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1 Process for telonerizing noncyclic ol efi ns——Fhe—

invention relates to a process for tel bl
O.Z. 64dficyclic ol efins having at |east two ﬂmﬂmmmwwm@«mn
doubl e bonds, in particular to the preparation
1-octa-2, 7-di enyl derivatives, by 5 reactin§®¥"
1, 3- but adi ene-cont ai ni ng hydrocarbon mxtwe,_in
particular crack C4, with nucleophiles.

pece 4 et stchangt < ore.tor o NN

(unsaturated am nes, unsaturated al cohol s and*ddhekr
esters and ethers) are 10 startin

mat.erigls for
The imvegtinn aelggmttne%@sqcewéoros@ipngerzﬁwg?%ﬁ@ QiR gt 1east two
.are precursors. for . r e |§ I7-dienyl derivatives, b

ConJu%e-dag%ug’Eeo‘;%ndéhH’ &‘El%lpgrf tf&ntgp%F%%ibagl:&P iCB::full gér}@%?oct anol _ g
reactif@ Y;P6ht@MCne-cdmt&iniran dlydiobarbu nmixsures ed, phrticulex aarpdke, Ca, with

to obtain plasticizers. 1-Cctene is a val uable
nucleapbrtehoner for the nodification of polyethyl ene and

pol ypropyl ene. 15 The tel onerization of butadiene with

a nucl eophile to give octadienyl derivatives is

The t3éth@iME68 prddici¥Biidth eerpigedeSomitwopmaoles ofil Arbupali¢nedindrane mole
conmpounds. Exanples of telonerization rf ct.ions are
‘@Iﬁﬁ‘iﬁﬁ“

of nudesmrichb@asatimatadr amines, upsgtyrated al : j_elmte@]m ethers) are
. Soc. 196 8g .6793; h 1 . . é?@aﬁ N s for
Sta"““ﬁé’@?ﬁ%ﬁ%?“@éﬁ?"éﬁ 5@3%%5%3’%}%@{ g%? ,bor.lthIf%“ 1H;§h(h 20 EP A 0 561
the przga(}atidﬁsoﬁ 1498 0421cohl8s 2n830s-3BFins,GB farfizi@al 1 ctanpl gnd l-octene.
816 008, GB 1 248 593, US 3 670 029, US 3 6%%5832, . US valuable
1-Oct@o769 B8R, isUsed, 87 coamplecd 100381 BIgFICIHSES 20" H07F08, ©

US 4 142 060, S fodi Rne.GB 1 535
COmORAMRET ik “Tgihﬁc%’?f,é bty fien Bdtpdiabrobdone 8 L6300,

25 The feedstocks used for the preparation of

oct adi enyl derivatives may be. pure. 1, 3- hut adi oL - '
The tejorBenizatian 08 RB2EiGAE A7 i%@%wg’dggq B3R OWE{C&P’QJ%C%%?&S is catalyzed

anpl| ck G MGiuhPedhsoumast | y and i nconveni ent

bynw&%ﬁ%@3§X%$g%éggéﬂifgﬁgg¥%d?éﬂg)is arelatively

expensive feedstock. It is therefore usually nore

econonmically viable to sel ect 1,.3-but.adi -gant aj ni
Examiges Rf ilaeaiigton fgagtopsede ggsqlhéiflalﬁa&i%c‘l‘%efggr é“y’ 1 Bfh. Chem.

Soc. 1?8’7 0PI d-63L é.o*f‘albal'l?érﬁ, FSsRBSS, K eHsliRGS, Tasdhe@font gt 1967, 2451,
cconpanyihg substances, such as saturated

EP-A-DYs8N 078r USIBs499 @42, &¥SaBBe 187,068 dnky80%120NL 6 856408, 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.

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 Cy.

Owing to the costly-and inconvenient removal process, 1,3-butadiene is a relatively expensive
feedstock. It is therefore usually more economically viable to select 1,3-butadiene-containing
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
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2 isobutane, or nonool efins, for exanple isobutene

and | inear butenes, behave inertly in the
O.Z.6&bbneri zation reaction. Only inhibitors, i.e.

subst ances whi ch reduce the space-tine yield or the

selectivity or increase the gatalytic consunption,

shoul d be renoved beforehand. 5 According to DE 195 23

335, it is advisable, when using the C4 fraction from
iSObLﬁ%‘F gtropgTonoto ker %orae?(ﬁ}nla?e 1]so§ut? ?rgdo G&l‘?éﬂ%k nﬁé?xgvé W¥rtly in the

e concen acety eni c

telorri%@ﬁ'@@émfb‘éct%}ﬂ Cﬂfl aHiBIv&s, i.d) stlthﬁarfces’iﬁ/ha;lhtreﬁmre thhepace time yield or
tel oneri zati on. %he sum of acetylenically and

the seledtivtyoalinoyeasn dre eatalyteccanswppiioTd shand b EEmpRted betaehpngdo,
by mass based on 1, 3-butadi ene. For the renoval of
t hese troubl esone conponents reference is made to

Accofdif@no PHBCESSes 3Wst RO adviShblenthednigifg Qkie @,t fri@ion from naphtha
pariicul ar processes. Wth reference to this patent

crack@BEaSJIQS 1 23bBadne-pmtaiome49wangeridetollgpit 2e ogwentraionrye acetylenic

103,29 042 i ndi.c th eci f.yi.n entr
compbft R S8 ealab Rt T BBRAAR. SBLSGRL AL G yeaty
allen@lima DhGu e R esRPsuRRfRb@d e iRt Wbﬂﬂﬁés%secﬂ&l V@ butadiene. For
09822 states that it is appropriate to renove

the rm@ta}' loé thiesairbyblasesat camapangnisorefrsenrdss pipde sekeewn processes without
rogenation.fromthe C4 m xture obtained in the
Inm“@% FY G RACUQUATRIOGESH ha, gas oil or LPG The
hydr ogenati on process used is not disclosed. In the
exanples, a raw material having a total content of

Withaceferenene® Hbisowaédt pAPEiles 33 8d5)anPEIUHsANIAS, c B HiZ29 290 and

DE lggﬁgégﬁ &gI {;‘33% vBlﬁ'lorugont ik Sp%g%l&rgg?r? Bwﬁg,rethgtc?tsytla\?gragle to remove

acdyﬂ%g;Qﬂ@p@BkQﬂnﬂ%uﬁmﬁ§§bmQﬂﬂ@ﬂﬂﬂgﬁau&ﬂ the renoval of
t he acetyl eni ¢ conpounds (nethyl acetyl ene (propyne),

et hyl acetyl ene (butyne), V|nylacetylene (butenyne)) by

wo SHIORCRAL B 0 SSESTFA A fr B o ouncs o

selec®® BEdrbptinhidon HeRShe T, mlxtite oblaitauh thy ciaciges prdcess @f naphtha, gas
ut adi ene and nonool efins. The catal ysts used are

oil oﬁiymoblmwbxdr@gfn@wapw@ss ushd ehnad skigskaseé IEéb?)@FamIblé%a gepw material
havmg&,rté)farn@%){l]tgﬁt %:1 zicwgyﬁwe&gf gslﬁe?% alrrsl ’13 us ?%58 %Oéltacl)? any specified

Cm“&ﬁ%gmﬁmg; transition group VIII of the Perlodic Tabl e
of the Elenents, for exanple palladium catalysts.
Correspondi ng 30 processes are described, inter alia,

the LS, CLLENERR LS B 00 8,0 5, B 0 o e
comp%ﬁl?ds. UR A 98m8B8. obShé 4481888, cobpbundd Ithethylacetylene (propyne),
ethylacetylene (butyne), vinylacetylene (butenyne)) by hydrogenation, processes are employed
in which the acetylenic compounds are hydrogenated with high selectivity, substantially
without hydrogenation of 1,3-butadiene 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 VI
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,
US 6 225 515, US 6 015 933, US 6 194 626, US 6 040 489, US 4 493 906, US 4 440 956,
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3 US 4 101 451, US 3 912 789, US 3 751 508, US 3 541
178, US 3 327 013, US 3 218 268, EP 1 217 060, EP 1
O.Z.4%¥ 790, EP1 070 695, EP 0 273 900, NL 6 613 942. The
renoval of allenes, especially of 1,2-butadiene, by
hydrogenation is substantialgy nore 5 difficult than
the sel ective renoval of acetyl enic conpounds. The
reactivity of 1,2-butadiene in the hydrogenation is

Us 453&3&3’450@'"% b}l’z gk%rtﬁg [9ansddass 9fsal. Frabytsad H99®13, US 3 218 268,

i ene dsses are uhavoi dable’in

EP 1 bheos@mv el s phod E1turoashiseBe of778moD, Rikuié dd42ne-
cont ai ni ng hydrocarbon m xt ures by hydrogenatlon 10

For exanple WD 98/ 12160 details a process for

I . .
mhe VAL SESRSRL bR 5O, AR, B SATRRHRES #¥osuniaty mor

diffichy Qllrxzﬁlcﬁ‘i% ReRcHd RAMHVAY of MLESHIER8IbOMARY Ehe Eeabﬁ‘llll}adif UDbutadiene
catalyst in a reactive distillation colum. Although

in thehdydogenagion of mﬁtsliaéﬁb’ch@mpdbﬁdsthﬁh afhé.3tlypadiene. Therefore,

duc had on| be redyce 6 nd t :
13 b‘gf‘éﬁin? tSadie Hﬁ@leb&? 055 P}ﬁ}(?ﬁgp dscahr 86?6 ?ré)f)norlt e%utadlene'
contaIrRx?%ﬁ)Bdré'@ar ixd¢res ¥ Bl drbBhatidR. 1, 3- but adi ene had been
| os y hydrogenatlon I n”Angew. Chen1 2005, 117, 2062

- 2065 Jeroen W Sprengers et al. report that Pd

For eétg Hllegg}yéia%@g@ pv%ilghaagj?%%tsg tggezsgr%ﬁ Ce'ohsﬁy TC%OVIHg acetylenic

compglylgfsogﬁ@ af Q%tadie‘ﬁe PRbE Guliay blﬁthheﬁél@orMﬁfr@g BOGEABo®f stream by
1 -phenyl - -propyne to 1-phenyl-I- propene and
hydrogerpﬂnmnyd)verl a -pp}lmbamecatal[ystt e apreggia&mﬂm@ﬂatqﬁn column. Although the

comd o S 5, AT B e by sppox. 60

and tHz0 BN ICRltEd e HIPBSE30% BSIEECkahbl WepBrié® @Rt at tuh@s 3% of the
apparatus conplexity, are needed to renove inhibitors

1,3-bigadiknaaddiden hess by hpdrogenatibaedst ock mi xture. These
processes have 25 the di sadvantage that a portion of
the 1, 3-butadi ene, especially when it is attenpted to

In Anf@ﬁxk then. 2ddsy ne7,008 €06 Nckduwd Wesgrngelk eﬂthfr%p” ; oft thel Pdvcomplex

he detection limt, is l'ost in the renoval he
catalystshmBiithortmye \iHeeteto@ehat ligindsea dmés are swigblgeads bgﬂtalysts for
di spensi.n st.a t|aI

hydropSRT 51 ot ufar BpdDBratHENGR B d RIFYE] QErRYs L eyl

pnxmhpgm;gbgggqqlﬁg#gﬁ_or a higher catalyst consunption
has to be "accepted. 30 It is therefore an object of

the present invention to provide an alternative

In thetperlagarrrgtgc;nzoft i 9noctgd£ny16§envat1ves 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
inhibitors. 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
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process which preferably avoids sone or all of the

di sadvant ages of the prior art nentioned. It has now
O.Z.1668¢h found that, surprisingly, addition of hydrogen

via a hydrogen source into the process step of

catal yst recycling can prevedt inhibition of the

tel onerization catalyst, or can 5 reactivate it in

the case of inhibition of the catalyst. The invention

accqrdin rovi.des a_ pr f F :
proc Sy PRt PYAHE Sl B FS e Bpo | G Rfgran mentioned

doubl e bonds (VI), which are preferably present in a

m xture which conprises acetylenically unsaturated ,
It hag ppwdiean Soundi thit, serprisiagty, additionef BypRefreview ydregspsguece into the
10 cat ontaj.ning a netal. .of. gr .
ProciSa e AT SRS D e 2B el <Bithe Bydrortauh shedst, or can
reactfatedh ¥Sthe @SS hiiBitRh& thd dhtaMich hydrogen is added
via a hydrogen source to the process m xture present
in this step, is present in the overall telonerization
rocess. The present.invention. |likew se provide: .
The F@REPE sectirRes g ey obpai anyi e B et @efins having a
least RvBP LA LHRIPHORES VAL GRiH AQ preferdify ipPesemt in0A mixture which
a

nd to'the use of this mxture for preparing _ ,
compises hesipleniThidy pnatwssd zompedidsg Wit atHeast avepusleepiigs(VID using a

t he advantage that a v ostly, and. i nveni .
e R By GBI 6 35 Pl N B, whrin
least ];059 NatdiGst fr@@;@ﬁﬁ%’ GlepMX W@ BRIoRA is2dded SReAISdropeh Bource to the

n

additionto the reduced apparatus conplexity, the
procqss 0UBRSIse plesont lrathis $iep, inphesant sydetoyanalljtelomerization process.
possi ble to avoid the use of expensive hydrogenati on
catal yst. The process according to the invention al so
The PASedtNBvABRYANiRARIsE NRbvilEE a ahlx@ReScamstisentTl 72sadienyl derivatives,
| .e. compounds having cunul at ed doubl e bonds, such as _
prepate@by theampease acophding tcbadnvention aad to #1 ysaebHtigmexture for preparing
1 Ftarting material for organic synthesis, are
OCl&Ubst antial |y not destroyed, but rather remain present
in the hydrocarbon stream and can be renoved after the
second process step, that of the telonmerization, in _
The prheesackargingfto tieinventinrehdsAhe adrengaesdhaita vernsoghoesigconvenient

according .t.o the.invention.w /|l be chib -
remof§ia il LT G wirt RO M50 RAY T HE AT ol e s tdlie can be
dispenSee RhthOMn MHRSE 8 AP elice® pbRGtus WdmMexdty, dignprdcesimulso has the

the clains and the description, be restricted,.
advanthgs iabit isTHeo pésaibistotdveitsibt vessolaxpentied ogenatiorecatalyst.

di scl osure content O Z 6534 5 of the present

i nvention. Wen ranges, general fornulae or conpound

The (tbASS 88cMifig 3P & ihl &ffionRBlodWis thd&FRANALE Hal tiRNRAeN@Id cumulenes,
only to incorporate the correspondi ng ranges or groups

i.e. cofpoumisploavings cwhitletedatoebleebrinidsnethexpl,2-biutadiene hwhich constitute an
rat her all subrapnges and subgroups qf .

important starting mater?al 1%9 organic synl%h 18, aPe s&gstantxally 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
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
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conpounds whi ch can be obtained by omtting individua

val ues (ranges) or conpounds. 5 The process accordi ng
O.Z. ¢B4 he invention for telonerizing noncyclic ol efins

having at |east two conjugated double bonds (VI),

whi ch are preferably present5in a m xture which

conprises acetylenically unsaturated conpounds, with

at | east one nucl eophile (VIlI) using a catal yst

C Sl “W}?é rg ) b&d PREO € specified
(ﬁWh%gggéh6bU%H§nElengﬁgég%é§&%ﬁ§ %gggﬁﬁégfgﬁFﬁat t he P
belowd BE&S Srehidserded atodl ondy t6 engorporaty it eqriespandinghramges or groups of

| east a portion of the catal yst pr sen{ i.n the b £
comppwads; Michriage mreatioged sxpitidy, PHE 6at§f‘fea Lepubraiers A ofjiberoups o

and, that, in : >y el I '
compRre i i B AR By ST R4S SR o B Spb nds.

