WO 2006/ 024614 PCT/ EP2005/ 054135 1 Method for the production of

2, 7-oct adi enyl derivatives The invention relates to a process for preparing
1- oct a- VO 08/ f6er i vatives by reacting a 1, 3-but adi SS/EBMCH 4135
hydrocarbon m xture, in particular a C4 fraction froma cracker, with 5
nucl eophil es. The tel onerization produdts (unsaturated am nes, unsaturated
al cohol s and esters and ethers thereof) fornmed fromtwo nol of

1, 3- but adi ene and one nol of nucleophile in this reaction are starting

et er i alyiedh0h £Gf GRAMNGdTUH SR F 0 ARnK NG RRPT a1 NI Ng derivatives are
precur sors—ﬁo'r—rggm-re—m-e-pa%-cm—of—&m—%val cohols and Cg-olefins, in
particul ar 1-octanol and 1l-octene. 1-Cctanol is in turn used, for exanple,
for producing plasticizers. 1-Cctene is a valuable conononmer for the

modi fi cdtednveriopgrlites iy |aeprecess don preppring y toske?, 7 irnyt derbvasivey by ireastiog a
but adi ' : l : - adi enyl  derivat | i t al yzed
75 by it iiadlef BHRRE ML Bob AL IACHARLAR e £60 EAloo FEn b ettt

t el orger naélkbophiles.€acti ons are described, inter alia, in E J. Snutny, J. Am
Chem Soc. 1967, 89, 6793; S. Takahashi, T. Shibano, N. Hagi hara, _
Tetrahedron Lett. 1967, 2451; EP-A-0 561 779, US 3 499 042, US 3 530 187,
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218 100. As starting materials for the preparation of ‘octadienyl
der i vat stagg mateiials porserighiie syshesss Theraxygabeont@ningdadiaives are precursors for

1, 3- put gdi ene-cent ai-ni_n drogcar bo i xtures such as the fraction from
2 or Dok B BRHAR0H B Tl B ARG 83, Cutbtrd i et R, b el e Gushent o
1, 3- but add@a1iis iR il ey BdryexafpRe o \gﬁ)d%&iﬁgtmmc%fseﬁi@étené Is 4 Yahbsreef ore
usual Iy nmore econom cal to choose 1, 3-butadi ene- 30 containi ng hydrocarbon
m xt ur esomenagnerrfor thg mashiiesatiah of polyetbylens sidamdyrirepstléren. This is possible

si nce nost acconpanyi ng substances, for exanple saturated hydrocarbons such
as n-butane or WO 2006/ 024614 PCT/ EP2005/ 054135 2 isobutane or nonool efins

such asThs eliethenatisndf bibeithc RithASlcoifs to oIt obtAdiEAG dbBLAVRE iZatdIPRd
reaction. Only inhibitors, i.e. substances which rediuce the space-tine

yi el d oby neial senplexesy int partiorlar patlediageconpmuodt al yst consunption, have to be
separated off.
Examples of telomerization reactions are described, inter alia, in E.J. Smutny, J. Am. Chem.
Soc. 1967, 89, 6793; S. Takahashi, T. Shibano, N. Hagihara, Tetrahedron Lett. 1967, 2451;
EP-A-0 561 779, US 3 499 042, US 3 530 187, GB 1 178 812, NL 6 816 008, GB 1 248 593,
20 US 3 670 029, US 3 670 032, US 3 769 352, US 3 887 627, GB 1 354 507, DE 20 40 708,
US 4 142 060, US 4 146 738, US 4 196 135, GB 1 535 718, US 4 104 471, DE 21 61 750 and
EP-A-0 218 100.

As starting materials for the preparation of octadienyl derivatives, it is possible to use pure
25  1,3-butadiene or 1,3-butadiene-containing hydrocarbon mixtures such as the C, fraction from

a cracker.

