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-WD 2006/ 063892 1. PCT/ EP2005/ 055419 Method for the

production of unbranched acyclic octatrienes The

invention relates to the preparati on of one or nore

unbranched acyclic octatriene(s) by dinerization of

- jene and a catalysty for this purpose.

Vvokpééﬁgégg%branched octatreiénes are cogongnersP?g¥E§%%EKBS419

preparation of nodified polyethylene or

polypropylene _They can be utilized as. conponent for
Methhé far the ATLAZ SRS atrieflesst oners whi ch

are obtalned by polynerlzatlon of nonool efins and a

hydr ocar bon having at | east two double bonds in a

The meﬁ’:{tloﬁ 3hiafks 36 the %rep!iﬁh@ﬁj debhOBr nidie u}i@raﬁé@d%&?ﬁﬁdoctamene(s) by

acyclic octatrienes can be converted into

dimeriwation pb hdimgadienecadadathdysst for diie purposas or
tri epoxi des. These epoxi des can, for exanple, be
precursors for polyethers. Linear octatrienes can be

‘Acygﬁce p@fjt a ter ogtiéﬁé‘fg & Y UiGlonfal i fF e %rert)aratlon of modified

ene e dinerization of 1, 3- adi ene,
polyethylene pﬁslsolja;brepﬁeme Hitglyedanobe gnlrmdsas cgmmnﬁnd iforethe preparation of

such as 15 5-c cIrotadl  ohex- 4-
terpolyEsEsh d§- &%?éfqmqr ¥ l%m PRt aa%eat QO%T%&%* S mgrgplegns and a

hydr{rivpfﬁ*ﬁgﬁjfha(/ﬂx ge%t §|%§1H§ iHS£ %Jlél" rdtid€of 2;1. In addition, the

Zat 1 & , utalenetoform linear dieters
unbx&h&xedsar@lchy mbmsesanobetdwvm@hmO oﬁhet ¢mp¢ndamg monoepoxides,
group eight .of the Periqdic able, for exa

| e
* diepgrides orritpwrdss THFISEAPHAFS SAne KEIKGHDI5 S BIARHRTS S gty bolyethers.

Ni ckel conpl exes having a trival ent phosphorus
conmpound as |ligand are used as catalysts in, for
Lineak attakésneioad b ﬁ%ﬂare@&'oi&imﬁﬁ_& ébydiitﬂ@ﬁzatitﬁlSQDBS.-butIdiene. In the

dlméjnsg@ﬁggg%aégg%lﬁfdé%}qu gqe%sp%g%ieﬁ.gl l’)]@ﬁ clgtg%(rg,legy i ' &lhers such as
5 S E LIS B Ao i

m1xtg?é7:;at%€ﬂeuf‘r’td3bg$mt]neﬁe Caniyatseisei forthe dlimsrizatoal ofsk,3-bntadisne to form
284 and the
linegs; cgmerq ?}ﬁéﬁ}lp]ﬂjﬁ semRlenes %}hegg;tg}ﬁqfatr%qsgmglﬁ9m eight of the Periodic

Tabl%b%';? gﬁ%mn?l% iy g%f %n c%tbgllt %ﬁ%?lb{ﬁhnggeljoq?ﬁﬁgcﬁum-rh €

I'oned "processes I'zat1 on of
1, 3-but adi ene give linear octatrienes in

Nickel complexés having a trivalent phosphorus compound as ligand are used as catalysts in,
for example, DD 107 894, DD 102 688 and US 3,435,088. In US 4,593,140, a nickel-

phosphinite complex in which the OR radical contains an amino group is used as catalyst.

A palladium-phosphjné complex is used as catalyst in US 3,691,249 and DD102 376, a
palladium-phosphite complex is used as catalyst in US 3,714,284 and the
bis(triphenylphosphine)palladium-maleic  anhydride complex‘ is used as catalyst in
DE 16 68 326.

The abovementioned processes for the dimerization of 1,3-butadiene give linear octatrienes in
sometimes very high yields, but they all have the disadvantage that the catalyst stability and/or

activity is too low and/or the specific catalyst costs are too }ﬁgh for an economical industrial
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30 sonetinmes very high yields, but they all have the
‘dirsadvant age that the catal yst stability and/or
activity is too | ow and/or the specific catalyst costs.
are too high for an econonical industrial WO
2006/ 063892 2 PCT/ EP2005/ 055419 process. In addi.t,j
WO298649888Phor us- cont ai ni ng |i gands have t he BrEBSbos 055419
di sadvantage that they are very sensitive to
‘oxidation. It is therefore an object of the invention :
prodess. [ @diidienatheagHosphratis-ventginingl ghds jisteethevdisaivaniegesthat they are
5 naot, have .one or nore of the di sadvantages of the
verysspsifiyato adatiohs of the prior art. It has now
surprisingly been found that 1, 3-butadi ene can be
converted with very high selectivity and in a high
It is3hp@eRrd kirebjetted tihe Mventibn e@ provideainr dlenesive catatysadyisiem which does
exclusively 1,3,7- octatriene, in the presence of a
not kzve OE &F gnoafr elthe disadvrniagss obthcatalyat weiemsof e prioT 38t al
of 10 transition group eight of the Periodic Table of
the El enments having at | east one carbene of the
It had hiRt stirplisihglyMbled fountl thaa! BHithdidne can be converted with very high
1, 3-bis(2, 6- d||sopropylphen I)-4 5-di net hyl - 2- dehydr o-
selegivityyandoinrg hv@bcﬁpéce-amelw@dnaw. linege, pefataisnesa viryally exmﬁlé’ely 1,3,7-
OCta%Eni’OTg%s péelfnr%e §6% ? oﬁéﬁ'ﬁf tlc%% ISMH: g bageloxl;vher\fﬁ %gHIIp?BXI dt a metal of

car ene co

tran€i 86 ﬁfb@ ld:[g‘htt of el Pdfﬁ)‘&[cﬁ’?alﬂe oflthd E4er§cﬁt§hi\&ﬁgl btslbadt Uhedarbene of the
2-de -hydroi m dazole is, inter used

stru@mah| mula 64' mn@mq@art bBo?, ﬁzcmspm'ﬁpﬂphmbaﬁﬁé\aféewlr?rdehydro 3-
hydro @ h0| alt(ljgaggg gb(%d QQ J:(a%ﬁ ZTﬂls%td \998e¥ tlaeoe exgected since, for

prov es a ess

exarhple QﬁfDEQOEHQ i33BES p‘aﬂ@dlhmlcagoéﬁldto%ﬁipm%ewﬁbse carbene unit is hkewxse a
3- but adj ene- cont ai ni ng hydrocarbon m xtures, wherei

1 3,4,§réet©ﬁsn’@qﬂiﬁztad iZodehyriro-3hydmpugidezela di.cier alia apsed ey ‘éﬁﬁ%lYSt for the
f h ., and
telongPistiEn REBRGAGRe Hiendn RO R B R 2A0cBaRARS, an

the Peri odi c Table of the Elenents having at | east
one carbene of the structure L WD 2006/ 063892 3 _
The PEVEERRD 060981 prRgides a Rprecess for preparing linear octatrienes from

1,3-butadiene or 1,3-butadiene~containing hydrocarbon mixtures, wherein the dimerization of
the 1,3-butadiene is carried out in the presence of a secondary alcohol and a base, and a
complex of a metal of transition group eight of the Periodic Table of the Elements having at

least one carbene of the structure L
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R4 L where RL and R2 = Ci -C3-al kyl radical and R3 and
R4 = Hor a Cl-C3-alkyl radical, with the radicals R
and R2 or R3 and R4 being able to be identical or
different, as ligand is used as catalyst. The
radi cal s R3 and R4 can be joined to the benzen
WO2006083%2 4 or 5 posi tion. 53The radical s R3 aﬁg‘[‘@%oomsww
are preferably bound to the benzene ring in the 4
position. The present .invention |ikew se provides a
m xture Qf octatrienes prepared by the process of a
the ipyvention and al so provides for the use of such.
g for preparing linear octenes. 10 The present
al so provides a carbene conpl ex catal yst
a |igand conplex of a netal of transition
of the Periodic Table of the Elenents
#1i ch lhas at | east one carbene of the structure L, WO
083892 4 PCT/ EP2005/ 055419 R3 )RL N CN>: R2 R4
re: Rl and R2 = C1-C3-al kyl radical and R3 and R4
wa Cl-C3-alkyl radical, with the radicals Rl
3 and R4 being able to be identical or

Nfvention are that, owng to the significant

the boiling points, the reaction

Jrefcan easily be separated into octatriene,
startingrematerial, secondary al cohols, by-products
and catal yst and the catal yst which has beeny,
separated off can nostly be recirculated to the

whefy Rt @8é R2FhCs-Chediol tradical aad R3nexdfehsil or piladesalkyl radical, W1th the

radicals R1 and R2 or R3 and R4 being able to be identical or different, as ligand is used as
catalyst. The radicals R3 and R4 can be joined to the benzene ring in the 3, 4 or 5 position.

