A*PRGCESS~FOR PRODUCI NG 1- HEXENE BACKGROUND COF THE | NVENTI %VMEI CRPVhe
| nvention The present invention relates to a process for producing -
1-hexene. Background Information The follow ng processes. have been known as
the: processes for producing 1-hexene by trimerization of ethylene. Thus, US
4,668,838 discloses a process in whicha.chrom um conpound, a hydrocarbyl

;alun1nun1hydro|yzed W t h AAPROCESSSFOR PRODUCING IOHEXENE wat er per nol e of
an al um num conpound and a donor |igand were used as a catalyst. This

process, however, had defects that the catalyst was insufficient in
activity and selectivity and that mai ntenance of the activity of the

catal yst was uneasy. EP 0 BACKGROUNDJOEPTHE 6PRVENTIONSscl ose processes in
whi ch a chrom um conpl ex and an al um noxane were used as a catal yst. These
processe§iedide ofl theudn¥entfiaat ory due to insufficient activity and
selectivity of the catalyst. EP 0 611 743 di scloses a process in which a
chrom um cdimeopresemat dinventlion nelatesptana pndcessafdoneppoducimgal ani de
were used as a catalyst. The process was al so unsatlsfactory due to

i nsuf fi cilefexedei.vity and sel ectivity

Background Information

The following processes have been known as the processes
for producing 1-hexene by trimerization of ethylene.

Thus, Us 4,668,838 discloses a p}ocess in which a chromium
compound, a hydrocarbyl aluminum hydrolyzed with about 0.8
td about 1.1 mole of water per mole of an aluminum compound
and a donor ligand were used as a catalyst. This process,
however, had defects that the catalyst was insufficient in
activity and selectivity and that maintenance of the
activity of the catalyst was uneasy.

EP 6 537 609 and EP 0 622 347 disclose processes iﬁ which
a chromium complex and an aluminoxane were used as a
catalyst. These processes were also unsatisfactory due to
insufficient activity and selectivity of the catalyst.

EP 0 611 743 discloses a process in whiéh a chromium
compound, an alkylaluminum compound and an amine or a metal
amide were used as a catalyst. The process was also

unsatisfactory due to insufficient activity and selectivity



of “thée.catal yst.” Further, JP-A-6-157655 di scloses a process in which a
chrom um conpound, an al um num conpound and a pyrrol e conpound were used as
a catal yst, and EP 0 608 447 discl oses a process in which a chrom um
eonpound, an al um num conpound, a pyrrole conpound and a hal ogen conpound
were used as a catal yst. These processes,. however, had defects that an
gpparatusogn@hgncgtgf§§tgnergy were required for a separation step of

1- hexene, the desired product, and a solvent, which step was necessary

because thepypgRerot JPFASELISTE5PXERIE] dsé@XE Prods R e WHilclPfa an
extensive study, conducted-by the present inventors, on a process for

produci ngchrbaiamnecohpotnds awtakuiimirdcdipraidambaypytaicddds, it has
been found that 1-hexene can be produced with excellent industrial

ef fi ci encgompoundaweregusedesasiyic¢atafyste and rBR CH0& ddVoudidsalukgurity
of 1-hexene in the C6-conpound at a superior |evel and w thout requiring an
~ appar at'usaapstoeessgynf whi ek parchromi uinecampoumd), latheadamenuml a sol vent, by
trimerizing ethyl ene using a catal yst conprising a

compound, a pyrrole compound and a halogen compound were

used as a catalyst. These processes, however, had defects

that an apparatus and an excess energy were required for a

separation step of l-heXene,.the desired product, and a

solvent, which step'was necessary because they used other

solvent except 1-hexene.

As a result of an extensive study, conducted by the

present inventors, on a process for producing 1-hexene which

is not suffered from the above defects, it has been found

that 1-hexene can be produced with excellent industrial

efficiency, maintaining selectivity of the trimer C6-

compound énd purity of 1-hexene in the Cé-compound at a

superidr lIevel and without requiring an apparatus and energy

for separating the .desired 1-hexene and a solvent, by

- trimerizing ethylene using a catalyst comprising a

chromium-containing compound, an aluminum compound, a

pyrrolg compound and a group 13(I[B)-halogen compound or a

group 14(TVB)-halogen.compound and using the desired

-compound 1-hexene as a solvent. The present invention has

been accomplished on the basis of such finding.



chrom um cont ai ning conpound, an alum num conpound, a py+t+toete—conpound and
a group 13(111B)-hal ogen.compound or a group 14(IVB)- hal ggeth.&IPBsARe
using the desired conpound 1-hexene as a solvent. The preg [

been acconplished on the basis of such finding. REPLAC%M‘M“
SUMMVARY COF THE | NVENTI ON Accordi ngly, 1hle_present inventi a

process for producing 1- hexSUMMARY COF CPHE' INVENTION®' i zi ng ethyl ene in a
1- hexene solvent in the presence of a catal yst system prepared by

‘contacting Aecordingliyne thel peasenbeifiveh 1o OpFevP@ese ™ Sprdiess Bor (O and
(D): (A a chrom umcontaining conpound represented by the general fornmnula:
[err] whepeodu¥ing Xkhexeaer whidhecofipei sesborymeri 2ing ethybsnéliinod a

1, 3-di ketone, a hal ogen atom or an al koxyl group, k is an integer of 2 to
4, Yin [éthXEneaﬁogNEné ionpbenpreseptesefi accatabpsthdsysteainosphi ne oxi de
conpound, a nitros¥l group or an_ether conpound and mis an integer of O to
6, prepared by contacting in a 1-hexene solvent the following

el
has

components (A), (B), (C) and (D):

(A) a chromium-containing compound represented by the
general formula: CrXkYm
wherein X in Xk is a residue of a carboxylic acid, a residue
of a 1,3-diketone, a halogen atom or an alkoxyl group, k is
an integer of 2 to 4, Y in Ym is an amine compound, a
-phosphine compound, a phosphine oxide compound, a nitrosyl
group or an ether compound and m is an integer of 0 to 6,
with the proviso that any two Y's may be same or different;

(B) trialkylaluminum or dialkylaluminum hydride;

(C) a pyrrole compound or a derivative thereof;

(D) a gfbup 13 (IIB)-halogen compound represented by the -
general formula: MTtU3-t or a group 14 (IVB)-halogen
compound represented by the general formula: M'Tt'U4-t'
wherein M is an atom from the group 13 (I[B), M' is an atom
from the group 14(IVyB), T is an alkyl group, an aryl group,
an allyl group or a hydrogen atom, U-is a halogen atom, t is
"a real number of 0 or more and less than 3 and t' is a real

number of 0 or more and less than 4.



with the proviso that any two Y's may be sanme or different; (B)
trial kyl al um num or di al kyl al um num hydride; (C) a pyrrole conpound or a

derivati ve thereof;

(D) a group 13 (I11.B)-hal ogen conmpound represented by

the general formula: [err] or a group 14 (I1VB)-hal ogen conpound represented
by the general fornula: [err] wherei n"Mis an atom from the group 13 [err]

i's an atomfrom the BETATLED (DESORIPTION OF IHE IINVENTIONan aryl

group, an

allyl group or a hydrogen atom U is a halogen atom t is a real nunber of

O or nore alige!

t han 4.

t abl e ar etlhesfoll bowi®s.7 [ UPAC nonencl at ure.

peesémtini vemti dn wid 1a becaleseribed dh Gore detaidndn ess

In this specification references to G oup nunbers of the periodic

THE | NVENTION The present invention w |l be described in nore detai
foll owing. The compenemt (4) of the cahalysht usesd iimn thiee preseatt i nvention

I's a chrom um conpound represented by the general fornula: CrXkYm

invention is a chromium compound represented by the general

formula: CrXkYm.

