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The \pr esent |nvent|oﬁLﬂ&ﬂ§? éfnethod for*dlner|2|ng an oIefln 'stich, as
et hyl ene, propyl ene, butene, pentene decene or tetradecene by neans ~9f a
certain specific catalyst. 10 , The dlqerlzatlon preduct of - an olefln
produced by the dinerization method of the“present inventiom may: be C
hydrof ornyl ated, for exanple, by reacting it wth. car don nonoxi de”’and -,
hydrogen in the presence of e.g. a Group VI PUReREF. éaﬂ§r§99’§u&ﬁ‘2§0é7mh
catal yst, and the 15 obtained al dehyde may_ further be hydrogenated .to’
obtain an al cohol. Such an al cohdt: ENIEQN th a carboxyllc aci d

such as phthalic acid to Obtﬁh@ﬂ%ﬂ bBﬂuB&ﬁhﬁ&L¥N&SEEU6LEQPBOUnd which can

be used as a

BACKGROUND OF THE INVENTION

5 FIELD OF THE INVENTION

The present invention relates to a method for
dimerizing an olefin such as ethylene, propylene, butene,
pentene, decene or tetradecene by means of a certain
specific catalyst. |

10 The dimerization product of an olefin produced by the
dimerization method of the present invention may be
hydfoformylated, for example, by reacting it with carbon
monoxide and hydrogen in the presence of e.g. a Group
VIII metal catalyst such as a Rh catalyst, and the

15 obtained aldehyde may further be hydrogenated to obtain
an alcohol. Such an alcohol may be esterified with a
carboxylic acid such as phthalic acid to obtain an
industrially useful compound which can be used as a

plasticizer for synthetic resins.

20 DISCUSSION OF BACKGROUND
Many studies have been made with respect to a
catalyst system by which a monoolefin such as ethylene,
propylene, bﬁtene, pentene, decene or tetradecene is
uniformly dimerized. As the catalyst system, a Ziegler
25 type catalyst employing a transition metal as a principal
catalyst component, is usually superior from the

viewpoint of the selectivity for a dimer of a monoolefin.



pl asticize® for synthetic resins. 20 DI SCUSSI ON OF BACKGROUND Many st udi es
have been nmade with respect to a catal yst system by which a nonool efin such
as ‘et hyl ene, propyl ene, butene, pentene, decene or tetradecene is uniformy
dinmerized. As the catal yst system a Ziegler 25 type catalyst enploying a
transition netal as a principal catalyst_cgngonent, I's usual |y superior
fromthe viewpoint of the selectivity for di mer of a nonool efin. -2-
Especially when a catal yst obtained froma mxture of a nickel conpound and
an organic al urrEﬁnﬁciaaﬁﬁewheg aseatatyst| pbhaiped yframhavistere odf af ned
with respect to both_the dinerization activity and,the selectivjty. 5

Further, many stigked ﬁ@WE°EP§oaBéeﬂnnﬂﬂﬁaR}?ha}%@bﬁﬂ? halideqiis \u8edystem

wherein an Orgagﬁgellent results have been obtained with respect to both

the dimerization activity and the selectivity.

5 Further, many studies have also been made with
respect to a catalyst system wherein an organic
phosphorus compound is used as a third catalyst component
together with the above-mentioned catalyst components,
and it is known that such a catalyst component is

10 influential over the catalytic activity and the product
selectivity. As catalyst systems wherein such organic
phosphorus compounds are incorporated, O Japanese
Examined Patent Publication No. 34007/1971 discloses a
catalyst system éomprising a #—allyl type nickel complex,

15 an organic aluminum halide and an organic phosphine, @
Japanese Examined Patent Publications No. 30241/1973 and
30041/1975 disclose catalyst systems comprising organic
phosphine complexes of nickel represented by
(R,P)*(R4PNiX;)” (wherein R is a hydrocarbyl group or

20 hydrogen, and X is chlorine, bromine or iodine) and
NiX',(PR';), (wherein X' is chlorine, bromine or iodine,
and R' is an alkyl group), respectively, and ® Japanese
Unexamined Patent Publication No. 339174/1993 discloses a
catalyst system wherein a halogenated phenol, water and a

25 sulfonic acid are added as additives to a nickel
compound, an alkylaluminum and a trivalent phosphorus

compound, wherein the trivalent  phosphorus compound may



phosphorus conmpound is used as a third catal yst conmponent together with the
above- nenti oned catal yst conponents, and it is known that such a catal yst
corfponent is 10 influential over the catalytic activity and the product
selectivity. As catalyst systems wherein such organic phosphorus conpounds
are“incorporated, [err] Japanese Exam ned Ratent Publication No. 34007/1971
di scl oses a catal yst system conprising a | rr]-allyl type nickel conplex,
15 an organi c al um num halide and an organi c_phosphine, [err] Japanese
Exami ned Patentb$m%mtc@ﬁlﬁn§h%bab%®9ﬂ@?ﬂgﬂgn%®dOEEEﬂHFJEhQ?Eh%R#

cat al yst systens conpr i ani c hos I ne conpl exes of nlckel-
represented by 2459 hﬁg} ?F?% réhﬁ 5| CYFRRAFPD ISP 3/ dr ogen,

ahi ori ne. _br on FEL® rs‘r’%‘ ol é”ahﬁé" “E%Jsaﬁﬁb%?fé%%éﬁté#“e‘Erplearzere' %ty and
[e1c] anPanesc MO 0e P UL PN S gty 23010411000 dsctoves @
are added ag add't'XESdEQcﬁlﬂéﬁkgbove, various organic phosphorus
compounds have been proposed as catalyst components to be
used for the dimerization reaction, but these compounds
are not necessarily satisfactory for industrial
operation. Namely, the catalyst system of the above @
10 1is extremely unstable against air, hence its handling is
troublesome, and it also has a drawback that synthesis of
the catalyst is comblex. Also, the catalyst systems of
the above @ involve a difficulty for industrial
operation, since it is required to separately prepare
15 complicated nickel complexes. The catalyst system of the
above @ exhibits a high catalytic activity for
dimerization of a lower «—olefin such as ethylene or
propylene, but its dimerization activity is iﬁadequate
for an internal olefin, for example, a substrate such as
20 2-butene. Therefore, it is not satisfactory in the
catalytic efficiency for a starting material substrate
containing an internal olefin.
Thus, catalyst syétems wherein various organic
phosphorus compounds are used as co-catalysts, have been
25 proposed as catalysts for dimerization reactions of
olefins, but they are not necessarily satisfactory for

industrial operation from the viewpoint of the stability



conpound, an al kyl alum num and a trival ent phosphorus conpound, wherein the
triwval ent phosphorus conpound may -3- be not only the above-nentioned
organi ¢ phosphine but also a trival ent organic phosphite conpound such as
triethyl phosphite, tri-t-butyl phosphite, triphenyl phosphite or
triZp-tolyl phosphite. 5 As descri bedabove, various organic
phosphorus conpounds have been proposed as catal yst conponents to be used
for the dinerization reaction, but these ¢onpounds_are not necessarily

satisfactory foPfi@ataly¥ehe,opeeaPreRaragienymethed, Ehe catalytity of the
above [err] 10 |Lg,extrenel stabl e against air,, hence jts h | I S
troublésonL, anﬁkEfCéFgﬁyhﬁg gﬁaraﬁﬁgﬁﬁ t%ﬁfeg %Y%E%i%n fé?%% %gf%13@%$?s
|l ex. Also, th t al yst f th b ' I difficult
?gppiﬁéustr?gl prgbfgmg ¥8 b3y§3f9569 e above [err] involve a difficulty
SUMMARY OF THE INVENTION

5 Accordingly, it is an object of the present invention
to develop a catalyst system for the dimerization
reaction excellent in the catalytic efficiency and the
selectivity for the desired product.

The present inventors have conducted extensive

10 studies to solve the above-mentioned problems in the
method for dimerizing olefins and as a result, have found
that a certain specific dimerization catalyst is capable
of promoting the reaction with an extremely high activity
while increasing the selectivity for the dimerization

15 product. The present invention has been accomplished on
the basis of this discovery.

Namely, the present invention provides a method for
dimerizing an olefin, which comprises dimerizing an
olefin in the presence of a catalyst, wherein a nickel

20 compound, an organic aluminum compound and a phosphite

compound of the formula (I):

R3 R!
R
RS
25 RS (CHz)X/P—O"w (1)
R7 i
R

8 R2

0



operation, since it is required to separately prepare 15 conplicated

ni ckel sconpl exes. The catal yst system of the above [err] exhibits a high
catalytic activity for - dinerization of a |ower a-olefin such as ethyl ene
or propylene, but its dinerization activity is inadequate for an internal
olefin, for exanple, a substrate such as_2@ _2-butene. Therefore, it is
not satlsfactory in the catalytic efficiendy for a starting material
substrate containing an internal oIefln Thus, catal yst systenms wherein
various organi cwbﬁbgbhoﬁéghCGErpBun@%daR Whigh pay he £he \sane 9fave been 25
proposed as cat ts for dinmerjzation reactions of olefins, but 4 are
ot hecesear | yALEERERAEr of§ RohddraEsrPol SEQRPac PR [ HRT P AR
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no oxygen atom, or a hydrogen atom, W is a substituted or
5 unsubstituted aromatic hydrocarbon group, and x is 0 or
1, are used as the catalyst.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the present invention will be described in
detail.

10 The olefin to be used in the dimerization method of
the present invention includes, for example, ethylene,
propylene, butenes, pentenes, hexenes, decenes and
tetradecenes, and it may be a mixture thereof. As
mentioned above, the formed olefin obtained by the

15 dimerization method of the present invention can be
converted to an alcohol by hydroformylation and
hydrogenation, and this alcohol can be further esterified
for use as a plasticizer. When an application to such an
alcohol for a plasticizer is taken into consideration,

20 the starting material olefin is preferably a single
product of a lower olefin such as propylene, butenes or
pentenes, or a mixture thereof. Particularly preferred
are butenes.