The radicals R3 and R4 are preferably bound to the benzene ring in the 4 position.

The present invention likewise provides a mixture of octatrienes prepared by the process of a

the invention and also provides for the use of such mixtures for preparing linear octenes.

The present invention also provides a carbene complex catalyst which is a ligand complex of a

metal of transition group cight of the Periodic Table of the Elements which has at least one

carbene of the structure L,
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because both the separation costs and the catal yst
costs are low. 10 In. addition, the precursors of the
| i gands used according to the invention can be stored
wi thout problens for a relatively long tinme and the
ands are | ess oxidation-sepsitive. The proc
WOtZ(Qg 010898 i on has the further® advant age thgt ?’%si“/lglf’ZQOS/0554l9
conversi ons of butadi ene of above 80% are obtai ned
and the yield of 1,3,7-octatriene is above 75% is The
process of the invention is described by way of
exanpl e bel o R t hout the invention, whose scope is
defi ned by e clains and the description, being
[ eret 0. The clains thenselves are al so
part of. discl osure of the present invention. If
v (o5 prefsyred ranges are given in the follow ng
i cally possible subranges and
uaINZO vdl ues within these ranges are al so part
of the |sc osure of the present invention, wthout EM
040175 *'se havi ng been explicitly nentioned for
reason clari y. In the process of the invention
ear octatrienes from 1, 3-but adi ene or
1,3-outadi-ne cont ai ni ng hydrocarbon m xtures, the
di 2ot pf the™1,3-butadiene is 5 carrled out in
the prefence pf a secondary al cohol and a base and a
conpl ex Lof etal of transition group eight of the
[ e of the Elenments having at |east one
car bene of th§4 structure L, R83- RL N )C: NP2/
: L

where R1 and R2 = C;-Cs-alkyl radical and R3 and R4 = H or a C;-Cs-alkyl radical, with the

radicals R1 and R2 or R3 and R4 being able to be identical or different’, as ligand.

The advantages of the process of the invention are that, owing to the significant differences in

the boiling points, the reaction mixture can easily be separated into octatriene, starting

material, secondary alcohols, by-products and catalyst and the catalyst which has been

separated off can mostly be recirculated to the process. This results in an inexpensive process

because both the separation costs and the catalyst costs are low.

In addition, the precursors of the ligands used according to the invention can be stored without
problems for a relatively long time and the ligands are less oxidation-sensitive. The process of
the invention has the further advantage that conversions of butadiene of above '80% are

obtained and the yield of 1,3,7-octatriene is above 75%.

The process of the invention is described by way of example below without the invention,
whose scope is defined by the claims and the description, being restricted thereto. The claims
themselves are also part of the disclosure of the present invention. If ranges or pfeferred
ranges are given in the following text, all theoretically possible subranges and individual

values within these ranges are also part of the disclosure of the present invention, without
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4 L where RL and R2 = G -C3-al kyl radical and R3 and
R4 = Hor a C-C3-alkyl radical, with the 10 radicals
E%d?h R2 or R3 and R4 being able to be identical or
i? erent, as ligand is used as catalyst. The radicals
R3 and R4 can be joined to tQF benzene ring in the 3,
4 or 5 position. The radical's R3 and R4 are
preferably bound to the benzene ring in the 4
~position. Particular preference is given to using
these hayihg besn exdplitily matiahed fof reasamsofidlaty.gr oup ei ght of
the Periodic Table of the Elenents having at |east
one |, 3-bis(2,6-diisopropyl phenyl)-4,5-dinethyl-2 15
53 Lol Het i i d utadiene or
i HEHPLEE STUY FNEMATEION el iy dladineh, G901 2%
1,3-butadicnnbommamed hptrgcdrban atkihats; | theelimierizdtion pf doedS-bitadiene is
the invention. WD _2006/ 063892 6 PCT/EP2005/,05541
carried qyt (7 therpresqrcs r?aaessforadgpaﬁf?gbgl et oY Al PIBRIEE ST @ metal of
» . R :
tran o B O O b P R ST pA frbene of the
struffirignt s as catal yst netal. The 5 catal ysts used
according to the invention preferably have nickel or
pal | adi ungz particularly preferably palladium as

Byt adi ene to formlinear octratrienes to be
in the presence of at |east one further
; deye,, it is advantageous to use 10 |igands
khi ch ifncrease—t he reaction rate, inprove the
$g| ectilvity fto the formation of |inear octatrienes,
n t hel operating life of the catalyst or bring
abouyt ogygr advant ages as such additional |igands.
Thetprogess of the invention for the dinerization of

1R26(- bufiadi en¢ can be .carried out particularly
dvant ggeouslly when at | east .

L
where R1 and R2 = C;-Cs-alkyl radical and R3 and R4 = H or a C;-Cs-alkyl radical, with the
radicals R1 and R2 or R3 and R4 being able to be identical or different, as ligand is used as
catalyst. The radicals R3 and R4 can be joined to the benzene ring in the 3, 4 or 5 position.
The radicals R3 and R4 are preferably bound to the benzene ring in the 4 position. Particular
preference is given to using complexes of the metals of transition group eight of the Periodic
Table of the Elements having at least one 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-2-
dehydro-3-hydroimidazole (structure L1) as ligand as catalysts for the dimerization of

1,3-butadiene to form unbranched acyclic octratrienes in the process of the invention.



10

15

20

(DVDS) is present as further ligand in addition to the
carbene ligand L. The ratio of the 15 optional further

i gands, in particular DVDS to the carbene ligand L

is preferably fromO.1 : to 10: 1, nore preferably

1 to 1.5: 1, part cularly preferab
Woo@%g}f)%?ggzl : and very pa ¢t| cularly prefera P‘(}f/ﬁ?ﬁ@OS/OSMD

-1. In the carbene conpl exes of the invention, the

metal, in particular palladium is preferably 20

At~ t he oxidation states 0 and 2. Exanpl es of

| exesy. pal | adi un( 2) - car bene-di ene conpl exes and
adi uA( 0) - car bene L-DVDS conpl exes. The carbene
s useq in the process of the invention can be
pfepared in vdrious ways. 5 A sinple route is, for

"2%)61063892 7 PCT/ EP2005/ 055419 di ene

partlcular a pal | adi um conpound, or the
of a ligand of a netal conplex by the
the structure L. As precursors for the
it is possible to use, in particulldr, netal

salts, preferably salts 10 of organic acids or

hydrohal ic acids. Precursors which can be used for the

t | r f the

Thertglnlng ?:%F élf}%% eglxﬁ g_lzec ?Ic@g%éz%iz[thg 13\656?11@15236:351 n(‘lﬁ\zé dht or more o
metalk lof ntiadaitiop ardbupd VI )‘.hebP@‘mddE',[‘a‘tble tolfithenElements as catalyst metal. The-

tet I | | adat e, | adi
catab'g}s{ IZ%BU:%%OD%EH Ea%ﬁlge/qnpf a:}pélggllg es#@r aceltn%%gag glt' %art]l?af im, partlcularly

i onat e, bisaceto-
profbcl r’ ﬁL“IH%Ha)é‘? g{rrﬁql ) chlori de,
blstrlphenylphosphanepalladiun(ll) di chloride, bis 15
benzonitrilepall adi un(11). chl