In the component (A), X in Xk is a residue of a carboxylic

acid, a residue of a 1,3-diketone, a halogen atom or an
alkoxyl group and k is an integer of 2 to 4. Y in Ym is an
amine compound, a phosphine compound,.a phosphine oxide
compound,-;’nitrosyl group or an ether compound and m is an
integer of 0 to 6. It is to be noted that any two Y's may
be same or different.

The residue of the carboxylic acid having 1 to 20 carbon
atoms is preferred and includes, for example, residues of
2-ethylhexanoic acid, naphthenic acid, acetic acid,
hydroxy-Z?éthylhexanoic acid, dichloroethylhexanoic acid,
butyric acid, neopentanoic acid, lauric acid, stearic acid,
oxalic acid and the liké, whereby the residues of 2-
ethylhexanoic acid-and naphthenic acid are preferred.

The residue of the 1,3-diketone having 5 to 20 carbon
atoms is preferred and includes, for example, residues of
acetylacetone, 2,2,6,6-tetramethyl-3,5-heptanédione, 1,1,1-
trifluoroacetylacetone, benzoylacetone and the like.

The halogen atom includes chlorine, bromine, iodine and

-4- DETAI LED DESCRI PTI ON OF

in the



I n"the.conmponent (A), X in Xk is a residue of a carboxylic acid, a residue
of a 1, 3-di ketone, a hal ogen atom or an al koxyl group and k is an integer
of 2to 4. Yin Ymis an am ne conmpound, a phosphi ne conmpound, a phosphi ne
oxi de conpound, a nitrosyl group or an g;her conpound and mis an integer
of Oto 6. It is to be noted that any Two Y's may be sanme or different. The

resi due off1ybeiaer, bakerebyachtiofpné nps lptef@Pred bon atons is preferred and
i ncl udes, for exanple, residues of 2-ethyl hexanoic acid, naphthenic acid,

B e IO/ IRy, SrOMBIBISIOL L oo hafhon et EXHESESTEES, |
the |ike, andeiake}ludes,r €srdezample?-tebayokyxgroup, aisopropoxypgedwmi c aci d
are preferred. The residue of the 1, 3-di ketone having 5 to 20 carbon atons
is preferand dhe ilikeudes, for exanple, residues of acetyl acetone,
2,2,6,6-tetranmet hyl -3, 5-heptanedione, 1,1,1- trifluoroacetyl acetone,
benzoyl acet fhe amdnenheomprundThachudegenfar cexampl edeanmeniai ne, bronine,
odine an%thyléﬁbdiamine, diethylenetriamine, pyridine, pyridine |
derivatives, isoquinoline, isoquinoline derivatives,

aniline and the like.

The pyridine derivatives include 4-dimethylaminopyridine,
4-cyanopyridine, 2-picoline, 3-picoline, 4-picoline, 2-
ethylpyridine, 3-ethylpyridine, 4-ethylpyridine, 2-
propylpyridine, 4-propylpyridine, 4-isopropylpyridine, 3-
butylpyridine, 4-butylpyridine, 4-isobutylpyridine, 4-t-
butylpyridine, 2-phenylpyridine, 3-phenylpyridine, 4-
phenylpyridine, 2-benzylpyridine, 4-benzylpyridine, 4-
phenylpropylpyridine, 4-(5-nonyl)pyridine, 3-(4-pyridyl)-
I,S—diphenYIpentane, 2-vinylpyridine, 4-vinylpyridine, 4-
butenylpyridine, 4-(1l-propenylbutenyl)pyridine, 4-
pentenylpyridine, 4-(1-butenylpentenyl)pyridine, 2,6-
lutidine, 2,4-lutidine, 2,5-lutidine, 3,4-lutidine, 3,5-
lutidine, 2-methyl-4-ethylpyridine, 2-methyl-5-
ethylpyridine, 3-methyl-4-ethylpyridine, 3-ethyl-4-
methylpyridine, 3,4-diethylpyridine, 3,5-diethylpyridine,
2-methyl-5-butylpyridine, 2,6-dipropylpyridine, 2,6-di-t-

butylpyridine, 2,6-diphenylpyridine, 2,3-cyclopentenopyridin



fl dorine, whereby chlorine is preferred. The al koxyl group having 1 to 20
carbon atons is preferred and includes, for exanple, t-butoxy group,

I sopropoxy group and the |ike. The am ne conpound i ncl udes, for exanple
ammoni a,__et hyl enedi am ne, dlethylenetrlan1ne pyr i di ne, pyrldlne -
derivatives, isoquinoline, isoquinoline 6deri vatives, aniline and the |ike.

The pyri denezdsr-byéllbuexenapwiimﬁe dlﬁé@ﬁﬂy@ﬂ@/ r%pbgeieqﬁ“fyagwpyrl di ne,

2-pi coline, 3-picoline, 4-picoline, yr|d|ne

4- et hyl pyeitHyne2- %ngupyriaynedlz'e»; G=E6PPYd Ve | B B, 544 G| pyeidine,
3- butyl pyridine, utyl pyrldlne 4- i sobutyl pyridine, 4-t- butylpyridine,

2- phenyl ppeithybe3-athigtrgFpyopyl idin®hedy8rdi+ ety 2-genzyl pyri di ne,
4- benzyl pyridi ne, 4- phenyl propyl pyridi ne, 4-(5- nonyl)pyrldlne
3- (4- pyri mgthylpysidipeeantdpthe ahike 2- vi nyl pyri di ne, 4-vinyl pyridine, 4-
but enyl pyridi ne, 4-(1-propenyl butenyl)pyridine, 4- pentenylpyridine,
4-(1- butenyTbenlangu)ppliUEnéertv&¢IVQn|[nckudQ Mkmethykisuquihdiin&Jdlne,
3,4-lutidine, 3,5 lutidine, 2-nethyl-4-ethylpyridine, 2-methyl-
et hyl pyri drmeth $1h§9ﬂyuna1enay|p@enanthxxdnnnrgndzmhemiﬁhepwwud.ne
3, 4- dlethyl¥xr|d|ne 3, 5- dlethylgyrldlne
e phosphine compound include, for example,
tributylphosphine, triphenylphosphine and the like.
The phosphine oxide compound includes tributylphosphine
oxide, triphenylphosphine oxide and the like.

The ether compoqnd includes tetrahydrofuran and the like.

