsqroup, cycl opentyl group, cyclohexyl group and adamantyl group.
[ 0018] Exenpl ary of the C5-C30 cycl oal kenyl groups are

cyclmpent adi enyl  gysGaxpmpR@ of tHaTR-C3Q alkéfylarcupsl 446 titahVingll oD, a[l?l%&lp,
Exanpl es of the C6-C30 aryl groups include phenyl group, 2-toly roup,
3-tolyl propenyl group, 2-methyl-2-propenyl group, homoallyl group, pentenyl group, hexenyl group,
heptenyl group, octenyl group, nonenyl group and decenyl group.
[0016]
Examples of the C2-C30 alkynyl groups are ethynyl group and propargyl group.
15 [0017]
Examples of the C3-C30 cycloalkyl groups include cyclopropyl group, cyclobutyl
group, cyclopentyl group, cyclohexyl group and adamantyl group.
[0018]
Exemplary of the C5-C30 cycloalkeny! groups are cyclopentadienyl group,
20 indenyl group and fluorenyl group.
[0019]
Examples of the C6-C30 aryl groups include phenyl group, 2-tolyl group, 3-tolyl
group, 4-tolyl group, 2,3-xylyl group, 2,4-xylyl group, 2,5-xylyl group, 2,6-xylyl group, 3,4-
xylyl group, 3,5-xylyl group, 2,3,4-trimethylphenyl group, 2,3,5-trimethylphenyl group, 2,3,6-
25 trimethylphenyl group, 2,4,6-trimethylphenyl group, 3,4,5-trimethylphenyl group, 2,3,4,5-
tetramethylphenyl group, 2,3,4,6-tetramethylphenyl group, 2,3,5,6-tetramethylphenyl group,
pentamethylphenyl group, ethylphenyl group, n-propylphenyl group, isopropylphenyl group, n-
butylphenyl group, sec-butylphenyl group, tert-butylphenyl! group, n-pentylphenyl gfoup,
neopentylphenyl group, n-hexylphenyl group, n-octylpheny! group, n-decylphenyl group, n-
30 dodecylphenyl group, n-tetradecylphenyl group, naphthyl group, and anthracenyl group.
[0020]
| Examples of the C7-C30 aralkyl groups include benzyl group, (2-
methylphenyl)methyl group, (3-methylphenyl)methyl group, (4-methylphenyl)methyl group,
(2,3-dimethylphenyl)methyl group, (2,4-dimethylphenyl)methyl group, (2,5-



group, 4-tolylgroup, 2,3-xylyl group, 2,4-xylyl group, 2,5-xylyl group,
2,6-xylyl group, 3,4- xylyl group, 3,5-xylylgroup, 2,3,4-trinethyl phenyl
group, 2,8o2etfwiiemthyl phenyl group, 2,3,6- 25 trinethyl poenytoigoesam,
2,4,6-trinethyl phenyl group, 3,4,5-trinethyl phenyl group, 2,3,4,5-

t et ramet hyl phenyl group, 2, 3,4, 6-tetranet hyl phenyl group,

2,32 O L L UG M PR BT LR S PR
Peopent YLpREIL aroun nohexy BRemT CaraiDe e v Ahen ot

n- dgcyl \éﬂ&ﬁ@ﬁf’bﬁ%ﬂ ‘%Y‘%@%&g : ph e@é’aﬁﬁt Yhé"@?r@cﬁe@gl phg,nyl gr oup,
napht hy I‘“‘%‘B%he‘?ﬁﬁ“&%%&f}ﬁgyﬁe%nzy Hﬂ’&‘%‘%%ﬁ%“f‘hy n%’t"h‘% % Exanpl es of the

C7- C30 aral kyl" groups 1ncl héﬁypnethyl group,
( 3- met hyétpmesthyipheayhymethyt gropp, (243, 46:tétydnpdtiylphenyBinestiyl gmtpp(Z 3,5,6-

(6 251 R BTt R B

, 6- di g lfbﬁlyﬁih@ﬂyi?&ém lf'gﬂ)uﬂ r(@%op%%h&)?d@ﬁﬁ)&wwwﬁﬁ;hg I%ﬂftﬁypgro%p

(2

(3,5 dlneth pheny hy group, met hyl henyl)ne

EZ , 5- (seeibuiphenyhmethy] mnwwrgbwwhemm@tbyltaromat(haobwbrmhvhylmethyl grgupup,
3,4

(2.3.4, &3&?@@%@“%%%%%%%? Bibhpbipedb b oS DRI erefentihy

group, (ecylplenphmethiyt givap, naphihginéhwigivip, dhd Bfthracas/inaiit fesuphenyl ) net hyl
group, thilphenyl)nethyl group, (n-propyl phenyl)nethyl group,
(isopro enyl)nethyl group, (n-butyl phenyl ) met hyl group,

sec- butyl phenyl I
E n- pent y?/pﬁeny?/) %g? gr oup, (a}éﬁéén 9 n@ﬁg))r‘re%%?m{ s&:ﬁ%pfor example, a
SECSFEK"E*“?"“/J‘J??;“?‘“"&‘SC“ *”""ﬁ?ﬁ“’f"?ﬁ‘t”‘m“") ”E""““‘“"g";‘?%‘p‘? 32‘;‘2‘85?‘9”%%"%‘ i
aroup, - Ebpsont et Rom Homald Gt e e o, 45 séplvag haod ot

subssi t H?&bca?b‘ﬁbxﬁémuﬁ@ére@la@b ﬁlkoi‘yl%h‘@ﬁ@3@5@iﬁ)%’%t sC1- G30

hydr oxycar bi;I oxy group. Exanples of” such a hal mare fluorine atom
chl ori nE00&2bm bromi ne at om and i odi ne at om and exanpl es of the Cl1-C30 15

hydr ocar byl oxy grgups are.Cl- koxyl C30 aryl o § 0022]
Exanpl es of the CE éﬂﬁ %&85’&?@@?% éf@?}ggygrgg}p%gegwﬁégeﬁy Oﬂx@‘%r X3

i ncl udeirclude®] -@8k alkykylPrOHRSCE-C30G@EH0RY ¥HoARY, 28l TIPS30 adlkyloky@BOurl al kyl oxy
groups. [0023] 20Exarrp| es of the C1-C30 al koxy groups i ncludé nethoxy

group, y group, n- propoxy group, isopropoxy group, n-butoxy group,

t ’
it vy 50, ek L RS SE K ,
n- i cosoptopgxygroup] iélizépo3graapyn-rroxf grots, seS-budfly gfotpPkbutaxp givep) MpntolLy

phenoxy n‘?ﬁ? 2- net hyl henoxy group, 3-met hyl phenoxy group
4- et hyB%HB 96@?’90&0“2 n3heX oMY BFRHPp AWStORY g&?%a dogesoxy lgrmlphwpﬁn@ﬁ@wy

group, gmg ddlﬂq;_ng / group, 2,6-dinmethyl phenoxy group,
3, 4- dlnethy phenoxy , 3,5-dinethy|phenoxy group,

2 3 4- tHEHélhylphenoxy group, 2,3,5- trimethyl phenoxy group,

£ BBty phenoxy BFOUREY o U Bt o oS KGR R ok B 2.

2, 3, 4, SmiethylpheRéAYYErots; Bom¥thgIpheifoxy group, 4-methylphenoxy group, 2,3-dimethylphenoxy
group, 2,4-dimethylphenoxy group, 2,5-dimethylphenoxy group, 2,6-dimethylphenoxy group,
3,4-dimethylphenoxy group, 3,5-dimethylphenoxy group, 2,3,4-trimethylphenoxy group, 2,3,5-
trimethylphenoxy group, 2,3,6-trimethylphenoxy group, 2,4,5-trimethylphenoxy group, 2,4,6-

30 trimethylphenoxy group, 3,4,5-trimethylphenoxy group, 2,3,4,5-tetramethylphenoxy group,

2,3,4,6-tetramethylphenoxy group, 2,3,5,6-tetramethylphenoxy group, pentamethylphenoxy
group, ethylphenoxy group, n-propylphenoxy group, isopropylphenoxy group, n-butylphenoxy
group, sec-butylphenoxy group, tert-butylphenoxy group, n-hexylphenoxy group, n-
octylphenoxy group, n-decylphenoxy group, n-tetradecylphenoxy group, naphthoxy group, and



2,3,4,6-tetranet hyl phenoxy group, 2, 3,5, 6-tetranet hyl phenoxy group,

pent anet hyl phenoxy group, ethyl phenoxy group, n-propyl phenoxy group,

| sopr opylwhenoxyegioup, n-butyl phenoxy grgup, sec-butyl BREIBXN0/GESUD,
tert-butyl phenoxy group, n-hexyl phenoxy group, noctyl phenoxy. group,

n- decyl phenoxy group, n-tetradecyl phenoxy group, naphthoxy group, and WO

2011/0165@1%@5’&&)1%?& @Géé@a}naiﬁlbfﬁa‘éﬁ&?é Ng{ﬂgﬁpand1

6- adamant yl - 4- net - met hoxyphenyl henyl ] i m nophenoxy group.
[ 0025] Bn@lhpk)&%le@ﬂ knhen;@hnmw cykgrowxy groups i ncl ude benzyl oxy group,

(2- 5 phenyl ) met hoxy group, (3-nethyl phenyl)nethoxy group,
nyl ) met hoxy group, (2, i met hyl phenyl ) met hoxy group,
mjlb%é 1) met h (2, 3-di met hyl phenyi ) met h

nmet h
, 4- di met hyl phen SONhECIR0 dralk r@eup,

, 6- d: gt hg;l : yEO))}zrig?%oxy g(rgoulrg3 (:(r ﬁmc{il nmet E%ﬁﬁ%@?ﬁ%@"‘g’rgug

5- Qi rfeethyip ﬁ%ijlilll SthaxyrEsyp, §3-sagthylphengl)methoxy mww( methylpheayhrosthoxy oup,
3,5-t

ébﬁ??r | neg{ﬁry{%gﬁhﬂﬂ‘%&}{ng %gﬁg, (8%0%111%‘!1)(%55@ MOy PGRYL)4TEt hoxy

oup
get h)ﬂlmbﬁimh):ﬂﬁ)hmﬁhgx}ggmuﬂi(ﬁ(@mﬁxeﬁwﬂpheﬂ?mxhydhphﬁ Bioupygtdoxy group,
) met Nox

3, 4, 611{"8%;3’&1?’@’(1 lﬁ% E I)%H@t(ﬁ&%m‘g henxlimgthgxggroup, (2,3,4-

(ot hyl proKe Wh}@“&‘g%%ﬁ’%?n 3 S BEALATBHONIBRGRURELAE (Y 3. 0UP-

(i sop? opyimsthyiphenylimetbayy groupp(2,4,Sririd&h h@ﬂ)’m'hd’@mbﬂmﬂﬁﬁ oup,

(- hexy By EFRREROR sthe B timrrhnPrativaEa (o e

( n- decylipipghathyl dg?m“gj effRin 1yl met hoxy
group. [t0026 %’Eﬁé Céolegg?%ﬂgg?%?%iy g?%*h%ﬁ}methwg@g%gg?ﬁﬂent for

i nst anc éar@nqwlnhnrwgmtm IBFUDs fp@mqﬂudphmgmﬁmxy enup; {etlaylphenyl) misthory ne

or oups. Ashit e a5, O b e S P M RBRI ey or oupe,

C7- CBD amyylplmnpt)myﬂmxy gEpupLB8c-bafythheen Iifethsa} Mhp,qtdapwbl[phdnﬂrn%ﬂm&(y 25
[ 0028] Exanpl eg of the C2- C30 al kyl car bonyl ox roups inc

met hyl c & {-Bsxy IRhegyhmethory growphEngstyrhenyt )&Pﬁloxﬁ{-%ﬁ?‘ﬂpﬂ'éa?mpw‘}le@%ﬂp,
I sopr. op)gr&ﬁ; E%{Bqlcar ng#g,)? nM%ﬁﬁ%é}’gﬁ%‘{?ﬁ%’é}%&’Q p, sec-butyl carbonyl oxy

group, tert- group, nyl oxy group,
neopenth@aﬂbonyloxy group, |soanylcarbonyloxy group, n-

hexyl car bonyl oxy rbon n-dec bonyloxy group,
ndodecy! car bonyl 02@‘ 3&0830 ﬁ)ﬁ‘% 318&5 0835/@3%@?@%9&58 nt dnstance,
n- ei ﬁtps)hlak%éﬁ’%)ﬂ SUEK a8 180ne 402 iofSdBE Broflind NemCor i5@fle 8oyl car bony! oxy

C

groups include phenyl carbonyl oxy group, 2-tolylcarbonyl oxy group,
3-tol yl d89%dnyl oxy group, 4-tolyl carbonyl oxy group, 2, 3-

(4-
(2
(2
(3
(2,
gr
tri
(2
(2,
te

Exemplary of the C2-C30 hydrocarbylcarbonyloxy groups represented by X!, X*
or X? are C2-C30 alkylcarbonyloxy groups, C7-C30 arylcarbonyloxy groups, and C8-C30
aralkylcarbonyloxy groups.

