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O Z 6534 1 Process for telonerizing noncyclic
fins The invention relates to a process for
él'oneri zing noncyclic ol efins having at |east two
conj ugat ed doubl e bonds, in particular to the
preparation of 1-octa-2,7-dienyl derivatives, by 5
reacting a 1, 3- but adi ene-cont ai ni ng hydr ocar bon
m xture, in particular crack C4, with nucl eophil es.
Proceshipritelopmpizinem oxgyckie oldfins s whi ch are forned fromtwo
nol es of 1, 3-butadi ene and one nole of nucl eophile
(unsaturated am nes, unsaturated al cohols and their
The iffSdnfioR é&%seﬁ éﬁace@{ €or LQrdrAidd BendieLEoicns Ha@ing at least two
organi c synt The oxygen-contai ning derivatives
conjugdtel foedel bsmﬂss irf partittiar fortbp arepaiadionoff 1+oqteas7-dienyl derivatives, by
Cs-al co .and Cs-o0 n_particul.ar 0
reactigghet 1 SOVEHERE R Y SRRTPER HEPL s d 4, P%r‘ﬁéli‘g%ﬁk o with
leddhigbt ai n plast|C|zers 1-Qctene is a val uabl e
nuceéﬁﬁnnoner for the nodification of polyethylene and
_ pol ypropyl ene. 15 The tel omerl zation of butadiene with
R L T e LT
f nufld 1P b @ign eQf uﬁs%hﬁﬁf@&'al@ﬂlbgnaﬁcﬁﬂfdiﬂ eftersadrd ethers) are
° nudle[g@?#gg%?al nter al |ea in E. J. Smutny, J. Am Chem
startinSaaatedi 6 Tor cﬁgamﬁ E’%heSSS %Ka@gghpontammgfﬂegg%ves Mre precursors for

Hagi har a, Tetr Let.t 7, 2451: EP- A
the prepgaiies of ey %0 el g5 ‘%% £, &8 mtRlf iﬁ’“aﬁfﬁ‘o%‘?‘ﬂ octene.
1-0ctdhd QO08%ym B ﬁsea4§015%§ e % Q%@an@z astldeds. 6ILOcRB2, isUS valuable
3 769 352, US 3 GB 1 354 507, DE 20 40 708,
comotdfinet fﬂzﬂme(ﬁtﬁ:@hﬁct.ason oig@lyatagl,enwcﬁpoﬂ%omgﬁ}e- GB 1 535
718, US 4 104 471, DE 21 61 750 and EP-A-0 218 100.
25 The feedstocks used for the preparation of
The té?&%@xgiaﬁe lor @81aHMAL W8S ARYc0PBIIPHW Sivd odrabidhfidiceivetiaks is catalyzed
t adi ene-cont ai ni ng hydrocarbon m xtures, for
by meeat aopblexe, &t faridulaQuillagiutocanipusdst | y and i nconveni ent
renoval process, 1,3-butadiene is a relatively
expensive feedstock. It is therefore usually nore
Examgfég’ e l&ﬁéﬂ%‘cﬁh 2Dl 8ok s %le&%eé’ﬁrep utiadh eNe- Saningl NiAg. Chem.
hydrocarbon m xtures as the feedstock for the
Soc. 198708®rd78at Bolakahhils, TsShbawi, BY. diagimre Tasehedpnligs. 1967, 2451

oSSR VSn S0P TIESSpa RS AL g, om 1 205 59

0.7.

Us3 p%’%ﬂé "’fg§ 3 &0 %ﬁjaﬁf%@%fszfefs ﬁ%@ﬁ@.’zﬁ‘ ;13 Qbisaestey, mE20 40 708,

I hear’” but'enes, ve inertly in
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 Cs.

Owing to the costly and inconvenient removal process, 1,3-butadiene is a relatively expenstve
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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tel omerization reaction. Only inhibitors, i.e.

0.7 gtances which reduce the space-time yield or the

“'selectivity or increase the catal ytic consunption,

shoul d be renoved beforehand, 5 According to DE 195 23
335, it is advisable, when uglng the C4 fraction from
napht ha crackers as the 1, 3-butadi ene-contai ning raw
material, to limt the concentration of acetylenic

isobutans @umisncatedinef foal dxempk isobithre arehbbentbuianes.tbebave mertly m the

tel oneri zation, .The .sum of acetylenically. and . .
telomgrizap: Egactjon {4y drhibids. d&wﬁ%@ﬁ%’&e%ﬁgﬁkd’g%ﬁ T SR tipag yield or

KB Yafor@fand.
the s B e ot Eon, BNl b Renk R ey Glan

known processes mnthout 10 nentlonlng or citing

particul ar Qcesses. reference.to thi at ent
Accdpfipe 1950891 G085 S BT i1 ocrgstbis Wise 46 S Sactatigh fm naphtha
cracl%pssaszfﬂe A%bﬁtﬂéijibﬁ aifird g}gwwtma&%' {oviihg tﬁeosbql%&&tfa%macetyzemc

Imts, that it avo e to renove acetylenic and

compluhénaml @ﬁﬂhﬁtﬂﬁd&h&)&ﬁm fohthettebmerzdtioat Thasurd bf ¥Btylenically and

91/ 09822 states that it is appropriate to renpve
allenigally ynsgfiratgd |C9maﬁ%r5islﬁhgwléawtc@wﬁﬁﬁhé ygyass dapedqn 1&-butadiene. For

the ré}xg\';ag 9¢ %tsé %uﬂ;lé ﬁgzﬁﬂs Xlteﬂirr&cgq ﬁfaﬁ@ ﬁ) Iéb&l;ﬂgrocesses without

cracking process gas

rnmnhmdqggeﬂﬁmgpmM@ﬂmqasawused i s not dISC|Osed. In the
exanples, a raw material having a total content of

acetyl enes bel ow 60 ppmis used and does not contain

Wltha@ééfe?e%&' fd edlis gp%te%?” 1?@%35’53 ahhengs. 10t AGet WESM2%9 290 and

npounds can be renoved by extréaction or
DE lby d9®ge madic06 voithdub gseifyimgrpntondstiod himithehatétiaayoratfle to remove
t he acetﬁvenlc co ounds (et hyl acetyl ene (propyne),

acetylnps prlcdlepiceREre %ﬁ?é?retmﬁ?w{i%”ene (but enyne)) by
hydr ogenati on, processes are enployed 25 in which the
acetyl eni c conmpounds are hydrogenated with high

WO $pDegId stitky thasiths hgprbpradid Yo rewiovb avdtylbyidalbgensaturaed ofmpounds by
1, 3-but adi ene _and _nonoo] efins. . The catal ysts used are
selechyeipysiyesrnalion fiom e fstaixr chtaishpn laecradppeprocesgaaphtha, gas

oil 01] ﬂP i na‘% ﬂg&b%&fiﬁﬁﬁ Eﬁ%g&%s 5211102 }‘hsr‘%g’?g‘f) ﬂ# xan%ple ]araw material

havniﬁ&t kA cehteht dnketylaBs BElOWEOpnh is ©ed tahe dBey mdldﬂoﬁtal'liﬁﬁhespemﬁed
of the Elenents, for exanple palladium catalysts.

contegbpf dkpendi ng 30 processes are described, inter alia
in the followi ng patents: US 6 576 588, US 6 417 419,
US 6 225 515, US 6 015 933, US 6 194 626, US 6 040

The 48&8ylckle 4ohBSuibcanllBed rdd®c856y &KiActi®b3A Bydibizerhtidflof these
451 US 3 912 789, US 3 751 508 US 3 541 178, US 3
com;@gndso 1B this rgmpvd pfghe acetylenic compounds (methylacetylene (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 VIII
of the Periodic Table of the Elements, for example palladium catalysts. Corresponding

processes are described, inter alia, in the following patents: US 6 576 588, US 6 417 4109,
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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EP 1 217 060, EP.l 151790, EP1 070 695, EP 0 273 900,

'02£¥%3 613 942. The renoval of allenes, especially of
Z. b

) ut adi ene, by hydrogenation is substantially nore
5 difficult than the selectige renoval of acetylenic
conmpounds. The reactivity of °1, 2-butadiene in the
hydrogenation is only slightly higher than that of
1, 3-but adi ene. Therefore, 1,3 butadiene |osses are
US 4uinalvés gdis @ Sin MBeUSeSYESHBO&fUS 32541ut'£ﬁ;|i[ﬁ16 3;rzr7dm3 US 3 218 268,
,.3- but adi_ene-__contajnin droca xf.ures
EP 1 et 1oh 7990 TR D S R Bo A B St ai s a
process for sinultaneously renDV|ng acetylenic
conmpounds and 1, 2- but adi ene from a

The dendoabivAdllane; espadua]ﬂm bfig, 2Rydadiess; byrhystogeasmidnyis substantlally more
drogenation over a_ palladiumcatalyst in a reac

dlfﬁ(aq)ftstppm ther sedrotivg remeyal af 9%}(}@1140 CRBIPORHIS: &R regetivity of 1 2~butadlenc
in t}?éé g{%\é@%g&n&oqp%ﬁw 61 /é}lﬂ;’hg apP 5 d%ﬁ{ dgaq %thlpi?eenTherefore

y appr ox at o t adi ene onl
1,3 boadRA®0Ibsset hee examidablel i @pordnsdrat bErle2-baadiene lroas 13%utad1ene-
of, the 15 1, 3-butadi ene had been | ost by
contaigine HydRarPenmirHcARy dXdrogmRaNon2 005, 117, 2062 - 2065,
Jeroen W Sprengers et al. report that Pd conpl ex
catal ysts which have N-heterocyclic Iigands as |igands
For axsnsel VaDl e8/a3]1&ntdetayist § pgrocess hipelrhgenatcoasly ﬂefnovmg acetylenic
particul ar for the hydrogenation of 1-phenyl-I -propy

comﬁognt_iﬁ piEny2-gutabenes fope e 1a}TButfd1,§ﬁ%ﬁ%ta@n¥gr (ljlpg(éqqéarbplﬁ stream by
hydrécééﬁa Cg@%raﬁ' e'i‘laglfturg thaR/gtt iy ef@égtl\qee rd{sﬁﬁ&ftlcﬁ? %ofuﬁﬁlm Although the

onmeri zati1'on accor

cont@r bf ae@yll‘phlb ccah@dumgmetﬁse@p pﬁﬁlpetCInEﬁll dnty Wehhrerdﬁgtai bly tpprox. 60%
faratus compl exity, are needed to renov .
and thﬁmf -Brigdisne Aulydyaidey ﬁ"eﬁlefeﬁ{éwﬂ%lerena@@a% thseac aﬁfr;uph@é 3% of the

g di sadvant age that a
L3bgﬁﬁﬁﬁgﬁ&%ﬁ&%ﬂS&f@%&@uéégﬁgﬁe especially when it is
attenpted to get the alkyne content in the feedstock
m xture bel ow the detection limt, is lost in the

In Angsie(drmof0@thd 17 HM2bi 2066 s] erwmeW Bpengems £8 pk seporigbaeld complex

e av b I, spen ub tanti al ful
catal%%ésmv%‘é ?h dl}lavteh}él lget 18%! ?1& ggan(fsl 8wer SEiech suljig%le & dcaé?lysts for
hydré@h& o, htp’arﬂlcfhlirhﬁ)rt 1Bk Oi¥RIré ekt o®r1-gheni- g—"p%pyne to 1-phenyl-1-
catal yst consunption has to be accepted. 30
propanendfl aiiendnl -pispart of the present |nvent|on to
provide an alternative telonerization O Z. 6534 4
process which preferably avoids some or all of the

In th@pﬁ:ﬁ%ﬁ@ﬁ 8pey- dbfcacﬁéiﬁfl B Rivad froREdthdkOOELBy télém&%tleﬁ%cordmg to
beeh found that, sufprisingly, addition of hydrogen

the pyipna, ¢¢y1@trlu:g@d pgmnsm, especallhavith 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, s 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 step of catal yst recycling can prevent
ighlkbi tion of the telonerization catalyst, or can 5

0.z14%8k

reactivate it in the case of inhibition of the
catal yst. The invention accordingly provides a process
for telonerizing noncyclic oPefins havi ng at | east
two conj ugat ed doubl e bonds (VI), which are preferably
present in a mxture which conprises acetylenically
procesysetichr ptefataldp apadnstsne wi dlhofahe Hvabtantges ofithé pophart mentioned.
(VIl) using a 10 catal yst containing a nmetal of group
8 to 10 of the Periodic Table of the Elenents, wherein
. . I -
I g s Ko e SApYEhah a0 Bhfecn! s ¥been source into the
procgss Goapsst qutatyst recypliires eant prevernt misbisibe pf thestejpneseation catalyst, or can
the overall telonmerization process. The present
reac e it B criahipky Itﬁfﬂ&fiﬂéfé%f%ysltﬁ xture conprising
2, 7-octadi enyl derivatives, 15 prepared by the
process according to the invention, and to the use of
The trhvieation xteor@ngor provepa i prgcesi -foc tebsreerizie npiehls lefins having at
according to the invention has the advantage that

leastvtgr,oyc%%ait%;l donble hendsy BVl e hich, @adveieragly giepent m a ?nixture which

comp 48408 1 B BEo s L ARl OBl (VD s

catalpdd dbhiatning o nievé of getupeddtoalipalt tht BsriediofiakleidfYhe Eleents, wherein at
proces? al so has the, advantage that it is also

least ppg<Gafplest reryaliRg alephi Wishdrdiagseasiaddechyiariguhiagiropource to the
, i |
e AR S HE T
i . e. conpounds having cunul ated doubl e bonds, such as
1, 2- but adi ene, whi ch constitute an 25 jnportant . o
The present; Wgerﬁmnehk%ms@ @rov(;(ilqjaﬁin@)(gyﬁtqqg@pgl’nga}, -octadienyl derivatives,

. ' : _ ; . _
s P BB R SO RS ST LGB prsin
l-octegeond process step, that of the telonerization, in

the workup of the telonerization product. The process
according to the invention will be described by way of

e SYOIBLERBEL: O 08 20 NABLEOHED P05 o

remot/ileof lafli fhitaRgs, t Mepardesiar iaflt iRhespEronehé If6ddetbck mixture can be
. thereto. The clains thenselves also belong to the
dispegpesic v u e adGHer e til reduggRapmratys complegitisdigtprocess also has the

adva%t?%ei@%és P {]as'raésw] eo%si%?—;lqg E%iggﬁeg %Teaoltf ﬁ]:;c gn%e%?ﬁr%{ger%aﬁ%ﬁ%ﬁ%?yst

peci € are en
only to incorporate the correspondi ng ranges or groups
of conmpounds which are nentioned explicitly, but
The pregdse acegrding ibthgngestion dlse by hewdsandige thaintho alielss whil ehmulenes,

. of BSOS T Wb ] 243 KRR, (008 stute an
important starting material for organic synthesis, are substantially not destroyed, but rather
remain present in the hydrocarbon stream and can be removed after the second process step,

that of the telormerization, 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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The process according to the invention for

o.z.tahk@meri zi ng noncyclic ol efins having at |east two

conj ugat ed doubl e bonds (VI), which are preferably
present in a mxture which conprises acetylenically
unsat urated conpounds, with at |east one nucl eophile
(VI1) using a catalyst conprising a netal of group 8,
9 or 10 of the Periodic Table of the Elenments has the
of thegaesent inlf@ntlicbthhherqug@&; esserhlariaukataal opsiponed ylekjengire specified

st in which at | ea ortio f the catal yst
belowy Bikst re TiERIed ptcty df IRSEOIE e Sl Finges go srowps of

compdRin@EBL#iZRt 40 %eﬁfbﬁe@ habicitly, tbti? erﬁElalaMS§ub'i'ﬁ%¥§|2ﬂnﬂgsubgroups of
step, hydrogen is added via a hydrogen source to the

comppruode whichicah be eblamed dytoniitiinghedigsiual wedies (rapggsy lor pgmpounds.
The process according to the invention is suitable in
particular for telomerizing noncyclic olefins which

