WD 2006/ 024615 PCT/ EP2005/ 054136 1 Method for the tel onerization of

- non-cyclic olefins The invention relates to a process f hZJ
noncycl W& B¢ 1havi ng at | east two conjugated doubl cei{cbf)/ﬁgg@@%/%ﬁl%

_particular to the preparation of 1-o¢ta-2,7-dienyl derivatives, by 5
reacting a 1, 3-but adi ene-cont ai ni ng hydrocarbon m xture, in particul ar
crack &4, with nucleophiles. The telonerization products which are forned

from t waeliRldE®r the feliniiamnaFaoandchaslefiabe of nucl eophile (unsaturated
am nes,” unsat ur at ed al cohols and their esters and ethers) are 10 starting
materials for organi c syntheses. The oxygen-containing derivatives are
precursqrs.for .the preparatiaon of |i - L8- I | £flEn® . twbn
particu 1W98té?rhﬁ%$te%ﬁ% % Pigc Sesnffgr télﬁﬁlg%%la%o@n?ﬁa%u@ﬁﬁ% h%@gg,a:%flg%@ exanpl e,
to obt aigpastddbEetchds, inQuttaigrits tik Mepatatibreof tonmrlirdicnfybderivagives, by

modi fi cation of polyethyl ene and pol ypropyl ene. 15 The.tel onerizati on, of
but asli emectixgt b a,thmacé@mﬁqnéam@ggﬁwowb%ir@ﬁw&d&% iRFEIGUWAS s Ciegk (Gt al P ed
by metal conplexes, in particular palladi umconpounds. Exanpl es of

tel orrerl?‘?getolgglrlnesreacti ons are described, inter alia, in E. J. Smutny, J. Am
Chem Soc. 1967, 89, 6793; S. Takahashi, T. Shibano, N. Hagi hara,
Tetrahedron Lett. 1967, 2451; 20 EP-A-0 561 77%,3%}% 3,499 042,  US 3 530
187, GETHe ign@iratiomprogugs svhodigire Epmed Sugan yamo e7briadigne G P03z,

US 3 769, 352, 3 887 627, GB , 906G US 4
146 738%% %“%%’p%g% (%??mégla%@g%@%uag% T &917"’%9 %Eﬁzeftéé% aé%(])é %en QIEP- A0

218 1300415280 Thferd LE e tREHS H9@eksEDTht beypnepataatingdedtatives andi pegyirsors for
derivatives may be pure 1, 3-butadiene or _1,3-butadjene- c%géai [ g% )
hydr ocathbgreparatian e lingasr Ceglaphsile apd Lesrolelns. GMPFFIUET ¢ 178¢t tqn@ rgene:
i nconvepient renoval .proces - but adi i glsatiLpglye 8XRERGINMBIe
f eedst o 'IQ.G“‘]“P[FE &uﬁ’érlgf%Fg ﬁdsruga)fa?nﬁ%n?)e ogfég}]&%asglgzl v viabl e to select

1, 3- but agh&encs Fatt @E RioadicaB6n by shiganylberandi polyresyles. t he feedstock for the
telonerization. This is possible since nost of the acconpanyi ng substances,

such as saturated hydrocarbons, for exanple n-butane or isobutane, or
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by metal complexes, in particular palladium compounds.

Examples of telomerization reactions are described, inter alia, in E. J. Smutny, J. Am. Chem.
Soc. 1967, 89, 6793; S. Takahashi, T. Shibano, N. Hagihara, Tetrahedron Lett. 1967, 2451;
20 EP-A-0 561 779, US 3 499 042, US 3 530 187, GB 1 178 812, NL 6 816 008, GB 1 248 593,
US 3 670 029, US 3 670 032, US 3 769 352, US 3 887 627, GB 1 354 507, DE 20 40 708,
US 4 142 060, US 4 146 738, US 4 196 135, GB 1 535 718, US 4 104 471, DE 21 61 750 and

EP-A-0 218 100.

25  The feedstocks used for the preparation of octadienyl derivatives may be pure 1,3-butadiene or

1,3-butadiene-containing hydrocarbon mixtures, for example crack Cs.

Owing to the costly and inconvenient removal process, 1,3-butadiene is a relatively expensive
feedstéck. It is therefore usually more economically viable to select 1,3 -butadiene-containing
30 hydrocarbon mixtures as the feedstock for the telomerization. This is possible since most of
the accompanying substances, such as saturated hydrocarbons, for example n-butane or

isobutane, or monoolefins, for example isobutene and linear butenes, behave inertly in the



tel omerization reaction. Only inhibitors, i.e. substances which reduce the

"space-tine vield or the selectivity or increase the cat i tion
shoul d %@)?éﬁﬁq%ﬁlﬁeforehand. According to DE 195 23 3§%¥ﬁikﬁ9@9§%@ﬁ§able,

_when using the C4 fraction fromnaphthd 5 crackers as the

1, 3- but adi ene-containing raw material, to limt the concentration of
acetylenic conpounds and of allenes in the reactant for the

t el omer kkbdrRBtion RAcSHNGHly agebiydrenicc shbsyansedwhihlredice ahd ypacesiatcuyiakdeat
conmpounds shoul d not exceed | % by nmass based on 1, 3-but adj ene. .For the

r enoval thoeletibdey arinwease demstal BifRIREFHRBLOT: élﬁ%}l‘éh%éﬁm‘%’eﬁga f‘%@ﬂﬂ-n own
processes without nentioning or citing particular processes. 10 Wth
reference to this patent (DE 195 23 335), DE 101 49 348, DE 102 29 290 and
DE 103 R&Rdidei 9dbEal®S 29i 3350ut 1S p@didbld, nghanonsisg the (s oftadtioni frem ndpathai t i s
favorable to renove acetylenic and allenic conpounds before tge .

t el ofrer¢rackerows the 5, 3ADradicnoesnaigingiray magkal; to limit sk caneentation of apelxishis

acetylenically un ated .co . a tive
S e s N R
napht hay]1egas119uhs@iratleRGompbendiystiodig @paticesd prosassssivasd irsl Bdutadiane! Bged.
In the exanples, a raw naterial having a total content of acetyl enes bel ow
60 ppm the remevhl of thesd goublpsme eMnpangnntEiEpRae; if made EHkRQH PrcessFs wHagut 2o
The acetyl eni.c conpound an noved by extraction or hydrogenation of

t hese %%ﬁ%%ﬁﬁ%%ﬁmj?g %ﬁc @H%ggﬁ&%f the acetyl enic conpounds

(metpyl acetyl ene (propyne), ethylacetyl ene (butyne), vinylacetylene

(butenyne)) by hydrogenation, processes are enployed . in j t

acet yl eWiih ge adéo athis Hzadnd g AR89 2\3\&3@5)»hpé'ng)losle"rge%‘ﬁv%f,om%arﬂqdal-I y
25 wit t rogenation. of - I g fl ts .
ised arBE e dhenatreR ot sl R o0 Anth [RAGONE ! RSmollife St
conbi najdeBlenié bt A1RGR dRIRBds befoRpRE teldmeatatibmat i on wi th noble netal s or

netal catalysts of metals of transition group VIII of the Periodic Table
of the Elenents, for exanple palladiumcatal ysts. Corresponding processes

216 1950500k °Em5e? sfles Tolety i Rupr i o e\ ARLARE Gy (sl oy S 417
906, USyflerft4ity95@, prebit4bil Gtledfile hilfioderiian MBEn thiS @ #iLubO8btaly8d3in5te 178,

US 3 327 013, "US 3 218 268, EP 1 217 060, EP 1 151790, EP]1.07Q 69?, (FP 0
273 900cradiings p@t@ssav maphtha, gas oil or LPG. The hydrogenation process used is not disclosed.

In the examples, a raw material having a total content of acetylenes below 60 ppm is used and
does not contain any specified content of allenes.

20

The acetylenic compounds can be removed by extraction or hydrogenation of these
compounds. In the removal of the acetylenic compounds' (methylacetylene (propyne),
ethylacetylene (butyne), vinylacetylene (butenyne)) by hydrogenation, processes are employed
in which the acetylenic compounds are hydrogenated with high selectivity, substantially

25 without hydrogenation of 1.3-butadienc and monoolefins. The catalysts used are
hydrogenation catalysts which comprise copper, copper in combination with base metals,
‘copper in combination with noble metals or metal catalysts of metals of transition group VIII
of the Periodic Table of the Elements, for example palladium catalysts. Corresponding
processes are described, inter alia, in the following patents: US 6 576 588, US 6 417 419,

30 US6 225 515, US 6015 933, US 6 194 626, US 6 040 489, US 4 493 906, US 4 440 956,
US4 101 451, US 3 912 789, US 3 751 508, US 3 541 178, US 3 327 013, US 3 218 268,
EP 1217 060, EP 1 151 790, EP1 070 695, EP 0 273 900, NL 6 613 942.



WO 2006/ 024615 PCT/ EP2005/ 054136 3 The renoval of allenes, especially of

“ 1, 2-but adi ene, by hydrogenation is substantially nore t he
select|96)?@W%9%%5§f acetyl eni ¢ conpounds. The react|V|?@é%¢ﬁ%b§5@a?g i ene
_in the hydrogenation is only slightly Bigher than that of 1,3-butadiene.
Therefore, 5 1,3 butadiene | osses are unavoidable in the reanaI of

1, 2- but adi ene fron11,3-butadiene- cont ai ni ng hydrocarbon m xtures by
hydrogenation. For exanple, WO 98/12160 details a process for

si mul t aneousl y renovi ng acetyl enic Tfounds and 1, 2-but adi ene . froma

f

1, 3- but Bk emesrebf allmeﬁgeﬂﬁ’?@ﬂ]élcaf 6é’nb1§ e by dIqEeRglinolg AT PRIiRLy apTes

paI | adi react.i di stii |l I t t ent
o acet ST Eh HeLtRTT FOThe! Ea S bt ap iR T reelt PO 2 P R o
60% ang, ttH@thy%o%engﬂcﬁth@dbﬂ?es@gﬁtM byoh32 %hhn thae ﬁXatmbﬁadlemfepﬁ‘hbleﬂart her e,
as nmuch as 3% of the 1, 3-butadiene had been | ost hyd rogenat| on., 15 In

Angew. CAémiadk@eslossed Zre 208@idabko s the) eanarsial s?bbé gishe fiam dj3-byiagispe t hat

Pd conpl ex whi.ch hav hef erocyclic ligands as ligands are
sui t abl €PN ‘@ﬁ?‘ﬁp‘%}l’ O?BPX“‘E%?%P@SS% Yo" in particular for the
hydr ogenati on of 1-phenyl-I-propyne to |-phenyl-1- propene and 1-phenyl- |

-propane. 20 In the preparation of 2,7-octadienyl derivatives fromcrack 4
by tel oﬁm iexanplon HOc G820 t@tallSh@ lﬁpp@ﬁ for ¢ simeARAoret EE Qg @selgienic

especial |y wth r rd to..the I d

i nhi bi t L grzkti}%‘ge’?er gfﬂo E% ’”}gz h?%)gg%ggr %t%:%g{se have
the (gi SE}Q}‘.{ a66n thet a dlﬁﬂidn@ﬂ:aﬁiys’é hﬁ al,r&c’ﬁvlé aiﬂdtﬂllaﬁon espemi. ahltowdhethei t i s
attenpted to get t he }i)kyne content in the feedstock nixture bel ow6(t)pe

det ect i omtérit wif tacetykenicommponndhin therten arodyet habonly heamreducet BY anwex-

1, 3- but adj en are b | tj.alo |1

r enoval 515#1%‘? %%fZ%U%’ld{GBFQ tgiob %H}{él%’ace- épg?;p\%ﬁggﬂ?erés%g%%tﬂld\#té%%ﬂé

tel omarggaglﬁéaibﬂérhaabeéﬂlﬁbﬂfylﬁ@haéeﬁmorgonsunpt| on has to be accepted. It |s
therefore an object of the present invention to provide an alternative

telonerization 30 process which preferably avoids sone or all of the
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2006/ Ozéa@a:ll?stf GlihR208%/ QpfdBdRcydic ligands as ligands are suitable as catalysts for
hydrogenation, in particular for the hydrogenation of I-phenyl-1-propyne to 1-phenyl-1-
propene and 1-phenyl-1-propane.