25 [0028]

Examples of the C2-C30 alkylcarbonyloxy groups include methylcarbonyloxy
group, ethylcarbonyloxy group, n-propylcarbnyloxy group, isopropylcarbonyloxy group, n-
butylcarbonyloxy group, sec-butylcarbonyloxy group, tert-butylcarbonyloxy group, n-
pentylcarbonyloxy group, neopentylcarbonyloxy group, isoamylcarbonyloxy group, n-

30 hexylcarbonyloxy group, n-octylcarbonyloxy group, n—decylcarbonyloxy group, n-
dodecylcarbonyloxy group, n-pentadecylcarbonyloxy group, and n-eicosylcarbonyloxy group.
[0029]

Examples of the C7-C30 arylcarbonyloxy groups include phenylcarbonyloxy
group, 2-tolylcarbonyloxy group, 3-tolylcarbonyloxy group, 4-tolylcarbonyloxy group, 2,3-



WO 2011/ 0165817PCT/ JP2010/ 063591 xyl yl car bonyl oxy group,

2, 4- xyl yl car bonyl oxy group, 2,5-xylylcarbonyl oxy group, 2.6-

xyI yl car bwoyboxoteggnoup, 3, 4- xyI yl car bonyl7oxy group, 3, 5pxylytaaandssny! oxy
group, 2,3,4- trinethyl phenyl carbonyl oxy ‘group,

2,3,5- trlnethylphenylcarbonyloxy group, 2,3,6- trinethyl phenyl carbonyl oxy

trimet h5‘?@“%%“[“@‘“’*@’&?%?%“@@%@8@%%g?qi’e%' BB Bomony 20w 3671 oy
gr gug, 623§?m®nyloayrgadéugngt)gglﬁmbnﬂbbpgwupX& ,5&ybigarbonyloxy group, 2,3,4-
pent amel"?&’? ‘éﬁ? ’%’)@0‘& etgaﬁ%hma%mlw §rAWP, 333,630

?rZalmgLyl pﬁg%%l%twgoégﬁ%@ g?@ﬁ‘%ﬁf’%@gﬁéh‘%é};‘é&g@éfﬁw car bonyl oxy

group, (dmetbylphemieaniinytaxytgroum 2o §itetxamethyiphenylcarbonyloxy group, 2,3,4,6-

( 2, 2 a g% ﬂﬁﬁl&i‘@f{é}’%g@%’ lpggél%glﬁ% g%ﬁ %pa{?gihylphenylcarbonyloxy group, and

d b’@xitﬂh!lbtﬁglpﬂyﬁy)lé@béwl&@f%@ .| oxy group,
|neth | phenyl’) met hyl car onyloxy group,

QY| phenyl ) et hyl car bonyl oxy gr oup,

' ,[nraf P%![ Egleg %ﬁ?ﬁepx %ré%;o@%(‘) %Xﬁtg%r%y&xgﬁoups include benzylcarbonyloxy
grduﬁﬁ(ahnéthymhyﬁ))l)méthylbﬁbbﬁbﬂﬁw @6Mp JBAtEthylpBendl)enethylcarbonyloxy group,

hf‘Lm“r@{]i’W A Cﬁéﬁ%(;;%leg;’(é&%?u %rdlg’fpf’(smﬂphenyl)methylcarbonyloxy group,
ngt 4oy BRERY R CUGRISABA 2 81 AkBthylpferlyfinethylcarbonyloxy group,

63,6<dimahsdpmdy}b)hmdwk)ammdwbm XB éwnlgfh@lnhenﬁ)lﬂethylcarbonyloxy group,

(2,35, S b BRI e e B ancionbesareonvin

subgki t pRAY P @35)5 trirﬁéthﬂ@ﬁéx@'lﬁﬁethﬁ@arﬁoﬁ}%%@ ? @en guch as fluorine atom

chlorine a brom ne at om or 1odi né atom ]0032] 25The carbanoyl groups

repres emmhﬂthl)nmmar ddylasy grens (34 Stvigmethyiphenyl)methyécashoplyloxy Zr&ip, C30

hydr oca | i gand represented by G
may be, fﬁ%k'&'ﬁ%@&h’é‘% ﬁ”‘lc%%‘s%’ﬁﬂﬁy‘ﬂ’é%%ﬁ?&l’n@e%éen atoms, a conpound having
oxygen &Iﬁﬁﬁthymhém{}ﬁaﬁﬁlcﬁt@dhﬂﬁxﬁéfbﬁp@rw 6&&%@&@%&@1&%@1&@' ng
sul fur atons. Exanples of the conpoun havij ng nitrogen atons are am ne
corrpoun&’@“Psaﬂ%’ﬁd& g@fﬁ@ﬁ&@ymnﬁl)mﬁhvba&?ﬁﬁ’@wﬂéoupaanpl es of the conpounds
havigg gy@ggﬁn atons are ether conpounds, ketone conpounds, al dehyde
conpoun d ester conpounds. Exanples of the conpounds havi ng phosphorus

atons are trial kyTMGBMﬁO@MMﬂhﬂ&nyﬁxb’@wﬂShﬂﬁ/ﬂ{ﬂwe sabstitgenndsTisnd

phosphi ne oxi de co Qunds Ies of the Vﬁ)
2011/ 01 Hinent-mayo 107 1pst %5 a ogen atom such as fluorine atom, chlorine atom, bromine

atom or iodine atom.
[0032]
25 The carbamoyl groups represented by X', X? or X* may have a substituent, for

(JOU'I-bCDU'I
-hD.D.Q.
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example, a C1-C30 hydrocarbyl group.
[0033]
The neutral ligand represented by G may be, for instance, a compound having

nitrogen atoms, a compound having oxygen atoms, a compound having phosphorus atoms and a
30 compound having sulfur atoms. Examples of the compounds having nitrogen atoms are amine

compounds, amide compounds and nitrile compounds. Examples of the compounds having

oxygen atoms are ether compounds, ketone compounds, aldehyde compounds and ester

compounds. Examples of the compounds having phosphorus atoms are trialkylphosphine

compounds, triarylphosphine compounds and phosphine oxide compounds. Examples of the



conpounds having sul fur atons are thioether conpounds, and sul fone
conpounds. Mre specifically, the above-nentioned |igand may be, for

i nst ance,wpynidiiess; tetranet hyl et hyl enedi@ani ne, tetrahyacofipeaanessgi et hyl
et her, triphenyl phosphi ne, dinethyl sulfide or thiophene. 5 [0034]

Cycl opent adi enyl groups, indenyl groups and fluorenyl groups nay be cited

as exanp, ogﬁdstlﬁgmgig%ﬁatgﬁrmﬁH&%hfb@ﬁfgpgorx(ﬂ;%dgisﬁﬁ%f%ﬁ%%e ‘?1?1%

a
skeIeton represented by e C-C3 aving a cyc pen guene type
ani oni c spéaifieallynthe cabomsmmhtmite&jagandmyy be\fer mstandxs pitidieat , f or exanpl e,

ps examptetmeyiefcentedipe eyt o, ety he? bfplGeuhbermhay fimetid sufide

exanpl e%rq:ﬁoﬂ{éggm above in rel atlon to X, X2 and X3 can be cited. [0036]
The C5- ?roups havi ng a cyclopentadiene type ani oni c skel eton
repr&edi@ 15 by L are preferably the groups represented by the follow ng

general formula [, R - J[.2 R2. erein | cates, | i.nkage to
Ti; Cp represent s%iey cEgex&%@ %’Fltgk%&q‘?a%‘flﬁ[&\i\gr%‘;}’(? PB??@H?‘&BY‘&%“IWB@' b Eﬁﬁ

skel et o Rxardple€f 8 @3- C3Bgdaps Ralikg 4 alchedtadithe ¥pel mitric He®itdn Rbrés&ﬁé&ﬁ? nts
a C6- C30 aryI roup or a C7-C30 aral kyl group; R2 represents a hydrogen

at om or La dfhe C%Q/ame&hpwg g eytiopentadiangityne antonihskelespr rapeesotgd bp L miyen m
coni ne P fer pient fordi b T3 Al THol wi B S0 Wb BB, ™57 o s
haviteg #0035¢opent di ene type ani oni ¢ skel eton represent ed by Cp are

cycl opent adi enyl | . group and fluorenyl group. The C5-C30
groups having a c%é EWPE ﬁgétqﬁggg‘iﬁﬁy YRTRRS ﬁp’feé?ﬂt%ds'@htde@eﬁﬁ»m@ may
have a ewﬁ,slbtmt,wn%%ot@ﬁn%am&xl X Xahd S8 Qagtibk ¥ted) OUP and a C3- C30
trial kylsil'yl group. [003 Tﬁe peri o)él c table group IlLX-XV

atom r ef0Bé¢nt ed by J may be for instance, boron atom carbon atom
silicon atom nit horus ato en _atom sul fur at
Carbon at om or si ﬁﬁggﬁ g%()g&of‘gsh% &4 ¢Yslppen ﬁ’ @‘5&“7“\]@9@%? 3591
[0038] 5§ Laxeprii@abl9lthd SBupdreprlertéd/by meqbttbivﬁg%eﬁal%ﬁnﬂw]kyl groups
r epr esent ed

R1

Qp—J< [2]
’ (R)m

(wherein Cp---- indicates linkage to Ti; Cp represents a C5-C30 group having a cyclopentadiene
type anionic skeleton; J represents a periodic table group XIII-XVI atom; R’ represents a C6-
C30 aryl group or a C7-C30 aralkyl group; R? represents a hydrogen atom or a C1-C30
hydrocarbyl group; m indicates the valence of J — 2; when m is an integer or 2 or greater, R%s

20 may be same or different and may be combined to form a ring).
[0037]

Exemplary of the C5-C30 groups having a cycopentdiene type anionic skeleton
represented by Cp are cyclopentadienyl group, indenyl group and fluorenyl group. The C5-C30
groups having a cycopentdiene type anionic skeleton represented by Cp may have a substituent,

25 for example, a C1-C30 alkyl group and a C3-C30 trialkylsilyl group.
[0038]

The periodic table group IIIX-XVI atom represented by J may be, for instance,

boron atom, carbon atom, silicon atom, nitrogen atom, phosphorus atom, oxygen atom or sulfur

atom. Carbon atom or silicon atom is preferred.



by R1 and the Cl1-C30 hydrocarbyl groups represented by R2, the sane

exanpl es as shown above with reference to X1, X2 and X3 can be cited. 5

[ 0040] WO 2011/01658The C6- C30 aryl oxy gr oyps r epr esent ed poysye2a0/e63p91ef.er.abl y
those having the structure represented by the foll ow ng general formnula [3]
or [4]: (wherein O---- indicates linkage to Ti; R3 to R8 may be

i denti czf(l, 39f different and represent independently a hydrogen atom a

hal ogen "at ojn a O -C30 hydrocarbyl group, a Cl-C30 10 hydrocar byl oxy group,

a heterocyclic codsexmtplessf thed(6-a3CaryCgfbuph aydICOCBOMhRI Frougy epies@ited
C1- C30 nocar.bylsilyl group; two or nore of to R8 may conbine to form
a ring; %%l éﬂ‘iﬂmﬁ]‘«@&%&v d cg&ylzg,rogpﬁfeﬁﬁéqltgfb%%,thq fanerexamplgs as shewpaboye

di f f er eRfith rElbrdnBPEERE N San@ X OaNBRR;t8J.0M ni trogen atom phosphorus atom or

sul fur atom Z1 represents a Cl-C30 hydrocarbon group or a heterocyclic
compduntl046%i due; the formof bond Iinking Z1 and QL may be single 15 bond,

doubl e bond or tripl :_1he bond |inkin and be al so single
bond, doubl e bondlrﬁ?&ﬁb@gf @@6%&{0%‘%8“%8&%#%fsme{%ég%h‘P%mvalgrtﬁ%g.)
[0041] Rructurer¥ftedenied Hythe folloWanE gérfal fdrittddB] bP[4]i ; RO to Rl4 may be
identical or different, each representing indépendently a hydrogen atom a
hal ogen atom a Cl1-C30 hydrocarbyl group, a Cl-C30 20 hydrocar byl oxy group,
a heterocyclgsc canpound residue, a C2-C30 di hydrocarbyl am no group or a
Cl- C30 hydraqgcarbylsilyl group, two or nore of these groups nay conbine to
forma Frag i catgs @ nunber of 1 or 2, and when t is 2, two ROs may
be sane or erent; 2 repregents an WO 2011/ 01658110PCT/ JP2010/ 063591
oxygen gat-omAitg ogen atom phosphorus atomor sul fur atom Z2 represents a
C - C30 hydr

| i nki ng Z2

ar bon group or a heterocyclic conpound residue; the bond

d @ may be single bond, double bond or triple bond; also the

bond linking @ and R9 may be single, double or triple bond; RO and Z2 may
conbine to forma exanpl es of the hal ogen

.rin ')an(OOA'Z]' 3 " As ¢
at ons, ©heeeip Qryg rres*'&i’?w BRpY; Bnte RO masbe dpaticat aF differsuy ang rsppssent
repr eseﬂ.ue&naymgys% it atbiiCa AABEerRGHPL 3-C BV bhbupel 818R5F to X!,

x2 and X3 can b
10  hydrocarbyloxy group, a heterocyclic compound residue, a C2-C30 dihydrocarbylamino group

or a C1-C30 hydrocarbylsilyl group; two or more of R® to R® ‘may combine to form a ring; s is a
number of 1 or 2, and when s is 2, two R’s may be same or different; Q' represents an oxygen
atom, nitrogen atom, phosphorus atom or sulfur atom; Z' represents a C1-C30 hydrocarbon
group or a heterocyclic compound residue; the form of bond linking Z' and Q' may be single

15 bond, double bond or triple bond; the bond linking Q' and R may be also single bond, double
bond or triple bond; R? and Z' may combine to form a ring.)