The ﬂlroges@raﬁ&‘f%ﬂ lg' td tl@e fn%%iadﬂ 26 WiSm¥ich n Sﬁtgﬁflé 8f%ins having at least two
acetyl eni ca unsat ur at ed conpoun

COHN@t@dn@mbkcabomh (dﬁigcxehsh ace prafémlglytwesehe 1 ! a\mnnlr rwhigls comprises

acety?eté]éql.fl?]]yglhls%t%{lgaéef# egrﬁaof A g%yathlﬁ%qt Es)gllrg g]nug Z&&?@m Ha'ng a catalyst
comp"}fsﬁ% BRIMRE Brdupes, g Fd 6P PeliBicCBIbH ¥Sthe IFeth&IPH&he feature

east partly fromthe reaction mxture. This
that tlhe povaks ltare dadaledt tegytig st2f if whickxbigabtes pditiok nbthe catalyst present

rocesses,. for exa Ie e ction,.distillation or .
in GO BB AEP GRS PHo D Eeriaicy SRS Biibg catalyst recycling
figliloeP91 a&a&u%am En sditBe (MR Fbcd: )(ﬁ?e
t t in th talyst
Siep, g?e egra {y at | eas 0%511/9S m)?e pr\elfﬁecrgg y at rggesnt i %caays
recyciing. ﬂfhsprcmesa‘ ercatliye & theeia)sf’entgﬁl BY%uitablet inepacitiddry ot telomerlzmg
ﬁh in the reaction m X e fromthe, reaction
noncyel [ngns

AHALCH { arp SPIRRRRL (18 £ GOk ADBIYSL WAL EHRSES | gpotylenically
tﬂ%‘i‘é&é Jfqt he catal yst system any solvents present,
ullsate oné%gjo? sol vents, any excess 25 imdazoliumsalt
and base and unreaned product may al so be present in

the recycled mxture. In the catalyst ycling step
The {rimerizatier nracest @ewrgegaf@drh@gmwgl% ashﬁfd? SV §ifPee Dlirstly the
t Inﬁﬁ&ﬁﬁéﬁféét M A1, .
SO acety eﬁFcéﬁfgggﬁgggﬁbEtgg Hgﬁpgﬁ(g%g?g%k$heseﬂg@%ﬁﬁosmp&
the catalytthe reh@rediantas pattly &omsthateabmsmﬂufb This eéresadd yn be effected,
from1:1 to 2:1, nore preferably oml:.1to 1.5:1 and
for exppanle, thé@@mmr9cqs§eénf01 exarpple fx‘g[acjlonAdla’qﬂ%qqu(ﬁr membrane separation
proce@@%%eg ﬁi%m?g Oftyﬁlﬁlﬁ% i nlilg%éjo?% ? %ﬂgval @érﬁéve% preferably at least
nct ea 0Ss 0 € non Ico I'ns havi 7
95%,@@6&4@@%@61}%&@569@%%&m6@ @r@'&ﬁ@ﬁl@a@l&ﬁt 99. 9%, of the catalyst present
1, 3-but adi ene. The concentration of the al kynes in the
in the Emglen slxtrecframethrepadhien dexéirri angait I%&ﬁ fontle wetafysbrecycling. In
t I t I f
addltl% r%)rmuogétéa B/Ht %}rf eanll,f] *clréjl’ ?s{cigftee%)l( oEEresen?%hl Qifiers h%f £9 1ver%t§ nany eXCcess

1m1daﬁb1>iﬁzﬁr S1IeSE bagd aﬁ@mjhpémb@ayp@awtylheﬁlaﬁal b/ present in the recycled
unsat ur at ed
m1xture

In the catalyst recycling step, preference 1s given to adding via the hydrogen source sufficient
hydrogen that the molar ratio of hydrogen to acetylenically unsaturated compounds {(alkynes)
in the starling 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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conmpounds or contains the acetylenically unsaturated

t)Zngg?ounds i n an unneasurable concentration, but the

vity of the catalyst has declined distinctly in

conparison to the starting activity, for exanple by

at | east 50% preferably at Peast 75% it may |ikew se

be advantageous to feed hydrogen via a hydrogen

source into the catal yst recycling step. In this 10
increaging, logshef il asnayelid oluihs hadinggemjdaR)d deybpd beddsyifar example of

t he hydrogen source to catalyst netal is at | east :
1,3-bpiagliens, Lhe papmepiratignefithe aflgmés in thefecdstopk mixigs nay hg fetermined

1 : tepr \V : 1.1:1.
contpichystPor'a g1 AR, bR Bybes POl U 1o

fed in continuously, but rather only when the

.catalyst activity has fallen belowthe [imt .

In sifgHPns Hbaf.hl@sthw%afa% MK gpes p (RERTD GBN aseilenically unsaturated .
. ' 138 t t t.h

combdiigf 2 it SRYCKNR 30! DA AOKOR. ORANEL TG, ppmecstl

concsithsioanbiu@thkeyactiv ool hee catbklyBis declioae diginelly ih Ramparison to the
step, and thus the hydr;gen added via the h

p,. . %ro en . ,
startigg el Bty JBE eREEPIR YT Hglerard e pisehie ot kast Bhes %rmay likewise be

. ' o vi oy .
saval P KRR S RISBOLEARLOtD WA Sl Buh e m i
case,Shel iriodarirati @ obledir &g (H, Psupbtied alaghy v drogaywlurdegosh@pyst metal is at
and to 20 the reaction step. Wien the hydrogen source
leastjlal, yrefsrapbfem: b1 tto@: b abre imsefeebbpfromni :g o jlgd:1 and most preferably
S h gl a - Exture .
Fom R Ay B R B AL o piuonsy
rathef egigsvigufifid eitandt abiydtydge Malled Heley thedihit oRn86e3d. t hat
the nolar ratio of hydrogen to alkyne is at |east
0.5:1, preferably fromO0.5:1 to 1.5:1, nore preferably
mhe 4GP ool ket A0 (TORL (RERLETaTlind LM Bl o e

prodiod eheakonye 2&actads Bavef bdeh aeinonal edriy Gubdtaftiall fromy ithgcatalyst in one
_conj ugat ed doubl e bonds, for exanple of 1, 3-butadiene.
preligiigie stap.| apd\ihesnthy bygreger addaglons the hnglregensauics dgeg pot hydrogenate
acti.on ste t he .nol ar. ratj {
valusk b A T oGP o BB ind A B Bl Al Feduced. 1 may

be adVBRBEMHus iWwhehNEh{ ROt Rtceth XHAEEDIE to Pt R4190 r¥cyRUhg step and to
greater than 2:1, preferentially not greater than o
the rgacsion stapd Where ther efdspgen| sourest is gpeadéad tchihe rpagtion stgp, which is

T hydrogen squr S .he _a hydro - cont.ai,ni.n
espechily, SR BRLp STHRron Far D i e ogH ey Siga P fon source
prefeldb 12 fdX bWEGicW hitir8gse® thB@EdetibR stdpehhteth® iBslhZ Akib T, hydrogen to
for exanple nitrogen, nethane or noble gas(es), or at

alkynedast least €. chmpelgradiynfiero H).5:$ te dpalbneore prafemblysrang 0.75:1 to 1:1 and
hydro far. exanple a . conpound selected, from . :
most AP ATT o Pk il ok 4P TELER s O e EaH s P o an increasing

loss SVHHIE RBBA RO s 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

used is nore preferably a hydrogen-containing gas or

t)22§§§?lcohol, for exanple isobutanol, 5 isopropanol or

anol . The hydrogen sources added are preferably
t hose conpounds which have already been used as the
nucl eophile in the tel oneri zation step. Particul ar
preference is given to the addition of a
hydr ogen- cont ai ni ng gas as hydrogen sources. In this
or inveaytixtureanitlagaspainertrto oic felvenarieaidrn, dor guoghlchisrogsrt, methane or noble
ext raneous substances whi ch woul d not be

|nvolve
gas(esh edTr & dletst swevionmound ek roRersPleachirirasgent sl ?or example 2

com}:ﬁﬁgd ké@leg{eﬁvf?d?ﬁ %%ra%lge P o%ﬂ%r &n(%efohﬁatgé Ye FICB olédﬂ{%&g&n source

rogen source-as ear e start o e cat

used rleely@hlpigferabﬁhe H}Metrg@ge:nn&ﬁmg: gad or pii el@hablfgr fee;dnpletlsobutanol
t he catag¥ recycling via an apparatus whjch is

isoprapinoh BT BrcHaRok T6¢ Fydgerh U aAges g ercfeghiydhoserrompounds which
have%%yd if LEF&] Q€ e Iimge EM%J ROfE ¢ Bmteh?atlog s@ef og’gﬂwﬁﬁaﬁl [pf&terence is
IS era Istribu very oaneneou y In

gweﬁﬁtdtthé %d‘dﬁfonc af’ ai Wsdrogtn-ca@njiainngss Whaiydidgen modfc@g e ﬂh this way,
source is a gas, the apparatus may, for exanple,

contampipation ghAh¢ scaction nyetici Uit FY/TagERs HISHYETH fﬂwwcaﬁd not be
t
o D808 LGS DALt oy B PRERS b
MPa, preferably at least 4 MPa. Wien the hydrogen

source is gﬁfsent inliquid form very fin
Prefeginge i gitien wradding the hydreasrespiere o 6Arleakip |S@rt Hyhe¢aaalyg recyclmg

e HBES AL RS, RRSPLLAR A 06, , PL, pvrcs wi i

suitaliie Xfot! désrilaftingi tht ervdrdges wobhrceliafd neryofingrimabtiere Thef hydhezen or the
or nore of the olefins nentioned with other
hydrogpdr souERehis nereferahdy desrditiet Keiyskemegenpushe iy e maxture for catalyst

gt i B PAHGEPLIR02 LD OB R S0 RS b e

nozzFéaVFdﬂ Opatichleapt \&0 homdg&entide abe dhel cgab | & blendsixniea it may be
m xture with ot hydrocar bons. Particularly

advanjpgsosp mégn fﬂ@feﬂr@@wm e wpielyserecyding ghalylepst & MP@f pregprably at least
4 MPQL :%l}egl n{gor‘ﬂ %tgﬁ %oﬁ%% 21'5 i}gesggtnl%shq&d ?fogig,tn@e% % c?gﬁj{bﬁ{l?n can be

pure*subs ure o
adne&aef@g&ﬁhnﬁ&ug§g@ﬂggﬁxgﬁ in a mxture of one or both
ol efins with other hydr ocar bons. The feedstocks 30
used are nDst preferably m xt ures which contain over

0%.b drocar bon ef er abl.
The Ogpniantey 6 A0 ghd Rl Ptiee efuk Midtsappovtie bonds
m1xtﬁr9§opﬁﬁfé?e°tﬁ sBALOBhO8r ERxthRE JFIME L infdte TEhETBIEENns mentioned with

pr ef er abl
other hydrocarbons. The feedstock used is preferably a mixture of hydrocarbons which

comprises one or more noncyclic olefins, preferably one noncyclic olefin, having at least two

conjugated double bonds in a mixture with other hydrocarbons.

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 C,4 hydrocarbons and

preferably 1,3-butadiene.



10

15

20

1, 3- but adi ene-rich hydrocarbon streans. The

' ocarbon streamused may in particular be a C4
ozhy

rocarbon cut. The hydrocarbon streans may
preferably, for exanple, be nixtures of 5
1, 3-but adi ene with other ¢4 &nd C3 or C5 hydr ocar bons.
Such m xtures are obtained, for exanple, in cracking
processes for produci ng ethyl ene and propyl ene, in
mhich refinery gases, naphtha, gas oil, LPG

, %yefled petrql eum gas), NG (natural gas liquid),
Suitgbie Teqdsiocks Bt the HRRCAINSACAING Y- BF oWVERQM, afhgmore preferably

1,3- nono%%éﬁﬁn oca anas(éxghﬂlls ofhe Igld}oc%rﬂ?)ﬂts@%bﬁ%e% 991%5 %ﬁmular be a

utene, cis-but-2-ene, trans-but-2-

Cs hy&obarbemekt. Mthéﬁ&tcaﬂaohysﬂlfeﬁmammnlﬁe&@ab@ﬁ ﬁ)nt‘aﬁaﬁﬁple be mlxtures of
|sobutane% acetylenlcall& unsat ur ated conp
y:r

13-hugadpgneavdh \ithss eCy Bid ynedt, Cs Wakpcaibers | Bk Ipaaﬁleréﬁ;ﬁffepbtamed for
exang}? ﬁpoungﬁhg ?&%s{ep %@R&é&@k@“&gﬂ%{&ﬁ%% J}@Q?fgﬁfffcﬁtﬁgigneery gases,

naphtial $adray, EBiﬁ‘qhqﬁﬁieﬁl‘ﬂiﬂtﬂoleaﬁ‘D ga) SNOL. @3tudlcka€Biquid), etc. The C4 cuts
hydr ocar bons. The conposition of the C4 cuts is
ob’fma@b eivde ity-RIsEelt We tsaPiocesspamays 4@ kacw&wnp i dég@utaflﬁée comprise

mon(%:igﬁl?st't( - t@ﬁé aggg ﬁf— —eﬂ@d .t:utfkebﬁt—e%e-g'fét g@&%uteﬂéz satura ed hydrocarbons
a e

concentra IOﬁS e I'n IVIdU conpofient's

(n-biftare, StseBuafic)C kﬁe@lér@d‘aﬂ@x angdteratelly pbepblnydswi (Etﬁlyncéthbne (butyne),
follomnng ranges: Conmponent % by mass __ 1, 3- but adi ene
vinylaeetylen(bieryne)e Metindasstyloneproppes) and zilenicalby ppssfwated compounds

(mau%g’ r‘rﬁg gfﬁh%ﬂ@goléiddnﬁo% t@ aucgi‘fsn;en 39 é:gf?grl_ge grn?ﬁ ea%x%:cléﬁ%' &f C; and Cs

hydrfda€ess s TAE @ompbsidot @ftthe @4nM£t§1t1'$ @ependest &pcﬁﬂ@t&: particular cracking
given to using hydrocarbon m xtures havi
prooess 3ths ensertsgepaE gnelerst ansk ther Badsteck: HA8 C@S@G tlﬁﬁ% of thp individual

comqol?lgnt% 43! Iiok' E‘t%aﬁX%E?e‘E?fo? %Q%nﬂi@ytlyﬁfcglg)y%ﬂmnythg ?Jl’fbéxhﬁg ranges:

sul fur conpounds halogen conpounds in particular

Comp@ﬁwbundsrimh{ch n1ght be dﬁ@bmpﬁ$We in the'process

1’3_bu\tad.ileﬁ.lel "y lU lIIC IIIVCIIlI UTT. 25-70

1-butene 9-25
2-butenes 4-20
1sobutene 10-35
n-butane 0.5-8
isobutane 0.5-6
¥ 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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It is therefore appropriate first to renove these
0.7.54Bst ances. Tr oubl esonme conpounds may, for exanpl e,
bé carbon di oxi de or carbonyl conmpounds, for exanple
acetone or acetal dehyde. 5 These inpurities can be
renoved, for exanple, by scrﬁbbing, in particular with
wat er or aqueous solutions, or by neans of adsorbers.
Wat er scrubbing can partly or fully renmove hydrophilic
heavg anpaientrepnd wlmham'ghebm ﬁtsnmgiea in tenporsnbsordingt theeénvention.
) ydrocarbon m xture. | es nltrog conponent s
It is thegeforeapBropPrinte st tfe"elapv ﬂ@?ﬁ%%ﬂ jeeomrpypounds may, for
e or bR b BB I fo LY EERMEEr Werelgchyde.
carrled out directly with water or else with aqueous
saol uti,ons which may conprise, for exapple, salts, faor