Specific examples of the component (A) includes
trichlorotris(ethylenediamine) chromium(III) 3.5 hydrate,
trichlorotris(4-dimethylaminopyridine) chromium(III),
trichlorotripyridine chromium(III), trichlorotri(4-
ethylpyridine) chromium(III), trichlorotri(4-
isopropylpyridine) chromium(III), trichlorotri(4-t-
butylpyridine) chromium(III), trichlorbtri(4-
phenylpyridine) chromium(III), trichlorotri(4-
phenylpropylpyridine) chromium(III), trichlorotri (4-(5-
nonyl)-pyridine) chromium(III), trichlorotri(3,5-1utidine)
chromium(III), tribromotripyridine chromium(III),
trifluorotripyridine chromium(III), dichlorobis(pyridine)

chromium(II), dibromobis(pyridine) chromium(II),



2- et hyl-- 5- but yl pyri di ne, 2, 6-dipropyl pyridine, 2,6-di-t- butyl pyridine,
2, 6-di phenyl pyridine, 2,3-cyclopentenopyridin -6- e,

2, 3-cycl ohexenopyri di ne, 2-nethyl-6-vinyl pyridine, 5-

et hyl - 2-vi nyl pyridine, 2,4,6-collidine, 2,3,5-collidine, 2- . -
met hyl - 3- et hyl - 6- propyl pyridi ne, 2,6-digt-butyl-4- nethylpyridine and th

et hy| - 3- et hy! - 6- propyl pyri dine, 2, 4- methyl pyridine.
5 ot hyl | S s 1 SO RIS xRS (1YY CErARRRUEBRERRRL! EBRpouna

| nclude, e owiaIIT1 )L, tdlcH10RetRAt B rahyHPBEAYANEAPORTGRREI) e |1 ke:

The phosphi ne oxi de compound includes tributylphosphine oxi
tri phenyl phaomiiung IOT)det rdsd ﬁ-b@hbﬂlh@xaibﬁt@? D%h?@ﬁ’i’ﬁiﬂ(‘!‘l) g § E@QSA)

tetrahydrofuran and the |ike. Specific exanples of the conponent

i ncl udes tertihytlhexamnoiatedt,hyhromduailiZ) ¢his(haphthéhadep, hydrate,

trichlorotris(4-dinmethylam nopyridine) chromun(l11), trichlorotripyridine

chr omi un( Ichiromitan (dHI)obdtsr(n@phtaenaitpy ;i dhnomiain( dFIymtrisacetate),

trichlorotri(4- isopropylpyridine) chromun(lIl), trichlorotri(4-t-
chromium(II) bis(acetate), chromium(III) tris(acethylacetona
te), chromium(II) bis(acethylacetonate), chromium(III)
tris(2,2,6,6-tetramethyl-3,5-heptadionate), chromium(IV)
tetra(t-butoxide), dichlorodinitrosylbis(triphenylphosphineo
xide) chromium , dichlorobis(triphenylphosphineoxide)
chromium(II), |
dichlorodinitrosylbis(4-ethylpyridine) chromium ,
trichlorobis(tributylphosphine) chromium(III) dimer,
trichloro(1,4,7-trimethyl-1,4,7-triazacyclononane
chromium(III) and the like.

In particular, trichlorotris(ethylenediamine)
chromfum(fII) 3.5 hydrate, trichlorotris(4-dimethylaminopyri
dine) chromium(III), trichlorotripyridine chromium(III),"
trichlorotri (4-ethylpyridine) chromium(III),
trichlorotri(4-isopropylpyridine) chromium(III),
trichlorotri(4-t-butylpyridine) chromium(III),
trichlorotri(4fphenylpyridine) chromium(III),
trichlorotri(4-phenylpropylpyridine) chromium(III),
trichlorotri (4-(5-nonyl)-pyridine) chromium(III),

trichlorotri(3,5~lutidine)chromium(III) trichlorotriisoquino



butyl pyridine) chromiun(l11), trichlorotri(4- phenyl pyridine)
chromun(111), trichlorotri(4- phenylpropylpyridine) chromun(111),
trichlorotri(4-(5- nonyl)-pyridine) chromun(lll),
trichlorotri(3,5-1utidine) chromun(lIl), trlbronntrlpyrldlne
chromun(l11), trifluorotripyridine chrgniun(lIl), dlchlorobls(pyrldlne)

chrom un(]ige ShPSRIEP(BIPY drh r1ﬁ9e g.un(il), -7-

trichlorotriisoquinoline chrom uny II), trichlorotrianiline chron1un(IH)

trichl orotrjg eth@hasuipdnems Ay Ctm WwHd |Ppesent Ghiveiitibh), the
tris(2-ethyl hexanoate), chromun(l!l) bis(2- ethylhexanoate) chromun(111)

tris(naphg ents ciu ovhiicl 1X )i $iss (redwgere retion) andhkodisu2( birl B8 are
tris(acetate), chromun(ll) bis(acetate), chromum(lIl) tris(acethylacetona

te), chropaptic¢a)ably(prefésted.et onate), chrom un(l11)
tris(2,2,6,6-tetranethyl -3, 5-heptadi onate), chromunm(lV) tetra(t- butOX|de)

di chl or odi rThe ocghponént | ﬁhbrlyﬂ Fﬂhsmataal(ysﬁ ased Himortihempresent

di chl orobi s(tri phenyl phosphi neoxi de) chrom un(l

di chl or odmvent)!sqn bY relmdestnialky ummqnnglalkylalummum
hydride. _

The alkyl group in the component (B} is exemplified by
methyl group, ethyl group, propyl group, isopropyl group,
butyl group, isobutyl group, hexyl group, octyl group and
the like. ' R

Specific examples of the component (B) includes
trimethyléluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, triisobutylaluminum, trihexylaluminum,
trioctylaluminum, diethylaluminum hydride, diisobutylalumin
um hydride and the like, whereby triethylaluminum is
particulafiy preferred.

The component (C) of the catalyst used in the present :
invention includes pyrrole compound and derivatives theréof.

Specific examples of the component (C) includes pyrrole, 2,
5-dimethylpyrrole, 2,5-diethylpyrrrole, 2}5-dipropylpyrrole,
2-methylpyrrole, 2-ethylpyrrole, 3-methylpyrrole, 3-
ethylpyrrole, 3-propylpyrrole, 3-butylpyrrole, 3- .
heptylpyrrole, 3-octylpyrrole, 3-ethyl-2,4-dimethylpyrrole,
2,3,4,5-tetramethylpyrrole, 4,5,6,7-tetrahydroindole,



tri chtorobi s(tributyl phosphine) chromiun(I11) di meThis Sheet Has Been Re

trichloro(1,4,7-trinmethyl-1,4,7-triazacycl ononane c 1 hﬁ? t he
like. In particular, trichlorotris(ethylenedi am ne) Wr»w', ﬂr3 5
hydrate, trichlorotris(4-dinmethylam nopyri dine) chromu (i o
trichlorotripyridine chromun(lll), trithlorotri(4-ethylpyridine)

chrom um( trg | (411 ok 7 1l e I 3
trichloro%é?%h?f-gﬁ?gﬁgg}?aiﬁ£5§§§¥5¥3qj lﬁé%#“?,stfﬁéﬂHﬁlﬁﬂﬂhol1de,
trichloroyiefypataninun 2 Hedilﬁ@tli){'lwi(x‘dl!i)de, dimethylaluminum-2,5-
trlchlorotrl(4-pheny|propyfpyr|d|ne ~Chromun(111),

trichlor Oaihééhgﬁrypwlideyrdﬂi ssbu oy sranirdn Ipyrrolide,

trichlorotri (3, utidine)chromun(l11) trichlorotriisoquino -8- line
chrom um(diéthptal pnéhenr pdrrébidde dimgptdngd] yrinund pyrer gdriekeerand nvent i on,
t he conponents in which X is a halogen atomand k is 2 or 3 are
particul athg pikéerred. The conponent (B) of the catalyst used in the
Present 1Y e Component (D) of the catalyst used In the present

invention is a group 13(J[B)-halogen compound represented by

the general formula: MTtU3-t or a group 14 (JVB)-halogen

compound represented by the general formula: M'Tt'U4-t'.