As such butenes, it is preferred to employ a butene

25 fraction having a high n-butene content, which is
obtained by separating butadiene and isobutylene from a

C, fraction (BB fraction) obtained by thermal cracking of



efficiency or the product selectivity and thus still have problens to be
sol ved.? SUMVARY OF THE | NVENTI ON 5 Accordingly, it is an object of
the present invention to develop a catal yst systemfor the dinerization
reaction excellent in the catalytic efficiency and the selectivity for the
desired product. The present inventors hng conduct ed extensive 10 studies
to solve the above-nentioned problens in the nethod for dinerizing ol efins
and as a result, have found that a certain specific dinerization catalyst

i s capabl e of p¥drATeRAYIRN rebltsweh ks MaPhiha r enBISEthRh &diBvity while

| nvent i on has HAF GBI FRHRRS doY (FREBHENLS Grad il Gt AR TEREIGE ¢ he
present inventio ovi des a hod for dinerizi an_al efJ whi ch
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nickel 20 compouiiths &R £L HR1Y ‘o f L IHL" SRIMANKhEN befs HO R diso

'5 preferred to employ a butene fraction having a high n-
butene content which is obtained by separating
isobutylene by distillation from such a BB fraction.

Such butenes usually contain a substantial amount of 2-
butene which is an internal olefin, in addition to 1-

10 butene. However, the dimerization method of the present
invention provides a sufficiently high activity even
against an internal olefin substrate such as 2-butene.

The catalyst for the dimerization reaction to be used
in the present invention is a catalyst system comprising

15 (i) a nickel compound, (ii) an organic aluminum compound,

and (iii) a phosphite compound of the formula (I):

RS R!
oo
R \

5
20 RS (CHz)x/P-—O—W (1)
oy
R3 R2

wherein each of R! and R? which may be the same or
25 different, is a hydrocarbon group, each of R3 to R® which
may be the same or different, is a substituent containing

no oxygen atom, or a hydrogen atom, W is a substituted or



conpound of the formula (I1): [err] -5- wherein each of RlL and R2 which
may -be it he sanme or different, is a hydrocarbon group, each of [err] to
[err] which may be the same or different, is a substituent containing no
oxygen atom or a hydrogen atom Wis a substituted or 5 unsubstituted

aromati c hydrocarbon group, and x is 0 or 1, are used as the catal yst.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Now, the present
invention will be described in detail. 10 The olefin to be used in

the di nerizati onnfebfbitstedharpmatiar hydveaarbani gePuBesand ox EXabpPE,
et hyl ene, propyl ene, butenes, pentenes, hexenes, decenes and tetradecenes,
and it may be almixture thereof. As

The nickel compound to be used in this catalyst

system is not particularly limited. For example, readily
5 available nickel compounds may be mentioned which include

a nickel carboxylate such as nickel formate, nickel
acetate, nickel octanoate, nickel dodecanoate, nickel
naphthenate, niékel oleate or nickel benzoate, a nickel
complex compound such as nickel bis{acetylacetonate) or

10 nickel bis(cyclooctadiene), and an inorganic acid salt of
nickel such as nickel chloride, nickel bromide, nickel
iodide, nickel nitrate or nickel sulfate. Among these
nickel compounds, particularly preferred are Cy_;g nickel
carboxylates and nickel bis(acetylacetonate) complex

15 compounds.

The organic aluminum compound is also not
particularly limited. For example, it may be a
trialkylaluminum compound of the formula A¢R,; (wherein R
is a C;_g; alkyl group), specifically trimethylaluminum,

20 triethylaluminum, tri-n-propylaluminum, tri-n-
butylaluminum, triisopropylaluminum, triisobutylaluminum,
or tri-t-butylaluminum, or a monohalogenodialkylaluminum,
dihalogenomonoalkylaluminum or
sesquihalogenocalkylaluminum compound of the formula

25 A¢R,X, ACRX, or A¢,R;X, (wherein R is a C,_g alkyl group,
and X is a halogen atom), specifically diethylaluminum

monochioride, ethylaluminum dichloride, ethylaluminum



menti oned above, the forned ol efin obtained by the 15 dinerization nethod
of t-he present invention can be converted to an al cohol by hydrofornylation
and hydrogenation, and this alcohol can be further esterified for use as a
pl asticizer. Wien an application to such an al cohol for a plasticizer is
taken into consideration, 20 the startinggnaterial olefin is preferably a
single product of a |lower olefin such as p?opylene, but enes or pentenes, or
a mxture thereof. Particularly preferred are butenes, As such butenes, it
is preferred tcesgtighobidencopopyabemimim S Bide AF n- but ene
content, which js obtained pby separating, butadi ene and jso@y%xjene froma
C4 fraction (BE-SQRREYIRIuBiRUR Blot ifle nefr AR IAPF alumiqoxane

hydrocarbon °"eé%5§h§§ 5%%2&&5% ﬁ}”§£¥¥iafiﬁ¥%rolysis of the above-

mentioned trialkylaluminum or halogenoalkylaluminum.

5 Among these organic aluminum compounds, halogenated
alkylaluminum compounds are preferred. Particularly
preferred among them is a dihalogenomonoalkylaluminum
compound such as ethylaluminum diéhloride.

According to the method of the present invention, by
10 incorporating the above-mentioned specific phosphite
compound of the formula (I) to the basic catalyst system
comprising the nickel compound and the organic aluminum
compound, it is possible to obtain a dimerized olefin
mixture highly selectively with high catalytic activity
15 as compared with the conventional éatalyst systems. If
the above-mentioned phosphite compound is absent as a
catalyst constituting component or if other phosphite
compound which has no ring structure in the phosphite
structure and which has no substituent which provides a
20 steric hindrance in the vicinity of the oxygen atom of
the P-0O bond portion, such as triphenyl phosphite or
triethyl phosphite, is employed, the dimerization
activity is low, and the catalytic performance is not
necessarily satisfactory.
25 The phosphite compound to be used in the present
invention is represented by the above formula (1).

In the above formula, the group represented by each



fraction obtained by catalytic cracking (such as FCC) of a hydrocarbon oi
such as heavy oil, is a m xture conposed nmainly of butene and butane, and
it is also 5 preferred to enploy a butene fraction having a high n- butene
content which is obtained by separating isobutylene by distillation from
such a BB fraction. Such butenes usually_cgntain a substantial anmount of 2-
butene which is an internal olefin, in addftion to 1- 10 butene. However,
t he dinerization ng;hod q{ the present inventiaon provides a sufficiently
high activity efRad® it may ha & SHoup fontadidgr #Ce OXVgRNa3toMO&ne.
The catal yst for the dinerization reaction to be used in the Bresent

invention is a & hvdrrgen atam, coTﬁﬁ | S5 PRP 1@:(t;a)1%1r}g d&° M (ii) an
OrgaTL O o U e TP e 4 ), PP SuS OB U P oy 2
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5 may, for example, be a C,_,, alkyl group such as a methyl
group, an ethyl group, a propyl group, a butyl group, a
hexyl group, a nonyl group or an octadecyl group, a Cg_ji,
aryl group such as a phenyl group or a naphthyl group, a
C4-12 Cycloalkyl group such as a cyclohexyi group, or a
10 halogen atom such as a chlorine atom or a bromine atom.
Among them, an alkyl group, particularly a C;_,, alkyl
group, is preferred. The groups represented by R3 to R8
may be the same or different from one another. When
easiness in the synthesis of the phosphite compound is
15 taken into consideration, it is preferred that each of
R3, R3, RS and R® is a hydrogen atom, and particularly
preferred is a combination in which each of R* and R7 is
a €120 31kyl group.
For the phosphite compound to be used in the present
20 invention, it is very important for improving the
activity for the dimerization reaction that each of_R1
and R? in the above formula (I) is a hydrocarbon group.
The hydrocarbon group for each of R! and R? may, for
example, be a C;_,5 alkyl group, a Cq_;, aryl group or a
25 C4.;5 cycloalkyl group. The substituents for R! and R?
are bulky as a whole, although such may vary depending

upon the steric hindrance of the group represented by W



no oxygen atom or a hydrogen atom Wis a substituted or -7-

unsubstsi tuted aromati ¢ hydrocarbon group, and x is 0 or 1. The ni ckel
corrpound to be used in this catalyst systemis not particularly limted.
For exanple, readily 5 avail abl e nickel conpounds may be nentioned which

i ncfude a nickel carboxylate such as nickei formate; nickel acetate, nickel
oct anoat e, ni ckel dodecanoate, nickel naph %enate ni ckel ol eate or nickel
benzoate, a nickel | ex conmpound such as _nickel bis(acetylacetonate) or
10 ni ckel b|s(é?ctb@ggﬁémﬁhé)KI&ndaﬁndﬁﬁérghﬁﬁchﬁéﬁdnéét@rof ni ckel such

as nickel chloride, nlckel brom de,. ni ckel iodide, _nickel %ra e qi cke
sul fate. Anong ReeQrdingikyy EBﬁpBHﬁH?caBHPPlﬁﬁPHPI§°5r%?%Pr% Br o ré%

ni ckel car boxyl ates and, ni ckgl biz(gcetylacgtonate) pmpLEX. 4 ¢

branched alkyl group, specifically an i-propyl group, a
5 s-butyl group, a t-butyl group, a s—amyl group, a t—amyl
group, a t—-hexyl group, a cyclohexyl group, or a 1l-
methylcyclohexyl group. R! and R? may be the same or
different from each other.
In the above formula (I), W is an aromatic
10 hydrocarbon group. Such an aromatic hydrocarbon group
may, for example, be a phenyl group, a 2-naphthyl group
or an anthryl group. This aromatic hydrocarbon group may
not have a substituent, but preferably has a substituent.
Among them, particulafly preferred is a substituted
15 phenyl group.
The substituent for the aromatic hydrocarbon group
may, for example, be an alkyl group, an aryl group, a
cycloalkyl group or a halogen atom, specifically a C;_,g
alkyl group such as a methyl group, an ethyl group, a
20 propyl group, a i-propyl group, a butyl group, a s-butyl
group, a t-butyl group, an amyl group, a hexyl group, an
octyl group, a nonyl group or a octadecyl group, a Cq_;,
aryl group such as a phenyl group or a naphthyl group, a
C4.12 Cycloalkyl group such as a cyclohexyl group, or a
25 halogen atom.such as a chlorine atom or a bromine atom.
Among them, an alkyl group, particularly a C,_,, alkyl

group, is preferred.