Thesg JgRgriEenspsog Teppeed igsxammyle, big sqrubbmepen parygular with water or
aquecAfu 1'_l’utr':bqslg’or V{ﬁeaﬁg’gﬁé‘tﬂsé [, US 5,122,236). 15 It may be
advant ageous en the rocarbon n1xture after the
mater scrubbing, passes through a drying step. The
may be carrled out by processes known in the

Wate r%%b%a%gt Cany partly 19g TRl saneys bydrephilde coBpoRgise for gxpgnple nitrogen
com%lﬁé Cgtfr&mfhés)ﬁyed\%gc{agrﬁs s cca}%%&ndﬁ by a@%@%o%oﬁm‘ts are acetonitrile

or N-theshylpirailidone (RMEQ. QRfgen cﬁmpoﬁxﬁisrtemaieﬂs&)yarﬂh &8 eemoved by means
aratjon, for exanple with a coal escer. 20 Adsorbers

S

of a Wa{?r peubliag The W@ﬁbﬁﬁéﬂb%?ant beogariipd pwedirecHy avithepyptenor else with
[ a g e c begaus

squedil Pl B OB sl SR ot SRR PR Bl NaHsO,
(US B682,72adIS 2368200 US 4,428568fUS BPB6,414 esURIS 1222236).

di stinct decline in activity. Oten, nitrogen or

sul fur conpounds are renoved by neans of upstream

r u- 8

It m%ﬁg aFiec u?gé"ﬁ%sg%v@h%é‘%{??%’& %% \ia éeg i S’%or{ or Tng, passes
throug® taad ryingted) Mat eelyicd ﬁMyeﬁrchﬁSed(cﬁm by@f@fé@ée@ knbfen in the prior art. In

4,571,445 or WD 02/53685). Adsorbents are sold by
the peapncs pé disspipahivasT, thodryaieansy ke canfiedauty g example, wamga molecular

swvesf%og])é agng (OF B &%p%ﬁlsﬁﬁg@% IEE%%SS ?In‘%}\?g Bg d‘%%gved by phase

separhti@n, 36 laevadbalgsckO the invention, I s possi bl e
in particular to use feedstock n1xtures mhlch al so

contain conpounds |nclud|ng aIIenlcaIIy unsat ur at ed

Adsoébreeng%% 6(} reélaqél 11‘1}%21 %‘6% }nbgll‘le %gg %?%%\%gﬁ;h% m%y be advantageous

espedIBf t%c&@emogreeﬁbﬁr cdthiadfis afe usedUdthctiBloARPizRRM Q¥ BRBFeact even to
of "acetylenically unsaturated conpounds. In the
tracepp loompsisitige with @i dagjinct 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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to the invention, the feedstocks used may preferably
i xtures which conprise noncyclic olefins having

‘conj ugat ed doubl e bonds and contain up to 5% by mnass,

preferably up to 3% by 5 mass and nore preferably up

to 1% by mass, of al kynes or(bcetylenlcally

unsat ur at ed conpounds As a result of the usability

of feedstock m xtures which still conprise snal

haveraesc'brderal ofagrediert thawfor aged] ytb S0L/C b Inyassl s ppri), qireﬁérably greater than or

ounds, it is possible to use numerous ydr ocar bon

equaHOX Qi rpan By mash od 2peiylengaly pRsatugypd E‘P%P‘P‘Vld@inéhe pEocess according
to thQXﬁ‘vtéﬁﬁgﬁ b@g f%&léto\ffc?ﬁsed%ﬁf ﬁtéfétablg%eflﬁ%ﬁ% GHScH &n{qﬁ%e noncyclic
process ‘according to the vention for te oner1 zat on

olefishiaving @nfliigatddrnivuble bbadharghemtaioop eni%dfy mass, preferably up to 3% by
acet yl eni call unsaturated conpounds be present in
mass 6@% PTe e BAR ilxe emaps, Qfaykﬁ@sa‘éfva?ﬁtﬁ@%ﬂb/ t“@saturated

e f C [

oI AES ASELRLIEHND I ASSU LR Kt comori s

residmiximeentd ef acaykarally uhbrurhrl oreiponadd, dnis podsitax admlse numerous
by sel ective hydrogenatlon or extractlon so that t

hydrecgghesikuras Qetained isedustam emeei! B & & Cribydigearb %n&ﬁufes directly
as fe?%ﬂ}é:% g&ithﬁ&)qg%egs %&fgff{ n%t’o {183 enﬁﬁxgrf@rrt Rler %%tgcm %RO]YY?%%SUHCHY

SS an re m‘ era rom wppm

highet%obyenies Sicet9fenRely yheamrart! qommﬁﬂybataeeﬂ;emmﬁp@ posksble feedstock
Processes for extraction or selective hgﬁvogenatlon
mixtEgnit grytbaesiantagaous erosaveat iast a portion ehihgacetyfenically unsaturated

com@gﬁn%s}’ {aﬁ%‘é@ﬁ;ﬁ%ﬁyﬂ% % I‘ﬁf&ttl.&’gg)%fo?@ ullBs RERS ?e”oxﬁélﬁ’%’é(ﬂo n, Yor example

S, as a Wor ep, an rntegra

by seddctive Hydflgamditibnét ©firaolibigiso thaﬁﬂtb%@ﬁi@ﬁ%th@@tﬁ;é@@ﬁn then be a
C4. A_ 20 process for extractively renoving

mixtygg étlytlbmrttem fomn@ i firedtyeaasse FsduAry fony AP @*ﬂ)ﬁﬁkto@i% jby mass and

moreﬂggﬁléz{b%fg‘a Qpe %@Hﬁ eoml“él l\g}fegggs(ﬁ)lof %@gl;?' enically unsaturated compounds

ProcdSke8 o afitahest loddle h}'ﬂﬁogdﬂ@tlo@canﬁébgalsén 288 1he
343-346. In this process, the polyunsaturate

hydr ocar bons and the acetyl enically unsaturated
conpounds are renoved in a first stage by extractive
distillation with agueous NVP fromthe nonool efi ns and

The rempualatf ¢t &5tyihgnie cvapdods by Extmntiph dafMRndpwadobr sanetime and s,

o5 2 G FRE /ARG PB0 R GGt bR a P et Se ooy R Rl Hpperack Co. A
procedd $&¢ E)L@JC’EIQ&P/ U B din ?%Bmﬁncaﬁypuﬂs@tﬁpa‘f&ﬁ c&rﬁﬁounds from crack C, is

acetylenically unsaturated cofrpounds having f
describad boforat @smmpld n inheErdibr kug oKolde- é?cdiga@éPeﬂtmxbenfzzer teeeinigt mit

di s Ilat tadi ene, an he .
BrentyiheGc POl OB Althed A@uifed AYF ae | 'dite Handln This process, the
L

first diggechyrayirdodve distitleioroutithagueoysr NMPegtmetht rhatooldfigs @nd. saturated

6534 11 feedstock m xture, in which case the
hydrogadens. | £rome thee iVE  @¥trache the Ansgitkaede nydeogarhges are  removed

distillatively. From the hydrocarbon distillate, a second extractive distillation using aqueous
NMP removes the acetylenically unsaturated compounds having four carbon atoms. In the
workup of crack 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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di spensed with. Optionally, acetylenic conpounds can
oz Rkgszpenoved froma 1,3-butadi ene-containing stream
“7'using one or nore ionic liquid(s), for exanple as an
extractant. 5 The hydrocarbon streans which are
obt ai ned by extraction and contain preferably |ess
than 5% by mass of acetyl enic conpounds nay nore
preferably be used directly as a feedstock in the
feedpodc asstuag cor dibingh tcaset e disuBativeonemdt] Tdfethgad 2Haltadiene can be
. renpval of the acetylenically unsaturated conpounds
dispensethivithe hydr ocarbon stream to be used by sel ective
hydr ogenati on of the acetylenically unsaturated
.conmpounds in the presence of dienes and nongol efins |
Optiensdlyp acetdpnir s@uipgbndst epn s sempeved Fora & gppepdighe-containing stream

usinBAd AT oBAALNES Sor QlanfNELe M XBD GALal ySts. 15 I

cetylenical Ty unsatur conmpounds "are present, the
feedstocks used in the process according to the

i nventjon, especjally when C4 hydrocarbon m xtures
The Byfipearbemsfreatusavhigh 4k eblamsd dy gdactiropyst fagain preferably less: than

5% QAT SO ISP ALEY AR R BRI sk
the plochsH ac86rdindQo kife Inheéntphocess according to the

invention, all catalysts suitable for the
telonerization may be wused. Preferred catalysts for

he it el ri-zat | 1 I I [ £
mhe RS RTI AR L O ECA TS S TR B A o s
to bd BeBd, by selBct(veehydrégthbgsti vMifeRuetyl@seadilymfsaBirated @OR@binds in the
(Co), rhodium (Rh), iridium(lr), nickel (N) or _
presqura el fignes(@rd ynompRishing gahbr c4iEed Owa or expEpleeREFEPRReT 98 palladium
h oy for exanpl e phosphi nes,
Cma‘%%égﬁ%%&%ég?&%%géﬁhinites, 25 phosphonites or
phosphi tes, for exanple triphenyl phosphi nes or carbene
l'igands, and it may also be advantageous to use
I acgiyfeniqallpit unshigeaiels campetulssargepresanb . ther iepdytesks eused in the process
iven tqQ usin al I adi_ um,co ngs, .i [ cul. s
sccoflneai ot o BERE L eumol o Ca pitoBRbd Hpflires comprising
1,3-buRd AL lakeZ BiddO BorBbE§e acER@edi¢gFNdSaturhtddeoriPdudlds (alkynes) which are
conpl exes used as 30 the catalyst are nore preferably
preferably/selestad o sphybacaylmenpdontidubmecar benes. O. Z. 6534
12 Particular preference is given to using netal
conpl exes as the catal yst which have at | east one
In thé prdReReackbAitoSh@Riveh#Qd aNYcahSf<ty RAkPIRHor eaBRhRSizA& on may be
such |igands are described, inter alia, in the
used.dBiefirmdt satfpstd Gar 28 telodnerDBtiq0 hred SeBad Sconmiexed] i @aitizlar metal-
DE 100.62 57

carbene complexes, of7the metals palladium (Pd), iron (Fe), ruthenium (Ru), osmium (Os),
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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5 EP 1 308 157 and WD 01/ 66248. These docunents and in
()Zgﬁgalcular the ligands described there are included
in"the disclosure content of the present application.

In addition, the active ‘%:x may conprise further.
| i gands. The car bene Ilgands y be open |igands or
cyclic ligands. 10 The tel onerization catal yst used

in the process according to the invention is
preferably a palladi umcarbene conpl ex which has a

Parti%.?lr ben enlerl}cz?sn g%vggﬁc} Es?gﬁ%g}ggi génlgl%ergu As@é%%éd% vﬁQh E%ve at least one

carb%ﬂ'égllgaﬁﬁ% a‘%‘illﬂﬁfqu{e@&B t@lrﬁg @s%‘f e hﬁg@ﬁ&s@ﬁe dREcribta, inter alia,
rocar on gr oups, ere t ydrocarb gr oups nay
in ’de i dbeotricoml OE 101 2Bddént DEI]IOde@radlS biDEh thiedB 622, cymEllﬁo 62 577,
radi cal s sel ect fron1the of al kyl di S .
EP 15:00113g #0401 66265 Ehres oaneits od k avgicuf e dnds described
| . -
therehgréllﬁcguaer ?ig‘ rﬁﬁahﬁcﬁ)g%%%g)? gtn @Ea?lgﬁ;gesg#éyﬁglﬁﬁ : égl?gg EOI’}., the active
comprlay intgy Eangmise fuah&0li gadbchheatobae liganddnoly beet openelggainds or cyclic
one hydrogen atom nmay be replaced by a functiona
ligangs.oup, and/or R and R3 are each part of a cyclic
systemwhich is the sanme or 20 and/or R2 and R'
different and has a carbon skel eton having from2 to
The 2omanionatatiipst ared an ithd pogess atomingaac dredinvgntion is preferably a
formula VIIl, where the carbon_ atq of R2 nd R’
pallagyi-GHognc HRPIREWAICE TbR CaregRFi AR A hegrariel RrmpledSiD

one_Rhydrogen atomin the cyclic system may be repl aced
by functional group and/or at |east one carbon atom
Rof fjhe cyclic system may be replaced by a 25
heteggaton1selected fromthe group consisting of S, P
0 ana”N, and/or R2 and/or R' and/or R and/or R 3 are
JOlNed by a bridge conposed of froml to 20 O Z 6534
13

Viit

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
Oztglgg R2, RR and R3 radicals are not counted, and L is
urther I i gand which is an uncharged two- el ectron
donor, part of a cyclic systen1 and/ or an ani onic
Ilgand where the functlonal3%roups may, for exanple,
be selected fromthe 5 groups: -CN, -COOH,

- COO- al kyl -, -COO-aryl -, -OCO al kyl-, -0OCO-aryl -
carberi0Osab layligand 1 Oa@excathy |ca:rb0ﬂ GH@)s ef@@e &°ky!| R and R3 radicals are not
-CO aryl-, -0-alkyl-, -0-aryl-, -NH2, -NH(aIkyI)

COuﬂleI‘i(alkyl)Z- -NH(aryl) - -N(aIkyI)2- -F, -d, -Br
and Llls a fﬁ:t%%er 1§:aéd W is aII ﬁlrl(!h H%v‘o-e]e%?%? g mﬂaﬁq%'_iz%ychc system

groups” may nta n exa

and/dr EanmZdhl@ ﬁgkmh wikfbe fandiohiierodssythay fougampigbe selected from the
exanple, from5 to 24 carbon atons. The pre aratlon

groupgichN» i -GRE: GROMEkY14 o GOReR ! +OIC Qi OCHr &M D@COO -alkyl,

7 In ocC cor | 1t o I NV i 0
43C¢Q%H§%Io§%$|zatlon gg%a?%i?Sﬁée&gls pfe#gggﬁ gﬂf NH(alkyD-,
-N(am@l)i adiH@EgR he@kytent, el wht,ch -8 ng; aN@@néerfdcgtaﬁ,d-SO3H and -

of the %eneral formul a (VIII) wher e X t he
POt tihetsy theiafleyb seanps g1ay cae'@%é@rpmmﬁl@aﬁonb} ém%ﬁé%rbon atoms, and the
aryl éﬁgé f}) oup[gﬁ)% afglb:‘rfrrl]ér{ﬁ lrigf’nahgo taet‘%ﬂs %%t}%orgpa%tlo%l 6@)(18!1 '11%ands can be

taker(:}lﬂ&iﬁxﬁﬁqﬁle@ﬂ‘oﬁfDEﬂ@ﬂJh&ﬂZQUt ed, nono- or pol yCyC|IC aryl
groups having from6 to 24 carbon atons or nono- or

polycycllc substituted or unsubstituted heterocycle

h .
o oL, A o0 LSS0y
palla&ﬁﬁfﬁc@ber@ doh®l@nwhiah Gad earbadtidayd bﬁﬂﬁl’genﬁ’akﬁ)hmular(ym where