It cay; lga(ztc}viant@ggqﬂsfpb% Spenizayiga of ggﬁ hﬁ-{;‘g adieng t¢ frmlipear octratrienes to |
c%ﬁ’ke A4 ac!fI ai;t“ii A4hhd turﬁx %&ﬁ%f—‘ Her&'if ?suﬁdsv‘%ﬁégeous to use

can beé use for e nic talni ng catal yst
llgaﬁdsewﬁichklﬁbre@wfﬂﬁuﬁ%mnfmfe, improve the selectivity to the formation of linear

octatrienes, increase the opérating life of the catalyst or bring about other advantages as such
additional ligands. The process of the invention for the dimerization of 1,3-butadiene can be
carried out particularly advantageously when at least 1,1,3,3-tetramethyl-1,3-divinyldisiloxane
(DVDS) is present as further ligand in addition to the carbene ligand L. The ratio of the
optional further ligands, in particular DVDS, to the carbene ligand L is preferably from 0.1 : 1
to 10 : 1, more preferably from 0.5 : 1 to 1.5 : 1, particularly preferably from09:1t01.1:1
and very partlcularly preferably 1 : 1. |

In the carbene complexes of the invention, the metal, in particular palladium, is preferably
present in the oxidation states 0 and 2. Examples of such carbene complexes are, inter alia,
palladium(0)-carbene-olefin ~ complexes, palladium-carbene-phosphine ~ complexes,

palladium(0)-dicarbene complexes, palladium(Z)-dicarbene complexes, palladium(0)-carbene-
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exanple [Ni(1,5-CsH12)2], (c-C5H5)2Ni,
(Ph2P( CH2) 3PPh2) 2Ni C 2, (PPh3)2N Br, PPh3Ni (CO 2, 20
ni ckel (1) acetyl acetonate, nickel (lI1) chloride or
sLm’ I arI ni cke: conmpounds listed in catal ogs of
chem cal su iers. Precursors which can be us f

WORRE6/PEP R Eﬁ} conprising catdlysts are pal | adi E’EJ]T/I%EZOOS/OS%B '
conmpounds, for exanple '
bi stri phenyl phosphanepal | adi un(1T) dichl ori de,

dienBicshphies, pafladiubu(2)-epdreatitnendonipletts and dalladium(0)-carbene L-DVDS
bi s(tri-o-tol yl phosphi ne)pal | adi un(0) and further

- complgkesadi un(0) and. pal | adi un(11) conpl exes. The carbene

L can be used as such or as netal conplex or else be
generated in situ froma precursor. The carbene of

The BB edd EotBplex Uscand tHe@osms af thednpintisn den be eekpared in various ways.
therefromcan be 30 generated in situ froman

A simplelzet iunios skemple, (ireadibier af ™ saibengr b cytoey mefh sempound, in
. R .N. R):WR4 .S = )
partichlgy %éﬁallgﬂ I%Od}n&4or:%%l%%%$la§n@?%ggglf%(a)t}?o?%'l%gré’clmplex by the

-carb¥hd éF thberud@diical s R and R2 or R3 and R4 being able

to be identical or different, and a base, in
particular a nmetal conpound. The particularly

referred carbene 1,.3-bis . . :
s SREReE By RaRaRDR- 1 Bk et parientar. Tt gl prferenly el
of F&fc aBidst Sehy@baAlicC afips. eRred@kbre e@hich heme be amed dor; theopalladium-

exanpl e, be generated in situ froma )
conta;i;[lﬁ}gg catalysts- atei prdledivpy splise nfpr Jexample palladium(I) acetate, palladium(II)
chloglfigeuéa:%lflm rrgrhlrgg? 'i‘i%h%&“&h%&h&<>8£11&d‘él& %%ﬁgc{i@n(ﬁ) acetylacetonate,
palladium(0)-dibenzylideneacetone ~ complexes, palladium(Il)  propionate, bisaceto-
nitrilepalladium(ll) ~ chloride,  bistriphenylphosphanepalladium(Il) ~ dichloride,  bis-
benzdnitrilepalladium(ﬂ) chloride, bis(tri-o-tolylphosphine)palladium(0) and  further

palladium(0) and palladium(I) complexes.

Precursors which can be used for the nickel-containing cafalysts are nickel compounds, for
example [Ni(l,S—CgHu)z], (C-CsHs)zNi, (thP(CHz)g,Pth)zNiClz, (PPh3)2NiBI‘, PPh3Ni(CO)2,
nickel(IT) acetylacetonate, nickel(If) chloride or similar nickel compounds listed in catalogs of

chemical suppliers.

Precursors which can be used for the palladium-comprising catalysts are palladium
compounds, for example bistriphenylphosphanepalladium(fl) dichloride, bisbenzo-
nitrilepalladium(I) chloride, bis(tri-o-tolylphosphine)palladium(0) and further palladium(0)

and palladium(Il) complexes.

The carbene L can be used as such or as metal complex or else be generated in situ from a
precursor. The carbene of the structure L and the metal complex derived therefrom can be

generated in situ from an imidazolium salt of the general structure S
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and an appropriate base, in particular an appropriate
nmetal conmpound. 10 Exanples of X- are halides,
Emd%ﬁg{ﬂgensulfate, sul fate, sulfonates, alkylsulfates,
~aryl sul fates, borates, hydrogencarbonate, carbonate,
al kyl car boxyl at es, phosphate phosphonates and
aryl car boxyl ates. The carbenégL or is preferably
set free fromthe salts of the structure S or WO
2006/ 063892 9 PCT/ EP2005/ 055419 Si by reaction with a
base. The pre%yrsors can be obtained in a known manner
by reactig appropriately substituted anilines
i at el y substituted 2, 3-but anedi one and
formal d¢ The preparation of such precursors is
i oe exanpl e, in "Nucleophilic Carbenes and
[ i n nodem Conpl ex Catal ysis, Anthony
J. Argluengp and| 5 Thomas Bannenberg, The Strem
' ~—3une 2002, Vol. XVIV No. 1". If the catal yst
is.prodjyicedy n situ frﬁgta pal | adi um conpound and a
car benellpregfursor of t structure S, an al koxi de of -
ary ‘alicohol used in the dinerization of the
I, 3- [ ijs advant ageously used as base. If, for
exapp i 3 Is used as solvent, it is 10
advant ag 0 use isopropoxides as base. Preference
is give sing al kali netal al koxides, in
parti cul g0di um al koxi des. |f desired, solutions
conprising al'lali netal hydroxide and al cohg can
al so be used in place of the al koxide solutions. In
whetdhR1 randa Réess CofCstaltieyliradicaltand B3 4riddR4 &rit on tar(ét%aikblf radigel, with the

e 0 5 FRCLTED A BRSSO S TR o v

particBlat 000 PRI "BdrBpoide’ efiRD! izfartlt:ﬂaw 5pr5fén%@0 RPBraNd1,3-bis(2,6-

particularly preferably froml to ppm The ratio
diis¢propyipieny)ef 5-damdsieyle2- dehydrméﬁladrouatdab@iefand th@neal tomplex derived

250/ 1, preferably from1/ to 100/ 1 a cul ar |
therglrm &aBp{oy g o1 Py geBerBisAin S5 fFom e, ?fﬂia}*g@ﬁ Qisgpioppipheny!)-4.5-
s ation is
dlmaﬁzlf g%ﬁ?ugg{bﬁaggsﬁﬁﬁﬁgt S b%?%dé%ngé of a secondary
alco-. having from3 to 20 carbon atons. The al coho

pe alicyclic or aliphatic. Preference is
sing secondary aliphatic alcohols, in

S1

and an appropriate base, in particular an appropriate metal compound..

Examples of X are halides, hydrogensulfate, sulfate, sulfonates, alkylsulfates, arylsulfates,
borates, hydrogencarbonate, carbonate, alkylcarboxylates, phosphates, phosphonates and

arylcarboxylates. The carbene L or L1 is preferably set free from the salts of the structure S or
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l'inear alcohols. It is also possible to use m xtures

of two or nore al cohols. Furthernore, polyhydric,

secondary al cohols, for exanple diols such as

2|4 dLhydroxypentane triols, 25 tetraols etc.

al so be used. Preferred al cohol's are isopropan
WORMPPERE&Pnol . Particular preterence is Slvgn $GT@@%465K55419

i sopropanol in the process of the invention. The mass

rati o of al cohol to 1, 3-butadi ene.can be in the range

S1 Hy emtibndbith 8 basd, The pfdﬁﬁﬂ;bﬁmiayx hierobtditeel inarigewhrmannét by reaction of
to 1/2. Since the reaction should occur, in a

appiepreighn é@b@ltuméuuaalhaﬁ%\s@ﬂh appropradely gﬂlgsggltgé e2.3imtanedione and .
fonqa?%ghgﬁ%.éf&m% at?o'ﬁt of sW'Eﬁg f%:u%o}g% agécﬁﬂgd, Fhr Sddfple, “Nucleophlhc

