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WD 2006/ 063892 1 PCT/ EP2005/ 055419 Method for the
production of unbranched acyclic octatrienes The
invention relates to the preparation of one or nore
unbranched acyclic octatriene(s) by dinerization of

WO 2bp8bsgedi ene and a catalyét for this purposePCB/EP2005/055419
Acyclic unbranched octatrei enes are conononers for the
preparation of nodified polyethylene or

Methgé lféllptrh%:%l Sgl!nc“ation-r&%f b Qﬂc%‘a A bl &:‘?Qtrﬁﬁef onponent for
stomers whi ch

are obtai ned by pol ynerization of nmonool ef i ns and a

hydr ocar bon having at | east two doubl e bonds in
The ipysinkien relefes to theppreparpiiomatiPrG BhmofhBnbIanGhss ra%lﬁé&tameﬂe(s) by

into the
aimeRgYEL o b Rt NS SR BErF Y BB o' o
trlepOX|des These epoxi des can, for exanple, be

recursors for polyethers. Linear octatrlenes can he
Acyclpy epdraghed o@Ct@tj‘(@WSe argy\CoOFIMERICHEat fopnthgs preparation of modified

ut adi.ene, r Q b
potyefhyrthd Sy SR o By o 8] MEBRIE gty aCih Ul Fbaration of
terpol§HeRs, ag. bthsthnbrs wigoet-aghtained aij}'dpddyﬂﬁyhzat@hoéfewﬂe(ﬁﬁﬁms and a
ranched and |i near acyclic diners and al.so m xtur

hydropﬁba@dlravm@ ﬁeleﬂ&irﬁ’i@ddm@d? dopds &n gseglargptip 1 2:1. In addition, the
unbrag?}gtalrjlgciz}/gf | 30%&3 %gxceaglufb?a %I ﬁ@e‘?‘tehomlft H% cJto#rgﬁa gﬁlgnﬁoﬁoepomdes

diepo@idedipr elepiitidef Tﬁé‘s@ cPetiladiag, fof akingple frrprecopsdpd for bbigsters.
of iron, cobalt, rhodium nickel or palladium 20

Nlckel conplexes haV|ng a trival ent phosphorus

v GRS 5 5o 00 S BRIt e 1 e

dlmeriﬁtlén 931, 340iadRenB] kel pospibRs i ikl slitpleey dydlivvdiabrs such as
the OR radical contains an anlno@group is used as

1,5-cyshrogtadiene andpeinylgpclelerhersp Hirsched mpH dincps agdig ¢imers and also
. t al in US 3.6
i AL ) 5 eSS 0 a0t of o v o

tinear}ithets £84sAAf; Edifplexes of the metals of transition group elght of the Periodic
bi s(tri phenyl'phosphi ne) pal | adi um mal ei ¢ anhydri de

Tablecfompkanple thags efiirers, cobalhlfyativmmiclpion palpgige6.

Nickel complexes 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-phosphjne. complex is used as catalyst in US 3,691,249 and DD102 376, a
palladium-phosphite complex is wused as catalyst in US 3,714,284 and the
bis(triphenylphosphine)palladium-maleic  anhydride complex 1s 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 high for an economical industrial



10

15

20

The abovenenti oned processes for the dinerization of
1, 3-but adi ene give linear octatrienes in 30 sonetines
very high yields, but they all have the disadvantage
that the catal yst stability and/or activity is too

WO do0owoaBgdor the specific catg yst costs are topCHEIR005/055419
for an econom cal industrial W 2006/ 063892 2
PCT/EP2005/055419 process. In addition the

poceRD SRR FR AL HTROR 1Y5, DI TR 88 ey e

Verysteﬁgﬁeég,r@ﬂmwgbj ect of the invention to provide an
alternative catal yst system which does 5 not have one

or nore of the di sadvant ages of the catalyst syst ens
risin und

tis Brghons aBOnGr G b e a e BERTE A AT Gy e which docs

not haV@l o8 bl Moky o Be disBdanbiy gttoﬁaaeealtygtrg?smme bgltHeki@r hitnear
octatrienes, virtually exclusively - octatriene,

in the presence of a secondary al cohol and a base when

f t f.10 t .
It Ty GV BTy BT cloBPS (e EPERETLen ey Ry IR B oY Tpriery high
selectﬁr?{ einoi hidR&pa&d 6 by @hinth A Sothiriehdd, PRAubIG Wk@hsively 1,3,7-

Is(2,6- dllsopropylpheny ) - 4, 5-di met hyl - 2-dehydr o-
octatrBanehryldﬂhe |pmsd1a:z%o¢f@, sexondarg atvdholsandsebasasvlvat atgsplex Phiagnetal of

transi%ig? g%)%% EW%% gg&t feggﬁﬁgfﬂ%ﬁft tgg gie:tlg %&h%?r@atmg@leecairbnene of the
structﬁt%[ Q&‘ﬁﬁllé“l tin ipartidule® W, §—%15€Q Gﬁalgetﬂ'oﬁflﬁl%h&@-ﬁuﬁﬁﬁﬁwlﬂddehydm 3-

-dehydro-3-hydroi m dazoléis, inter alia, used
hydroemtdakqlst asf lggant he usetiGast el adyrsr This findimgoashst delbe map wtetdhsmce for

n .al h orm Iko -2, 7-oct adi ene.
examTR R0 L 4 O4Pa RV PRaUIAg0S CAT LB SicaT ohr Bpkds Hjovise 2
1,3, 45 t&%ﬁb&]@ﬁt@d . &hS8rol 1-QPArotmidaRINt 34l RRE MM, used as catalyst for the
but adi ene- cont ai ni ng hydrocar Bon ni xt ures, wheréin
telombﬂmtldn wE bitzdiehowitbfan atdebolitp Jepui athospe,7- gctediend. ed out
in the presence of a secondary al cohol and a base, and
a 20 conplex of a netal of transition group eight of

The §Venfi& | RbMRin Eﬁb obified Ne Fh&IB N3 Anearl @@Blrienes from
one carbene o e structure L WO 2 063892 3

1,3-b1Raddi £deRRA00N 5/H0EEAH6-coBining hydrocarbon mlxtures 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



RLN / N> R R4 L where RlL and R2 = Cl1-C3-al kyl
radical and R3 and R4 = Hor a ¢ -C3-al kyl radical
with the radicals RL and R2 or R3 and R4 being abl e
to be identical or different, as ligand is used as
WO 208b@bkysi2. The radicals R3 and R4 can be j oi neBECT®EM2DO5/055419
benzene ring in the 3, 4 or 5 position. 5 The
radicals R3 and R4 are preferably bound to the benzene
ring in the 4 position. The present invention |ikew se
provi dess a m xture of octatrienes prepared by the
g5 _of a the invention and al so provides for the
such m xtures for preparing |linear octenes. 10
~ i nvention al so provides a carbene conpl ex
ich is a ligand conplex of a netal of
group eight of the Periodic Table of the
ich has at |east one carbene of the
re L, WD 2006/063892 4 PCT/ EP2005/ 055419 R3
VR L where RlL and R2 = O -C3-al kyl radica
andf R4 = Hor a d-C3-alkyl radical, with the
and R2 or R3 and R4 being able to be
5 different, as ligand. 5 The advantages of
cess of the |nvent|on are that, owing to the

R4

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.