20 In the preparation of 2,7-octadienyl derivatives from crack C4 by telomerization according to
the prior art, complicated processes, especially with regard to the apparatus complexity, are
needed to remove inhibitors such as alkynes from the feedstock mixture. These processes have
the disadvantage that a portion of the 1,3-butadiene, especially when it is attempted to get the
alkyne content in the feedstock mixture below the detection limit, is lost in the removal of the

25  iphibitors. When 1,3-butadiene losses are avoided by dispensing with a substantially full
removal of the inhibitors, a lower space-time yield or selectivity in the telomerization or a

higher catalyst consumption has to be accepted.

It is therefore an object of the present invention to provide an alternative telomerization

30 process which preferably avoids some or all of the disadvantages of the prior art mentioned.

It has now been found: that, surprisingly, addition of hydrogen via a hydrogen source into at



| east one step of the overall telonerization process can prevent inhibition
“of the el I ion catalyst, or can reactivate it I -

i nhi biti &2§wb%@%at al yst. The invention accordingly pp%@?gae@ag%&g{‘)lcjgss
for telonerizing noncyclic ol efins havﬁng at 5 least two conjugated double
bonds (VI) with at | east one nucl eophile (VII) using a catalyst containing
a netal of group 8 to 10 of the Periodic Table of the Elenents, wherein the
over al | Jeadielopsesicg abf ahe pratdb Seloncrizaie gtrodesastanompeewshepnhibiticm oif the
hydrogen is added via a hydrogen source selected.froma conpri sing
hydr ogefslaneerization paialysis ongarireact Ve didia fhe ¢ase Pﬁ%"%‘ﬁ%ﬁ‘%‘?%ﬁ C%ﬁa@“pr esent
invention |ikew se provides a m xture conprising 2, 7-octadi enyl
derivatives, prepared by the process according to the invention, and to
t he useTr{ idehBomMasédr@elyopropideparprogess foo tli@neiziih aopeyotie sdefmscmviigef t o
the invention has the advantage that a very costl and] ig]mnveni ent . 15
r eno¥al least taol canjirgatad: dpuble bonds ML) withat Teast ong Ryslephile (YD prwer st gk
m xture_can be di ' apat
conpl exf(fn%}lmtnﬁea %%%%gfnsérg% ém(t)& Lbagf tﬁlﬁ nggg%\b/ gﬁ?]fgg,g&]{kﬁ%]{é E{égﬁieghgﬁgloﬂ%ods{?{agl eto
avoi d t erikstafbn grReasinvRdbysirlogeoat sep inathdhybydrodineispideksia alnslioghiong t o
the invention additionally has the advantage that tel onerization 20
cat al yssareasplasteddramp e gaeermprisng ydsegentto 8o RPeRTR P HES Hﬁseeépéngqﬁeﬁ‘ s
deactivated distinctly nore slowy, if at all. The process according to
the invention al so has the advantage that the allenes and cunul enes, i.e.
t he 1goNPRY ReSchRitveat&U likbwise chrohdid e thibmds , cosyprizings2,¥;@tdsidngtlideriegtivehi ch
constitute 25 an inportant starting material for organic,synthesis,.are
subst anpieaiTey brighe preetss agronding tn the ATEBHOR. @RE thths Mee ehiS HIEE TeR PR Enon
stream ?_nge%gn be renoved after the second process step, that of the
tel omer 4 EI on, in the workup of the telonerization product. The process
according to the invention will be described by way of exanple bel ow,

wi-thout 30 any intention that the invenéi on, ose sco%gelé!of protection is
evi dent The Brocesieacedrdingso ApgimvRiongRas e pEYABHSC Hat Aoy PRT¥ENE ARGOBYVE e o

clai,ns Lheneel yes dhisgike! ﬂp%gxlttﬁ fat %lljl?laﬁ&h&? Utdin CABT RBIsto Rl mikiBrd c&S aft

i nvention. en ranges, gene ae“or conpound classes are specified

WO 200641024635 WG] MERARDA 05403 Gedized ebpaatut hesplaxity, it prodesd alot hanthe to
i ncorporate the correspondi ng ranges or gfroups.of co oundstaﬁ?sitch are

ment i onedyaategt thet ttigalshpessibla e ol the Bt s S IS G

The process according to the invention additionally has the advantage that telomerization

20 catalysts may be dispensed with, since the telomerization catalyst is deactivated distinctly

more slowly, if at all,

The process according to the invention also has the advantage that the allenes and cumulenes,
i.e. the compounds having cumulated double bonds, such as 1,2-butadiene, which constitute
25 an important starting material for organic synthesis, are substantially not destroyed, but rather
remain present in the hydrocarbon stream and can be removed after the second process step;

that of the telomerization, in the workup of the telomerization product.

The process according to the invention will be described by way of example below, without
30  any intention that the invention, whose scope of protection is evident from the claims and the
description, be restricted thereto. The claims themselves also belong to the disclosure content

of the present invention. When ranges, general formulae or compound classes are specified



.corrpounds whi ch can be obtained by onmtting individual values (ranges) or

" conpoun T rocess according to the invention for hZ}

noncycl ﬂ?(,o 8$%$%S6qﬁavi ng at |least two _conjugated doubl eﬁﬁﬁgg’b?ﬂ]?&v&ﬁ h at
.| east one nucl eophile (VIl) using a cafal yst conprising a netal of group

8, 9 or 10 of the Periodic Table of Elenents has the feature that the
overall telonerization process includes at |east one step in which

hydr ogepclow, #dddedry itemiddytbtogen to Sacurperatethectcetspondingarapgss oo rgpoupsi aig
hydrogen to the process mi xture present in this step. 10 The gas

conpr i sAEPIWES oliph cap Betped FFBHCIN. dpt gatbepp e&@ﬁ%ﬁgss AR s 5i%e.
The hydfogen I 1. . < . 4Rg gas,

or of o BT O v G 45 88 o e by Akl by i AR oF ABRPIIES, Do

tel omerization, for exanple nitrogen, methane or noble gas(es). 15
Preference is given to adding the hydrogen source as early as the start of
t he appFlappicsess aseqging e MyERETET SIomerdZing nB‘i‘Cé’Fﬁ? 81?? 8 %@Hng At E:aftﬁgost ep
via an apparatu i ' i I [ i Qs ; Lce in
2 Very FURGHREBIY Gl PR Gl e n kA e e SO
for examplafof BROud STIXEr 1oL HecPerfodic Pabslt iof Elamndnys hoottie Heatmgethatztht ioveralf t he
20 gas in the mxture, it nmay be advant ageoys en the pressure jin the
pr oces stekamegsizagom pracegsipcludes\pleash P sfeg N )Wlilddm.mgﬂi‘éﬁ afded Yo &rl&’éé?ﬁego urce
is present i Lauid fo - f IS rad i Ayl | BV r
exanpl es,ouﬁ(i? éeclteglgfé&gfa é{pa(fo:(]%;r}rlﬁnger A :tbftgggg(%cg%klg use?r%%g{ eﬁ?shset&gur e
nonqycl The @sebiipsisihg\hydegew binligastesinedishiite, foorgample Fomnhydramies of different
such olefins or mxtures of one or nore of the olefins nentioned with

ot her hydrocarbons. The feedstock used is preferably a m xture of

hydr oc 0 I 14S one . .or: n Jol RS, 0P y one
noncyel TR P et YeufiR Bled iy BT oL e o R sl P e
wi t h ot hekodidgacalohons . in39 nhatiré ouiltaghses pinedt evridd ttlopdsatios fooepahple, as
noncyclic ol efins having conjugated double bonds, 1, 3-butadi ene and/or

i sopr en@ilropeq. axElnng g5 BoRE 285(3lr e subst ance, nixture of the pure substances
or ig a mxture of one or both olefins with other hydrocarbons. The

feeddt ocks WD 2006/ 024615 PCT/ EP2005/ 054136 6 used are nost pref erably

m Xt ur eBrediéb i€ GRbAtNadiier (130 gemasecols @4lymsdhostart bd e apdpriatester.abl y

1, 3- but adi ene. ) . ) L
The hydrogen source is preferably fed into the step via an apparatus which is suitable for
| distributing the hydrogen source in a very fine manner. When the hydrogen source is a gas, the
apparatus may, for example, be a mixer nozzle. For particularly good homogenization of the
20 gas in the mixture, it may be advantageous when the pressure in the process step is at least

2 MPa, preferably 4 MPa. When the hydrogen source is present in liquid form, very fine

distribution can be achieved, for example, by the use of static mixers.

The feedstocks used may be the pure noncyclic olefins having conjugated double bonds,
25 mixtures of different such olefins or mixtures of one or more of the olefins mentioned with
other hydrocarbons. The feedstock used is preferably a mixture of hydrocarbons which
comprises one or more noncyclic olefins, preferably one noncyclic olefin, having at least two

conjugated double bonds in a mixture with other hydrocarbons.

30 Particularly preferred feedstocks comprise, as noncyclic olefins having conjugated double
bonds, 1,3-butadiene and/or isoprene, in each case as a pure substance, mixture of the pure

substances or in a mixture of one or both olefins with other hydrocarbons. The feedstocks



Sui tabl e feedstocks for the process according to the invention are nore
"prefera - hut adi ene-ri ch hydrocarbon streanms. Th

stream ﬁ}éaoﬁg@%ﬁparti cular be a C4 hydrocarbon cut. %E@&gﬁg@%}@&
.streans may preferably, for exanple, b& mi xtures of 1,3-butadiene wth
other C4 and C3 or C5 hydrocarbons. Such m xtures are obtained, for
exanmpl e, in cracking processes for producing ethylene and propylene, in
whi ch r gfclines ym@asrSerabln aphtune, whish contain bRGSOVI buefasedf fehydbearbvigasyd, NGL
(natural gas li%ﬁid)‘ etc. The C4 cuts 10 obtained as a by-product in the
pr ocesspsiarghly 1i h&aﬁﬁmion to 1, 3-but adi ene, conprise nonoolefins
(1-butene, cis-but-2-ene, trans-but-2-ene, isobutene), saturated

hydr ocar bons (n-butane, isobutane), acetylenically unsaturated conpounds
(et hyl aggitabiee need dpatky NRY . theV ipfyckac akydréing (b uhe ninveptionTairdyhearee tpydfembly

(propyne) and allenically unsaturated conmpounds (nainly 1,2-butadiene)).
I n addi t.3dntadienesichchidsoathpnosispms s heshulirocagipp seamgrseEmay i P%wilgﬂf bea

hydr ocagbons. The co it ft } p .