15 conpounds. The organic al um num conpound is also not particularly
limted. For exanple, it may be a trialkylalum num conpound of the fornula
[err] (wherein Ris a [err] alkyl group), specifically trinethylal um num
20 triethylalum num tri-n-propylalumnum tri-n- butylal um num
triisopropylalumnum triisobutylalum numqpr_tri-t-butylalumnum or a
nonohal ogenodi al kyl al um num dihalogenonnnoalkylaluninun1or
sesqui hal ogenoal kyl al um num conpound of the fornula 25 err%e
(wherein R is a [erFheaprppagisupydangaxbps graupofer Wt BEf! 5§B§thé§lﬁy
AR AT AN LR E
dichloride, or gongegago tﬁLUQkQSé%”Etom constituting the P-O bond (e.qg.
at the o—-position in a phenyl group, hereinafter
5 generally referred to as the o-position including cases
other than a phenyl group). As such a substituent, a
substituent such as a methyl group, an ethyl group, an i-
propyl group, a s-butyl group, a t-butyl group, a s—amyl
group, a t-amyl group, a t-hexyl group, a cyclohexyl
10 group or a phenyl group may, for example, be mentioned.
Among them, a substituent having from 3 to 10 carbon
atoms (such as a C,_,, hydrocarbon group) is preferred
with a view to attaining a high activity for the
dimerization reaction.
15 Further, in a case where R! and R? are bulky
substituents and the substituent at the o-position of W
is a methyl group, an ethyl group, an i-propyl group or a
s-butyl group, it is possible to obtain an effect such
that the average branching degree decreases, for example,
20 when a dimerization reaction of butenes is carried out,
the content of dimethylhexene in the formed octenes
decreases. Accordingly, this provides an excellent
performance when the formed olefin is hydroformylated and
further hydrogenated to obtain an alcohol, and the
25 alcohol is reacted and esterified with a carboxylic acid

such as phthalic acid to use the product as a plasticizer

for synthetic resins.



conpound obtained by partial hydrolysis of the above- nentioned

trial kyl al um num or hal ogenoal kyl al um num 5 Anpbng these organic al um num
conmpounds, hal ogenat ed al kyl al um num conpounds are preferred. Particularly
preferred anong themis a di hal ogenononoal kyl al um num conpound such as

et hyl al um num di chl oride. According to the gethod of the present invention,
by 10 incorporating the above-nentioned sb cific phosphite conpound of the
formula (1) to the basic catal yst system conprising the nickel conpound and

the organic al um nuficéhgoabeve £orqudasdillire ¥ dnobhgi Aiakdngesroue efefin
m xture highly selectively with high catalytic acfivity 15 as conpared
with the ponvenFPSngpr@HFQI?gpzfys%%n%:°rl.'t abfb Rt | RRY phite
ComPOuNd IS abSehl SRS, SRRCEHR' pELBRb A RSB R FOE ety
a0, L oh D, nRsEARahA SHbp O RSN 8853 Phe FLELESRILISRTBECAR, (1
phosphite oy gejectivity for the dimerization product varies
substantially.' For example, in a case where a
dimerization reaction of butenes is carried out by the
catalyst system of the present invention, when x=0 i.e.
when the linking group is a single bond, relatively less
10 branched octenes will form highly selectively under a
high activity. Whereas, when x=1 i.e. when the linking
group is a methylene group, the branching degree of
formed octenes tends to be high, and the selectivity for
the dimerization product will further be improved, and an
15 extremely high selectivity will be obtained even under a
high conversion condition. This means that the desired
product can be produced highly economically, and thus
provides a substantial value for industrial application.
The details of the function of the phosphite compound
20 of the formula (I) to the structure or the reactivity of
the dimerization catalyst are not known. However, it is
considered that each of the crosslinked two substituted
phenyl groups and the aromatic hydrocarbon group
represented by W in the formula (I), has a substituent at
25 the o-position, whereby an undesirable reaction with an
organocaluminum compound as a Lewis acid will be

prevented, and consequently, the stable and active



triethyl phosphite, is enployed, the dinerization activity is |low, and the
catal ytiic performance is not necessarily satisfactory. 25 The
phosphite conpound to be used in the present invention is represented by

t he above fornmula (1). In the above formula, the group represented by each
-9-"of R3 to R8 may be a group containing { Oxygen atom or a hydr ogen
atom The group containing no oxygen atommay, for exanple, be an al kyl

group, an aryl group, a c cIoaIkyI_grouE_or a hal ogen atom Specifically,
it 5 may, for €REAp¥EL BETUCEUFR] 18 Rptigredptoub® B81RLALRAY group, an

t hyl : : but yl , h I : I

an oot adecyl ar oup. Fher BRFod SPEGb5aReEitn EbeabBRERDRLE: GABBBRAY. fboht hyl

Jrotp. 4 [err] gxg! 28LA%La% 2YP18UEBL2BaRe UG RPTYVIsHICER: Clodever, it
can be readily prepared, for example, by reacting a

5 compound of the formula (II):

RS R!
R4 oH
5
%B (CHz)X
(II)
R7 Ol
10 & g2

(wherein R! to R® and x are as defined in the formula
(I)) and phosphorus trichloride in a solvent such as
toluene in the presence of an amine compound, to form an

15 intermediate of the formula (III):

5 .
_ \ (CHz) x R 6 (III)
20 0— R7

(wherein R! to R® and x are as defined in the formula
(I)), and reacting this intermediate of the formula (III)
25 with a compound of the formula (IV): |
W-OH (IV)

(wherein W is as defined in the above formula (I)) to



10 hal ogen atom such as a chlorine atomor a brom ne atom Anong them an
al kyl group, particularly a [err] alkyl group, is preferred. The groups
represented by R3 to R8 may be the sane or different fromone another. \Wen
easiness in the synthesis of the phosphite conpound is 15 taken into
conlSideration, it is preferred that each_ oi [err] and [err] is a hydrogen
atom and partlcularly preferred is a conb %ation I n which each of - R4 and
R7 is a [err] al kyl grou For the phosphite conpound,to be used_in the
present 20 inveARVEAt FE te tBeycprpespanding, phapphitagcomeound; vity for
t he dinerization rea tlog t hat e ¢h of Ferr he above_fornul a

(1) is a hydrocarboﬁ §r 8 Bvengn HPSQa BGHLBPguB§$5bee ermptar §1V) BAY-

T Rt Skl B Gl ks e oo o 3 2

a uhole alt gggggmggﬁg}gaxnmyzs*spenewﬂeeﬁgfpﬁgﬁofs °5Le-BhEPI BRERoP! the

5 2,4-di-t-butylphenol, 2-s-butylphenol, 2,4-di-s-

butylphenol, 2-isopropylphenol, 2-t-amylphenol, 2-s-
amylphenol, 2-t-hexylphenol, 2,4-di-t-—amylphenol, 6-t-
butyl-2,4-xylenol, 2,4-dichlorophenol, 2,4,6-
trichlorophenol, 3-t-butyl-4-hydroxybiphenyl, 2-t-butyl-

10 p-cresol, 2-hydroxybiphenyl, 2-cyclohexylphenol, 2-
naphthol, 3-isopropyl-2-naphthol, 3,6-diisopropyl-2-.
naphthol, 3-t-butyl-2-naphthol, 3,6-di-t-butyl-2-
naphthol, 3,6-di-s-butyl-2-naphthol, 3-t-amyl-2-naphthol,
3,6-di-t-amyl~-2-naphthol, 3-t-hexyl-2-naphthol, 3-phenyl-

15 2-naphthol, 3,6-diphenyl-2-naphthol or 3-cyclohexyl-2-
naphthol. |

Further, the above-mentioned compound of the formula
(II) may, for example, be 3,3',5,5'-tetramethyl-2,2'-
biphenyldiol, 5,5'-dimethyl-3,3'-diethyl-2,2'-

20 biphenyldiol, 5,5'-dimethyl-3,3'-di-t-butyl-2,2'~
biphenyldiol, 5,5'-diethyl-3,3'-di~t-butyl-2,2'-
biphenyldiol, 5,5'-dichloro-3,3'~-di-t-butyl-2,2'~
biphenyldiol, 3,3',5,5'~-tetra-t-butyl-2,2'-biphenyldiol,
5,5'-di-t-butyl-3,3'-diphenyl-2,2'-biphenyldiol, 5,5'-di-

25 t-butyl-3,3'-diisopropyl-2,2'-biphenyldiol, 5,5'-
dimethyl-3,3'~di-t-amyl-2,2'-biphenyldiol, 5,5'-di~t-
hexyl-3,3'-di-t-butyl-2,2'-biphenyldiol, 2,2'~-