In the formula, M is an atom from the group 13 (I[B) and

M' is an atom from the group 14 (IVB). T is an alkyl group,
'an aryl group, an allyl group or a hydrogen atom, U is a
halogen atom, t is a real number of 0 or more and less than
3 and t' is a real number of 0 or more and less than 4.

The atom from the group 13 (IIB) includes, for example,
boron, aluminum, gallium, indium and thallium, whereby
aluminum fé particularly preferred.

The atom from the group 14 (IVB) includes, for example,
carbon, silicon, germanium, tin and 1ead, whereby carbon,
silicon, germanium and tin are particularly preferred.

The alkyl group includes, for example, methyl group, ethyl
group, propyl group, butyl group and the like.

The aryl group includes, for example, phenyl group, tolyl
group, xylyl group, indenyl group, naphthyl group and the
like.



hydride. The al kyl group in the conponent (B) is exenplified by nethyl
group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl
group, hexyl group, octyl group and the like. Specific exanples of the
conmponent (B) includes trimethylalumnum triethylal um num '
tripropylalum num tributylalum num 1rnpi sobutylalum num trihexylal um num

tripropylal ul ! o | uye | a1 um nur
the Ti ke viig eLLEL VT HIETURY A Rexdi 19 A0 rdpiv] EFau onent
(Q)  of theﬂﬁé%yﬁgéﬁeﬁtw {61 R UH1 dr MR ibdniie,Udd” iR laplge conpound

and derivatives t eof . Specific exanples of the conponent (C) includes

pyrrol e, @jurndEtiiéPeby atiflorite dil 'Brdhine Are prefedirRidepy! pyrrole,
2-met hyl pyrrole, 2-ethylpyrrole, 3-nmethyl pyrrole, 3- ethyl pyrrole,

3- propyl pyrTieé egrdupul ¥ OYI'B PHeal dzerh aung qutrd dine1 udtesc tal uminual e,
3-ethyl-2,4-di nethyl pyrrole, 2,3,4,5-tetranethyl pyrrole,

4,5,6, 7- tigal bdw deonpohds such raoldie ey ledandimum chloride,

di i sobut yl al um num 2, 5- di net hyl pyrrolide,
diisobutylaluminum chlorideL_ethylaluminum dichloride,
isobutylaluminum dichloride, ethylaluminum sesquichloride
and the like.

The group 14 (IVB)-halogen compound includes organic
halogen compounds such as n-butyl brohide, isobutyl bromide,
t-butyl bromide, n-hexyl bromide, n-octyl bromide, 1,4-
dibromobutane, 1,6-dibromohexane, n-buyl chloride, isobutyl
chloride, t-butyl chloride, n-hexyl chloride, n-octyl
chloride, i,4-dichlorobutane, 1,6-dichlorohexane,
bromobenzene, chlorobenzene and the like; germanium halide
compounds such as germanium tetrachloride and the like, tin
halide'combounds such as tin tetrachloride, silicon halide
compounds such as trimethylchlorosilane and the like, and
so on.

The ratio (molar ratio) (A)/(B)/(C)/(D) is usually 1/(1-
100)/(1-50)/(1-50), preferably 1/(5-75)/(1-20)/(1-30) and
more preferably 1/(5-50)/(1-10)/(1-10); If the amount of
(A) is too small, the activity may be insufficient. If the

amount of (B) is too small, again the activity may be

insufficient. If the amount of (C) is too small, then the



di &t hylal um num 2, 5-di met hyl pyrrolide, dinmethylalum num2,5- :

di met hyl pyrrolide, diisobutylatum num pyrrolide, diethylalum num pyrrolide,
di met hyl al um num pyrrolide and the |ike. The conponent (D) of the catalyst
used in the present invention is a group 13(111B)-hal ogen conpound

represented by the general formula:  [.eff]. or a grfup 14h(|¥B)-h?IogﬁF_
conpound keReelgNiey bY thhesene’ahyf Pogeba: [err] In the fornul a, IS an
atom fromthe group913 (rrrB) and NY Fs an atomfromthe group 14 (1VB). T

i s an al kyl WheautheacompyheatsupA) n8nj1ytcyr'm ) cary Lapeicpéem U is a
hal ogen atom t is a real nunber o or nore and less than 3 and t' is a

real nunbdt ¢§ fecessary godusest-hégenéd. aghthet $61¥éwm t MEhpg oup 13 (111B)
is selected fromboron, alum num gallium indiumand thallium whereby

al um num iad 1past disugel pfpapparatus dhé energyrDor t $eparating 4ité VB) is
selected fromcarbon, silicon, germanium tin and | ead, whereby carbon,
silicon, desimedudr-hedenen aWhepaothen| solyept etiran ct-hétene) ksaclyrasip
i ncludes, for exanple, nmethyl group, ethyl group, propyl group, butyl group
and the | fRE. exampdey| bytanpg,i hsobutane s opertame] chexdneyy heptane, t ol yl
group. XVEZ%C%E%%?’thSSE%E g;?ggé,ng Pépgéégggyg,?gftﬁfgiobenzene

and the like is used, it will be necessary to recycle the

solvent and to equip a recovering apparatus for economy

purpose. In addition, a big pressure vessel for

trimerization will be required correspondingly to the volume

of the solvent to be used. Furthermore, excess energy will

be required in order to separate the desired 1-hexene from

the solvent. Thus, the use of l1-hexene as the solvent

produces advantages that both the fixed expense and the

working expenseé are minimized.

For preﬁéring the catalyst system used in the present

invention, the components (A), (B), (C) and (D) are

dissolved or suspended with stirring in 1-hexene as the

'solvent under an inert gas atmosphere such as nitrogen,

argon and the like or reactant ethylene gas atmosphere. It

is preferred that the components (A), (C) and (D) are

charged first and the component (B) is added to the solution.

The produced catalyst system may be u;ed for trimerization

reaction without removing 1-hexene as the solvent.



‘liKe. "+ -.10 - The allyl group includes, for exanple, 1- propenyl group.
The hal ogen atom i ncl udes chlorine, bromne, iodine and fluorine, wher eby
chlorine and bromne are preferred. The group 13 (I11B)-hal ogen conpound
i ncl udes_ al um num hal i de conpounds such as di et hyl-al um num chl ori de, :
di i sobutyl al um num chl ori de, ethyIaIuﬂiﬁ%ﬁ\dichloride, I sobutyl al um num

di chl or | de, TeightienpaTatume Tyt icohtactingattle! BompblientIneay: ogg) 14
(1 VB) - hal ogen conpound i ncl udes organi ¢ hal ogen conpounds stth as’n-butyl

brom de, i(€ound (B)orisld0 tCbwiry beboqri Eeemrhbxyl -Dﬂofq]dﬁo_ rovc:_txhg
brom de, 1, 4- di bronobutane, 1,6-di bronohexane, n-buyl chloride, isobutyl

chl ori de, motteutprieferailiyde,20ichdoyb &bl or Ifetha- cehperabupei i€, too
1, 4-di chl or obut ane, 1, 6-di chl orohexane, bronobenzene, chl orobenzene and the