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

The present invention lkewise 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.

10 The present invention also provides a carbene complex catalyst which 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,
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the boiling points, the reaction m xture can easily be
separated into octatriene, starting material,
secondary al cohols, by-products and catal yst and the
catal yst which has been separated off can nostly be
WO 2086i066sdat ed to the process.g This results in BOT/EP2005/055419
i nexpensi ve process because both the separation costs
and the catal yst costs are low. 10 In addition, the
precursors of the |igands used according to the
i nvention cags be stored without problens for a
relativelywdong tine and the ligands are |ess
ensitive. The process of the invention has
ndvant age t hat conversions of butadi ene of
3 obtained and the yield of
above 75% 15 The process of the

whose scope is defined by the clains
and th de _ription, being restricted thereto. The
clalns th neel ves are al so part of the disclosure of
t e [ ntion. If ranges or preferred ranges

5 [ p followng text, all theoretically
4 s.and |nd|V|duaI 20 val ues within
t ese are also part of the disclosure of the

[ ' wi t hout EM 040175 5 these having

Iy mentioned for reasons of clarity. In
the process\ei the invention for preparing |inear
octatrienes from 1, 3-but adi ene or
1, 3- but adi ene- contalnlng hydr ocar bon n1xtur%s t he

Where?%ﬁﬁﬂ R3LL N0 é 81-‘ llgh‘f'ad]wﬁ 453 92%01-% ora BT, a@l%zl %chdl Nyith the

e presenc secondary a and a base "and
radicalORP lagk Rafor R3nmtl &4 afing stda i be identgpnborpdi &eght, aoh gztnkie
Peri odi c Tabl e of the El ements having at | east one
carbene of the structure L, R3

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 1s above 75%.

The process of the invention is described by way of example below without the mvention,
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 preferred
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 mvention, without
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RLN/I N> R2R4A L where R and R2 = G -C3-al kyl
radical and R3 and R4 = Hor a Cl-C3-al kyl radical,

EM Odpt¥ the 10 radicals RI and R2 or R3 and R4 being
able to be identical or different, as ligand is used
as catalyst. The radicals B3 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

LN Lo th I . preference is

these éiawg g byerrex ghclﬂy?r?enh gé&e@? g%agérﬁséf ?f{e it ‘s of transition

group ei ght of the Periodic Table of the El enents

havi ng at | east one ] _ _ '
In thy [gopsss (o, Biedinveriptto By PrEATRG -linest grixgiqRgs -fom 5l,3-butadiene or

oo RGBT BT

carriell Guini Y prasdhed of aysetorlapChlegidlia@deshbdse ahle @ngless! efmetal of
the invention. WD 2006/ 063892 6 PCT/ EP2005/ 055419 N N

trans1an gmie e{ghd aptheDeriedicliapla of the Elpmants ying ¥ deaskonsrcafhpae of the
structl ention can have one or nore of the netals of
WP sition group VII'l of the Periodic Table of the
El ements as catalyst nmetal. The 5 catal ysts used
accordin®®to the invention preferably have nickel or
particularly preferably palladium as
can be advantageous for the dinerization of
put adi ene to formlinear octratrienes to be

It is advantageous to use

R4

L
where R1 and R2 = C;-C;-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 higand 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.
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10 I'igands which increase the reaction rate, inprove
the selectivity to the formation of |inear
octatrienes, increase the operating |ife of the
catal yst or bring about other advantages as such
WO addidesggml | i gands. The proagess of the invent PON/HERM005/055419
the dinerization of 1,3-butadiene can be carried out
particul arly advant ageously when at | east
-tetranet hyl -1, 3-di vi nyl di si | oxane (DVDS) is
as further ligand in addition to the carbene
The ratio of the 15 optional further
n particular DVDS, to the carbene ligand L
ply from0.1 1 to 10 : 1, nore preferably
to 1.5 : 1, particularly preferably from
.1 : 1 and very particularly preferably 1
t he carbene conpl exes of the invention, the
it particular palladium is preferably 20
in the oxidation states 0 and 2. Exanpl es of
rbene| conpl exes are, inter alia,

erbene- phosphi ne conpl exes,
(0) - di car bene conpl exes,
2) - di car bene conpl exes, palladi um(0)-carbene
20064063892 7 PCT/ EP2005/ 055419 di ene chpIexes,

pal | adi unm( 2) - car bene-di ene conpl exes and

pal | adi un(0) - carbene L-DVDS conpl exes. The carbene

conpl exes used in the process of the invention can be
The (poreplekkdatalysts aised irs thearocess B Ahg iinygheor eyt Bayesone g more of the

ex l e, the addifi i he be onta a_netal
metalf AFUtIon AP BT pEthedheris ol Picif e Cafpbtads CBpdigeral. The
catalys@PhRE GRBEHIRS todthk | 1806 oR préfcidlahaveOBk & orpallaliem, particularly
carbene of the structure L. As precursors for the

prefermblygiaylsdisim, kg me®l.possi bl e to use, in particular, netal
salts, preferably salts 10 of organic acids or
hydr ohal i ¢ acids. Precursors which can be used for the

1t canfd d RGhHSRouS FHiAL RInGiZAAbRbYES, BhRafahd RUGHMNBBA cttratricnes to
for exanple palladium1l) acetate, palladiun(ll)

be cantddomit de thepplchade wirat 1spsthorenfudber liganhi Heare, it is advantageous to use

eeod FETRESE B9 Bl LSCLUr(A! ) aColyecet PORLE of inar

octatrftks, AL e ofr AR E thlBAGE P 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 from 0.9:1to 1.1:1
and very particularly 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(()-carbene-olefin complexes, palladium-carbene-phosphine complexes,

palladium(0)-dicarbene complexes, palladium(2)-dicarbene complexes, palladium(0)-carbene-
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nitrilepalladiun(ll) chloride,
bi st ri phenyl phosphanepal | adi un(I1) dichloride, his 15
benzonitrilepalladiun(ll) chloride,
bi s(tri-o-tolyl phosphi ne)pal | adi um(0) and further
WO Qggm)@ygggn( 0) and pall adi un{hl) conpl exes. PrepUr&EME05/055419
whi ch can be used for the nickel-containing catal ysts
are ni ckel compounds, for exanple [Ni (1,5-C8H12) 2],

diene (’g,g,]_]}g L2 %%glhédilgggf) (ag{}é %fPhZ OTID, eﬁe%ggﬁ PEE)IIT%)uiZINO?-rcarbene L-DVDS

complek&kel (I'1) chloride or simlar nickel conpounds l'isted
in catal ogs of chem cal suppliers. Precursors which
can be used for t he palladlun}conpr|5|ng catal ysts are