Qeteroarﬁ -CN, -COOH, -COO al kyl -, -COO aryl -
R Ryl kyhre thoopms yar- dlffm@oaad kite- cachodixoaar wwmh&der@bsmted ot

] ﬁa( ?P{l%[s?futed ﬂ(@lc rfx c'?/cgc %m%mu% IQav%{%trariﬂk tlo;_Z% carbo'g atoms, or

-C, subsBruted bs uns%bﬁtut@&%monm polfcsti® &8N ¥oups BB from 6 to 24
- POBH2, where the al kyl groups 25 contain 1-24 carbon

atonﬁaéﬂ@a@ﬁ§cﬁryl and heteroaryl groups from5 to 24
car bgn at oOIrs,

par ¢ o5 o PR SPFimeeE tpreosh Bk BTy PG % 4 10 24

part c&BbRhtoR{s@in8RMERER dnS hiekRiforh GrodSihd GraprdTene, S,
l.i gands whi ch have a 5-nmenbered ring. 30 Ligands

R, Rwhi chrerihe semae o: diffatsat @l ark aggband are used wit h
D B RS, ki PHESERRNTRSE L, LOoRBT EPI R -oco-
X dy-, 6886-aryl-, -OCO0-alkyl-, -OCO0-aryl-, -CHO, -CO-alkyl-, -CO-aryl-,
-O-alkyl-, -O-aryl-, -NII, -NH(alkyl)-, -N(alkyl),-, -NH(aryl)-, -N(alkyl),-, -F, -Cl,
-Br, -I, -OH, -CFi, -NO,, -ferrocenyl, -SO3:H, -POs;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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14 333 RERRRSR5RC-aC |Ii CN RRC R7 12 R

0.7 ég R12 Ra 12 RRRR IX XX X where R2; R3:
f'ép the same or different and are each |inear,

‘branched, substituted or unsubstituted, cyclic or

alicyclic al kyl groups 5 haV*ng from1l to 24 carbon

atons, or substituted or unsubstituted, nono- or

pol ycyclic aryl groups having from6 to 24 carbon
atogg or nmono- or pdlycyclic, substituted or g3

u

Rens stitutedsheterocycle paving from4 to 24 karbon
ro_atohs and at 'l one heter fromthe gjedh of N,
, 0 S c30 Ra, R5||R6C:R7: are tihe gpme or difijerepe and
R-—gtg%ﬁﬁch hydr o al kyl, agyb~héteroaryl, 7
r7/COCH, - COO-RIkyl -] -CoO afyl -, 'J-0CO-al g™, 1,
- OCR%aryl -, -O0COORd kyl -, -OCOO-RFyl-, -CHO, R
-CO al kyl-, -COaryl-, -0-alkyl-, -0-aryl-, -NH2,
-Ngal kyl)-, -NCabkyl)2-, -NH(%&/I)-I 15" - N(ajky! ) 2-,
-F-d, -Br, -1,7-0H, -CF3, - , -ferrocenyl’, -SQO3H

-PO3H2, where the al kyl groups contain 1-24 carbon
atons and the aryl and heteroaryl groups from5 to 24

whele®°DRA 8t GitSsanang diffi@ei®4nd BR caB® and R7 radicals may
also be part of a bridging aliphatic or aromatic
ring. 2bBnexaprpndedosubshiutadne wsybsiddatehhtyekc eoratespieradkyl groups

to the general fornuyl ae | X . or X and conpl exes which

containggﬁgﬁﬁppdgﬁg%(ﬁgvgfgpP%gay been described in

t he t echibk@@ied! drt@bwstifued, (Mnofor peHEFERD Quyll%romgg&[ng from 6 to
nt. .

Angew. Chem 1997, 109, 2257; Angew. Chem
Engl . 2Ogyborggompes2; V. P.W Bohm C WK. Gstottmayr,

E%V\éig%&?cb@%@}ﬁ&& 851 ns?%ed] or uOns%gélﬁ'un%& 'heg?c?crg/]cle%loagpﬁg from 4 to
24 carbon atoms and at least one heteroatom from the group of N, O, S,

R4, RS, R6, R:are the same or different and are each
hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-, -COO-aryl-,
-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, -Ci, -Br, -1, -OH, -CF3, -NO,, -ferrocenyl, -SO;H, -POsH,,
where the alkyl groups contain 1-24 carbon atoms and the aryl and heteroaryl
groups from 5 to 24 carbon atoms, and the R4, 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 formulac IX or X and
complexes which contain such ligands have already been described in the technical literature
(W. A. Herrmann, C. Kocher, dngew. Chem. 1997, 109, 2257; Angew. Chem. Int. Ed. Engl.
1997, 36, 2162; V.P.W. Boéhm, C.W.K. Gstéttmayr, T. Weskamp, W.A. Herrmann,
J. Organomet. Chem. 2000, 595, 186; DE 44 47 066).
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O Z 6534 15 The R2 and R3 radicals may in particul ar
OZQ’S nmono- or polycyclic ring which contains at | east
one het eroatom sel ected fromthe el enents nitrogen,
oxygen and sul fur, and opti O{jil ly has further
substituents sel ect ed fromt group of -CN, - COCH,
-COO al kyl -, -COO aryl - -0OCO al kyl -, -0OCO aryl -
- OCOO- al kyI charyl - CHQ, 0O al kyl -
The REGARY kad,lca-lsannyj/ in pEﬁ"ElCLﬂhl‘H}d a mon@-a@lpopevelic ﬂﬁ@wjaic-h contains at least
- NH2, - NH(al a/ al kyl)2-, -NH(aryl) -
one hq;(l?ré)pm fgecte [ﬁrom glj[e elemgixts mtrogen,d)_](yg_e@a@d su},ﬁ@z and optionally has
. yl fr
furtigt SEBSRAL spleER Hroms TP ol U, Sy I 0E ROQLRRY $700 a1
-OCOallbady -ataneryl-| FOCOO-gdkgle -Oa@OReylt, sSCHEE dCasalikhle, -CO-aryl-, -aryl-,

metal of group 8 to 1Q of the Perjodic Table, one or
-alksor -V lar R YRS RO aBY gk yaasﬂﬂg?@mheg\@atﬁﬂ>z F, -Cl

f t 0 gR
Br, ?Igdlbgél g?nSNOlééc%HE éﬁﬂﬁegg n’eAPocgg'Bﬁl F&ére t Fand E%gseéﬂom Lo 24

carbdneastns andh &mbgrbﬁpsemmﬁrto m4tdafbogramms. @ theHase O Pd is used as the
OCO- al kyl

- O00Q |,
metal @é@%ﬂ ﬁyqo 10 eé@i@ é’ﬁypdlgr%ahb one@rawﬁﬁ,{z m@bRar@é%ds preferably
-alkenyl -allyl, -0-alkyl, -Oaryl,
hasmawese Rﬁﬂ V1Y, -N(alkyl)2, “NH(aryl), -Nal kyl )2,
, -Br -I 15 -OH, -CF3, -N®2, -ferrocenyl,

25(13; 4" vvhere t.he al kyl groups contaj.n from
The R 1*241:{ %mﬂ angior R radiRels mag cpelt be epamedr siierepiand have at least

one QlrsET¥h: ﬂ&%“@% %&gﬁb? 0., @é@@;ﬁgb{aﬁg}k i Neca. LuXJl -0CO-alkyl,

groups from carbon ‘atons no-
-OC(DW;:y(DCOO alkyl, QO@Q}ar)ﬁ r @HG, t@x)%ikyl cair(bawlatanﬁs ~alffyie -alkenyl,
4 to R6 radicals nma exanp be join
-allylc oValsit 1926 S aﬂé(%yl),vﬂ\&alkrmmw@ohﬂ(agwuﬁ -Cl, -Br, -,

-OH, 2@:1:l M ﬁ(?ﬁeﬁe%%g%rgf}fs—%%ﬁt '15(9 %vh'@?e ﬂhg 8t ngfdu?) s YAL0980m 1 1o 24,

placed

prefeﬁd,mybﬂ'bﬂm 0I5 carbbg ai@ns@lfhé Menfyhghioapd ﬁ*omtormlrceirbon atoms, the allyl
preferably be radicals which derive fromfive-

grousy §om2B teednererp HemMsr By ogriaano- rfgtmlwpk%ﬁ@é %?ﬂéps from 5 to 24
carb e&tgﬁlgafh%r@?ﬂo? ra&%&@ ﬁ% éﬂ %}é gfé 1116%59&81]1’[:1);11% one another via

pyran

(CH:b uf@u‘[{) gﬂau ohene, pyr azoI e, Im dazol e, th| azol e and
oxazol e. The table 1 which fol | ows reproduces specific

exanpl es of such R2 and R3 radicals. In this table, -

tn o 6 Rt S s RO PR S BRI P PREBG Blif Pebfeptaced by
metal QerbRbUiGoNd. | | .

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 VIIL
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30 O Z 6534 16 Table 1: Exanples of possible R2 or
‘OZ%%Bradi cals \ ~NN-O iN/ / Ai A2 A-3 A-19 iNIiN
e ,~ﬁ|r \N A4 A-5 A-6 A-7 NO2N N\ | / SYN N\1N

A-8 A-9 A-10 A-11 CH2Ph NY Y N A-14 A-15 A-12 A-13
Et Ot O N C70a- CN  A-17 Al®18 A-16 In the context
of this invention, carbene |ligands are understood to
nean both free carbenes which can function as a

Tablk il gBREmBIBLoLRIsbidNER’ aaoTdiiaked to netal . 5 The

catalyst netal  in particular_the palladiumused as

e catal yst &ly from which-theg, active ca ?4/% I's
f or med under rbaction conditiohs can be introdljced
Ffito the prodess#in different s. 10 The netai=N
(pal I adi um) gan be introduced into the process a) as a
“nmetAdl- car beng conpl 42 (pal | adi uny caAlene conp| ex), iAl9

whi-ch—-case—thenmetal—O-Z—6534
B B B
=N ~N =N | =
N
= A-4 T A-S - A-6
T A7
N\. épzzkj O,N w/qkﬁ
. —
N
= Y SYN Kf
- - A9 -
A8 ~ A0 A-11
] CHPh N
N N ~
=
~A-14 N A-15
T A-12 - A-13
%t OMe @]
4 ()
© - N
A-17 |

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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17 (palladium is preferably in the (I1l1) or (0)
OZ%)éggation states, or b) in the form of netal
precursors (pall adi um precursors) from which the
catal ysts are fornmed in Slt](L:J7 5 a) Exanples are
pal | adi un( O) - car bene- ol efi n conpl exes,
pal | adi un(0) - di car bene conpl exes and
pal | adi um(11)-di carbene conpl exes,
(pallﬁxahmad; profefibleairthe (1€-ot (6 @m@tﬁmncsmm exes. The

6-diene may, for exampl e, be di e
b) mthfmm iThtRL REFEREE MRALGTSM Hﬁ%‘éor%%md@l@a fherfpfalysts are formed
ngthers or  2,7-octadi enyl anmines. Further exanples are

hvvnbythefollovmngfornulaeI-atol- .10 -" A\

i-Pr -\ el-Pr NSi ez NPr \ si z N-I -Pr ,"'"\\Si ez

C=Pd %I | C—PdOCC—PdO N -SiMez i-Pr.SMez i-Pr
2) Sve2 N N i-Pr / \ i-Pr / \ l-al-bl-c R\\

Exam;%:gﬁ% p&ygrrango))l aFi)eg leﬁ“lm] coﬁﬁ% %a%ﬁﬁo%arﬁ%@?&nplexes and

palla&-ﬁﬁﬁ(ﬁ)-Bwak’t@ﬁé’daﬁpﬁx@o@ﬂ‘ladﬂlrh{omcwbene—1,6—diene complexes. The 1,6-diene
may, for example, be diallylamine, 1,1°-divinyltetramethyldisiloxane, 2,7-octadienyl ethers or

2,7-octadienyl amines. Further examples are shown by the following formulae I-a to I-e.

- ;ﬁ i-Pr i-Pr
\—SIM62 i~F’r’,f'\\—Si\Me2 i“F":,'"\—Si\rv’le2
AN .
, j—

I-a I-b

N
O
N / NH

. A / .\\
}? \‘//—SIMEZ N " /
R = Adamantyl /

| C""""Pd_o

o
n'_-\
=
i
o
o

I-d I-e I-f




l-gI-h1-i / MGOC N COOM O NNNND CN
OZ%Ep ¢ CECN BF4- BF4- -] I-k I-1 The carbene
g | exes of palladiumcan be prepared in a w de
variety of ways. Asinple route is, for exanple, the
addi ti on of carbene |igands B the exchange of |igands
on pall adium conpl exes for carbene |igands. For
exanpl e, the conplexes |-f to |I-i are obtainable by 5
ehange of phosphorus |igands of tpne
phasphi ne) pal | adi un{0) cpnpl ex

rrp, Her rimann, /J. O ganonkgt, Chem\/ZQQO .595_(
). 2 N¥£ CN|C NN 3

toI)3P-Pd-o-toI)N C CPd=C 5_%(0- EB‘E’NN R N |
s NesitW 1-g RR = —TPIRZC j
= — =t ‘B—f‘?f ] ﬂejgz ARe-B= E 534 19 N
D) The pall adiNim areciMsors used maYy, fp l e, [
; at e, | adi u chI o de
nde; Lithiumtetyathl propal |l adat e,
yl acet onat e,

iL
£y

I-g I-h I-1
( Meooc7 lll (COOMB
N N N/ OAc \N
c—Pe——C e
N & \N [N C—Fi’d_._..,C\NJ [ /C—-——-——Pd_—ci ]
P Q ooy N\ OAc /N
BF- Il BF
I Tk T

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)paliadium(0) complex
(T. Weskamp, W.A. Herrmann, J. Organomet. Chem. 2000, 595, 186).