- 10 - in the formula (1), as described hereinafter. Accordingly, the
hydr-ocarbon group for each of [err] and [err] is usually a branched al kyl
group, preferably a [err] branched al kyl group, specifically an i-propyl
group, a 5 s-butyl group, a t-butyl group, a s-anyl group, a t-amyl group,
a t-hexyl group, a cyclohexyl group, or a = nethylcyclohexyl group. [err]
and [err] may be the sane or different from each other. In the above

formula (1), Wis an _aromatic 10 hxdrocarbon group. Such an aromatic
hydrocarbon gr obptheenebisésampteylné-t-BreniPherelp: 22 mapht hyl group

Subst i tuent " bURSHRELERaBES ( AaE thyLTBSETPAEREPRARBhY" (LR part cularly
Do S AR EHLE Tt s AT 2By Bondher 5 g 3 et for the
methylenebis(4,6-~di-t-butylphenol) or 2,2'-
5 methylenebis(4-chloro—-6-t-butylphenol).
Typical examples of the phosphite compound of the
formula (I) to be used in the present invention will be

shown below.



may, for exanple, be an al kyl group, an aryl group, a cycloal kyl group or a
hal ogen atom specifically a [err] al kyl group such as a nethyl group, an
ethyl group, a 20 propyl group, a i-propyl group, a butyl group, a s-butyl
group, a t-butyl group, an anyl group, a hexyl group, an octyl group, a
nonyl group or a octadecyl group, a [err] gLyl group such as a phenyl group
or a naphthyl group, a [err] cycloal kyl group such as a cycl ohexyl group,

or a 25 hal ogen atom such as a chlorine atomor a brom ne atom Anong
them an alkyl group, Qlgrticularly a [err] alkyl group, is preferred.

The aromatic hydrgcalbon group for Wpreferably has a substituent on a
carbon at om daizace o0t\he carb at om bonded to the oxygen atom
constituting the PPQ bond\e.g. a e Q-position jn.a phenyl group,
hereinafter 5 generally r %T&Eﬁ‘ S ﬁﬁé o-posit#é& i ncl udi ng cases

CHg

Bt
chs—O)— 0
\P—o——@—l— — (2)

cig—O) o/

Bt
)
CHg 0 '
\P—Ob —_— ()
CH3 O>—0/
Bt
cis—O) o\ CHs

P—0— Chy —— (4)

thg—O) 0/

P-O-i§:3>—CH3 — (5)
o/



other than a phenyl group). As such a substituent, a substituent such as a
met hyl ‘group, an ethyl group, an i- propyl group, a s-butyl group, a
t-butyl group, a s-anyl group, a t-anyl group, a t-hexyl group, a
cycl ohexyl 10 group or a phenyl group may, for exanple, be nentioned.
Anpbng them a substituent having from 3_tgy 10 carbon atons (such as a [err]
hydr ocarbon group) is preferred wwth a viewto attaining a high activity
for the dinerization reaction. 15 Further, in a case where [err] and
[err] are bul ky substituents gnd the substituent at the o-position of Wis
a nmet hyl group, apn—ethyl grou n i-propyl group or a s-butyl group, it is
possi bl e to obtdi : Jc{) that the average branchi ng degree
decreases, for exahyl e, when ®m—qi meri zation reaction of butenes is
exene ia—+he(ffo) med oct enes decreases.
an excet¥ent performance when the fornmed olefin’
t her hydrogenated to obtain an al cohol, and the

Accordingly, this
i s hydr of or nyl atje

i C 0\9— — (T
cis—O)— 0

CHg - O 0\

ots—0y— 0/

P—0 CHy —— (8)

P—0 CHy —— (9)

N
O/P-o—zé}ﬂL — A



25 alcohol is reacted and esterified with a carboxylic acid such as
phthalic acid to use the product as a plasticizer for synthetic resins.

- 12 - In the above fornmula (1), x in the linking group of the fornula
[err] is O or 1, and in either case, the activity and the selectivity are
good. Even then, depending upon the value;@f x, the distribution or the 5
selectivity for the dinerization product varies substantially. For exanple,
in a case where a dinerization reaction of butenes is carried out by the
catal yst system of tie present invention, when x=0 i.e. when the |inking
group is a single relatively less 10 branched octenes will form

hi ghly sel ecti%el) paeld high &tivity. Wiereas, when x=l i.e. when the
l'inking group is a nethyl ey ?_Qf-o-l-‘-h-ﬁ branchi ng {jﬂg)r ee of

>P—0——-@ —_—®)

©

©,

© \ |
O/P—o—— CoHyq ———— (14)



formed octenes tends to be high, and the selectivity for the dinerization
product will further be inproved, and an 15 extrenely high selectivity
witl be obtained even under a high conversion condition. This neans that

t he desired product can be produced highly econom cally, and thus provides
a substantial value for industrial appliggtion. The details of the function
of the phosphite conpound 20 of the fornula (1) to the structure or the
reactivity of the dinerization catalyst are not known. However, it is
consi dered that each of the crosslinked two substituted phenyl groups and
the aromati c hydragay bon group represented by Win the fornmula (1), has a’
substituent at @\ he(Q- posi t i diHls wher eby an undesirabl e reaction with an
or ganoal um num cesgound ]s a Lewpys—acid will be prevented, and '

consequently, the tabl7d¥ﬂ0ac-t— - 13= (16
0
Ok
\P—O—Q — a7
O

OO0 CHCHs
\P—o-——@ — 8)
O 0/ |

0\ -0— — (19)
©yo/
@ 0\ - — 20
Q)+’



catal yst structure is believed to be maintained. The nethod for preparing

t he phosphite conmpound of the forrmula (1) is not particularly |imted.
However, it can be readily prepared, for exanple, by reacting a 5 conpound
of the formula (Il1): [err] 10 (wherein [err] to [err] and x are as defined
in the formula (1)) and phosphorus trichlggide in a solvent such as tol uene
in the presence of an am ne conpound, to forman 15 internediate of the
formula (111): [err] (wherein [err] to [err] and x are as defined in the
formula (1)), and reacting this internediate of the forrmula (I11) 25 wth
a conmpound of th Ormula (1V): [err]

(I'V) (wherein W @a\:ned iRyt he above fornula (1)) to

— (2D
OX /
0 SBu
:i Vo — e
(O)—0
:Oi:o SBu
>P‘0_@'SBU — (23D

:i N — a
: ‘:’; n\\ ctL
O/P—O-—-—g@%l — (25)



- 14 - convert it to the correspondi ng phosphite conmpound. The
abave-nenti oned conpound of the formula (I1V) may, for exanple, be phenol,
2-met hyl phenol, 2, 4- di nethyl phenol, 2,4, 6-trimethyl phenol,
2-t-butyl phenol, 5 2,4-di-t-butyl phenol, 2-s-butyl phenol, 2,4-di-
but yl phenol , 2-isopropyl phenol, 2-t-anyl phenol, 2-s- anyl phenol,
2-t-hexyl phenol, 2,4-di-t-anyl phenol, 6-t- butyl-2, 4-xyl enol,
2, 4-di chl orophenol, 2,4,6- trichlorophenol, 3-t-butyl-4-hydroxybi phenyl,
2-t-butyl- 10 p-cresol - hydr oxybi phenyl , 2-cycl ohexyl phenol, 2- naphthol,
3-isopropyl - 2- napht ho ',6-d||sopropyl-2- napht hol , 3-t-butyl -2-napht hol,
3,6-di-t-buty|- I 3, 6-di -s-butyl -2-napht hol, 3-t-anyl -2-napht hol

i 3-t- hexyl - 2- napht hol , 3-phenyl - 15 2-napht hol r
3, 6- dlphenyl 2- na."‘: 3-cyclghexyl - 2- naphthol. Further, the

J

0/ —  (26)
(& "\ |
o) T T

cs—O) "

cig—O)— 0/

sBu 0\ L -—. o

sBu 0/P <:zt:>

(30)

]
O
|

o/

-0, O-Q



(11

5/5'--di.nethyl -3, 3" -diethyl-2,2"- 20 bi phenyl di ol
5,5'-dinmethyl -3,3" -di-t-butyl-2,2"- biphenyldiol,
5,5 -diethyl-3,3 -di-t-butyl-2,2"- biphenyldiol,
5,5'-dichloro-3,3" -di-t-butyl-2,2"- biphegyldiol,
3,3 ,5/5 -tetra-t-butyl-2,2"-bi phenyl di ol ,

55" -di-t- butyI 3 3 dlphenyl 2,2' -bi phenyldiol, 5,5 -di-

-di i sopropyl - hi phenyl diol, 5,5 -

di met hyl - 3, 3' d| ) Tﬁ\; blpgggyldlol 55 -di-t-
hexyl -3, 3" -di -t-Db bi phenwd{ ol , 2 2' -

met hyl enebi s(4- net hy} - 6-t - bptyg -phé 2,2 —— (31
met hyl enebi s(4- et hy 6-t - hut yl phen 2 -

pyl phenol ),
but yl phenol ) or 2 2" -

nethylenebis(4:chlor6 6-t-butyl phenol). Typical exanples of the phosphite

conmpound of the

cl @ 0\ _L~+\__ (3;)
c1—O) o/P—O @Q |

CHs O 0\ |
P—0 @ —  (3%)
g/ 520
CHg

(39

) may, for exanple, be 3,3 ,5,5 -tetranmethyl-2,2'- biphenyldiol,

25 t-butyl -



formula (1) to be used in the present invention will be shown bel ow.
16 - [err] - 17 - [err] - 18 - [err] CH3 0 :

- 23 -
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[err]

-22-

[err] - 21 - [err]

- 20 -

- [err]

- 19
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- 23 - [err] - 24 - [err] [err] - 26 - The synbols used in the
above structural fornulas
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represent the follow ng substituents. [err] Tertiary butyl group, [err]
| sopropyl group, 4 : Tertiary anyl group, [err] tertiary hexyl group, 5
sBu: Secondary butyl group, sAm Secondary anyl group, [err]

1, 1- D et hyl hexyl group. In the nethod of the present invention, the

di mérization reaction of an olefin is cagrﬁgd_out in the presence of a
catal yst system conprising the above- 10 nenti oned ni ckel conpound, the

organic aluninun1congound and the phqsphite compound of the formula (I1). At
that time, if hydro§8f S¥MBLdScNEer, inhEhee30OVEn SEFUCERFaLlhECERIARP i ¢

cotivity can furLhetDee! FReCKetioRiah, ByEpRRasanL 1ot clearly
i eney i the robcti B ERFePuEYaBEPBRYof Yné FOPRECPER SFORRTal vl oo
Y Shee o o AR ARyAcptBpst AUNT LY eBkeLbey kel hroagy! o
5 sBu: Secondary butyl group, sAm: Secondary amyl group,
Cs+: 1,1-Dimethylhexyl group.