[0041]
R1 1
R12 (o) /QZ
~ 22 \(RQ)I
{4]
R™ (o]
R14

(wherein O---- indicates linkage to Ti; R® to R may be identical or different, each representing
independently a hydrogen atom, a halogen atom, a C1-C30 hydrocarbyl group, a C1-C30

20  hydrocarbyloxy group, a heterocyclic compound residue, a C2-C30 dihydrocarbylamino group
or a C1-C30 hydrocarbylsilyl group, two or more of these groups may combine to form a ring; t

indicates a number of 1 or 2, and when t is 2, two R’s may be same or different; Q represents an



[ 0043] 10As the heterocyclic conpounds of the heterocyclic conpound

residues represented by R3 to R14, pyrrole, pyridine, pyrimdine, quino

l'i ne, triwoi2ogyo1basnan, pyran and thi ophe?g can be citedpas/Jexampéss. These

het er ocycl i ¢ conpounds nmay have a substifuent the exanples of which are

hal ogen atons, C -C30 hydrocarbyl groups and Cl-C30 hydrocarbyl oxy groups.

15 [ 004 : T, ' . r ent ed by
Bhaen o ivoge R Butforl AU GE UYL 22 1 OURS S €PLR)

R3 to Rl4"are those amno g ydrog reon
subst i t iydmpcaibbh group drpdeteranybli¢ campouns resitheaythecbiond dink inge? *aind \(@F- ri@ybé oned
hydr ocarb [ QUPS .ar 1- C15 al kyl . groups, - Cl5,cycl gal kyl groups and
Ch- 15 Pgle B e Gon bl o il B ban Rl 07 G0 R T et Sy |
group, of iifle B R’ alld 2F Ay cofibitéRo foraPRFRRY! 9roup, n-butyl group,

sec-but){l roup, tertbutyl “group, isobutyl group, n-pentyl group and
h- heXdy| Qﬂ“gﬂlp. Cycl ohexyl group can be cited as an exanple of the C3-Cl15

cycl oal kyl groups,,.an en roup can b Lied as an. exanpl e e

C6- C15 aryl groupés‘.saeéglgﬁgf8§{}8%a§)§§ﬂa%§p€§69%#0ﬁl§yﬁ%%?y6ﬂoé’ggﬁﬁd §|f1'c¢$)s

i ncl ude hgldroeirbylofyigrmpg Feprgbentdil 0 Y 16 R ) eheaftieRoxaspled aP St With RFe@hdHd

dii sopr&gyl am no, group, di- 25 n-butyl atnino group, di-sec-butylamnm no
group, '*Xe?li‘uSu?%ﬂl?Prﬁ“ﬁé- group, di-isobutylam no group,

tert- buL()d4i3fopropyl am no group, di-n-hexylam no group, di-n-octylam no
group, -n=decyl am no group, diphenylam no group, bis(trinethylsilyl)am no
grouP, and bi s(t eAshhd étefoopdiccbmpbyndsaifitiohgérotyrlic [cOppotinBRIdgesCl - C30

hydr ocar byl si | LOURSs represented by R3.to R14 are those silly' groups
whi ch h eSB‘PFQX k’éﬂ%ﬁ? §e4’ Hy’g?lﬁg@ﬁldé%W‘@F@P"e&ﬁ“@b%tmw%cﬁ“mtwgh@é 0

three h ; I . -
kgl oot Gl bGRUDS et St nSBO K L, ml RS Bbdntencald
t he Cl- eamnplesof whichare Hatogen dtonmse ChyC3 0gnysingcartsy] Igydupg andiG1-C30 hydrocarbyloxy
W2011/01658111PCT/ JP2010/ 063591 n-propyl group, isopropyl group, n-butyl
group, eoélpfjutyl group, tert-butyl group, isobutyl group, n-pentyl group
and 18- hpposht] group. Cycl ohexyl group can be cited as an exanple of the

C3- C30 cycl oal kyl groups, and phenyl group can be cited as a exanpl e of
the 06-C30 aryl gibep3-C¥dihyiracarbdamingcgrowps repesinfett bycRt toyR < iatethosy amipe

a - il -C30.4di h | silyl
and Ca. EEPE WG DAL QEALIK R oforl BHiSSn sphli i iy RuOaP U Souge. O O1PS
nonohy dExemayslatyl ofithey Abaye ang@isionsEhyded duiybyligrdikpsGik©C P 1 Sedlib lgfdupy) CBCI8Ps and
phenyl si | yl rlou S, an%ée&(anpl es of the C2-C30 di hédrocar byl'si |yl groups
are d: e c‘;@@% -Clh avhgroups. y Exgpiples o seeC EHGIA@lioN roups inglusigps. |
arpl e t i
o otgs. metyLERSp n(iglol n BOf R sBplokivl SBHNERLIERER sbe bISLBRMBK: 1,
?r ou PS , ltmt}b'l gtrnrlm_uslsquusyl gpdupgn@fmgyl _grtonil; a?de lh—li_efnyl?lgrsﬁp.yl Cwishergl group can be cited
ri-tert-butyls , i —i sobutyl si roups, )
tert - bRl gty FrEtS collaliot groske, b ofeufliefiupan op sted a5 anemepla of | )
groups, the06-F ¢4 YE¥0ups.| YExaMphstT susNd21C IR SHbYhm Mo BSps include

dimethylamino group, diethylamino group, di-n-propylamino group, diisopropylamino group, di-

25 n-butylamino group, di-sec-butylamino group, di-tert-butylamino group, di-isobutylamino group,
tert-butylisopropylamino group, di-n-hexylamino group, di-n-octylamino group, di-n-decylamino
group, diphenylamino group, bis(trimethylsilyl)amino group, and bis(tert-
butyldimethylsilyl)amino group.

[0045]

30 The C1-C30 hydrocarbylsilyl groups represented by R® to R are those silyl
groups which have one to three hydrogen atoms thereon substituted with one to three
hydrocarbyl groups.

Examples of such hydrocarbyl groups are C1-C30 alkyl groups, C3-C30 cycloalkyl groups and
C6-C30 aryl groups. Examples of the C1-C30 alkyl group include methyl group, ethyl group,



Any of these hydrocarbylsilyl groups may have its hydrocarbyl group
substituted with a hal ogen atom for instance, a fluorine, chlorine,
brom ne owoi20dimnessat om 15 [ 0046] 1 The C - C30proydrzaendsss gr oups
represented by Z1 and Z2 are exenplified by Cl C30 al kyl ene groups, C2-C30
al kenyl ene groups and C6-C30 aryl ene groups. [0047] Exanples of the Cl-C30

| kyl [LNE I , | net.hyl.ene grou t hyl ene
r oup. SRR SRy BN, 06 AP, cef RuF L TN, BB bAbte,
o Tt b e o D ety ot BAMAMPIES{NG €530
, me e up, .
Tt byl pEUITIRE R st RHD A PRASE ) P ERATPIE A6 Uik G 30 mcd gpuss. of  t he
-C30 ' J s I

but cry| SASERIEPOa G130 R HEFoYLI eFlps BHAP.C3B BRIV IR nous,
t he @6- |C36E$0 gihpdrocarbylsitd grouyis.and @%Whgiy&o?a?ybilyhgphpmy[%ampmsg ghe

bi ph t ne grou ene, qr. . e - .

nyar ocaCaae Cratdy i it ey sy o Brows capbemilvh
hal ogen gaupR A8 eﬁmgi[;te%@thmitemamy&%%bgrsﬂw_ &raﬁ&%@hmﬁa&ﬁgwggrézl%%ef ocyclic

conmpounds of the heterocyclic conpound residues represente fand Z2,
pyr r ol edieghylsilyl grouppynd dibbenydsilybgronps. | i Examplesiaf1ba€3-G30rteihydrpgarbyisidyid

' i | es.. Th het er. lic. d h
one or - BEHB® DefiBe iy Ry B e IH Brehh b LR . &1 B0,
hy dri0c a tiydprepydsipisgranss, €2i-nGadylsiyd 5, ¥l ses-BuGlsdlyPgroup¥@i-tert-butylsilyl groups,

2011/ 01658112PCT/ JP2010/ 063591 [ 0049]. . In view of feasibiTity of
pr oduci Hysebptylsilyl groupss tsrisbratylrfimethylsibyl graups,itrivi-pentylsilyd greunsytrion-hgxylsibil c h

| i nks ' 3 Sl d: ounds represented by the

genera%O%P%ﬁﬁgc‘foﬁ?ﬁ\%\ﬁlI%g&ﬁ’tsbar#@fl?lﬁé@}stl‘%Egﬁ%lgﬁgi ng @ and O is preferably 4

or 5 in the 5 conpayofthesechydreeanbysilyd grdupe nwrlﬁ}vag; hydl rﬂuék rby][%]éup sué)s%tuted o
icity o i.nki ng an can be

Sount ec™ih AADERRARE 91 FHaRiEas SHOTIF, CAPFBE, thesPinsar&uing oG case of (A).
at onisCi joo46p 3, and in the case of (B), it is 4. (Nor 0)(Qor Q@)(A CDO
The C1-C30 hydrocarbon groups represented by Z' and Z> are exemplified by Cl1-
C30 alkylene groups, C2-C30 alkenylene groups and C6-C30 arylene groups.
[0047]
Examples of the C1-C30 alkylene groups include methylene group,

20 methylmethylene group, ethylene group, ethylmethylene group, propylene group,
propylmethylene group, butylene group, butylmethylene group, pentylene group,
pentylmethylene group, dimethylmethylene group, methylethylmethylene group,
methylpropylmethylene group and methylbutylmethylene group. Examples of the C2-C30
alkenylene groups include vinylene group, propenylene group, butenylene group, pentenylene

25 group and butadienylene group. Examples of the C6-C30 arylene groups include phenylene
group, naphthylene group, biphenylene group, anthranylene group and xylylene group. The
C1-C30 hydrdcarbon groups may have a substituent which may, for instance, be a halogen atom
or a C1-C30 hydrocarbyloxy group. ‘

[0048]

30 As the heterocyclic compounds of the heterocyclic compound residues
represented by Z' and Z2, pyrrole, pyridine, pyrimidine, quinoline, triazine, furan, pyran and
thiophene can be cited as examples. These heterocyclic compounds may have one or more
substituent the examples of which are halogen atoms, C1-C30 hydrocarbyl groups and C1-C30
hydrocarbyloxy groups.