_ ) ai nrn rocar m’xture ﬁ

Carlengt 964 Bhdit IWppladtions tih Ih&&rm&mhﬂéx OARLRK) BRI Aﬁluengo and
PCT/ EP2005/ (%&19 The reaction m xture can optl onal |y
Thogwspenewbengs The Btrew| Ghamilksr, fue 2802n¥nleXY TKiNm 1boi | er
in which the catalyst and possibly the base used
di ssolve(s). 5 According to the invention, the

If thei ARy Al freducell ik BRu Fosr BphRai@n oottt and & ofrdene precursor of the
octatrienes occurs in the presence of free base

strugthtech anslipside afdhe mpn@eeﬁ@}cah@ldwefbm th durpgiagaeR oFf &5 butadiens
s a&gggggretglgs )lf'”F}}asrgﬁli e%sp ef er goIYrvg)lna%ﬁ% u§§%r%£mf ITgi)% dﬁ%ﬁh% solvent, it is

advﬁﬁééebﬁsu lt@ruser ﬁﬁﬁroﬁﬁﬁlﬁes Sis BiseePréforetisd g givdnakd us‘ﬂigahlkah metal
Koxi des, in particul ar sodium al koxide, as bage.

alkomﬂne,vm partxculg spidgun paj]g@nmse If clesigesd, agop@gmps fomprising alkali metal

oxi,des. such S t he
L
, 3-butadiene is preferably fromO0.01 nol to 10 nol
per 100 nol of 1,3- butadiene, in particular fromO.

In thmpropgss&frﬂ;e imvrationr therancentation lof ty eftelystn formpfly mprtfd in ppm

(ma pSapeiet p o Py SR st ot o OO P gbih 6000 ppm, more

refiraBryORbRA0 NG 100 bphMild PRGEUIRLY PheftRBESHERAN] tbeso m. The ratio
P carlrylbed out is prf(;?l‘hrablfj from%gj&to 1§8C nor PP

- (mopimel)exfabibgnd E.sermetal ican b@@gma(hal/ 1 to 250/1, preferably from 1/1 to 100/1 and

particularly preferably from 1/1 to 50/1.

In the process of the invention, the 1,3-butadiene dimerization is preferably carried out in the
presence of a secondary alcohol having from 3 to 20 carbon atoms. The alcohol used can be
alicyclic or aliphatic. Preference is given to using secondary aliphatic alcohols, in particular
linear alcohols. It is also pbssible to use mixtures of two or more alcohols. Furthermore,
polyhydric, secondary alcohols, for example diols such as 2,4-dihydroxypentane, triols,
tetraols efc., can also be used. Preferred alcohols are isopropanol and cyclohexanol. Particular

preference is given to using isopropanol in the process of the invention.

The mass ratio of alcohol to 1,3-butadiene can be in the range from 1/20 to 20/1, preferably in
the range from 4/1 to 1/2. Since the reaction should occur in a homogeneous liquid phase,
these ranges are subject to restrictions only when 1,3-butadiene or the 1,3-butadiene-

containing hydrocarbon mixture used has a miscibility gap with the alcohol.
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particularly preferably 40 to 80C. The reaction
pressure is preferably fromO0.1 to 30 MPa, nore
preferably fromO0.1 to 12 MPa, particularly preferably
fromO0.1 to 6.4 MPa and very 20 particularly
preferably fromO0.1 to 2 MPa, The dinmerization '
WOR086(9G88% ene can be carried!But continuously 8&&/]&%05/055419
batchwi se and is not restricted to the use of
particul ar types of reactor. Exanples of reactors in
which the dinmerization can be carried out are stirred
vessel s, cascades of stirred vessels I ogrt ubes. an
S

) f . o
The Feadtion prix&ie €ak SPteR i somnriss Sudher sglveplis 1o eXapBles? 318? boiler in
.al i bl . I St d vessel wth a
Whl%ot\?\lngwggt (rg@g{mgﬁ%g\f\; ' t;cfe?é( g@ﬁ?«%}g%dllg%tgl on can, in order
" to obtain a high space-tine yield, be carried out only
to incomplete conversion of the 1,3-butadiene. If i

; . 'S .
Accordingtoathednventiony thei dimergatioprRfcths jlohbyigdigeg to lipear octatrienes

than ,95% pref ek £t
ocery] et ibssBbe pHRES hibe Wiee Wi i G R Yor el B M Garbene 1)
PrefBeR6EE Tiwth th Sink AkORIdes)HabiEtildEy frufetably Akdnidadifeinealoshol used, as
1, 3- but adi ene-contai ni ng hydrocar bon streans

baseprReftiquids| prefergicpus sivante priag alal seial adkoxides; i partiopfar sodium

alkoggcfgagsa ualsgtr%?\??v%étiﬁ%itagsr%ﬁ)gggﬁfezé gl'rs?gl%(% r%e%a% ggr&rgﬁid‘é?&clﬁéas NaOH or
KOH asbkdék arihepeocebd¢f thy Bivestasrbon streans used can

conprise, inter alia, 5 allenically unsaturated
conpounds. Particular preference is given to using a

e GBS SO P AT B AR oA o 15

buta@lekb,ih §artRhilat FInDOY a6d186 6 élidhd deheparfididarhnstefetablpfrom 0.2 mol to

Cs- hydrocarbons. Such m xtures are obtained, for

1 mebypempP@mol af tAdekadigpepr ocesses for the production of
et hyl ene and propylene in- which refinery gases,
naphtha, gas oil, LPG (liquified petrol eumgas), NG

The t&Rbathte £35hidl) tHel dihcHYatiodl ¢f. the a3ebuttiedead forlh éiné# octatrienes can
fractions obtai ned as bé/- product in the processes c
dg

an
be womgst iogk isl pe:ferabladirenme1¢ 3o et808€, wmarh niefetsblyefioms 40 to 100°C and

1- Qut i 5= but,=2= t - but - 2- '
Pt DT B e BRI S A P gty O 89 to 30 MPs,
mor@GRiHaBRI £&h! 0/1 ¥H32IMPAL B ciaNP ?wekabl@@fdwloap&t $l4EMPa and very

vinyl acétyl ene, nethyl acetyl ene (propyne)) and.al so

partiahiladlyipoafbiaply from 0.1 to 2 MPa.

The dimerization of the 1,3-butadiene can be carried out continuously or batchwise and is not
restricted to the use of particular types of reactor. Examples of reactors in which the
dimerization can be éan'ied out are stirred vessels, cascades of stirred vessels, flow tubes and
Joop reactors. Combinations of various reactors are also possible, for example a stirred vessel

with a downstream flow tube.

The dimerization can, in order to obtain a high space-time yield, be carried out only to

incomplete conversion of the 1,3-butadiene. It is advaritageous to limit the conversion to not

more than 95%, preferably not more than 90%.
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unsat urated conpounds (rmainly 1, 2-butadiene). In

addition, these fractions can contain small 15 anounts

of C3- and CS-hydrocarbons. The conposition of the C4

fracti ons depends on the respective cracking process,

t he )oroduction paraneters and the starting mater|]

WOPRE6/063%Fent r ati ons of the i Abividual conponen gTZILr%ZOOS/%S“g

typically in the follow ng ranges: Conponent % by nass

1, 3-Butadiene 25 - 70 1-Butene 9-25 2-Butenes 4-20

The | #28HE eNfeds) for Ihe éiﬂooBsd anehd iventiBn chs deupwnel ,B-bbtadiefie or 1,3-
Acetyl eni ¢ conpounds 0.05 - 4 1, 2-Butadi ene_0.