The cRPer FoHARY L R BReer 0 GRCTICP U G} B pigaared in various ways

A smgﬂé bR 9s, 3P eRirhpik] BRaddatinuaK thie) cagthtn®!Ti @fto a metal compound, in
is(tri-o-tolyl phosphine)pal | adi un{0) and further

particplat b dlladngd)congroungadr the ireptiderment ohp ligres of Timetal sopwiex by the

7 L c be used as such or as netal conplex or else be
Cwbﬁﬁ@ﬁ%ﬂ%ﬂ@&“#ﬁgsitu froma precursor. The carbene of

the structure L and the netal conplex derived
therefromcan be 30 generated in situ from an
As preaursday filritbercgallysts,af ist presijlerteruse, lsmactwlm,emgamh@m%ably salts

4 S where Rl
of orgapicaslr) S i iR TSRS RO e, e 5. G gladium-
contalglﬁ%' 4kl s’&i"I 4 ﬂah@dmﬁ?gélﬁéa'f*ér 8}1&@1?1@ 22la8funich) %BtgtatBAr palladium(Il)
el ng a e to be identical ferent, and a base,
chlorifley palladium(I) bromide, lithium tetrachloropaliadate, pallachum(ll) acetylacetonate
palladium(0)-dibenzylideneacetone  complexes,  palladium(Il}  propionate,  bisaceto-
nitrilepalladium(Ify ~ chloride,  bistriphenylphosphanepalladium(Il) ~ dichloride,  bis-
benzonitrilepalladium(ﬂ) chloride, bis(tri-o-tolylphosphine)palladium(0) and further

palladium(0) and palladium(IT) complexes.

Precursors which can be used for the nickel-containing catalysts are nickel compounds, for
exa;mple [Ni(l,S-CgHu)z], (C-C5H5)2Ni, (thP(CHz)3PPh2)2NiC]2, (PPh3)jNiBI‘, PPh3N1(CO)2,
nickel(IT) acetylacetonate, nickel(IT) chloride or similar nickel compounds listed m catalogs of

chemical suppliers.

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

and palladium(IT) 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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particular a nmetal conpound. The particularly
preferred carbene 1,3-bis(2,6 5
EM 0491 %opr opyl phenyl ) - 4, 5- di et hyl - 2- dehydr o- 3- hydr oi i da
zol e and the netal conplex derived therefromcan, for
exanpl e, be generated in situ froma
1, 3-bis(2,6-diisopropyl phenyl)-4,5-
di met hyl - 3- hydr oi mi dazolium salt of the genera
structure Si N N (r) SI and an appropriate base, in
particul ar aff®appropriate netal conpound. 10 Exanpl es
Kl des, hydrogensul fate, sulfate,
sul fongteg, @l kylsulfates, arylsulfates, borates,
hydr ogé ppnat e, carbonate, al kyl carboxyl at es,
¢ g osphonat es and aryl carboxyl ates. The
I's preferably set free fromthe salts

precurgors/can be obtd ned in a known manner by

PCT/ EPZ005K 055419 S 1 by reaction with a base. The
I eact,

of 3 aoproprlately substituted anilines with

or exanple, in "Nucleophilic Carbenes and

their f{ ations in nodem Conpl ex Catal ysis, Anthony

J. Arddenggrand 5 Thomas Bannenberg, The Strem

Cheni ker,~Jupg 2002, Vol. XVIV No. 1". If the catalyst

is produced in situ froma pall adi um conpoufd and a

014 ruatdy e k

Wherecﬁg Qg@ ;Rgn d gc &, Sal(ﬂ{ o%(ql&;]u gne%l th')’nalljlt‘éi r%f di |}§r;grr ?Sj a§3o n o? &h%ﬁ with the
radicals $ilbmidaﬁ126cneR3 |and Rl deinggedel$d e udedicab ob&’isf&reﬂtf and arbase, in

exanpl e, |sopropanol i s_used as sol vent
particyl@y arit a@éeéar}s sREBd; sdpEopRkiieiahas pB%f%‘%e‘} PF%‘#’S?%néé'bls(z 6-

dusoﬂrgp}g];)%eglplgtél% giz;{e@l%l @Q&g@h%ﬁﬂ@ééﬁ% ghg: rg%talo%ognplex derived
therefediRiah Sfon@xahja] be weterhted ity ditorotie aa]nﬁ-b&l(l;élﬁhxhomapylphenyl) -4.5-

al so be used i n place of the_ al koxide sol utions.
dimethyl-3- hydroumdazohum salt of the general structure S1

o

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

@

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

arylcarboxylates. The carbene L or L1 is preferably set free from the salts of the structure S or
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In the process of the invention, the concentration of
the catalyst, formally reported in ppm 15 (nmass) of
net al based on the total mass, is preferably fromO0.01
ppmto 1000 ppm nore preferably fromO0.5 to 100 ppm
WO 20d/0paggd cul arly preferablydrom1 to 50 ppm pEimEP2005/055419
ratio (nol/nol) of carbene L to netal can be from
0.01/1 to 250/1 preferably fron11/1 to 100/1 and
artlcul rl referably fro t o .50/ In
Slhb pr'e%cctlé)gl %'ﬁ% %ﬁggﬁﬂl Is Gy ef %mbegt]g &]kgﬁ\evn manner gy reaction of

approPHfRly ZAbtRikell S afiligbe r\ﬁﬁlﬁ y aﬁﬁéllirhz%ly Olibstifitddh€2,3-butanedione and
presence of a secondary al coh having from3 to 20

formatdahiyde ﬁwmarﬁlfm oflsudhpiecursesd lﬁzémsclbbed &b exgroplec inpfNucleophilic

al i phat rence is d
Carb Gy BRAUPE! APEFOICE: 1f Aniert Lol CrieRais, PAnEBRdt rdpgnee and
Thonda§ B@Jﬁ&b&%s $hdLGerh CHeRRK] mhe OS2, o.foltxwm NoTp?.e

al cohol's. Furthernore, polyhydric, secondary

al cohols, for exanple diols such as

I T L LML E W ERE T T T

structG%Sd, QRSN e: ofTRE tdcbMAAY alcPh A uSEENGRe Hitni-¥$h §1Qhe'$ 30htadiene

| sopropanol in the process of the i nvention. The nass

is advattageoudly alsedhas! bass. 1f, 3fobutxadipbm eisernpdne] iin ushd asasnjeent, it is

advatigeqis 16 55 CSORREOFRERFY o BN oGy 8V o Cane alkali metl

alkoxMREPUL SRS 1k | QHiveh PESEdes, 3P dbiiRAC HRAGRS c@fn%n&ﬁ@l ARAlI metal

to restrictions only when 1,3-butadiene or -th
hydrokid8-abd rkdheimen alsomeaked mgﬂztvpdxf d@mlhmdemmtmne used has

a mscibility gap with the al cohol. WO 2006/ 063892 10

PCT/ EP2005/ 055419 The reaction m xture can optionally

In th&ﬁl%@éésscﬁ' the! ﬁﬁ\j’éﬁﬁoﬁ %él @Bh&ntrh®n @f(ﬁm&ﬂ?st hfoﬁﬁalﬂoi‘e!pﬁfted in ppm

whi ch the catal yst and possibly the base used
(massai!osf sodtelelfaspd ob the comrllinags, tio ptdierablyviern (o, pprhgo 1000 ppm, more