present in the catalyst recycling. The process

according to the invention is suitable i ul.ar

o
The frogess epaonding 20 iy inMeHtopcior elorensing ne\mﬁyeﬂc _g e@r’lﬁﬁé‘é}éﬁ@ least two
conj ulggtggtc{??lgfee 0 n)é% #DR@bWISQ ‘f’ﬁéé H{Jé&rg@z &Gé%w LRl 68k wiieh comprises

nds rization process
acetyRARAN¢ivdgathatddn€orhpotids @ithhasieat oneastcldopbils (€} using a catalyst
firstly the telonerization reactjion its

f and

compsisingredingtal RE geoapal, Pser k%@ﬁ/@ﬁiPﬁgiOQ,itCeTfﬁblea%fSW@éﬁQW&S pggythe feature
t th L yst i . at It en

o R 05 A L TP L Ot s s

can

in thd RlacEoPiRttEre R)ekRMANNRY OeasDafriziwon, @sdniptein the catalyst recycling
extraction, distillation or nenbrane separation

step, pydrogers issaddsfl Vi a rdiogenBORCE 29 Fenyosdss I (HAD Breseyyin the catalyst
The renmpval renpves prefe a . 9504 =
recyclipg t}i‘eanofe%ft 4RuLEE 8@%%!@%%% ¥Spéflgggtrea‘gl a{g(t: egjsf jtelomerizing
noncy®BicO%eiff Wineh Cat apresdnt pinesefebd mixttidee whéhc tomprises acetylenically
m xture fromthe reaction mxture, and it is fed to
unsatpratedecpnaiopsds.r ecycling. In addition to the catal yst
system any solvents present, teloners of solvents,
any excess 25 imdazoliumsalt and base and unrenoved

The RIQRE_HatiTRYpradesd beorfingsenthei mvehgorr ey @t debst mvatsieps, firstly the
In the catalyst recycling step, preference i ivenhto

telomgrigatiog reresionhisseHyand sgeandbotie catabyi Fecyride Stemj#?\eéaeéht € two steps,
(Al LS V! e Al fy Bt | &Rie@htl hn be effected,

e e 5ol s By CE0ED PRSI SPL Rk o

for e8NS kndwal prb&sds, for kxampRiextraltion, tistittetlorlott medbtne separation
nore preferably from1l:1 to 1.5:1 and nost prefera?lg I
procebsesnorlbyl meensiofla fallie-§ing ey praratek cledamosalgienongs preferably at least

val ues | eads to 6534 ' i 8, O it &talyst ¢
95% {EHEFRFEL D BT R eart BEP BB, P2 OB Rl glyst presen
in thE¥RRSE nkturd f3nPiHeadh& R mbiiereC and anis rad itotheotatslps recycling. In
al kynes in the feedstock m xture may be determ ned
addition to the catalyst system, any solvents present, telomers of solvents, any excess

imidazolium salt and base and unremoved product may also be present in the recycled

mixture.

In the catalyst recycling step, preference is given to adding via the hydrogen source sufficient
hydrogen that the molar ratio of hydrogen to acetylenically 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
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continuously or at regular intervals, for exanple by
gas chromatography. 5 In situations in which the
O0.Z. 66 ting mxture does not contain any acetylenically
unsaturated conmpounds or contains the acetylenically
unsat urated conpounds in an gnneasurabl e
concentration, but the activity of the catal yst has
declined distinctly in conparison to the starting
. activity aor _exanpl e t | east -509 f
imorefigig Jo55 25, It g, Rt dlaylr@Sipyalbedy BORIETRRLY BF example of
1,3-b0¥dl Q@ EThe béhcBntitfinOsreRe 3MYhELin tht FeddiRck atiatuysmay be determined
recycling step. In this 10 case, the nolar ratio of
contihyalisbyerrat (e4R)ar sntpnialse fprekampledyrgs cigariastYe t o
catal yst netal is at |least 1:2, preferably from1:1
to 2:1, nore preferably from1l:1 to 1.5:1 and nost
In siRaBHEY BPWYichf thetakiide hfixfird ddes hét Edtitdin cg eacetylmically unsaturated
hydrogen source is preferably not fed in continuously,
compounds raat bartaion| the winstylerheal yatasajrated c 69peundR ol @g| pdpeasurable

bel ow the |imt. nentioned. 15 Th ddij. tJ. . : .
CO“W@F‘B@EH‘%%‘&%@“{% Otfﬁge 63&;191559?5 g%@ﬂ}lg? i dﬁgﬂﬁgg 1b @mpaﬂson to the
startifg MR iR9 §of BRImpIRSy B REHCI098NEHe &y lahGeabe a6%ANE magMikewise be

been renoved very substantially fromthe catalyst in ,
advamtageoup e féedi narogestvapa hadepgemaeureh éntpyhi erjapstagensyng step. In this

t he hydrogen.source es not .hydrogenate _val uab -
case, SRR Fo O T (5 AL BBy popaua BER st mett s
least Y' £ hﬁief’eﬁbt HSmNPY th ©GUGREke Préferayy fiom BduaNt.Ryeddsmost preferably

when a hydrogen source is added both to the catalyst
fromriet ye Il ilnig Is tep cased thechy@fogehsonisads prsferahlemot (idein qopenuously, but

hydr ogen source is.al so e o t.he.reacti.on_step,
rathep g heR IR A Doty d el MR R AP B PP

m xture conprises al kynes, the hydrogen source
preferably feeds sufficient hydrogen to the reaction
The addifion ledtthe hedrpgkmsonmseite e dajpdysgesychipg hap Khyn@dyantage that the

| eas .5:1, ef erab from : oh r -
prodis? G A1 FBIATD 7 1 ey ey ulinibily (R s caralyst in one
prelithii@f) Qe shdttRusliht-hyfrdbles laiféd viaXBEBARDGMN Purdehdime not hydrogenate

val ues leads to an’'increasing 25 | oss of the noncrcllc
valuableaferetantivanpreryct wryndgsitascbydpregnes pethhs, vigldis buappf wdgged. It may

, 3- but adi : ially. '
be adyyiiaeih "BoPr PUTOR crp Eresedarh BoaRe e RSyl step and o
the r&ddfon Uept WEhAAEd hARs&f sdiiee Y 8Is69RGe® QWiNthE Sedctot Iseep, which is
al kynes present in the feedstock m xture is

espeqilbf shablageaustwhymethe dredstioak niixture perapreses ikyaps, yhegydrogen source
reater than. 1.5:1 and re preferab ot e
prefefhpi tepds Suftesg BidoRgiuics BieRutrcuct b Mot FAIFEE hydrogen to
a1kyn*é>{95919§§@099['g§bmmy §8%:0.5N t9ard: i GHbRIprofeibNIRBMIATS:1 to 1:1 and
alone O Z. 6534 7 or in a mxture with gases inert to _
most iphefeitablycfien i0Zat kol . Adtistexampleedanict pbthese Vataesigads tgran increasing
I .
loss Qfot?le enoncyclic olefins having conjugated double bonds, for example of 1,3-butadiene.
Especially when a hydrogen source is added in both reaction steps, the molar ratio of the sum
of the additions of the hydrogen sources to the alkynes present in the feedstock mixture is

preferably not greater than 2:1, preferentially not greater than 1.5:1 and more preferably not

greater than 1.1:1.

The hydrogen source used may be a hydrogen-containing gas, in particular hydrogen gas alone



10

15

20

25

30

gas(es), or at |east one conpound which is capabl e of

rel easi ng hydrogen, for exanple a conpound sel ected
0.Z.653m hydrazine, formc acid, formates or al cohols. The

hydrogen source wused is nore preferably a

hydr ogen- cont ai ni ng gas or an al cohol, for exanple

i sobutanol, 5 isopropanol or nethanol. The hydrogen

sources added are preferably those conmpounds which

. have already been uysed as the nucl [ '

or in A BHGF MO0 SR GEE0 TP kit S el iR, methane or noble
gas(ebP drhg 188 iohk Qdnoudd RdEIP e BaOIY af RelegigaBydsgen, for example 2

hydrogen sources. In this way, contam nation of the
compoend tselected fmau by dragine hfoswia atidofosmalgh of alsebels. W Bydrogen source

woul d not_. b invalved in the reaction w,tho :
used d1ERQTF GREBFDY fy WA SBHUEe eaq Bl HERL gampgle isobutanal,
isoprg}ga‘?xfo?&eﬂl%ﬁlahél. GhY 8DdloRerReilireld Adaed ydireeadys k€ eodounds which
early as the start of the catal yst recycling. The ,
have hirdadygsrenased ee thesnysteopbilabl thefteldnienzeiianhser dtagngpdar preference 1s

. recycling. via an aratus which is uitable fo -
giveriQTihy LRI Phet RYMPSTEROUBINE 8% %8 IWEFSE) pfces. In this way,
conta%ﬂ%}%n' oFr hee Y8R @lctd RBth By RO sS¥MEEs, | $hich would not be

preferably distributed very honogeneously in the
involutdinuthe rdaotiorc aithbytstddit®nrod @yyldiaggn siWres cehbe RyYEB§en

source is a gas, the apparatus may, for exanple, be a

m xer nozzle. For particularly good honpbgeni zati on of
Prefe¥‘<ﬁ:@e A8S vt QP thE HiGroghtd sdiRde farl@dy aletsaGeoUBe Biayst recycling.

the pressure inthe catalyst recycling is at |east 2 o
The Mamogepr efuercals| preftablye &st intal thvPeatalyWaracychiag hyal pp geparatus which is

. source.is present in liquid form ve fine
suitabff JPF GNP BINECDR HYrossBHOMESH™ 1 OFDe Ry atiehy The hydrgeen or the
hydrt{?e%esroﬁ ce2f JBRIRE UheGksd SR hBRYehiRoldE iRURE mixture for catalyst

oncycl i ¢ ol efi ns” havi ng conjugat ed doubl e bonds, .
recycingt Uihes thé hgldroker emircs ich gob.ethe nepaAluAINK®Y el Csmpipebe a mixer
or nore of the olefins nentioned .w,th othe - .
nozzﬁycﬁ%c&?ﬂ&ﬂ%&ﬂ%’ SEROEBU R e § f}l\%‘e pPef &1 atg‘f: ymgxture, it may be
advariThedodt SvHRh thY Be0&R¢ RPMS cablilyah recGOINY is $€ Sea®ONBMHa, fRdferably at least
noncyclic ol efins, preferably one noncyclic olefin, .
4 MPhaWing e Hydasgentsporce25 messpugniigdiddend) eepohns djsgription can be
. nuﬁture m&#h ot her hxdrocarbons. Particularly
achieyed e (x3g Pl By SPHE Y *ESnpri se, as noncyclic ol efins
havi ng conjugated doubl e bonds, 1, 3-butadiene and/or
I soprene, in each case as a pure substance, m xture of
The feoéstpekseused ubsy dactbs owre inaneychit xalefins biviemeonuged rouble bonds,

. olefins_w th aother. hydracarbons. The feeq§ ocl 3Qnenﬁonaiwﬁh

mixtyreeal difereps stchplefiss RpIMXIIS Ur ¥ AnPEIT Lot & A TGVEr

o S rafx@irdbd§ hydrocarbons which
other 1?)3/(1? %atrlg%?.er’][glfe %%%Jﬂé{cgcg %ﬁ&f Ronseraadly B % hy |
comprises one or more noncyclic olefins, preferably one noncyclic olefin, having at least two

conjugated double bonds in a mixture with other hydrocarbons.

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

used are most preferably mixtures which contain over 90% by mass of C4 hydrocarbons and

preferably 1,3-butadiene.
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8 Suitable feedstocks for the process according to
the invention are nore preferably 1, 3-butadiene-rich
O.Z. By ocar bon streans. The hydrocarbon stream used may
in particular be a C4 hydrocarbon cut. The
hydrocarbon streans may prefgrably, for exanple, be
m xtures of 5 1, 3-butadiene with other C4 and C3 or C5
hydr ocar bons. Such m xtures are obtained, for
exanpl e, in cracking processes for producing ethyl ene
and propylene, in which refinery gases, naphtha, gas
SuitaBle! feddRBckd | @Heficedreels’ aked+iingasd  thBGnven@drurae @ese preferably
['tquid), etc. The cuts obtained as a by-product in
1,3-butadiapeochssesocampn simameldl e lyireearbonsstisgmaiied ey in particular be 2

conprj se noql efin 1- but en I S- -2-€en -
v EERBab SRR BB R T SRl By Sl e g o
1 3-bhRaRUEangn ot It ahe), «ﬁC@% HyaRjcedohy. Sitatnittategchre obtained, for
 “conpounds (ethylacetyl'ene (butyne), vinylacetylene
exan{pwﬁlemaﬂlé)% proeichigh &gertrvdm tlétbylcpq/m prapdcad lie mhf;céll refinery gases,
unsat ur at ed_conpounds (main -but adi ene)) . Il N
naphiEAEES B, LE AALR P BB ST T B 40l eche Cs cus
obtailﬂgﬁj d’agsa }%y HRGRT BORR- prQ@ss_@@'mfﬁf;i ih &HiQén tthel Chutddiche, comprise

ependent upon the particular cracking process,
mondd’hﬁhﬁp?]r-b?tbm@ fja;bairﬁtee.e,sé@m;izwﬁ%eﬁ?gdebl@em@), ’S?telraltéd hydrocarbons
concentrations o 1e i ndi vi dua conpon
(0D, < SBBHER A kP il A BT SOTIROR 05, (P Recefydene  (butyne),
i At e 5etRMURANGRE (pIop ¥e BRSal chichily Rt AGia@Ecompounds
vinyly@y1H S RAOE TouRIRARGR! (o PEREchiciily b Attt
(maifd 1,2-bbuatine)) Olrbaddion, i theseutan e1ay. mpree Znedleappwnis of Cs and Cs
conmponds 0.05 - 4 1,2-butadiene 0.05 - 2 In the . :
hydrcmaB@él{%fTB% &empggév Pl q‘?(g éhﬁ%ﬁﬁ; 15 o‘%}’%j:@f _é‘PSHctée jpgrticular cracking
v gl fRC AP MBeddtHEIESThd 8 cBBtr&ions of the individual
]Hou%%sgﬁuﬁ%g#eﬁe&%ontgnt of gregter t han 35@63y mass. 20
compbientsfliay for ngaydciooafdensmpkey tybfatiy evthiy thedajhe wigg ranges:
traces of oxygen conpounds, nitrogen conpounds,
sul fur conpounds, hal ogen conpounds, in particul ar

Compolicdf | e conmpoundsand O Z.” sf%34nass

1,3- butadiene 25-70
1-butene 9-25
2-butenes 4-20
isobutene 10-35
n-butane 05-8
isobutane 05-6
¥ acetylenic componds 0.05-4
1,2-butadiene 0.05-2

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

compounds, sulfur compounds, halogen compounds, in particular chlorine compounds and
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9 heavy netal conpounds, which m ght be disruptive in
the process according to the invention. It is
O.Z k¥t efore appropriate first to remove these
substances. Troubl esone conpounds nmay, for exanple,
be carbon di oxi de or carbonyp conpounds, for exanple
acetone or acetal dehyde. 5 These inpurities can be
renoved, for exanple, by scrubbing, in particular with
hea e e Y TR S A BB [ erion
It is heRfsraapp®prihte firexanphevaihtscogdatan@enPrndiessme compotdds may, for
hydr ocarbon m xture. Exanples of nitrogen conponents
examgjée besabOMAIONIIOT CATHoBY! WQMASLAYS: I amPlofslqpRpRectaldehyde.
Oxygen conpounds too can also partly be renoved by
nmeans of a water scrubbing. The water scrubbing can be
Thes€ @blieGesOtdn Bt re@blad, bt bxamaples bprscebdmgWit part@glaeoush water or
solutions which may conprise, for exanple, salts, for
aque@xsapltionnaHByneapysf Blsgprsy79, US 3, 308, 201, US
4,125,568, US 3,336,414 or US 5,122,236). 15 It nmay be
advant ageous when t he hydrocarbon m xture, after the
WateYVaéi@bbisgl dahiafy oP ESIBE Semdvr ippdgbphalic cyinpnsits [for Ehemple nitrogen
drying may be carried out by processes known in the .
compgné¢nss, feame thel hydredagboprraséy @~e‘¥Y@Fn¥ﬂ¢S§§611W‘é%P“W@ﬁm0Pelﬂtﬁ are acetonitrile
dryin Y. be ied t r e '
or N g0 BF 0 URPS SRl sombBln TP als Pl 48 removed by means

of a Witst sdrhitih® MTheRvaer waidinddy hecaresyeddibytipvagewater or else with
separation, for exanple with a coal escer. 20 Adsorbers

aqueqygy Splatiorse vhigh r BAYVEONPRIGY | 0T exxample.néaliss atos pegRIR. NaHSO;
Thi Lal |
(US 318 z;ﬂ%gjtsg%@zgi’&”tt@&*?ﬁ56§i{§§,‘3?&e,4¥4 BFEJ%%%?Z?%I)SD