art i coranosttFn G pR e afhon' et b Srck@aAEPEPSRBRRNPRE nitBees of
The contgmutatidenaitRiothdteC] aad \U,dorals hydropabens. sSichr mbtrerasara okaimd| ife
typically within the follow ng ranges: Conponent % by masa_ 1%%; but adi ene
25 - 70exampbytie geckingprocessepfermeeducingethylgupiddiarylene. imwhich refiRey gasgss - 8
i sobutapne,.5 - 6.E : I +C. [astely 1t adi.en 2 20
In the %%%@Eg%a%géb%gﬁﬁéﬁ#%ﬂF é%ﬁnveng%%%§@%?g?é?%ﬁ%%j?%mgi%gh??%cggyﬁg

hy drigcaghginedn ast Brigsprobiasti gtie prodedses adhiyerie abiiiento df3-puedieer, tdapriss5% by

mass. The starting hydrocarbons may frequently conprise trace f oxygen
conpoun@@poﬁﬁﬁmbégﬁuVEﬁ29@€Wb§ﬁB$5Uﬁ@#@ ﬁ%@@%/@@ﬁﬁ%@i 8o g?mgﬂ%fur

R e e e i L S L Y S
i nvent i Giylacetylene (butenyne), methylacetylene (propyne) and allenically unsaturated compounds
(mainly 1,2-butadiene)). In addition, these cuts may comprise small amounts of C; and Cs
15 hydrocarbons. The composition of the C4 cuts is dependent upon the particular cracking
process, the operating parameters and the feedstock. The concentrations of the individual

components for steamcrackers lie typically within the following ranges:

Component % by mass
1,3- butadiene ' 25-70
1-butene 9-25

- 2-butenes 420

isobutene 10-35
n-butane | 0.5-8
isobutane ' 05-6
¥ acetylenic componds 0.05-4
1,2-butadiene 0.05-2

20 In the process according to the invention, preference is given to using hydrocarbon mixtures

having a 1,3-butadiene content of greater than 35% by mass.

The starting hydrocarbons may frequently comprise traces of oxygen compounds, nitrogen



It is theref ore appropriate first to renove these substances. Troubl esone

conpoun exanpl e, be carbon di oxi de or carbon or
exanpl e%@gﬁ%wgggélsacet al dehyde. 5 These inpurities can %@ngg@gi}%é
-exanpl e, by scrubbing, in particular wi’t h wat er or aqueous sol utions, or

by neans of adsorbers. Water scrubbing can partly or fully renove
hydr ophi | i ¢ conponents, for exanple nitrogen 10 conponents, fromthe

hydr ocachapounidx! silfr cﬁmﬂﬁﬁc&s 1Qaﬂogtmt doagenndQ ip pasitukr ahkriac ebomotndd &nd or
N- net hy| pyrrol i done ( NVP). gen_compounds too can al so Eart |y .be renoved

by meanBeavymetal gomnouags, Oﬁb‘?hw@ughﬂlﬁ’é digEyrsve 4B fhrgBPrRsS s iBEETR-

exarmpl o ISUer R Eriaf B (b UERADSBRL, LB OhE oY 38 T
4,125, S%mmb%caa@n%m otd&arfont? 2ordi@@inds, ¥br dxtaniiey adeenady acdtadelods. when
the hydr ocarbon m xture, after the water scrubbing, passes through a

dryi Ag step. The drying may be carried out by processes known in the prior

art. '%@J&%@%ﬁ%@?%& fe x%hf&,%gé vRd o Bl g%nﬁo%gﬂ% R G ERlerOBt

for exanple Sl eve S|ccant or y azeotropic

di still adueons sdTﬁtﬁﬂlsV\@ﬂgfrmm ofedsogrm@s.ed by phase 20 separ ation, for
exanple with a coal escer. Adsorbers may be used to renove inpurities in the
trace region. This nay be advantageous especially because noble rret al

cat al ys{»%t&fs%{%%?f% ?g};g By's geﬁpyngﬁa% ﬂg lﬁﬂc WHAAER!, BY Rahfle diE8EES of -

|npur|t|es elna t en, nltroge or sul fur
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It may be advantageous when the hydrocarbon mixture, after the water scrubbing, passes
through a drying step. The drying may be carried out by processes known in the prior art. In
the presence of dissolved water, the drying may be carried out, for example, using a molecular
sieve as desiccant or by azeotropic distillation. Free water may be removed by phase

20 separation, for example with a coalescer.

Adsorbers may be used to remove impurities in the trace region. This may be advantageous
especially because noble metal catalysts are used in the telomerization step and react even to
traces of impurities with a distinct decline in activity. Often, nitrogen or sulfur compounds are
25 removed by means of upstream adsorbers. Examples of usable adsorbents are aluminas,
molecular sieves, zeolites, activated carbon or metal-impregnated clay earths (for example
US 4,571,445 or WO 02/53685). Adsorbents are sold by various companies, for example
Alcoa under the name Selexsorb®, by UOP or by Axens, for example in the product series

SAS, MS, AA, TG, TGS or CMG.

Using the process according to the invention, it is possible in particular to use feedstock

mixtures which also contain compounds including allenically unsaturated compounds and/or
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feedstock m xture, in which case the distillative renoval of the .
1, 22but Erdiesador grtriggively removing acetylenically unsaturated compounds from crack Cy is

81

described, for example, in Erdsl und Kohle-Erdgas-Petrochemie vereinigt mit
Brenmstoffchemie Vol 34, No. 8 August 1981, page 343-346. In this process, the
polyunsaturated hydrocarbons and the acetylenically unsaturated compounds are removed in a

first stage by extractive distillation with aqueous NMP from the monoolefins and saturated

25 hydrocarbons. From the NMP extract, the unsaturated hydrocarbons are removed
distillatively. From the hydrocarbon distillate, a second extractive distillation using aqueous
NMP removes the acetylenically unsaturated compounds having four carbon atoms. In the
workup of crack Cy, two further distillations remove pure 1,3-butadiene, and the by-products
obtained are methylacetylene and 1,2-butadiene. In the context of the process according to the

30 invention, the multistage process described here may be carried out as a pretreatment for the
feedstock mixture, in which case the distillative removal of the 1,2-butadiene can be

dispensed with.



di s'penéed wi th. WO 2006/ 024615 PCT/ EP2005/ 054136 9 Optionally, acetylenic
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When alkynes are present in the feedstock mixture, preference is given to adding via the
hydrogen source sufficient hydrogen that the molar ratio of hydrogen to acetylenically
20  unsaturated compounds (alkynes) in the starting mixture is at least 1:1, preferably from 1:1 to
2:1, more preferably from 1:1 to 1.5:1 and most preferably from 1:1 to 1.1:1. A distinct
exceedance of these values leads to increasing loss of the noncyclic olefins having conjugated
double bonds, for example of 1,3-butadiene. The concentration of the alkyne in the feedstock
mixture may be determined continuously or at regular intervals, for example by gas

25 chromatography.

In the process according to the invention, all catalysts suitable for the telomerization may be
used. Preferred catalysts for the telomerization are metal complexes of the metals palladium
(Pd), iron (Fe), ruthenium (Ru), osmium (Os), cobalt (Co), rhodium (Rh), iridium (Ir), nickel
30 (Ni) or platinum (Pt). The ligands used may, for example, be phosphorus ligands, for example
phosphines, phosphinines, phosphinites, phosphonites —or phosphites, for example

triphenylphosphines or carbene ligands, and it may also be advantageous to use different
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C 11 RN Iz R VIIl where R2 R-R and R3 may be the sane or dlfferent
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carbon atons, in which a
EP 1308 157r and WO 01/66248 These documents and in particular the ligands described
there are included in the disclosure conient of the present application. In addition, the active
complex may comprise further ligands. The carbene ligands may be open ligands or cyclic
ligands.
15

The telomerization catalyst used in the process according to the invention is preferably a
palladium-carbene complex which has a carbene ligand of the general formula (VIII)

3

R
R—N
N\

" /C:
RN
R2

Vill

where R%, R, R and R?> may be the same or different and may each be hydrogen or

20 hydrocarbon groups, where the hydrocarbon groups may be identical or different, linear,
branched or cyclic radicals selected from the group of alkyl radicals having from 1 to
50 carbon atoms, alkenyl radicals having from 2 to 50 carbon atoms, alkynyl radicals having
from 2 to 50 carbon atoms and aryl radicals having from 6 to 30 carbon atoms, in which at
least one hydrogen atom may be replaced by a functional group,

25 and/or R* and R and/or R and R® are each part of a cyclic system which is the same or
different and has a carbon skeleton having from 2 to 20 carbon atoms and a nitrogen atom

according to formula VIII, where the carbon atoms of R? and R" and/or R and R? are not
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In the process according to the invention, the telomerization catalyst used is preferably a
palladium-carbene complex which has a carbene ligand of the general formula (VIII) where
Rz; R*: are the same or different and are each linear, branched, substituted or
unsubstitated, cyclic or alicyclic alkyl groups having from 1 to 24 carbon atoms, or
20 substituted or unsubstituted, mono- or polycyclic aryl groups having from 6 to 24
carbon atoms or
mono- or polycyclic, substituted or unsubstituted heterocycle having from 4 to 24
carbon atoms and at least one heteroatom from the group of N, O, S,
R,R: are the same or different and are each
25 hydrogen, alkyl, aryl,. heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-aryl-, -OCO-
alkyl-, -OCO-aryl-, -OCOO-alkyl-, -OCOO-aryl-, -CHO, -CO-alkyl-, -CO-aryl-,
-O-alkyl-, -O-aryl-, -NH,, -NH(alkyl)-, -N(alkyl),-, -NH(aryl)-, -N(alkyl),-, -F, -Cl,
-Br, -1, -OH, -CF3;, -NO,, -ferrocenyl, -SO3H, -PO3;H,, where the alkyl groups
contain 1-24 carbon atoms and the aryl and heteroaryl groups from 5 to 24 carbon
30 atoms, and the R and R radicals may also be part of a bridging aliphatic or

aromatic ring.



R are the sane or different and are each 25 hydrogen al kyl, aryl,

'het eroa OOH -C00 al kyl -, -coo-aryl -, - a E%g} | -
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-Br, -1, -OH, -CF3, -NQ2, -ferrocenyl -SCBH -PCBHZ, where the al kyl

groups contain 1-24 carbon atons and the aryl and heteroaryl groups from5
to 24 cweBopurBéulat pefereredds piven B using cibenatlpasis svhieiyhaxhsaﬁbmembmed ahga
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pref erence in rocess cordS t0 the invehtlon are, for exanple,
those of the crrrulae I X, XpX and X'l 3R33 R6 RRSRI3 RS R RS N-N
11 R4 C 4|C/~§5R7%?2R2R R4 R2 IX XXl X1 5 where R; R3:

are theRs 2 i di ffer are eath ar, brancheg-Nsubstituted or
unsubsti tut ed, @ycl ic or ‘I cml i c al kyI |grqp;os having frot 1 to 24 carbon
at ons, R—z.%b.ﬁ;’ltut ed of bstitut - or pol y/c/gﬁt\,l c aryl groups
havi ng f 24 c&rbon atons or 10 rmrpg) or p@“cyclli,c, substituted or

unsubst i th edRﬁeterocycIe ha’A ng from4 tR" 24 carbon at Bms and at | east
one heteroatomfromthe group of N, 0, S, R4, R5, R6, R7: are the sanme or
di fferent ans( are each hydrggen al kyl , )elryl, het er oar -CN, -000H,

- COO- al kyI COO aryl - OCO- al kyI oCco aryl -, - al kyl -

i e ’R2 59 w2 diferent and are each
linear, branched, substituted or unsubstituted, cyclic or alicyclic alkyl groups
having from 1 to 24 carbon atoms, or
substituted or unsubstituted, mono- or polycyelic aryl groups having from 6 to
24 carbon atoms or
10 mono- or polycyclic, substituted or unsubstituted heterocycle having from 4 to

24 carbon atoms and at least one heteroatom from the group of N, O, S,

R4, RS, R6, R’:are the same or different and are each
| hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-aryl-,
15 -0CO-alkyl-, -OCO-aryl-, -OC0OOQ-alkyl-, -OCOO-aryl-, -CHO, -CO-alkyl-,
-CO-aryl-, -O-alkyl-, -O-aryl-, -NH,, -NH(alkyl)-, -N(alkyl),-, -NH(aryl)-,
N(alkyl),-, -F, -Cl, -Br, -I, -OH, -CF3, -NO,, -ferrocenyl, -SOsH, .—PO3H2,
where the alkyl groups contain 1-24 carbon atoms and the aryl and heteroaryl
groups from 5 to 24 carbon atoms, and the R*, R’, R®and R’ radicals may also

20 be part of a bridging aliphatic or aromatic ring.