-d ization of the 1, 3-but tq . f I }
prefeighyoEprahsdo LOORE 7 FHRECrLeamiety ibd Bhad nopnsEhe resio

(mol/fgﬁgqf chPehOf SRR EH b ORBEI R/ Pﬂ) 20/1, B ERAPRERSN 1)1- to 100/1 and

férence s given to using al koxidés, particularly
particphaglfy eretlaylydtdootilde$04f. t he al cohol used as base.
Particular preference is given to using aIkaIi net al
al koxi des, in particular sodium al koxi de, as base.

In theﬁg%ﬁ@e\é? I[)giéﬂg 11314/6%%1@11,2@@%35%?&%& &inféﬁgat%nhglp}efgﬁﬁlﬁlcarﬂed 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 possible to use mixtures of two or miore alcohols. Furthermore,
polyhydric, secondary alcohols, for example diols such as 2,4-dihydroxypentane, triols,
tetraols etc., 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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10 KOH as bases in the process of the invention. The
rati o of base to 1, 3-butadiene is preferably fromO. 01
mol to 10 nol per 100 nol of 1,3- butadiene, in
particular fromO0.1 nol to 5 nol and very particularly
Wwo yoefesgdd y fromO0.2 nol to 1¢ nol per 100 nol POT/EP2005/055419
1, 3-but adi ene. 15 The tenperature at which the
di meri zation of the 1, 3-butadiene to formlinear
octatrienes can be carried out is preferably from 10
to 180C, nore preferably from40 to 100C and

The rBaftibh Ghikaft ¥aPb ﬁfaﬂP'c}énﬂ)@isé GurREsollbs,r oaekariple a high boiler in
pressure is preferably fromO0.1 to 30 MPa, nore

whichpthe tetelyBi apdfpossibly the base ugedgsolystdt i cul arly preferably
fromO0.1 to 6.4 MPa and very 20 particularly
preferably fromO0.1 to 2 MPa. The dinerization of the

Accorling RUthadheneok afhe M@mEREatios bf Ak 1 GORitadietRUS| firBinear octatrienes
batchwi se and is not restricted to the use of

occurp &y thequbsgnce giplsec biser(basetvdrich Bxantpised [asfeenaaieoekthi garbene L).

whi ch the. di.nerization can he carrjed, out.are.stirre '
Prefeifisci by Ja S ERBLO B oS P RIS sEdE TS RSP G L kBl used as
base. 2RrtiROR FreREdN0E Ss HRADINAhE ASallf mEAl ialleides il Phrficdke sodium
al so possible, for exanple a stirred vessel wth a
alkoxifloywrrshiase dtaWdveryit ialalso pPbriblditorese atlali matathysrojigessiugie ps NaOH or
to, obtain a high ace-tinme yield, be carried out only
KOH g baseh B PECE QISR SPEIo0r t he 1, 3- but adi ene. 1t 1
advantageous to limt the conversion to not 30 nore
than 95% preferably not nore than 90% WO 2006/ 063892
The ratio PURSERR 0G57u0BHanEds pRierably£ram g’ Inmektoi 14 mplgper tIR@ mol of 1,3-

rocess of. the inventiopn can be pure. 1. 3- butadi 0
butad8 58 R itet REm. OLFRD kTR o SefFofis il B AEbE ouf 6.2 mot o
1nuﬂ&k@ﬁ@jﬁ@l&fﬂg%ugﬁkﬁgjene-riCh hydr ocarbon streans. In

particul ar, a butadi ene-containing C4 fraction can be

used as starting material. Apart fromthe

1, 3-but adi ene, .t he hydr.ocar.hon, streans used can :
The 1GHRRSRISET TP AO8 0f O AP A [P Bl octarienes can
be cafHiPOHNES preR@EIY CiidiAr 1P EETIBDRNC Aok prifM Ryt BordS4NE 400°C and
CA- hydr ocar bon
particularly preferably 40 to 80°C. The reaction pressure is preferably from 0.1 to 30 MPa,
more preferably from 0.1 to 12 MPa, particularly preferably from 0.1 to 6.4 MPa and very

particularly pr'eferably 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 carried out are stirred vessels, cascades of stirred vessels, flow tubes and
loop 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 advantageous to limit the conversion to not

more than 95%, preferably not more than 90%.
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fraction as hydrocarbon stream The hydrocarbon
streans are preferably, for exanple, m xtures of
1, 3-but adi ene with other C4- and C3- or
C5- hydrocarbons. Such m xtures are obtained, for
WO 2e88mBb&2 i n cracking processes for the produckCOH/ERIN05/055419
et hyl ene and propylene in which refinery gases,
napht ha, gas oil, LPG (liquified petrol eumgas), NG

tural s, 1 ui d tc react ed
he 4 EAEheS5eh Ot B e e, RS s S g or 1
butadfcﬁECEBﬂltﬁﬁnrﬂg Snyms At estica@e! Naefadblyh MBARAEREHeNSch hydrocarbon
(1- but ene, ci's-but-2-ene, trans- but™- 2- ene,

streamssdbLHaGM}a;r, gémmdmne@ohgadnmélmmﬁon r@amhealrsed as starting material.
yrise, inter alia,

o, SO ORI T Bt L PO
allem&a@fyotﬁ')éﬂﬁ}&te@%@lﬁlgs A QIS rbfrendd $A 1%1@@&@5@@ AU @Socarbon

(mainly 1,2-butadiene). In addition, these fractions
fractl(mams cl@mlr@arbmﬂwanlSThwdde@a@ﬁnCSIeaaﬁdare preferably, for example,

ar ons 03|t on 0 CA.fra
iR B e TR Fetr GG B ebbons aelt Wixtures ar
obtairfdf OfH %&élﬁ?lepﬁff &Hﬁ&ﬁ% §rc@9§§e§ ﬂ)@ 18d ﬁfoﬁh&gmr@ &hyléde anfilfopylene in
concentrations of the individual conmponents ‘are

whicht ygfinesy kgses,nnaphéhal @as ol AFG élmfgleﬁed @gmi@wengaSMMQLnﬁ@Qual gas

ik GRS, 2B OB 2 S P
compgseo‘f Sl &fidde HOARAURHS rtbridelefing (1-buknBudiadienend s But-2-ene,