[ 0050] 10The periodic table group IV transition nmetal conpounds include, as
exanpl es thereof, cyclopentadienyltitaniumtrichloride,

pent armet hwbeyolapsnt adi enyl titaniumtri clg%ori de, i ndenylpCiramnilome3so1
trichloride, fluorenyltitaniumtrichlori ,

(1- net hyl -1 phenypet hyl cycl opent adi enyl titaniumtrichl oride, 6-adamantyl -

4- et hyl[ N- {2-(2- nethoxyphenyp} phenyl]im nophenoxytitaniumtricloride,
and the"c ounds obtai ned by 15 converting these chlorides into mnethyl,

met hoxi de phenoxilnl ejewhef feasitsi iyokef, prahxeir@tcﬂuedﬂithﬁtxbﬁﬂvdﬁhlg'h)sérebﬁﬁty, brom de

or iodide. Preferre hese ds are

(1- met h9$°“Pﬁ‘FPéﬂ \é!gﬁb |1'€£$%§$ a@cﬁﬁggp@ pbly 34AiSimthe sampoypdsrepreseried by the

6- adama

met hoxygﬁ%&na;/ll yﬂﬁﬁlQ%% wi%lr#: h%gé[ﬁm xt;/Zt |l%né<rlf|1 Qmaxtldr (I)Cl %’r@%bly 4I\%r5emrt)1% eferred is
6- ad@rranomomdsmrhgphted:by[the gérral Tormedd Yy phenyl) }i m no- phenoxyti t ani um
trichloride. 20 [QQ51]. 1 geqos t or anoalu' 1 .co u used in
step 1, trialkyl aggm%oéénﬂﬂlﬁﬂa@ﬁ a&?i‘b HVH‘W %"Q&? §288 num
hydr i degourféd/ii th ¥ARRerGSRAHAGS (AN6r (B)Deldvke Indk &@e Sfé&)dat%ﬁu&m%' &} in
Exanpl es of the trjalkylalum num conpounds are trinethyl"al um num

tri et hytheloase ofB), tis4.n- but yl al umi num triisobutylal um num and
tri-n-octylalumnum WO 2011/01658113PCT/JP2010/ 063591 Exenpl ary of the

al kyl al urri num hal i des are di et hyl al umi num chl ori de and et hyl al um num

di chl or| D et gl al U@dnuaq hydri de can be cited as a typical exanple of

t he al k I?? )and ne&hyl al um noxane can be nanmed as an

exanpl e of the®al unnhoxane conpounds. O these conpounds, nethyl al um noxane
is preferred in viewof its activity and selectivity. 5 These

or ganoal um num conpounds can be used either singly or as a m xture of two
or nore of the 0052] The or ganoal um num conpounds nay be used
by supporting on a carrier. As carrier, there can be used, for

i nstance, metak g¥des, Qprrpl ex oxides of.metals and inorganic 10 halides.
The netal oxides[@ rcl@ o°é nong their exanples silica, magnesia, alumna and

titani agndrkog_goBhl ex oxides of Bretal s include silica-alumna, and
silica-titani ne5| um chl ori de and nagnesi um broni de can be cited as

exanpl es of t or gani ¢ halides. [0053] As the solvent used in step!,

| i near satur at e&fNydrocar bon conpounds, alicyclic

[0050]

10 The periodic table group IV transition metal compounds include, as examples
thereof, cyclopentadienyltitanium trichloride, pentamethylcyclopentadienyltitanium trichloride,
indenyltitanium trichloride, fluorenyltitanium trichloride, (1-methyl-1-
phenyl)ethylcyclopentadienyltitanium trichloride, 6-adamantyl- 4-methyl-2-[N-{2-(2-
methoxyphenyl) } phenyljiminophenoxytitanium tricloride, and the compounds obtained by

15 converting these chlorides into methyl, methoxide, phenoxide, benzyloxide, acetate,
dimethylamide, hydride, bromide or iodide. Preferred in these compounds are (1-methyl-1-
phenyl)ethylcyclopentadienyltitanium trichloride, and 6-adamantyl-4-methyl- 2-[N-{2-(2-
methoxyphenyl) } phenyl]iminophenoxytitaniuim trichloride. More preferred is 6-adamantyl-4-
methyl- 2-[N- {2-(2-methoxyphenyl)}imino-phenoxytitanium trichloride.

20 [0051]

As the organoaluminum compound used in step 1, trialkylaluminum compounds,
alkylaluminum halides, alkylaluminum hydrides, aluminoxane compounds and the like can be
cited as examples. Examples of the trialkylaluminum compounds are trimethylaluminum,

triethylaluminum, tri-n-butylaluminum, triisobutylaluminum and tri-n-octylalﬁminum.



15 saturated hydrocarbon conpounds, aromatic hydrocarbon conpounds, and

| i near unsaturated hydrocarbon conpounds can be cited as exanpl es. The

| i near sawonatdedsydr ocar bon conpounds arg preferably tirosgrriid/hesaocar bon.
nunber of 4 to 10, nore preferably butané, pent ane, hexane, heptane or
octane, even nore preferably butane, pentane, hexane or heptane,

parti cul I Ut ane Nt an r,.heptane, . The ali | c. saturated
hydr ocar S’h%%& §§)§n%%§4%asl Qinr halidgs %‘6|“3et5¥$8@89‘96r‘?ﬁh¥9“@8f‘8%ﬁ&%@ W% 4 to
10, nor dighlcrider aDisthylyluhdhexdydrideeinbe dited lad B eypicie eRdmple G2 thiehlk BB MidNH ©

preferably cycl ohexane or nethyl cycl ohexane, particularly preferably
cycl oheg‘é{a'é‘.%;ﬂﬁlfé{1 %F‘g%@{qfwnﬂw&ea srmedayaLsragple of the aliayingnape compeundst h a

car bon- gy [ e Zehe

et hyl benzenegs,E cﬁ%‘glg‘tlﬁg’e%gmgrmftgltnrgg |e§§ ﬁ%\lg%%&qlrrér e p?fegfée)ircg%flg aBae(#zl%Elg',ﬁyt ol uene
or x\i efdeseparganoalunzinim compbendsay be nséddithen singlJoe ab b MgiRture oft@toLdrah@d of

hydr ocarbon conpounds are preferably those with a carbon nunber of 4 to 10,
nor e prélFeé‘?‘any 1- hexene. These sol vents can be used either singly or as a
m xturefgds2jwo or nore of them [0054] The solvent used in step 1 is
preferably Sel ected from butane, pentane hexane, 30 heptane, cycl ohexane,
met hyl cycl ohexane Thp ergaspalymininy corepounyds eny beused bysuppostingrthem opraahicabl y

sel ected from hut ane ent.ape,. heptane,, cy¢l ohexane, t.oluene and,1-hexene.
[ 0055] © APt e B R SR iR R oscr oy pxife Omalb e droreanie
hourm hhkdeseaThé MtadpLidas inelude Amdhe Fhelr eXaMpRS sRich BAgdRRaCAluMirkOand titania.
sem -batch-wi se or_ continuous. [0056] The weight ratio of the periodic

tabl e grAagomplek oxides of Watalscinalude silipayalmina and silisa-titagie o AYlagriesium Qhknixltﬂ.md
d i i . . i i ANV T it t
e vl Baksh ol i o RATL QLS b B e UL g o0, et

0. 0001 §00$310. [0057] ~In the present invention, in step 1, in
order to inhibit the side reactions fromoccurring in the course of step 1,

preferably a peri 6dithe tolysng usadan step\k, {ingar saturasd gregarban copmpaBRdta aligyslic
or gai%oakéiﬁﬂaﬂ%d'ﬂyﬁmﬂ@olr%%guﬁsb%ﬁﬁﬁc ﬁg‘&)?t%rp%&gmaws,%amg s AelrafRCN

other in a solvent to fo a reaction I'sS reaction mxture is
f ur t her hydmearberecompaundsicarcbeccitedlas examyiesi 1The linehndatwrated bydmcarboy 1- hexene.

[ 0058]

compounds are preferably those with a carbon number of 4 to 10, more preferably butane,
pentane, hexane, heptane or octane, even more preferably butane, pentane, hexane or heptane,
particularly preferably butane, pentane or heptane. The alicyclic saturated hydrocarbon
20 compounds are preferably those with a carbon number of 4 to 10, more preferably cyclohexane,
methylcyclohexane or decalin, even more preferably cyclohexane or methylcyclohexane,
particularly preferably cyclohexane. The aromatic hydrocarbon compounds are preferably
those with a carbon number of 6 to 10, more preferably benzene, toluene, xylene, ethylbenzene,
mesitylene or tetralin, even more preferably benzene, toluene or xylene, particularly preferably
25 toluene. The linear unsaturated hydrocarbon compounds are preferably those with a carbon
number of 4 to 10, more preferably 1-hexene. These solvents can be used either singly or as a
mixture of two or more of them.
[0054]
The solvent used in step 1 is preferably selected from butane, pentane hexane,
30 heptane, cyclohexane, methylcyclohexane, benzene, toluene, xylene and 1-hexene, more
preferably selected from butane, pentane, heptane, cyclohexane, toluene and 1-hexene.
[0055]
The reaction operation in step 1 is carried out at a temperature of preferably 0 to

200°C, under a pressure preferably between normal pressure and 20 MPa for a period of



The term "al cohol” is used here to refer to the conpounds having at | east
one 15 al coholic hydroxyl group, the exanples thereof being nethanol,
et hanol , WOpAUEs®iL, 2- propanol, 1-butangh, 2-butanol, SETIBUNNASEIL .

t-butanol, 1-hexanol, 1-octanol, 2-ethyl-I-hexanol and benzyl al cohol. ;
[0059] [Step 2] 20Step 2 is a step in which the sol ution obtai ned in step 1
| s br ougidferaBiyoreGihatelto Y0 hiuRD THYRAY tidins

hydr oxi gmar?d yﬁoaw ng a ?)H of 12 0 or ﬁo Qﬂr,&% IS a %f?]: nv%’alse

her ei nafsemi-bigeh-masecormroodtinuwuas " al kal i ne aqueous sol ut | on ). [0060] Oont act
betmeen[g solution obtained in step 1 and an aqueous sol ution 25
cont ai ni ; net al hydroxi de and having a pH of 12.0 or higher (alkaline

aqueous sol ution) THe wilighe ramrwnévﬁerfda‘tdtasreego@ﬁ DA OREfa PSS §o tHeOT
i nstance, the solution obtained in step 1 may 'be brought into contact with

an adue®iganeanminum comprundrisedjinstepct Gveightdgbaf peziodiectablagroup 1y passisonidetal or

hi gher rthe,sol utilo ain fter

separ at %ng géd‘?‘g ??‘q‘%zgf %f%q%i%exé%’e& 8&?@%‘81)5%? Elly(c)i}% gld% aai“ﬂ 19 ep 1
may be PpoosTFght into contact with an 30 aqueous sol ution containing a netal
hydr oxi de and havi nawa pH of 12.0 or her al kal i ne aqueous sol ution).

[ 0061] é)r%ﬁektamv%waq@étﬁps f toninhibidhe side Y@QII(Z;SI feoran
12.0
o0 ot OO 8 P VR B il 12,0 O

201 1/00 1 6@ pdridCan dtgﬁﬁdﬂdrﬁﬁnaﬁﬁdonh;muad tahe etiiylcat arechrpmghn (iisto comtaeti witlngachotieg ast
one hydr ox u |l es of su onpounds .are |ithium hyd xi de,

sodi um g‘b‘%&ﬁg aa@g tiom Wﬂi’%ﬁr“aéﬁ‘s ?%SPB‘P mﬁtHVngﬂ éco‘&té%t Fiith an

hydr oxi gﬁoh&qbgbﬁmyydjﬁt@ﬂgﬁmﬁggqmg%dr oxi de and potassi um hydroxi de are
preferred in view of easy industfial availability. 5 [0062] In the present

inventi 60581 n the solution obtained in step 1 are contained, in addition to
1- hexene, the net C_GOQ ent s i ¢ tabl aup |V transition
nmet al conpound angi’f F%gﬁ éﬁ‘lfﬁﬁ?hﬁrﬁ\q%%%%{?ﬁgeﬁ%ﬂo sg‘? #1355 988 der to
renage hkehslictided-yl group) e 8Lithysied thefeof BEnA theBiRms], |eﬁﬁéﬁ61; 1JpEopa§oP§§ﬁ8;§dnal to
use an aﬁueous solution containing a 10 netal hydrOX| e and 'having a pH of

12.0 orl taobseg-butanol, t-butanol, 14pxanohd -egsanel, Jrsthylol-hexanobandobenzylned
or the pHLpd the aqueous solution is less than 12.0, separatability between
the solution containing 1-hexene and the aqueous |ayer containing the

met al | i OS@hponents is unsatisfactory, hindering the operation of

separ at t§gp &Pe
20 Step 2 is a step in which the solution obtained in step 1 is brought into contact
with an aqueous solution containing a metal hydroxide and having a pH of 12.0 or higher (this
aqueous solution may hereinafter be referred to as "alkaline aqueous solution™).
[0060]
Contact between the solution obtained in step 1 and an aqueous solution
25 containing a metal hydroxide and having a pH of 12.0 or higher (alkaline aqueous solution) in
step 2 may be conducted at an appropriate stage. For instance, the solution obtained in step 1
‘may be brought into contact with an aqueous solution containing a metal hydroxide and having a
pH of 12.0 or higher (alkaline aqueous solution), or the solution obtained after separating at least
part of 1-hexene from the solution obtained in step 1 may be brought into contact with an
30 aqueous solution containing a metal hydroxide and having a pH of 12.0 or higher (alkaline
aqueous solution).
[0061]
The alkaline aqueous solution used in step 2 is an aqueous solution containing a

metal hydroxide and having a pH of 12.0 or higher. By the term "metal hydroxide" are meant



solution containing 1-hexene fromthe aqueous |ayer containing the netallic
conponents to 15 hinder the renoval of the netallic conponents. [0063]

A vari et yWOR0BXHSHEt i ng neans can be usegsin bringing t RETIBRUON@9T0bt ai ned
in step 1 into contact with the al kaline aqueous solution. Preferably a
conbination of a stirring vessel and a static separation vessel is used and

the sol getedhe ARIACHRPoUNYs ThARInIng &t IQEPHH Ry drdiy? ﬁ%?t agla leg“.f)}'alcthhe
al kal i ne aqueous sol ution, and then a sepgr ati'on of a water layer (aqueous
| ayer) &athpawndsiare lithjum hydroxidacsedivanihydroxidecpotdssimuchydaoxideytrubidiuno hydroxide,

stirring vessel, an | C. separat i .vessel .. thelr conbination, my be
of ther | SrHTRYYarRR, PISKRNRERANE " AR R oxide AR bp g RS Py be
ei t her lpaéfsﬂaed/\jns@ev@bfeggpﬁﬁmaw{jﬁgm 251 n perform ng contact of the
solution obtained in step 1 with an alkaline aqueous solution and then

condukt 24 separation of a water |ayer and an oil layer by using a

stirring vessel a | rati sal.,. the ight ratio.of the
sol uti on obt ai ned%?gésp'? Ees%}lilﬁy%rﬁ{?)ﬂbﬁathggqllt‘r@n %ﬁ%%g% Eﬁeocﬁnfaéne& Pen by:
vei ght @dditiof td haexmktht eretailic eomgshents of tisepetiodii table gtap [ traddioaliéthli ne
aqueous sol ution = 0.01 t? 100. This operation is conducted at a -
t enper atompoyd and theergangaluminum qompoppd used a stegd - ofln gedestq 1emwve gheseo