Examples of carbene ligands which correspond to the general formulae IX or X and
complexes which contain such ligands have already been described in the technical literature
(W. A. Herrmann, C. Kocher, Angew. Chem. 1997, 109, 2257, Angew. Chem. Int. Ed. Engl.

25 1997, 36, 2162; V.P.W. Bthm, C.W.K. Gststtmayr, T. Weskamp, W.A. Herrmann,
J. Organomet. Chem. 2000, 595, 186; DE 44 47 066). | '
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-heteroaryl groups from5 to 24 carbon 133t oms, and the R4, R5, R6 and R7
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groups on atonms. In the case that Pd is used as the netal
of gr ouﬁé{sg{&gﬂ%g g?%n?ﬁtglgPerl odic Table, one or both R2 and R3 |i gands

preflerabl y has/have these definitions. 10 The R2, R3, R4, R5, R6 and/or R7

radi cals ma ach be the sa or. different_ and have | east . .one
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may, fofreRxaiplrom be 309caddn arval drtdiyeniybgrongs framthier2dvdagbon atoms, the allyl
groups from 3 to 24 carbon atoms and the mono- or polycyclic aryl groups from 5 to 24
carbon atoms. The Ry to R¢ radicals may, for example, be joined covalently to one another via
(CH») or (CH) groups.

20

In the case of substituents having acidic hydrogen atoms, the protons may be replaced by

metal or ammonium ions.

The R? and R® radicals may more preferably be radicals which derive from five- and six-

25 inembered heteroalkanes, heteroalkenes and heteroaromatics, such as 1,4-dioxane,
morpholine, y-pyran, pyridine, pyrimidine, pyrazine, pyrrole, furan, thiophene, pyrazole,
imidazole, thiazole and oxazole. The table 1 which follows reproduces specific examples of
such R? and R’ radicals. In this table, ~ indicates in each case the point of attachment to the
five-membered heterocyclic ring or to the compound of the formula VIIL

230
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In the context of this invention, carbene ligands are understood to mean both free carbenes

which can function as a ligand and carbenes coordinated to metal.

The catalyst metal, in particular the palladium used as the catalyst metal, from which the

active catalyst is formed under reaction conditions can be introduced into the process in

different ways.

10 The metal (palladium) can be introduced into the process

a) as a metal-carbene complex (palladium-carbene complex), in which case the metal

(palladium) is preferably in the (II) or (0) oxidation states, or
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The carbene complexes of palladium can be prepared in a wide variety of ways. A simple
route is, for example, the addition of carbene ligands or the exchange of ligands on palladium
complexes for carbene ligands. For example, the complexes I-f fo I-i are obtainable by

5 exchange of the phosphorus ligands of the bis(tri-o-tolylphosphine)palladium(0) complex
(T. Weskamp, W.A. Herrmann, J. Organomet. Chem. 2000, 593, 186).

R
[
N
\
+ 2 [ /C R? =2
N ! \
}:{3 N, N
(o-tol),P—Pd—P(o-tol), —_— | /C_.._' Pd_C\ ]
- 2 (o-tol),P N N

I-f R2=R?= Mesityl

l-g R2=R3=c-Hexyl

I-h R2=R? = t-Butyl
i R?=R?®=|-Propyi
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15 whereg ; .R5,..Bf. ' i X,

and v R Moids pifle RO aRaRRONEe Abor Bl 200

st oi chi paRAfMIRB chmplken of a nultiply charged anionic group.

The carbenes of the general formulae TX and X may be used in the form of free carbenes or as

10 metal complexes, or are obtained in situ from carbene precursors.

Suitable carbene precursors are, for example, salts of the carbenes of the general formulae

XIMT and XIV,
R2 2
RN 5“ h
N R N
stij> Y R" >Y
s < s
Xl X1V

15
where R%, R, R*, R’, R®, R7 are each as defined in formulae IX and X, and Y is a singly

- charged anionic group or, in accordance with the stoichiometry, a fraction of a multiply

charged anionic group.

20 Examples of Y are halides, hydrogensulfate, sulfate, alkylsulfates, arylsulfates, borates,

hydrogencarbonate, carbonate, alkylcarboxylates, arylcarboxylates.

The corresponding carbenes can be released from the salts of the carbenes, for example, by

reacting with a base.
25
The concentration of the catalyst, reported formally in ppm (by mass) of catalyst metal, in

particular palladium metal based on the total mass, in the process according to the invention is



.20 Exanples of Y are halides, hydrogensul fate, sul fate, alkylsulfates,
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further 5 Ilgands for  ex rrple hqQs ] i gands,
tri pRenljEamss fHi srampig phowh ?L@s]égﬂn Fne- Ehg'lp%egQBE“i’%hmﬁl aay e p‘f‘%%nt in the

nucl eop%hﬁ%v&lxg%“)e used are preferably conpounds of the general formnulae
10 R or (Ra)(Rb)NNH (VIIb) or Rra-COOH (VII1) in which Rla

~and Rb are each mdependently sel ected from hydrogen, a linear, branched

or cycllc to. C22-al k grou -al kenyl _gr or -alkynyl group, a C5 to
Cl 8-aryl @w&waﬂwa(\fﬂ)@@ﬁ%wwme y@nw%oﬁﬁggene%?%ﬁe( C5- Ci 0) group,
where these groups may contain 15 substituents selected fromthe group of
-CN, -COOH, -COOalkyl-(Cl-C8), -COalkyl-(Cl- Cg) -aryl-(C5-C 0),

- COQpar RI*=O.86- CI(DNa) - 66 aRIR(TB-KI O) (VEKE) adrkyR4@DOBB) , (VOe)CO- al kyl -
(C-C8), -Nalkyl2-(C-C8), -CHO -SG8H, -NH2, -F, -d, -OH, -CF3 and -NQ2,
and where the R a and R b radicals nay be joi ned toget her via coval ent

bonds. Llh\% RHGeoRA Pa 8 Blidhe @%—ﬁgesre?c@ ot FOTRURASn| £1ikbi ChrahBRai?ra and
optlona |cals are eac H gen, nethyl ethyl, n-propyl,
i sopr op@glchc tcarﬁo-(bgta]ltyl gfnetk;ut-yllken)é@eﬂquby I-a,lkwhgydup, heﬁ(syllo Cn@pylygroup@r yll :
octenyl, oct adl enyl, isononyl ony hen -. or
p- et hyi il Cr TRy, O 8 Qe ok obonpere thesd oups mA coain
I - % apy| Qﬂ@n@ééﬂnytodlﬁk ardHomyh-alkyl-(C,-
et hy?ca%‘%%%??ﬁggrﬁgg%w%&@ony Ody{%eny’l car bonyl . %ecqnuggl eophi Iyeé ](VI 1)
used ar €y)e#rgl-(ef gY, QO watl €Cs-Cab)c oG OFsyl- @héﬁ;@] S',O qdh}’ly(ﬁ]lé;s),C@m-ylka
(C1-Cy), -N-alkyly-(C;-Cg), -CHO, -SOsH, -NHa, -F, -Cl, -OH, -CF; and -NO,, and where the
R'? and R’ radicals may be joined together via covalent bonds. The nucleophiles used are
preferably compounds in which the R'? and optionally R® radicals are each hydrogen, methyl,
20  ethyl, n-propyl, isopropyl, tert-butyl, n-butyl, sec-butyl, pentyl, hexyl, heptyl, octyl, octenyl,
octadienyl, isononyl, 2-ethylhexyl, n-nonyl, phenyl, m-, o- or p-methylphenyl, naphthyl,
2., 4-di-tert-butylphenyl, 2,6-di-tert-butylmethylphenyl, hydrogencarbonyl, methylcarbonyl,

ethylcarbonyl, propylcarbonyl or phenylcarbonyl.

25 The nucleophiles (VII) used are more preferably water, alcohols, phenols, polyols, carboxylic
acids, ammonia and/or primary or secondary amines. These are especially:
- water, ammonia,
- monoalcohols and phenols, for example methanol, ethanol, n-propanol, isopropanol,
allyl alcohol, n-butanol, i-butanol, octanol, 2-ethylhexanol, isononanol, benzyl alcohol,
30 cyclohexanol, cyclopentanol or 2,7-octadien-1-ol, phenol, _
- _dialcohols, for example ethylene glycol, 1,2-propanediol, 1,3-propanediol,
1,4-butanediol, 1,2-butanediol, 2,3-butanediol and 1,3-butanediol,
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active #dr qiehaligt cwid.i phend. tEmsHutapgs, tpethglamme, ammonia and/or  water.

15 Advantageously, the nucleophile used is methanol.

Nucleophiles which can themselves be obtained via a telomerization reaction can be used
directly or else formed in situ. For example, 2,7-octadien-1-0l can be formed in situ from
water and butadiene in the presence of the telomerization catalyst, 2,7-octadienylamine from

20 ammonia and 1,3-butadiene, etc.

For the ratio of nucleophile to the starting olefin having at least two conjugated double bonds
in the telomerization reaction, the number of active hydrogen atoms in the telogen has to be
taken into account. For example, methanol has one active hydrogen atom, ethylene glycol has

25  two, methylamine has two, etc.

Per mole of active hydrogen atom of the nucleophile which can react with the starting olefin,
preference is given to using from 0.001 mol to 10 mol of starting olefin in the telomerization
reaction. In a reaction with a liquid phase, particular preference is given to a ratio of from

30 0.1 mol to 2 mol of starting olefin per mole or active hydrogen.

It may be advantageous when the process according to the invention is carried out in the
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in the L HGte and water. It is also possible to use ionic liquids, for example imidazolium or
pyridinium salts, as solvents. The solvents may be used alone or as mixtures of different

20  solvents.

The temperature at which the telomerization reaction is performed is preferably in the range
from 10 to 180°C, preferably in the range from 30 to 120°C and more preferably in the range
from 40 to 100°C. The reaction pressure is preferably from 1 to 300 bar, preferably from 1 to
25 120 bar, more preferably from 1 to 64 bar and most preferably from 1 to 20 bar. '

It is often advantageous to carry out the telomerization reaction in the presence of bases.
Preference is given to using basic components having a pKp of less than 7, in particular
compounds selected from the group of the amines, alkoxides, phenoxides, alkali metal salts

30 or alkaline earth metal salts.