R

/

N

+ 2 | \C
’ R R?
N / k
\ 5 N N
R N -7
(o-tol),P—Pd—P(o-tal), | ,C—Pd—C\ '
- 2 {o-tol),P N N
\

[-f R2=R3 = Mesityl
- l-g R2=R?*=c-Hexyl

I-h R2= RS =t{-Butyl

I-i R2=R?=i-Propyl
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pal | adi um(0) - di benzyl i deneacet one conpl exes,
. lLadi um(l1) propionate, bisacetonitrile 5
O'Z'B@%ﬁadi un(11) chloride,

bi stri phenyl phosphi nepal | adi um(H) di chl ori de,

bi sbenzonitrile- palladiunm(11¥ chloride,

bi s(tri-o-tol yl phosphi ne)pal | adium( O and further

pal | adi um(O) and palladiun(ll) conpl exes. The
b) carbenes of the general fornulae IX and X nay be used

in the formof free carbenes or. as met
The @gHfiBMeRICCHBOTS rised BRE el SKHIRIFL Be'f P%wfi@éﬁ(ﬂé rpgetate, palladium(Il)

oI DY BRI EEHRRIS MBI sy

pallaflum(OpadibeXtNideReadetbae Pcd?ﬁplEkesRGpalEd%n(B) Rprobfonitd, I b%b&étomtnle—
where R2, R3, R4, R5, are_each _as defined i

palladgppghl) acehiotidgnd b)@tnlﬁwaylvhwehawgfrﬂ}?&wﬂ(ﬂdhaf?l@lﬂaﬂ%ﬁu driphenzonitrile-

palla?!ug}g@) 8(%11101#1([}: atﬁ ﬁ'[ g%ﬁl&ﬁ) ol geé%ﬁlaﬁﬁﬂ(ﬁ?'aﬁmer galladlum(O) and

ani onic group
palla@imnl) esmplexds.ar e hal i des, hydrogensul fate, sulfate
al kyl sul f at es, arylsulfates, bor at es,
hydr ogencar bonat e, carbonate, al kyl carboxyl at es,

The 9&[1’ éne@ro?ﬁ%%y%a%ér ﬁfonﬁﬂ 31583;:81%? b3 glsg(?ﬁlt?;ﬁ ?osfmcc?frhé% carbenes or as

eased e sa arbenes, or exanp
metabyomﬁﬁxéseaﬁ:mr@gtam&hn altlbﬁsm.caiiﬁbee efRABBES! at i on of the
catal yst, reported formally in ppm (by mass) of
pal l adium nmetal O Z. 6534 20 based on the total nass,
: r r s
suitft bSef SEFRSR GF0 10 Bhartifls’ $50T {ER v Bt e peperal formulae
XI1 abXtw, 100 ppm nore preferably from1l to 50 ppm The
ratio [nol/nmol] of |igand, preferably carbene, to
metal, preferably of carbene to Pd, in the reaction
mixture is preferably fromO0.01:1 to 250:1, preferably
frogfl:1 to 100: 1, porerBreferably from5 1:1 to 50: 1.
r* In dddition to the arbéne | i gands, further I|igands,

exanpl e phos | i gands, e.g.
fri@benylphosphine fbe present in the reaction
5 ~TRxt’ur &. R
\ _
R’ R’ R
XHi XV

where R, R, R, R®, R®, R are each as defined in formulae TX 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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The nucl eophiles (VIl) used are preferably conpounds
-Oz%gjghe general fornmulae 10 Rta-OH (Vila) or
- )(RIb)NNH (VIIb) or Rla-COOH (VIlc) in which R a
and R b are each independent%y sel ected from hydrogen,
a linear, branched or cycli€’ C to C22-al kyl group,
-al kenyl group or -alkynyl group, a C5 to Cl18-aryl
group or a -COalkyl-(G-Cg) group or
based@ o&Ghatofd] mi4s5-iE 10 pYceisPecortigg go tHedseengivn lﬂ?pprefa‘yoly from 0.01 ppm
contain 15 substituents selected fromthe grou

to 1008nppm,goefarablichomal R yip 108 ppeg more rsigaRly) qr@ﬂ_ E}(ﬁ) ppm. The ratio

.[mol?@lilolt(' Q%%Q%gsab%%g fgﬁ%alc%%%qr?%lggf %Er%lené @Pg, 10 )the reaction

mixtufs-igbkaftrdblyEong )0l : - 16HG0: 15 bly Widzh 1:1Fo 1061, mofdpreferably from
-CF3 and -NO2, and where { Ria and R b radlcals ma

11 We5)d; Aeadddget Rethe,sabue keaedt Bhds lisas, for cxample phosphorus
cI [ r n n whi ch

hgmtlag’ % Ehen f‘phﬁ:'y%p%ﬁin m%;)/’ b%l ggsgﬁtggg% r% %;}r%gl%é%c i ‘hydr ogen,

nethyl 20 ethyl n- propyl, isopropyl, tert-butyl,
but sec- butyl pentyl, hexyl, heptyl octyl,

The @‘éﬁl lles (\GBrusen aweyreferad oungs efithg Epnska} fornfilatony | |
phenyl, m, o- or p-nethyl phenyl, naphthyl,
2, 4- d|-tert but yl phenyl ,

RP.@.16- di(VIR gt oBUIRIN@Ih)LEhe NG TIb)hyst ogErp@okONY (VIIc)
met hyl car bonyl, et hyl carbonyl, propyl carbonyl or
phenyl car bonyl . 25 The nucleophlles (M) used are

n Wﬁmfl %{@r el %{1&%{, e\/\%tmcrlﬁé%nde g ebteHr?orhqthfdro%r l yo 136 abranched or

arboxy |c ‘Secon

cycllélfﬂlnt@SC_ngdl'l%Q%r@I -SIRPEE | @by or =alvailyEEroup WY @, Crg-aryl group or a
nmonoal cohol s and phenols, for exanple nethano
~COelinaribr-Csh-gorapp an - CO-arhtofamblgroupal whare dhesshgyoups may contain

s 00 AP g8 70 08 RRERRDRI . otk
Cs), catyi m:geoltopn@jocorarﬁ ((736@?5)61%@%&1 @5 Cs pﬁe@omkyl :(C;-Cg), -O-CO-alkyl-

di al cohol's, for exanp thyl ene %Eyco

(C1 @s),zbbﬁl@phﬁélm%),, CHCB §@d§ » off,,-CH.-2H, 6§§4312€1-N02, and where the

R o R ERTaa o ISR CormpRURHS oDy &S BRrhies used ar
prefem S5:ApRRst] RhRRIRE RI® mdRpioRLY, RMORGIs 40 rea&mmﬁa& &n, methyl,

yl am ne, ethylam ne, propyl ani ne, butyl am ne,
ethylocwmm wepropyly tascbutsl, elrlwtfdnﬁwebutﬂo@elmfyl driyleheptyl, octyl, octenyl,

| di 5 di
octauln GARP PR T BECUEERYFaRrne. i BryPAMeRel naphibyl
2,4- dﬁ\lté??t)ﬁw pﬁ@ﬂx}l'l' NE6-di- ?érﬁﬁl%yﬂné?ﬁ}lﬁl%n?f‘y h)@BL&Rarbonyl, methylcarbonyl,

di cycl ohexyl am’ne, yl cycl ohexyl am né, pyrrolidiné,
ethylcarbonyl, propylcarbonyl or phenylcarbonyl

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-propanocl, isopropanol,
allyl alcohol, n-butanol, i-butanol, octanol, 2-ethylhexanol, isononanol, benzyl alcohol,
-cyclohexanol, cyclopentanol or 2,7-octadien-1-o0l, phenol,

- dialcohols, for example ethylene glycol, 1,2-propanediol, 1,3-propanediol,
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pi peridi ne, norpholine, piperazine or

CHZQ%?%] t hyl eneimi ne or - carboxylic acids such as
f c acid, acetic acid, propanoic acid, butenoic
acid, 10 i sobut enoi ¢ acid, benzoic acid,
1, 2- benzenedicarboxylic acid”(phthalic acid). The
nucleophiles (VIl1) used in the telonerization step are

nost preferably nethanol, ethanol, 2-ethyl hexanol,
0c4-darhediolg | @inltanedit @3 -eunhediolsodrighan@hediol; pr opanol ,
i sobutanol, n-butanol, isononanol, form c acid,

- dwdraxo! emppbungs, dpn onmpleeihydroryenstia 68F%E: aci d,
i |sobutano#ﬁ%? @?gﬁ%ﬁgﬁOlC 1 %%%geﬂggtha |§H§pgwgne butylamine,

WRt@imine AdVasitadesshine, tdo @ed?whhﬁ@ pbihyRn&dE&8ideS or hexamethylene-
met'hanol . Nucl eophi | es whi ch can thensel ves be

ciwminged via a telonerization reaction can be used

direct or .else formed in. Si o
SRRl o o e PribmiE; A RaRineyo Nappegpytanitoe
a2 b%@éﬂlﬁ&ﬁ?mﬁ[het haideraengampk, t hetiedyeekdahiRD pyrrolidine,

cat'al yst octadlenylan1ne from anmonia and
plmﬁmeamomi@hne,tmper%ne @ﬁ@xﬂl@ﬁhofleﬁﬁlnﬁu@i)éophl le to

h starti fin_ havin t WQ _can ugat
: R GRS e 1Ol il 36eBPchiei o ebRBbiE RYE putenoie acid
riéﬂ‘ﬁh%o&facﬁp bEVRIdWEL, queser@;b@éascamb;dyn@ aélal(pmﬂlmﬁ)t 0
be 25 taken into account. For exanple, nethanol has
one active hydrogen atom ethyl ene glycol has two,

e Q3RS OGRS b B Pl el o Pt paffrapahaRERL thanol
2-¢t Ih%f(ﬁﬂdl‘ goc%xﬁfl | fotendd! SHAHQNRE EisbSrofAnde M-bdpdBdlNhobhi@Adl, n-butanol,

nmol to 10 nol of starting olefin in the
1soncman<ainﬁmnzcamnbracet30aoméampmmc a¢id, wrbuieaeiciaoi, isobitarpic acid, benzoic

ML TR
Advs[ﬁ%g%oﬁ @Héhﬁé@eoﬁﬁﬂé Q€QNs nfetléno0534 22 It may be

a vantageous when the process according to the
invention is carried out in the presence of a

e RS LEESIR, HE s LA AR o o e
d1recﬁg31?eer§e fo?mlaél Glisfu RS URREL, o RBELARR- 1CANDN beORtmed in situ from

inert 5 organic solvénts. Preference is given
watet end wtadiehok tri the podsesa afcthe selmhenzatioo cetfyist, |1 265 octadiendamiine from
whi ch are present in the formof solids under reaction
ammepiadng il g ﬁ@“mgﬁﬁ=ﬁcthe case of products that would be
obtained in the formof solids under the reaction
conditions. Suitable solvents include aliphatic,
For tﬁg’fﬂ‘tlﬁajf irmbhbplﬁleandhfastmn’mgiodefhyhhm@atﬂms twé oasnjﬂegmbcﬂc&lble bonds

- C20-al kanes,, m xtures o r .al kanes (.
in thg {RVBREZHAR Teclien.ooe TRRT & mvgﬁﬂafﬂ@ﬁé& awéﬂs i R dden has to be

taken%ﬂgo 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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10 pol yenes, vinylcyclohexene, 1,3,7-octatriene, the
OZZQﬁ ydrocarbons fromcrack C4 cuts, benzene, tol uene
| 8 xyl ene; pol ar solvents, for exanple tertiary and
secondary al cohols, am des,_ for exanple acetam de,
di met hyl acet am de and dinetH@qfornanide, nitriles, for
exanpl e acetonitrile and benzonitrile, ketones, for
exanpl e acetone, nethyl isobutyl ketone and diethyl
ket one, carboxylic esters, for exanple ethyl acetate,
et hers, for exanple dlprop | 15 ether, diethyl . ether
It may hpadyrntagenes waatthg'/ IPTQS?@WPCC@%CH%% 1o {he HYENHQY is gRsrigd out in the
e e a
presegl%gx(gfne E{W% r ahygr Q#{’J%ﬁgsn ug%(f]nﬁé%ltge q‘glﬁﬁl&ﬁ%{% gé:a )’(/: ion may be the
nucl&iphile used wchyit enpreseityiadiquidliferih yihésrereadtiomotonditions, and/or inert

triethylene glycal, tetraethglene ?chol pol yet hyl e

orgagjr \pebients. Bredpgcsre g@{eyc’tgﬁhe At pteIpY é@{gerg{s YOI | nucleophlles are used
whlchra[lqé) E)PEQXA‘[%‘E?II%O e(lﬁft sgﬁ]ig g%b%)%é%%%é%gﬁ@%h?{%%}é n g}ﬂad asg olf products

that &olifdobd tﬁtﬁamed hy therferme af belidt indepthepyheion cddditiand (Ehﬁﬁable solvents
and wat er. is al so possible to use ionic |iquids,

incluflg raliphali| Céfcmlﬁiwla Mdniormatip pidacaTheRs.s Kirt gample C3-Cao-alkancs,
i e s R BB SR BB iR e atencs an

polysias,C Ry clobbaimef llzamoeratrtee;actth@ru Sypeichbonedrdrs crack Cy cuts,
preferably in the range 25 from 10 to 180C,
benzgepfielugty pnd rylene pelageolFendim 130 ckamnleolertisng apgrsecondary alcohols,
e r [
omidBL 4 S0t LB Ao O B QG G RGL P, for

exarrfp'lé) mRelodifile lﬁ@bb@zfmtﬂm ketohes, €sablanple atstdnd meﬁl4y1 Hﬁibutyl ketone
and nost preferably from1l to 20 bar. It is often

and dieflrshkeigess Garbpwylicarsisys Jox exdmeple sfhyhasetatet gthss.rienexarpie dipropyl
ether @Le h&? 8‘@1 1e %?rﬂgtﬁ Iogthé’}aﬁl%ﬁlg{/oﬁgl é:)tﬁe%f e &Sff ferﬂ l?llt?]he\fﬁé} étﬂ?zl tert-butyl

onent ess

etherp afrhétﬁbbb@btané Odlbﬁédﬁd fetiRBl@6fiR4h, fahﬂ;ﬂlel; Ay aad prdfetlid€ of ethylene
am nes, al koxi des, E?GhOXIdeS alkali metal salts O Z
glycogs gletpdencorgledokaltiigieylens tohyoebt ttrastviens gupalamodyasidens glycol,

prop R i IS i DO h B =] B 53 by B1sBRgpytone dyeol, and other
polarORSPeriflafoR , exafiptte Sul falkkeal dimemtyRlsu@stiag detdlikad icA®ofae! Bropylene
netal salts of aliphatic 5 or/and aromatic carboxyllc
carbogetedand wiatsn Hsis adwst pessdle pfr @Eﬁ dnvag dighidse fr oxeaplopmidazolium or
correspondin na enc r honat es
pyrd RGeS Pt RS ot S B AR bR amppes of differen
solvelsement s, phosphat es, hydrogenphosphates or/ and
hydr oxi des, preferably of lithium sodium potassium
cal ci um nagnesiun] cesi um anmoni um and phosphonium
conmpounds, ce I.S %lven. as an .addit.ive t

The HPFGRITEES wichefi P En SFApiaf R PREAG Tt Rofeighly in the range
from %%H‘fl@b@c,ﬁﬂ@'feiaglmttﬁé range from 30 to 120°C and more preferably in the range

from 40 to 100°C. The reaction pressure is preferably from 1 to 300 bar, preferably from 1 to

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



10

I5

20

25

30

10 salts of the nucleophile according to the genera
ozf@npulae 111, IV or V. Preference is given to using
“fromO0.01 nmol %to 10 nol % of the basic conponents
(based on the starting olef%¥), preferably fromO0.1
mol %to 5 nmol % and nost preféetably from0.2 nol% to 1
nmol % 15 The tel onerization may be operated
continuously or batchwise and is not restricted to the
or aludee cafthpaatsliseld.ar reactor types. Exanples of reactors
in which the reaction can be carried out are stirred
tank reactor, stirred tank batteries, flow tubes and
. ] I o . . )
SuitfE BB AR R Al (ELLPRAe Olpins ShH S0 IISAENEES plifh may be
alicydbew s bniccapanf dhow, aRfddspbliali netadrodend tikabind edrth mefal gits of aliphatic
space-tine yield, the telonerization nmay preferabl .
ot/ Hﬁﬁi‘foﬁ’é‘% &Fﬁ%éifjh% Atids, gych gs taﬁ‘?éatF%IHm@i%W%ﬁs RIS th)r??é’“esp‘mdmg
t j i.%1-d © [
carb Al 0B aBnaty i M gPERCIBRBRE R RS Lt clemens,
phosph&ée hgdrogenpthogphaen ot/and agdrokides, poefedablyodiiiensi, esditua, potassium,
not 25 pore than 95% nore preferably to 88% The ..
calcigpg BEPEReANEoF Ny AFIPHEN; FFPROSBRPIAYY CARIPQURY- Freference is given
al- . 3 r .
os sl Bl EY A hOLigBe BE AL dnctl B Biqline cartb mtal gloments and to metal
salts of thpawettophild dveofdigialthe fdneddl fdrmud MTWOE ®h X i s an
ORla or NRlaRIb radical, where Rla and Rib are each
i ndependently selected O Z. 6534 24 from hydrogen, a
| : : I, Ge - @l
Py e e Anr At Ey o il oRA by Al grlfs (ased on
the sgurthagpolefing pré@@ablykiydm 00 m619) @6 enugd%0and most preferably from 0.2 mol%
a-C0-aryl-(C5-C o) group, where these groups may
to 1 glyeai n” substituents sel ected fromthe group of -CN
-CO0H, -COO alkyl-(d-C8), -CO alkyl-(C1-C8),
-aryl-(C5-C o), -COOaryl-(C6-Co), 5
The teldhaizytio &hy Gk @perated @hkiyhousSl or@G@)chwise and is not restricted to the use
-OCOalkyl-(d-Cg), -Nalkyl2-(G-C8), -CHO -SO3H, .
of parfygupar repetor {gpes. Eppmplesol ,reac%(m in gfﬁ@h\,{}q% Feachpie cqm be ggyged out are
. i . i 0l N r i C | en . .
s Qo G SR B LSS HORSHAET o Pon LAY Cgpoinaions o
diffefeht tedcpessichll® pasipRy forCidlagipld 9 spre@pank reqipovitdgowddlream flow

of the fornmulae Ma or Il b,
tube.