I'n the process of the invention, preference IS
1sobu1gn@en saturatesli niyydngcdrbwoar (fofutanst dselsitingi rayetylenically unsaturated

comp%le'ﬁlé?%‘%lggg cont elg%ﬁ@geg (%géﬁécettﬁene ?g/poyn ) TR alsoV\QIGmcally

unsaturated compounds (mame 1,2-butadiene). In addition, these fractions can contain small
amounts of Cs- and Cs-hydrocarbons. The composition of the C, fractions depends on the
respective cracking process, the production 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 9-125
2-Butenes 4-20
Isobutene 10-35
n-Butane 05-8
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 mixturcs having a

1,3-butadiene content of greater than 35% by mass.
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The starting hydrocarbons can frequently contain
traces of oxygen conpounds, nitrogen conpounds,
sul fur compounds, hal ogen conpounds, in particular
chl ori ne conmpounds, and heavy netal conpounds which
WO 200ei0d389t erfere in the procgss of the inventiPOT/BPR00S/055419
therefore advantageous to separate off these
substances at the beginning. Interfering conpounds can

e.. 5. far exanpl t abilizers. - t :
the @5 1focEPE S, Bk, S5t b S RsER BBy, nicogen
comp@cﬁﬁltspﬁﬁﬁ@rcoﬂgﬁbﬂsgﬁﬁhb@@n ca_lliiFS@dis,rTﬁlU artit@isr @asrifecompounds, and
separated off by, for exanple, scrubbing, in . i '
heavypaete] eernpgungs miughagald mterqu@e@l@sprg@ﬁsgpg Bigsinvegtiopylt is therefore

means_ .of adsor ts. A wat er h c I
advanfeey BissPPERs R P hitel & 6 HS SRt Y BRTE chfidds can be,
for exRinbpl GRBilizERMRANAMN18atedHoOPITBAYE of Lekbos AidXade ¢¥ akBbNg] compounds,
Exanpl es of nitrogen conponents are acetonitrile or
e.g. addtoretdnpbgigidelsidedone (NVP). Oxygen conpounds, too, can
in part be renoved by neans of a water scrub. The
wat er scrub can be carried out directly using water or

| TheseBhiRuritst B BEDRRsdlT H9] fbk ieRRBp18NicEIbLRRY i€ BABEIISEWith water or

for exanple, salts such as NaHSO3 (US 3,682,779, US

aqueods SUBLI@G1or hySnaans s a8wsbentss 3, 336, 414 or US
5,122,236). It can be advantageous for the hydrocarbon
m xture to go through a drying step after the water

A waREEdRb cdX Ndxﬁkﬂet%@rbrgﬁn%%ﬁioeéi hedtbphiYic ﬁ&hg&%ﬁtsk AR\WRathpleMitrogen
the prior art. I'f dissolved water is 20 present,

compolrepisy frovethe bedresgrboremixure. Eximples pﬁmitr@g@wonents are acetonitrile

nmol ecul ar. . si as, desi-ccant or by neans of
or N-aafpvispliactsr ST S Bt SRRl B BRR Popie g by means of
a wat@Sscht aha tveieralcfundanaGerieSeRaRL P Dsing whiter WS lcB@ uSing aqueous
coal escer. Adsorbents can be used to renopve inpurities
solutipns whecht mayecameprige. fathexaneple, sdlisr sushasspNaHSEe 3,682,779, US

s BRSO BTE g L yate, v reac

decrease in the activity are used in the second
process step. Nitrogen conpounds or sulfur conpounds
It candaadedsagedBContle nfitaarhosmoxade bygabaovghafdrypg stepafier the water

SQrbents. . . . .
scrub.afgry(l)ng can be carried out by methods known from the prior art. If dissolved water 1s
present, drying can be carried out using, for examplé, molecular sieves as desiccant or by
means of azeotropic distillation. Free water can, for example, be separated off by phase

separation, ¢.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, ¢.g. the product series SAS, MS, AA, TG, TGS or CMG.
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Exanpl es of adsorbents are al um num oxi des, nol ecul ar
sieves, zeolites, activated carbon or
net al -i npregnated alum nas (e.g. US 4,571, 445 or WO
02/ 53685). Adsorbents are marketed 30 by various
WO XoRgsnges, for exanple by Afgoa under the naneCT/EP2005/055419
Sel exsorbo, by UOP or by Axens, e.g. the product
series SAS, M5, AA, TG TGS or CMa WO 2006/ 063892 13
PCT/ EP2005/ 055419 If the hydrocarbon stream used
contai ns an anmount of nore than 100 ppm by mass of

If theAGOURLABSE Blrkim URSA ARt @MBABNES mdrt tBan 10@ ppm by mass of
advant ageous in the process of the invention for the

acetylgoisally enjabuhtcd compeunisait ean be apomgsousonhe pwsessfdle invention

-~ off ar. renpved from.the 5 hydrogar '
for i o RUgBEABL AR G WP E RS TR S IeL S by OV from ehe
hydrdc&®8n lshedin OfhicB Gk hdve bEeR) pREMED YeftBshGnd o ef ednddt Yof less than or
| ess than or equal to 50 ppm by mass and particularly

equalpp d0@mebyl by mass preferablyr lesscibam ot oq2d i pPrpbin hramess and perticularly
prereBHSCEE GEt 3 LA0 So b AL L8598 I e e

' strearRGis Ckd 118 0th® Wimefi2ftioneXBpPTRe sBpar@idnfd@bl fAINcAN be carried out, for

hydrogenation of -the acetylenically unsaturated
examplenpy eatiactioanyr hytipogenatinn af theydcertenpely emsateraipdagospopads. Any

re ed by distillation. The renpval of acetylenic
meth Py et ek LU B for ol ong ti e
and is, as work-up step, an integral part of nost

pl ants which isolate 1, 3-butadiene fromC4 fractions )
The rémovalaf eccidkae comppunsis by $xiragtionthas begrotwiofor a long time and 1s, as

acetyleni.cal |y unsaturated,co n f.r - 15 .
work BPdh e Bt Pl oF atdbr 1y SHLR ARG Rort TSV HBIEF igu e rtions
from b Uradk¥aMPbRcedsoFEfRMemdnal dfokbstdai@dfnsdtatied Pagifotnds from C,

vereinigt mt Brennstoffchenm e vol. 34, nunber 8,
fractigusgiiom 21@&ker pagetsactian is d@uasbed, [for exapley i ekl und heohle-Erdgas-

ltiply. t ted dr. d,t
M N
In thf probés@MHeNBuiPNe Shefiraied Nl dadationt ashd hiner RestaRARy Rnsaturated

extractive distillation with water-containing .
comphimdst dny sgparate] ofdroe (vPpnacdelinsfand sutusttephydrpearbons by extractive