Suitable basic components are, for example, amines such as trialkylamines which may be
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exanpl eTige ®ldnidredtibaniay be apearedviontinatmatysdrrtearimifiscoand is nberestiintedrid éie tsg
obtain a high space-tinme yield, the telonerization na referahly not be
car r i edofoparticuler @ECt?lbWPFFe%P(élnPleédﬁ\?%q%‘i%l‘P WC?‘H@G §‘ia§’f1¥1? Eﬂl E‘? 8"1“]“ﬁ¥ O’fﬁf“g is
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case, preference 1s given to restricting the conversion to not nore than
95% nodigfepne feral YretasodBisiblE) dor exaanld ¥ atiaeitiidnk opactdr whiyld dogestroaimilaw

hydr ogenbsour ce to a process mxture present in one
tube.

In order to obtain a high space-time yield, the telomerization may preferably not be carried out
20 up to the full conversion of the starting olefin. This is the case especially when the starting
olefin is 1,3-butadiene. In this case, preference is given to restricting the conversion to not

more than 95%, more preferably to 88%.

The inventive addition of hydrogen via a hydrogen source to a process mixture present in one
25  step may be effected in one or more steps. When the telomerization process according to the
invention has only one step, i.e. the telomerization reaction itself, the hydrogen 1s of course
added by addition of the hydrogen source to this step. The process according to the invention
preferably includes one or more further step(s). Such steps may, for example, be a step for
removing the catalyst and optionally a step for recycling the catalyst into the reactor. The
30  hydrogen source is preferably added to the overall telomerization process in the reaction step.
The addition of hydrogen via the hydrogen source in the reaction step has the advantage that

the inhibition of the telomerization can be prevented by acetylenically unsaturated compounds



.25 étep may be effected in one or nore steps. When the tel onerization
process i o the invention has only one step, i

tel omr@&ﬁ@‘%bg‘%ﬂgti on itself, the hydrogen is of cours%éngé@gS@\;M%
-addition of the hydrogen source to t hi < step. The process according to the
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di sadvant age of the addition of the hydrogen in the reaction step may be
t hat 5r ee@BRAVEs resgfoduct s can be hydrogenated to undesired by- products,
which can result in yield |osses. This is the case especially when the
telonerization is carried out with an excess of hydrogen in conparison to
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beengr efmy o VI yasuBiShaBb ticah kamdvedmerh eutsainahlys froonthe qatabesedh agrestiery, and
t he hydrogen added via the hydrogen source thus dg&; not, hydro enah}gl
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reduce fhe ¥ & }grodll.lét tg%dgﬁrega\ﬂ/\éﬁ{aﬂﬁ‘cgg GHE MReRbel BBt RO ARy RRY rIPﬁl_Ia- Z)eadded

both to fha réakltl on step an e catalyst recycling step. 15
pr ocessa@aaRpeinRovied thhdydoyanidubse mayddEbatk ed therrepaiohi syl d th dhe patelystr i ng,
froma 1, 3-butadi ene-contai ni ng hydrocarbon stream a conpound of the
f or mul arepyclngistep-in which X is an OR la or NRlaRl" radical, where R a and
RI b1 re each i ndependently selected 20 from hydrogen, a linear, branched
or cyclic C, to C22-al kyl group, an al kenyl group, an al kynyl

The process according to the invention may be used in particular for preparing, from a

1,3-butadiene-containing hydrocarbon stream, a compound of the formula [I
NN X
I

in which X is an OR'® or NR'*R® radical, where R'* and R'® are each independently selected
20 from hydrogen, a linear, branched or cyclic C; to Cx-alkyl group, an alkenyl group, an alkynyt

group, a Cs to Cig aryl group or a —~CO-alkyl-(C,-Cg) group or a—CO-aryl-(Cs-Cyo) group,

where these groups may contain substituents selected from the group of -CN, -COOH,

-COO-alkyl-(C,-Cg), -CO-alkyl-(C;-Cg), -aryl-(Cs-Cig), -COO-aryl-(Cs-Cio),

-CO-aryl-(Cg-Cyg), -O-alkyl-(C;-Cy), -O-CO-alkyl-(C,-Cs), -N-alkyl,-(C1-Cs), -CHO, -SOsH,
25 -NH,, -F, -Cl, -OH, -CF3, -NO,, and where the R’ and R'® radicals may be joined together via

covalent bonds.

Using the process according to the invention, it is possible in particular to prepare compounds

of the formula IIla or I1Ib,
R ' x R
W /\/\/\/\N
= = 1b

30 Ila ITb



.group, a G5 to C g aryl group or a -COal kyl-(C,-Cg) group or
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sel ecte 000H, . -COO al kyl - (C

-CO-al kyl -(C,-Cg), -aryl-(C5-C, o), -@éOaryl-(ca-c, 0), -CO-aryl-(C6-C,
o), -Oalkyl-(Cl-Cg), -OCOalkyl-(Cl-Cg), -Nalkyl2-(Cl-C8), -CHO -SQ3H,
25 -NH2, -F, -d, -OH, -CF3, -N®2, and where the Rla and RI b radi cal s nmay

be j oi neﬂrehaﬂ%t hE-fbu‘&éid?ene@ﬁt}Bd sudledphiie 6VIIUsf the farmalaer\die 38Tteacdildi ng to the
invention, it Is possible in particular to prepare conpounds of the

formula I'lla or I'llb, ~1b 30 Illa I11b WO 2006/ 024615 PCT/EP2005/054136 23

by reaci 3- adi ene eo e (M1 R19Q ful ae VI |
VIilb orf{art?}f‘ \PH H Vil a%%zg gﬁdﬁ-& b R akoogotd\j/-ﬁ Il 5 vvh:re R?a

aﬂd Rib are each as defined above. Particular preference is given to using
the process accordjng to the invention to prepare conpounds of the formula
I iA \Aﬁh@fﬁ& Rﬁaée@ﬁcﬁﬁ? gined abpiere R a is H nmethyl, ethyl, n-propyl,

i sopropyl, tert-butyl, n-butyl, sec-butyl, pentyl, hexyl, heptyl, 10
octyl, octenyl, octadienyl, isononyl, 2-ethylhexyl, n-nonyl, phenyl, m, o-

or p- WEPEH’MI:@H@ @b@ferencfbaﬁhglhyﬂl o szfhgdthet Iﬁbbesbwcyérﬂhgntyol the invention to prepare
2,6-di-tert- butyl met hyl phenyl , hydro& ncarbon ]b, net hyl car bonyl ,
et hyl cafdseifpn S@f@iﬁ@@ﬁﬂ%gﬁl}l""h&h PreA CArHony - WReFor - R b is H, nethyl,

heptyi R HE P e SRR ooy il o -bﬂzv"éﬁ%%‘y L SEERH, Yy RO nep B
phenyl , odiyl, oSrengdl Ocﬂad[&ﬁ)}’lylsﬁﬁtﬁﬂwz eth@llhlamlj n-ndnyl; ﬂhlen'gfblm— buby bahethylphenyl,

2, 6- di -tert-but yl met hyl phenyl, hydro encarbonyl yIc onyI
et hy| canarbyl,, p?&pﬁi}’rt@réibb’h%henﬂﬁ pie ng%?gpart YEHZERPPAFEr ence

is given fh%lc @rlﬁcg{rb%ﬁﬁsgm%ﬁﬁglrbg@gnbgﬁrbh&rﬁ& fzntl on to prepare a

corrpounlale ere roge nmet hyl , ethyl, phenyl
or net hyldear bonyI The conpounds of the 20 fornulae Illa and I11b may be
present gither in the cis or in the trans form The effluent fro

t he
t el omer RZds Homorhshing r-Brogpl. reprorb terisRuirh e ¥ofisr 744 PRI wvhdeptl,
15 octyl, octenyl, octadienyl, isononyl, 2-ethylhexyl, n-nonyl, phenyl, m-, o- or p-methylphenyl,

naphtyl, 2,4-di-tert-butylphenyl, 2,6-di-tert-butylmethylphenyl, hydrogencarbonyl,
methylcarbonyl, ethylcarbonyl, propylcarbonyl or phenylcarbonyl. Very particular preference
is given to using .the process according to the invention to prepare a compound of the formula
Illa where R* = hydrogen, methyl, ethyl, phenyl or methylcarbonyl. The compounds of the

20 formulae ITla and I1Ib may be present either in the cis or in the trans form.

The effluent from the telomerization reaction step may, for example, comprise mainly the

telomerization product, by-products, “inert hydrocarbons”, residual amounts of starting olefin,

residual amounts of nucleophile and catalyst system (catalyst metal, ligands and optionally
25  bases, etc.) or subsequent products thereof and any added solvents, or consist theréof. The

effluent from the telomerization reaction step may be separated quite generally by known

industrial processes, in particular by thermal separating processes, for example distillation or

extraction. For example, a distillative separation can be effected into the following fractions:

- a Cs fraction which comprises n-butane, isobutane, 1-butene, 2-butenes, isobutene,
30 1,3-butadiene, 1,2-butadiene and, if appropriate, all or some of the nucleophile,

- afraction comprising the target product (2,7-octadienyl derivative),

- afraction comprising the by-product and/or



.telonerization product, by-products, "inert hydrocarbons", residual anounts

of stari.l in,. residual amounts of nucl eophil e and m
(cat al yﬁg%ﬁéﬁéiﬁﬁgands and optionally 25 bases, etc.) %¢?}s@%§)§§:{8§%ﬁ§

- products thereof and any added sol vent 4 or consist thereof. The effluent
fromthe telonerization reaction step may be separated quite generally by
known industrial processes, in particular by thermal separating processes,
for exanpl e fiicsiohlcbaiprising die cagtgstand i on. For exanple, a distillative
separation can be effected into . the follown fr?cti ons: - a C4 fraction
whi ch corrprl’f%@%foli’flaé%taﬁ?é,uoil§%H@%ﬂ%?heﬁ“51‘?f’@ﬁgﬁ {Yut enes, isobutene, 30

1, 3- but adi - but adi nd, if appropriate, all or sone of the
nucl eophi | g?ggpré{p rt%)it:étslgg‘}r?ﬁgﬁ(;%%?ﬁ'si ng the target product (2, 7-octadienyl

derivative), - a fraction conprising the by-product and/or WO 2006/ 024615
PCT/ EP2005/ 054136 24 - a fraction copprising the catalyst andh- if.

appr épr e Eactiory somenrising B myFieaphils: fh@ﬁ%&@ﬂé@ﬁﬁflﬁ@géﬁwﬂ?fm angl ghe fraction
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cat al ystcatinn gaslorletertedyd ked wadkipy Pesfefeacd Isygivanoigeattieting these fractdmsliytoi nt o
the reaction step, or else be fed to a workup. Preference is given to
recycl i g reaslise sfPactions into the reaction step. 1 o However, the
separation may al so be carried out in such a way that only two fractions
are obtained. In this case, one fraction conprises the substantial portion
of - tihe Hawgedr, feostpatatiamthayt dieo becamidd fauhdn isoch e ovyrthsesnly eo Stevsivan tieal
portion of the catal yst used, The catal yst- coniai ni n%éfracti on is in.turn

recycl eebtpiged.yinghis sase pye fragtipn goanrisat e SHbSes! PasioRRf thefptest PIdBEHAE i s
used asug u&e@o%c[ fraelide %o%ﬁi@esp{h%ﬁ%{{b%@ﬁﬁglo orfibR&lf S bédttzﬂfh‘{ &ed.FPhe @%AMRL-E,

1-octené can be prepare rom-t net h%xyoct adl -2, 7-ene target product by
hydr ogesaitainigg fiabton isGn comn becgclad dady andribuinsetye eerctiyn efep.m nat i ng et hanol .
By neans of the process according to the invention, it is thus possible to
prepare m xtures conprising 1- nethoxyoctadi-2,7-ene. These m xtures can

thensberysad, & orffuEPRNEed aPSch 1 serels WNEPrebilSores LBRP MHsBn& S Hot Sxantite,
tel oneri zaﬁg%n IS et hanol - or - et ﬁangﬁ , tﬁre use of 4
1-octene can be prepared from the 1-methoxyoctadi-2,7-ene target product by hydrogenating
the two double bonds and subsequently eliminating methanol. By means of the process
according to the invention, it is thus possible to prepare mixtures comprising I-
methoxyoctadi-2,7-ene. These mixtures can then be used to prepare 1-octene.
20
When the nucleophile used in the telomerization is methanol or ethanol, the use of C4
hydrocarbon streams as the starting stream (1,3-butadiene as the starting olefin) gives rise to
the option of not removing the nucleophile from the reaction product. Instead, the effiuent of
the hydrogenation of the target product (e.g. 1-methoxyoctadi-2,7-ene) can be sent directly to
25 an etherification in which the alcohol used as a nucleophile is reacted with the isobutene
present in the C, stream to give methyl tert-butyl ether or ethyl tert-butyl ether. This reaction

too is effected by processes known in industry, usually under catalysis of ion exchangers. For

full conversion of the isobutene, alcohol has to be added additionally in some cases.