In the method of the present invention, the
dimerization reaction of an olefin is carried out in the
presence of a catalyst system comprising the above-

10 mentioned nickel compound, the organic aluminum compound
and the phosphite compound of the formula (I). At that
time, if hydrogen is present in the reaction system, the
catalytic activity can further be improved. Such a
mechanism is not clearly understood. However, various

15 mechanisms may be assumed such as removal of impurities
(such as a reaction inhibiting substance such as a
conjugated diene) in the reaction system, promotion of
the formation of catalytic active species and
contribution to the stability of the catalyst, and at any

20 rate, the activity of the dimerization reaction will
evidently increase by the presence of hydrogen. The
amount of hydrogen is not particularly limited, and it is
employed in an amount sufficient to bring about a
desirable result to the catalytic activity and is usually

25 in an amount of from 0.01 to 30 kg/cm?, preferably from
0.1 to 20 kg/cm? as hydrogen partial pressure.

In the dimerization reaction of an olefin to be



evidently increase by the presence of hydrogen. The anount of hydrogen is
not particularly limted, and it is enployed in an anmount sufficient to
bri'ng about a desirable result to the catalytic activity and is usually 25
in an anount of fromO0.01 to 30 kg/cnR2, preferably fromO0.1 to 20 kg/cnR as
hydrogen partial pressure. In the dinerigeg&qp reaction of an olefin to be
- 27 - carried out by the present inventionh, the respective catal yst
conponents i.e. the_ nickel conpound, the organic, al um num conpound and the

phosphi te conpoShErbedtAets By nthe Presentyipeentien i thantespedtiveovever,
oo D oot r o Ly BECbBaLLY 11X (DR Ekel Cotpoundy S Lhey canie.
conpl ex. FurtNeL) whink BORHELAE 2he EhOVBASOSRYELcSRROAG SECRkeN P
formula (I), may be mixed in any order. However, it is
5 preferred to preliminarily mix the nickel compound and
the phosphite compound of the formula (I) or to use them
in the form of their éomplex. Further, it is preferred
to simultaneously contact these Ni-P compound and the
organic aluminum compound in the presence 6f an olefin
10 such as butenes with a view to obtaining dimerization
products such as octenes under a high activity. This is
believed attributable to the fact that the organic'
aluminum compound usually acts as a strong reducing
agent, and when an electron donative ligand such as an
15 olefin is not present, the nickel compound will be
reduced, whereby the activity will decrease.
In the method of the present invention, it is not
essential to use a solvent for the reaction. However, a
solvent inert to the reaction, for example, an aromatic
20 hydrdcarbon such as benzene, toluene, Xxylene or
dodecylbenzene, an aliphatic hydrocarbon such as hexane,
heptane or cyclohexane, or a halogenated aromatic
hydrocarbon such as chlorobenzene, may be employed.
The concentration of the nickel component in the
25 liquid phase for the dimerization reaction is usually
from 102 to 102 mmol/¢. The molar ratios of the

respective catalyst components are influential over the



organi ¢ al um num conpound in the presence of an olefin 10 such as butenes
Wth a*view to obtaining dinerization products such as octenes under a high
activity. This is believed attributable to the fact that the organic

al um num conmpound usual ly acts as a strong reduci ng agent, and when an

el eCtron donative ligand such as an 15 olgfin is not present, the nickel
compound wi || be reduced, whereby the activity will decrease. In the method

of the present inven{ion, it is _ngt essentjal to_use a,solgent for the

reaction. Howeveimerizakien: arfavityoanpfethe PrPdRCts diskgaRpEionan

aromatic 20 hy rocarbongguch s ben eneog ghuene
u

dodecyl benzene, "QNe%EF ph&tc™R GFOEQ B8n agrﬁﬁﬂgﬁ22fﬁﬁb?§ﬂec8?p°und

mhy -be. el oyodtOTHES CHRGBRS: SPRBRUBR- 1. hR-RRPaTuRECRRnEnF PPREEE" "

[, Brece, [ oLnbBRfLASEEIGLLADGSRED L3 YYD LYGHLOREG O (L.
the 5 50. PFurther, the molar ratio of the phosphite compound
of the formula (I) to the nickel compound is usually from
0.1 to 20, preferably from 1 to 5.
If the molar ratio of the organic aluminum compound
to the nickel compound in the catalyst is too low, thé
10 catalyst activity sharply decreases due to the reaction
with oxygen or moisture present in a very small amount in
the dimerization reaction system. On the other hand, if
the reaction is conducted under such a condition that
such a molar ratio is unnecessarily high, no substantial
15 additional improvement will be observed in the
dimerization activity, and such is not economically
advantageous. If the molar ratio of the above phosphite
compound to the nickel compound is too low, the
dimerization activity will decrease, and the branching
20 degree of the formed olefin tends to increase. On the
other hand, if the molar ratio is too high, the
dimerization activity tends to decrease, although such
may also depend on the amount of the organic aluminum
compound present, and such is not eéonomically
25 advantageous.
With respect to the reaction conditions for

dimerization carried out by the present invention, the



- 28 - dimerization activity and the product distribution. However, the

nol ar ratio of the organic al um num conpound to the nickel conmpound in the
catalyst in the present invention is usually from2 to 100, preferably from
5to 5 50. Further, the nolar ratio of the phosphite conpound of the
forrula (1) to the nickel conmpound is usga& y_from0.1 to 20, preferably
fromlto 5 |If the nolar ratio of the organhic al um num conpound to the

ni ckel conmpound in the catalyst is tgoo low, .the 10 catalyst agtivity
shar pl y decr eas&8agidono tepperasireos swieHadtygérolr —ABi §PulBOPFfesent in a

TN L R T g i e T
| s unnecessar i | ¥oBi.oh. 1ig $uRaLantial 13 pRdghthgngbe’ ARRGUATRG! ufbh! chE
productivity of the process, the stability of the nickel
5 compound and the organic aluminum compound used, etc.

The reaction pressure is effectiyé so that the
catalyst components are sufficiently present in the
liquid phase of the olefin such as butenes, and is
preferably at a level of from 1 to 50 kg/cm2. Further,

10 the dimerization method of the present invention can be
carried out even if the starting material for the
reaction contains a paraffin hydrocarbon such as methane,
ethane, propane or butane or an inert gas such as
nitrogen, argon or carbon dioxide. The system for the

15 dimerization reaction may be a continuous system or a
batch system.

After completion of the reaction, the catalyst ié
inactivated by a known method, for example, with aqueous
ammonia, an aqueous sodium hydroxide solution or an

20 aqueous sulfuric acid solution, and then the catalyst is
removed. Then, by distillation, any non-converted olefin
and the reaction solvent are separated to obtain the
product.

As mentioned above, the dimerization product of an

25 olefin produced by the dimerization method of the present
invention can be hydroformylated by reacting it with

carbon monoxide and hydrogen in the presence of a Group



di merization activity, and such is not econom cally advantageous. If the
nol ar ratio of the above phosphite conpound to the nickel conpound is too
|l ow, the dinerization activity will decrease, and the branching 20 degree
of the fornmed olefin tends to increase. On the other hand, if the nolar
ratico is too high, the dinerization actiyigy tends to decrease al t hough
such may al so depend on the anount of the organlc al um num conpound

present, and such_is not _economcally 25 advantageous Wth respect to the
reaction conditV&hd PSFaalﬁéF?%XFFoﬁuEErPFeé Bbt cyalketpr 88€ntbenventi on,

e 0 o7 er | SERRBLg! STBEHERY' Babpus ek, Ruiafehgrkd) bboBLeLe 20!
properly set deggnginghgggn t he

The above hydroformylation reaction can be carried

5 out by a conventional method. The reaction conditions
for the hydroformylation reaction are not particularly
critical, and a conventional fhodium method or cobalt
method may be employed.

As the rhodium source in the case of the rhodium

10 method, an organic salt such as Rh(OAc),, an inorganic
salt such as Rh(NO;); or RhC¢;, or a complex such as
Rh(acac) (CO),, [Rh(OAc)(COD)],, Rh,(CO);,, Rhg(CO)y¢,
RhE(CO) (Ph3P) 5, [Rh{OAc)(CO),]1, or [RhCZ(COD)], (wherein
Ac is an actyl group, acac is an acetyl acetonate grodp,

15 and COD is a cyclooctadiene, respectively) may be
employed.