. .unsaturated 20 hydrocarbons are separated off fr t he
isilRHp S P By SE R ADY PN PEH VB eyt SR S e upsaturated
hydrddd8hy Eﬁtdé:ég??@ Ads, BRVINRE Eavict 63daMNafb0 TR WL acetylenically

Separat e rom t he hydrocar bon
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 matertal m the

dimerization.
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distillate by neans of a second extractive
distillation with water-containing NVP. In the
wor k-up of C4 fractions froma cracker, pure
1, 3-butadi ene is separated off by nmeans of two
wO foostdsesodi still ati ons, w t higret hyl acetyl ene aRGT/EP2005/055419
1, 2- but adi ene bei ng obtai ned as by-products. In 25 the
context of the process of the invention, the
1, 3-but adi ene obtained in this way can be the
starting material for the dinerization. The

The rémavmtﬁfaaﬂe@m mzt@sﬁum&dhwﬁmanmanﬁmeqgrﬂﬁ)c@lbbﬁlsaeﬁn used is

extraction, ich may further conprise

Pfefelﬁghf wa«a.o@h@yammenms of et acradeniprivbynsaisatedfcompounds. To
I
av01d lg%/[oggesc e\%&%F qsb? %l%er aegf:,ytohg Hfd?%e%%&e%m% srseﬁegs 6 be very

select‘iﬁ%t ekl Bk Hgﬂ @atloﬂl dTEr, 3-HataiRAe td@l@&@@ﬁi&@ﬁ&%t&%ydrogenahon of
PCT/ EP2005/ 055419 Thé renoval of acet yl eni cal

butengh tabutpeasdus é@hpd@ﬂfdlgrgebbwww Ael ﬁ@@@mdwd%ﬁ@%wnﬁ@@etylemc

er abl r.ried t b rogenatio
compgndsh I hfee §f Llehfy uRtipoRo R G PRt o ybIE o oxample.
coppér%ﬁﬁﬁnn%@d@ﬁ?ét@'ﬂ ¥ 1REwike %05&@51@% RRQatahRE DUHHEEIGRHbR metal of
rocess has to be ver selective, i.e. the
gToum\]HI g@@nd%modmdﬁable @i%@lﬁé@nm in particwlenpallsdivenes raied catalysts.

parichfif SN AEE I° bOa B psi R S DER el PriB bRl R bRafy i comrisng

both @8 MkEMdCcopp@TPOUNds in the presence of dienes and
monool efins can be carried out using, for exanple,

copper-containing catalysts. It is IlkeMAse possi bl e

t o, use.ca risipg.a nobl e gr o
b ARERET R RRE SRIRAC PRRf o iR pr el Eed Hom e
butadfbﬁlajc@ﬂﬂaﬁﬁﬂg @faﬂ[ﬂg(ﬁﬁt&ﬁﬂsalby%%twﬁowﬁﬁriﬂ %woﬁél Such processes are
preference is given to u3|n%pé?sger cont ai ni n
i

describad,afoy sxample, maU§I4y3§t352_48cam§ OS%OHﬁepalqaag’ﬁ@#V@tﬁ@geouS for
the alg(gﬁg Bﬁﬁﬁidﬁ%aeg%ngwlvélg rfg@é Igééﬁ;ﬂ%rg(alg Igr?ﬂ%l%ﬁ ’gt fr)eo {1]16 sgr%ee Eﬂ%oﬁaorl as used in

the dipldkiagipne- contai ning starting materials by reaction
wi th an al cohol. Such processes are 15 described, for
exanple, in US 4 393 249 and DD 127 082 Fbre |t can

be .advant age ous _ t.he al cohol use e. re
The reggion PEApC clffﬁ%&??d@@&zﬁ@“ﬂ%o g ‘?:]c?P{BIF %s“a“ Compnse

for ek!éﬁﬁile,' Binear octatrienes as main constituents and also by-products, “inert Cs-
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, 1sobutene, 1,3-butadiene,
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the dimerization. The reaction product m xture from
the dinerization according to the invention can
conprise, 20 for exanple, linear octatrienes as nain
constituents and al so by-products, "inert C4-

wo Jupdioggggbons”, residual anmousnts of 1, 3-butadi POB/EP2005/055419
secondary al cohol and catal yst system (netal conplex,
| i gands, bases, etc.) or subsequent products thereof

nd an dded, sol v . ending on the starting
LZbﬂﬁ%@??éFﬁ_S?ﬁﬂ?@?“ﬁﬁéégagggiene can al so be present in
a fractib@ c18p6dihOthe IReRDtriseyt ure. Any allenes present in

the product m xture fromthe dinerization, in 25

a fracpem coropiisarg the2lagbohdi ene, can be separated of f by

istillation. The fractionation of the product m xture
affa"ﬁ?%ﬁ??ms”%ﬁ%'?f"%& %on according to the invention can

a frach6n 6N 8 Mdlcafilist e general |y by neans of known
i ndustrial processes, for exanple distillation or

if appeopiriagecs sadvent Fe¢ticaxanpl e, a fractional distillation can
be carried out to give the followng 30 fractions: a
C4 fraction conprising n-butane, isobutane, 1-butene,

The Radpish &d&rist Wt B8hol, Lth3-RuetianlicBRPrisME (ROQRBIVRRBERAL tHeb fraction
PCT/ EP2005/ 055419 1, 2- but adi ene and possibly part of
comptikieg dieccatadyst oncdtalagtsysemeanpr ¢ash ggseteeconmipiately or partly recirculated
tatrienes racti.on conprising the al cohol, a

t0ﬁm&&%&??ﬁﬁ“&Bﬂﬁ?&%&waB “Woducts, 5 a fraction

conprising the catalyst, if appropriate a solvent
fraction. The fraction conprising the al cohol, the
The threat piowiuct depthesintgutehel Solewn mceiainenes seargk by dpe process of the

. conpri si t he cat al vst Lyst . t j h
imven QL PrE BB BBy TB a1 B e Ao Tt B B Of L3
octatrfgng.gﬂilezﬁd RBmeYs (PR2A8%ah® A& VW7 bctdRicnd R8n bapASént in a ratio of, for

product, i.e. the m xture of (Ilnear) octatrienes
examplecabaue ty 15y Thh ectratocessbtaified pan be used for the preparation of the products

mentioned in the introduction, in particular for the preparation of linear octenes. In addition,
the octatriene can be reacted with dienophiles to form the corresponding Diels-Alder 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 Butadiehe”, number 476, December 2003, page 1281, enables I-octene to be

prepared in a simple manner from butadiene via the octatrienes.
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i nvention, preferably conprises mainly

1,3,7-octatriene, i.e. at |least 90% by mass of 1,3, 7-

octatriene. The two isoners (cis and trans) of

1,3, 7-octatriene can be present in a ratio of, for 15
WO 20oR8/pkeg2 about 1/1.7. The otgratriene obtai neBCTAHPI0O5/055419

used for the preparation of the products nentioned in

t he introduction in particular for the preparation of

Furtherérg)%c? g Bgeﬁeos tatneneﬁa ? atre adc rdtn?ﬁe%og G aﬁven 0 cacnaser\pe as precursor