S are used in 'onerrzation s
and react even to traces of inpurities with a

di stinct decline in activity. Often, njtrogen or )
It may pe advapipgpoithen the hY‘EﬁW%‘?P BYx g rftesfthe peatplesarpbbing, passes
f i :
oo SEATEREESep ATGER: Ay U AR B L BT ESrir a1

the pr@&inak of aRsEonRN edr, chagryarIthisbd {ofiedaarexatdble, using a molecular
4,571,445 or WD 02/53685).. Adsorbents are sold by
sievevagr HesiecaploRpani @gcotiopic disiHpion. Inee o%atehdedy PReremaygd by phase

el e : y Axens, for exanple in the
separ%‘r"é‘dﬁ"if%&g’gﬂeg’éthﬁ?ﬁg " AA TG TGS or CMG 30 Using

the process according to the invention, it is possible

in particular to use feedstock m xtures which also
Adsorberst mpy) be 3apb intesnqvedmparings ) the Arasaregioyns gpayt Regadvantageous

especf:aﬂ%%gzpucég n%gg/n%taga%alys@? 2% B8 in the telomerization step and react even to
traces of impurities with a distinct decline in activity. Often, nitrogen or sulfur compounds are
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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have a content of greater than or equal to 50% by nass
wppnm), preferably greater than or equal to 100 ppm
0.Z. byﬂhass of acetylenically unsaturated conpounds. In
the process according to the invention, the
feedst ocks used may preferahloy be m xtures which
conprise noncyclic olefins having conjugated doubl e
bonds and contain up to 5% by mnass, preferably up to

ve $4E TSN a3 SHEEDY PR Lo B s

equalrt@SIl(DlOtppﬂf by | hﬁssu oabtdtyleyicaly hdedsited kofipounds els thhpitess accordmg
still ngrlse smal | resi dual ampunts of

to thewteynen elf¢6§i15t1991§at1$.@ﬂat@dP@é@f@@ﬁrb&sml’ﬁt‘tfeﬁ? évhpfés%qrwee noncyclic

use nunero ro on e ' 0
oleﬁr}sﬁbﬁu g)PrcS?nJ uggtﬁzg éiogl?l')é?p S an ceg[ghn [81115} goci‘é)bg/ efepably up to 3% by
mass dérfde eldry pré@rdbedpt RCk S, |b5} #1128, IfOgIRGi%es A6IC aedyle@cﬁqu unsaturated

he i nvention for telomerization. Should a di stinctly

compmndhs ghen reant eﬁthmﬂsa@dew;qfefﬁeismkymuwa@ orhaelegtill comprise small

ounds pe prese sible f tock
s R o DA S b PR G b Bl K e rumerus
hydrdcBfboR Gk Wir& bt ahby ininaadiy, aipeeiallg @J’[@)@@%@d{o@hﬂbhﬂ @fiXtures, directly

present fromthis m xture before use in the

as fe¢dstogkem thatprangss aqg:pr(hugtfpllhg mwng@ ferdteioperization. Should a distinctly
. hydrogen t|o r extractio sQ th t the f eeds
higher: m'eﬁ% Eg&ﬁy gglﬁal‘tﬁh SRS léra GEIROUR V\f‘l prgsert It él %%Iémble feedstock

mixtdrE, A0y bhe a%v/ﬁrm(geﬁﬁ§§) repfovE Qf ﬂﬁktya Ifwdrf—iﬂh 5@th&m@€ﬁyldh1c3%/ iyisaturated
mass and 15 nore preferably from 100 W%Bn1to 1% b
]

compoasds, (atkfyned grsseehireml this ansat befredse @mi@i@enzatlon for example

Processes for. extracti on or sel ect dr enat|
by seligivE S TRRER R oth PRECRTTOP TRt T eI By g spRgen then be &
mixt#€ %JhYAheéHn@anQ@ﬁQlQleQﬁS%yb}B?ﬁﬁgsaﬁﬁdfé}ﬂblp&ﬁ)nb@@ﬂvﬂﬁ)ﬂown‘%(lfy mass and
some tinme and is, as a workup step, an integral part

more gfrefrmbly foant @ wispohtoobYeabn mesg démcatdleewelly rU@ﬁateriaéF@kcompounds
t § ac N veI \
Proceﬁ%eét@ %ﬂira@g‘m i Sﬁﬁ% L{ P% gef ¢ 6%8%m ?gofrrng%rtg%&n&ar}'s

descri bed, for exanple, in Erdol and

Kohle-Erdgas-Petrochenie vereinigt mt
Brennstoffchemi e Vol. 34, No. 8, August 1981, page

The rﬁtégvﬁ%@t LRefylirgc PIRGASAs b}/ Qﬁtrad@l‘éh)h%@@én%ﬁ)t\@ﬁfor some time and is,

rocar ons "and the acetylenically unsaturated
as a varkpo staplsanaintegrad wan @d niast planfsiwlgch glptalglel Bbyputadiang drony erack Cs. A

distillati.on with agueous NVP fr nonool e
proceS i GGy HGHP U4 BEHLeT Sl CRE R B RPP e, FOReotack C is

descné@&at Hﬁatfag{i&)/éjrq arpons ahg " ROMYSSdo LB ddndhiey ldeinigt  mit

romt ocarbon distillate, a second extractive
Brenm$tsgichéhizt II/WJ dgi ndp. afuebigss: N/ r page eRf3thé6. In this process, the

acetylenlcall% unsat ur at ed conpounds in ou .
polyug A wHiSa Ay arRSAToP S SHEedbr RSB RN LFEHEiE COTRB T gmoved ina
first sgzl At 6)1 %XQHICBUé st%thX(gld Rgt?lg q#eg'\h@ﬁgvggt y tnhgaxgﬁncg&@ﬁns and saturated

hydro&arBohwt e nehe | WNMHeexamiot, exiic oﬁnshfmmtm obgbscabasr dar(n g removed
to the 30 invention, the multistage process descn

distillygyady.rfergmbie dirlFacathop st e dpieeencbaiirsHY e fiaHn Eiige aqueous

NMP6rgr3n%ves the acetylenically unsaturated compounds having four carbon atoms. In the
workup of crack Cq4, 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

invention, the multistage process described here may be carried out as a pretreatment for the
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11 feedstock mxture, in which case the distillative
renoval of the 1,2-butadiene can be dispensed wth.
O.Z. ¢34 onal Iy, acetyl enic conpounds can be renoved from a
1, 3- but adi ene-cont ai ning stream using one or nore
ionic liquid(s), for exanplellas an extractant. 5 The
hydr ocarbon streans which are obtained by extraction
and contain preferably | ess than 5% by mass of
feed RER ¥1% ieRkE o ? 'Eﬂ%ﬂﬁ NETEhA yop@neusleédbutadlene can be
iTec as"a feedstock in he process according t
dwp&@@jwnyentlon 10 The partlal renoval of the
acetylenically unsaturated conpounds fromthe
hydr ocarbon stream to be used by selective
OptidhAfly0 Eﬁj@rboﬁfpohﬁ‘& aaeby ranbeall Fymungd-biitadiede-containing stream
conpounds in thé presence of dienes and nonool efins
usingare enaaneiietiqad(s), ooexanxdeps &) exvasangopper or
pal | adi um catalysts, or over mxed catal ysts. 15 If
acetylenically unsaturated conpounds are present, the
The hRBISHOGK StrdldR0whidh th€ oPaRReSS exdfebslaig coainhgreferably less than
i'nvention, especially when C4 hydrocarbon m xtures
5% byompssi afiangfyleticTomptoadiemey arae peeferabbdreprsed directly as a feedstock in
acetyl eni cal | y unsaturated conpounds (al kynes) which
thep5¥@$y BrdEeBIhe WP ed from vi nyl acet yl ene and/ or
1-butyne. 20 In the process according to the
invention, all catalysts suitable for the
The ;taehaﬂrremozzﬂtqf the zrcagzyldmecalluyeehturlat@f@rrm@én@aﬁr@myh‘t Bydregarbon stream

o e ) PSR 1 U SRS A 0
prese Eéj))f dl'eﬁ&rhn(l Fdnoolddtnd @ HEArRed ouf $60 dkamip(es bver copbéd dr palladium
, rhodium (Rh), iridium(lr), nickel (N) or

catalpdtator numniRed catdlyets| | gands used may, for exanple, be
phosphorus |igands, for exanple phosphines,
phosphi ni nes, phosphinites, 25 phosphonites or

If ac@@%ﬁ’&ﬂl& eshsafuPlie £ %8ARbENdS" hiRhBRYéMNarpicdasciar usalr benige process
I "gands; and it may al so be advantageous to use

accordirfgf etoertbe | mgamtdm at?Sneh@HSaNéleﬂl o, DPrecabencanixgres comprising

1 3-bg§|\|c/1ree§8|ta8qrid§elgp ggﬁ Tise gq_(f‘&'mgge%% our?s%lsu’r te cgr%g)u lt(ﬁ[kynes) which are
prefe}a%llyogﬁéc't&la{trérﬁ'%rﬁllfda gléﬂ%%nﬂ)ogaﬂdﬁyﬂen t he net al

conpl exes used O the catal yst are nore preferably
trival ent phosphorus compounds or carbenes. O Z. 6534

i o b SAL BHELEE 4TSl RO ercation moy v
used. Preferred catalysts for the telomerization are metal complexes, in particular metal-
carbene complexes, of the metals palladium (Pd), iron (Fe), ruthenium (Ru), osmium (0s),
cobalt (Co), rhodium (Rh), iridium (Ir), nickel (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 ligands at the same time.

Preference is given to using palladium compounds, in particular palladium-carbene
complexes, as catalysts in the telomerization step. The ligands in the metal complexes used as

the catalyst are more preferably trivalent phosphorus compounds or carbenes.
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carbene ligand stabilized by heteroatons. Exanpl es of
such ligands are described, inter alia, in the
O.Z. Gdttments DE 101 28 144, DE 101 49 348, DE 101 48 722,
DE 100 62 577, 5 EP 1 308 157 and WD 01/66248. These
docunents and in particul ar t?he |igands descri bed
there are included in the disclosure content of the
present application. In addition, the active conplex
may conprise further |igands. The carbene |igands may
be open ligands or cyclic Iligands. 10 The
PartidBhrofreferendt i Pglvedicalsisd musecorhplekdseasphe caslystaeition davegat least one
to the invention is preferably aIIadlun}ca %
carbepe hgans sihilizhd ha@eﬁr@%@wér@(m@%@fp gichiligandiie rfgﬁcﬂ ed, inter alia,

in t&?fra”'_égcﬁ %V' @%Rﬁlggmﬁ' G BiMo 32 Yid lof"@ﬁﬁ RZIDElOO 62 577,

e the sane or different and

EP 1 @@ghsbeanhywrcpgmsgug Tesbyide@faitband gn qmna;ulamee eloams described
hydr ocar bon groups may be identical or different,

therel armgzalydedin ahn: Hiselogwre epaiencof didinsesest st I'f’ AddiFipRethe active
roup of al k di cal Vi P
complex, iHaY SOMIPERY fulntg Ilé%lalné E@ﬁ\“ %gb%neolgéa%d% (Pnaé( f?é‘ands or cyclic

ligan@$. O, alkynyl radi cal s having from2 to 50 carbon
atons and aryl radicals having from6 to 30 carbon
atons, in which at |east one hydrogen atom may be

The 6:? l grg%%gf’? ang%y\éskj nCtW @h rro(c)u 5 ac%grgié toal{l'geoﬁ'@ggt)cﬁlafskgreferably a
pallaé’i'ﬂg‘l Birb /ot 201& whichhas @Girbémijlléhﬂﬁ ol tifeagdnen] sderluet OMI)

having from2 to 20 carbon atons and a nitrogen atom
accgfding to formula VIE, where the carbon atons of R2
and IR and/or R and R3 are not counted and where at
RreaML one hydrogen atomin the cyclic system may be
replaped by a functional group and/or at |east one
Rea¥mon atom of the cyclic system may be replaced by a
25 Neteroatom sel ected fromthe group consisting of S,
P, B and N, and/or R2 and/or R' and/or R and/or R3
are joined by a bridge conposed of froml to 20 O Z
\gH34 13

where R?, R, R" and R® may be the same or different and may each be hydrogen or
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,

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
counted and where at least one hydrogen atom in the cyclic system may be replaced by a
functional group and/or at least one carbon atom of the cyclic system may be replaced by a
heteroatom selected from the group consisting of S, P, O and N,

and/or R? and/or R~ and/or R" and/or R® are joined by a bridge composed of from 1 to 20
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carbon atons to a ligand L, where the carbon atons of

the R2, R , R and R3 radicals are not counted, and
0.Z.6534 a further ligand which is an uncharged

two-el ectron donor, part of a cyclic system and/or an

anionic ligand, where the fumnctional groups may, for

exanpl e, be selected fromthe 5 groups: -CN, -000H,

-COO al kyl -, -COO-aryl -, -0OCO al kyl -, -0OCO aryl -

carbo-ncgg_)lgls ;?Jp l;?ﬂ g:abc_l ;1, kvf ;lce[eatlil_g l@éxg)Pi} lca‘f[t_gr)hs_ iﬁ@eq{zm}(é {{kgllr}d) 1_13 radicals are not
Coumehl( al kyl )2- -NH(aryl)-, -NCalkyl)2-, -F, -d, -Br,

-1, -OH, -CF3, -N&, “fer rocenyl, -SQO3H and - P03H2
and IWI‘EEB dutthe ltgahylw}gc}mq)@ na;ha(gmttwomeleqtmn @(@ma@ off 2 gelic system

to 24 carbon and. t ar
and/%@&rﬁﬂ)ll“ém hegigh B&Fben%& RBEBR P ma)%h‘o %%%n UP e sslecisd from the
uc %‘iwﬁ canobaryil edaken., -orro-angplecd-a9m DBCOO-alkyl-,
grou%m&% 1n the pr ocess a?gor ding to the invention,
-OCObarylel omdtd,zatliCealkeht aJQ(s{aryhsedOfaékﬁf,ef@raébll-,y AH,, -NH(alkyl)-,
al | adi um car hen npl e n an
—N(a@vl)x-hﬂ@ﬁé}-ar Roherar. (K/Wﬁj iof -Ce &gg Seraip -SOsH and -
a r Rh &L 36 e ah e nbﬂQBQhQﬁrbon atoms, and the
P03@ug§]te’|%tt8 égy?%%%sungubst |1t ut ed, : cycl |Oc or alicyclic
aryl @blgyd, forr euapslhaimg tbr2suarbaroat@eis CHrdopieparetens of grch ligands can be
substituted or_unsubstituted, nono- or polycyclic aryl
takeng fQyupampley fiRg PEJNL 689224 carbon atoms or nono- or
pol ycyclic, substituted or unsubstituted heterocycle

having from4 to 24 carbon atons and at |east one
In thBeirecmataotortiingniot the igvaupnotheNiel@nergatip qatalysRusechlisepreferably a

pallaéxplg] gghng}eg{og%%{ \%r Sgha? Qg@r (Ff?e l?%g% 2 dr %%%Paq al K g/\fI_H’) where
R%; R3 aré? Ct:éé( | sam q;o'(ﬁffé’ v an@CFKE alakiy! Tmear m&%&’ | substituted or
ﬁ(? CO aryl - -0-al kyl -, -0O-aryl -,
- NH2 unsdtlls(mlltédy bycll,c orN(naj/dhylaj]@-l grouNH(la\rlyg from 1 to 24 carbon atoms, or
) o et e e e o 6

cont ai, A 124 £Hrbon atons and the aryl and heteroaryl
gr oups Proms to 24 carbon atons, and the R and R
r adi eaine- vayoltgdicheutstinteddr msbbstdgtr:ﬁ@e@moahlgthamgrfrom 4to24

aromati c rlng \Ver partlcular reference i s Ixwenq to
usi n§G2OAR BEHE qrﬁdgaéi‘ﬁ‘é i REfeT ?13&9’5 tg BT 8 eglﬁr &hg
R, R3° L'a%ﬂ?%aﬂ@b%f}%?éﬁ%aﬁd Xeg@pered ring and are used
th preference in the process according to the

i nvelhydmgelaraﬁkyljamyl dcsenprgl, -€ENos@OOH, t-600-akkiylil dec0Pxaryl-, -0CO-

X, X
alka)l/?-d —)O<|C|O aorylz— -(6)%?(’)40 alkyl-, -OCOO-aryl-, -CHO, -CO-alkyl-, -CO-aryl-,
-O-alkyl-, -O-aryl-, -NH,, -NH(alkyl)-, -N(alkyl),-, -NH(aryl)-, -N(alkyl)2-, -F, -Cl,
-Br, -1, -OH, -CF;, -NO,, -ferrocenyl, -SOsH, -PO;H,, where the alkyl groups
contain 1-24 carbon atoms and the aryl and heteroaryl groups from 5 to 24 carbon

atoms, and the R and R’ radicals may also be part of a bridging aliphatic or

aromatic ring.