li ke, gerhdighymtiie ised endriyditydofsdeheaengemagniaweret rachl ori de and the
i ke, tin halide conpounds such as tin tetrachloride, silicon halide
conpounds sUde¢ @enidddonyicomtactingatbeandmpbrentke{Adnd(B), (C) and
(D) may be suitably selected but usually from 1 minute to
24 hours. Long-term contacting may create no problem but
no economical merit.
The trimerization reaction according to the present
invention may be carried out in the following manner.
Briefly, the Qbove mentioned catalyst system and 1-hexene
as the solvent are charged in a pressure reaction vessel
and ethylene is introduced. The temperature is risenm in
order to initiate the reaction. The amount of the catalyst
may be adjusted such that the concentration of chromium
atom in the reaction mixture is preferably 0.000001 to 0.05
‘mole/I and more preferably 0.00001 to 0.01 mole/1. If the
amount of the catalyst system is too small, the activity may
be insufficient. The reaction temperature is usﬁally 20 to
200°C and preferably 20 to 150 °C. When the reaction
temperature is too low, the activity of the catalyst may
also be low, and when, on the contrary, the reaction
temperature is too high, the selectivity of the desired 1-

hexene may lower. The pressure is usually from the

atmospheric pressure to 200 Kg/cm? and preferably 10 to 100



so-on. .The ratio (nmolar ratio) (A/(B)/(CQ/(D) is usually 1/(1-
~100)/(1-50)/(1-50), preferably 1/(5-75)/(1-20)/(1-30) and nore preferably
1/(5-50)/(1-10)/(1-10). If the amount of (A) is too small, the activity may
be insufficient. If the amount of (B) is too small, again the activity may
be insufficient. If the anount of (C) .ig3to0 small, then the - selectivity

of 1-hexegg /iy | O¥ien Yhe" &BSsﬁpgpﬁaeﬂSé (N, (R adEIvPy wd) Bée

cont act ed i S necessary O use exene as ’the SO vent

di suse of jaRAPFIcyentNd THEr ssaéefoﬁe@&;m ”Estii‘?uQPP}'rﬁ’oﬂ dexege- 8 Wien

ot her sol vent than 1-hexene, such exanpl e, butane, 1sobutane,

pent ane, B%ii%eanhebﬁ'éﬂ?@rabiycbesetot'P'h'@ti‘?s xyWkeR . thél pssdeigene,
di chl orobenzene and the like is used, it will be necessary to recycle the

sol vent apdriiededsi Rod shooter khe a@mmwsyfmyeb@nmw puTpese. I n
addition, a big pressure vessel for trinerization will be required

correspondengbbryoofhdheoueséreﬂ 1kkexene efitomothe rezctidnrmivetune e,

excess energy will be required in order to separate the desired 1-hexene

from .of the present invention may be accomplished by, for example,
distillation.

The catalyst system used in the present invention may be
used as above or in the form of carrier-bound catalyst
carried on or over an inorganic carrier such as silica,
alumina, silica-alumina, zeolité, aluminum phosphaté and the
like or an organic carrier such as ion-exchanger resin,
polystyrene, polyvinylpyridine and the like.

In the present invention, 1-hexene is used as the solvent
for carrying out the trimerization reaction as described
above. The solvent 1-hexene may be used in one portion
from the f}me of preparing the catalyst system or
alternatively may be added after to the solvent used for
preparing the catalyst systenm.

The characteristic of the present invention is that the
solvent for preparing the catalyst and for carrying out the
trimerization is limited to 1-hexene. The reason for the
limitation is described above. When the catalyst is
prepared using the components (A), (B), (C) or (D) stored

in a solvent other than l1-hexene, a small amount of such



the sol.vent. Thus, the use of 1-hexene as the sol vent produces advant ages
that both the fixed expense and the working expenses are mnim zed. For
preparing the catal yst systemused in the present invention, the conponents
(A, (B), (C and (D) are dissolved or suspended with stirring in 1-hexéne
as the solvent under an inert gas atnnsphere such as nitrogen, argon and

the |ike %ng%ﬁQt%&heethhhﬁnz-aeﬁ h&éecoﬁf%ﬁﬁ$f¥éﬁ€¥ﬁf¥héhal the

conmponent s (© and (D) are c arged first an e conmponent (B) is

added t0 tagaly'stt isysted@rPtodnePizal 6hyPéasvFoRIN By $echised for
trimerization feaction w thout renoving 1-hexene as the solvent. -12-

The t enpecantaninationndeesi nott bausenppoeble {Mgof4B)as (€heand (D) is 10
[err] or below, preferably [err] to [err] and nore preferably [err] to

[err]. If contamimadianund otheoosbiyéntt he net emorei thawfd 1% Hegene may
| ower. The period for contacting the conmponents (A), (B), (C and (D may -
be suitabweighitgcfed lexampdesl bf 1rbexénei asit the os@lvemtirfor Long-term
contacting may create no probl em but
trimerization reaction.
EXAMPLE
The present invention will be described with Examples, but

these Examples don't limit the scope of the invention.

Example 1

Under an argon atmosphere, 20 ml of degassed and dried 1-
hexene as the solvent was cooled to 2 to 3 °C in an ice-
water bath and 13.4 mg (0.026 m mole) of trichlorotris(4-
dimethylaminopyridine) chromium(III) (A1), 7.2 mg (0.076 m
mole) of 2,5-dimethylpyrrole (Cl) (9.5 % by weight solution
in heptané) and 14.7 mg (0.069 m mole) of germanium
tetrachloride (D1) (0.8 mole/1 solution in heptane) were
added with stirring_to form a suspension. Then, under an
ethylene atmosphere, the above suspension, 85.5 mg (0.75 m
mole) of triethylaluminum (B1) (1.0 mole/l solution in
heptane) and 140 ml of 1-hexene as the Solvent were charged
.into a pressure reaction vessél with an inner volume of 0.5
liter, previously cooled to 10°C or below in an ice-water

and ethylene was introduced up to a pressure of 25 Kg/cm?G.



no‘econom cal nerit. The trimerization reaction according to the present

I nvention may be carried out in the follow ng manner. Briefly, the above
menti oned catal yst system and 1-hexene as the solvent are charged in a
pressure reaction vessel and ethylene is introduced. The tenperature is-
risen in order to initiate the reacti Qnqg The anmount of the catalyst may be

ﬁ?’x?ﬁﬁid.ZT%?e?é‘?‘aﬂs?é%s%&o%ﬁ?*‘Bﬁo@ pagp WAL t#"@véﬁ??hf’?gom
e
activity negperatiire; B thIRMTELR ﬁg?ei%'??éﬁé%‘é%‘pﬁiﬁﬁ‘?‘?f?'ﬁﬁ%a 20 to

Lerr] and 1pyet.er 2By rlfictl onVfipstiife §°KE b iGIPERE Higet fo 00 | OW. 1 he

activity of the catalyst nay al so be | ow, on t contrary, the

reaction pe#pedauheurs, tﬁﬁdhwh?’léhé ﬁ@kegﬁpqliydoést Féq¥peéd ed 1- hexene
may | ower. The pressure is usually fromthe nospheric pressure to 200

Kg/ cn?2 and Sodfidr abnldy 11qutid phAses inlfhe KedaetPon \WEftire weLssure is too
|l ow, the activity may be

separated and the amount of the polymer product was

calculated from the weight of the solid phase and analysis

by gas chromatography of the liquid phase. The reaction

conditions and results are shown in Table 1 and 2.