As the cobalt source in the case of the cobalt
method, an organic salt such as cobalt laurate, an
inorganic salt such as Co(NO;),, or a complex such as

20 Co,(CO)g or CoH(CO), may be employed.

The pressure for the reaction is usually from
atmospheric pressure to 300 kg/cm?G, and the reaction
temperature is usually from 50°C to 150°C. The molar
ratio of H,/CO is usually from 1 to 10. The catalyst

25 concentration is usually from 0.1 to 1000 ppm (as
calculated as the metal atom). As the ligand, an organic

phosphorus compound such as triphenylphosphine or



productivity of the process, the stability of the nickel 5 conpound and the
organi ¢ al um num conpound used, etc. The reaction pressure is effective so
that the catal yst conponents are sufficiently present in the liquid phase
of the olefin such as butenes, and is preferably at a level of from1 to 50
kg/ ¢m2. Further, 10 the dinerization netbo?loi the present invention can be
carried out even if the starting material Tor the reaction contains a

paraffin hydrocarhon such as nethane, ethane, propane or buytane or an inert
gas such as nit t54BRENILEHRSPRiterhOF dtExPFédeTREYsPS: BRPHOHSERLLYSIN A

di meri zation reaction be,a, conti nuous systemo b system After
conpl etion of tﬂ@EFéaEggﬁﬁ,wﬁ%QlBaPaFﬁgﬁei9 iﬁﬁeﬁiéaggd?h§aaréiﬁghvﬁe Rod,
for exanple, w agueous i.a, an aqueous sodi um hydroxi de sol ution or
an 20 aqueous SEFFU358V5cF§%g§§ﬁ?ron, and then the catal yst is renoved.

lbg“éeggrgiZéiigagkggiﬁépﬁgﬂﬁﬁh&&“%%rh%%dok%ﬁi%h%“?e%ﬁ%ibﬁ?CthBQe%8E¥th
5 solvent inert to the reaction, for example, an aromatic
hydrocarbon such as benzene, toluene, xylene or
dodecylbenzene, an aliphatic hydrocarbon such as hexane,
heptane or cyclohexane, an ether such as dibutyl ether,
ethylene glycol dimethyl ether, triethylene glycol
10 dimethyl ether or tetrahydrofuran, or an ester such as
diethyl phthalate or dioctyl phthalate, may be used as
the case requires. Otherwise, an aldehyde or an alcohol
formed by the hydroformylation reaction may be used as
the solvent. Further, a high boiling point by-product
15 such as a polycondensation product of aldehyde may also
be employed. The system for the reaction may be a
continuous system or a batch system.
Then, by the hydrogenation reaction of the obtained
aldehyde, an alcohol is produced. This reaction can be
20 conducted by a conventional method. Namely, the reaction
can be conducted by using a conventional hydrogenation
catalyst such as Ni, Cr or Cu usually under a reaction
pressure of from atmospheric pressure to 150 kg/cm?G at a
reaction temperature of from 40°C to 300°C. Then, by a
25 conventional purification by distillation, the alcohol
can be obtained.

The alcohol thus obtained, particularly a Cq alcohol



product. As mentioned above, the dinerization product of an 25 olefin
produced by the dinerization nethod of the present invention can be

hydr of ornmyl ated by reacting it with carbon nonoxi de and hydrogen in the
presence of a G oup --30 - VIIl netal catalyst such as a Rh catal yst,
and "t he obtai ned al dehyde can be further_hggrggenated to obtain an al cohol.
The above hydrofornylation reaction can be“Carried 5 out by a conventi onal

met hod. The reaction conditions for the h%frofornylation reaction are not
particul arly crilsecsRrlledd isonemydn@leeRol:hJdAnPredneedoPYc¥84RE net hod

may be enpl oyed, As the rhodi um source in the case of .the rhodqi ym_ 10,
met hod, an orgah@$e§§ﬁta§u5%ea§tRﬁF®&§)@thﬁlﬁﬁargéﬁiPe esterified with

an acid such as phthalic anhydride or adipic acid by a
conventional method, followed by purification to obtain a

5 plasticizer (e.g. a phthalate plasticizer). The obtained
plasticizer has excellent properties.

Now, the present invention will be described in
further detail with reference to Examples. However, it
should be understood that the present invention is by no

10 means restricted to such specific Examples.
EXAMPLE 1

Into a stainless steel micro aﬁtoclave having an
internal capacity of 70 m¢, which was deaerated and
flushed with nitrogen, a m—-xylene solution containing

15 8.28 mg of nickel octanoate and 3 mols per mol of the
nickel atom (P/Ni=3) of the above-mentioned phosphite
compound (10) and a pentane solution containing 38.1 mg
(A2/Ni=12.5) of dichloroethylaluminum, were charged under
a nitrogen atmosphere. Then, 20 m¢ of trans—2-butene was

20 charged, and the micro autoclave was closed, whereupon a
reaction was carried out at 40°C for 5 hours with
stirring. After completion of the reaction, the micro
autoclave was cooled to room temperature, and any
unreacted gas was purged. Then, 2 m¢ of methanol was

25 added thereto to terminate the reaction.

The reaction solution was subjected to gas

chromatography (column: CBPl capillary 0.25 ¢ x 50 m and



sal't such as [err] or [err] or a conplex such as [err] \ [err] or [err]
(whereirn Ac is an actyl group, acac is an acetyl acetonate group, 15 and
COD is a cycl ooctadi ene, respectively) may be enployed. As the cobalt
source in the case of the cobalt nmethod, an organic salt such as cobalt
| aurate, an inorganic salt such as [err]_Oé3a_coanex such as 20 [err] or
[err] may be enployed. The pressure for th&“reaction is usually from
at nospheric pressure to 300 kg/cn2G and the reaction tenperature is
usual |y from [ eAOR SE-PBO/Chromesesba2n,afmagufpctared by ShdmrAgUfrom 1 to
10. The catalyst 25 concentration_is usually fromO0.1 to 1000 ppm (as
cal cul ated as’ t ROTREFALiONIMEC ARalyZe ithen FongrnSrahiraspREs SREr us
compound such a%r%%h%ﬁiqy'Q%%?%@éﬂiE%rare shown in Table 1.
COMPARATIVE EXAMPLE 1
5 A dimerization reaction of trans-2-butene was carried
out in the same manner as in Example 1 except that no
phosphite compound was added.
The results of the reaction are shown in Table 1.
COMPARATIVE EXAMPLES 2 and 3
10 Dimerization reactions of trans—-2-butene were carried
out in the same manner as in Example 1, except that
instead of the phosphite compound (10),
triphenylphosphite and triethylphosphite were,
respectively, employed in a proportion of 3 mols per mol
15 of the nickel atom (P/Ni=3).
The results of the reactions are shown in Table 1.
EXAMPLES 2 to 10
Dimerization reactions of trans-2-butene were carried
out in the same manner as in Example 1, except that
20 instead of the phosphite compound (10), various phosphite
compounds as identified in Table 1 were used in a
proportion of 3 mols of the phosphorus atom per mol of
the nickel atom (P/Ni=3).
The results of the reactions are shown in Table 1.
25 COMPARATIVE EXAMPLE 4

A dimerization reaction of trans-2-butene was carried

out in the same manner as in Example 7, except that



- 31 - triphenyl phosphite, or its oxide nmay be used usually in a nolar
ratio wwthin a range of from1 to 1000 relative to the above catal yst. No
sol vent may be used for the reaction. However, a 5 solvent inert to the
reaction, for exanple, an aromatic hydrocarbon such as benzene, tol uene,
xyl éne or dodecyl benzene, an aliphatic hydggcarbon such as hexane, heptane
or cycl ohexane, an ether such as dibutyl etUher, ethylene glycol dinethyl
ether, triethylene glycol 10 dinethyl ether or tetrahydrofuran, or an

ester such as diteéskerdpefhihe Phosphiise: ypmpﬁunﬁ 48d #ayhaépt}sée as the

case requires. QGherw e an al dehy Qr an hol for t he
hydr of or ny| at i ofOFERYTY ﬁsn&9eB§ %& s Fﬁ? §o vEARE, uﬁgﬁtﬁgra a high

Dol 9 PO DL BeaN by Be VRS B ROIC ATRRRTh AR gt (R 5O
systemor a batch S&%E?Tesults of the reaction are shown in Table 1.
5 EXAMPLES 11 to 16
Dimerization reactions of trans-2-butene were carried
out in the same manner as in Example 1, except that
instead of the phosphite compound (10), various phosphite
compounds as identified in Table 1 were used in a
10 proportion of 1 mol of the phosphorus atom per mol of the
nickel atom (P/Ni=1f, and the dimerization reactions were
conducted at 60°C for 3 hours.
The results of the reactions are shown in Table 1.
EXAMPLE 17 |
15 A dimerization reaction of trans-2-butene was carried
out in the same manner as in Example 12, except that
instead of dichloroethylaluminum, ethylaluminum
sesquichloride was used in a proportion of 25 mols of the
aluminum atom per mol of the nickel atom (AZ2/Ni=25).
20 The results of the reaction are shown in Table 1.
EXAMPLE 18
A dimerization reaction of trans-2-butene was carried
out in the same manner as in Example 1, except that after
charging trans-2-butene, hydrogen gas was introduced
25 until the total pressure became 5 kg/cm?G.

The results of the reaction are shown in Table 1.



Then, by the hydrogenation reaction of the obtained al dehyde, an al cohol is
produced. This reaction can be 20 conducted by a conventional method.
Nanely, the reaction can be conducted by using a conventional hydrogenation
catal yst such as Ni, C or Cu usually under a reaction pressure of from

at nospheric pressure to 150 kg/ cnRG at a_nﬁgqgion tenperature of fromJerr]
to [err] Then, by a 25 conventional purifiTation by distillation, the

al cohol can be obtained. The al cohol thus obtained, particularly a [err]

al cohol - 32COMPARATRVEBXRMBREN§| al cohol: INA) produced by using

but enes as the starting material, may be estﬁrified mﬁ%h an acid such,aa
pht hal i ¢ anhydri de 8r dABEFLZasiPR B§aStiBRveht FEARP-AEPHEENE BRE oGRET b§

puri fi cati on'to bt ain A5 phastichzer .Le; 0 g RRIL §1 CeRLESE EAZETs ThE

phosphite compound was added.
5 The results of the reaction are shown in Table 1.
COMPARATIVE EXAMPLES 6 and 7
Dimerization reactions of trans-2-butene were carried
out in the same manner as in Example 18, except that
ingstead of the phosphite compound (10),

10 triphenylphosphite and triethylphosphite were,
respectively, used in a proportion of 3 mols per mol of
the nickel atom (P/Ni=3).