i C 0.05-2 20
butaflieneieenteinies: skydsecartn | sixeamsi oﬁ!ef%?-léfferlén'a@a¢1§neg§% nﬁydrocarbon

i 0, SRR TR (00 e S gy s
ApaRiChOEPRO Y, 0150134 8ne, THR BY@LEArBeh hyrdamas ajsbdnancedmprise, inter alia,

frequently contain traces of oxygen conpounds, .
alleméallyoyysaturgedrpompelsids.sRdrtigila eneeds gvandgasing a Co-hydrocarbon

compound i,n particular .chlori ungs, ,
fractin & ﬁ%‘ﬁ%‘fﬁf‘a%ﬁﬁ%ﬁﬁ%sﬁﬁi@ﬁf%cﬁ%gl %ﬁ%ge%ri gfe e PT% !gﬁl& for example,
mixRERCES $,3%uthdibnd AHBNEth&NC,-| ind €;1 Ber@figdcarbons. Such mixtures are

advant ageous to separate off these substances at the

obtaiyed; fomi exgmplentre paeking grasessss fordtbe Psgdustion of ¢ipylene and propylene in
.exanpl e, stabilizers, tert-hutyl catec B

whichh RSB €85 Bafg’lﬁmca?_ra%o"ﬁ ) !Lf_f?%r% %%8@,1’%]8%83;‘ e, SGL gpatural gas

liquidt,et@!, daBYidgeted e O, "RAbHOhE @SbiAiaed be Bepod@ited tikfprocesses can
by, for exanple, scrubbing, in particular with water

comprise hdttwvadensotogetheonwith gnonpplefingr(d -iengd sisrybdtege, trans-but-2-ene,

isobutene), saturated hydrocarbons (p-butane, isobutane), acetylenically unsaturated

compounds;(ethylacetylene, vinylacetylene, methylacetylene (propyne)) and also allénically

unsaturated compounds (mainly 1,2-butadiene). In addition, these fractions can contain small

amounts of Cs- and Cs-hydrocarbons. The composition of the Cy4 fractions depends on the

respective cracking process, the productioh parameters and the starting material. The

. concentrations of the individual components are typically in the following ranges:

Component % by mass
1,3-Butadiene | 25-70
1-Butene " 9-25
2-Butenes 4-20
Isobutene . 10-33
n-Butane 0.5-8
Isobutane ' 0.5-6

) Acetylenic compounds 0.05-4
1,2-Butadiene 0.05-2

In the process of the invention, preference is given to using hydrocarbon mixtures having a

1,3-butadiene content of greater than 35% by mass.
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A water scrub can conpletely or partly renove
hydr ophi li ¢ conponents, for exanple nitrogen
components, fromthe hydrocarbon m xture. Exanples of
nrtro%er coonnSnts ?re acetonitrile or '
N et rrolidone (NWP en conpounds, t
WOinQOE/Qég 58% renoved by rre?ans (#g a vva{TSr scrub 9%%]5@605/055419
wat er scrub can be-carried out directly using water or
el se usi ng aqueous 15 sol utions which may conpri se,
The f Qartiag angdrartoak tan shefueady NahiaG8 tiatisS 8f @8yge?i7épmp9$nds nitrogen
3,308, 201, US 4, 125, ?8 US 3, 336,414 or
comgouryls, swlfir. conpagls, Blogay LATRGURS 1t gerticnlE” Aylaripe sppBpunds, and
hear) ST Eoshfo s oA BRE SR ThEBRoR kI 07 Freicty I is thercfore
advetn@e@ﬁs 1 sepiirate dff thdbessubktances\n tierbegimi) Irpexéamgtcompounds can be,

can_be carried out .usin for ex
for mlsmbﬂsﬁeés«@ bitylgaterl {RBCro tr?@afﬁggér or carbonyl compounds,
ot r api | lation. Free water can, for exanple,
©8 %ggggﬁgﬁg%a@d%%k by phase separation, e.g. using a
coal escer. Adsorbents can be used to renove inpurities
in the trace range This can, for_ exa

, ce
Thesivemiriige 6 be seatried Al Be foreamplens nB@pg, W%ag%u}aé Stith water or

aqueg%/lg?%g ortrs.r %?E)Zm%gns' M%Arﬁér% with a significant

ern € activity are used in the second
process step. Nitrogen conpounds or sulfur conpounds

and al so TBC are often renoved hy neans of upstream .
A walgs sprbb g completelnpraarigy re&&féf@rbdémpéﬂl&rc@nmoi}ﬁf Jrﬁﬁ example nitrogen

des g0/ :
comﬁf)p(rlle E%t‘t‘rqu h%g&dgoﬁ‘f%ﬂ%gg Yrﬁ? T 2 ain%?e% of ﬁ%g&ﬂ%@?pﬁ%&g&?e acetonitrile
or NYBeRi38688)ne (NIPY. [hiyigen %Iﬁpém:rdk,etbe kaBGn byrt bardnmmsd by means of

conpani es, for exanple by Al coa under the nane

a waell mthr(ervyatexbgﬁmk}mbbe B@rﬂemghélre%bfglsnrgh‘@atsrr Poleq using aqueous
AS
w5, 58 B Bome, T FFERR S 40 EBSOPRES L2 7, s

3,308201 a8, BIF, RO UISE3, 356, 410 ¢ wm,nzmeﬁppm by mass of
acet yl eni cal | y unsat ur at ed compounds, it can be

advant ageous in the process of the invention for the

N

scruUHErﬁﬁ% @axp 86 RarPied iohit BY nk&lfl&l'seﬁi@% fré1@ the pEOE SALIT dfssolved water is
l ess than or equal to 100¢p pm by mass preferably
oa

presbws sryihgeambeeguind ow BHgden byemlesma jegulgm ievesupsadgsiccant or by

means of azeotropic distillation. Free water can, for example, be separated off by phase

separation, e.g. using a coalescer.

Adsorbents can be used to remove impurities in the trace range. This can, for example, be
advantageous because noble metal catalysts which react even to traces of impurities with a
significant decrease in the activity are used in the second process step. Nitrogen compounds or
sulfur compounds and also TBC are often removed by means of upstream adsorbents.
Examples of adsorbents are aluminum oxides, molecular sieves, zeolites, activated carbon or
metal-impregnated aluminas (e.g. US 4,571,445 or WO 02/53685). Adsorbents are marketed
by various companies, for example by Alcoa under the name Selexsorb®, by UOP or by

Axens, e.g. the product series SAS, MS, AA, TG, TGS or CMG. .
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If ﬂper aml@ca,fb% l@EF’amAPSﬁ

preferably | ess than or equal to 20 ppmby mass, in a
precedi ng step before the hydrocarbon streamis used
in the dinerization step. The separation/renoval can
be carried out, for ‘exanple, by extraction or
enatlon of the acetylenically unsaturate
OE%WE Y Any 10 nethylacegélene pr esent canqgrg%P%%95@55419
renmoved by distillation. The renoval of acetylenic
conmpounds by extraction has been known for a long tine
and is, as work-up step, an integral part of nost
ants which |solat§ - but adi ene, from C4 fr%% I ons

O@é%aén% B anpunt efgige ten pm by mass of
ace ﬁe‘fﬁc%. lg &?lrh@éd 3 c?st 8026 PERAVAESHEOM oss. of the invention

Fac omac efz by extraction i1s descri
for fige a@ét?lﬁﬁﬂc@lly Iuﬂs&ﬂﬂtdd atrtlpdimids eto Bbe ga;sarat@étcrfﬁcmenmmved from the
ver ei ni mt Brennstoffchem e v 34, nunber
bydmegiven s oum, b&@é@%h@"ﬂ T befrehaptlotog §°ntP’F1t of less than or

ook 7 AL S DB RRIORS B Sy b s sty

prefefablyf le@Mhbh @r quab alippsn By (ihas@tm ragireckdimedstere befornibe bydrocarbon
extractive distillation with water-contain

 strepqnist e gr the| dimspigatioaveieri fhe Srepargﬁlorg{eéttpvalrﬁgﬂ be carried out, for

exat%g/%?% e%rga %30%?{‘2‘{’[%% P&p of M ac% afiah bhurdt cf%rhﬁcﬁmds. Any

trac ron and t e acetyl enli ca

metHlaedtyAem d;ﬁéseﬁomitdbe fepoved by distillatiorbon at ons are
separated off fromthe hydrocarbon distillate by
nmeans of a second extractive distillation with

TR A A N bl B s efon i FEAPIR e and i, o5

dienei's separ at

workBpNgep)fant it grdl l#aithﬁr mestgilinth adhicnisolavd 13-butadiene from C4 fractions
nmet hyl acetyl ene and 1, 2- but adi ene hei hg obtai ned as

from;awqgacé@ne% procpss o5 theereayial ek ecebilemepllypinsaEaeg forpppunds from C
fracbgr\l/s(e ﬁ %rgélie? %f e%tr? les %P?cn%@éﬂop e L ErdWxY;ﬁzCEBhle—Erdgas—

e diner zat| on

Pez;%cﬁemtvaﬁyz;ﬁgmgm&mmmem%o Gar mﬁbéﬂ& ﬁagﬁsz dbsRipage: 343 — 346.
by extraction, which may further conp

In thisopiogessdikenaidtinly omsptazaied hmfoqagborﬁpmdoyhmg%ylemcaﬂy unsaturated

acetylenic c an b
comgpuny §F PAGRS ﬁf39°fsr 7 Belfols s #RE0e Gl FoaflchBble by extracive
kath Witel & intcty ol iM6hé 639 F2st btkp. Th turated
dm%%%?%PZOOS/ 8554{&19l gmé ren%@gfo 1of aggltsglPIQem ca?l pr TG T

hydmmad:pm ateeskperatqsoofffronh rtherNMR ertrait JomfiistiRationy @ﬁlnﬁheﬁatyiemcaﬂy

unsaturated compounds having four carbon atoms are separated off from the hydrocarbon
distillate by means of a second extractive distillation with water-containing NMP. In the
work-up of C4 fractions from a cracker, pure 1,3-butadiene is separated off by means of two
further distillations, with methylacetylene and 1,2-butadiene being obtained as by-.products. In
the context of the process of the invention, the 1,3-butadiene obtained in this way can be the

starting material for the dimerization.