Example 2

| The procedure of.Example 1 was repeated except that 10.5
mg (0.026 m mole) of trichlorotris(ethylenediamine)
chromium(III) 3.5 hydrate (A2) was used as the chromium
compound in place qf'trichlorotris(4-dimethylaminopyridine)
chromium(IIT) (Al). The reaction conditions and the

results are shown in Table 1 and 2.

Example 3
The procedure of Example 1 was repeated except that 12.3
mg (0.026 m mole) of chromium(III) tris(2-ethylhexanoate)
(A3) (0.8 % by weight solution in heptane) was used as the
"chromium compound"in place of trichlorotris(4-
dimethylaminopyridine) chromium(III) (A1) and the reaction

temperature was changed to 80°C. The reaction conditions



i nSuf fi.ci ent. The reaction period is usually from0.1 to 8 hours and
preferably 0.5 to 7 hours. When the reaction period is too short, the
reactivity nmay be low. The recovery of the desired 1-hexene fromthe
reaction.m xture of the present invention may be acconplished by, for
exanple, distillation. The catal yst sy46em used in the present invention

may be usagdathebeesudtsi arehshownminfTablés ef -dngl, catal yst carfied on or
over an inorganic carrier such as silica, alumna, silica-alumna, zeolite,

al um num phosphate and the |like or an organic carrier such as ion-exchanger
resin, polystyrene, polyvinylpyridine and the like. In the present

i nvent i onExampérede i s used as the solvent for carrying out the
trimerization reaction as descri bed above. The sol vent 1-hexene may be used
in one portifbe progedneet pfeExamplephrvag repeatediexcept sthat ot 8. 6
alternatively na¥ be added after to the solvent used for preparing the
catal yst Bgs{8r075hm wadedco€r pthytabumimwn psesquichlomide ofD2k (hal the

sol vent for priparing,the,cahal st and for carrying out the trimerization
is |imtelodg/i gelupionTip hepkane) ovas Hesed @s stherhalogricri bed above.

Wh h I [ ' h A B D
unen Le Gahpouna 15 P1aRE"oF grmdnlun FofPaclar i o1 Rnd (e (P
reaction périod was changed to 3 hours. The reaction

conditions and the results are shown in Tables 1 and 2.

Example 5 .
The procedure of Example 4 was repeated except that 12.3
mg (0.026 m mole) of chromium(III) tris(2-ethylhexanoate)
(A3) (0.8'% by weight solution in heptane) was used as the
chromium compound in place of trichlorotris(4-
dimethylaminopyridine) chromium(III) (Al1). The reaction

conditions and the results are shown in Tables 1 and 2.

Comparative Example 1
The procedure of Example 2 was repeated except that
germanium tetrachloride (D1) was not used. The reaction

conditions and the results are shown in Tébles 1 and 2.



in“a solvent other than 1-hexene, a small amunt of such - 14 - solvent
ot her than 1-hexene may be contami nated in the catal yst system or
trinerization reaction, but such contam nation does not cause trouble
insofar as the contamination of other solvent is not nore than 5 % by
wei ght, for exanple, of 1-hexene as ttretéot vent for trinmerization reaction.
EXAMPLE The present invention wll beggescyi bed with Exanples, but these
Exanples don't limt the scope of the invention. Exanple 1 Under an argon
at nospher 84-<20-+d--6F-degassed-and-dii-ed-l-~-lexensas-the._solyvent..vwas cool ed
to 2 to 3 [err] in an ice- water bath and 13.4 ng (0.026 m nol e) of
tri-chl orotris(4- dimethylam nopyrixlimeExchr @xi $imEx. 4) EAS) . can.Exry (0.076 m
nol e) of 2,5-dinethylpyrrole (Cl) (9.5 % by wei ght solution in heptane) and
14. 7 mgy ( G--G69-m-roter-of--gertanttin-i-etraeti-or+de-~LPiy-<-0-8-+pi-e~F sol ution
in heptane) were added with stirring to forma suspension. Then, under an
Catalyst Component

Kind *1

(A) Al A2 A3 Al A3 A2
(B) B1 Bl Bl Bl Bl Bl
(C) C1 C1 C1 C1 C1 C1
(D) D1 D1 D1 D2 D2 -

Composition *2

(4) 1 1 1 1 1 1
(B) 20 29 30 29 29 29
(C) | 3 3 3 3 3 3
(D) $ 3 3 3 3 3

Temperature for catalyst

preparation(°C)*3 <10 <10 <10 <10 <10 <10
Amount of catalyst *4 0.16 0.16 0.16 0.16 0.16 0.18
Reaction temperature (°C) 100 100 80 100 100 100
Reaction Pressure Kg/cm’G. 40 40 40- 40 40 40
Reaction Period (hr) 2 2 2 3 3 2




et hyl ene at nosphere, the above suspension, 85.5 ng (0.75 mnole) of
triethylalumnum(Bl) (1.0 nole/l solution in heptane) and 140 nl of

1- hexene as the solvent were charged into a pressure reaction vessel with
an inner_.volune of 0.5 liter, previously cooled to [err] or belowin an’
ice-water and ethyl ene was introduced -upgto a pressure of 25 [err]. - 15
--The trimerization reaction was camappsl out by rising tenperature with
stirring. The reaction tenperature was [err], the reaction pressure 40
[err], the-rFeacidi-0R-peti-0a-210ttE~-aRe--0i-Rytane-was-supplied.as-sequired.
Solid and liquid phases in the reaction m xture were separated and the
anount of the pol yner product wBx.Ical Exd2at eBxf3 onExhe wWekght Cofn. EXel solid
phase and anal ysis by gas chromatography of the |liquid phase. The reaction
condi t i ons—ant-TEesotts aresstrown 1r-fabt-e-t-and -2 --anpte-2-Fhe-pr-ocedur e
of Exanple 1 was repeated except that 10.5 ng (0.026 m nol e) of

trichl orotRﬁP'%{’éi hyl enedi ami ne) chromium(I11) 3.5 hydrate (A2) was used as

the chrom um _ |
Activity *5 g/g-Cr 58440 55672 57922 92649 64074 26020

g/g-Cr/hr 29220 27836 28961 30883 21358 13010
Selectivity X *6

Cs —compound *7 79.8 74.8 170.9 176.4 60.6 28.3
1-hexene 78.8 73.3 69.6 75.4 58.8  22.7
C.-compound 0.1 0.2 0.2 0.2 1.1 7.0
Ca —compound 0.4 0.7 0.8 0.5 2.1 6.3
C1 0—-compound 1.3 20.9 22. 4 19.4 26.4 42.2
Polymer <0.1 0.1 0.5 <0.1 0.1 0.2