The results of the reactions are shown in Table 1.
EXAMPLES 19 to 21

i5 Dimerization reactions of trans—2-butene were carried
out in the same manner as in Example 18, except that
instead of the phosphite compound (10), various phosphite

~ compounds as identified in Table 1 were used in a
proportion of 3 mols per mol of the nickel atom (P/Ni=3).

20 The results of the reactions are shown in Table 1.
EXAMPLE 22

Into a stainless steel autoclave having an internal
capacity of 300 m¢, which was deaerated and flushed with
nitrogen, 3.76 m¢ of a heptane solution containing 0.2

25 mol/¢ of dichloroethylaluminum, was charged under a

nitrogen atmosphere. Then, 29.2 g (520 mmol) of trans—-2-

butene'was injected, and the autoclave was heated to 60°C



pl asticizer has excellent properties. Now, the present invention wll be
described in further detail with reference to Exanples. However, it should
be understood that the present invention is by no 10 neans restricted to
such specific Exanples. EXAMPLE 1 Into a stainless steel mcro autoclave
havi'ng an internal capacity of 70 [err] mhiﬁh_mas deaerated and fl ushed
with nitrogen, a mxylene solution contarnp g 15 8.28 ng of nickel
octanoate and 3 nols per nol of the nickel atom (P/Ni =3) of the

above- ment i oned Witds i it igvghep o Ak gr1 Bhearkemperatudite refiched $0Ent & ni ng
38.1 ng [err] of dichloroethylalumnum were charged under a nitrogen

at nospher e. ThehePf@ng sFlutian canhaiaridid a9 Jo ng ofr ddEFkedn PGHROREE o

autoch ave ves, oL9ePd AETPRE JETH AR S TR deih 1070,
was cooled to rogmfemnenalilicy ALt USRRSE 1491 Yl 185 ee e 2
5 with purified hydrogen to initiate the reaction, and the
reaction was carried out for one hour.

The results of the reaction are shown in Table 1.
EXAMPLE 23

Into a stainless steel induction type autoclave

10 bhaving an internal capacity of 5 ¢, which was deaerated
and flushed with nitrogen, 25.6 m¢ of a heptane solution
containing 0.1 mol/Z of dichloroethylalumiﬁum and 100 m¢
of cyclohexane were charged under a dry nitrogen
atmosphere. Then, 1.78 kg (31.72 mol) of l-butene which

15 was dehydrated by a molecular sieve, was injected.

With stirring at room temperature, 20.5 m¢ of a
heptane solution containing 0.1 ﬁol/e of nickel octeneate
and a heptane solution containing the above-mentioned
phosphite compound (19) in an amount of 1 mol per mol of

20 the nickel atom (P/ﬂi=1), were injected into the
autoclave with dry nitrogen to initiate the reaction.
Immediately, the temperature and pressure rise in the
autoclave was observed, but the temperature was
maintained at a level of 60°C by using an external cooler

25 and an external heater, and the reaction was conducted
for 3 hours.

After expiration of 3 hours, 50 m¢ of methanol was



25 added thereto to termnate the reaction. The reaction solution was
subjected to gas chromatography (colum: [err] capillary 0.25 [err] x 50 m

and - 33 - 10% SE- 30/ Chronosorb 2m nmanufactured by Shi nadzu
Corporation) to analyze the concentrations of the products. The results are
shown in Table 1. COVPARATI VE EXAMPLE 1 5 _ A dinerization reaction of

trans-2-butene was carried out in the sane3%anner as in Exanple 1 except
that no phosphite conpound was added. The results of the reaction are shown
in Table 1. COVPRBeTrteg EmboPthe auspglaveoto termppabei thei sRasbaeRirons of

trans-2-butene were carried out in the sane manner as in Exanple 1, except
that instead of2RfletBRogpkPEdavsnasngopiggl to room temperature. Then,

any unreacted gas was purged, and the concentrations of
the products in the reaction solution were analyzed by
5 gas chromatography. The results are shown in Table 2.
EXAMPLE 24
A dimerization reaction of l-butene was carried out
in the same manner as in Example 23, except that the
catalyst components i.e. dichloroethylaluminum, nickel
10 octanoate and the phosphite compound, were preliminarily
mixed and then l-butene was injected to initiate the
reaction. The results are shown in Table 2.
As is evident from Table 2, catalytic activities
superior to the conventional technique and high
15 selectivity can be obtained irrespective of the order of
the contact of the catalyst, and even better effects can
be obtained when contact of the catalyst is conducted in

the presence of an olefin.



tri phenyl phosphite and triethyl phosphite were, respectively, enployed in a
proportion of 3 nols per nol 15 of the nickel atom (P/N =3). The results of
the reactions are shown in Table 1. EXAMPLES 2 to 10 Dinerization reactions
of trans-2-butene were carried out in the38afe manner as in Exanple 1,

except that 2@—rstept—pfthe—phosphiie—e —+op—vet-ets—phosphi t e
conpounds as ijdenti f e& ijn Table 1 re uded i a prpportion of |3 nols of
t he phosphorug atom pe ol of the nfckel Jatom|(P/NiE3). The regults of the
reactions arelshown | niJdbl e 12 25 CPVFARATIRE [EXSVPLE 4 A di meyi zati on
reaction of tﬂar&-;z- bugene wastcarri gdrout i tlhelss merher a$ in Exanple
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I nstead of the phosphite conpound (9),
in Table 1 was used in a proportion of 3 nols per nol
The results of the reaction are shown in Table 1. 5 EXAMPLES 11

(PI'Ni =3) .

a phosphite conmpound as identified

of the nickel atom

to 16 Dinerization reacti ons of tranjs-'2-b39-ene were carri _ed out in the same

manner as in e HimpcorpoeRe—G 10) ,
various phospHite cofp@urds as i dent sed in a 10 ’
proportion of |1 nol pf & He phosphoru ckel atom
(P/Ni =), and|the dipen|4ationgd eact err] for 3
hours. The requl g0 %‘he reactd ons KAVPLEN 17 1'\#
A dimerizati of rfaet}o qf trans-2-Db I h the sane
manner as in ampd etlz except that | al um num
et hyl al uni num{sabqui Ehforli de was use 25| ol s of thd
al um num at om|pet l5&0 ef [t he nickel
o 4
- o
A2 X -
am | o P =
38| T
o 2 &
UQ'U &
o o ™ o N
o o o © -
o
- Vv
x £
o o
el ™ © 0 o «
Q ~ . . . o
=] (o) < ™ < ot
- o
4 o o~
[1}] s . [
= ~ de L
= O ~
ord o
4":’ Ww ot
s |lo |% X * ~ "
- E 8 ™ o~ = n
Q o o h < o
(=) ord ©
o > o
-
e
&
1 C
~
g g
2| B © ©
5 | 8 @ ]
2] 4 o o Q |
8 — ! ! . /n.\
al N . n-
° 3 70N N /\o = o
R R B o e Ol ROmE
o )
K
| 8
o] S )
£
~
g o 3 e o
0
2 ™ < n 0
o o o o o
2 ) 2 g 2
&
5 5 5 3 5
] 4 M x »
& 5] 5] ] <]




20 The results of the reaction are shown in Table 1. EXAMPLE 18 A

di meri zation reaction of trans-2-butene was carried out in the same manner
as in Exanple 1, except that after chargi ng trans-2-butene, hydrogen gas
was introduced 25 until the total pressuredlbecame 5 kg/cn2G The results of
the reaction : 1

di merization r

eactio rans-2-butgne was carrjed out in ffhe sane narnner

as in Exanple 18, ex¢e@® fhat no phogphite conpolnd was addg¢d. 5 The
results of thg reactfon afe shewn infTabl ewl. d 7
Di meri zation rleadt{oms af] transs 2- buene ware c
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I nstead of the phosphite conpound (10), 10 tri phenyl phosphite and

triethyl phosphite were, respectively, used in a proportion of 3 nols per

nol of the nickel atom (P/Ni=3). The results of the reactions are shown in
Table 1. EXAVPLES 19 to 21 15 [Jrnﬂi4%ation reactions of

trans- 2- but engrwese 6 ' e =B . ip-e—t8—a3qC ept
that instead df the 'hd%- |te conmpound (10) varj ous phosphlte conpounds as

identified in{Table } \rf used in alproportion pf 3 nols p¢r nmol of the

ni ckel atom (H/ N =3){ 2Q othe r¢sul tstof the reagti onsjare sbown ijn
Tabl e 1. EXA"LEﬂzg n : stahhlessjsteelwautoc ave k@vingjan ingerna
capacity of 3Q0 [1ch was deaer ajed and flushed with ni§rogen, 3.79 ne

of a heptane -quk*o Sorkaining 0.2]25 nol/1 of dichloroefhylal un nurh
was charged urld i £ dgen atnnsph&re Then, 2B. 2 g (520 Dl ) of

Q)

trans- 2- buteretﬂvag njgeck ed, and th¢ autocl ave jvas heated fo [err]
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- 36 - with stirring. After the tenperature reached [err], a heptane
solution containing 20.7 ng of nickel octanoate and 1 nol per nol of the
ni ckel atom (P/Ni=l) of the above-nentioned phosphite conmpound (19), was
injected 5 with purified hydrogen to initi%te the reaction, and the
reacti on Was Cesfieereti——f-Si—aRe—hetH——TRe—t-eSthij-G—af—i-Re—tf-Gati-A—at-e—
shown in Tabl g 1. MEH 23 Into a qtainl ess stpel inductign type
autocl ave 10 fhavinglaihternal capqcity of 5 e} which was|deaerated gnd
flushed with nitrogen, 6 mecof a Weptaneg sol ufion eontai 1i ng Osl nol