Owing to the difficulty of separating it from other components, 1,3-butadiene is a relatively
expensive starting material. It is therefore usually more economical to choose 1,3-butadiene-
30 containing hydrocarbon mixtures as starting materials for the telomerization. This is possible

since most accompanying substances, for example saturated hydrocarbons such as n-butane or



5 According to DE 195 23 335, it is advisable when using the C4 fraction
from naphtha crackers as 1, 3-butadiene-containing raw material to limt

t he concd¥Rt3086108M01F acetyl eni c conpounds and of al | eneBCTERO5664115 ng
material for the telonerization. The sumof acetylenically and allenically
unsat urat ed conpounds shoul d not exceed 1% by mass based on 1, 3- but adi ene.
To renove these interfering conponents, reference is made to known

nmet hods, wi thout particular to methods being described or cited. Wth
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i ndi cating concentration limts. 15 WD 91-09822 states that it is

advant ageB§Ecasthe saBlyst cousupieat 8aYd & bgrspardedpEd conpounds, if these are
present, fromthe C4 m xture obtained fromcracking of naphtha, gas oil or
LPG by selective hydrogenation prior to the telonerization. The

hydr cgenatidihgto G $Ss U5 885, hek advisablOohesl usig} 82U, frdcfoh ROnEXPHMaQSackers’ AW
materi al which has a total content of acetylenes of less 20 than 60 ppm
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made of processes 25 in which the acetyl enic conpounds are hydr ogenat ed
hi ghl y swehesettheseligtedormemedrapangnigi tefegence ihpddotgdamminonetbods] withbutt rdiiene and

nonogl ef i ns. . catalysts, .use i s nade of hydrogenation catalysts such as
copper, n%?@fboﬁéﬁg@ﬁ%é%cﬁ%i?‘i%?‘geﬁ-mh base netal s, copper in conbination with
noble metals or netal catalysts conprising netals of transition group VIII

of the Periodic Table of the Elenents, for exanple palladiumcatalysts.
Appr opr Witlergieroecssiodbisgratent spesifidstdn (BB 194t28r 340, BE 10k 4013485 DEI16Ri28@9%0at ent

speci fi cat i..ons: 76 8,.US 6 417 419, US 6 5 515 US 6 015 933, US
2P oa 5 DR Hny, 348 s A iebud & e RedRenigand aHgC sRTPORES
2006/ 02480 TR0 A5 44850t BaldSin SheediBFontiSed 751 508, US 3 541 178,
UsS 3 327 013, US 3 218 268, EP 1 217 060, EP 1 151790, EP 1 070 695, EP O

273 B0O, NL 6 613 942. The selective renoval of allenes, in particular
sel ect | I8 PLTS05Y sGISIRRTUR R e SRt Sriasove ey edgn Bineyobted Empnta: ene
iFgr t Pﬁi gmésegﬁéwegeaa fiotn 812! QY, b @B bbb FES clabidhe bPRIpHea, daskiPit Bt gpe-
selective hydrogenation prior to the telomerization. The hydrogenation process used here is
not disclosed. In the examples, a raw material which has a total content of acetylenes of less

20 than 60 ppm and contains no detectable amount of allenes.

The acetylenic compounds can be separated off by extraction or hydrogenation of these
compounds. When the acetylenic compounds (methylacetylene (propyne), ethylacetylene
(butyne), vinylacetylene (butenine)) are removed by hydrogenation, use is made of processes
25 in which the acetylenic cdmpounds are hydrogenated highly selectively essentially without
hydrogenation of 1,3-butadiene and monoolefins. As catalysts, use is made of hydrogenation
catalysts such as copper, copper in combination with base metals, copper in combination with
noble metals or metal catalysts comprising metals of transition group VII of the Periodic
Table of the Elements, for example palladium catalysts. Appropriate processes are described,
30 inter alia, in the following patent specifications: US 6 576 588, US 6 417 419, US 6 225 515,
US 6015 933, US 6 194 626, US 6 040 489, US 4 493 906, US 4 440 956, US 4 101 451,



reason, 1, 3-butadiene | osses are unavoi dable in the renoval of

1, 2-but adi ene from 1, 3-butadi ene-contai ni ng hydrocarbon m xtures by

- hydr oge Y40 2896/0286 For exanpl e, WD 98/ 12160 di scl oses a pPEdEER2U06/05¢h3S