In order to obtain a high space-time yield, the telomerization may preferably not be carried out
up to the full conversion of the starting olefin. This is the case especially when the starting
olefin 1s 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 IT
N N T X
B

in which X is an OR"™ or NR**R'® radical, where R'® and R'? are each independently selected
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___Rlala ~ Ma lb Illb by reacting 1, 3-butadi ene

OZ\\%SPh a nucl eophile (M) of the fornulae Vila, VIIb or

o é Ra-OHVila (Ra)(Rb)NHVIIb R a-0O00H VlIlc

15 where Ra and R b are each as defined above.
Particular preference is giv%% to using the process
according to the invention to prepare conpounds of
the formula Il in which Xis OR'" or NR aR b where 20

fromPhyard %nHi }im,hzghnchled his/d:yclig ee) It(iD ﬁyﬂ-alkylsjpmpﬁ ay Iallkenﬁl groul?, an alkynyl
tert-butyl, n-butyl, sec-buty pentyl, hexy ept

groupc s, toOétse#fyl STyBtUR eh-alkylsEndrey IETOUP. &% ﬁy@@é@lr(,c\é-cm) group,

WhCl%: Q‘l_%géll l_g{oeL{f)P ?Ig%fpl{ yP%gnglﬁl?sﬁ{ueﬁfsnFetléuécp BRRY e gpcﬁﬁhBPbe, -COOH,

-COQ,Bdi(Ch €}, - but yCoetlkyil(pheny! , hyalybgenrCap,bonyl-COO-aryl-(Cs-Cig),
nmet hyl car bonyl , et hyl carbonyl , | car bonyl _or :

b |
COBRANPCanbdaivkidrb), QR ANLCH oM KYE-EEp); -CHO, SO,

- | i | - = , - :
NH g P {%@%’. q% |X_ ; ??’ r_ﬁ@yﬁ , ?/Ifdf ‘91[1%.% ?}%1? gg@ Ie{ny ?ﬂcgic::sﬁlg%i I%ﬁg)%f{ed together via

covalcaobemyl , 2- et hyl hexyl, n-nonyl, phenyl, m, o- or
p- net hyl phenyl, naphtyl, 2,4-di-tert-butyl phenyl,
2,6-di-tert-butyl met hyl phenyl, hydrogencarbonyl,
Usmgﬁléynéxiog%rs ggggf{img\%}ge B*Xe 1ﬁ9§ntkﬁgﬂ 1|t 1s ;RJS&B?@ eﬂra gyﬁﬁ&m’a!r tc?Brlegzérre]: compounds

car bony ry parti cul ar® pre nce 1s
of the GordBilAJ Tk e T, 0cess according to the invention to
prepare a conpound of, the fornmula 30 lila where Ra =
_hydresen, vt thyl, phenyl | T
conpounds of the OZ 6534 25 fornulae Illa and Tub\ﬁpyb
be present either in thgkbis or in the trans form The
by re3l P AloulIRML Witk 4 SIATBRIZ AV IO (hE AR WL RTTRY VTIc
or exanple, conprise inly the telonerization
product, by-products, "inert hydrocarbons”, residua

. ampunts_of starting,olgfi esi dual of

‘R14ﬁﬁ%ledﬁ%ﬁle and c§836§sp&§§st3ﬂi%catalygﬁqggggf, Vi

I i gands and optionally bases, etc.) or subsequent

products thereof and any added sol vents, or consi st
where Rt @of R " Eheeachfaf Hemid dbboen t he tel oneri zati on

reaction step may be separated quite generally by

known industrial processes, in particular by thernal

. i 0g: : r LShidl at han: -
Pari§ R PP LOBCEE 1T el 08 (RERF i @ 1B 0kntion to propare
comping$ 6Lt EshmiuM 1 if hdidhoX EORHr INRIER Powhere

R' is H, methyl, ethyl, n-propyl, isopropyl, tert-butyl, n-butyl, sec-butyl, pentyl, hexyl, heptyl,

b

octyl, octenyl, octadienyl, isononyl, 2-ethylhexyl, n-nonyl, phenyl, m-, o- or p-methylphenyl,
naphthyl,  24-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-cthythexyl, 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

Ma where R' = hydrogen, methyl, ethyl, phenyl or methylcarbonyl. The compounds of the
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10 - a &4 fraction which conprises n-butane,
t)Zk%%QUtanef 1-butene, 2-butenes, isobutene,
“=1,3-but adi ene, 1, 2-butadiene and, if appropriate, al
or some of the nucleophile, - a fraction conprising
the target product (2,7-octé@ enyl derivative), - a
fraction conprising the by-product and/or - a fraction
conprising the catalyst and 15 - if appropriate, a
formiila@ @Ik aid TTMRGY Bé P@sédd @ithetch @zl drein alnskirars form.i f
appropriate, a solvent fraction. The fraction
conprising the nucl eophile, the fraction conprising
- [ | S c (G
he t8fieB0 KA o e R Al SEOTRE, Sof xR AR mainly the
telorseartian ptodutbe-ptdivcts 20nereBgdroctb&isBresidnal @ngentsviftstarting olefin,
_the exception of the fraction conprising the catalyst, .
residgal raunTe 0 Muglep RS, A XAV REEeT S CgRER el KEAps eng optionally
r r
basel, Med BF SAAR0R TRublTnEERE G ThaR SRRV o bRt thereof. The

effluedt! fotavie freRaieriofsonareacticibbtap ied. bd Bepahited qaiie gendrally by known
- fraction conprises the substantial portion of the o
industdplgerocqspesd gt partiplar s theraalsepyabng preesseh feorgppdedistillation or
extratcﬁgn.%%?g}(afamg%ﬂa az! diQt?ﬂe&fv?. e oa{ratiog%aﬁ at %%f%fcctgd Hr& flre fﬁﬂgwing fractions:
catalyst- ftai ni ng FECtTon 1's TR turn recycled -

- faull yir@tiopawhicy doni@istd@-heaes iisgbusine .1 -blidenel Qcyiaberd, isobutene,
catal yst fraction may, in addition to the catal yst

Jykbelptlicas. do’-betapiene anda sapprprigienell pr waenef the spdaenhile,

f t I AT ' -_and base,
- Dl S s USSR Rl aR A e
- priesadh chepritibe thk B-protadizeder for exanple tert-

butyl pyrocatechol. O Z. 6534 26 The target product is

- gdEstigs cempnsing theealpdst ard a precursor for ot her

subst ances. Jaor._exanpl e - C e prepared
- THORERERS « ia RS S e wt A REREAALTE Dot by
- hyshpegened, arglvehieackivp. doubl e bonds and subsequently
el imnating nethanol. By neans of the process

according to the invention, it is thus possible to

t
repare mxtures c ri.Si d- " :
e SARE ot Sink 62 pEQREPR, B8 ocoGe comerising ths slvaps spd d fracion
compriind @R afilvkt aakeneh b¥hescldennyer @aphi kezettedr isBpdrftely into the
tel omeri zation is nmethanol or ethanol, the use of C4
reactiopditerc ax [stas, sithahersxesptionef sheafredtiog commeiaing the catalyst, be fed to a

workd P BR P HoR TPORGOF A5 RO RLBILBBATIELO P t he
reacti on product. Instead, the effluent of 10 the

hydrogenati on of the target product (e.g. _
Howgvarpthl separetiedinag, afscebe parciath ok ins suvh alimag ghatyonly two fractions are

obtained. In this case, one fraction comprises the substantial 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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an etherification in which the al cohol used as a

t)ZQﬁéheoDh'le is reacted with the isobutene present in

=t C4 streamto give nethyl tert-butyl ether or ethyl

tert-butyl ether. This reaction too is effected by
processes known in industry,m%sually under catal ysis
of ion exchangers. For full conversion of the
i sobut ene, al cohol has to be added additionally in

The spge peakesis ukbd Theuchnv eatveoss & prechysousior atied sﬁh’staixetsaiﬂor example,

with reference to the figqure Fig. 1, wthout an
1-octene éﬁ‘i‘ beRropardt remahs AveARTBRclE2dine |tf'€g%topr96uqt (% hydrogenating
c
e GPQETEegRO O B ol hnATETRELS ot e rocss
accoﬁﬁ@gi)rtdl mige tiavéien] nvent ian. pdkskblover grépare mixtures comprising 1-
tel oneri zation process shown here has three steps: one
methogyesiadiiZzaenco Aheederiwes @ndhen sy o poryisd 945 sy al
step (A) and one catal yst recycling step (KR). In the
reaction step (Telo), a reactant streamis conducted
Wheh ofietfigleophild ubdie it al&alt@zsmeﬂimysﬁl 1@ mtthemoh §rkBhamsid the use of Cs

optionally a hydrogen source . The reaction
hydregaghayy Ereais 45 ﬁ%sta@mgw@ew@a(éﬁrbm Wmctbe startyng qlefin) gives rise to

the o@ﬁ?ﬁ? e Eﬁtdrehg)tv&&t lﬂg nE@Fé}ﬂ‘l\gfeg%rﬁ ttl?eoregié%}dn ﬁrgdl}(&] ]%Qtfaﬁcb fhe effluent of

I Ona vent are Tenove

the Hyi® ge@ndhHifiige 2658 pidduenfess. ofméthexyoerd!-2 Frenad xzirubeesent directly to
The product m xture (P2) 25 freed of catal yst na

an e@éﬂﬁcat@namfwhuchéhe wsekelpusetas 3 anploerhileais APycded “gths@ﬁtlsobu’fene
presernggit}iel i ﬁ]a)rtgagl%ea%th?f mrgll é%l}éégb?/ Cefl%}rll g%ry gﬁ l%fher This reaction

too 1§ OFEQ&] by WREsskskasderh 1h0usft1|‘j/€u§1ﬁll§l|uy16ér catal@tnef Mﬁ eﬂchangers For
the process according to the invention.is carrled

- full cggyersion of thegenhuianecaleddiol hanipdeddded adsitiqnally 1 sang eages.

into one or nore steps of the overall telomerization
process either only via WQR or else WL and WQR. It is

The S@bhticVis dBitrateddh deBf wifle FeféBRcePibaBE SiguteSFigal, wigtthud iy intention
it is possible that further apparatus, for exanple

that thmpgergtm bq/aﬁrsm;ged & the gnbedimegat shagyn g;(lﬂﬁﬂle Figfl is a schematic

ﬂlustatl%%h 2@% gs,s%lg alall Pl n*epég%t%% gl{"scleesd e?c%g) 1 yg tB étﬁ% g{v ntlon The overall

telon%z@ﬁcﬁﬁgﬂfcessbéhbww&ra%s sheystepd dn'@ltéloﬁiéﬁﬁﬁfﬁ)ﬂ fbaEthcﬁ} step (Telo),
The exanpl es which follow are intended to

one reinqygk Etap dA) andi angesntdlith reeycling stdp (ihdutthe seackipe tSFEIPg(Telo) a

rect oBRE SRR FEbA I LD lbhfiTSond opsionaty
hydras'g%homdez AlviCAN. The tr@&t@ﬁsﬁ[}&&eoﬁbtﬁhgﬁy n@Sthk We@ctib@iopmduct (P1) is
hl enk tube;, "55.9 ng (0.1 D % al I adi um
cht

condacied yhtacee d‘n&memgmjepo(/sp(mgwhl e catalyst and optionally a solvent are

removed from the remaining constituents of the reaction mixture. The product mixture (P2)
freed of catalyst may be sent to a further workup. The removed catalyst 1s sent back to the
reactant stream via the catalyst recycling (KR}, In the catalyst recycling, a hydrogen source
(WQ2) 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. Tt 1s 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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(0.75 mol ) of
t)zéﬁg-bis(2,4,6-trinethylphenyl)inidazolium
o= ?esoxide-o-cresol were 10 di ssol ved under
protective gas in 51.2 g (1.59 noll of methanol. In a
3-1iter autoclave from Buchi2’ 6.72 g (0.06 nol) of
o-cresol, heated to 40C in a water vat, and 3.47 ¢
(0.06 nol) of sodium nethoxi de were dissolved in 115
addifg {restbQitdt )mf bawitaea e bepdsent bliOfregof Showéh imthis selieme in Fig. 1.
tripropylene glycol. Subsequently, with the aid of a
pressuri zed gas canister, 536 g of a C4 hydrocarbon _
m Xt e i ni t. i nt.o - . . . . L.
The PLESbEEy HED ol e 8 00 @i on in dotel withou resrictng
the s€dpesafippbigctial whieh is ehhdenagbeahadacripsorhant the claims.
reaction tenperature (80C) with stirring, the
pal | adi um cont ai ni ng sol uti on was i ntroduced in one
tion into the autoclave contents and the reaction
Exaﬁﬁémnnnitored with the aid of an online gas

ExampleO1tet Qgrhefibatioli the @BSdnic 0f hlilkfResvas 14 h. The
hydr ocar bon m xture obtai ned was an_al kyne-free C4

In 2 iP@rrak etierk tubex 58Pens 40 #gmadl) of mabydinas acepflacetonate and 0.390 g
3- but adi : %. s 9% h
Ot 8. o LR RN R e

dissoteedObibeR Yrdte@ s e Glas In BuReng, 5 PrhoBQfforbsthartdsk ©B-liter autoclave from
i sobut ene, 3.8% by mass of cis-butene gno al kynes wer

Biichie$.d8 84B106)molinof arragsphihsated GrafYsin & giaighyat, and 3.47 g (0486 mol) of

o TR e GUGEATE PSRBT UL 052 m

tripr&gyddel £1gcdli SBEseduditly, wRHUhd hldr Gt & preshir(®d g3s Whister, 536 g of a C4
tenperature program from50C at 15C mn -1 to 200C,
hydrpeanban mistureIwert anje¢tad into dxoayiodaiesdetermingtipn gf gpounts by a loss of