30 The invention is illustrated in detail with reference to the figure Fig. 1, without any intention
that the invention be restricted to the embodiment shown in Fig. 1. Fig. 1 is a schematic

illustration of one possible embodiment of the process according to the invention. The overall
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exa I%_ % di scharging a portion of the used catalyst and/or of adding
fresh catatyst, may be or have to be present, but are not shown in this
schenme 15 in Fig. 1. The exanples which follow are intended to illustrate
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3 . e of p
is evi dBm xapwes el geilgandaddo tiistrale wyelszneseélﬁﬁﬂle‘gﬂhout restricting

the scope of protection which is evident from the description and the claims.

20 Examples
Example 1: Telomerization in the absence of alkynes.
In a 100 ml Schlenk tube, 55.9 mg (0.18 mmol) of palladium acetylacetonate and 0.390 g
(0.75 mmol) of 1,3-bis(2,4,6-trimethylphenyl)imidazolium o-cresoxide were dissolved under
protective gas in 51.2 g (1.59 mol) of methanol. In a 3-liter autoclave from Biichi, 6.72 g (0.06
25  mol) of é-cresol, heated to 40°C in a water vat, and 3.47 g (0.06 mol) of sodium methoxide
were dissolved in 115 g (3.59 mol) of methanol and in 100 g (0.52 mol) of tripropylene
glycol. Subsequently, with the aid of a pressurized gas canister, 536 g of a C4 hydrocarbon
mixture were injected into the autoclave (determination of amounts by a loss of mass in the C4
supply bottle). The autoclave was heated to reaction temperature (80°C) with stirring, the
30 palladium-containing solution was introduced in one portion into the autoclave contents and
the reaction was monitored with the aid of an online gas chromatograph. The reaction time

was 14 h. The hydrocarbon mixture obtained was an alkyne-free C4 hydrocarbon mixture
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25

1,7- octadien-3-yl methyl ether (= 3-MODE)

Example 2: Telomerization in the presence of 2273 ppm by mass of acetylenes
(comparative experiments)

In a 100 ml Schlenk tube, 56.2 mg (0.18 mmol) of palladium acetylacetonate and 0.395 g
(0.76 mmol) of 1,3-bis(2,4,6-trimethylphenyl)imidazolium o-cresoxide were dissolved under
protective gas in 51.2 g (1.59 mol) of methanol. In a 3-liter autoclave from Biichi, 6.80 g
(0.062 mol) of o-cresol, heated to 40°C in a water vat, and 3.80 g (0.07 mol) of sodium
methoxide were dissolved in 115.1 g (3.59 mol) of methanol and in 101.1 g (0.52 mol) of
tripropylene glycol. Subsequently, with the aid of a pressurized gas canister, 573 g of a Cy4
hydrocarbon mixture were injected into the autoclave (determination of amounts by a loss of
mass in the Cq4 supply bottle). The autoclave was heated to reaction temperature (80°C) with
stirring, the palladium-containing solution was introduced into the autoclave contents and the

reaction was monitored with the aid of an online gas chromatograph. The reaction time was

14 h.
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i n, RFZ ity 5“%&‘9]6%11%( 3% 1-MODE) = 6650 min, tR(1,2-butadiene) =
6900 min, tR(1,3- 10 butadi ene) = 7526 mn. 2,7-octadien- 1 -yl nethyl
ether (= 1-MODE) 1, 7-octadien-3-yl nethyl ether (= 3-MODE) In the

i nvent [ methemnima em@e Y@l lodesdatbonmixture Batiny #H.§9%5by3@0ssyf Inbstadicne,

b ne,
5. 209 by aos) B PSR S a5t Bl e 5244 BY oIES %E?ﬂgﬁlﬁfé%%ss
of ci s- bu2¥nepy 0maso6 6o byuimafss 25B5% by mass of cis-butene, 0. 1866% by mass of
vinylacetylene and 0.0407% by mass of 1-butyne was used.

Example 3: Telomerization with addition of water (in accordance with the invention):

20 In a 100 ml Schlenk tube, 55 mg (0.181 mmol) of palladium acetylacetonate and 0.384 g
(0.96 mmol) of 1,3-bis(2,4,6-trimethylphenyl)imidazolium o-cresoxide were dissolved under
protective gas in 50.2 g (1.57 mol) of methanol. In a 3-liter autoclave from Biichi, 6.98 g
(0.064 mol) of o-cresol, heated to 40°C in a water vat, and 3.95 g (0.070 mol) of sodium
methoxide were dissolved in 115.2 g (3.59 mol) of methanol and in 100.7 g (0.52 mol) of

25 tripropvlene gljrcol. Subsequently, with the aid of a pressurized gas canister, 526 g of a C4
hydrocarbon mixture were injected into the é,utoclave (determination of amounts by a loss of
mass in the C4 supply boitle).

Without heating the reaction mixture, in each case 0.1 MPa of hydrogen was injected after
1 min, 3 h.2 min, 22 h 35 min, 25 h 10 min, 27 h 11 min, 29 h 50 min and 49 h 10 min, and

30 the concentration of the alkynes in the gaseous C; sample was measured by means of a gas

chromatograph (GC). After 52 h 45 min, the autoclave was heated to reaction temperature

(80°C) with stirring. The reaction time at 80°C was 8.5 h.



. vinyl aCetyI ene and 0.0407% by mass of 1-butyne was uséd Exanpl e 3:
Tel omerj_zation addition of water (in accordance wt

20 In aMog? ﬁ@o%:}enk tube, 55 ng (0.181 nmol) of palla g;%%oﬂg}%@&
-acetyl acetonate and 0384 g (0.96 m‘rDIQ)8 of

1, 3-bis(2,4,6-trimethyl phenyl)i m dazol i um o-cresoxi de were di ssol ved under
protectlve gas in 50.2 g (1.57 not) of nethanol. In a 3-liter autoclave

from BUGH (156 38mh: DB-06K/00}0;, dndoedtiigs o DB-Reat1¢R- SIS 48 iting tammraﬂm*evat
and 3. 95%%)(0 070 nol) of sodium nethoxide were dissolved in 115.2 g (3.59

mol ) of 50fét hamesimumdtanperaey 39000, siarkig )tope: iSmPrleﬂPBWt@%“&}eyc%an
Sub tly, with th o t 658
nvar ocarBEm eyl S F LA TR (A8 oL T hin, RE 2%, et

anmount sf1gy rateb ORFCPhydridBEBons) =t IR 2GHirS lm@h@th&mﬂ)t Q)1 52 Wihhd(l, Theaddiag) t=he
reaction mxture, in each case 0.1 MPa of hydrogen was .inj ected aftﬁ_]{

mn, 53 BSG miim, tRAmrans-B§-asfadiengl =397 mim, tRz(VlSrlt -pqtagicpe) 2940|% Stk (%Iﬁd 49
h-10 m .30 th nGe N of I;y sanpl e
s e L A s R D 20 P RSN ASO Aockrd) kY005 4, LRG GARRQIRGH SaTD
aut ocl ayegnasn et Betake) + @362 Irﬁ)lﬁ tlB(ﬁiiﬂﬁﬁz&Ieyllbe%:QBHﬁ) tRi(3-DIGDE) = AFR3 Tiw,
reaction tinme at 80C was 8.5 h. WD 2006/ 024615 PCT/ EP2005/ 054136

(1st cotR{trans-DEengAx? A12E3nin rﬁﬁ(lc@ﬂ@ﬂﬁ) OB i HER @ hrteng) arﬁﬁlﬁg‘nflén‘gz?lét ure:

SOC maxi.mum te r.at ure: arti ti i br Nnbihme: 3
Wﬁ%e atu;%;ﬁSr 6%’7"3%1&? D%C at Cnﬁghtl%(wgb(%g rkm t?sr?gg 111hm n,

|nj 10 2@({@3 -8@adiéne) _fjsgwnﬁlﬁt e) tR(C4 hydrocar bons) = 2762 mn,

t R( met hanoi) = 3152 mn, tR(1, 7-octadi ene) 5 3866 mn,

tR(tran%JﬂpC@d@ﬁztbrdl@ﬁ@yi sthay58-MQPE} R(ci s- 1, 6- oct adi ene) = 4030 nin,

tR(cis- 3700_ L 429 tR(trans 1,3,7-octatriene) = 4292
mn, R%’\/l%ﬁdév % gL@X@KG%ﬁgr éﬁm n, t R(i -butane) = 4552 mn,
tR(n but ane) 4822 mn, tR(3-MODE) 5523 min, tR(trans-butene) = 6116

mn, tR(1- butene) 6240 mn, tR( |-butene) = 6412 mn, tR CI/S butene
6616 m th@qum)em@@aoa ffan hygeearbon Hatxé%}”Pe?fé’?Pm“@d‘é Y Pepss

t R( &) 338708 htafil *lﬁﬁo% %n%@ﬁ)

1,7 P |]:’eugal 338{% ?n{e% Tqé)F %sﬁgu@ﬁ%\/égg%lﬂﬁ t Sesn?ftnl?/éntmﬁve exar‘rﬁf

hydr Ocafrmtbdi@ﬁét l;ﬂllHS%JBjOEﬂaSé B0 143uch8Y2 D YYaThs maef of isobutene, 2.56% by mass of
cis-butene and 0.005% by mass of propyne, 0.6299% by mass of vinylacetylene and 0.1058%

by mass of 1-butyne (7407 ppm by mass of alkynes) was used.

20 Example 4: Telomerization with addition of water (in accordance with the invention):
In a 100 ml Schlenk tube, 57.6 mg (0.189 mmol) of palladium acetylacetonate and 0.399 ¢
(0.76 mmol) of 1,3-bis(2,4,6-trimethylphenyl)imidazolium o-cresoxide were dissolved under
protective gas in 51.3 g (1.60 mol) of methanol. In a 3-liter autoclave from Biichi, 6.90 g
(0.064 mol) of o-cresol, heated to 40°C in a water vat, and 3.80 g (0.070 mol) of sodium

25 methoxide were dissolved in 115.1 g (3.59 mol) of methanol and in 102 g (0.53 mol) of
tripropylene glycol. Subsequently, with the aid of a pressurized gas canister, 495 g of a C4
hydrocarbon mixture were injected into the autoclave (defermination of amounts by a loss of
mass in the C4 supply bottle). The autoclave was heated to reaction temperature (80°C) with
stirring and the palladium-containing solution was introduced into the autoclave contents.