Very particular preference is given to using carbene ligands which have a 5-membered ring.
Ligands which have a 5-membered ring and are used with preference in the process according

to the invention are, for example, those of the formulae IX, X, XI and XII
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14 33 RBRRER SRRRREN-NC CRgCqgR7 12 R
4 12 R12 Rg RR RRRIX XX Xl where R2; R3: are
O.Ztd84sanme or different and are each |inear, branched,
substituted or unsubstituted, cyclic or alicyclic
al kyl groups 5 having fromli4to 24 carbon atons, or
substituted or unsubstituted, nono- or polycyclic aryl
groups having from6 to 24 carbon atons or nono- or
polygyclic, substituted or unsubstituted heterocycle
shaviig from4 to R4 carbon atons and at | east

. Ret oatom fR group & , @, S, 10 R4, Ryy RS,
R e the sanmgyor different HNd» (e each hY roEgn
« alkylClaryl, hetéro &y, -ON OO - COO al
R—oRaryl -, R* &0 IkyI- yl-, - aI -,
R -Cﬁ?aryl l2 CO al kyl - R'@O aryl -R 0- g%yl -
-0-aryl -, -NFQ - NH( al kyl) - -N(aIkyI)2- -NH(aryI)
15 -N(al kyl)2-, -F, -d, -Br, -1, -OH, -CF3, -N,
-fetrocenyl, -SOBK -POBH2, wKere the al kyl éHoups
contain 1-24 carbon atons and the aryl and heteroaryl
groups from5 to 24 carbon atons, and the R4, R5, R6
and R7 radicals may_al so be part of a bridging
wherg|R pﬁgt?ré tay s aﬁ?‘fcfﬁ'é%‘(ff%re?‘i ATOPACBY anpl es of car bene

l'i gands11%Hrcgraﬁgx{erde§@cﬁﬂglt&f)of t]ﬁsu@@t’i‘t%{eﬁl cilcgfcm/{'l ARykbRe Myl groups
X and conpl exes which contain such |igands have

al r eadyhbéeg frdescro Becirbon dtbastachni cal Ilterature

W A Herrmann, C. Kocher, Angew.
(2257 W@Wutwrﬁnsptyﬁltut% m%pr pog/hfgg}f ary oroga%gévmg from 6 to

V.P. W ?@E‘Jﬁaon athor Gt ot t mayr, T. Weskanp, WA
Her r man
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® R® R’:are the same or different and are each
hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-aryl-,
-0CO-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, -I, -OH, -CF;, -NO,, -ferrocenyl, -SO;H, -PO;H,;,
where the alkyl groups contain 1-24 carbon atoms and the aryl and heteroaryl

groups from 5 to 24 carbon atoms, and the R, RS, R® and R’ radicals may also

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. Kécher, Angew. Chem. 1997, 109, 2257, Angew. Chem. Int. Ed. Engl.
1997, 36, 2162; V.P.W. Bshm, C.W.K. Gstéttmayr, T. Weskamp, W.A. Herrmann,
J. Organomet. Chem. 2000, 595, 186; DE 44 47 066).
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J. Organonet. Chem 2000, 595, 186; DE 44 47 066). 25
O Z 6534 15 The R2 and R3 radicals nmay in particular
O.Z.1$634 nmono- or polycyclic ring which contains at |east
one heteroatom sel ected fromthe el enents nitrogen,
oxygen and sul fur, and option&lly has further
substituents selected fromthe group of -CN, -000H
-COO al kyl -, -COO aryl - -0OCO al kyl -, -0OCO aryl -

The R alr!a(@d:als mam%r"f\a(lla{(b? a %8 fﬁ% ?&Mk rmgl whlch contains at least

one hﬁ%‘%}a{(&rﬁ'ﬁl@&t’é&'fbam thd\lélahieyﬂs)rﬂtrogeand&gg@ﬂ and, sulfur and optionally has
- a - -
furthef @ub&%@ﬂ% sewg@emompmngouWh@f aWw C&@ﬂ»p@%\?&y\* ofmO0-aryl-,

24 carh
och iz arSTaReT LI BIE. [EpPHh 2O COURE. 0B, .
-alkyirft@ia19§1 gr@u 18 NoL1ONBEalk 18, PR(dled),C T&Ma@d) Oné(atityl),-, -F, -Cl,

R2” and '] gands preferably has/ have these
-Br, elIef OH t+-Cons-NQQ -fevecewy], 1¥9:HR4PORE,;. The gk gpuperhave from 1 to 24

ch be.th d
oS8 LD R B M 0 st 0
metal %up QO ab 10! the -HeHOHRS Yhble, &éooﬁﬂbb}ﬂ R’ anm@- digyhds preferably
- kyl, -OCOO-aryl, -CHO, -CO alkyl, -COaryl,

has/haae yhese defitaipys. - al kenyl, -allyl, -0-al kyI -0-ar yI
-NT-12, -NH(al kyl), -N(aIkyI)2, -NH(aryI), -N(aIkyI)2,
-F, -d, -Br, -1, 15 -OH, -CF3, -NO2, -ferrocenyl,
The RS%HR EWandyﬁ}q{@raHﬁ@ls&h@’ éacgrbébtﬁé sﬁ‘rﬁ@badiﬁfefe’rm L’{hd have at least
to 24, ' prieferably fron11 to carbon atons
one subisttwent Gooupe greapo? -Ho cgp&iﬂ ﬁ%lkxl,h&%re\jyl -OCO-alkyl,

O AL IR RE A sy, s

_allyR4ot QK16 - @é@lﬁcmzﬂm(aﬂ(@n eN@ )e,, NE(abQ) nBJQalkyl)z, F c1 -Br, -1,
coval ently to one another via

-OH 2 H:n-NBs -tamseny], syddt.i-PReHr.svheag |thﬁga11§x1| @pepshgﬁa%gefwm 1 to 24,

prefeéz}P?rgﬁf H},n[‘ (Q,Ot 13 At g %@Q %?&glgéﬁonnggttﬁg495rbon atoms, the allyl

groupy Gbal @hbﬁb@arb@ﬂlaﬁcﬂhéhﬂmltlﬁﬁlnﬂﬁbi ¥e pﬁryemlfcl aet gaugs from S to 24
si x- 25 nenbered het er oal kanes, heteroal kenes and

carbdreatemsaf o fcBs ragdirels may, fome@rrmk’arbéwmﬁwpwmﬂméo one another via
ridine, pyrimdine, pyrazine, pyrrole,
«Higﬁféﬁﬁ?gﬁgﬁﬁhene yrazole i m dazol e, thiazole and
oxazol e. The table 1 which follows reproduces specific
exanpl es of
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-
membered 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 VIL
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such R22 and R3 radicals. In this table, - indicates
in each case the point of attachnment to the

O.Z.bb¥e- menbered heterocyclic ring or to the conmpound of
the formula VIIl1. 30 O Z 6534 16 Table 1: Exanples
of possible R2 or RB3radicalss NI I1 I NNNN A1
A-2 A-3 A-19 INNI iN A4 A5 A6 A7 02N NS NN
A-8 A-10 AA-11 CHZPh N 9 N\ | / _ A-14 NA15 A-12

- 13 Et O . 2\ A 17 A-18 A-16 In the context
Tabl@‘?ﬁ@l%&?ﬁ?’a‘?h&coinlﬁlerﬁélciﬁisgands are understood to

an both free earbenes which function as ax
| i gand and carfpen coor di nat|ef netal. 5 Thm
cmrtalyst netal\_jn particul ar pal | adi um usdd_adl
the catal yst |netjal, from which the
T A T A2 T A3 T A-19
AN | X | X
| N N =N |
N
T A4 - A5 - A-6
T AT
NS I\ OZN\/ NN
_ —
= Y S\(N kﬁN
A9 ~
- ) -11
A-8 ~ A-10 Al
| CH,Ph N
N N -
7 s | SN A-15
T A-12 - A-13
Et OMe 0
|
4 )
0 - N
A-17 l
~ T A-18
A-16

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.

The metal (palladium) can be introduced into the process

a) as a metal-carbene complex (palladium-carbene complex), in which case the metal
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active catalyst is fornmed under reaction conditions
can be introduced into the process in different ways.
O.Z.9034he netal (palladiun) can be introduced into the
process a) as a netal -carbene conpl ex
(pal I adi um car bene conpl ex),!71n which case the netal
O Z 6534 17 (palladium is preferably in the (11) or
(0) oxidation states, or b) in the formof netal
I whi ch the
(pallgilﬁl%:)l 1S sqqgéra(bg)ak tﬁg rﬁ??é&i?%ﬁnﬂatg %(nan'pl s are
b) inRB¢ fc&ﬂi IO pracirese (pdlRfium peoplsexpfom which the catalysts are formed
pal | adi um( O) - di car bene conpl exes and
in sitgal | adi un( I 1) -di car bene conpl exes,
pal | adi un(0) - car bene-1, 6-di ene conpl exes. The
1,6-diene my, for exanple, be diallyl am ne,
a) 1,1'-divinyltetramethyldisiloxane, 2,7-octadienyl
ethers or 2,7-octadienyl am nes. Further exanples

Exargﬁgmemallgﬁgn(@! tapRnspl¢ st FRITRIEXSS. paljagiym dic@rl?enplco{r\plexes and
alla&u%[%-\dﬁﬁr 1 80%113%&% p6§$%w%%rarb§ni/é 2685 Igge c{)\lnéle;?gs. The 1,6-diene

may,Hbr SkdMide | bediallylBhine! 18 dninyiteeramBthyldisiloxafse, \X27- blcthldlenyl ethers or
C=Pd O CPd CJ N/ IINCPd NH N N -SiM2 ~NR
2,7-gcfadienyl amines. Further examples are shown by the following formulae I-a to I-e.

; ‘ \—SlMe ; \\S|Me . i-Pr . \——StMe

N
|CF’d |CPd [de o
N / N

S'Me -Pr . —SiMe, i-Pr. ,—SiMe,
\Q/ Y2 i-Pr 7 i-Pr /

I-a I-b

r\{R ,f'\¥SiMe | . \ ; N / {

N \ N \
C=pPd o) L | C"_Pd_C
AN / | c=Pd NH

N . .
\R \\‘//‘_SIMeZ N \\\\\ /
R = Adamantyl /

I-d I-e I-f




R = Adamantyl I-d I-e I-f O Z 6534 18
,CPd QA CPdC'CPd-Cl I NN \ N
OZ.B5B41-i MOOC CCOOMe > CNM C NN
Pd-C NCNGPdC D | CPd C 1 C ( NN/ \ N/ NQAc N
BF4- ~Il BF4 | j I-k I-1 Thelgarbene conpl exes of
pal | adi um can be prepared in a wide variety of ways. A
ISI rrplci route is, for exanple, the addition of carbene

the—exchange—of i gamndsom pal tadium
gar bene | i gands. For exam)I e, the

o I|-i are obtainable by b5 exghange of
b I|gan f t he / {

bis(tri-o-tol Iphosph e) pal | adi um(\Q conpl (T. N
skanp, W A. , N J. O ganonet~Chef 2 OG—p'%QS—C j
36,:@1_(;!\&2 R2:C_Pd_c\ j) 9 |
C @ b
Ig Ih L

o ( Yo \

Cle==0| Cr=e=<d | ot
’ \ ————Pd—— \ 7
)N ) & | N,C bd C\N [ C——FPd C, j]

I I-k Il

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 to 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, 595, 186).

R
/
N
+2 [ \C
y R R?
N / \
\, N N
R \ -7
(o-tol),P—Pd—P(o-tol), [ /C___Pd_C\ ﬂ
- 2 (o-tol);P N N
R ]

I-f R2=R3 = Mesityl
I-g R2=R3 = c-Hexyl
I-h R? = R3 = t-Butyl

I-i R2=R3=i-Propyl
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N\3 CNN R (o-tol)3P-Pd-P(o-tol)3 /CPd Q - 2

(o-tol) 3P NN R3 R3 -f RR = R3 = Mesityl I-g R2 = R3
0.Z6534Hexyl 1-h R2 = R3 =t-Butyl 14 RRZ = R3 =
i -Propyl O Z 6534 19 b) The pall adi um precursors
used may, for exanple, be: papladiunm H) acetate,
pal | adium(fl) chloride, palladiun(ll) brom de,
lithiumtetrachl oropal | adate, palladiun(ll)
b) acetyl acetonate, palladiunm(0)-dibenzylideneacetone

conpl exes, palladiun(fl) propionate, bisacetonitrile 5
The Fb’%llh&qfnUBKewrsSM @elidfay, for example, be: palladium(Il) acetate, palladium(Il)

|str|phenylphosph|nepallad|un§II) di chl ori de,

chlot)dfsbm\lzdwm(ﬂi) Ibeompﬁal lighdianigiraghlerepeliaddes, palladlum(H) acetylacetonate

s G R SRS DR PATERDC JYBERSE, e

panafa%!@ escméndehe teeAskaliphetpRh@aliddu@) Xdieapride, usBEenzonitrile-
int formof free cafrbenes or as 10 netal

palladmrp(lléx@dorldﬁ kis(&ri-obpbinhedphine)priiadiym@hn anlr hefer palladium(0) and
all rec )sgrs Sui t abl e carbene precursors are, for
p 43%@%3‘@ MRIES of the carbenes of the general formul ae

Xill and XIV, R22 RaRAR 5YR7\>YRR3 R R3

15 XI1'l XIV where R2, R3, R4, R5, R6, R7 are each as

The dabemsafithe gamemu famulaé IXnahdXX neaycbevused imthsi fpgh yf free carbenes or as
ed anlonl in accordance with the

h
metad {aB BBt 15 L EHB S Bt B T Rar T

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

XOI and X1V,
R? 2
R N N
Sy ad
e Y R” Y
I\:\’3 R’ I\?3
XM Xiv

where Rz, R’ RY, R, R R’ 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.

"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.

The concentration of the catalyst, reported formally in ppm (by mass) of palladium metal
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charged anionic group. 20 Exanples of Y are halides,

hydr ogensul fate, sulfate, alkylsulfates, arylsulfates,
0.Z.6634t es, hydrogencarbonate, carbonate,

al kyl car boxyl ates, aryl carboxyl ates. The correspondi ng

carbenes can be released frothe salts of the

carbenes, for exanple, by 25 reacting wth a base.