Ret.ention t. CA _hydrocar.bons),. .= 21 ' o :
mast R ReanBry T e O TR RO o081 (50°C) it
stirrih%(ﬂh& Hafadiufr-QeitAsthe Rehition 39 8ntidduced in one portion into the autoclave -

tR(cis-1, 6-octadiene) = 4030 mn, .
conteri end the, ®agtiancwag mositerd widpte ai¢l 9f aprdingggs shrynptograph. The

e 258 B 0 B K B RR5 frocsvon
mixthf( 6F/PB2 Rt Bf 113R0ithABSe, DUIRPS)Y mafldBisBbitane, 7.05% by

tR(1-butene) 'O Z 6534 28 6240 mn, tR(i-butene) =
mass6dfl2-briang, 1. R{%ity- nasserfeyans-bagne, hi.03 %t hmasdopiE)-butegesit.80% by

mn, tR(1, 2-Qutadiene) = 6900 min, tR(1,3-butadiene)
masDhiobyten - Dot SAE by o By e DS, e
1,7- octadien-3-yl nmethyl ether (= 3-MODE) 5 Exanple
2: Telonerization in the presence of 2273 ppm by nass

GC-atalgdikynes (conparative
GC (Ist column: DB-WAX/ALLO;, 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}{(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) =
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experinments) In a 100 m Schl enk tube, 56.2 ng (0.18
Oilgﬁg%) of palladi um acetyl acetonate and 0.395 g (0.76
E ) of 1,3-bis(2,4,6-trinethylphenyl)im dazolium
0- cresoxi de-o-cresol were 10 dissol ved under
protective gas in 51.2 g (1.%9 nol) of methanol. In a
3-liter autoclave fromBuchi, 6.80 g (0.062 nol) of
o-cresol, heated to 40C in a water vat, and 3.80 g
624 &uQER(mLu)te@o 69 HiA, NR{diObu@ee)we 661 6inss oiR(eM'ODE) = 6650 min,
115.1 3.59 nol) of nethanol and in 101.1 g (0.52
tR(lﬁd:ru)tacmn Fi 6908 pyineié 1.gthytasiiene 5o 43 &g éht | v, VVI th the

of ., a ed gaspgani ster, 573 g of a C4
2,7- %}Fgl%egcayblglﬁﬁﬁf%y@ wer e ]lgnj ected into the autocl ave
1,7- bdatief-niaidian eter pBMMOBEYY a 15 | oss of mass in the
4 supply bottle). The autocl ave was heated to

reaction tenperature (80C) wth stirring, the

ol A ST B MR PAE A S e R

expe%ieﬁts§ he aid of an onl | ne gas chromatograph. The
reaction time was 14 h. 20 GC (1st col umm:

In a@@ommg@stubznéw@nm&lfﬂ pEooldof pRlisiem agchilagetppate and 0395 g
(0. 7({1?1%?{ at ?nr Ny 3—3&%‘? IG@XIe%grmﬁeﬁ%%@éz%[ﬁm Zgg%éﬂégghtr%rg&l were

d1sste‘aglﬁIﬁiE} pfcftéﬁﬁv@%s a 513G %"El 51 ﬂnoI)Q)faﬁ&Eandl Uk 4 BARer dutoclave from
inj.: 220C, const. lowrate), tR(C4

Buc}hy@ﬁ@géﬁa Bé&g)olkofzor@@scrh heatedroréfGan elWater 4,594 3i.89 g (0.07 mol) of
soditim %é%tg ﬁﬁ%ade{rggt%%lvid P30 g‘(% g,ng&tof) A%Sﬁ%thgnoqca[na( eﬂﬁ)l g (052

1‘1101)?05~ he pt%p?le@@%@ﬁél‘ Siieeqrerdiz MitAitke aid of a pressurized gas ca:mster 573 g of
R(trans-1 7-octatriene) = 4292 mn,

a C4tIR(imcnaguonymx@neweaﬁ@)1njected1Ms the Autoelrys (dstrrapeation ofzapounts by a

loss %@srsépl? ebég‘tj ¢ an;e)) b_ot%ésﬁ lﬁodl?\ﬁ("% hl\ét%gﬁ ?reacéétg[?%rjﬁ%rature (80°C)

with tSB{‘ﬁﬁgE Yhe ?@ﬂadﬁrﬁ%@)ﬁtafﬂlﬁg s 16 Svas k@R Yd -mt5 GAS atfioblave contents
mn, tR(1, 2-butadiene) = 6900 m n,

and thR(rQac:Blon buasadpeiterpd withshe aid 0f 28@niing gat chrgmsfogranfi. The reaction
th ether (= 1-MODE) 1, 7-octadien-3-yl nethyl
umeé‘iaﬁég (= 3-MODE) O.Z. 6534 29 In the inventive
exanpl e, a C4 hydrocarbon m xture havi ng 45. 39% by
mass of 1, 3-butadiene, 1.46% by nass of isobutane,
GC d.s6totunyn: nlaBsWdﬂ(/Alz@jt ané, cobir@vh By Wand §-61MS; Stal“llllg temperature:

%20%18%1% ?’gr%,galiagﬁg %%%6 gt%fts o&]&ies b %_n%rll,g equ1ﬁbra§10n time: 3 min;
temp\éfaﬂgle @%Mheﬂ&n%@dc Q4 WH@I@%O%@SC Gfin inkut Y A8nWRS: 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, t{R(3-MODE) = 5523 min,
tR(frans-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, {R(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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Exanpl e 3: Telomerization with addition of water (in
Ozz%éggrdance wth the invention): In a 100 m Schl enk

' 55 ng (0.181 mmol ) of pall adi um acetyl acet onat e
and 0.384 g (0.96 nnnol) of
1, 3-bis(2, 4, 6- tr|nethylpheny¥5|n1dazollum
0- cresoxi de-o-cresol were 10 dissol ved under
protective gas in 50.2 g (1.57 nol) of methanol. In a
3-liter autoclave fromBUchi, 6.98 g (0.064 nol) of

o-cresol, heated to 40C.in a mater vat, and 3.95 $%
In the grverdva et 2 Gduidinerhonieixibe hidns 483 <o @ass ¢ 1,3-butadiene,

1 ) 0 o7 i
Ly e 6P B4 81 BB A 398,01y o v e
15.22% db9f massplog SEUieA€d 28 8S%C dRi fiaey ,0fS@i6-bytent, 0al864% by mass of

hydr ocarbon m xture were injected into the autocl ave
mel@@%fléﬂwrﬂaq PHI “oby armsupt SOBYNeWasUsedss of mass in the

CA4 supply bottle). Wthout heating the reaction

m xture, in each case 0.1 MPa of hydrogen was

Exalhﬂlee.‘ﬁ t’IQ:%Iﬁélﬁﬁtloia Wﬂtlﬂ adaltfdmzbf Wdter @2 abBeodantewitl 5hd§11n1@ntlon)
' mn and 49 h 10 mn,

In a [?@5 D@]oﬁ@féﬁﬂ"r mthOES HE (%8 bmvagﬂlx)egf mﬁﬂ%dd@ng%@%%w@a’fe and 0.384 g

OGAE, 8 N B gt by M v

dlssoﬂw&ﬂ%d(&fx: bfb{@it’cllvé rg:a@gl 50. B% (Fleﬂhhbl) rﬂ)ftrneftﬁarﬁ)ﬂ ]&0503-\1\&& Audclave from
. ST cCOol um:

Buchpé %x(@qﬂgﬁml) cﬁw&rﬁs%g}leﬁ@ﬁr;%f’r%@w& Watsota’f - H 0070 mol) of

sodu{m l};ri)&ﬁ éfé %verezggg%jlvgc} t1'1§]§ Igog% m& r i %tg%%a a{n?é%t 160y g (0.52

erature p rram

mol)Bf (ﬂnprbpylgﬁ)@g}yccﬂUSuﬁslegﬁé ntlyIwith e audjof a p2ROiizedQas tanister, 526 g of
flow rate), tR(C4 hydrocarbons) = 2762 mn,

a Cqthxdraserban ohixiuze 395 Hm?(ﬁed i the7 ageelars (desgrminagign pggnounts by a

loss E%n(r&ass [iﬁ;lée @ tsggglgﬁogc?ﬁ%' %%ut .h%gtg%R{(ﬂe.nreactlon mixture, in each case

0.1 MP o hyBé @ &N@jected 429 1 Mif, 3 h 2 min, 22 h 35 min, 25 h 10 min, 27 h 11
tR(trans-1, 3, 7-octatriene) 4292 nin
min, 28(lv 50 yhisyaod fHelk dAayins andmwscqutrammuof Bhe abeyesdnghe gaseous Cq

samp?]eR(x{apélﬂq a4 b tanje‘aeaﬁ%f?é}zﬁ}nmA?t’e{ %?%Bﬁu I ) he a%?éci%\m \Rfas heated to

reactioB(tme ﬁF@QSO"Cﬁ@rﬂtﬂ stiirihg. TIR( ﬁh&ronhﬂh@ﬁ]@()"e W 1805 Al N,
6650 nin, tR(l 2- but adi ene) = 6900 mi n,

30 tR(1, 3 but adi ene) = 7526 mn. 2,7- octadlen [ -yl

GC thg@%%&&ﬁﬁz@wgp Z 65315B3\9’r%% SW tslt%tmg temperature:

50°cl %@ﬁtﬂu&&? t%ff@eiﬁhﬁe @o@‘b hyt@ftﬁl@ahﬁfén Vit UeGuiGBAEbA SiiRg: 3 min;
8% by mass of -butadlene 3.58% by mass of

tempmﬂb@pmgmm Sr@8 Fty ahh%’ﬁ o rio BAO MR avn Ang0d4 pynnaks2281°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(I-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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5 trans but ene, 14.78% by mass of 1-butene, 24.9% by

Ozg%ég i sobutene, 2.56% by mass of cis-butene and
5% by mass of propyne, 0.6299% by nass of

vi nyl acetyl ene and 0. 1058% ﬁi mass of 1-butyne (7407

ppm by mass of al kynes) was ed. Exanple 4:

Tel oneri zation with addition of water (in accordance

with the invention): 10 In a 100 m Schl enk tube, 57.6
1,7-oapdi¢h-13Dmetil ythef (M @IEYM acet yl acet onate and 0. 399

g (0.76 mol) of

1,3-bis(2,4,6-trimethyl phenyl)i m'dazol i um

d e S - 2 PI Of~efdo) Vi

in 5 AR efiofd Loty A5 lTSLER MOABEOHE PRy s of
1,3-laidielea e 8hs Bmmzﬁsl(blﬁllsobﬁtaﬁé) 3649. t@,ﬁrﬂiaimd)f) n-bfitage,c4. 8($%| by mass of

heated to 40C in a water vat, and 3. 80 (0. 070 nol
transgyutenso dHTVBY Weses @6 Lasttencd 2499 hemasy o 139'31#6@6 (B56)9 by mass of

2 f 0

cis- bt'iir%ln% ra%% )9@%26‘%? %ﬂgjfﬂég@;‘ngq% g%é /a%§> Vﬂ'}%%%)o{ %yPacgtylePe 4nd 0.1058%

by mpsesSubiizes( 7303 ppartiyshess of 4&9ng) aias asdd4 hydrocarbon
m xture were injected into the autoclave
(determ nation of amounts by a loss of nmass in the ¢4

Exal?l fépf-i )'I‘ek?&kglln?%g)&-r\gﬁh %ﬁﬁﬁfop%ﬁ%s E‘H g%%(ﬁ'ﬁaﬁge ‘;vﬁ’ﬁl(ime Pnnvention)'

nperat ure
In 2 08D hddSdhienkombai 57, @mgs@)l 1L&9|1ﬁﬂﬁol/)/&ﬁ“ palibdioei g@tyihdttchatd@nd 0.399 g
aut ocl ave contents. 1.4 MPa of hydrogen were

0.76 mpedk e@f ﬂh%bﬁé%éértam%@h%mm@@@ahuw hotcresoidg-aogresol  were

dlssoiv dI 1?1% gﬁld(tgc%tvg %F (frb rS? %ﬂ%@ﬁg& fgﬁ té ‘fgllglog] 3 t1 tgeau\@aﬁave from

BiicHDRs. Y% (6156 5MB)) cﬁtoacfrbsdll Qheh%ﬂ‘m@ﬂa‘tﬂlfr& wat%ﬂ@t T3, QOJQKO 070 mol) of
tenperature 200C, starting tinme: ui I bration

sodiym gsthoxidh yere dissnlye an M%l ;gr(égiﬁan@l) pf @wﬂ@e and ip5l@2g (.53 mol)

of tnP%ogé(lPenggggb Fg?ﬂ&fthhg% ryc’)car rﬂg%’% d 5}1 azp}rg%s%gged gaosncsa%lster 495 gofa Cq4

hydréd2(bRt Aabet Jwere Fif&adtedrinto tHe%ﬂocYa'v@C(HﬁeﬂIﬁﬁ@don_of AB&Mts by a loss of
mn, tR(trans-1, 6-octadi ene) = 3958 mn,
masstlpg(t]@q: €4 |sum111;5 @pﬁ]@]} i) antochryg ovasi Irpated pp (15¢a§t10n temperature (80°C) with

stlmrf%a(a{lcg tﬁés: ene%{ltg{rpﬁl% ﬁ%ljrﬂloﬂ %zmﬁ?%uced into the autoclave contents.