Purity of 1-hexene *8 98.6 98.1 98.2 98.7 97.1 80.2




compound in place of trichlorotris(4-dinethylam nopyridine) chromun(Il11l)
(Al). The reaction conditions and the results are shown in Table 1 and 2.
Exanpl e 3 The procedure of Exanple 1 was repeated except that 12.3 ng
(0.026 mnole) of chromun(lIl) tris(2-ethylhexanoate) (A3) (0.8 % by

wei ght solution in heptane) was used aﬁ the chrom um conpound in place of
trichloroj§tsd 4- dinethylaninopyridiﬁé)gchroniun(lll) (A1) and the reaction
tenperature was changed to [err]. The reaction conditions - 16 - and the

resul ts arep SOPM vt 1@ éntargdgﬁ.ndzxarrpl e 4 The procedure of Exanple 1
was repeated excep!{ t hat %’.‘6 mg (0.075 mnole) of ethylal um num

sesqui-chl or i ge: (62 clLofo Pl £(4-Ealethylanindpertidiake Vaaresdadd IThe

hal ogen conpound in place of germaniumtetracloride (Dl1) and the reaction
period was changed to 3 hours. The reaction conditions and the results are
shown in Tables 1 and 2. Exanple 5

A2: trichlorotris(ethylenediamine) chromium(III)3.5
_hydrate
A3: chromium (III) tris(2-ethylhexanoate)
Bl: triethylaluminum
Cl: 2,5-dimethylpyrrole
D1: germanium tetrachloride
D2: ethylaluminum sesquichloride
*2 Catalyst Component : Composition
(molar) ratio per mole component (A)
*3 Temperature for preparing catalyst is the temperature
when the components (A), (B), (C) and (D) were contacted.
*4 Amount of catalyst
conéent}ation (m mole/1) of chromium atom in the solution
charged in the pressure vessel
*5 Activity
g/g-Cr: total products (produced 1-hexene, produced
polymer and other products) amount (g) per gram chromium
atom in the catalyst
g/g-Cr/hr: total products (produced 1-hexene, produced
polymer and other products) amount (g) per gram chromium

atom in the catalyst per an hour



The priocedure of Exanple 4 was repeated except that 12.3 ng (0.026 m nol e)
of chromun(l11) tris(2-ethyl hexanoate) (A3) (0.8 % by weight solution in
hept ane}) was used as the chrom um conpound in place of trichlorotris(4-

di met hyl am nopyridine) chromun(ll11) (Al). The reaction conditions and the
results are shown in Tables 1 and 2. Coggparative Exanple 1 The procedure of
Exanpl e 2 wgsshggﬁgqqqégxcept that germaniumtetrachloride (Dl) was not
used. The reaction condi'tions and the results are shown in Tables 1 and 2.

(a7 TP eCh-Bombobnd? prodited BY-CofByfi(d)fAOPAY Pro@iREQEN] SO0 1

(A)

Bl Bl 1081 Bl Bl Bl (O Cl Cl
C1l C1l C1l o Cl (D D1 D1 D1 D2
D2 - Cdwhexenean (poduced 1-hexene(g)/total product(g))x100

C.-compound: (produced C,-compound(g)/total product(g))
x100

Cs-compound: (produced C.-compound(g)/total product(g))
x100
Cio-compound: (produced C;,-compound(g)/total product(g))
x100 R
Polymer: (produced polymer(g)/total produét(g))klﬂﬂ
*T Ce-compound illustrated produced 1-hexene, 2-hexgne, 3-
hexene and produced hexane.

*8 Purity of 1-hexeme: (produced 1-hexene(g)/produced Cg-
compound(g))x100



(A - | 1 1 1 1 +(B)

29 29 30 29 29 29 (O ' |
g‘ 33_ Terrpgr at ur e3f E)P) catal yst preparation[err] ° lel "lllﬂju “Illjmll

<10 <10 <10 Ampount of catal yst *429 - 0.16 0.16 0.16 O. 18 0.16
0. 16 Reacyhat 1§n§pggﬁéae1§err] 100 100 80 100 100 10 .
Reaction Pressure [err] 40 40 40 40 40 40 Reaction
Period (hr) 2 2 2 3 3 2 - 18 - Table 2

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex.5 ComEx.1 Results Activity *5 g/g-Cr
58440 5567R. 5X9poc82§4Por SgPoduci nbRthekeheCWHTch 2%t i s2336 28961

30883 21358 13010 Selectivity % *6 C6-conmpound *7 79.8 74.8
70.9  76tdimeSdDzing etByBerehixemel -hexene solvent/§1B the/prbserfh 6  75. 4
58. 8 22.7 [err]-conmpound : 0.1 0.2 0.2 0.2 1.1

7.0 of a catalyst system prepared by contacting in a 1-hexene

solvent the following compoments (A), (B), (C) and (D):

(A) a chromium-containing compound represented by the
general formula: CrXkYm
wherein X is a residue of a carboxylic acid, a residue of a
1,3;diketone, a halogen atom or an alkoxyl group, k is an
integer of 2 to 4, Y in Ym is an amine compound, a bhosphine

.compound, a phosphine oxide compound, a nitrosyl group or
an ether compound and m is an integer of 0 to 6, with the
proviso that any two Y's may be same or different;

(B) trialkylaluminum or dialkylaluminum hydride;

(C) a pyrrole compound or a derivative thereof;

(D) a group 13 (IIB)-halogen compound represented by the
general formula: MTtU3-t or a group 14 (IVB)-halogen
compound represented by the general formula: M'Tt'U4-t'
wherein M is an atom from the group 13 (IIB), M' is an atom
from the group 14(IVB), T is an alkyl group, an aryl group,
an allyl group or a hydrogen atom, U is a halogen atom, t is

“a real number of 0 or more and iess than 3 and t' is a real
number of 0 or more and less than 4. ,

T I f"l



[ err]=conpound 0.4 0.7 0.8 0.5

51 .
[<8.rr1].-cogpiund_ 0.5 <O. 117'30. 120'9 0. gzpﬁnt;go? 1- hemlw Iﬂﬂlﬂﬂ'ﬂﬂlmﬂk 1

98.2 98.7 97.1 80. 2 19 Notes: *1 Catal yst Conpoherit *: Kfnd® A™*
trlchlorotrls(4 di met hyl am nopyri di ne) gghcomun(I11) A2:

t hi t I I ' 111
{11 5(2- ethyPhex B by B SreafAU SICTAMN 2. WA Xl RIS b
gernanlunbéﬁ%b H{O(Aﬂelgﬂa K ééﬂtquhnnsequ|chlor|de *2 Catal yst

Conmponent nposition (nolar) Tatio per nole conponent (A) *3 Tenperature
for preparing catalyst |s the tenperature when the conponents (A), (B), (O
and (D) were contacted. *4 Amount of catal yst

3. The process according to Claim 1, wherein the

component (B) is trialkylaluminum.

4. The process according to Claim 1, wherein the catalyst
system is obtained by first adding the components (A), (C)
and (D) to the solvent and then adding the component (B).