M nut es ek i8S mponents into the %id;f)ﬁmy&,r £ lee%)gﬁdgrgy %rESE af ’aq&f%gls ?&LH&% g&&%gian ed

in step 1 may contal n polye ene” as oduct 1Tn-'a I on ene,
so ti9at meta hydrokisle and eving g pbbof/k2 ot leigherfin stephe step 1 sol uti on may be

provi ded between ep 1 and step.2.. A nethqd for repoving pol yethy|ene from
WO 2011/ 01558116P%e§‘ﬁ2ﬁ%f‘b‘§§‘5‘8’%‘¥? ﬁgog@@ﬁgfr&ﬂqﬂp € Péé‘gtlawﬁ@sssuch
means  ashahi1RioskeppRfabiRiy i vetvstaahe &ﬂﬂ%@édﬁ[ainiﬁ# $hexédt ddGhP 6{?% laygvention,

an additional step for renoving the solvent Tfromthe step 1 solution may be
provi deégomainingdhe metallicicomppnents jis unsatiyfactody] kindering the opergtion eftseparatingitsehod

It o B B6h 0t bt R HFadoblls & olais v sttt somprests ;1 ngi ng

i Nt ascohindert the gerdbvahof the nadtMtit cop@eueous sol ution, is an al kaline solution
cont ai nj rb% netallic conmponents. The al kaline solution can be reused as an
al kal i n& ébeous solution used in step 2. Wien the alkaline solution is

LS T et A RO A e Pl LR
of syst émntacdntactrwitt theatkatihy aqueoas sulutipnal Padferablysnéatbinatidnsoflaaisrit vasse]la
oo, P e SRR P SR B S el M PSSP hi "

20  with the alkaline aqueous solution, and then a separation of a water layer (aqueous layer) and an
oil layer is conducted. In use of such a combination of stirring vessel and static separation
vessel, their combination may be either single- or multiple-staged. Also, the extraction
operation may be either batch-wise or continuous.

[0064]

25 In performing contact of the solution obtained in step 1 with an alkaline aqueous
solution and then conducting a separation of a water layer and an oil layer by using a stirring
vessel and a static separation vessel, the weight ratio of the solution obtained in step 1 to the
alkaline aqueous solution is given by: weight (g) of the solution obtained in step 1/weight (g) of
the alkaline aqueous solution = 0.01 to 100. This operation is conducted at a temperature of

30 usually 25 to 60°C for a period of usually 5 to 120 minutes.

[0065]

In the present invention, the solution obtained in step 1 may contain polyethylene
as a by-product in addition to 1-hexene, so that a step for removing polyethylene from the step 1
solution may be provided between step 1 and step2. A method for removing polyethylene from



[ 0065-3] 15In the present invention, since the netallic conponents can be
renoved to a water |ayer by step 2, when 1-hexene is separated, in case of
conduct i ngoaoni/atssh| ati on, probl ens of‘aﬁ adhesi on of t reTIRLEADEIEI1
conponents to a distillation colum are 8t brought about. Additionally,
when a residual solution, after a separation of 1-hexene, is recycled and

reused, -] e t | DI as foul.ing conponents
in an i rﬁfs“?%gg‘f }sﬁiwel{)&%or %rgﬁ%ggﬁéshtm%sﬁg?ﬁt%}e%:d?&%fn%gg%is%ar%tpnpurrp to come
t o be ablso,tintieqreksat ingertiongarpadditichad tep fisrrambving thesobame frbhethe kfep 11 esi dual
solution js dispqgsed, .the netallic conponents are not precipitated as

foul i ng SEiS‘HﬁBH@S(&e %%“‘ie‘ﬁ?ﬁt\‘fﬁ?n %ﬁ?&k?@dgﬁﬂs- aPistillationis suggested agadnatherd foret ¢
to cone  tRoPh G?&lwﬁeﬁtﬁ&%%@ﬁteﬁ‘l's%ﬁoﬁ’e” od of operation. [0066] 25The
process for p%o uci ng 1-hexene according to the present invention is

pr ef ér alpp8a5-2]1) A met hod conprising a step in which a periodic table group
IV transition netal ,conpound n_or,ganoal um num conpound d et hyl ene are
brought into cont g’c‘,fhevﬂqg n@gé{ﬁ%@ph \mera{a% ‘Vu]é‘ﬁ]is lstr@’t%‘fda? é?r‘%’ln&ft"i“@n _
cont ai nicBkadtidgow R theaMatiBe ddueods SS18fod, s MaIRAlincRBNRBh bhaMintmeRiiRi ned in
step 1 is brought into contact with an aqueous solution containing a netal
hydr oxi éempenentsayiThg atkaline sdlution candye rieiispidas an elksbipaaqueeussalutionaskd in sep 2.

cont ai ni ene and.a .water,layer (this ste her ei nafter be

referr e%&’jtgggmg{ﬁéep&?qmn)lf reused: 5“%? gf:?‘ﬁ‘l@? Q 05%3{;?%%3‘1’9“‘8%%3 m t he

1- hepoen ¢ogetheewith @ Bahllit icompomiing) of the dlkAine BoRtiod istemoFéERd dBoutdids 6f naf ter
referred to as "ste or WD 2011/01658117PCT/JP2010/ 063591 (2) A net hod

3", W / .
conpr i sPYiern agd éiﬁlqltgnwvﬁkyﬁe@awg dkalmersghtien i rsused apdarfash ialkaline aquegns
| ) d nty. | . t act
ohthonohutth & aBEPHI B CATRGUNE R ek BPuR T Enbl Ot iBhip IO BERES 27

1), a sbepsedn which at |east part of 1- hexene is separated fromthe
sol utiogoﬂgs%ﬂi ned in step 1 to obtain 1-hexene or a solution 5 containing
1- hexen ’la residual solution after renoval of at |east part of 1-hexene

(thiyg step may heppinadhdseht ihtdtiohSdndedna etadliCld "atmn@%gnse il fo Wi atd?

t he residual sol ution obtai ned in step 4 is brou Into contact wth an
aqueous layer by stem2cwhenal-hexene ds separatedninirasx o fieondnctingaadistillatiop)problefid off amr

?L?gﬂ et egicotggff.ttl%e? %%tﬁ@@}c%@%ﬁ%ﬁ%% ei ?1%[11 ! glgstzf)?tumexp arg%Xt lr)]r%{lgel'lxtrgl i ltlt.er be
Additionally, when a residual solution, after a separation of 1-hexene, is recycled and reused, the
metallic components are not precipitated as fouling components in an inside, inlet port or exhaust

20 port etc. of a pipe or pump to come to be able to conduct a long period of operation. In case
that the residual solution is disposed, the metallic components are not precipitated as fouling
components on a burner nozzle etc. at the burnout of waste oil etc. to come to be able to conduct

a long period of operation.

[0066]

25 The process for producing 1-hexene according to the present invention is
preferably:
1) A method comprising a step in which a periodic table group IV transition metal

compound, an organoaluminum compound and ethylene are brought into contact with each other
in a solvent to obtain a solution containing 1-hexene (step 1), a step in which the solution

30 obtained in step 1 is brought into contact with an aqueous solution containing a metal hydroxide
and having a pH of 12.0 or higher to separate out a solution containing 1-hexene and a water
layer (this step may hereinafter be referred to as "step 2' ), and a step for separating 1-hexene
from the 1-hexene-containing solution obtained in step 2' (this step may hereinafter referred to as

"step 3"; or



Step 2' is a process in which the solution obtained in step 1 is brought

I nto contact with an aqueous solution containing a netal hydroxide and

havi ng a wbl20f1/04@s80 or hi gher (al kaline ueous sol uti orrTUL28@PEBsAL € OUt a
sol ution containing 1-hexene and a water |ayer. 15As the al kal i ne aqueous
solution used in step 2', the sane as exenplified as the al kal i ne aqueous

solutio for use 4 i e e Gt anpl es

[006s] D A feitbRodpAE b s AR SARdR a6 e e, FARREeal
step é' abmpm:ll‘m, mhngdn?e{i/ﬁmﬁim‘ dompuaxdand lethgle@b aﬁdlﬁfpd tzi%lﬁﬁﬁtg cdﬁtraét\/si'iﬂgeafch;blﬂhérhe
periodi ¢ tahl e group. ransiti on tal conpoun and .t he organoal um num
compound &8 He’itgo 9#‘815’ als,otiqt}pncﬁoggpm@g?-lbgwés% dbe Sten i Which %tdﬁﬁgﬁ%f’gl‘i nt o

the viat Bexddielcparatdd fhoim aﬁfagibbiaﬂneatiﬁ@tegg ool 6@11%?&%;53%%1@811“ i on

contai ning a netal hydroxide and having a her

When 5no comtaininghlyblexene dad a sesdual soilutioh adter tdmsovaboHdt ledsepatjofbhexene (thisistep i S

| ess than 12.0, sepagratabilit tween the spl ution contajning, 1:hexene and
the aquBBy efeérg)aéfp.r g‘%@fﬁﬁ?’ﬁn?‘%@% h%ndﬁ%ftﬁ?ﬂwﬁ'&gﬁ%ﬁ pél sgixx&ngggbiameg In step -
unsatis am@n%m ifloN@afacheith B aQRBLS S orPEontARAE Alrhéifl Hydfox3d 4Hidi KVing a pH
contai ning 1l-hexene and the aqueous |ayer contarning the netallic

conponenf £2.8 0t higherdterafiget aihwatee spardtion {thisstepmay heietmagenbrorefmted to pOUBE A
vari ety,of, extracti ng neans can be used in contacting the solution obtained
in 30 step’1l and the al kali ne aqueous sol ution. Preferably a conbination of
stiruoi nfpo6g@ysel and static separation vessel are used. Wien using such a

stirri n& vessel -static separation vessel conbination, their conbination nmay
be eith te%?ﬂigl e- or multiple-staged. Also, the extraction operation may be

' per form ng. contate S Kheot oy wpR i sontn bt Bt G kbR i

aqueous withlantaqoeoua solution somginmgpanetal lydroxideamd kaving a pH of @20air highgr 1- hexene
and a er. | ayer by usi a stirring yessel and a static separation

vessel Wa“ﬁ*émﬁé fRus el Jop SERREALe Bl A ol iR foatatRs ilale&@&nﬂi AWALEHRYSR kal i ne
aquqgus sol ution }g i MRAinRYquik IBMutibS hsedfin! izﬁ z@%@&ﬁmsmkﬁbﬁgﬂd agthet €p
1/weight (g) 5 of the alkaline aqueous solution = 0.01 to 100. S

oper at | alkaline agyeeiscobuions far use imtern? deseribéd ahovalchy be Gitedms@@@nples. a peri od
of usuam(% to 120 m nutes. [0071] -I'n the present invention,

t he sol |§ obtained in step 1 may contain polyethylene as a by-product in

addition to 1-hexBie piieitiddention ift thd DlutioRrobrding RQteper & omainkd, Hasibe -
step 1 10 solution may be provided between step 1 and step 2'. A nethod for

r enovi nBexsae.yaetalqospenents deriving Semtha perindie table gronplY sensitien mgtabcarponndns
as fhlt IRANE] . Sp, 1 i ..on, an
addiz'P i oﬁgﬂ {ﬁg? g%ﬁ?%“é remé?tﬁg&?ﬂ?sg‘% ve tP’f rlcll)lnrbir{lﬁgo g{rg%%?fx%sgl u‘%iﬂ%‘rgi may be
provi decbrysdnerBrintetthowaten igers itdpnetessaly mtstdpy 21t Gt dnSaqab@lBe6ution 3ontainiRt $10d
for renovi he, ,sol yent, fromthg step .1 solution. The sol vent renoved can
be reu S@ataigy oXige ﬁavmg a pH of 12.0 or higher

When no metal hydroxide is contained or the pH of the aqueous solution is less
than 12.0, separatability between the solution containing 1-hexene and the aqueous layer
25 cdntaining the metallic components proves unsatisfactory, hindering the operation of separating
the solution containing 1-hexene and the aqueous layer containing the metallic components and
hindering the removal of the metallic components. '
[0069]
A variety of extracting means can be used in contacting the solution obtained in
30 step 1 and the alkaline aqueous solution. Preferably a combination of stirring vessel and static
separation vessel are used. When using such a stirring vessel-static separation vessel
combination, their combination may be either single- or multiple-staged. Also, the extraction
operation may be either batch-wise or continuous.
[0070]



15 to be used in step 1. [0072] [Step3] Step 3is a step in

whi ch 1-hexene is separated fromthe solution containing 1- hexene obtained
in step 2wo 28s1/(16381t he rate of separ atiogg of 1-hexene, ipCTiIB2000/8638912b1 € tO
separate 20 50 wt % or nore, nore preferably 60 wt% or nore, even nore
preferably 70 wt% or nore of 1- hexene yielded in step 1.