30 Next, 1.4 MPa of hydrogen were injected. The reaction was monitored with the aid of an

online gas chromategraph. The reaction time was 14 h.



.15 1, 3-but adi ene, 3.58% by nmass of isobutane, 5.69% by mass of n-butane,

4.00% by _nass trans- butene, 14.78% by mass of 1-but ¢ SS
of isob (%3996/§£‘§€é% by mass of cis-butene and 0. 005% b?@@igaﬁg%]ﬁgﬁe
*0.6299% by mass of vinyl acetyl ene and ¥ 1058% by mass of 1-butane (7407

ppm by mass of al kynes) was used. 20 Exanple 4: Telonerization with

addition of water (in accordance with the invention): In a 100 m Schl enk

tube, 5G6 (M8 doNrksIDBWAX/G,(Maldnddidlamac OB NeseiBidME stading. B8Pegptur¢:0. 76
mml ) of 1,3-bis(2,4,6-trinethyl Qhen{I i mi dazol i um o-c,r%soxi de wgrf .
- di ssol veerunawrimyn otesperaiarey 0 q. slarang yme:s0 mgh eHibitoRafBIc § %

3-liter, autocl ave from-Buchi. . - (0, - 0f. 16-.cr esol - to
aoc i o iR o B b 20 8% thin{ By SRECTRI iR 13,GHERE, 20628 K6l
di ssol vegwi satel 1, ydicbafidnEp+)2760 Mgl IRadthanl) + 313D2ig, |13DotalignedF

tripropylene glycol. Subsequently, with the aid of a pressurized gas .
cani ste $6&195n,gtf%ﬁrans-tﬁ-00m%mﬂébﬁ BOT iRt h(eisrlef-acteficadt s BR B H@‘%CIS'

aut ocl a det er m.nati of t . -0 S b R Ly
ot 1 o) ke afe R aye huh(BIRUE £y Mol BT P00 s (A ISEIohertRy
stirri ngssnehis R (PBhthadi LG EDREIA] R M EAlelt O320asn,i R(3-DIODEY = AFZB nhim,
aut ocl ave contents. 30 Next, 1.4 MPa_of hxdro_gen were injected. The .
react i ofR(wass-hapne) ot &d 1 irein. the -utenegf= £330 GHR; F%(l‘@é?n@nr:o‘?cfﬁso‘&f‘%&ﬁt(mﬁ'he

cor um: PeEASTAR A Mo SR oo R B BN e A L] omp Sy Pl

50C,10nam(m}3nbﬂtgjmgg)a:tms:mia_ooc, starting tine: | mn, equilibration tine:
mn; tenperature B};ﬂo&ram from50C at 15C min -1 to 200C, run tinme: 11
mn; i ng.7-ockRiim-1-womethyl etherdw - MQDEY R(C4 hydr ocar bons) = 2762 nin,

t R(Cmet hanol ) ~ 315 ] (1,7 iene) = 5 3866 mn,

tR(t ranzﬂ‘ff%%dé%k‘%éff%lﬁqé’?l %&59(58:’ Rnﬁ]:?éfl?( cis-1,6-octadiene) = 4030 mn,

tR(cis- 1,3,7-octatriene) = 4291 mn, tR(trans-1,3,7-octatriene) = 4292

m n, tRér;\;i nyl cycl ohexene) = 4448 min, tR(i-butane) = 4552 mn,

t R( n- bulnaths) invemazoexsimple, 1.RC3-IydoEprbenggxaurg; gompristag; +4A% o0 818y of 616

21626 t R&ﬁta%ﬁ%%@i '1996%})? %fhgsfs 8% Robuthd, ékSQD/@B%h}[aESdMButﬁil@g.gﬁ Oj:y&nas@;-d:g@mﬁg- =
mn, - = m n, - but adi ene) = Jm.n, .

R 153 BB Tarlye BV 758 Ohibuigier 20EBAPEIAE I HRRERYT. Sl (22N

1, 7- oct p@k@nardt §.04 158t by tnagt bepropyne30 MBI, by mass of vinylacetylene and 0.2328% by

mass of 1-butyne (7350 ppm by mass of alkynes).
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As can be seen readily by the comparison of examples 1 and 2, the presence of alkynes in the
C, hydrocarbon mixture used leads to inhibition of the catalyst, so that telomerization does not
take place under otherwise identical conditions. In example 3, the starting material is a Cy4
hydrocarbon mixture which has an even greater proportion of acetylenes. Hydrogen is added
5 regularly to the reaction mixture. After approx. 37 hours, a slow start to the reaction can be
observed even at low temperature. After a subsequent temperature increase, in spite of the
presence of alkynes in the starfing C4 hydrocarbon mixture, telomerization can be observed.

The inventive addition of a hydrogen source to the reaction mixture was able to reactivate the

inhibited catalyst.
10

Example 4 also demonstrates that presence of hydrogen in the telomerization reaction can
neutralize the inhibiting action of the alkynes. In exammple 4, the hydrogen is metered in
shortly before the start of the reaction and the mixture is immediately heated to 80°C. In spite
of the higher amount of alkyne compared to example 2, a high degree of product formation
15 can be observed in the presence of hydrogen, even though it was not possible to fully restore

the reaction rate of example 1. A side reaction observed is hydrogenation of butadiene to the

butenes.

" It is suspected that the particularly high conversion at the start of the reaction in example 3 n

20 comparison to examples 1 and 4 can be attributed to the alkynes which deactivate the catalyst
already having been removed fully by hydrogenation before the start of the actual reaction in

the presence of the telomerization catalyst and any deactivated catalyst having been
reactivated. It is suspected that the reason for the greater yield of MODE in example 3 in
compariéon to example 4 is that the single addition of hydrogen according to example 4 has

25 resulted in the presence of such a great excess of hydrogen in the reaction mixture that the
hydrogenation of butadiene to butenes proceeds to an increased extent as a competing reaction

to the hydrogenation of the alkynes. A further reason for the amount of MODE being greater

in example 3 for comparable residence time/reaction time might be that the regeneration does

not proceed very rapidly, but the hydrogenation and telomerization do proceéd in parallel, so

30  that a smaller amount of active catalyst is available. The advantage of the embodiments of the

process according to the invention according to example 4 lies in the possibility of dispensing
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2006/ 024615 PCT/ EP2005/ 054136 31 As can be seen readily. son
of exanﬁ‘f@@ow/%ﬁmi t he presence of al kynes in the %@W@P%@E’Pﬁ{xture
~used leads to inhibition of the cataly%%, so t hat telonerlzatlon does not

t ake place under otherw se identical conditions. In exanple 3, the starting
material is a G4 hydrocarbon m xture which has an even greater proportion
of acet whgngsStimkidre@ans | Serpddestchydrogibisd Yort pretdpencradat iaoncariizd une. inAf t er
approx. 37 hours, a slow start to the reaction can be observed even at | ow
tenperaﬁﬁm@ﬂEAfter a subsequent tenperature increase, in spite of the
presence of alkynes in the starting C4 hydrocarbon ni xture, telonerization
can be observed. The inventive addition of a hydrogen source to the
reaction m xture was able to reactivate the inhibited catalyst. 10 Exanple
4 al so denonstrates that presence of hydrogen in the tel onerization
reaction can neutralize the inhibiting action of the al kynes. In exanple
4, the hydrogen is netered in shortly before the start of the reaction and
the mxture is inmediately heated to 80C. In spite of the higher anount of
al kyne conpared to exanple 2, a high degree of product formation 15 can be
observed in the presence of hydrogen even though'it was not possible to
fully restore the reaction rate of exanple 1. A side reaction observed is
hydr ogenati on of butadiene to the butenes. It is suspected that the
particularly high conversion at the start of the reaction in exanple 3 in
20 conparison to exanples 1 and 4 can be attributed to the al kynes which
deactivate the catal yst already having been renoved fully by hydrogenation
before the start of the actual reaction in the presence of the

tel omerizati on catal yst and any deactivated catal yst having been
reactivated. It is suspected that the reason for the greater yield of MODE
in exanple 3 in '



.conparison to exanple 4 is that the single addition of hydrogen according
to exanple 4 has 25 resulted in the presence of such a - f

hydr oge Q A09%E246dact i on ni xture that the hydrogenati o%ﬁ@gpgﬁﬁgﬁlgﬁO

* but enes proceeds to an increased extent? as a conpeting reaction to the
hydr ogenati on of the al kynes. A further reason for the anount of MODE bei ng
greater in exanple 3 for conparable residence tine/reaction tinme mght be
t hat t hewHfeea8iméd @ does not proceed very rapidly, but the hydrogenation

and telonerizatiron do proceed in parallel, so 30 that a smaller anount of
active catalyst is available. The advantage of the enbodi nents of the

process accaording.tq .the.i.nvent]j I l.e. I i

Dossi bi 11139 F5resat Srarer g Mo a0naN o Fols Bt ErsBter b e S50t poRs
tine-cons Umlggviﬁmt £t of aiieHOe THL) QBinga datadyse g@iteinaigi ometab of graupeld Sout
.in exanple 3. WO 2006/ 024615 PCT/ EP2005/054136 33 What is clainmed is: 1.
A précess $o0 efghoReriodic AablnohthpdilpBendpef i ns having at | east two conj ugat ed
doubl e bond Vi) wit t | east il [ t
cont ai ni g EeTREy at ogpe] i tpedAthn SRR Yl dhe S B T LSBRRYS

El enents, yhiegeiis at Iigireear dlukcet @l fraat i gas priapessg ihndlogeleso die bersss one
step in which hydrogen 1s added via a hydrogen source selected froma gas
conpri si ngmitdrecyessnt i thisetepr ocess  mixture present in this step. 10 2. The
process as clained in claiml, wherein the feedstock used is a m xture of
hydr ocar bons whi ch conprises the noncyclic olefins having at |east two
conjjggat 2ATEOpR:Ess RO BREmédina4linxt,ure Wi th ot her hydrocarbons. 15 3. The
process as clainmed in claim2, wherein the mxture contains up to 5% by
mass of alwheredr 4. The process as claimed in claim3, 20 wherein

the feedstock used is a mixture of hydrocarbons which comprises the noncyclic olefins

having at least two conjugated double bonds in a mixture with other hydrocarbons.

15 3. The process as claimed in claim 2,
wherein

the mixture contains up to 5% by mass of alkynes.

4. The process as claimed in claim 3,

20 whereln

the mixture comprises alkynes selected from vinylacetylene and 1-butyne.

5. The process as claimed in claim 3 or 4,

wherein

25 a portion of the alkynes present is hydrogenated selectively before use in the

telomerization.

6. The process as claimed in at least one of claims 3 to 5,

wherein

30 the hydrogen source feeds sufficient hydrogen to the overall process that the molar ratio

of hydrogen to alkyne is at least 1to 1.



.the m xture conprises al kynes sel ected fromvinyl acetyl ene and 1-butyne.