The concentration of the catalyst, reported formally

sl SR 5 b LT a8 fpm 001 o
to ldOb%pH‘\f)‘?&Hag@ r&mPd. 68N 80 Ippnd, st GrétdraBRNfrorhol ﬂoOQ@ppm The ratio
pm preferably from0.5 to 100 ppm nore preferably

[molifmicdﬂmi[llgm1d5@rqjq:mbly'ldad)ma,ttpgnet{al;rpre/fq:rglply ocﬁfcaltheggijd in the reaction

mix 5 DM TGV AbH NPT Eéleferahbtfﬁ%?r o ity from

1:1 tt)OS(%a %'ad@l Bflet'ba@xleycafrlgé?l@ l#a%& oful@er 1 ar’{H%r €or example phosphorus
prefera rom 1 to In add| ion to the

ligandgrebe Iﬂ[@pHelng]@hdg),hlrfeu rrtalydae présgatno she feaeticaxarmpire.
phosphorus |igands, e.g. triphenyl phosphi ne, may be
present in the reaction m xture. The nucl eophil es

f a
e RS il el Rl L

Rl a- OCI]—|(VIII) in which Rla and Rlb are each

. A ndependent|y sel.ect ro 1a pear,

R"-QsHanc K¥dabr 0rc§ (21'8%% gz\gﬁé@l KS Bro aI k&R
group or -al kynyl group, a C5 to Cis-aryl group or a
-CO-al kyl - (C1-C8) group or a-CO-aryl-(Cs-C o) group,

in witbleRe® theé F6° greoeqeh m&e;pendmttlal seletfedsiprstliydegsnsa linear, branched or
sel ected fromthe gro

cyclic @Qﬁoa(hm y(l EIowR) alke ggpqgi,pr etllliy%oup, a Cs to Cyg-aryl group or a

l up, "\ ay contain
—CO- agy:!' (E &%gor Q_C?O%%ﬂ k | ,_053@% ?g%r@rﬂ‘llase( GRsuph Ghay t

substithereh Isylle@te@ (fﬂmlﬁBDm grdiHOp @@B{-@OOHT HEZOO-pkyl-(§:1-Cs)Or{-O-alkyl-(Ci-

o, WG DB A5, By 20 B RIS, By

(Cl-d‘};zch\ﬁs’lﬁw '(g? fe@H@ eso%ﬂxefh@flizabty CGONPPUAYS ahfl -, Cohd where the

Rl 'a” an ional’ly R'b radicals are each hydrogen,
R' an’étlhlﬁlradl@ﬂs mdyylbe jaingr mgyther visogmvelsyt bondsy tThglymlyleophlles used are

P TINE  CTTAN ET R —
ethyl ph ??écfﬁyl I%“’Eﬁlf ;P/an&gg?;trpyﬁt?lh 88 butyN Rty Mexyl, heptyl, octyl, octenyl,
octad&r@} dlsommyﬂ Bmtﬂlmwhymbheﬁy Iphetytd megen cerr bansthylphenyl, naphthyl,

ST N it —
ethy]%‘é?%na&w‘?%&l@ﬁt%%? BhenyRlaffR9l. S, phenols, polyols,

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,
cyclohexanol, cyclopentanol or 2,7-octadien-1-ol, phenol,

- dialcohols, for example ethylene glycol, 1,2-propanediol, 1,3-propanediol,
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aci ds, ammoni a and/or primary or secondary am nes.

These are especially: - water, ammonia, - nonoal cohol s
O.Z.#384 phenol s, for exanpl e nethanol, ethanol,

n- propanol , isopropanol, allyl alcohol, n-butanol,

i -butanol, octanol, 2-ethyl hexanol, isononanol, benzyl

al cohol, 30 cycl ohexanol, cycl opentanol or

2, 7-octadien-1-ol, phenol, - dialcohols, for exanple

et hyl ene,.qgl [, 1,.2- anedi.0 3 di ol ,
& bugass ] 2 Huape iy 2 SRAGRCU! 41y FHRLARAPE
_ -1 ARl 300 RIOULARRSBbotic cschydr oxy
%@ﬁ%%gﬁ S, #@P&exaﬁppg)a-ﬁ?grogggzgf?gh%sters, - .
- [pinteay yaaitenesor feanmpbeampitieylaneinky | clmilareineetringpdaming, butylamine,
propyl am ne, butyl am ne, ctyl am ne ..
Deylmngd %9¢taﬁ1fﬁwé?mak§dé’@§|3‘a)ﬁ%fﬂ‘é‘?’ SHAnsiamingyion hegpmethylene-
gﬁégﬁﬁthylene- 5 di ami ne, - secondary am nes such as
I methyl am ne, diethylam ne, N-nethylaniline, .
- Be&dndar- oetagisenyldtaniae, didnetbyleioteex ydiathylagyine, N-methylaniline,

nmet hyl cycl ohexyl am ne, rrolidine, i.periding, . .
Y ST DR Peteaz [y ekdaaing: hypERUPR e xafamine, - pyrrolidine

go"f‘rge?%’l‘ﬁ’e', in%r@fogﬁ%bﬁy%ziﬁé of REBRiAEL LimfACet  C aci d,

r'opanorc a enoi ¢ acid, I sobut enoi ¢ acid, _ .
- hemeaikc acid, such2abebasitediidambaicy ltid, arophnpphedidl ibatenoic acid,
aci d). The nucl eophiles (VIlI) used in. the ..
ebytampicAsid, @ﬁn@v%bclérléwgre%@ﬁ&é%rg?@gwqﬁeﬁphﬁﬁlif acid).
et hanol, 2-ethyl hexanol, octanol, octenol,
oct adi enol, isopropanol, n-propanol, isobutanol,

The Auddedphied (VII) ssedan atrolelonfeizaiion step dre mostpirefesabilydmethanol, ethanol,
ropi oni c aci d, n-butangic acid, isaobutanoic acid

2-etr§m@w, aBangl; cteplt AGiRTIENQlc SAPIORRR oM PreRaRaL Hy ok, n-butanc,
isom%npz]ig 1h¥(lrﬁ’m, Q(ﬁd a%%?%é‘,l ﬁs}g%? c R Bl butardRVANE, 3EBRURbIE acid, benzoic

e nucleophi’le use anol . Nucl eophi'l es which

acid,C grhtlidlieneeid/ e phbmolp bt atigdaruing, amietlytamsine,z sammwania and/or  water.

reaction can be used directl Lor el se fornmed in situ.
Advandpeeguapphenucieophgle usest ismethagiol.can be formed in situ

from 20 water and butadi ene in the presence of the

tel oneri zation catal yst, 2,7-octadienylamne from
Nuclasphiles aviicid cdn Shdmuehas dregbtaited vior telomeriaatian rshetion can be used
~ nucl eophile to the starting olefin having at. least fwo .
direcgly frudes meaéum%%gﬂugxamrﬂe,t% -thadbfi?éhogﬁf“? 8ﬁefg““e‘f " situ from

[ L QR £ Lk o RY S R0E1a184tOPF -d fadid¥§lamine from
wate gﬁgégﬁﬁﬁgéh}g%gggﬁ§g9§gﬁ%n into accounatl?§ or exaﬁ%ﬁe,

ammBBiaaaal3-basdieng eact i ve hydrogen atom et hyl ene gl yco
has

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 telegen has to be
taken into account. For example, methanol has one active hydrogen atom, ethylene glycol has

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

0.1 mol to 2 mol of starting olefin per mole or active hydrogen.
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two, nethylam ne has two, etc. Per nole of active
hydr ogen atom of the nucl eophile which can react with
O.Zttheéd4starting olefin, preference is given to using
fromO0.001 nol to 10 nol of starting olefin in the
telomerization 30 reaction.22n a reaction with a
liquid phase, particular preference is given to a
ratio of from 0.1 nol to 2 nol of starting olefin per
nol e or active hydrogen. O Z. 6534 22 It may be
advant ageous when the process according to the

It mhﬁ%@rﬂdlvgrﬂ_l% &®u afHenefic Qutbcelss atdvedinprie e Gevenfion is carried out in the
sol vent e solvents used for the tel onerization

presqneacef @nsmsmbé”lehéowm‘élléé‘é)hﬁor dhgstelpmgrgation rpaction may be the
nuclgq;ﬁ} Srusieﬁl‘l1 &l{enqltj (ﬁd age%g g]o{jqulcri] tffg%({t 'n(a T ?e%@t%xjf chQcﬁtlons and/or inert

erence
orgaﬁx@ sbRenadetdiéefcofs SRS auligion Wﬂ%bﬁf@ﬁt@l\i’m Iafc&olpﬁﬂds are used
which are present in the formof solids under reaction
whicbomel ptqsgrngn the farm pheolidasadef repetauranditionha®r dhe §agseof products

that 88“@] l‘trq Q gme%[}r?e{htfg ogngf Sg%l I(er§de|r rt]nhger{je Et o%ﬁﬁgc;ngnSultable solvents

inclug¥ Cdl C%ﬁbﬂlcph@kldﬁllﬁﬁalcaﬁmwn@ati&yﬁyd?@@?&ﬁﬁs ,foxf exarganpl-€,o-alkanes,
al kanes m xtures of |ower al kanes (C3-C20),

mlxtmyce lod mqm&ancy&ﬁﬁe@amloh@x:;ml, gyé¢waﬁéylcw1k@@ge alkenes and

and 10 nes, nyl c Iohex ct at n
pos S SRS BRSPS B BB DR s o e
beanxQJ chfﬂl%n@ﬁgd XY\ gBe poRPlsaives) Rﬁ@xﬁmpﬁ@[er@aﬁ?r@idesecondary alcohols,
fertiary and secondary al cohol s am des or exa

amxda&:efcamm)pldlanettahydeaccbmthy@@etanddqj.an@t@mefm.}ﬁqmrg e, nitriles, for
exa ng«% ra#é&rﬁtql%?aag)pgw tri ngtegwosn | %ﬂ;ﬁﬂlp Qdaggteg)zi?nﬁthyf 1sgbutyl ketone

and BBEyOk&bRY |calRk Pie estérdf Q@éyﬁmﬁle%‘éﬁﬁra&eta{eoéthel)éafﬂﬂe&ample dipropyl
ethyl acetate, ethers, for exanple dipropyl 15 ethe

etherdilistty Ieth@t,tdemethaﬂ etherh yreths ﬁétb’l e mﬂth)déffrybu@i BBEr, ethyl tert-butyl
etherngf‘}g%hg%&%%a%né et h aglygrol? ran La?nggol l an%t lrFthers of ethylene

ro

glycoeiI kivdih Aese %lyéoletthéhﬂeﬁé ?&é’b}l | Qaﬁaet@léh@o'glycdl ebdﬂybtﬁm%ne glycol,
gl ycol; triethylene glyco tetraet hyl ene gl ycol,

propyjetey glyhyll é'meomwccﬁlycol sripiopllene glycqlcaid, quympmdymeegﬂécol and other

pora S50 BB SO S8 5P B FIF Sl rin

carbdHafe bty watd! ftoxi L& peisbit s Ehs@ abhie nafueds, #6510 Bydrﬁ;ﬁle igfddazolium or
carbonate and water. It is also possible to use_ ionic

pyridiniigmi sidts, hosolesupplle soliveris ohdubs ased plpng @i suriddies of different
as solvents. The solvents may be used al one or as

solvepiSet ures of different solvents. The tenperature at
which the tel onmerization reaction is performed is
preferably in the range 25 from 10 to 180C,

The tempkatablay wihicht the telamgezdtromme8@ionais pedformetismyetsrably in the range

refer h
from plOetoewgp(Jj regra ye mrt egange 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

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 pKy of less than 7, in particular

compounds selected from the group of the amines, alkoxides, phenoxides, alkali metal salts
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from40 to 100C. The reaction pressure is preferably

froml to 300 bar, preferably froml to 120 bar, nore
O.Z.m5efterably from1 to 64 bar and nost preferably from1

to 20 bar. It is often advantageous to carry out the

telonerization reaction in tbg presence of bases. 30

Preference is given to using basic conponents having a

pKb of less than 7, in particular conmpounds sel ected

r.om t r.ou f the am nes, al koxi des, phenoxi des,

orﬂg?rgf?gg tasgg'ts O Z 6534 23 or alkaline earth

netal salts. Suitable basic conponents are, for

exanpl e, am nes such as trial kyl am nes which nay be _.

Suitaplg bgsit icomponenisl aspdpr example, amngssuchag ariglkpigmgres which may be
. or/and al kal ine earth I | t f nahi ' bt
aticygfy AR Lo SIS TR o P UB e sais of alipharc
or/ard 8BHANALEHoxDEN 2618E, &Richas GRS PRBgiongtes BdnatatLsry corresponding

hydr ogen carbonates, al koxi des of al kali el enents
carbemathiso hydroRericarponatgs, t bk @i ¢aveaft dkali plﬁ@]gptﬁa'mé@’r alkaline earth elements,
phosggag{:ﬁ?ﬁﬁ{i%gos hgéheagegforé/éag? ?}ﬁ%ggdge%(,é)ggtrs%rabﬁ)rcg{] lgtéllaugm:,hysogiqlm, potassium,
calciffS hiidhe MDA U 2HAm PRSP RANpLEBL ESHTRR U ouRd £ fRes fere@ige is given
Is given as an additive to hydroxi des of alkali netal
as ampdtitivk &d hydrorides hf plkellmepleashelkalyrdearth metahjelempgts and to metal

s S leobpfe USHERER b aaedtnped 1 y0rsgreral

fromO.01 nmol %to 10 nol % of the basic conponents
(based on the starting olefin), preferably fromO.1
Prefeneogois given e lusingritommddt] peléh & 4B mpl Y ¢fnthe basigspugponeats (based on

% 15 The te [ i 0 be.oper at 0
e B oAU B L o B AR OFL RS ety o0 2 ot
t011H§@6.0f particul ar reactor types. Exanples of reactors

in which the reaction can be carried out are stirred
tank reactor, stirred tank batteries, flow tubes and

| .._Combi nat | L fer. .
mhe LRSRSRSH B oo ETRLGL ARl pPH AL S B361 A fr e s

examnp eactor w

of pagt@MIStreas fybeww Exdfhpldshe . reddtorgriflevhidtothelt&stion &ahibgarried out are
~ space-tinme yield, the telonerization may preferably = .

stirred ganlp aeastery isegeduank bptarsst Hewr bes aphJeers restass. ¢prabinations of
. Starting olefin. This ds the S i
aitreZpEier il TsPbi ot 06 et SRBrS R Fad MR tobiream o
tube.preference is given to restricting the conversion to

not 25 nore than 95% nore preferably to 88% The

process according to the invention may be used in

In or&)earlrtg o tlajlinaz{ hif gg rspgl)cre?t ae Iylnegd, tkfler 21BrSerization may preferably not be carried out
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 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 II
NS X
11

in which X is an OR'® or NR'“R'® radical, where R'* and R'® are each independently selected
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1, 3- but adi ene-cont ai ni ng hydrocarbon stream a
conpound of the formula Il X 11 30 in which Xis an
O.Z.ORPA or NRIaRl b radical, where Rl a and Rl b are
each i ndependently selected O Z 6534 24 from
hydrogen, a linear, branched2#r cyclic C to C22-al kyl
group, an al kenyl group, an alkynyl group, a C5to
C18|aryl group or a -COal kyl-(Cl-C8) group or a-CO
r = | f e '
rom Jitqdelt pcar P Er eI o CoP I P PP Sy TR0 an atiomy!
group,G@ 2ok |5~ rid gkdBip, or- £OCA-KikhH(Ce-CG&roup ar y-COCEyYI(©)Cio) group,
-COO-aryl-(C6-Cio), 5 -COaryl-(C6-C10),
where Ghg$ek groupei m@g conta@. eapsalfyepfs- @@f;ct@)f’rom the group of -CN, -COOH,

=N-al kyl 2- (Cl - C8 - - H - F, -Q, ,
COO@H@/I%&N@f and” .é?‘lgrfgﬁé'(é% anda&r%cf"gé‘i)’cal s r?a@'t?g HCeCoo)
-COhBINeLd H9ed halyI (CRCyf 0vat @nllk NQUIT;), US-aigyL HE | U:RCESHO, -SO3H,

according to the invention, it is pqgssible in o _
-NHpalf tHCa.HOAt, -€63,pNéharred wherpdhms and® ofadiqads may heicaredypgether via

r 1llpb, "ala ~lb Ellalllb by reacting
Cova%Péé%ﬁgadiene with a nucleophile (VI1) of the formul ae

Vila, VIIb or VIII Rya-OHWVIla (Rla)(RIb)NNH VIIb
~ Rya-000H VIlc 15 where Ria and Rib_are each as defined
Usingbievrocg@aatdocding to fredfiesnsinn eit iispesisipdhint parigilago rgpare compounds

ocess according to the invention to prepare
Ofthgg%wfﬁ*? a8fhﬂhe formula Il in which Xis ORIa or
~— ro , rt-Butyl, n-butyl,“Sec>butyt’, pentyl, 1b
hexyl, heptyl, octyl, gotenyl, octadienyl, isononyl, b
2-et hyl hexyl, n-nonyl, phenyl, m, o- or
by repetingt hibphaiepe withraprigephile BVID eff the dormtias YHpney pr Viie
2,6-di-tert-butyl net hyl phenyl, hydrogencarbonyl,
nmet hyl car bonyl, ethyl carbonyl, propyl carbonyl or
R'“-(pheny\dar bonyl an@'tyR"°GHR b VBb H, ~net R/I-CQdHy| , VIic
n-propyl, isopropyl, tert-butyl, n-butyl, sec-butyl,
pentyl, hexyl, heptyl,

1
where R'? and R'® are each as defined above.