si mul t aneous renoval of acetylenic conpounds and 1, 2-butadi ene froma

1, 3- but adi ene-cont ai ni ng hydrocarbon st3ream by hydrogenati on over a

pal l adium catalyst in a reactive distillation colum. Although the content
of acetyl enic conpounds in the overhead product has been reduced by only
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froma C4 fraction froma cracker, either part of the 1,3-butadiene is
lost in the renoval of inhibitors (and)/or a | ower space-tine yield or
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tel oner i1zsamt9c[1e&f-coht§nila§h9&yoeﬂﬁoﬁ ik tAFE b }dr%g&ﬁ%ﬁ.nyl derivatives, but
aIIenlcaTIy unsat urated conpounds (for éexanple 1,2-butadiene) do not act

as inhibitors. This was not to 30 be expected, since it is stated in the
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preparing a conpound of the formula _ whi ch Is"an OR' or
r adi cal hydthgenatiRl oegrch (Rllbdimmecatsdysh irhy thacigerdistdlagab solutrut Adthodghathe content
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whi ch process the acetylenically unsatirated conpounds are renoved in a
firsts ppbibeds3-butegicnniohdlhedn bast asdd renelt DEhydeegehatibn t h a conpound cont ai ni ng
active hydrogen or with a nucl eophile (telogen) in the presence of a netal
10 conmpound in a second process step (telonerization step), wherein the

hydr ocafiP@R pREgaRRh of 2,7-octadieny! derivatives from a C, fraction from a cracker, either part
of the 1,3-butadiene is lost in the removal of inhibitors (and)/or a lower space-time yield or
selectivity is obtained in the telomerization or the catalyst consumption is higher due to the

20 inhibitors.

It is therefore an object of the invention to develop a process which starts out from a Cy
fraction from a cracker and gives a high vyield of 2,7-octadienyl derivatives based on
1,3-butadiene in the C4 fraction from a cracker and/or has a low consumption of

25  telomerization catalyst.

It has now surprisingly been found that acetylenically unsaturated compounds act as inhibitors
in the telomerization of 1,3-butadienc to form 2,7-octadienyl derivatives, but allenically
unsaturated compounds (for example 1,2-butadiene) do not act as inhibitors. This was not to

30 be expected, since it is stated in the prior art, e.g. DE 195 23 335, that the concentration of
allenes (e.g. 1,2-butadiene) should be reduced if possible.



which is obtained fromthe first process step and is used as starting
material_in the second process step has a content of acetylenically

unsat ur aV PUEMRIE0Hs of 1ess than or equal to 100 ppm BETABR0AMF4435
tontent of allenically unsaturated conpounds which is at |east 75%
(relative) of the original content of alenically unsaturated conpounds. 15
The conmpound of the fornula I can be present both in the cis formand in
the trans form As a result of a renoval of the allenes being omtted in
the first process step, less 1, 3-butadiene is unintentionally hydrogenated
or partially hydrogenated in the first process 20 step, so that yield
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can be mnimzed. The process of the invention also has the advantage that

t he aIIe2%§\§%/QQgELﬁ§?/,\a§e. conpounds havi ng cumul at ed doubl e bonds,
e.g. 1, 2<Butadi ent, ch e inportant starting 25 materials for organic
synthesis are not destroyed i the two process steps but remain in the
hydr ocar bon stream and can be separated off after the second process step,
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The compound of the formula I can be present both in the cis form and in the trans form.

As a result of 2 removal of the allenes being omitted in the first process step, less
1,3-butadiene is unintentionally_ hydrogenated or partially hydrogenated in the first process
20 step, so that yield losses based on the 1,3-butadiene content in the hydrocarbon feed stream

can be minimized.

The process of the invention also has the advantage that the allenes or cumulenes, i.e.
compounds having cumulated double bonds, e.g. 1,2-butadiene, which are important starting
25  materials for organic synthesis are not destroyed in the two process steps but remain in the
hydrocarbon strecam and can be separated off after the second process step, viz. the

telomerization, in the work-up of the telomerization product.