The 1,3-butadiene-containing hydrocarbon streams obtained by extraction, which may further
comprise 1,2-butadiene and/or less than 100 ppm by mass of acetylenic compounds, can be
used either directly or after a work-up, preferably directly, as starting material in the

dimerization.
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preferably carried out by hydrogenation of the
acetylenically unsaturated conpounds. To Ili avoid
yield | osses, especially of 1,3-butadiene, the
hydrogenatlon process has to be very 5 selective,
t he hydrogenati on of but adi ene to lin
Vvoﬁﬁpéﬁﬁég%%d t he hydrogenatloﬁ4 butenes to bE?%HE22005K55419

has to be very largely avoided. The sel ective
hydr ogenati on of acetylenic conpounds in the presence

- of dienes and nonool efins can be carried out using,

Therr%;rp@%)t(@gp co gﬁ{;{sg‘tglgatt A n;%gllna %r@ﬁzz Slw%oc&rﬁwmh@am used is
prei’él%f:@e :%Ined Q)ru@ Lﬁgr %}%{)ﬁéﬁfa’cﬁﬁ %f Ft’gé L0\ tenilalR) %ngnuraféﬁ compounds. To

um”or mXxed catalysts.

avoilOyiBrl Iossds] aﬁpqﬁfaﬂﬁrecsfetw&)wta&hegieyﬁm hydrogématjon process has to be very
copper - cont ai ni ng. cat al éSt s or catalysts conpr.

seleptt L 5ai0p RS RHInColo bAoA (o dine: tieies Ao ghe drogenation of
butetﬁgéj {OOQSFE'I?E% 3 ’t?] g‘é %LY}L ﬁagé 2}{1‘2\9&@% A4S SERBA ﬁﬂlr@%enaﬁon of acetylenic

fenpoved fromt e-contai ning start
conFBlRisi ialthe PyesérRacif idisnenatdimdnosbfindein. beStartiechowtasampp for example,
are 15 described, for exanple, in US 4 393 249 and
coperropBming-etalysts (It isdikepiseagble &g Bm,at% Yits $QRPTAYiREpgDIe metal of
grmm‘:@ fiy opthe%noﬁﬁof’a%lle O i glﬁerﬁ&‘“t%ix}l gl tieu | Z B ééi;lgrﬁ._rﬁrom%d catalysts.

e sang alco as useé

Particafe tpreferept® ds @lve tot whigy bogper-chetaigingecatalgtts am catalysts comprising
- according to the invention can conprise, 20 for
botheiedlapiuen and GRPRET- oct at ri enes as mai n constituents and

al so by-products, "inert C4- hydrocarbons", residua

anmounts of 1, 3-butadi ene, secondary al cohol and
As @@bﬂbm&ﬁvéﬁ‘ﬁﬂ@ﬂi\ogéﬂmibﬁj aCyiphie xcondpogadwisan bhs d=;, reﬁtcn/ea from the

or subsequent products thereof and any adde ol.v

butﬂda@éﬁanﬁargméﬁ] sfwgt%t@m% byareastion Wﬂhxmrséco of *Such processes are

but
sy ) S, BP0 59 P8 PPt B S et

the ﬂb(%ﬁdl' 'h@edf QAR tdneoval OBthe 28dti1eflic compordspabt Iﬂmﬁa&re alcohol as used in
- but adi ene, can be separated off by distillation.

1hGGM®mﬂwanllonatlon of the product mixture fromthe

di neri.zati on according to the invention can be

carried out quite generally by neans of known '
ThelrBg4sh ?Jhﬂiucpfrﬁ)ﬁﬁl%sﬁém the Ain2Atdeactofding tordhe dfiventibn can comprise,

extraction. For exanple, a fractional distillation can .
for Issaropler ilowan wctatriengs vas mkein fosinptiuee ango afspaby-penddcts, “inert Ce-

hydrocarbons®, residual amounts of 1,3-butadiene, secondary alcohol and catalyst system

-

(metal complex, ligands, bases, etc.) or subsequent products thereof and any added solvent.
Depending on the starting material mixture, 1,2-butadiene can also be present in the reaction
product mixture. Any allenes present in the product mixture from the dimerization, in

particular 1,2-butadiene, can be separated off by distillation.

The fractionation of the product mixture from the dimerization according to the invention can

- be carried out quite generally by means of known industrial processes, for example distillation

or extraction. For example, a fractional distillation can be carried out to give the following

fractions:

~ a C4 fraction comprising n-butane, isobutane, 1-butene, 2-butenes, isobutene, 1,3-butadiene,
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a ¢4 fraction conprising n-butane, isobutane,
1- butene, 2-butenes, isobutene, 1,3-butadiene, WO
2006/ 063892 15 PCT/ EP2005/ 055419 1, 2- but adi ene and
possi bly part of the alcohol, a fraction conprising
the |inear octatrienes, a fraction conprisin
Woang@éWéiS 93 fraction conpri si A by- pr od%ts QPWEPZOOS/OSMB
fraction conprising the catalyst, if appropriate a
solvent fraction. The fraction conprising the al cohol,
12-biﬁed1%namdms1bw ofithgalkcbimlsol vent and the fraction
onpri sing the catal yst or catalyst systemcan in each
3ff49§§’éc%‘€l”é%ﬁ$ﬁb€t BeY HAtHERSSt y recirculated 10 to the

afra%'tﬂ%&&?ﬁﬁéﬂ%th%r &%ised to a work-up. The target

m’xture of (linear) octatrienes
aﬁa@tleﬁa@mﬁnﬁugbﬁ?rmeﬁsss of the invention, preferably
conpri ses .mai n 1,3, 7-octatriene, i.e. at least 90%
afra@yonﬁ@r@p@maﬂ@catas@ét atriene. The two isoners (cis and
atrlene can be present in aratio
1fap(§)]n§pqal %%’3’&35‘7#% about 1/1.7. The octratriene
obt ai ned can be used for the preparation of t he

products nentioned in _the introduction, 0sﬂﬁrtl cul a{1
Thef @?ctrpnecomlwmgatheoﬁc@ml ThecliRCtioR: EHRRT T, e ciygnb end the fraction

conb g HLEAS SRS RS 4T SOORAMLES ol R
to t&tddnbﬁﬁﬂxoﬁ%pmédfcyéxwgrlpﬁﬂa_yol efins or polyesters.

Furthernore, 1,3,7-octatriene can be used as an
internmedi ate for the preparation of 1-octene, which

can i ed . an t
The tsrrgef I%OC%P s a hﬁ)lé%#@ %f iﬁrtle%ﬁngét?tgl%n% @J g&g{l:'fbgi frﬁe e;%@&ess of the
mveﬁh@ﬂit% frdbip ﬁbm@n@as@nﬁlﬁlyal Bi7et@atriéng diec Belchst 90%6 b3rmdss of 1,3,7-
via the follow ng route: formation of a Diels-Al der

octaamgcfh@maﬁpmmdéw@nérﬁnv of b3 deackatrignsfan bgiTFesepha a ratio of, for

| exarﬂy %bgogk ‘]J‘/tl:jg ;ﬁg foc%%@l%{lg ]:)b%ﬂx%g QG é {115 %{r}?r }&%ﬁ)‘féﬂap%on of the products

meni6AéirOthe ififo ARHE in culﬁlf&sﬂﬁlpal&pa@nlo@foﬂlﬁﬁar octenes In addition,
hydr ogenat ed adduct (retro-Diel s-Al der reactjon '
the ofitstscameanrbeoispdediwith dienophiles to form the corresponding 1els-A1der products
which can be utilized for modifying polyoleﬁns or polyesters. Furthermore, 1,3,7-octatriene
can be used as an intermediate for the preparation of 1-octene, which can be carried out using
a method analogous to that for the preparation of 1-octene from 1,3,6-octatriene. Starting from

1,3,6-octatriene, 1-octene is prepared via the following route:

- - formation of a Diels-Alder adduct of anthracene and 1,3,6-octatriene, with the terminal

double bond of the octatriene reacting,
- hydrogenation of the two double bonds in the side chain of the adduct,

- dissociation of the hydrogenated adduct (retro-Diels-Alder reaction) to give anthracene and

1-octene.