Particular preference is given to using the process according to the invention to prepare
compounds of the formula I in which X is OR'® or NR'*R'®, where

R'® is H, methyl, 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

and/or

R'® is H, methyl, 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,
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
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octyl, octenyl, octadienyl, isononyl, 2-ethyl hexyl,

n-nonyl, phenyl, m, o- or p-nethylphenyl, naphtyl,
0.2.28544di -tert-butyl phenyl,

2,6-di-tert-butyl met hyl phenyl, hydrogencarbonyl,

nmet hyl car bonyl , et hyl carbonybs propyl carbonyl or

phenyl carbonyl. Very particular preference 1is given

to using the process according to the invention to

prepare onpound of the f.orpul. e Ra =
fomﬂ%ﬁg‘@éﬂ‘?ﬂﬁﬁnﬁﬁ? pé%Sﬁ“yﬁe?t%%fhlgﬁf;T““gP?’ﬁ‘e hi%%{:‘ar q%]hyl . The

conpounds of the O Z 6534 25 fornulae Ma and I11b

may be present either in the cis or in the trans form
The Bfitucef fiiovethe felamerization abastion skt ek, FaeRMple, sogprse mainly the
telor'g';El 4 t]ér? %r%?ﬁ%%&f@@%nﬁgﬁ%@gg oBsh’eBesh%,laPﬂgBﬁrﬁ?Bg ]thrting olefin,

rocar bons™, residu

resid@APHRbEntOfof Hutlebp it Shtahlyst §sfeds(chuaystan@uintigasds and optionally
nucl eophi | e and cat al yst system (catal yst netal,

baseb,i gahds sabetqopttiwadudts thsseod aind ey added selyprieqeresnsist thereof. The
productg thereof and any added solvents r con

et BHiefdt TherRBT g b e Pon ey droner s o Biktatly by known

induitﬁ@%ﬂo@&sést, &P p IR uRE b§ ARFMAT KDafhidinG DreRB&% aldr ¥exBiiple distillation or

no I ndustrial processes, in particular bg t her mal )
extrasaparfariengnpleor 855 Baj vef separatiemprnebedifcted) imtoi the fdlowing fractions:
extraction. For exanple, distillative separatio n.

- Belerd %Cé‘toédf"’gl‘ﬁﬁ‘oc‘?rﬂg‘_r‘)sfeél BUeRG ‘fs?{é@fri‘eo s PG 2258 Msobutenc
fr agLiaRn SRuGATIRE LREST B RS RRE alll Y @Bkt @ €he nucleophile,
1-butene, 2-butenes, isobutene, 1, 3-butadiene,

- T Radtiot adinprising ik tardet pmdnopRiZaeasadienyl denvaiyge of t he
nucl eophi |l e,. - fraction c rising the target

- ﬁré%fﬁ‘_t??‘_CP‘?‘P?-S‘B‘&l%éedl?)é'ﬂﬂﬂdu%‘eﬁnla@t ive), - a fraction

- COMR%LAIBRptbGe e R AdGhdand/ or - a fraction
conprising the catalyst and 15 - if appropriate, a

- fif sppropiate enfpaction wgmphising tled rusiiebhide antelor - i f
appropriate, splvent fraction. The fraction

- dg%ﬂ?&§Wﬁ§aﬁﬁB@Hﬁﬁ?§5ﬁhiIe, the fraction conprising
the solvent and the fraction conprising the catalyst

may each be recycled fully or partly, together or _
The fregtinmatcenyrising tetrhigleopinile; dhke: frreiipnseoapprissig B selvenj ayl the fraction

the exception of the fractio risih :
compSe RO S ! BPLVEN KT hRRLohIReER, ke o
reactidestEp, ARt dIQDSvilHe dxB&ptioRaTH thOMrasli&P coripMEMEthe Ediglyst, be fed to a

separation may al so be carried out in such a way that

workap| Prefanencergigiven tisreay@dingdhe Gactmas intn thenjedCtiasder- one
fraction conprises the substantial portion of the
target product and 25 the second fraction conprises

Howkl&, #HO:haRlibRImAB0sItd 8B @friddN6utGatsabl Stwis &ht ohietwo fractions are
catalyst- containing fraction is in turn recycled

obtaified.| Iy this cpser bhy friactian ¢dmepriseatitc swhstgniég) portion of the target product and

the second fraction comprises the substantial portion of the catalyst used. The catalyst-

containing fraction is in turn recycled fully or partly into the reaction step.

The recycled catalyst fraction may, in addition to the catalyst system, also comprise any
solvent present, telomers of the solvent, any excess imidazolium salt and base, and unremoved

product, and also any stabilizers present for the 1,3-butadiene, for example tert-

butylpyrocatechol.
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The recycled catal yst fraction may, in addition to the
catal yst system also conprise any solvent present,
O.Z.1éBébnmers of the solvent, any excess im dazolium salt
and base, and unrenoved 30 product, and al so any
stabilizers present for the 24 3-butadi ene, for exanple
tert- butyl pyrocatechol. O Z 6534 26 The target
product is used as such or serves as a precursor for

The aro &éll%? }:S%r%g(? %s sn%%ror AP Li? %1 ga%c}x%%%?&%tﬁé?'}upﬁances For example,

rom OX ocC ene target

1 oc@h@@l&lﬂbe Byepayedr anas Ilﬁgethb)@Q)cta‘dDZﬂoaﬂel tergoopidslucintey hydrogenating
subse uently el i m nating nethanol. By neans of the
the proodesde boodsraad ngpbsesiuenidy |CHVéli*ﬁtl“6nmeihta“‘Pls H}hm:?ans of the process

acco S?flot)%lyg}&et e ergioar ell]renlth i ezJogqur%r i &ggire ﬁ'nxtugés lj:gmgnsmg 1-

m Xtures cC

methfoQ?/&rtﬁﬁ@r'ﬁeﬂe' QGEQNAixtWBEEant then BelGécdap Pidparaisecend) t he
oneri zation is nmethanol or ethanol, the use of C4

hydr ocar bon streans as the starting stream

whebing? BS54 1 Mo AR R, R USF Bt we or
hydrbé &6 kaaﬁlrscb@uﬁé stahﬁﬁgtéﬁ%dm Gl@blﬁﬁcﬂlbh@ﬁﬁ thefstakfing bkefin) gives rise to
hydrogenation of the target product (e.g

the optipeiohogtyrsotoaiis: the mehqephxteaﬁiorbéh% E99EtIQ] P@ét“Fty Instpadghe effluent of
etherificati

h |
the FSFREBNT I T PR T T RETO SISO ) SELRE Sp diretly to

an efthBRfifAioat ineRfich Ah8iaY@hBELERM ad @friuctéldbhﬁle &t hacte@rwigh fiyd isobutene
tert-butyl ether. This reaction too is effected by

presqut ot edessticame give mdwgtmybutugthq q,r thydégn-@gtyépg}*@r gT'his reaction

oo bR RESIERSE B0l bl SO BTN By nchamers. o

full SAVEsSASE e idobuldiR, AIBVMRNhEOR beSaddkd HEditiah81E ih rgoxeletcageh
with reference to the figure Fig. 1, without any

i ntention that the |nvent|on be restrlcted to the

The 1nggr§ganrr§t1fhbsﬁrage¥w 13 dnetall \glth L feren o the @réfl@e ﬁtﬁout any intention

If& PoSST BT & proces

that BRCONEG bO rdshectbd V& lid @ﬂlboc_ﬁhﬁ:no\sﬂdi\ahlm Fig. 1. Fig. 1 is a schematic
tel omerizati on process shown here has three steps:

illusttasionred oing apssne eobedinmmt of [:(k}g Hrq(‘@s%yccogbng,%thpéwgpn The overall

and talys
cors R0 SP PSR R O, SR SR thblgrer crt
one teRfifhheep Wil fhnﬁr&lecédtﬂbléisﬁecy&ﬁlgoét@ sKRpalm thkREa@ivd step (Telo), a
optlonaIFy a hydrogen source (WQ ). The reaction

reactaitystugam iolspadusead @getthhrewrtbghq pgﬁlygrl@gxpéq steqamy (KR) and optionally a

conduct ed ﬁ? f ol IOMAn ste
hydrogep43QpL¢e 5\5(3513 S HSATHPRa TeRT (/eeﬁ?taare & glﬁom%/gélgp?l{ t)b%dua (P1) 1s
condﬁ&@d rn?tgat'hg'fﬂgo@f?fgsshéﬂ gﬁ?ti% Rhichh@e r@adfst @Rd ptiodsigy a solvent are
he product m xture ( 25 freed of catalyst may be
remosahifrotroﬂa reuatnieg covstikigpts afhibe rr@qmo@dmgg{rg@hgprogugermxture (P2)
he
freed (?f catatl)(/)sttmay be sent to a further workup. The removed catalyst is sent back to the
reactant stream via the catalyst recycling (KR). In the catalyst recycling, a hydrogen source
(WQ?2) is added to the catalyst stream. When the process according to the invention is carried
out, it is possible for a hydrogen source to be fed into one or more steps of the overall
telomerization process either only via WQ2 or else WQ1 and WQ2. It is self-evident that,
when the process is carried out, it is possible that further apparatus, for example pumps and

valves, etc. or means, for example, of discharging a portion of the used catalyst and/or of
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reactant streamvia the catalyst recycling (KR). In

the catal yst recycling, a hydrogen source (WQX) is
0.Z.#3d¢d to the catal yst stream Wen the process

according to the invention is carried out, it is

possi bl e for a hydrogen sourZ& to be fed into one or

nore steps of the overall telonerization process

ei t her onIy via W or else WL and WQ2. It is

addmgte %resh akaciI %‘hﬁ h?érg Wﬁg?&g&tm&%ﬁ)t Fﬁ'ov%"fx{ t'h?sdscﬁé%e in Fig. 1.

appar atus, for exanple
punps and valves etc. or neans, for exanple, of
dlscharg|ng portion of the used catal yst _and/or of .
The czaznpl%\ghlc folldge aﬁengtemi@sqq iHagteas be m‘f?aiy)%é] dtaifaiBopiestricting

&L bUtlcﬁ ev1 nf ?\Jﬁﬁn\’me dQsc‘ﬁ li8n §1§$§1@?})ﬁu@15}:i g.

the S‘i‘?pe rPéO‘S&“O“ o SFE PP

illustrate the |nvent|on in detail without restricting
the scope of protection which is evident fromthe
Examplesri pti on and the clainms. 5 Exanples Exanpl e 1:

|zat|o bsen kynes In a 100 n
Exa@elﬂ gﬁff‘?'ﬂﬁ%m Eﬁ ?Be"fg v)"zélof pal | adi um
In a 308ty septanalR, @B@ g Q@Q8@nm6@ ofSpamadiuin @éetylacetonate and 0.390 g
1,3-bis(2,4,6-tinethy T phenyl )i m dazol i um

(0.750mpods oxil del, bbes(fééértnmfexlpfmyair@éw}@al urfdg@gsoxide-o-cresol  were

dlsS(qu%]tltt gmtggivg vggls fsxg' gﬁ@% E %é %O@D%mgtfhegcﬁt E’PQ %l- itef ?ut@clave from

BiicH; @ W@%Qb:%hﬁé‘lt) 8@ ot Pesb Gichidd a0 WBLElin Matateravid, zﬁmd‘BV 47 g (O 06 mol) of
(0 nol ) of sodi um met hoxi de were di ssol ved in

sodign wtmldmwyreohssabteﬁ amdl 5> g 5P maibef gehangzndgn )lo%g (852 mo) of
|
AR DUE ALYE FURYETL S Bl s or .

hydrédaX8dHf @i MBI drBjigedied idth e EJIBCIM @l@:{eaMB]atlon of amounts by a loss of
(determ nation of anpunts by a |Joss of 15 mass in th

massQa th@:ﬁ?plsypmi@tbtort@ Theitele e vaybeaiels DAt iegperatire (80°C) with
stlmg%at?xg d)anachlei‘ f’!atrﬁr g SSI%%S:% MS 1|Htro§ﬁdeﬁ rlh 3)9\0 ggpﬁon into the autoclave

umcon a| ning solution was 1 ntro In one

contd®d hhd®fhe Rh&idnh®aationitbadewitis ot gidte @anchlineegas ehodrhangraph. The
was nonitored with the aid of an onljne gas

reactighrtimeeg i 4phTherhwdrogashen mirurejqbaipedswasanalkyfisgfree Cs hydrocarbon

m1xtﬁ%gl? Sy ggﬁvﬂ‘ yure Oﬁag‘j{ ﬁlgtggfm@«%l%}alﬁéé&%ssf ?P%o%tane 7.05% by

masslofan-Butaadi £08y, b]y h496 HyiramSutéile, 11 S.00Ut By thass oD DHubne204.80% by
mass of n-butane, 5.14% by mass of trans-butene

masskE i g%y, hB%dyohass o gisnicnedno glomes,werggsiscighle).
i sobut ene, 3.8% by mass of cis-butene (no al kynes were
detectable). GC-analysis: GC (1st col um:

GC-RByW¢ A12G8, 2nd col um: DB-Vax/ HP-5M5; starting

t enper ature:
GC (Ist column: DB-WAX/AL,0s3, 2nd column: DB-Wax/HP- 5MS; starting temperature:

50°C, maximum temperature: 200°C, starting time: 1 min, equilibration time: 3 min;
temperature program: from 50°C at 15°C min”' to 200°C, run time: 11 min; inj.: 220°C, const.
flow rate). Retention time [tR](C4 hydrocarbons) = 2762 min,

tR(methanol) = 3152 min, tR(1,7-octadiene) = 3866 min, tR(trans-1,6- octadiene) = 3958 min,
tR(cis-1,6-octadiene) = 4030 min, tR(cis-1,3,7-octatriene) = 4291 min, tR(trans-1,3,7-
octatriene) = 4292 min, tR(vinylcyclohexene) = 4448 min, tR(i-butane) = 4552 min, tR(n-
butane) = 4822 min, tR(3-MODE) = 5523 min, tR(trans-butene) = 6116 min, tR(1-butene) =
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25 50C, maxi mum tenperature: 200C, starting tine: 1

mn, equilibration tinme: 3 mn; tenperature program
O.Zf658f 50C at 15C mine to 200C, run tinme: 11 min; inj.:

220C, const. flowrate). Retention tine [tR (4

hydr ocarbons) = 2762 min, tRggethanol) = 3152 mn,

tR(1, 7-octadiene) = 3866 mn, tR(trans-1, 6-octadi ene)

= 3958 rri n tR(cis-1,6-octadi ene) = 4030 min,

R(ci oct ien
T e e e L |%6y1‘€5‘aﬁré$§ﬁe§7’§@= £1,35650 min
tR(leoJ 15hta& BGégbb@Io@r}ﬁbn H{(4@512utﬁﬂ18me)t=R(5”P6bhhhane) 4822 min,
= 5523 mn, tR(trans-butene) = 6116 m n,

2,7- QCR(dlerbb{yén@)hyl eer(= 558ADB8 6240 ni n, t R(i - butene) =

1 —6616 m n, t R(1- MODE) = 6650
L,7- Pﬁ:tﬁgle“PQ(lfméRﬁﬁLf?}é\eﬂ% 23\? D900 min, tR (1 3- but ?adi ene)
= 7526 mn. 2,7-octadien-|-yl rrethyl ether (= 1- MODE)
1,7- octadien-3-yl nmethyl ether (= 3-MODE) 5 Exanple
Exa@pleT2:| Petemieriasiiamiri thet presquce 93283 pproiny Brappaf hypess@omparative
of al kynes (conparative experinents) In a 100 m
eXpegEENk tube, 56.2 ng (0.18 mmml) of pal | adi um