The process of the invention is described by way of example below without the invention,

30 whose scope is defined by the claims and the description, being restricted thereby. The claims



15 renoved in a first process step and 1, 3-butadiene is reacted with a

nucl eophile (a conpound containing active hydrogen, nanely the telogen) in
the presWRce08f0246kbt al conpound in a second process st 8ET(ERAGANSHEHM | on
step), is distinguished by the hydrocarbon streamwhich is obtained from
the first process step and is used as starting material in the second
process step having a content of acetylenically unsaturated conpounds of

| ess than or equal to 100 ppm by 20 mass and a content of allenically

unsat ur FQEBRHE ' Jy %.:relative) of the original
content%%%gg | eni cal | ﬁf#@%%%@%?%ﬁégg%%gﬁﬁég} ﬁ%@B%Tocess of the invention
enables, in particular, conpounds of the formula Ila or Ilb, ~Ila 1b Irb
25 to be prepared by. reacting 1, 3-butadiene with a nucl eophile of the

f or mul a LiieProgess ofith&/inventondop prepayng FFapRaRnD pRihe formgla R a- COOH (V) where
Ria and R b are as defined above. WO 2006/ 024614 PCT/ EP2005/ 054135 6 The
process 9Lﬂi{@p4qugﬁﬁ&$yyﬂﬁ% particularly preferably used for preparing
conpound§/6f the fornula in which Xis ORIla or NRlaRlb, where Rta is H,
methyl, ethyl, n-propyl, isopfopyl, tert-butyl, n-butyl, sec-butyl, pentyl,
hexyl, heptyl, 5 octyl, octenyl, octadienyl, isononyl, 2-ethylhexyl,

n- norfy| in pheshyX is m ORG" ord¥R R Hendighlpvlengl R ™ an& Rt dy kelected independently from

2,4-di-tert-butyl phenyl, 2,6-di-tert:butyl nmethyl phenyl, hydrogencarbonyl,
met hy! - %P%gﬁ%,gg%ﬁﬁf}/‘ﬁ%ragﬁaﬂgﬂd,Ofﬁm}fyﬁgeéﬁ%@gl’@w, Bh alksnd Zr s g abiomylor
Ribis lg, 8 < a4 Sep t UL vh ~n~but vl .
sec- but ?Im,dﬁg%%y(lj]?%xﬁyﬁﬂpkﬁﬁ,alk%gte§@?%%%tﬁg%,_tgg%%l(%%glo?aosughgﬁ% ,
2- et hyl Hesy |groups rbeingl ablp e nydtainrsubstituerns sgedted fiyhptienatbup c&ﬁ)siﬂia;@fﬁfflng, I
2,4-di - - but e 2,6-di-tert-butyl net hyl phenyl, hydrogencarbonyl,
met hyl é(gbb&ﬁyl'ﬁ@ﬁy%’kgﬁbggyl € r‘%‘ﬁXlr(@aﬂﬁbnyﬂr}dﬂCgﬁ%ﬁyl cé@@oﬁyl-(ceﬁm),

pr ocRss _©f). i Nt OO S, ey LG cpreferat used~for e kng a
comound@%f@ﬁéjé%@hu?%%@h@%i dgﬁ@b%?éxéehgﬁ)?oﬁ?r%lh@ﬂ%)i %I?nyg?é%genyl
or net hyNdar-Borgil, -OfheCEorNOunds tiof radivalsf RY bl 48° beiag adhdtol Hddjotad tBene

present both i.n the cis formand jp the trans form 15 Starting materials
for t hembo(r%fﬁfevég C‘E’)‘fa?‘?‘ﬁ (?Ofléﬁé’f?m Gﬂ’%{;@a@?@@'ﬁ‘lﬁt@mnéﬁé’dmcé‘}boﬁ)SHP% &PPPASISEr eans

ppm by adcaly' EaBiid SEUPILES ot BORP i 180 pHATES LS, el i 10
st r eam unsaturgte avaipohiads, anuskichiprocess the acetylenically unsaturated compounds are
15 removed in a first process step and 1,3-butadiene is reacted with a nucleophile (a compound
containing active hydrogen, namely the telogen) in the presence of a metal compound in a
second process step (telomerization step), is distinguished by the hydrocarbon stream which is
obtained from the first process step and is used as starting material in the second process step
having a content of acetylenically unsaturated compounds of less than or equal to 100 ppm by

20 mass and a content of allenically unsaturated compounds which is at least 75% (relative) of

the original content of allenically uﬁsaturated compounds.