This synthetic route, which is described in Research Disclosures: “Process for preparing
1-Octene from Butadiene”, number 476, December 2003, page 1281, enables 1-octene to be

prepared in a simple manner from butadiene via the octatrienes.



l-octene. This synthetic route, which is described in

Research Disclosures: "Process for preparing 1-Cctene
from But adi ene”, nunber 476, Decenber 2003, page 1281,
enabl es 1-octene to be 30 prepared in a sinple manner

f iene via the octatrienes. WO 2006/ 06
Woﬁé%g)@ggggg/ 055419 Furt herrmrlg the |inear oct i?ﬁﬁgﬁgoosmssm :

prepared according to the invention can serve as
precursor for the preparation of |inear octenes,
Furthéroodve ctha linearmowmr@oprbyars@ bemirdivg td glwrmgsmamcgn serve as precursor

B N TR DR AT N———

are E{ gﬂ{gmaﬁ&b ﬁltéfﬁl%ﬂﬁté@ffomﬂ% gfﬁﬂﬁ’ibﬁ%‘f%nm having a lowvdegree of .

genation), which can b l1zed, inter 5 alia,
branahmgl (anytmeanzenf Igidncdhmx)daudfh endChydmogertation), sdpelr edrete ofilized, inter
fromthe reaction product mxture can be worked up in
alia,\ag plasti QZGW§9§Kﬂ%he way is firstly to separate the
1, 2-butadiene fromthe C4 fraction, e.g. by
distillation, and pass it to a furt her use. Anot her

- TheWyfricsioh Gepatite@ off frdme thddrchcthmt produdtanixtise bacbé werkid up in various
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hydr ogenation in which the dienes
ways. é%liled‘ﬂa}’ Islﬁrgﬂfbtﬂ Sgailréiﬁéh%ﬁgl lgtﬁgdlerie orﬁdﬁeago é’ﬁfgl% g .g. by distillation,

and ﬁﬁgé’ S 46% IRy JisB Ut Bﬁlef“ 2P i 'ﬁ?] esﬂgﬁct e, fra on to a selective
rogenations are rrom t FTor art and are
hydldgmllohe(h xfzkm:h ednam‘mleﬂes iape UBmb#ed 178, rddidudll 19Bb0tadiede and the

F. Nierlich, henhaus, Erdol_ & Kohl d
1.2-pedisenern eor(vws‘%s)mtegl-b%ne al?% 2hyienesqy gg?br %ygrosﬁwoa% gre known
t n iy
fonf UC B oM B, e Be0Bed 307 RAhIET iR S UARSISY 196 3119850 and
F. Nuemhﬂhd? Db@ﬂhails,dhﬂéb&d(l(ﬂﬂe Iﬁﬂgsoﬁﬁnmhmzeilm&@rwem 78 In industry,
pal | adi,um cat al ysts. Any aI cohol , present in t

theyt grg arse eﬂfnbo"fnfmn‘&?e%t%%er 911 B2 asBiyElAY OF strges-b %ngenatwn is

pref%léglgi %?/nede{)%tﬁﬁ;tg? ﬁé % ﬁtl reﬁez%rggeﬂéglgsr Q%ggﬁ‘&d PMadium catalysts.

Anyi #&hod paeit)in ¢nCh &aétedmwa&ﬁ if fspessanaibplsepardtyd offenyskmafwn methods
a water scrub. Dr colums, inter alia, have bee

eithqrobeigra eroafigs I:l?euifl dr@gewsmn Repdily ouetersobibly afepbols (for example
1sop1j9%§xl’f%lz ey bgnréﬁcWeg f%fr el(;ﬂ‘qgllgl %{ %1%&@5‘%’?% f%gb . Drying columns, inter

fadirene- and al oca ons

alia, (HAWE ddbe RRnE QB be Risefl &fralraibk\the D@Sﬁredﬂilafheﬁ%&ﬁnﬁg) mMixture of largely
corresponds largely to commercial raffinate | and can
1,3-psadien e b3 dutadicne- and alcohol-free Cy hydrocarbons (butadiene content preferably

less than 5000 ppm) corresponds largely to commercial raffinate I and can be processed
further or worked up like raffinate I using known methods. For example, it can be used for the
preparation of tert-butyl alcohol, diisobutene (or isooctane), methyl tert-butyl ether, 1-butene

or C4 dimers and oligomers.

The following example illustrates the invention without restricting its scope which is defined

by the description and the claims.

Example 1
0.005 mol of a 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-3H-imidazolidenylpalladium(0)-

DVDS-complex (complex formed by palladium, the ligand L1 and DVDS as further ligand)
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20

further or worked up like raffinate I using known
nmet hods. For exanple, it can be used for the
preparation of tert-butyl alcohol, diisobutene (or
i sooctane), nethyl tert-butyl ether, 1-butene or 4 _
diners _and oligoners. 25 The foll ow ng exanpl e
Woquoééo(ﬁﬁg??es the invention w tlhout restricting iPtCsI/EPzOOS/055419
scope which is defined by the description and the
clainms. Exanple 1 30 0.005 nol of a o
wasl diobied (iR ,38-1 iof aff). D mdlghshytion- of, SduimmsohyopoBide immisparapanol. The
. 1 denyl pal | adi urr(g)g- DVDS- conp conplex forned b
iyt | WA BOIF PGREFEER B SOVER s SR i oa [ Bt djoctave. The
11 sPET} Pr%é%g /815943 QingBsthdi133P Ve #/10" mol) of
amo?@."%qgg{)ggggtgag rrl,glg-rrfo ut ?on of sé%gl,\%m [ soprgp%% de mol) L

1,3-bitadienp fopaa ptessufd eylimfiex tvereesubsesjuentty axhdeestd umdehe autoclave under

‘argon into a 100 m stainless itgeel Pﬁ@;’ aud{) cl ave. -
masyRentrely§er elpgngdhe agRnlBE. itavashseie o Al nandihe femperature was kept

conéf‘t%)lgl éopgj%tups. "I]h% 29,1 &lé‘?e' \Z/Zg #n colaﬁald) tooxfoo?\;'tec ggf'httlﬁg' e butadiene_

t
m a ‘pressure cyl1nder were subsequent dense .

. whithleht tikeaasdlonl ay depreskarizSicmpwss camdensdd. andlf weighed. 5 g of isooctane

cl osing.the autoclave, it was heated to 70C

d . .
werg é@ﬁkﬁ@raétxme@al,\ggmi@é%m fh@gﬁ@gigmg qog,:en@g)fﬁg%?.g_ogg’fpeﬁg yield of linear

t \/ . 2 . HnCr : ield
e
of Hdepriessuwctathdries wasas Y Cardiesodelactilitweil §%d The chembselectivity is the

i sooctane were added as internal standard t

! . a I t he,
yield ewepawiHenesomulinied oy {9 284 d5eiis &y PRV 6f dippiclds of telomer,
i ] ' s determ ned by gas
°°ta§he?‘§%?%‘8&a h{)k@@??ﬁ%@an HP 6869 A instrument. The
yield 10 of linear 1,3,7-octatri.enes was 92% at a
chenosel ectivity of 95% The chenopselectivity is the
Exampled of octatrienes nultiplied by 100 and divi ded by