In aal%tr}ﬂ @9@%8@%% %@Cb B3B3 8ommbH- JBpdmialum @tetylacetonate and 0.395 g
2,4,6-trinet hyI phenyl )i m dazol i um

(0. 76)mmcé}3 o>0|f del,3 -bis(24di-trimeatiey lpAdnydimsislatalbgn uradetesoxide-o-cresol  were

s} Sl e S B o B T b RS AL fuetave o
Buc\?bégg%gg 065%%1?9f5‘%re4;9phb£te@ tMBERY inVlyaten 0k, 3n89.80 g (0.07 mol) of

sodi um fret hoxi de were di ssol ved in
sod1drfi5né.thgx1@8 \’5@6 rms*.splv@ﬂ imettlang (3. 4f dhalhofl oethang] eoad &p 101.1 g (0.52

mol)é:ffdriarfopé{ eé{ag gp Baqugéfcgﬂ hstglgseﬁ%%{ﬂ'ﬁé’%‘nzeég&camster 573 g of

a Cy F&%@J&%&Iﬁ?&tw&% WRERJ I iRicehkafitdcnive (HBerruha6) 8¥ @mounts by a
(determ nation of amounts by a 15 loss of nass in the

loss GZmsssppltiye Gotufpdy) botltke Taclta@@blavembeaﬁ@htowaqt@n temperature (80°C)

reactiq te ratur with sti
with S5 S oG DR A ARG 208 op s b ity e, spgstaye contens
and %%trggétﬁ%ew%%%ﬁ&%d el e gidr st biheWass dﬁﬁéﬂlit@gﬁﬁh The reaction
h the aid of an online gas chromat ograph. The

tlmemeaadﬁlfon time was 14 h. 20 GC (1st col um:
DB- WAX/ A1203, 2nd col um: DB-Wax/ HP-5MS; starting
tenperature: 50C, nmaxi mumtenperature: 200C, starting

GC HistRolulndl BB- WU IA I atdnancdliB; BB-Wk/HP{SIPE baktlize temperature:
program from 50C at i15C mnd to 200C, run tinme: 11

50°Chyi maxinmjm : tepRRQturcord0°C, starting time: 1 min, equilibration time: 3 min;
temperature program: from 50°C at 15°C min’! to 200°C, run time: 11 min; inj.: 220°C, const.
flow rate), tR(Cs hydrocarbons) = 2762 min, tR(methanol) = 3152 min, tR(1,7-octadiene) =
3866 min, tR(trans-1,6-octadiene) = 3958 min, tR(cis-1,6-octadiene) = 4030 min, tR(cis-
1,3,7-octatriene) = 4291 min, tR(trans-1,3,7-octatriene) = 4292 min, tR(vinylcyclohexene) =
4448 min, tR(i-butane) = 4552 min, tR(n-butane) = 4822 min, tR(3-MODE) = 5523 min,
tR(trans-butene) = 6116 min, tR(1-butene) = 6240 min, tR(i-butene) = 6412 min, tR(cis-
butene) = 6616 min, tR(1-MODE) = 6650 min, tR(1,2-butadiene) = 6900 min, tR(1,3-
butadiene) = 7526 min.

2,7-octadien-1-yl methyl ether (= 1-MODE)

1,7-octadien-3-yl methyl ether (= 3-MODE)
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flowrate), tR(C4 hydrocarbons) = 2762 mn,
tR(methanol ) = 3152 mn, tR(1, 7-octadiene) = 3866

OZ.gdpd tR(trans-1,6- octadlene) = 3958 min
tR(cis-1, 6-octadiene) = 4030 mn, tR(cis 25
1,3,7-octatriene) = 4291 m 9
tR(trans-1,3,7-octatriene) = 4292 m n,
t R(Cvi nyl cycl ohexene) = 4448 mn, tR(i-butane) = 4552
mn, tR(n-butane) = 4822 mn, tR(3-MXDE) = 5523 mn,
tR(trans-butene) = 6116 mn, tR(1-butene) = 6240 mn,

In thé Rivenfid @R@ple; a@ﬂﬁycm;d’mrbdn%ﬁdtl&e hbumgmé)39% 6% ilrﬁism)ﬁl 3-butadiene,
tR(1-MODE) = 6650 min, tR(1,2- butadlene = 690 ?

14663 n@iss BhiiswdnEne) 4.61 %56 mish of agpuang. éc?toa(ej |bérinissw trans-butene,

5208 Y I Bt SR 96 Bt oo vy s of

vmylﬁaewn@h@andao @Aomepmg bONbiyKE Wwae ubali ng 45. 39% by
mass of 1, 3-butadiene, 1.46% by nass of isobutane,

4.6196by mass of n- butane 5. 2096by mass of

Exarh.raéz.’?' SI?e t egrelwiogn\g d?ét%lo}ﬁsw ater én%@@i&%nc@%&@% l?Xventlon)

In aVioD¥hRS&tivienbeand ik Qé@iP/myolms;aauﬁdlﬁrrbuwylecmm and 0.384 ¢
used. Exanple 3! Telonerization with addition of water

(0.96(hmod)c c of dant-bis(d.#44- trimeth iRhenRy )@nylazqhﬁrrh pagyesgxide-o-cresol  were

dissoigegl nsrrndéﬁtggog%éitvg ggggn 88:?{ gg% )gcgf mgﬁ%ﬁncﬂdwm3 -liter autoclave from

Biichl, 399k $6. 8641y i1kl RiacAYb MOTT o GlatedWat, and 3.95 g (0.070 mol) of
0- creSoxi de-o-cresol were 10 dissol ved unde

sodupm onesbeiide weas dissolsed 2n g 152,53 Homphoe! mstaaplopnd jm 107 g (052
mol) (9f é?érggylgxl{%glgf@dgyf reggg@ | %tlh th al% of% ];rQSSQgé%dTg%g)caﬁfster 526 g of

er vat

a Cy d%QrbﬁH'r)ux@Ire @&Q'nﬁj@%tg@ﬁrﬂ@%héaub&ﬁfa@e digsmhivgtbn 6f amounts by a
1 g (3.59 nol) of methanol and in 100.7 g (0.52

loss nﬁmasgfln tthd br cppp n}@)t@q:)y&s]thmgd}g:g@%él}ﬁ F%?CU% HX{ufe 1n each case
0.1 ]\%?o eq’leV%g’Sulg’lLeZC\;ee% Eiod l%gl §heS mip 28 l'gag’fmma2 10 min, 27 h 11

re were injected 1nto the autoclave

min, (29@1 80 HhiRalndry BfloaapyRhs thy céncdmrdtiomsofothe rilggies m thHeegaseous Cy
CA supply bottle). Wthout heatlng the reaction

samphd sagriseasiredela megas of GC1 Aliea B Ay dRiggdhe gpigclave was heated to
ted af
e e T

the concentration of the alkynes in the gaseous 4

sanpl e was nmeasured by neans of GC. After 52 h 45 mn,
GC (lie calwoc | BB eV Aad Ahbht éddtC@lum@a@ﬁ Brax{EPsdtSt sfping temperature:

50°C( Sog%n% ? ﬁ%&g@rgﬁﬁp%& Ma)c n T.I gﬁr%; toﬁ%glﬁr;%)%?on “t@ne. 3 min;
tempEBrfBIIZRR MR m Shec tat NP RIPEHAXPE; run time: 11 min; inj.: 220°C, const.
flow rate), tR(C4 hydrocarbons) = 2762 min, tR(methanol) = 3152 min, tR(1,7-octadiene) =
3866 min, tR(trans-1,6-octadiene) = 3958 min, tR(cis-1,6-octadiene) = 4030 min, tR(cis-
1,3,7-octatriene) = 4291 min, tR(trans-1,3,7-octatriene) = 4292 min, tR(vinylcyclohexene) =
4448 min, tR(i-butane) = 4552 min, tR(n-butane) = 4822 min, tR(3-MODE) = 5523 min,
tR(trans-butene) = 6116 min, tR(1-butene) = 6240 min, tR(i-butene) = 6412 min, tR(cis-
butene) = 6616 min, tR(1-MODE) = 6650 min, tR(1,2-butadiene) = 6900 min,
tR(1,3-butadiene) = 7526 min.

2,7-octadien-1-yl methyl ether (= 1-MODE)
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50C, maxi mum tenperature: 200C, starting tinme: 1 mn,

equilibration tine: 3 mn; tenperature program from
0.Z250CG4at 15C mine to 200C, run time: 11 mn; inj.: 220C,

const. flowrate), tR(C4 hydrocarbons) = 2762 mn,

t R(met hanol) = 3152 mn, tR(397-octadiene) = 25 3866

mn, tR(trans-1, 6-octadi ene) = 3958 mn,

tR(cis-1, 6-octadiene) = 4030 mn, tR(cis-

1,3,.7-octatrien = 4 in,

1’7‘%°F?(dt‘f_i“é§‘§i Belp 7k & FRETRP - 4292 nin,
t R(vi nyl cycl ohexene) = 4448 mn, tR(i-butane) = 4552
m n, tR(n-butane) 4822 mn, tR(3-MXDE) = 5523 mn,

In tlheR(lllV@ttwe bexaerpdy, & @ﬂ_:ﬁ’@dmCﬁrbOth(n]_thI@t é@,@prlsngmwﬂonby mass of

1.3 l}”fz'%% ’T%E]t_g)%gg) bg@g%g-zlﬂfﬁmso%f“ﬁ(l?(% é&ggfr@%:}f 0 bélga(% -Oﬁ% by mass of
trans?’tgjtﬁr%( 34304t %%Q%)f l—tsuzé?eG 2m9% bg IRZs@(btfaﬁﬂb@Elme' 25%% by mass of

ether (=
cis-blitefie moﬂ adioé M By ;tiassneff ;Irrybyret ﬂéﬁ%?% 113’ ﬂW@S@)f vinyladgeylene and 0.1058%

i nv e ocarbon ture conprising
by mass Qlfn]‘Vb ?réag? gpin l?Ly @aﬁd’%{rﬁg\@?ﬁé“aﬁu@ % by mass of
i sobut ane, 5.69% by nass of n-butane, 4 00% by nass of

5 trans-butene, 14.78% by mass of 1-butene, 24.9% by
Exampksd: dl’eld)mebzmmteyutﬁ aﬂﬁ%xhyoﬁmstsr G acpsrmcemthaﬁhd invention):

In & J PR cattgkeBeant oA Ub I M e R BT Bty Re b #nd 03998
(0. 76,?19[‘9% TRSS| 9hith h%%ﬁ)et%ﬁhéﬁ??gmdmﬁm{ e oAresoxide-o-cresol  were

rization th addi t'i on water (in accordance
dlssdlwddhurtda:e praw@ivei gma)m 510 4 01.60 400 of mSbhhankn & Bbleter Btoglave from

Bucl‘@ 6. %Q) f%O%B]o))) o- cr%?olll l?e%lte %8§é¥| ggv%%e?ggtt gnc?g%oo'(%%g/o mol) of
sodivkn Fidh e Gel &Eéo‘TRPetth1@5&@{3)5%994ﬁ|nhéimnol and in 102 g (0.53 mol)

0- cresoxi de-o-cresol were dissolved under protective
of trigapyleme Flycd!. gSubiegm@ntin Witlotherped hbimptessurized g3s ramigter, 495 gofa Cy
oS S SRt Bt ATl aoys b  osof
mass(lg tgg e, @9@3 Q)fottle§ Ofhh UM SBENOX b B @ h&ral t&@lgeﬂafhre (80°C) with
% of methanol and in 102 g (0.53 nol)
stlmﬂg'; anﬂ thd: |ppk1@1)yrlnenmatag;ﬂuyg GbIUtISu bs@qu@@ﬂutyed wita the Retogliagle contents.
ressurlzed as .canj

Nexty o MBAr ORGP SuBIFELn B FE PR TR AP AUPS QTR e aid of an
onlink%&¢ l@ﬁ:ﬂtﬂﬁ;%rzgm e AAPHEH SmbYvad 1h@ss of mass in the C4

sapp The autocl ave was heated to reaction
tenperature (80C) with stirring and the

ce Bt seluae GanvanalOnget coliyBg- BAHESHu Nyl Emperature:

50°C! nﬂn@%%ﬁﬁn B elra?tﬁ'gt I@Beoag iRy ihed 1 Wihh dghfivdtfbnOfime: 3 min;

onl i n gas chronat ogr ap The reaction time was
tempddture program: from 50°C at 15°C min’ "to 200°C run time: 11 min; inj.: 220°C, const.

flow rate, tR(C, hydrocarbons) = 2762 min, tR(methanol) = 3152 min, tR(1,7-octadiene) =
3866 min, tR(trans-1,6-octadiene) = 3958 min, tR(cis-1,6-octadiene) = 4030 min, tR(cis-
1,3,7-octatriene) = 4291 min, tR(trans-1,3,7-octatriene) = 4292 min, tR(vinylcyclohexene) =
4448 min, tR(i-butane) = 4552 min, tR(n-butane) = 4822 min, tR(3-MODE) = 5523 min,
tR(trans-butene) = 6116 min, tR(1-butene) = 6240 min, tR(i-butene) = 6412 min, tR(cis-
butene) = 6616 min, tR(1-MODE) = 6650 min, tR(1,2-butadiene) = 6900 min,
tR(1,3-butadiene) = 7526 min. |



GC (1st colum: DB-WAX/ A12C83, 2nd col umm:

DB- Wax/ HP- 5MS; starting tenperature: 50C, maxi num
O.Z.6é¥perature: 200C, starting time: 1 min, equilibration
time: 3 mn; tenperature program from50C at 15C
mn-' to 200C, run tinme: 11 sin; inj.: 220C, const. 25

flow rate, tR(C4 hydr ocarbons) = 2762 mn,
t R(met hanol) = 3152 mn, tR(1, 7-octadiene) = 3866

] t 3958 min,
R T Lt B Y
1,7- o%taale?l Dot @kihlPaARSr (= F¥RAIDE) N

tR(trans-1, 3, 7-octatri ene) = 4292 mn,

t R(vi nyl cycl ohexene) = 4448 mn, tR(l - but ane) = 4552
AHIA) 2% aPIoR. mbRiR 5583%% , f1,3-
n th@‘ l?ﬁrgﬁ%nebut ene) = }{Ily% r% n, rtnl'-\)’&( 1- bél\f{gg?ef)mg j‘/‘ Sl

butacha(a Dwﬁvehﬁ)nass 62ikebutime, 4t8R€/cb§3 n@6s bim-bnehe,3. %Q%bemnms of trans-

buterteRgi 58760y élgﬁs%ﬁg)l butgrg:zgﬁ%%l{z b%l'rlxtza%glé)ggs?bgtfnggg%%] bny mass of cis-
b A I 2328%b

buterfpa§IZEA Y ERY bl o TP RY e ELREY (T e oeipfepe and 0-23289% by
masslolﬁ\letbutynee(mmpmhe),y raas€Af hkgnesg.ar bon m xture conpri si ng

44.69% by mass of 1,3- butadiene, 2.56% by mass of

i sobut ane, 4.82% by mass of n-butane, 3.96% by mass of

trans- 5 butene, 15.50% by mass of 1-butene, 24.68% by

mass of isobutene, 2.76% by mass of cis butene and

0. 0415% by mass of propyne, 0.4609% by mass of

vi nyl acetyl ene and 0.2328% by mass of 1-butyne (7350

ppm by mass of alkynes). ¢ w7 NNr-r wO00 00 Cc

Lr) f~N On(~Cl UNMa ~=CO0OO0O
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NCnt~O VUNNQEOOO orsc O00 oWw~ ~
~0~cM rn~Q0000 V1MOD. UO U-CQ NO
OZOWB€L "CCS I r U QO~~J UwOt- NrM Q ~.~Crr
cam O O Z 6534 33 As can be seen readily by the
conparison of exanples 1 and32, the presence of al
ynes in the C4 hydrocarbon mxture used |eads to
inhibition of the catalyst, so that telonerization

s 058 B U, B P PLABAE S e o ghones

Cq4 hﬁﬂ'ocﬁ}d?{ ﬁﬁﬁﬁ%&!&eﬂéﬁlﬁy teinWbiiGdh bfaie amalgweso geai@nerization does not
proportion of acetylenes. Hydrogen is added 5 N

take péays| endey otherwise idendicei sdifiops RS apRIE Apppiasiinggpaterial is a Cy
hours, a slow start to the r Lon,: e ;

nyorgahcr i Vaharaeh fe ! R P PRORMEEA AR ORATHYERgen is added

reguiaﬂgp(grtﬁé HaBtibM &I LASE A ftdd appidxe 30fholie a spvesenc®e thé reaction can be
al kynes in the starting C4 hydrocarbon m xture,

obsetvedosveniat dowonmpanatise HBger EbEequaT demAG@RES yrerease, in spite of the
addi tiaon of . a

e B PR SRR SRS DT S o

The FRVRATN Ladli@drsOf ARYRDSIT e tbhid reptgeneauelwiydlogemeactivate the
in the telonerization reaction can neutralize the

inhitiielichfatyshg action of the al kynes. In exanple 4, the
hydrogen is netered in shortly before the start of
the reaction and the mxture is immediately heated to