The process of the invention enables, in particular, compounds of the formula ITa or ITb,

/R1a 1a
/\/\/\\/\O /\/\M(Sb
Ila Iib

25  to be prepared by reacting 1,3-butadiene with a nucleophile of the formula IT, IV or V
R“-0O-H (1D R®HRDN-H - qV) R“COOH (V)

where R'® and R'® are as defined above.



particular, a C4-hydrocarbon fraction. The hydrocarbon streans can
preferahly be, for 20 exanple, m xtures of 1,3-butadiene with other C4- and
Ofieseds

C3- or % Bbns. Such mixtures are obtained, forPETARAWS/O5A135
tracki ng processes for the production of ethylene and propylene, in which
refinery gases, naphtha, gas oil, LPG @ iquefied petroleumgas), NG
(natural gas liquid), etc., are reacted. The C4 fractions obtained as

by-product in the processes can conprise 1, 3-butadiene together with
nonool efi ns (1-butene, cis-2-butene, trans-2-butene, 25 isobutene),

sat urated hydrocarbons (n-butane, isobutane), acetylenically unsaturated
conpoundSie(peodept af eteyiheentiof s pymiedlarly ippaftabbi yse@der frepirfiip s¥ipounds of the

met hyl a(%etyl ene (pr o?,n%)i%la and,.al.so al l enically unsaturated conpounds
(mai nl y famdulgylingwigly &) is Ofhe@eNRr Bet WO can  further conprise small anounts

of C3- d: .Gh- 0 b Lt 0 fractions.is
depende#t1 g%trﬁée%ﬂ%laﬁ@éﬁ]rﬁa?pyl,-?gogﬁ%oc%ﬂg%gﬁ,s ,_glfthgg%cﬁ%olfﬁlt P?{Bﬂpﬁ?’a’&é}%% and
the 30 begt] ockhgl, condenyly ohenys, DethyMexylnainsh ey sher§OTRORE B p-AERyIHYRIyEal | Y
in the foll ow ng ranges: WD 2006/ 024614 PCT/ EP2005/ 054135 Conponent % by
mass 1 D0aphghiyle drefictensupipheny d.édeteat-gyInptiniphenss  ydrgentagioiyl,emethyd- 35

- But =18 4 | - t vl eni ds 0.05-4
2, 2EJ Bﬁ? g iggli}'el’ %h%gﬁgbﬁ)ﬁ’rh%@l%rr@%néggla%een}f/'lﬁgr%:oﬁ\’}%ﬁa}}%gﬁ,n ;S)ref erence i s given
to usi n@'hiwdl,eeanfIoRh AlpesiBs iEpYopg tart-bheyB bt k@O FIOPLRAL hofy HeBRH,eF

than 35% by mass. 5 The starting hydrocarbons can frequently contaih“traces
of oxyg€fivkosiselln@stadisnyly sgeenyl.coeppliaed, n-aghyluphenghpoundsr phadtbgiehenyl,

conmpgun i rtai.cul l.ori C ounds d .hea netal c ounds
wni o ool B HE RS, G 4C BT R RB R SR eSSt BrOVE
advant agaboisyl} @thﬁlewbﬂilﬁpﬂ)ﬁafdchﬂb@ﬁﬁ GOPRAYRAS ohI1l The phdtesd b BvEARI ist i es
can be, for exanple, stabilizers such as tert-butylcatechol (TBC) or

car bon BHEKHEdy oprefaynysed &uc hrepsring ez cvenponnd t of dbetfatelayiie in Thbisk

:Mrrt)ﬁr :N; 2% gfc[}oge%, ﬁl%ﬂ%ﬁ’%ttﬁﬁ, &Iefnylbé/r’ mét%{zlc%’é%ﬁﬁ! The 3&53&%9 er thienfogglaltacie E[lé” ar

and IIb can be present both in the cis form and in the trans form.

15
Starting materials for the process of the invention are 1,3-butadiene-rich hydrocarbon streams
comprising, inter alia, allenically unsaturated compounds and more than 100 ppm by mass of
acetylenically unsaturated compounds. As hydrocarbon stream, it is possible to use, in
particular, a Cg-hydrocarbon fraction. The hydrocarbon streams can preferably be, for

20 example, mixtures of 1,3-butadiene with other C4- and Cs- or Cs-hydrocarbons. Such mixtures
are obtained, for example, in cracking processes for the production of ethylene and propylene,
in which refinery gases, naphtha, gas oil, LPG (liquefied petroleum gas), NGL (natural gas
liquid), etc., are reacted. The C, fractions obtained as by-product in the processes can
comprise 1,3-butadiene together with monoolefins (1-butene, cis-2-butene, trans-2-butene,