Ieno e correspond

for th@bﬁipﬁraﬁbﬂ OF lifé# @bll@hé‘s W\MUh(H'an &3 prdparadityl deefivd Bfdro genatlon These

no |fy|ng ponoIeflns or polyesters. Furthernore,
are inm tugn Fabeblet miesmediatea o theureparaisomaf nﬂm@plﬁe@ﬁvmgeaflw degree of.

arat | n of. 1-0ctene ch can-.be.c
branchilf (B0 S0E R kRS KT SRy Bl %o flzed, imier
ah&a@?ﬁ@aagaugﬂmgk 1-octene from1, 3, 6-octatriene.
Starting from 1,3,6-octatriene, 1l-octene is prepared

via the follomnng route: - formation of a Diels-Alder

The g Ree it pl TR HR0F i mafil AR Fan b Bo im varions

ways. M VYR AEBMoQEpArie theVp 2 ARl & TR tel @), fltfiof] &€ by distillation,

chai n of the adduct, 25 - dissociation of the
and mysjrﬂogeraaﬁgdleadmcmefdlet mayDisetos suier the e thiaphgn tto a selective

i ve ant hr ne l-octene. This s nth ti
myrof B, & QBGET 1 BEd P RaCe ST sot obtiue. Lp e and e
1,2-bif t@diefy QﬁaédﬁGrte@-u@tlE‘Meﬁd & Bujuddieeng) Waﬂ&ﬁ are known
: Decenber 2003, page 1281, enables 1-octene to be

from ﬁh@m@@daritrﬂnd Sli‘enﬁﬁf@ﬂhﬁhn@d‘ ¢>¢a@¥ml%utrad+f%ﬁ%75\17%» %119850 and

O W ALY S T O

they 4@ dalifed BYERdthAN IRNstSRS ¥R 85 a HIRGHFSEf sta% &l ’I‘hB Qlydro enation is
preparation of |inear octenes, which can be prepare

preferblylyg@nmlt jutan hlyqth;gé pat§eopier ‘hh@gqgeng:m@ suppartedrpalladium catalysts.
bl e

al u I nt at es for.the aratlo anol s
any {0t BEBR: oy LRERF | By e T DY RAOh nethods
enherhu%f-hf Qk MyteRt ihe nh%i?é‘%é%ﬁ’&rp ORBALlyOWhter WHIuBR ERBLAS (for_example
utilized, inter ia, as plasticizer alcohols. The
isopro@andly et b@renwpdgrbt exhngfl€, Hyroeansid arveaiert scord. Prpiig cblumns, inter
alia, hrzrllvc)e( tbgénefo%%g tcEJ %e use rf%le%r lEIiPyullgn th\é:a& é)t}'lesam The resulting mixture of largely
1,3-butadiene-, 1,2-butadiene- and alcohol-free C4 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 iscoctane), 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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ways. One way is firstly to separate the 1, 2-butadi ene
fromthe C4 fraction, e.g. by distillation, and pass
it to a further use. Another way is to subject the C4
fraction to a selective 10 hydrogenation in which the
WO ogmessew e renoved, i.e. resydual 1, 3-but adi epeTHERL005/055419
the 1, 2-butadiene are converted into 1-butene and
2- but enes. Such hydrogenations are known fromthe

was (g%l?glrfqar fﬁ 53)5% o?a sgﬁl%bﬁlo?rs u%mg%perb% %1% 1sopr0panol The

mixtes APds fatdoahiéaR, uﬁ[dﬂgzﬁgon Refor @Cﬂ@mrﬂ difRey k9l Pég autd8ave. The
In industry theX are carried out both in one sta

autocal Wit aoqitfh (a6 o1 syes! eTheslingchyenal 272198 mol) of
1 3—b1ﬁtgi%8 gglﬁjy C%Esilaeg%ﬁgr Wgrgls %&q&%’c‘l&x g%i%p??%m\{oe e autoclave under

mass 8bRRNOA B @88 tHeutdeBivEAit fad Gbdt@NtoCANC dnfl tm@&ﬁ@%ﬂm&e was kept
be separated off by known nethods either before or

constafttfer 16 hwutsy dihe gatnsidverivasRbsa ichglotde epams derppérature. The butadiene

, whic}?!ﬁ%oﬁi%l 3 écigf%b@ixﬁ@g%sgu%%a%‘égr 9 2$o%g%1}58§ %waglge‘a"g% of isooctane

were §@led M $nteindl findafd {ofthe RaNAnAE BnkAW BE tHeQuBR 1S ThY yiblArof linear
drying the C4 stream The resulting m xture of |arge

octatride W8 -dstermiticd rry-gas thipnsinaaeiberisingandiB 68 oh mﬁtr@eer@4>f/he yield

b t t f I t,h
of linglof FRRRTEIT B4pRdet PAr BT L RO Ry a1 Lo FEFRrHaRD o i the
yield lof atehtG@fes RRuBbREEBFED0 fl UREEedOBy WY k@d &iPthki ¥€lds of tclomer,
raffinate | using known nethods. For exanple, it can

octatrippesigwi-v mylayplehexsnepar at i on of tert-butyl al cohol,
di i sobutene (or isooctane), nmethyl tert-butyl ether,
1-butene or C4 diners and oligoners. 25 The foll ow ng

Eﬁ% apple illustrates the invention wi thout restricting
S scope which is defined by the description and the

| Examplea? meas CEm‘mdpfblé in aS@amle@)@.ﬁalngq)usotfz) Bxample 1 except that the secondary

sleonpt e HRISTTAGE O Dy B ST o LTI e oy Isbob w137

octatr&ﬁlaé /5 w8y, 4tfaechkﬂn9§em&u 8nosspVDS as further |igand)
WO 2006/ 063892 17 PCT/ EP2005/ 055419

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%.
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was dissolved in 33.3 g of a 0.5 nolar solution of
sodi um i sopropoxi de in isopropanol. The m xture was
i ntroduced under argon into a 100 m stainless stee
Parr autoclave. The autoclave was cooled to -15C by
WO 27088/1%3892 a cooling bath. 1519 g (2.77/10"1 nmobLTHP2005/055419
1, 3-but adi ene from a pressure cylinder were
subsequent|ly condensed into the autoclave under 5 mass
Claicqntrol. After closing the autoclave, it was heated to
=2IBBC and t he tenperature was kept constant for 16
hours. The autocl ave was then cooled to room
tenperature. The butadiene which |left the autoclave .
1. Approgegsriespugpiri lingar optatrigenideas é o -iradiors ghledtbudigngtontaining
ii%%%%anei were added as internal standard to the '
h? Pﬁalggﬁ?Bnts of the autoclave. The yield of
chimerfzedaataitr i ene was determ ned by gas
chromat ography using an HP.6869 A instrunment. The
thyq dinetrizatiayf of| the é3rbutad@ere-ip eartied pehniashapres@Ryph secondary alcohol

chenosel ectivity of 95%. The chenpsel ect | vi is 1.h

G Bk s Rbe T ol BrrdaTbg ot eahit b pbfdiCBgpte of me
HiiBerfM@hg 4theusy bif Gisbedt of Ble@iBEture OCt at ri enes and