' h : i el ds..of fL )
w2 rREOH B Bl S0l 1 ST PORSORT g soconduy

alcoBYll whicyt16TRRAR] a8f dhaBY Svds GoBuaPyctotexexide fThet yield dffimear 1,3,7-
secondary al cohol was cycl ohexanol and the base was

octatyiagticsi wiag RSl o tleaahemeseleathatyyaf 86 %- of | i near 1, 3, 7-

Example 3
Example 3 was carried out in a manner analogous to Example 1 except that 1,3-bis(2,6-

diisopropylphenyl)-4,5-dimethyl-3-hydroimidazolium bromide and 0.005 mol% of palladium
acetate (1.38 * 10”° mol) in a ratio of 4:1 were used in place of the complex. The yield of

linear 1,3,7-octatrienes was 83% at a chemoselectivity of 93%.



octatrienes was 83% at a chenosel ectivity of 95%
Exanple 3 20 Exanple 3 was carried out in a nmanner
anal ogous 'to Exanple | except that |, 3-bis(2, 6-

di i sopropyl phenyl) -4, 5-di net hyl - 3- hydr oi m dazol i um
brom de and 0. 005 nol % of palladium acetate (1.38 *
10'$ nol) in aratio of 4:1 ver g used in place of the
conpl ex. The yield of [Iinear 1, § 7-®ctatrienes was
83% at a chenoselectivity of 93% 18 O Cains: 1. A
process for preparing |inear octatrienes from
1,€lams:adi ene or 1, 3- but adi ene- cont ai ni ng hydrocarbon
m xtures, characterized in that the dinerization of
the 1, 3-butadiene is carried out in the presence of a
s edonproyesa i Phedarin@ ifbaf oRaGienesFsh 8 3088 oP1,3dutadiene-containing
metal of transition group eight of the periodic Table
of t Redrogarkoramixgresay | ng at | east one carbene of the

stru N RXL VRA where Rl and R2 =
Cl1- _ag%c%/z#ecf%otpgl and R3 and R4 = H or Ci1-C3-al kyl
r adi thaldim#zation e 1 3cHutalliche B captiéll J8? irPthe Preséitd of¥ secondary alcohol

being able to be identical or different, as ligand is

us ecF¥ beg, ang 8 complex Fhemgtebefimnsision erouprright pfihie Periqdic Table of the
1. MbaLa¢ ﬁ%gzeﬁ‘iea'stnoﬁe I?:grtbene of the structure L

R3
R1
7%?

where Rl and R2 = C;-Cs-alkyl radical and R3 and R4 = H or C;-Cs-alkyl radical, with
the radicals R1 and R2 or R3 and R4 being able to be identical or different, as ligand is
used as catalyst.

2. The process as claimed in claim I,
characterized in that
the catalyst comprises 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-2-dehydro-3-
hydroimidazole (structural formula L1) as carbene ligand.

3. The process as claimed in claim 1 or 2,



the catal yst conprises

1, 3-bis(2, 6-diisopropyl phenyl) -4, 5-di net hyl - 2- dehydr o-
3- hydroi m dazole (structural formula LI) as carbene
ligand. 3. The process as clained in claiml or 2, 19
0 characterized in that a catal yst having pal |l adi um
or nickel as netal is used. 4. Tge process as cl ai ned
in at | east one of the precedind cl & s,

characterized in that al koxi des are used as base, 5.
The process as clained in at | east one of the

pr ec etanagtedtesd imghat characteri zed in that alkali metal

hydr oxi des. are used.as bases. 6. The pr.ocess as
claiﬁﬁﬁg$ E&“ﬂ T gickelia detiedg cl ai ns,
characterized in that isopropanol is used as secondary

al cohol. 1. The process as clained in at |east one of
t hel. Thegrectssigs chimiertin at ledseoreaif ¢rel prevdding clahmas,

cycl ghexanpl ,i.s,,used as secondary al cohol. 8. The
proc feeed el in at | east one of the preceding
cl ai gBayi Lzed in that the carbene of the
strugﬁ?ﬁg&%ﬁﬁhﬁﬁg@ét al conplex derived therefrom
are generated in situ froman imdazoliumsalt of the

e al structyre 20
984 The process as cﬂxgmeds' In at least one of the preceding claims,

characterized in that

alkali metal hydroxides are used as bases.

6. The process as claimed in at least one of the preceding claims,
characterized in that

isopropanol is used as secondary alcohol.

7. The process as claimed in at least one of the preceding claims,
characterized in that

cyclohexanol is used as secondary alcohol.

8. The process as claimed in at least one of the preceding claims,
characterized in that
the carbene of the structure L and the metal complex derived therefrom are generated in

situ from an imidazolium salt of the general structure S



R3 R NRA S where RI and R2 = Cl1-C3-al kyl radica
and R3 and R4 = H orCl-C3-al kyl radical, with [I1"' the
radicals Rl and R2 or R3 and R4 being able to be
identical or different, and a netal conpound. 9. The
process as clainmed in claim8, characterized in that
t he carbene

1, 3-bi s( 2, 6-di i sopropyl phenyl ) - £05- dj net hyl - 2- dehydr o-
3- hydroi mi dazol e and the netal conplex derived
therefromare generated in situ froma 1, 3-bis(2, 6-

di i sopropyl phenyl ) -4, 5-di met hyl - 3- hydr oi mi dazol i um
salt of the-ggneral structure SI and a netal

compound. he process as clained in any of the
precedi ng , Characterized in that a

but adi &p aNning ¢4 fraction is used as starting
mat eri gk he process as clained in any of the

pr ecedi n ims, characterized in that the
concentragiop of the gatalyst, formally reported in
ppm(rm o mefal based on the total mass, is from

th-ng Cl alms 21 characterized in that
/ mol ) of carbene L to netal is set in

t he rang @ 0.01/1 to 250/1- 13. The process as

cl ai med i n™any,of the preceding clains,
: S

where R1 and R2 = C;-Cs-alkyl radical and R3 and R4 = H orC;-Cs-alkyl radical, with

the radicals R1 and R2 or R3 and R4 being able to be identical or different, and a metal

compound.

9. The process as claimed in claim 8,

characterized in that
the carbene 1,3-bis(2,6-diisopropylphenyl)-4,5- dunethyl-z-dehydro-3-hydronmdazole and

the metal complex derived therefrom are gemerated in situ from a 1,3-bis(2,6-
diisopropylphenyl)-4,5-dimethyl-3-hydroimidazolium salt of the general structure S1 and

a metal compound.

10. The process as claimed in any of the preceding claims,

characterized in that
a butadiene-containing C, fraction is used as starting material.

11. The process as claimed in any of the preceding claims,

characterized in that
the concentration of the catalyst, formally reported in ppm (mass) of metal based on the

total mass, is from 0.01 ppm to 1000 ppm.

12. The process as claimed in any of the preceding claims,



characterized in that at |east one further ligand is
present in addition to the carbene ligand. 14. The
process as clainmed in claim 13, characterized in that
at least 1,1, 3,3-tetranethyl -1, 21di vipnyl di sil oxane is
present as a further ligand in addition to the
carbene ligand. 15. The process as clainmed in claim 13

or 14 &%ﬁ ized in that the ratio of the further
Iigangasra(?ot it

e carbene ligand L is preferably fromO0.1

| t thelr@tia (mbl/mal)of cartene hdo metad issetin theatmge/fom 0.01/1 to 250/1.
characterized in that the catalyst is a |ligand conpl ex
of a netal of transition group eight of the Periodic

Tabl gifocés? rﬂ:ﬁ%@‘ﬁ?? i I*é?eﬁg%%t -2ast one carbene
o?ﬂtﬁge tnzc%ure , }Ml;fltﬁ{pN CEQAA@E’ whew Rl and
R2 =cHaractefzal ikyhatr adi cal andR3 and R4 = H or
d-C3-alkyl radigcal, with the_ jradicals R and or
R3 aft nsé#ﬁvgrﬁwlﬁeres@% @%P%rcamwﬁz@ﬁf . as
l'i gand.
14. The process as claimed in claim 13,
characterized in that
at least 1,1,3,3-tetramethyl-1,3-divinyldisiloxane is present as a further ligand in addition

to the carbene ligand.

15. The process as claimed in claim 13 or 14,
characterized in that
the ratio of the further ligands to the carbene ligand L is preferably from 0.1 : 1t0 10: 1.

16. A carbene complex catalyst,
characterized in that
the catalyst is a ligand complex of a metal of transition group eight of the Periodic Table
of the Elements which has at least one carbene of the structure L,

R3

L
where R1 and R2 = C,-Cs-alkyl radical and R3 and R4 = H or C;-Cs-alkyl radical, with
the radicals R1 and R2 or R3 and R4 being able to be identical or different, as ligand.