5. The process as clainmed in claim3 or 4, wherein 25 I t-he

al kynes W 82¥nP246d Shydr ogenat ed sel ectjvely before use ﬁﬁ?ﬁ&%ﬁ8&&@§4u%
“telonerization. 6. The process as claitfed in at | east one of clains 3 to 5,
wherein 30 the hydrogen source feeds sufficient hydrogen to the overal
process that the nolar ratio of hydrogen to alkyne is at least 1 to 1. WD
2006/ 0246 1nPhrhe &R0 8l HEH L3S leaddoné.of E@mpLasc6ss as clained in at |east one
of claims 2 to 6, wherein the mixture contains over 90% by mass of C4
hydr ocar bowkereits 8. The process as clainmed in at |east one of claims 1 to
7, whereipn the noncyclic olgef used - di ene or isoprene. 9.
The proces@m5@XEF%F ﬁnfﬂwﬁé%(£§%¥é%Hg%%§lcF%ﬁﬁ%h' to 8, 10 wherein the
telonerization catal yst used is a pall adi um carbene conpl ex whi ch contains
a carbene ligand of the general formula VIII; R3 I RNGC RN 12 R
VI11 5 wh&r Ehdproces as alﬁéntcgfél at faest Qe odiclaip &4 7and are each

wherein

the noncyclic olefins used are 1,3-butadiene or isoprene.

9. The process as claimed in at least one of claims 1 to 8,

10 whereln

the telomerization catalyst used is a palladium-carbene complex which contains a carbene

ligand of the general formula VIII:
3

R

R —N
b

R—N’

i

R2

VIl

where R%; R’:  are the same or different and are each
15 a) linear, branched, substituted or unsubstituted, cyclic or alicyclic alkyl
groups having from 1 to 24 carbon atoms, or
b) substituted or unsubstituted, mono- or polycyclic aryl groups having
from 6 to 24 carbon atoms or
¢) mono- or polycyclic, substituted or unsubstituted heterocycle having
20 | from 4 to 24 carbon atoms and at least one heteroatom from the group
of N, O and S, and
R‘, R are the same or different and are each
hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-
aryl-, -OCO-alkyl-, -OCO-aryl-, -OCOO-alkyI.-, -OCOOQ-aryl-, -CHO,
25 -CO-alkyl-, -CO-aryl-, -O-alkyl-, -O-aryl-, -NH,, -NH(alkyl)-,
| N(alkyl),-, -NH(aryl)-, -N(alkyl)>-, -F, -Cl, -Br, -1, -OH, -CF3, -NO,
-ferrocenyl, -SOsH, -PO3H,, where the alkyl groups contain 1-24 carbon



.15 a) linear, branched, substituted or unsubstituted, cyclic or alicyclic

al kyl groups having from1l to 24 carbon atons, or b) su I
unsubstﬁf%?g‘aﬁ/om& or polycyclic aryl_ groups having f?‘mﬁ(adimg@%?a@ bon
atonms or c¢) nono- or polycyclic, substftuted or unsubstituted het erocycl e
having 20 from4 to 24 carbon atons and at | east one heteroatomfromthe
group of N, O and S, and R, R: are the sane or different and are each
hydr ogleE, | al kyl, aryl iatbﬁx%%ﬁn@&hyllargll-aﬁm,hefm, gmfiﬁifrainkylte 24-@60n #@oms; |
-OCO al kyl -, -OCO-aryl -, -0CQO al kyl-, -0000-aryl-, -CHO, .. 25 - al kyl -,
-CO-aryl -, -0-alkyl -, amlteyR and Rigadicalgpay gigp)be pariplsd kyﬂglﬁg,aﬁghﬁtca%yl)-,
-N(al kyl)2-, -F, -d, 'Ic'aa’rrrratiéhn -OH, -CF3, -N®2, -ferrocenyl, -SQO3H,
-PO3H2, where the al ky groupsg'cont ain 1-24 carbon WO 2006/ 024615

PCT/ EP2005/ 054136 35 atons and the aryl and heteroaryl groups from5 to 24
carbon atons, and the R and R' radicals nmay also be part of a bridging

al i phat 1@ Bhe processas claimedhig: atdeasponei6lgimnsdd 8, as clained in at | east one
of clainms 1,t0.8, wherein the telonerization catalyst used is a

pal | adi um%’g?rl%’he conpl ex which contains a carbene |igand of the general
fornmula | XheXeloderi@dtiodl datalydt Bsedl iR8 paffiinRartshe complex Rhidh coigaifs dc@bdnel C C
RR RR RRI2 RR2/JLNR2 11X X XL _XII _10 where R2; R3: are the sane or

di fferent Bgandsgféhegangral formula IX, X, XI or XII:

R_ N R N

N\ N AN . N
& 4I:9' 4I:/C. )I\N
R ., R | 0
R R R

, R

iIX X Xl Xl
10

where R? ; R’ are the same or different and are cach
a) linear, branched, substituted or unsubstituted, cyclic or alicyclic alkyl
groups having from 1 to 24 carbon atoms, or
15 b) substituted or unsubstituted, mono- or polycyclic aryl groups having

from 6 to 24 carbon atoms or

¢} mono- or polycyclic, substituted or unsubstituted heterocycle having
from 4 to 24 carbon atoms and at least one heteroatom from the group
of N, O and S, and

20 R* R°, RS, R”. are the same or different and are each
' hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-
aryl-, -OCO-alkyl-, -OCO-aryl-, -OCOO-alkyl-, -OCOO-aryl-, -CHO,
-CO-alkyl-, -CO-aryl-, -O-alkyl-, -O-aryl-, -NHa, -NH(alkyl)-,
N(alkyl);-, -NH(aryl)-, -N(alkyl)>~, -F, -Cl, -Br, -1, -OH, -CF3, -NO,,
25 -ferrocenyl, -SOsH, -PO3;H;, where the alkyl groups contain 1-24 carbon
~ atoms and the aryl and heteroaryl groups from 5 to 24 carbon atoms,



.a) linear, branched, substituted or unsubstituted, cyclic or alicyclic
al kyl groups having from1l to 24 carbon atons, or 15 b) substituted or
unsubst WQu2eab/02end- or pol ycyclic aryl groups having fHGHEB2§GS/0318ar bon
atonms or c) nmono- or polycyclic, substidétuted or unsubstituted heterocycle
having from4 to 24 carbon atons and at | east one heteroatomfromthe
group of N, 0O and S, and 20 R4, R5, R6, R7: are the sanme or different and

are each hydrogen, al ryd ,osh yl

v S o g oL SRR R e S e R, Hiaging O

-CO al kyl -, -CO aryl - ,ali Qataﬂdﬂah-omatxd}nag" yl-, -NH2, -NH( aI kyI ) - N(al kyl) 2-,
-NH(aryl)-, -N(al kyI)2-, -F, -Ad, -Br, -1, -O—L --CF3, - NO2, 25 -ferrocenyl,
-SBH, -PG8H2, where the al kyl groups contain 1-24 carbon atons and the
aryl an teroar | gro [ rbon atons, WO 2006/ 024615

PCT/ EP2005 X %an%lflﬁ’gg@-aﬁ%‘? %&%rg(ﬁd R radicals may al so be part of
a brkdgi ngwh@}bmphatl c or aromatic ring. 11. The process as clainmed in one
of clainms 9 or 10, 5 wherein the ratio of ligand to nmeta g |/nol] in the
react i on rihgratioeofiligand tsrmetabimol/mel] oshe IeaCUqummFH@ 1@?@%@91 40 @p&ilmed in
one of clainms 1 to 11, wherein 10 the nucleophiles VII used are conpounds
of the general fornulae Vila, Vilb or Vile Ra-OH (R 2)(Rb)NH Rl a-00CH
ViTa VIid Mdgrodds bélcim&iin Bha ofidink Proarie each i ndependently sel ected from
hydrogen, a linear, branched or cyclic C to C22-al kyl group, -alkenyl
group or -whdgimyl group, a C5 to Cl18-aryl group or a -COalkyl-(Cl-Cs)

Qundbi Lerpe ety ist VI b ol Bp O Cap RO R XY )

- CO
R'%.0-H RMHR™N-H R'*-COOH
VIja VIIb Viic
15 in which R'® and R are each independently selected from hydrogen, a linear, branched

or cyclicC to Cap-alkyl group, -alkenyl group or -alkynyl group, a Cs to Cyg-aryl group or
a —CO-alkyl-(C;-Cg) group or a —CO-aryl-(Cs-Cyp) group, where these groups may
contain substituents selected from the group of -CN, -COOH, -COO-alkyl-(C;-Cs), -CO-
alkyl-(C1-Cg), -aryl-(Cs-Ciq), -COO-aryl-(Ce-Cip), -CO-aryl(Cs-Cyo), -O-alkyl-(C;-Cs),
20 -0-CO-alkyl-(C;-Cs), -N-alkyl,-(C;-Cg), -CHO, -SO3H, -NH,, -F, -Cl, -OH,V.-CF:; and

-NO,, and where the R'® and R'® radicals may be joined together via covalent bonds.

13. The process as claimed in claim 12,
wherein

25 the nucleophile (VIL) used is water, alcohols, phenols, polyols, carboxylic acids, ammonia

and/or primary or secondary amines.
14. The process as claimed in one of claims 1 to 13,
wherein

30 the telomerization is carried out in the presence of a solvent.

15. The process as claimed in one of claims 1 to 14,



valkyl-(Cl-C$), -aryl-(Cs-Cl O, -COOaryl-(C6-Cio), -COaryl-(C6-ClO,
-0-al kyl-(Cl -Cs 20 -OCO alkyl-(CQ-C$), -Nalkyl2-(C - e - H
“NH2, - W 2@9@@£%¥P -CF3 and -NO2, and where the Ria angéiﬁgaﬁggkééfé?nay
*be joined together via coval ent bonds.3713. The process as clainmed in claim .
12, wherein 25 the nucl eophile (VII) used is water, alcohols, phenols,
pol yols, carboxylic acids, ammonia and/or primary or secondary am nes. 14.
The proces&hagircl ained in one of clains 1 to 13, wherein 30 the

telomerization is carried out in the presence of a solvent. 15. The
process astheltalomseizatiprolsagiedudiimriherpregsnee of peobighbashig pglvent used 1s the

PCT/ EP2005/ 0541 erein the t rization is carried out in the
presence o?w:“’ﬁﬁsgﬁﬁ)gﬁgm?ﬁggg%ﬁv%ﬁ L%@Ed is the nucleophile (VII) and/or

inert organic solvent. 5 16. The process as clainmed in one of clains Ito
15, wherein the hydrogen source is added in the reaction step to the

over &l | 1¢.eThnprocesstas glipedbingxss of glaimshéo br.ocess as claimed in one of clains
1 to 16, wherein the overall telonerization 10 process has a catal yst
recycling %ﬁgﬁubnd t he hydrogen source is added to the overal

tel oneri Zaﬁie%?dﬂfg@ﬁ esifcd 1 atifiel iBab@teysion egy©lthagvailerlom@izafomprdcesse
conprising 2, 7-octadi enyl derivatives which is obtainable by a process as
clained in one of clains 1 to 17. 15 19. The use of the m xture conprising

2, 7-oct ?.fi.i ThY lprgc%rssi %8 tcia\lll%gd i 0(1:1!3 %if rrc?zgn{snl % a}ié%grefir? the BU&GRREIBhelizRheNe-
10 process has a catalyst recycling step and the hydrogen source is added to the overall

telomerization process in the catalyst recycling step.

18. A mixture comprising 2,7-octadienyl derivatives which is obtainable by a process as
claimed in one of claims 1 to 17.

15

19. The use of the mixture comprising 2,7-octadieny! derivatives as claimed in claim 18 for

preparing 1-octene.