Next} R@MBH'O@I@H@@@K en®y imectdd 4BhdTidactidRivas PbdrRidedd withRe aid of an
mn, tR(n-butane) = 4822 mn, tR(3-MDE) —5523 mn,

onling R ¢mﬁ@a@@ra@he7 exedtin® timawas Rt i- but ene) = 6240 min,
tR(i - butene) 6412 min, tR(cis 30 butene) = 6616 mn,
t R(1- MODE) = 6650 mn, tR(l 2- but adi ene) = 6900 m n,

GC glﬁ( é@lMUt@@JWWAEOZ5§§d 'Ebﬂlmrp BB- \ﬁ'@ﬁfﬂﬂ?éMS starting temperature:

, 7-octadi en-1-yl” methyl et her (=1
50°C1 rﬂa)gnmamtempa'agulre mefiRd, ghteg (ime3-MDDE) equilibtaon time: 3 min;

tempggyﬁg%o@w g&q ?tsl_%%ch%glﬁotg 308“%] I’ITIII é}n%r ?1 81?11%12} .:SQZ%QC, 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. |



but adi ene, 2.56% by nass of isobutane, 4.82% by nass
Oz%f53@-but ane, 3.96% by mass of trans- 5 butene, 15.50%
““by mass of 1-butene, 24.68% by mass of i sobutene,
2.76% by mass of cis butene and 0.0415% by mass of
propyne, 0.4609% by nass of e nyl acetyl ene and 0.2328%
by mass of 1 -butyne (7350 ppm by mass of al kynes).
bgcl~ NNNN *0qo0700 h OQ QG C OdCN
2,7-atefien- NyOnethylkther (=Q-MODEM 0, 0 LT ga» OO O ONM
M-- MWO~0 *t No,~ NOOc MUo WO0~1 O X
L.7-ocpdisns o Wethyd @ihes @AMOPE0 0 0 a * y o

In the inventive example, a C: hydrocarbon mixture comprising 44.69% by mass of 1,3-

butadiene, 2.56% by mass of isobutane, 4.82% by mass of n-butane, 3.96% by mass of trans-

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 vinylacetylene and 0.2328% by

mass of I-butyne (7350 ppm by mass of alkynes).
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- As can be seen readily by the conparison of exanples 1
OIZ%3§42’ the presence of alkynes in the C4 hydrocarbon
'mXxture used leads to inhibition of the catal yst, so

that telonerization does not__take place under

ot herwi se identical conditiohs. In exanple 3, the
starting material is a C4 hydrocarbon m xture which
has an even greater proportion of acetyl enes. Hydrogen

~ As cius badebadeidityegulha cbmphidscnhef exaaples d randi2y thermescAt¢ ef alkynes in the

approx. 37 hours, a_slow start to the reaction can be
Ca higeurpameys 1aed 15545 aRpBRIR S e st 8 (63 g'@ﬁi?@ﬁ%“‘m does not

take tap%qﬁl%EPE)gle. &d ?c?eﬁﬁcalh:%@i@ihh? Iﬁfextcrglgle ﬁ’,_rt‘ﬁées@ﬁﬁn@ﬁnaterial is a C4

nes in the starting ydrocarbon ni xture,
hydrd@lrlomemizate whick dns be cohisgemedpropdhieni af\eeetlylenes. Hydrogen is added
addition of  a hydrogs&tsource to the reaction mxture

regulfgy ta Hheerareliore Bt iiFardie RBPTOR nhi BPTEd? Blatatirs fo thegreaction can be

obseﬁ?éar%leﬁ‘ A 18 %ng&gﬁpét}{ﬁéref‘ siii@uehf . fin%gie(,)gﬁe@pite of the
Inthe telonerization reaction tan neutralize the

presdnd@iofialkivies mcthe amriiig Chaydidokatheis mikinre telomkerzationtdze be observed.
drogen is netered in shortly before the start of

presst |
The yhEnT AR olricPYIRECTHSRUIGH 0 116 TFGHER IHXBIS Wre able do Fegctivate the

inhﬂﬁggimkﬁgfpite of the higher anpbunt of al kyne conpared
t 0 exa e 2,

a high degree of product formation 15
can be observed in the presence of hydrogen, even
thog?h it was not possible to fully nes%ore t he . i

Examplg 4 plsp demroastitcseloghpresence of Ridmgepdadns dowpdeatipadeaction can
j | Q. i but i; -
neudfe D40 95004 SRy PR, 12 BEpH, 03By poird i

shortht befbrethe tfag of glcichetion andakampttareis immeahitaty hgaed ®O80°C. In spite
to.exanmples 1 and 4 can be attributed to the al kynes ,
of thhigher geruns Ybglvnenconared (Psexampls datilghadniers Hfggaduct formation
e : [ e :
oo SRR 0ty Dl QBB 5000 U 9L R 4 Aty e
the r€gtiah y&t odechraply 1d@aside watish clakaley st hiriugagtibe enbutadiene to the
reactivated. It is suspected that the reason for the
butengseat er 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
It is @spédiahthar GE @atticakeloIsgtDEorgRI@OR thd dlart be tHeaagdtio@lin example 3 in
m xture that the hydrogenati on of butadiene to

compsiserh Bsexgrmpiaseldand b cambe skl thx alkimesyehigh deaehixete flae catalyst

react.ion to th r.ogenat i on.. of I esSo 1 A o
sea  REing et Gl PP 8P EBhARRG! nR Be UG wpgpat eacton in
the pras@dandt eho3 té1omeALRAr 3RhE st @6 JRC deddtivRled eaily@Nhaving been

time mght be that the regenerati on does not proceed

reactivetey. Haipisubnectedutbat the thgsandge thet grspeniigld ef Eziat ¢xgmple 3 in
ceed in

da pr par.al l.el .. so 30.that.,a.smaller anmount of
compigeth, & SRy 4E Fot AFaiindB AT uon 3t 450 RRE L gEoBfing o oxemple 4 has
resul @A h B En@f ot feh alref @%EesBEHyEIdEN P thRabtiBEMiNtOR that the

according to exanple 4 lies in the possibility of
hydrefiesmenmsdfiigtadiene 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




O Z 6534 34 wth a tine-consum ng step of
t)zqﬁghydrogenation or preregeneration as carried out in
Z&Afple 3. 0.z 6534 35 \What is claimed is: 1. A
process for telonerizing nong%clic ol efins having at
| east two conjugat ed double nds (VI) with at | east
one nucl eophile (VII) using a catal yst containing a
netal of group 8, 9 5 or 10 of the Periodic Table of
witht betilnkeoRfinsing chiey adft prehz@dgénatibhadr pleeegenaatss dRasartied out in
process step for catalyst recycling, in which at | east
examplpdrtjon of the catalyst present in the reaction
m xture is recycled into the telonerization, and, in
the catalyst recycling step, hydrogen is added via a
hydrogen source to the process mxture 10 present in
the catal yst recycling. 2. The process as clained in
claim1, characterized in that the hydrogen source
used i s a hydrogen-containing gas, formc acid,
formates, al cohols or 15 hydrazine. 3. The process as
claimed in claiml or 2, characterized in that the
feedstock used is a m xture of hydrocarbons which
conprises the noncyclic olefins 20 having at |east
two conjugated double bonds in a mxture with other
hydr ocarbons. 4. The process as clained in claim 3,
characterized in that the m xture contains up to 5% by
mass of al kynes. 25 5. The process as clained in
claim3 or 4, characterized in that the mxture
conprises al kynes sel ected from vi nyl acetyl ene and
1- but yne.
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30 6. The process as clained in claim4 or 5,

: cterized in that O Z 6534 36 a portion of the
0ZpRy

es present is hydrogenated sel ectively before use
in the telonerization. 7. The process as clained in
at least one of clains 1 to 65 5 characterized in
that the hydrogen source feeds sufficient hydrogen
into the catalyst recycling step that the nolar ratio

wWhat isisihags to catalyst netal is at least 1 to 1. 8.

The procesS as clainmed in at |least one of clains 1 to
10 characterized in that the feedstock used is a

L %ﬁo&%ﬁsﬁé’g b P beling v iaaiiiin o Sonvasied double bonds

qQVe) @ith Gl &iaSBonk KR1Bphd W@}?ﬁﬂ%& eslalyl éolﬁ%mﬁg al8al | of group 8, 9

noncyclic olefins used are ut adi'ene or oprene
mlo'ﬂféhqci?@t@éssﬂéée of the Bundnts, at | east one of claims 1

ch terlzed in that the telonerization
0§F5F§§?(ﬁégﬁ i s a pal | adi um carbene conpl ex which

F}ﬁ)‘CEﬁs ?ﬁéczﬁbﬁﬁ@@ st&P fdrl Qgineht %cy}:{i‘@g,aﬁgﬁg%g g&%ﬂ gchréion of the

VI I 11 RNI2"RWV
tqa@lﬁgp@smt igi the eeatipbn anidtuae és eaxgtied )intbi thea¢lpmerization, and, in the
bstituted, cyclic or

br substituted or,
A STttt kst in Ao ROMIPEe Syl § Sisnprocess mixture
FrORFy inhe catalyst recycling.

. 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.

. 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.

. The process as claimed in claim 3,

characterized in that

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

. The process as claimed in claim 3 or 4,

characterized in that

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

. The process as claimed in claim 4 or 5,

characterized in that
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25 b) substituted or unsubstituted, nono- or

t)zH§§XCVC|iC aryl groups having from6 to 24 carbon

“a 3ns or O Z 6534 37 <c¢) nono- or polycyclic,

substituted or unsubstituted_heterocycle having from
4 to 24 carbon atons and at P®ast one heteroatom from
the group of N, 0 and S, and R, R are the sane or
different and are each 5 hydrogen, al kyl, aryl,
‘hepertioar yl , the Cilkynd30 tdsentCROBMlogkenated Gactiagly| before use in the

-OCO al kyl -, -0OCO-aryl -, -0COO al kyl -, -0COO aryl -,
tetgyeerizaliony. gl kyl -, -CO-aryl-, -0-alkyl-, -0-aryi-,
-NH2, -NH(al kyl)-, -N(alkyl)2-, -NH(aryl)-,

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

7. Thepraeesnglclaim&OBHt ledSCod20 cdime e tolbe al kyl gr ou pPs
contain 1-24 carbon 10 atons and the aryl and
Infdups from5 to 24 carbon atons, and the

it
gei‘r’}{] acgen 58\5}55 ?eleﬁs 5[?%01 leﬁ'dpoegfg %{tﬁ_ t}%f ca@algsﬁ 'ré!:%lﬂ% step that the

c or aromati Cc ring he proctess-as

aloddrirmib offhyatoderas tatalfe mdtaldk al wBst1 t@. 9, 15
characterized in that the telonerization catal yst used
is a palladium carbene conpl ex which contains a

o S By AR R i O ARl 0 4 R 4 s
BthraderR4dlizthaR RR R I X X XI XIl 20 where R2; R are

the sane or different and are each a) |inear,
hederdstogk usedyis minpigivae which sestastaver?Ed by ayass pg Cohydrocarbons.
alicyclic alkyl

9. The process as claimed in at least one of claims 1 to §,
characterized in that

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

10. 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 VIII:

3

R
R—N
N

. G
RN
R2

Vil

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

from 6 to 24 carbon atoms or
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11.

groups having from1 to 24 carbon atons, or b)

56';5 gtitut ed or unsubstituted, nono- or polycyclic aryl

groups having 25 from6 to 24 carbon atons or O Z

6534 38 c¢) nono- or polycyclic, substituted or
unsubstituted heterocycle havA ng from4 to 24 carbon

atons and at | east one heteroatomfromthe group of

N, O and S, and R4, R5, R6, R . are the sane or

di fferent ang) moso-eagelytixd rsﬂmlmtechbkyﬂlsubaﬂtyﬁed heterocycle having
het er oaryl , -CN, - 000H, . - COO al k

- OCO al kyl - O@Cf’d%%/ parbon @i‘?@@%‘ldlé‘}ll@aﬁ QW@F‘)@I‘H from the group

-CHO, -CO a A - 0- al kyl - -Oaryl
“NH2, NH(al kJ”iIW Orand %%rﬁikw )2-, -NH(aryl)-
RN([%\ kyl ) 2- arelihe s-aﬁie,ordﬁferentland-aﬁ-tach CF3, -

-ferrocenyl, -SO3H, -P0O3H2, where the al k r
Y Q}yg C00-alkyl-, -COO-

contain 1- 24h39g58n 0L ATBhheERprY CHr yt

heteroaryl p 0 - D o

R and R %?EJ@Q@% sgb(%é a%gft @t{ﬁé%b“ dgi ng 6%1 » “CHO,
al i phatic or -COayR] | CCOLz[]]-gl 12{) aI[cI‘jre pr @czﬁ'yls asNH,, NH(alkyl)
clainmed in one of clains aracterlz

in that the MHelkyDof W@éﬂ&i‘ rH(q%lé&ti};r, 1Fmoﬂ B i rp]fIheCFS» -NO,
reaction m thélr.rrc?ce fSr(S) @ 5 1W&18r62t§9 %L%{‘yll%t%ﬁps c-:rclﬁ?am 1-24 carbon

process as clai ne

charact eri zegloin® ahhahe 2@1 tahé hieteed eyl plrbhyss frdinl 5 wsed oafbbn atoms,
conmpounds of the general.fornmulae Vila, VIIb or Vil

R a- O H (R 23%rhe)Rand R aradioely mey alsyibepagy 9fca bsdslﬁg aliphatic or
which R a an?q aﬁ Eg each independently selected from
hydrogen, a Trnear, Branched or cyclic O to

C22- al kyl group, -alkenyl group or -al kynyl group, a

C5 to Cl8-aryl grou -CO al kyl -(d -Cg) group or
"éhmoawlas (3]@511 ip)at @Mple Oﬁ/ﬁ@FféSiFfé%e groups nay

ghont g Sy ituents selected fromthe group of -CN,

SOt ?ﬂ@% kyI (G -C8), -COalkyl- (C-C8),
th?}ftMFnkléf@at%@)&alysﬁﬂédo ag ¥ bal(4bmkjcatbene E€npley whidBbeotkains a carbene
- a -

ligand 0f¥he g(eneral fo)rmula IX, X, XTI or XII:

3 3 3
R
RA 1 R R R® /{\i
RN N \ NN
] g | ¢t | ¢t P
R N 4 R* 4
R’ by R o L R {2
R R R R
IX X Xl X

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
b) substituted or unsubstituted, mono- or polycyclic aryl groups having

from 6 to 24 carbon atoms or
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30 COaIkyI-(CI-CS), -N-al kyl 2- (CI -C8), -CHO, - SO3H,

026'3' -F, -d, -OH, -CF3 and -NO®2, and where the R a

12.

13.

R b radicals may be j.oi ned together via coval ent
bonds O Z. 6534 39 14. The process as clained in
claim 13, characterized in ttfat the nucl eophile (VII)
used is water, alcohols, phenols, polyols, carboxylic
acids, ammonia 5 and/or primary or secondary ani nes.
15. The proce@saoms @lpmiyecid, sultmierted ocmubstititet! hefedocycle having
characterized in that the telonerization is carried
out in the pﬁ%@%@ez‘bfiaréo%@i%rﬁnd at {gpsy gne hf?‘i%“’ﬁﬁ"%@@@ the group
as clairredi@n@r@ {1 cgﬂ@ilrrslto 15, <characterized in
that the telonerizatron is carried out in the presence

Rf, R, RGIR/ent aranict dahe & difeait and ack easht he nucl eophi | e

(VI I) and/ or_inert organic solvent. The process
as clai nmed iWdrasnoelkyl A heterepryle CNehQPQ:H,e 9@k, -COO-

:ggf:t ?oﬂygie os(?ﬁeco era_?gﬁi?qpagrggdét?l ollﬂ’Y prggggsaryl_ “CHO,

20 18. A m xm-e]kgrbn”pr-ﬂ’:@mgl 2, D-@nctyadl eOydryld,enNH; | v&»ﬁH(a]kyi)

whi ch is obtainable by a process as
Clais 3 o Nelgbe. TECEgE. NGt drle Cormbr g e, N0,

%5 - 0 (r) 2:3 g(rj : ﬁg-\f%rdjc%{&lv EStd 3¥1e SP@%I l)vﬂ&%ecﬂe ﬁlﬂylcérg‘blgg éo%taflﬁ) h-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 one of claims 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 VHa, VIIb or VIc

R"“-0-H R*HRIN-H R'“-COOH
Vila Vilb Vie

in which R' and R'® are each independently selected from hydrogen, a linear, branched
or cyclic C; to Cy-alkyl group, -alkehyl group or -alkynyl group, a Cs to C;g-aryl group or
a —CO-alkyl-(C,-Cg) group or a—CO-aryl-(Cs-Cjy) group, where these groups may contain
substituents selected from the group of -CN, -COOH, -COO-alkyl-(C;-Cs), -CO-alkyl-
(Ci-Cs), -aryl-(Cs-Cyp), -COO-aryl-(C¢-Cio), -CO-aryl(Ce-Cyp), -O-alkyl-(C;-Cs), -O-
CO-alkyl-(C;-Cg), -N-alkyl>-(C;-Cg), -CHO, -SOzH, -NH,, -F, -Cl, -OH, -CF; and -NO,,

and where the R'® and R"” radicals may be joined together via covalent bonds.
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14,

15.

16.

17.

18.

19.

39

The process as claimed in claim 13,
characterized in that
the nucleophile (VII) used is water, alcohols, phenols, polyols, carboxylic acids, ammonia

and/or primary or secondary amines.

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 is the

nucleophile (VII} and/or inert organic solvent.

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

charactenized in that

a hydrogen source 1s 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 1 to 17.

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

preparing 1-octene.