4-vi nyl cycl ohexene. Exanple 2 15 Exanple 2 was carried

out in a manner anal ogous to Exanple 1 except that the
secondary __al Cohol was cycl ohexanol and the base was

[ ohexoxi de. The yield of linear 1,3,7-

octatri as 83% at a chenosel ectivity of 95%

Exanple 3 was carried out in a manner

ans Bxanpl e 1 except that 1, 3-bis(2,6-

dii =4, 5-di met hyl - 3- hydr oi mi dazol i um
bro Al D5 nol % of palladium acetate (1.38 *
10-5 ratio of 4:1 were used in place of the
conpl eX. The:yield of Ilinear 1,3,7-octatrienes was

83% at chienosel ectivity of 93% WD 2006/ 063892 18
PQI/fgP20057 0554119 Claims: 1. A process for preparing

R4

L
where Rl and R2 = C;-C;-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 1,
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,



hydr ocar bon m xtures, 5 characterized in that the
di meri zation of the 1,3-butadiene is carried out in
the presence of a secondary al cohol "and a base, and a
conpl ex of a netal of transition group eight of the
WO Rexioedes2 Tabl e of the El engpts having at | eapCTOER2005/055419
carbene of the structure LR3 RIL N VI L 10 where R-
and R2 = Cl1-C3-al kyl radical and R3 and R4 = H or
1-C3-.al kyl.radical, with the radicals R and R2 or
Cgﬁacéﬂzﬁﬁ%ﬁggng able to be identical or different, as
al da@iAfhirding PARMIAS O£ AbRI WS ncta? is TR Process as cl ai med
inclaiml, 15 characterized in that the catal yst

conpri ses
3-bis(2, 6-dijsopropyl ph |)-4,.5-dinmet hyl - 2- dehydr o-
4 The Piaghas o HRRasb R [ SRR R PRSI as car bane
5 chhigaRHzed8n tiffie process as clainmed in claiml or 2, WO

2006/ 063892 19 PCT/ EP2005/ 055419 characterized in
alloaidea arsatsad ysbashavi ng pal | adi um or nickel as netal is
used. 4. The process as clained in at |east one of the
preceding clainms, 5 characterized in that al koxi des

5. TRE Srod&8 s 8RiR@bid-at least one of the preceding claims,

characterized in that

10 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.

15
7. The process as claimed in at least one of the preceding claims,
characterized in that
cyclohexanol is used as secondary alcohol.
20 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



5. The process as clainmed in at | east one of the
precedi ng clainms, characterized in that 10 al kal
net al hydroxi des are used as bases. 6. The process as
claimed in at | east one of the preceding clains, _
WO 2xbanasger i zed in that isoprepanol is used as BETEIPANY/055419
al cohol. 15 7. The process as clained in at |east one
of the preceding clains, characterized in that
cycl ohexanol is used as secondary al cohol. 20 8. The
*clainmed in at |east one of the preceding
haracterized in that the carbene of the
L and the netal conplex derived therefrom
ated in situ froman imdazoliumsalt of the
ure S WO 2006/ 063892 20
055419 R3 RL NXE) E R4 S where R and
raglical and R3 and R4 = H
radical, with the radicals Rl and R2 or
bei ng able to be identical or different, and

S
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, and a metal

compound.

9. The process as claimed 1n clamm &,
characterized in that
the carbene 1,3-bis(2,6-diisopropylphenyl)-4,5-dimethyl-2-dehydro-3-hydroimidazole and
the metal complex derived therefrom are generated in situ from a 1,3-bis(2,6-
10 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

15 a butadiene-containing Cs fraction 1s 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

20 total mass, 1s from 0.01 ppm to 1000 ppm.

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




10

15

20

25

conmpound. 5 9. The process as clained in claimS8§,
characterized in that the carbene
1, 3-bi s(2, 6-diisopropyl phenyl) -4, 5-di net hyl - 2- dehydr o-
3- hydroi mi dazol e and the netal conplex derived
WO ddveresiram are generated in gitu froma 1, 3-bi CZ/0P2008/055419
di i sopropyl phenyl) -4, 5-di net hyl - 3- hydr oi m dazol i um
salt of the general structure Si and a netal
o ongpuggim% it The process as clained in any of the
é?@ 58|ng ciaims, characterized in that 15 a

a8 i(ROEMeDIYI 2hBeMOL €atmlctR & deDih thé range thoas0.81/ans RHY1.
mat eri al . 1. The process as clained in any of the

preceding clains, characterized in that the

oncentration of the catalyst, formally reported in
13. TERSRE e in Vol frebiion el (80 o mes. s
chi0feRzdlinpRm t o 1000 ppm 12. The process as cl ai ned
in any of the preceding clainms, WO 2006/063892 21
apETstEme fosc 58andis pedsentde peditior th tha cerbane ligradr at i o
(nmol /ol ) of carbene L to netal is set in the range
fromO0.01/1 to 250/1. 13. The process as clained in

14. TRYrédesd Re1eE adélaen ¢3ai ms, 5 characterized in that
at |l east one further ligand is present in addition to

chirectenzddanéhdti gand. 14. The process as clainmed in
af ke%lstnf,]13,’3-t%ggnrlgtﬁgfff,l_’;—Zd%gngrlﬁis}lg)?e}ne 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 : 1 t0 10 : 1.

16. A mixture of octatrienes prepared by a process as claimed in at least one of claims 1 to

15.
17. The use of the mixture as claimed in claim 16 for preparing linear octenes.

18. 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,




10 at least 1,1,3,3-tetranethyl -1, 3-divinyldisiloxane
is present as a further ligand in addition to the
carbene ligand. 15. The process as clainmed in claim13
or 14, characterized in that 15 the ratio of the
WO Joo6tasegod i gands to the carbeme ligand L is preCarErdogs/055419
from0.1: 1to 10 : 1. 16. A mxture of octatrienes
prepared by a process as clained in at |east one of
claims 1 to 15. 20 17. The use of the m xture as
claimed in clmsim16 for preparing |inear octenes. 18.
gnpl ex catal yst, characterized in that the
g |igand conplex of a metal of transition
the Periodic Table 25 of the Elenents
east one carbene of the structure L, WO
/| EP2005/ 055419 R3 )Rl )CN>: R2 N
and R2 = Cl-C3-al kyl radical and R3 and
= NCl- C3{al kyl radical, with the radicals Rl
and R2[jor and R4 being able to be identical or
differgnt, As |igand.

i

R4
_ 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.