Distillation is a B fhid i - . olution given in
step 1. Alkaline é%oneniﬁ%éoﬁgaspggﬁrgéﬁqﬁ%é‘a Qigeréﬁ{éﬁeﬁ ét uw%ng%%lg?lmeﬁﬂﬂ%aﬁ%

1- hexensolotibrandedusing sepapatidn. intBef sgﬂmion(gﬂduﬁﬁxhgﬁ g-haxdiﬁ&‘ahﬂ |a|vgd5téxz(%erlbbﬁsinrgl a

al kal i ne_ conmponents, may. be renove ith a water washing. ddi tionally,
by a di §Wnng3(9$ssﬂéﬂdi JSIALSEPYRLUOTL ¥esTely the gveight £3tioef the salptionohtamed inssternlit9 n

t he sol Yl ] ks I may
e, 3o i AR Ygfus LSS YRR 10 By HRAER  pORFEBhECD
p [ es égt of the alkalivhaqusous mt:imd= O.Dtl pT ibﬂmc i Tinjs dpdtmimrns condt’;mtadsat Iagzrgﬁbtr??om%{ o
step 2' an ep,3,~ Since the.ne ic mponents can be renov
Iaygr bys“é‘ﬂ@%é‘??g\ﬁmé’ﬁaf—"ﬂ%&@ﬁ‘é‘“ﬁ@éé‘bé&i%‘&{teﬁ-n case of conducting a
distill 7@E probl ens of an adhesion of the netallic conponents to a

ioh c

distillat olum are not brought about. Additionally, when a residual
sol ution, after almrthepwsent inventiomake selutitn chitaipedin step I emycbardimpulyetiylend ,

h 1] : t | pj t at fquli ts |
| noi do. 5 HPEPRBPInGASBRA 1L LHSHBR S0 () S4L Kb TeBe S POTFIREDE BROL S EPa: c.
of 30Pi fSutidn MBEYBe proviRIBefweRStepll Md!shpSON N Ghethod P gemgc)ﬂ%lg&h%ﬁé ation.

In case _that the residual solution is disposed, the netalli nmponents are
not pr efpmithestep | selutiown comprises wpingshelsmeansas fillenand ceptrifugalseparatat. t he

bur nout ,of L] - . | e able to conduct | o erjod of
oper at i 50 Y Bt iefod i S88Hiob % Beyipgipa 87 iy ot 1 A
separ at sohgticii mhEbspropiletl befwetn b dnadfstepD'.t [PistiDAtitnl i9 Bugpebi ASd methodi e 1
to obtain 1-hexene or a solution containing 1-hexene and a residual
sol ut i ofPaving the selvens diosm theistsp lovolution, o Ibe splyent removedandeaeused af agqlygntA
et hgd {oq;e&g@g;sqéﬂ fig 1-hexene fromthe solution obtained in step 1 is
distillation.

[0072]

[Step3]

Step 3 is a step in which 1-hexene is separated from the solution containing 1-
hexene obtained in step 2'.  As for the rate of separation of 1-hexene, it is preferable to separate
20 50 wt% or more, more preferably 60 wt% or more, even more preferably 70 wt% or more of 1-
hexene yielded in step 1.
Distillation is a method for separating 1-hexene from the solution given in step 1.
Alkaline components may be admixed in the solution containing 1-hexene obtained in step 2'.
Before conducting a distillation, the alkaline components may be removed with a water washing.
25 Additionally, by a distillation, in case of recdvering 1-hexene, a solvent contained in the solution
may be simultaneously separated, and the solvent separated may be reused as a solvent to be
used in step 1.
[0072-2]
In case that the present invention is a method of producing 1-hexene comprising
30 step 1, step 2' and step 3, since the metallic components can be removed to a water layer by step
2', when 1-hexene is separated, in case of conducting a distillation, problems of an adhesion of
the metallic components to a distillation column are not brought about.  Additionally, when a
residual solution, after.a recovery of 1-hexene at step 3, is recycled and reused, the metallic

components are not precipitated as fouling components in an inside, inlet port or exhaust port



[ 0075] When 1-hexene is separated by distillation fromthe solution
obtained in step 1, 15 the solvent contained in the solution nay be

separ at edwetotinaemane time. The sol vent iinnved can be rpewgerhias6339150!l vent
to be used in step 1. [0076] he expression "at |east part of
1- hexene i s separated" used here neans weather that the whol e anount of

1- hexen t ' . part of 1- 20
nexene. ey oL aPBeREBaRE  Lorné b ot & ool pARbr peRlioR™ Iy e o 8,

t he resirebithial sodiiticn ie dispAsedf the nhérsilic admpeiensepe hot procipitdted aduBAE corhporiests
preferable to segarate 50 % or IIDI‘e, nore preferaply 60 wt% or nore, even
more pr REYFIE) NOFFIG pls, ¥ th ool wagte il fic. o spRIg tp bsyable tconductadeng [ St ep
2"] 25SheRodof dperdlioRr 0cess in which the residual solution obtained in step
4 and an aqueous solution containing a netal hydroxide and having a pH of
12. 0 50or [0)73her (al kal i ne aqueous sol ution) are brought into contact to
perforn\téﬁ)ti I 2 ter separation. [0078] As the al kaline aqueous sol ution used
in step PHt s possi ble to use the sane 30 al kal i ne aqueous sol utions as

mentioned for usegidp £ @R operaliOO P sepatatinut 11 PHPdL SRtx¢hé BOnARE 8b1066H | N

step 4, there are contained netallic conponents deriving fromthe periodic
t abl e gebiaimed in steph$0 obtein Irhexghe opapalutieh containing loheyenvaidamiesidoalsohionnd
used in l.n. st in_order to renove these netal WO
2011/01%é@ﬂ@ﬁﬂﬁﬁgié%%‘@§‘f°égﬁﬁé?{§ms into the water layer, it needs to
applip afooaqyieous sol ution containing a nmetal hydroxi de and having a pH of
12.0 or above. Wien no petal hydroxide is contained or the pH of the
aqueous sol ution Adnethed foriseparatingol -hexepe framutbe splugion ebtained in step diyyani ¢
layer apduifilionat er layer is unsatisfactory, hindering the operation of

separating these two layers and hindering the 5 renoval of the netallic
conmponef0§5] [ 0080] . A variety of extracting nmeans can be used

e e Lo RO e Bt sl Kok
comyisnaiieQBiveht ntdirddd theehRlondRs) B @bhratedeh HeAahR1inYeES Sle sBventitafdvedNEN
can be reused as a solvent to be used in step 1.
[0076]
The expression "at least part of 1-hexene is separated" used here means weather
that the whole amount of 1-hexene may be separated from the step 1 solution or that part of 1-

20 hexene may be separated, with part of 1-hexene being allowed to remain in the residual solution.
As for the rate of separation of 1-hexene, it is preferable to separate 50 wt% or more, more
preferably 60 wt% or more, even more preferably 70 wt% or more of 1-hexene yielded in step 1.
[0077]

[Step 2"]

25 Step 2" is a process in which the residual solution obtained in step 4 and an
aqueous solution containing a metal hydroxide and having a pH of 12.0 or higher (alkaline
aqueous solution) are brought into contact to perform oil-water separation.

[0078]
As the alkaline aqueous solution used in step 2", it is possible to use the same

30 alkaline aqueous solutions as mentioned for use in step 1.

[0079]
In the residual solution obtained in step 4, there are contained metallic
components deriving from the periodic table group IV transition metal compound and the

organoaluminum compound used in step 1. In step 4, in order to remove these metal



10 enpl oying such a stirring vessel-static separation vessel conbination,
their conbination may be either single- or nmultiple-staged. Al so, the
extracti omoepewasison nmay be either batc -dWSe or conti neeugP2(10/0&%91 | n
perform ng contact of the residual solutTon obtained in step 4 with an

al kal i ne 15 aqueous sol ution and conducting oil-water separation by using a

stirrin : ' i VEeSs t lght.ratlo t he
sol uti o%o%%?%lﬁnse ﬁ%@g?%egidzﬁ b th{é%‘gsattgl a%ﬁ{yl nea%glé%uesgggﬁsgglcg{}ia%& ismgf;afljal |y
g: \l:eln biydrogidg ahd bg)ling)ﬁ pHhaf lgcﬂomta'bOﬂe.glgWhéﬂﬁd rﬂethl%’gf&tbxiki/e\lleb@hiigé(gdr tgé pHhe
al kal i ne ueous sal ution = 0. o 100. This operation is conducted at a
t enper anJ&‘g agyeoys gafption ?geﬁséh%bé-é’c?@a&a'ﬁ itybetyeen g grgapiclayer and thewafgr es.

20 [ 008ihved i ' | ' ' ' can
be 1 ecoryons pruRlaor Hidefint BetirdiBntl fhofaing 152 o0 i nfiFhachllp k. 227
sol vént removiakofitbe thetalliccapponentdl kal i ne conponents may be admixed in the oil
| ayer. R&%%e conducting a distillation, the al kaline conponents may be
renoved a water washing. 25 [0081- 3] The water | ayer

obtai ned by step R'vatistyasT efrictinkHican bat boised M ESHALRE thetRldhhiGofRIRONENt S.
The al kal i ne solution can be reused as an al kal i ne aqueous solution used in

step 2.obpaad insterd ked amalkaline agueonsi solution aud cosdusting aibveitériscparatipponent s ar e

accunul (1. . With th tallic.conponents) .of the al kaline
sol ut i oﬁ;e?ega?lgﬁn\%"h"{aggg(ﬁ%%%%y 58588¢a@é@?@%?té%‘%f%eﬂﬁ)ﬁ@ou%nr emai ni ng
al kabi nemploingisoch a stirriag vesieRsiaticsepartibn atdsal donebigAioaOmsir $8nbinatién hayadded

i n an anpunt, correspondi ng to an anpunt of the renoved al kaline solution to
be usedeithensinglespr myjlerstageds 5 diso, therexmactiamerssaonmay keither batghrwiseord st ep
2", si ng&ti%{}gusfret allic conponents can be renoved to a water |ayer by step
2", when the ol layer, after conducting oil-water separation at step 2",
is recy[O8t] and reused, the netallic conponents are not precipitated as

fouling conponents in.an.inside, inlet.port or exhaust port etc. of a pipe
or punp to cone t Hféfom Cf’BtaE()?flcf %feséiQ‘P{ﬁ?&“b’é‘rqﬁéﬂn@fméffgr%W%ﬁ@a lipggse 5
thati5t hgnebhs JohiRh and cOhRRARL Hil-Wdi& STpirddidd Gy 6SRPL a%%g veésel AR 4 statjc
precipitated as fouling conponents on a burner nozzle €tc. at tahe E)urnout

of wast s¢patiatiorvessel; thegwightiratichef the belutien clsaied in siep 4 tgthp aikiative aqueoper at i on.
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alkaline aqueous solution = 0.01 to 100. This operation is conducted at a temperature of
usually 25 to 60°C for a period of usually 5 to 120 minutes.

20 [0081-2]

The oil layer obtained in step 2" contains a solvent which can be recovered from
the oil layer by distilling to be able to be reused as a solvent to be used in step 1.  Alkaline
components may be admixed in the oil layer. Before conducfing a distillation, the alkaline
components may be removed with a water washing.

25 [0081-3]

4 The water layer obtained by step 2" is an alkaline solution containing metallic

components. The alkaline solution can be reused as an alkaline aqueous solution used in step 2.
When the alkaline solution is reused, since metallic components are accumulated, a part
(together with the metallic components) of the alkaline solution is removed to an outside of

30 system and simultaneously remaining alkaline solution is reused and a fresh alkaline aqueous
solution is added in an amount corresponding to an amount of the removed alkaline solution to
be used.
[0081-4]

In case that the present invention is a method of producing 1-hexene comprising



0. 0005 mmol of a titaniumconplex (0.5 mMtoluene solution) represented by
the following fornula (1), 5 nmol of nethyl al um noxane (MVAO 3A nmade by

TOSO Fi newbem1/eskd M hexane sol ution) a$ 144 L of tolpgeneaomessyxed, and
then 3.2 MPa of ethylene is introduced, acting the m xture at 25C for 60
m nutes. After the reaction, 50 mmol of 2- et hyI-I-hexanoI i's introduced to

h hene..| bt
The' r eadiePan e and sieb o kB BB iRghPits B oo e ERples ety tep
r epr eset,achenythé bit 1syet, i d‘imdﬁatdgldllawétkﬁ separafioBlat §tbp DLt PR dadEREsed1dd Nl
of toluene, 5 nL 20 of hexane, 50 mmo| of 2-ethy I-I-hexano 2.85 g of

decenes meéa%hc @Prsnoqgn@farfpmtﬁmrw foul u{amnqonr@pen amnside, e pprtor gxhaust

The rea er

cepar at Eotsoft, 3P4 HpEE ot 8 Bl I oq el AAL B o sBelabh b
titamdi umatdrepillelayerespdlspcesad ettle hy:tallﬁc d:dmpombm; arsinn\pnecﬁmfamd #& fHiling Conipvakntef
nmet hyl al um, noxan 144

Lu
2011/ 01888P2§1§&??%%}Em‘m@‘6‘§%t&0 &’ﬁéte °§(9%G?16‘Pm6f° be 2hlen condpgtiadong | 53, 53

g of 1- BeNsIer opefhtidn85 g of decenes. [0085] Exanple 1 (1) Prepar ation of
reaction nodel oil 50.43 g of 1 mMtoluene solution of the titani um conpl ex
of the Esawpleshown fornula (1), 2.80 g of nethyl am noxane (MVAO 3A nmade by
TOSO Fi 9 m hexane solution containing 5.4 wt% of Al), 123.88 g of

t ol ueneﬂﬁ% g? g of 2-ethyl-1-hexanol and 4.14 g of 1- decene were m xed.