Exarﬁ&l@-él hidoSRintdhstrates that presence of hydrogen in the telomerization reaction can
neutralize the inhibiting action of the alkynes. In example 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
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 in
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
comparison to example 4 is that the single addition of hydrogen according to example 4 has
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 proceed in parallel, so
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



of the higher anmount of al kyne conpared to exanple 2,
a high degree of product formation 15 can be observed
O.Z.i6h34he presence of hydrogen, even though it was not
possible to fully restore the reaction rate of
exanple 1. A side reaction observed is hydrogenation
of butadiene to the butenes. It is suspected that the
particularly hi gh conversion at the start of the

with a;h Omae 88?]s!u81én%t n‘P bu i %rgﬂ}/drog%népgl}? ggg}s\%e?lgﬁﬁgﬂpése%a&ied out In

exanfif@glivate the cata!yst al r eady having been renoved
fully by hydrogenation before the start of the actua
reaction in the presence of the telonerization
catal yst and any deactivated catal yst havi ng 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 great excess of hydrogen in the reaction
m xture that the hydrogenation of butadiene to
but enes proceeds to an increased extent as a conpeting
reaction to the hydrogenation of the al kynes. A
further reason for the anount of MODE bei ng greater
in exanple 3 for conparabl e residence tine/reaction
time mght be that the regeneration does not proceed
very rapidly, but the hydrogenation and tel onerization
do proceed in parallel, so 30 that a smaller anount of
active catalyst is avail able. The advantage of the
enbodi nents of the process according to the invention
according to exanple 4 lies in the possibility of
di spensing O Z 6534 34 wth a tine-consum ng step of
prehydrogenati on or preregeneration as carried out in
exanple 3. O Z 6534-W 35 What is clained is: 1. A
process for telonerizing noncyclic olefins having at
| east two conjugated double bonds (VI) with at | east
one nucl eophile (VIl1) using a catal yst containing a
metal of group 8, 9 5 or 10 of the Periodic Table of
the Elenents, characterized in that the process has a
process step for catalyst recycling, in which at | east
a portion of the <catalyst present in the reaction
m xture is recycled into the telonerization, and in
that, in
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the catal yst recycling step, hydrogen is added via a
hydr ogen source to the process 10 m xture present in
0.Z16084eWal yst recycling, when the activity of the
catal yst has declined significantly in conparison to
the starting activity or the acyclic ol efins having at
| east two conjugated doublgsbonds (VI) are present in
a mxture which conprises acetylenically unsaturated
conpgundi 15 2. The process as clained in claim1,
Wh zed in that the hydrogen source used is a
hydr ogen-cont ai ning gas, formc acid, formates,

al cohols or hydrazine. 20 3. The process as cl ai med
1. iAnpx@basis forltebmizingiarcadicesle fechaving dtdtast tveo f@gasstasicdouble bonds

dijis a mxture of h arbons whi ch conpri ses
AR Ry rElegitene ﬁ%lcleﬁavﬁ%‘%@[ s patale c&&rﬁnﬁgg@gaetap of group 8, 9
gpVQEFth@%ﬁ%dlana@Ieg?f)%é‘Egan‘/gnish ot her hydrocarbons. 25

he process as aimed in claim3, characterized
icharhittatizeidhe tiatxt ure contains up to 5% by mass of
al kynes. 5. The rocegf as claimed in claim3 o

B BIRSFECI8A DIOGE PG K RO HTSGHRE dB PR ab IC&F‘k’S‘/ pegion of the
ggtgf}_g{/%g%eféﬁ ﬂg}h\é_lrﬁéléti%ﬁ%&luﬁg?s I%E?clgd R We&e ogle%zatlon, and in that, in

e process as clained in c aim4 or 5,
ahacaslysr tezeelingnstepahydrogar i3 addedf vinhe hytiogee sopreesenthe process
i s hydrogenated sel ectively before use

TEK G PTCS & 1B the Sat?lystﬂ:fféyﬁmgc aden the é?té‘il%%(h {flﬁ cgtalyst has declined
ﬁfggﬁfcalq 1&%0&&?{# th@ Ts?xrtmgcg@lrvﬁg a)?rthg QE’ye‘h@ &l@fﬁ" l'ia@ﬁlg at least

rogermr sourc I client ogen 1 nto

oab atoyrgligat@r yddubleg h&inép (\Viat ateheresemd dn & abiiouef which comprises

hydrogen to catal yst netal is at least 1 to 1.
acetylenically unsaturated compounds.

2. The process as claimed in claim 1,
characterized in that
the hydrogen source used is a hydrogen-containing gas, formic acid, formates, alcohols or

hydrazine.

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

4. The process as claimed in claim 3,
characterized in that

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

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

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



10 8. The process as clained in at |east one of clains
| to 7, characterized in that the feedstock used is a

O.Z. AP34-¥@ whi ch contains over 90% by nmass of C4

o)

10

15 9.
10.

20

25

hydrocarbons. 15 9. The process as clained in at

| east one of clainms 1 to 8, characterized in that the
noncyclic ol efins used are 363-butadi ene or isoprene.
10. The process as clained in at |least one of clains 1

’fhe ot Ces%gs Sla ?acﬁlecrlél e?jmid;llut hat the tel omerization

use I's a pa m car bene conpl ex whi ch

&@ﬂk&hﬁ&j&nﬁé{bene I|gand of the general fornula
VIIl: RB I R-NC R Rz VIII where R2; R3: %r
a tporéemeofoftheli Ak wcenpressit Br dydpernael Seleciingly before use in the
¢ kafgpq%j]substltuted or unsubstituted, cyclic or
SISV al kyl groups having from1l to 24 carbon
atons, or O Z 6534-WD 37 b) substituted or
unsubstltuted nono- or polycyclic aryl groups having
Theqm)@StS as olaineest it leasioms oficladns Admé-  or pol yeycl i c,

ubs ied or unsubstituted heterocycle having from

aFﬁfﬁﬁe W8 atoms and at |east one heteroat om from

thd By @b LMPsoubceObedy, suBicdd hSdroasfl ifto tHe @rfyst heyskngestes that the
d|f¥erent and are each hydrogen, alkyl, aryl,

thelaeravarofhydrogny to goayst mets aj lkgst 1,10 1000

The process as claimed in at least one of claims 1 to 7,

characterized in that

the feedstock used is a mixture which contains over 90% by mass of C,4 hydrocarbons.

The process as claimed in at least one of claims 1 to 8,
characterized in that

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

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

characterized in that

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

ligand of the general formula VII:

3

R
R—N
\

" /C:
"N
R2

VIl

where R%; R*: are the same or different and are each

a) linear, branched, substituted or unsubstituted, cyclic or alicyclic alkyl

groups having from 1 to 24 carbon atoms, or
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11.

aryl-, -0OCO al kyl-, -0OCO aryl-, -0COO al kyl -

-O0COOaryl -, -CHO  -CO al kyl -, -CO aryl -, -b-alkyl-
6034W0-, -NH2, -NH(alkyl)-, 10 -N(al kyl) 2-,
-NH(aryl)-, -NCalkyl)2-, -F, -d, -Br, -1, -OH, -CF3,

-NO2, -ferrocenyl, -SO3H, -PO3H2, where the al kyl
groups contain 1-24 carbon 3atons and the aryl and
het eroaryl groups from5 to 24 carbon atonms, and the

R and R adiigal Bimta s e anald {&InPthgbg%a& aryl groups having

al i phatic or

claimed in affrorh%astzwaﬂao@fat&hﬁbm 1to 9,
characterized in that the telonerization catal yst used
is a pall adu@nn@ax tve e lxsyehs), ébtbai\)ﬁlité% Obéﬁ%@ﬁﬂ%‘“"&l heterocycle having

Xi1: 20 R Rar ol M Gl e LRIy b nfergiion frgm the group
41C;, NCRNIBaRS d&A R 12 RAR2 RRRIX X X X |

wher e R2 R3: are the same or different and are each
R) Rl'i near, bratterete osubrpnusmédrarachnsubst i t ut ed,

cyclic or aI clic yl ps

24 car bon atBiEosegy 2 %YE a%%gjﬁte\%%rg% CE? S !g %11 ?@)&)dél gyl €00
unsubsti t ut egy) m:m@o AkylPOlOCYGHIC @@/@ogemasdps-oworw- -CHO,
from6 to 24 ctarbon atorrs or c¢) nmono- or polycyclic

subst it ut ed €O- akks(ljbst‘ﬂﬁtﬁtre]d he@atloty cl-&-wali ngNbey onVH(alkyl)-,

t4ht609r23fugar bWalﬂ ﬁﬁ?ar}%— -ﬁ?slﬁyl?z Fl',lei&?,r-%@,t E’[[”—J)H?%Fg, -NO,,
-ferrocenyl, -SO;H, -PO3;H,, where the alkyl groups contain 1-24 carbon
atoms and the aryl and heteroaryl groups from 5 to 24 carbon atoms,
and the R and R’ radicals may also be part of a bridging aliphatic or

aromatic ring.

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

characterized in that

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

ligand of the general formula IX, X, XI or XIi:

s R° R® R
R | R® | RS /Nl
RS—/N\ N N N \
s | G Ct | ¢ )|\N/c:
R N 4 R4 4
R’ ) R 5 L R 2
R R R R
X X Xl Xl

where Rz; R*: are the same or different and are each

a) linear, branched, substituted or unsubstituted, cyclic or alicyclic alkyl

groups having from 1 to 24 carbon atoms, or
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12.

13.

50of N Oand S, and R4, R5, R6, R7: are the sane or
different and are each hydrogen al kyl, aryl,

heteMdaryl, -CN, -000H, -COO alkyl-, -COO aryl -,

-OCO- al kyl -, -0OCO aryl -, -0COO al kyl -, -0COO aryl -
- CHO, -CI}aJkyI-, CI}aryI - 0- aIkyI - 0- aryl-

_NH2, - NH(al kyI) 10 “N(al ?& )2- - NH( aryI)

-N(al kyl)2-, -F, , -Br, -1, - CF3,

-ferr Oceny| §%H‘1tea Q%ngbsﬂg.\%cﬁ rr'id?l% @1’ ggigc Qua?ys'l Groups having

contain 1- 2 atons an e ary eteroary
groups fromfﬁ)rﬂﬁt844esafﬂbﬁmtcﬁﬁﬂms and the R4, R5, R6
and R7 radicals nay al so be part. of a br

al i phatic or) éIFQfWaIOif ®ohickglic, fsbs_’tlizltedrﬁ’éu?ﬁugé‘étg%dé?temcyde having

claimed in f
that the rat 06” 2 toﬁﬁ%an rtlgtog{sta%#i a[t I%Q?B%?&Eﬂoaﬁ’g“ fi0m the group
reaction m i, e hsd §ram 0.01:1 to 250:1. 20 13. The

progess 3s claimed in one of claims 1 to 12,
Rh& alé(t&l z exie fhe samatortdrféermwé@mﬁap@s VI1 used are

ra o b ( RIAYE RIS R R O 3B bRy PR Gy o Jp ot -coo-

whi ch Rl a angyRi b)@@%nqachowagendemcb@ adlellg cCORTDOranyit-, -CHO,
hydrogen, a linear, branched or cyclic C to

C22- al kyl gr—@@balkylaJ kemQtargrouP-8ikyl-al kPrayl-gr NP2 aNH(lky)-,

35 B S, A b, o

contain 30 sgbsickiy eis;tcgﬂseP@g{ﬁthEfeqm bik®l gloapPcditain 1-24 carbon
-CN, -COOH, CCI}alkyI (C -C8), -COalkyl- (C1-C8),
-ar y| (Cs- Catijls andcCdm &Wﬂ/lan‘é @gteml groups from 5 to 4’ carbon atoms,

350 B (St s R had Rk als o fso SOHER o bridging

-NHS, -F, - Gliphat@dr ar&ﬁ&lcaﬁﬁlg NO2, and where the R a
and Ri b radicals may be joined together via coval ent
bonds. 14. The process as clainmed in claim13, 5

l%lga}{rggéssegé czlglgneld n ong fclaims 10 or 11,
characterized in that

the ratio of ligand to metal [mol/mol] in the reaction mixture is from 0.01:1 to 250:1.

The process as claimed in one of claims 1 to 12,

characterized in that

the nucleophiles VII used are compounds of the general formulae VIla, VIIb or VIic

R'*-0-H (R'"")(R'")N-H R'*-COOH
Vila VIIb Vilc

in which R'® and R'® are each independently selected from hydrogen, a linear, branched
or cyclic C, to Cy,-alkyl group, -alkenyl group or -alkynyl group, a Cs to C,s-aryl group or
a —CO-alkyl-(C,-Cg) group or a—CO-aryl-(Cs-C)o) group, where these groups may contain
substituents selected from the group of -CN, -COOH, -COO-alkyl-(C;-Cs), -CO-alkyl-
(C,-Cg), -aryl-(Cs-Cp), -COO-aryl-(Cs-Cio), -CO-aryl-(Cs-Cio), -O-alkyl-(C;-Cg), -O-
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t he nucl eophile (VII) used is water, alcohols,
phenol s, polyols, carboxylic acids, amonia and/or

O.Z.pp34¥Y or secondary amines. 15. The process as

14.

15.

16.

17.

18.

19.

claimed in one of clainms 1 to 14, 10 characterized in
that the telonerization is cgyried out in the presence
of a solvent. 16. The process as clainmed in one of
claims | to 15, characterized in that 15 the

| I HZ. oRy_J Ak ied . LeOlne Nt eseENee OfH.a ,
ésgla\q/)lgﬁt(b %j’t eamg%%zgéelng:%ﬂsggbi’ sgl(t)h}g’ I\ﬁﬂ“élsg’ogﬁ’i FjeH’( \§IF|3)and N0,
amadyiggre the@'t et Bmadicals magrite joibéd toBethepr pa®sslentsbonds.

claimed in one of clains 1 to 16, <characterized in

that 20 a hydrogen source is added additionally in the

-@%ﬂﬁ%@gga§£§§m£ﬂngnﬁmqgeraII tel oneri zation process.
: m Xt U

: . re.conpr|3|ng 2, 7-oct adi enyl derivatives
onaiaeterized ebxhai nabl e by a process as clained in one of

clains 1 to 17. 25 19. The use of th i Xt . . .
thorpeipahilg (Yﬂ?uﬁf'@tlad‘iaéqﬁwlum@rﬁ,\Pg?l?q}%gog‘}é’)‘(se Fapaayiq gids ammonia

a%ld%irr}ra]ri%%r;/ &f secgﬁoeap)agr.hnlgs.l' oct ene.

The process as claimed in one of claims 1 to 14,
characterized in that

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

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

characterized in that

the telomerization is carried out in the presence of a solvent and the solvent used 1s the

nucleophile (VII) and/or inert organic solvent.

The process as claimed in one of claims 1 to 16,

characterized in that

a hydrogen source is added additionally in the reaction step to the overall telomerization

process.

A mixture comprising 2,7-octadienyl derivatives which is obtainable by a process as

claimed in one of claims I to 17.

The use of the mixture comprising 2,7-octadienyl derivatives as claimed in claim 18 for

preparing 1-octene.