2
of di chl or oet iyl @Igmi ng and 1Q9 m  qf cyclgohexape weigk chafjged udder g dry
nitrogen at nogphgre. |T nﬁ 1.78 kg (31.72 nmol) of 1-butene $hich 15 wgs
dehydrat ed by Ja gq‘l:e-cul"ér si eve, was]inj ect ed.
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Wth stirring at

0.1 rmolYl of n

i ckel

room t enper at ur e,

20.5 me of a heptane sol ution containing

octeneate and a heptane sol ution containing the

above- nenti oned phosphite conpound (19) in an anmount of 1 nol per nol of 20
the nickel atom (P/Ni=l), were injected +mngo-the autoclave with dry
Nitrogen to i N ; ' and
pressure rise | ave was ol theftenperaturdq was
mai nt ai ned at err] by usi ooler 25 4nd an
external heatey, eact i®n was hour®. Aftler
expiration of B § me ofo et hg injected|into the
aut ocl ave to terﬂi 1 ] reacti on, e was”cool §d to room
t enper at ur e. Theg,c:a y Yn} eact ed gas t he concentjrati ons of
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the products in the reaction solution were analyzed by 5 gas
chromatography. The results are shown in Table 2. EXAMPLE 24 A dinerization
reacti on of 1-butene was carried out in the same nanner as in Exanple 23,
except that the catal yst conponents i.e.-di4chl oroethyl al umi num nickel 10

oct anoat e and ghe—phesphi ed and then
1-butene was ihjected tH |nitiate thd reaction. fhe results}are shown in
Table 2. As is] evident @rpm Table 2, jcatalytic aptivities s@perior to the
conventional tlechniqde gnfl high15 del ectewity pan ba<obtaijned
irrespective ghg-Crggr of the contlact o# the fatal y§t, agd even better
ef fects can be] oftei fedf when céht act Jof th& catalyst is conducted in the
presence of an oﬁe;fxir."i - 38 -
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[err]

-41-

0 [err]

- 40-

0 [err]

- 30-

[err]
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-42- 0 [err] - 43 - 0 [err] - 44 - 0 [err]

- 46 -

According to the present invention, an olefin can be
dimerized under a high activity to obtain a dimerization

product highly selectively.



- 45 - [err] - 46 - According to the present invention, anotef+An—ecanrbe—

di meri zed under a high activity to obtain a dimerization pr ' '
sel ectivel y. - 47 - WHAT IS CLAIMED IS: 1. A nethod foa h ! “,
ol eftn, -which conprises dinerizing an olefin in the prese !

wherei n a ni ckel conpound, an organic algnhgug1conpound 5 and a phosphite
conpound of the formula (1): :

WHAT IS CLAIMED IS:

1. A method for dimerizing an olefin, which comprises
dimerizing an olefin in the presence of a catalyst,
wherein a nickel compound, an organic aluminum compound

5 and a phosphite compound of the formula (I):

R3S R!
R4 0
RS \
g6 (CHz)x/P-—O—W (1)
10 R7 0
R R?

wherein each of R! and R? which may be the same or

different, is a hydrocarbon group, each of R3 to R® which
15 may be the same or different, is a substituent containing

‘'no oxygen atom, or a hydrogen atom, W is a substituted or

unsubstituted aromatic hydrocarbon group, and x is 0 or

l, are used as the catalyst.

2. The method according to Claim 1, wherein the

20 phosphite compouhd is a phosphite compound of the formula

(I'):
R1
R‘
(sz)xO>—o—W (")

25 R7



[err] wherein each of RL and R2 which may be the sane or di
hydrecarbon group, each of R3 to [err] which 15 may be the JI’Q{’M
different, is a substituent containing no oxygen atom or a hydro ‘,
Wis a substltuted or unsubstituted aromatic hydrocarbon group, and X i §
or I, are used as the catalyst. 2. The nethgd_according to Claim1l, mhereln
t he 20 phosphite conmpound is a phosphite c gpound of the fornula (1"):
[err] -48- wherein each of err] and2 err] which nag be the sane or
different, is awenegimeagh @loRy, aad &% yhieh mgrobp heasP@erPrcym oal kyl
group, each of R4 and RY mhlch may be the same or dlfferent IS hydrogen
atom a [err] addfiterent, is a C,_ ;4 alkyl group, a Cq_;; aryl group or
C4-12 Cycloalkyl group, each of R? and R’ which may be the
same or different, is a hydrogen atom, a C;_,, alkyl
5 group, a C;_;, aryl group, a C,_;, cycloalkyl group or a
halogen, W is a substituted phenyl group or a 2-naphthyl
group, and x is 0 or 1.
3. The method according to Claim 2, wherein each of R!
and R? is a Cy_,o branched alkyl group, each of R? and R’

10 1is a C;_,o alkyl group or a halogen, W is a phenyl group
with the ortho position substituted by a C;_;,
hydrocarbon group, and x is 0.

4. The method according to Claim 1, wherein the olefin
is a Cj_5 olefin.

15 5. The method according to Claim 1, wherein the nickel
compound is a nickel C,_,g carboxylate or a
bis(acetylacetonate)nickel complex compound.

6. The method according to Claim 1, wherein the organic
aluminum compound is an alkylalﬁminum halide.

20 7. The method according to Claim 1, wherein the reaction
is conducted in the presence of from 0.0l to 30 kg/cm? of
hydrogen.

8. The method according to Claim 1, wherein the amount
of the nickel compound used is such that the nickel

25 concentration in a liquid phase would be from 1072 to 102

mmol/¢, and the amount of the organic aluminum compound

used is from 2 to 100 as the molar ratio to the nickel



5 ~group, a [err] aryl group, a [err] cycloal kyl group or a héTBEEﬁ‘ﬁmhﬁ§ﬁ&-_

substi tuted phenyl group or a 2-naphthyl group, and X is 0 ﬂ” MW
met hod according to daim2, wherein each of [err] and R2 | [ "ﬂ Il{y
branthed al kyl group, each of [err] and [err] 10 is a [err] afkyt gro

a hal ogen, Wis a phenyl group with the orhgo _position substituted by a -
[err] hydrocarbon group, and x is 0. 4. nmet hod according to Claiml,
wherein the olefin is a [er(i olef in. 15 5. The nethod accordlng to
Claim 1, wherei FOMROUNGK ARG Flfo ARPURE é’%%lpf{oémlt@alq%&%ﬂ ugedy
bls(acetylacetonate ni ckel. conpl ex ¢ ound. 6. The nethod agc ing to
Caimi1, wherei 8 F&ES Fedi c?%l%ﬂn%rﬁr{%om’r'd ratig, t9 ealnd-r?l hal i de.

20 7. The nethod according to Claiml, wherein the reaction is conducted
in the presenceqﬁm ‘0.01 to 30 kg/cnR2 of hydrogen. 8. The nethod

according to CI@.m:EhéMﬁgéﬂéhtJE%5¥E§HH to Claim 1, wherein the reaction

'5 temperature is from -10 to 100°C, and the reaction
pressure is from 1 to 50 kg/cm?.
10. The method according to Claim 1, wherein the nickel
compound and the phosphite compound are used as
preliminarily mixed, or as preliminarily prepared into a
10 complex of nickel with the phosphite compound.
11. The method according to Claim 1, wherein the nickel
compound and the phosphite compound are contacted with an

organic aluminum in the presence of the olefin.



of the nickel-eonpolnd used is such that the nickel 25 concentration in a
| i'qui d phase mnulq<gg from10-2 to 102 nmol /e, and the anount of the

orgqusmﬁi mpound used is from2 to 100 as t plar ratio to the
nlcke npound, and the anmount of the phog S '
from e nolar ratio to the nggk conp

accor ng to Cdaim1l, wherein the reaction tenpera'J

the reaction pressure is from1l to 50

Claim1, wherein the nickel confBEadag LHE = - :-npound are used as
prelimnarily m xed, nari| e nto Iex of
ni ckel with the pho?plﬂectg’ct‘grﬁz%ﬁj:af J‘Ffﬂa ‘ﬁb[‘ﬁ&f 8’3‘613%9 GOFRELESH 1,

R n'Cﬁlmerlzlng an olefin in the presence of a catalyst,

wherein a nickel compound, an organic aluminum compound

5 and a phosphite compound of the formula (I):

gs (CHz)x/P—-o-w (I)
10 | R-{‘Z@E—O
RE R2

wherein each of R! and R? which may be the same or
different, is a hydrocarbon group, each of R3 to R® which
15 may be the same or different, is a substituent containing
no oxygen atom, or a hydrogen atom, W is a substituted or
unsubstituted aromatic hydrocarbon group, and x is 0 or

1, are used as the catalyst.



cbnpohnd,ahd_the phosphi te conpound are contacted with an organic al um num
I n-the presence of the ol efin.
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METHOD FOR DIMERIZING AN OILEFIN

ABSTRACT OF THE DISCLOSURE

A method for dimerizing an olefin, which comprises
dimerizing an olefin in the presence of a catalyst,
wherein a nickel compound, an organic aluminum compound

5 and a phosphite compound of the fo;mula (I):

5
ge (CHz)x

- Pow
10 ////

(I)

wherein each of R! and R? which may be the same or
different, is a hydrocarbon group, each of R3 to R® which
15 may be the same or different, is a substituent containing
nd oxygen atom, or a hydrogen atom, W is a substifuted or
unsubstituted aromatic hydrocarbon group, and x is 0 or

1, are used as the catalyst.