Thi gom xed sol uti The peeSert 58&Enei6n & faRRG lilheratBdds/ its¥rhbodiAO@6] 10 (2) Contact
with al kO%I8|3ne aqueous sol ution
Referential Example 1 ,
0.0005 mmol of a titanium complex (0.5 mM toluene solution) represented by the
following formula (1), 5 mmol of methylaluminoxane (MMAO-3A made by TOSO Finechem, 1
15 M hexane solution) and 144 mL of toluene are mixed, and then 3.2 MPa of ethylene is
introduced, reacting the mixture at 25°C for 60 minutes. After the reaction, 50 mmol of 2-
ethyl-1-hexanol is introduced to stop the reaction. Ethylene is depressurized to obtain a
reaction solution.  The reaction solution contains 0.0005 mmol of a titanim complex
represented by the following formula (1), 5 mmol of methylaminoxane, 144 mL of toluene, 5 mL
20 of hexane, 50 mmol of 2-ethyl-1-hexanol, 2.85 g of decenes, and 0.57 g of polyethylene.

(1)

[0084]

Referential Example 2

The reaction solution obtained in Referential Example 1 is filtered to separate
polyethylene, giving a filtrate comprising 0.0005 mmol of the titanium complex represented by
25 the above-shown formula (1), 5 mmol of methylaluminoxane, 144 mL of toluene, 5 mL of



7.03 g of the reaction nodel oil prepared in (1) above, 3.07 g of 1-hexene
and 4.97 g of a sodium hydroxide solution with pH 13.3 were fed into a 20
m. screwwoeppadibssuitl e having a stirrer 44p therein, stipcradmi/gasously for
5 mnutes and then allowed to stand for m nutes. As a result, it could be
confirmed that the m xed solution separated into two |ayers. 15 [0087]
Ref er enty} =7 EnQim t i1l h.al ' I al Exanpl e 2,
1- hexengé}gir?g’ hexar?go%f{e@?énﬂg\%%ﬁ(ﬁl’b{/iﬁ §{)?Pfhgﬁ}%%’rﬂgb§§%§f;€é}gﬁ istillation
resi due[00BR]s distillation residue containes 0.0005 nmol of the titanium
conpl ex r%ghgjent ed by the above-shown formula (1), 5 mmol of 20

nmet hyl aﬁ‘?‘ ane, 144 nL of toluene, 50 mml of 2-ethyl-1-hexanol, and
2.85 g of) deyepiifSon oK onBRRPLHR 2 10.02 g of the reaction
nodel oil prepared in (1) of Exanple 1 and 5.05 g of a sodi um hydroxi de

sol ubi on with pH 9333 afdrmMsiglysing selutipm of the 2itaninm somplexod pheeaboveishéwn havi ng

25 a st | LR I gorousl m nut e t hen al.l owed .
stand f SrSa{iy 88b R ey A PE AN 3 ey bR R ing i oS spbffion
sol ut i oBorm&ipEH. £Wt%UfALY, Wo3.88 s&iTtolleHE 9107 GasPaEBYIL MRearaldde. 14 ghg 1sanme
experinment as conducted in Exanple 2 was carried out except that 5.01 30 g
of a soffGRe Wyt Bikede Ehismixeshsalption was used gs aaeactiermofelnibad of 5.05 g of a
sodi um H)Ugggxi de solution with pH 13.3. As a result, a cloudy |ayer was
observed present between the two | ayers. [0090] Conparative Exanple 2 The
sandOex{r | Gemict adthcabkudine bqukous stutomp| e 2 was carried out except that WO
2011/ 01658123PCT/ JP2010Q/ 063591 10,01 g of the reactiqn nodel oil and 5.01
g of an ammoni a sipStgl s feagtion e ?SIIW@S‘E&Q%"W’&C@ &Pt Ihegenegnds ¢ he
reactio mgciﬁl ' n@.ﬁlﬂk ; ; ' [ |t | ] . 3.
As a reg'gl t, aasgfﬂcl)ludy I%ggs%@nsgggsgrg?eﬁ%%zt{mhggﬁsztg r#ggtké\%ogw\llgaaeérs. "?%091]
5 Conpahaving/astifxetipl thergin, stirred vigorously for 5 minutes and then allowed to stand for 2

minutes. As a result, it could be confirmed that the mixed solution separated into two layers.
15 [0087]

Referential Example 3

From the filtrate obtained in Referential Example 2, 1-hexene and hexane were
removed by distillation, obtaning a distillation residue. This distillation residue containes
0.0005 mmol of the titanium complex represented by the above-shown formula (1), 5 mmol of

20 methylaminohexane, 144 mL of toluene, 50 mmol of 2-ethyl-1-hexanol, and 2.85 g of decenes.
[0088]
Example 2

10.02 g of the reaction model oil prepared in (1) of Example 1 and 5.05 g of a

sodium hydroxide solution with pH 13.3 were supplied into a 20 mL screw-capped bottle having
25  a stirrer tip, stirred vigorously for 5 minutes and then allowed to stand for 2 minutes. Asa

result, it could be confirmed that the mixed solution separated into two layers

[0089]

Comparative Example 1 _

The same experiment as conducted in Example 2 was carried out except that 5.01

30 gofasodium hydroxide solution with pH 11.8 was used instead of 5.05 g of a sodium hydroxide

solution with pH 13.3.  As a result, a cloudy layer was observed present between the two layers.

[0090] '

Comparative Example 2

The same experiment as conducted in Example 2 was carried out except that



The sane experinent as conducted in Exanple 2 was carried out except that
9.99 g of the reaction nodel oil and 5.09 g of a pH 11.0 sodi um car bonate
sol uti on wereiaesd1i n pl ace of 10.02 g of,,t he reacti on wroadgb2mibesasd 5. 05 g
of a pH 13. 3 sodi um hydroxi de sol uti on. aresult, a cloudy |layer was
observed present between the two |ayers. 10 [0092] Exanple 3 The sane

experi t . ' I ' . of.
Tho r eacl arE aE el molel SRR £01's 07 o Eolitbn SHACA b Aertubia 8
wer e usgiacernfpD A2 affthd abtiorgmodel biland Sa05t g ofa sodileh hgddoxiiedolutioh withggH a pH
13.3 sogitémh droxilge o‘i{ftion. As a 15 reggutlt, .t coyld be confirnmed that
the ni xéd-sol‘thd B é’rfj‘? YaYer Was SeSRPTPsSPk PRWermig sVOfaYE e 4 The sane
experi Ng0$913s conducted in Exanple 2 was carried out except that 0.11 g
of the reaction nodel oil and 5.17 g of a pH 13.3 sodi um hydroxi de sol ution
wer e dusd&onpargiivedixampleo} 10.02 g of the reaction nodel oil and 5.05 g of a
pH 13. 3 sodi um hydroxi de solution., As .a result, it _could be confirned that
the m xed sol uti onl@gﬁd =14 ’é‘ffni“hetngaﬁ Camdp f%#’%@@&]w"éf é’“Se’ﬁ‘WBtr@ﬁhe
exper i Mgy @6f the fehdtibe thodel Jikaids.69 g of@pHCH! ¢ !E:chﬁhxﬁ GhrbB A6 Rblufidiivertusé@ 6

of the reaction nodel oil and 0,50 g of a pH 13.3 sodi um hydroxi de sol ution
wer e us®lpce of b0.82 g ofthegagipngnedel pfl and §48t8 ofip phbd 313 sodiumayirexidssajutadn.a pH

13. 3 sodj r.QXl ' ' s.confirmed that the
i xod ool ieRHE B IR Wik SByert elehitbleherbl W ARER 650 (1)

Pr odigct i{@0929f 1- hexene In a well argon-substituted 200 inL
aut ocl a\fe eg’eﬁoli ped with a stirrer, 5.5 mmol of nethylam noxane (MVAGC 3A
made by nechem 1 M hexane solution) and 95 nL of toluene were

m xed, and then 3: itk ' oo L

i ntroduci ng O. Ooog%ﬁryrgﬁeg%p ati k%&ﬁ%ﬁ@g&%&f%&%@% wrﬁ%l to e&ioﬂxﬁb%dgﬁﬂ@%&o)égn
r epr esegtod thdxgactiom model oil and 5.02 g of a pH 13.3 sodium hydroxide solution were used in place

0f 10.02 g of the reaction model oil and 5.05 g of a pH 13.3 sodium hydroxide solution. Asa

15 result, it could be confirmed that the mixed solution separated into two layers.
[0093]
Example 4
The same experiment as conducted in Example 2 was carried out except that 0.11
g of the reaction model oil and 5.17 g of a pH 13.3 sodium hydroxide solution were used in place
20 0f10.02 g of the reaction model oil and 5.05 g of a pH 13.3 sodium hydroxide solution. Asa
result, it could be confirmed that the mixed solution separated into two layers.
[0094]
Example 5
The same experiment as conducted in Example 2 was carried out except that
25 10.06 g of the reaction model oil and 0.50 g of a pH 13.3 sodium hydroxide solution were used
in place of 10.02 g of the reaction model oil and 5.05 g of a pH 13.3 sodium hydroxide solution.
As a result, it was confirmed that the mixed solution separated into two layers.
[0095]
Example 6
30 (1) Production of 1-hexene
" Ina well argon-suﬁstituted 200 mL autoclave equipped with a stirrer, 5.5 mmol of
methylaminoxane (MMAO-3A made by TOSO Finechem, 1 M hexane solution) and 95 mL of
toluene were mixed, and then 3.2 MPa of ethylene was introduced. After additionally

introducing 0.0005 mmol of a titanium complex (1.0 mM toluene solution) represented by the



WO 2011/ 016581PCT/ JP2010/ 063591 24 followng formula (1), the m xture was
stirred for 30 mnutes at 40C. After the reaction, 1 nlL of

2- et hyl - IWBeRH/abS8has i ntroduced to end she reaction. APCENPAAODE3ARY t he
reaction m xture, ethylene was depressurized to obtain a reaction solution
A. This reaction solution contained 7.7 w % of 1-hexene and 0.17 wt % of

al um nu i ' ' S I by etection LLimt.

o056] - (ot et 15, O RBARH P i it s B PN 85558 fapth, nl

reacti Obfsthyﬂ-Ileex&n(ﬂMslﬂlr&ﬂ;cﬁi @f end tBOLbattionhy N feef icESlifgothe fréaflondittui! 12. 8
ed into a 50 nL screw capped bottle having a stirrer tip,

were suppl

vi gor ou§&‘9’ leng was depressuriged o W%?é%acgﬂ'éi sqlption Al | dhisdeacsion selytion eontained 7.7
m nut es I fi I

T S 1150 T AR 0.

cont & ndetectiontlhmit.oi | | ayer after separation. [0096-2] Conparative Exanple 4
15The sane experinent as conducted in Exanple 6 (2) was carried out except
that 19.99 g of the reaction solution A and 10.00 g of a sodi um hydroxi de
solution with pH11.1 were used in place of 20.04 g of the reaction
solution A and §0.91 @ a sodi um hydroxi de solution with pH 12.8. As a
result, a cloud Was observed present between the two | ayers. Since
it was difficult oceg | ect the oil layer, the netallic concentration was
not able to be g y’ZepI. 20 [f096-3] Conparative Exanple 5 The
same experimentldsdconducted in Exanple 6 (2) was carried out except that
20.03 g of thg r¥action solution A and 10.01 g of a sodi um hydroxi de
solution wtp | i