LT
A%



concentration (‘'mnole/l) of chromumatomin the solution charged in the
pressure vessel *5 Activity g/g-Cr: total products (produced 1-hexene,
‘produced polyner and ot her products) amount (g) per gram chrom umatomin
the catalyst g/g-Cr/hr: total products (produced 1-hexene, produced polyner
and ot her products) anount (g) per gramchromiumatomin the catal yst per
an hour - 20 - *6 Selectivity [err] (produced [err]-conpound(g)/total
product (g)) g9 depexene: (produced 1-hexene(g)/total product(g))x100
[err] (produced ferr]-conpound(g)/total product(g)) x 100 [err]-conmpound:

(B Sduece 12111 Compounds o) ¥ SROFERSCEOR $RNUCHNE {amaevgorvovnc
A process for preparing 1-hexene which comprises
trimerizing ethylene in a 1-hexene solvent in the presence
of a catalyst system prepared By contacting in a l-heiene
solvent the following components (A), (B), (C) and (D):

(A) a chromium-containing compound represented by the
general formula: CrXkYm
wherein X is a residue of a carboxylic acid, a residue of a
1,3-diketonz, a halogen atom or an élkoxyl group, k is an
integer ofwz.to 4, Y in Ym is an amine compound, a.bhosphine
compound, a phosphine oxide compound, a nitrosyl group or
an ether compound and m is an integer of 0 to 6, with the
proviso that any two Y's may be same or different;

(B) trialkylaluminum or dialkylaluminum hydride;

(C) a pyrrole compound or a derivative thereof;

(D) a group 13 (IIB)-halogen compound represented by the
general formula: MTtU3-t or a group 14 (IyB)-halogen
compound represented by the general formula: M'Tt'U4-t’
wherein M is an atom from'the group f3 (ﬂ[B), M*' is an atom
from the group 14(IVB), T is an alkyl group, an aryl group,
an allyl group or a hydrogen atom, U is a halogen atom, t is
a real number of 0 or more and less than 3 and t' is a real

number of 0 or more and less than 4.



1
Pol ywer: (produced pol yner(g)/total product(g))x100 *7 [err ] -RETAGRMENT SHEET
illustrated produced 1-hexene, 2-hexene, 3- hexene and prod Ced'h@‘?@?P
Purity..of "1- hexene: (produced 1-hexene(g)/produced [err]- c ARt o) et
Wiat is clained is - - 21 - 1. A psobstituté shept oA Segtembexd99
whi ch conprises trinerizing ethylene in a.lyhexene solvent in the presence
of a catalyst system prepared QUMMARYagF! THE! TNJENTI@Nene sol vent the
foll owi ng conponents (A), (B), (©C and (D): (A) a chrom um contai ni ng
conpound represegbedinglyhe thenerakeher Mhvant i GhXs¥ovidescanpXocesa fogi due
of a carboxylic acid, a residue of a 1, 3-di ketone, a hal ogen atom or an
al koxyl grouproHucéngnli~hexeae ehightoofpri'ses YFih&r&ﬂiﬂFi@Qh?@ﬁneumd,aa
phosphi ne conpound, a phosphi ne oxi de conpound, a nitrosyl group or an
ether=conpouhdhemdne1ss!aanknﬁageheopr@semcé,omﬁhhchbelpsovkystéhat any two
Y's may be sane or different; (B) trialkylalum numor dialkylalum num
hydride; (C)peepyred| byconptanting bnderlviséxermet beieefit the following

components (A), (B), (C) and (D):
(A) a chromium-éontaining compound repfésented by the
general formula: CrXkYm 7
wherein X in Xk is a residue of a carboxylic acid, a residue
of a I,3~diketone, a halogen atom or anm alkoxyl group, k is
an integer of 2 to 4, Y in ¥Ym is an amine compound, a
phosphine compound, a phdsphine oxide compound, a nitrosyl -
group or an ether compound and m is an integer of 0 to 6,
with the proviso that any two Y's may be same or different;

(B) trialkylaluminum or dialkylaluminum hydride;

(C) a pyrrdle compound or a derivative thereof;

(D) a gfbup 13 (ﬂ[B)-halogén compound represented by the -
general formula: MTtU3-t or a group 14 (IVB)-halogen
éompound represented by the general formula: M'Tt'U4-t*
wherein M is an atom from the group 13 (I[B), M' is an atom
from the group 14(IVB), T is an alkyl group, an aryl group,

an allyl group or a hydrogen atom, U is a halogen atom, t is
'a real number of.O or more and less than 3 and t' is a real

number of 0 or more and less than 4.

In this specification references to Group numbers of the periodic table are based on 1987
IUPAC nomenclature.



presented by the general formula:

(D)_a group 13 (111B)- _ .
represented by the general

[erT] or a group 14 (| |VH}ERA
formula:«[err] whereinjiMisap gg?w_om he group 13 (I111B), M is an atom
from the group 14(1VB)| B¢ 5--an*-at-ky¥™-gr ps%;&”tit@wbhewups SeptaEnhlyér 1996p
or a hydrogén atom U Ig ‘tTis"a real nunber of O or nore
and | ess than; t'eqg 1 i di2 34 ilnhy] o] dé,
gr oup nunberslﬁgflllel'B)Cdarzjdﬂlﬁ%?l \%;{%ﬁgfalsﬂd‘g%lnd%m' | UPAC ngne% ature.
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Is a hal ogen atom "3. The process according to Claim1, wherein the
conmpbnent ( B)dimethiydlpidral lirdenurdi i4.0bThy l@rlanEsumeyordilnget,o C ai m 1,
wherein the catal yst systemis obtained by first addi ng the conponents (A),
(O and (D) tdiebhyialuainum@yrired idedi dj methydatpoiaum Egrrolide and

the like.

. The component (D) of the catalyst used in the present

TRl

invention is a group 13(H[B)-h'alogen compound represented by
the general formula: MTtU3-t or a group 14 (IVB)-halogen
compound repyesented by the general formula: M'Tt'U4-;'.
In the formula, M is an atom from. the group 13 ([ B) and
M' is an atom from the group 14 (IVB). T is an alkyl group,
an aryl group, an allyl group or a hydrogen atom, U is a .
halogen atom, t is a real number of 0 or more and less than
3 and t' is a real number of 0 or more and ;éss than 4.
The atom from the group 13 (I[B) is selected from
'boron, aluminum, gallium, indium and thallium, whereby
aluminum is particularly preferred.
The atom from the group 14 (IVB) is selected from
carbon, silicon, germanium, tin and lead, whereby carbon,
silicon, germanium and tin are particularly preferred.
The alkyl group includes, for example, methyl group, ethyl
group, propyl group, butyl group and the like.
The aryl group includes, for example, phenyl group,“tblyL
.group, xylyl group, indenyllgroup, naphthyl group and thé
like.
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What is claimed is:

1. A process for producing l1-hexene which comhrises

trimerizing ethylene in a 1-hexene solvent in the presence

‘of a catalyst system prepared by contacting in a l-hexene

solvent the follbwing components (A}, (B)z-(C) and (D):

(A) a chromium-containing coﬁbbund represented by the
general formula: CrikYm
wherein X is a residue of a carboxylic acid, a residue of a
1,3-diketone, a halogen atom or an alkoxyl group, k is an

integer of 2 to 4, Y in Ym is an amine compound, a bhosphing

compound, a phosphihe oxide compound, a nitrosyl group or

an ether compound and m is an integer of 0 to 6, with the
proviso that any two Y's may be same or different;

(8) trialkylaluminum or dialkylaluminum hydride;

(C) a pyrrole compound or a derivative thereof;

- (D) a,&roup 13 (I B)-halogen compound represented by the

_ geheral formula: MTtU3-t or a group 14 (IVB)-halogen

compound represented by the general forwmula: M'Tt'U4-t3

 wherein M is an atom from the group 13 (I[B), M' is an atom

from the grouﬁ 14(IVB), T is an alkyl group, am aryl group,
an allyl group or a hydrogen atom, U is a halogen atom, t is
a real number of 0 or more and less than 3, t' is a real

number of 0 or more and less than 4, and group numbers 13(IIIB) and 14 (TVB) are based on
1987 IUPAC nomenclature.