[0096]
(2) Contacting with an alkaline aqueous solution
20.04 g of the reaction solution A and 10.01 g of a sodium hydroxide solution
with pH 12.8 were supplied into a 50 mL screw-capped bottle having a stirrer tip, vigorously
10 stirred for 5 minutes and then allowed to stand for 2 minutes. As a result, it could be confirmed
that the mixed solution separated into two layers. Substantially no aluminum and titanium were
contained in the oil layer after separation.
[0096-2]
Comparative Example 4
15 The same experiment as conducted in Example 6 (2) was carried out except that
19.99 g of the reaction solution A and 10.00 g of a sodium hydroxide solution with pH 11.1 were
used in place of 20.04 g of the reaction solution A and 10.01 g of a sodium hydroxide solution
with pH 12.8.  As aresult, a cloudy layer was observed present between the two layers. Since
it was difficult to collect the oil layer, the metallic concentration was not able to be analyzed.
20 [0096-3]
Comparative Example 5
' The same experiment as conducted in Example 6 (2) was carried out except that
20.03 g of the reaction solution A and 10.01 g of a sodium hydroxide solution with pH 13.3 were
used in place of 20.04 g of the reaction solution A and 10.01 g of a sodium hydroxide solution
256 withpH 12.8. As aresult, a cloudy layer was observed present between the two layers. Since



WO 2011/ 016581PCT/ JP2010/ 063591 25 it was difficult to collect the oil

| ayer, the netallic concentration was not able to be anal yzed. [0096-4]
Exanpl e WORV11IR6Uct i on of 1-hexene 5l n,3 wel | ar gon- sBE6TUPLAI0/8ESPI00 L
aut ocl ave equi pped with a stirrer, 5.5 mtl of nethylam noxane ( MVAC 3A
made by TOSO Fi nechem 1 M hexane solution) and 95 nL of toluene were

m xed, eRe na1;! I L

i nt rodu?ﬁﬁ%g %ﬂg%%%tgn%g tgie %f fta%;%rél{riillgum cg&ng{)léé%q?ﬁtﬁgx ﬁrﬁo&aﬂ%ﬂé‘b&gﬁ%ﬁégyﬁ)
represerf0@2b-#)y the following formula (1), the nmixture was stirred for 30
m nut esAﬁt 486% After the reaction, 1 nL 10 of 2-ethyl- 1-hexanol was

I ntrodu nd the reaction. After cooling the reaction m xture,

et hyl eng1ypodd@RhsTIWdxéRe to obtain a reaction solution A'. This reaction
solution contained 5.4 wt% of 1-hexene. [0096-5] (2) Separation of 1-hexene
15Thé react i on sollnwivsil asgomsubstiiutad 200gul antvelave oquippedpwitis s stireer; 5. 53mpal et e

1-h Luti | ' f i on of, 1-hex S
cal | oq FisyiimRatad BN SA MERIOS6 FiiepERET Mberhe Soutop a3 mE Rtim
was conieluéretwere rhiRed, 268 tiibua.2 Mﬂalﬂfieﬂigl&e Wis iR ditb VA SA HérHdd divnalyp| € as it

was bel ow the detection limt. [0096-6] 20 (3) Contacting with an al kaline
aqueous iEdyeing9.0005 mmol of a titagugrrogplex (L mM talagng|sokisipn) tepres@ntechby the. 04 g

of a pHghe. ' i.de_sol utio suppl ied.into.a 50 niL .

screw cg%l%evgm ggw;eﬂ ﬂé\%géh%‘gset‘y?srséwepi%\g s resaatgﬂg%'r o%g?rytgf Grackony; 1n‘lr}_{‘es
and 1theof dletipachdxansitviaddnfriucedd o éhditRé realord 188dH coolidg\he réitBon BARAFAL | ON
of the m xed solution could be confirnmed. The oil |ayer after separation

was sub§thylaoe syasylepressiriged toopbiain gireagtion selution Ahi Fhis reaction solution contained
5.4 wt% of 1-hexene.

[0096-5]

(2) Separation of 1-hexene

p—'

15 The reaction solution A’ was distilled under normal pressure to separate 1-hexene.
The solution which remained after separation of 1-hexene was called residual solution B. 1.1
wt% of 1-hexene and 0.16 wt% of aluminum was contained in the residual solution B.

Titanium was unmeasurable as it was below the detection limit.
[0096-6]
20 (3) Contacting with an alkaline aqueous solution
20.02 g of the residual solution B and 10.04 g of a pH 12.8 sodium hydroxide
solution were supplied into a 50 mL screw-capped bottle having a stirrer tip, stirred vigorously
for 5 minutes and then allowed to stand for 2 minutes. As a result, two-layer separation of the
mixed solution could be confirmed. The oil layer aﬁer separation was substantially free of

25 aluminum and titanium.

[0096-7]
Comparative Example 6

The same experiment as conducted in Example 7 (3) was carried out except that
20.08 g of the residual solution B and 10.18 g of a pH 11.4 sodium hydroxide solution were used

30 in place 0f 20.02 g of the residual solution B and 10.04 g of a pH 12.8 sodium hydroxide
solution.  As a result, a cloudy layer was observed present between the two layers. Since it
was difficult to collect the oil layer, the metallic concentration was not able to be analyzed.
[0096-8]

Comparative Example 7



[ 0096- 7] Conparative Exanple 6 The sane experinent as
conducted in Exanple 7 (3) was carried out except that 20.08 g of the

resi dual wol2utivaesssB and 10.18 g of a pH 1l1.4 sodi um hydroxijdesieoéssdi on wer e
used 30 in place of 20.02 g of the resi | solution B and 10.04 g of a pH
12. 8 sodi um hydroxi de solution. As a result, a cloudy |layer was observed
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same experinent as copducted {n Exanple 7 (3) was carried out except that
20. 06 gitlagarf 204K gipbthe §?ﬁ1<ﬂ{4 %ﬂ%ut@ngﬁ @Mé@-gﬂ, g@tamh13 B sadium hydmxida

hydr oxi ut 4 i ' I ion B
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| ayes waas diffartiedofied sknoil yendeméthlbic cancentrytisrswasShatable to bs analgzedi f f i cul t

to collﬁﬁ)t9 i)he oil layer, the netallic concentration was not able to be
anal yze#: F 097] Exanple 8 In a well argon-substituted,
stirrergadhsefsed 200 nL autocl ave, 5.5 mmol of nethyl al um noxane ( MVAO- 3A
made by T Fi nechem 1 M hexane solution) and 95 nL of 10 tol uene were

m xed and then 3.hawell afgontsubstinted vstisrer-attached 200 mL Adutaalaviey s Smemol of

I nt rodugi . 0005 f titani | e t ol yene .sol uti qn
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obt ai n 8:0P@xemad of 3 Htaniume formplexti.§ mM telueamsoduian remesented by aha Bdlowing wt % of
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was introduced to terminate the reaction. After cooling to 0°C, ethylene was depressurized to
obtain a reaction solution C. This reaction solution C contained 1.0 wt% of 1-hexene and 0.32

15 wt% of aluminum. Titanium was unmeasurable as it was below the detection limit.
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[0098]
Example 9
20.15 g of the reaction solution C and 10.01 g of a pH 12.7 sodium hydroxide
solution were put into a 50 mL screw-capped bottle having a stirrer tip, stirred vigorously for 5
20 minutes and then allowed to stand for 2 minutes. As a result, it could be confirmed that the
mixed solution separated into iwo layers. Substantially no aluminum and titanium were
contained in the oil layer after separation.
The reaction solution C was distilled under normal pressure to separate 1-hexene.
The solution which remained after separation of 1-hexene was called residual solution D. | 0.1
25 wt% of 1-hexene was contained in the residual solution D.  20.29 g of the residual solution D
and 10.01 g of a pH 12.4 sodium hydroxide solution were supplied into a 50 mL screw-capped
bottle having a stirrer tip, stirred vigorously for 5 minutes and then allowed to stand for 2
minutes. As a result, it could be confirmed that the mixed solution separated into two layers.

The oil layer after separation was substantially free of aluminum and titanium.



20.15 g of the reaction solution C and 10.01 g of a pH 12.7 sodi um

hydr oxi de sol ution were put into a 50 nL screw capped bottle having a
stirrer twp,20std1638@d vi gorously for 5 20_.pgi nutes and t heotabtawessseio st and
for 2 mnutes. As a result, it could be gghfirned that the m xed sol ution
separated into two |l ayers. Substantially no al um num and titani um were
containﬁghé the oil |ayer after separation. The reaction
solutio s distilled under normal pressure to separate 1-hexene. The
sol ution which rerFbmekk fokdgdings @Rah Bk kAGwR that b @3 MAQINNESsohR dn B nfafiihgual
solution D. 0.1 25 wt % of 1-hexene was contained in the residual solUtion
D. 20. 2negallic substancessand ahexene or 3 sputipnagantaining megalli¢ subsiaacesoblainestibyim

hydr oxi t_ e i . crew-capped botile having a
ot v or oEitin1-BEHE BERSE B Seid BhBio ol B A YRR meBl v ot e o
2 m sut bavinga pil 0£E0 br, ovel, thoovil-tvabe sepurhtabilieican' bt infphevedits &dilaate temoval of
separ at ed %ﬁéo two |ayers. The oil |ayer after separation was substantially

free of Mgt SHRStaRARS- ti t ani um WO 2011/ 016581PCT/ JP2010/ 063591 27 [ 0099]
Fromthe foregoing, it can be known that by contacting a solution
containing netallic substances and 1-hexene or a solution containing

metal lic substances obtai ned by separating 1-hexene fromthe first-said
solution and a solution containing a netal hydroxide and 5 having a pH O
12.0 or over, the oil-water separatability can be inproved to facilitate
renoval of netallic substances. WO 2011/016581PCT/JP2010/063591 28 CLAI M5
1. A nmethod of produci ng 1-hexene conpri sing, step 1. a
periodic table group IV transition netal conpound, an organoal um num
conpound and et hyl ene are brought into contact with each other in a solvent
to obtain a solution containing 1-hexene; and step 2: the
solution obtained in step 1 is brought into contact with an aqueous
solution containing a nmetal hydroxide and having a pH of 12.0 or higher.

2. The nmethod of producing 1-hexene according to claim1l, wherein the step
2 conprises step 2' of bringing the solution obtained in step 1 into
contact with an aqueous sol ution containing a netal hydroxide and having a
pH of 12,0 or higher to, cause a separation into a solution containing

1- hexene and a water |ayer, and the nethod further conprises
step 3 of separating 1-hexene fromthe solution containing 1-hexene
obtained in step 2'. 3. The nethod of producing 1l-hexene according to

claim1l1, wherein the step 2



conpri ses: step 4 of separating at |east part of 1-hexene from
the solution obtained in step 1 to obtain 1-hexene or a solution containing
1- hexene WOQoH/MeSSildual sol ution fromwhich at | east paPCTEP2010p@%®Ine has
been separated; and step 2" of bringing the residual solution
obtained in step 4 into contact with an aqueous sol ution containing a netal
hydr oxi de and having a pH of 12.0 or hig®®r to cause an oil-water
separation. 4. The nmethod of produci fgLAIM8xene according to any one of

cl ai ns to 3, whre| ri.odi table oup IV transition netal
conpoundis titani t@’S&ngﬁﬁgu 1?$|1 AFRFGO E’g’ﬁ’ﬁg%nd or haf ni um conpound. 5.
The met hod of prO@!éFlanpén&ﬁ&%ﬁa gﬁﬁﬁpwhaﬂslﬁ&)ﬁaewe&ﬁ QindC hRbiFandaliRindm
wherei n the organoal um num conpound is a trial kyl al um num conpound, an

al kyl al epmpeindadicthylensiase bisgghtantoziortacwithieanhnthgrdn agelveuttp obtain a solution

al um nox :m gé%g a\f’\/ﬁ The net hod of produci ng 1-hexene according to any
one of clarns erein the netal hydroxide is lithium hydroxide,

sodi um hydr oxi de step Ratieisulikioy dbried én stepl iigibrotzhtyififoontRt witR gh diheous

hydr oxi de, .cal ci um hydr oxj de.
y solution contammg)f/l metal hydroxide and having a pH of 12.0 or higher.

2. The method of producing 1-hexene according to claim 1, wherein the step 2
comprises step 2' of bringing the solution obtained in step 1 into contact with én aqueous
solution containing a metal hydroxide and having a pH of 12,0 or higher to, cause a separation
into a solution containing 1-hexene and a water layer, and

the method further comprises step 3 of separating 1-hexene from the solution
containing 1-hexene obtained in step 2.
3. The method of producing 1-hexene according to claim 1, wherein the step 2
comprises:

step 4 of separating at least part of 1-hexene from the solution obtained in step 1
to obtain 1-hexene or a solution containing 1-hexene and a residual solution from which at least
part of 1-hexene has been separated; and

step 2" of bringing the residual solution obtained in step 4 into contact with an
aqueous solution containing a metal hydroxide and having a pH of 12.0 or higher to cause an oil-
water separation.
4. The method of pfoducing 1-hexene according to any one of claims 1 to 3, wherein
the periodic table group IV transition metal compound is titanium compound, zirconium
compound or hafnium compound.
5. The method of producing 1-hexene according to any one of claims 1 to 3, wherein
the organoaluminum compound is a trialkylaluminum compound, an alkylaluminum halide
compound, an alkylaluminum hydride compound, or an aluminoxane compound.
6. The method of producing 1-hexene according to any one of claims 1 to 3, wherein
the metal hydroxide is lithium hydroxide, sodium hydroxide, potassium hydroxide, rubidium
hydroxide, cesium hydroxide, calcium hydroxide.