25 isobutene), saturated hydrocarbons (n-butane, isobutane), acetylenically unsaturated
compounds (cthylacetylene (butyne), vinylacetylene (butenine), methylacetylene (propyne))
and also allenically unsaturated compounds (mainly 1,2-butadiene). These fractions can
further comprise small amounts of Cs- and Cs-hydrocarbons. The composition of the
C4 fractions is dependent on the particular cracking process, the operating parameters and the

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



aqueous sol utions, or by means of adsorbents. 15 A water scrub can
conpletely or partly renove hydrophilic conponents, for exanple nitrogen
conponeﬁVéﬁKpﬁgﬁﬂﬁ hydr ocar bon mi xture. Exanples of ni PEGFERZ006/5éMEMNL S
are acetonitrile and N-nethylpyrrolidone (NWP). Oxygen conpounds, too, can
be partly renoved by neans of a water 7scrub. The water scrub can be
carried out directly using water or el se using aqueous solutions which can
conprise salts such as NaHSG3 (US 3,682,779, US 3,308,201, 20 US
4,125,5,m 2ol 36, 414 or U ; 23PN can—be—atdva

o N xture to go through a drifiHg &fep after
2006/ 024618,RGELEP2005/ 054135 8 scrubys B ying can be carriéd out by the
net hods known fromthe prior art. If dissolved water is present, drying
can, forl-Butemspl e, be carried out usingd-R6l ecul ar sieves as desiccants or by
azeotro?g%tdistillation. Free water cgﬂ_ﬁe separated off by phase

separ at Fon*¥5g. using a coal escer. 5 AHsorbents can be used to renove

i mpuri t i@suRhesent in the trace range.;glRks can be advantageous because,
for example, noble netal catalysts which react to traces of inpurities

with a siBtafd cant decrease in activitdy5& e used in the second process

st ep. N&t ogen -conpounds or sul fur caonpounds and al so TBC are often
renoved %@u @ns of upstreamto adsor fents. Exanpl es of adsorbents are

al um nu i , ar sieves, zeq|hd@s, activated carbon or
netal-ig%gg %gﬁgﬁﬁgkgﬁg%as (e.g. US 4?&%%%445 or WD 02/53685). Adsorbents
are maiReBwddieye vari ous conpani es, farosxanple by Al coa under the nane

Sel exsorb{r)—by UOP or—-by Axens, e g. the product series SAS M5, AA, TO
TGS or CMG. In a first step of the process of the invention, the

acetyl epi gal r . CO nds .are 5 separated.off or repopved from
t he hyd?%%%ﬁ%%ﬁgg??gghﬁ&ﬁﬂF%hB%%#a%%JQgH@Q#OdﬁPﬁ§h£§PQQH9§fFRPHeSQBQB%?ent
of | ess1pHamaditncaguaht 60:rd A6 thpn3 % byasss. preferably | ess than or equal to
50 ppm by mass and particularly preferably I ess than or equal to 20 ppm by
mass, before the hydrocarbon streamis used in the telonerization step.
The sep t.l.Qr e rried out.. for xanmpl e, by extraction or
hydr%geﬁg Pgﬁﬂéé?$ﬁ§§§@§@§ﬁghﬁ%§P%§gh%§h1EH§F8%° éﬁ%gﬂh88@¥% 5. Jggrogen

met hyl acghyduads, fifasesinpsdiisahagdiecdepmmes iRypadticildr! dhidribompeandemmyal  of
acetyl eni c conpounds by extraction has been known for a long tinme and is,
as wor keayp ngq’félmonm@un%q whichlcopla intesfereimsthe prepgsssofivhe dventioweis therefore

1,3 bUt_ ch\)aﬁ agec];urs%n secp431Jtt3r i3l gompounds first. Interfering impurities can be, for example,

stabilizers such as tert-butylcatechol (TBC) or carbon dioxide or carbonyls such as acetone or

10 acetaldehyde.

These impurities can be separated off by, for example, scrubbing, in particular with water or

aqueous solutions, or by means of adsorbents.

15 A water scrub can completely or partly remove hydrophilic components, for example nitrogen
components, from the hydrocarbon mixture. Examples of nitrogen components are acetonitrile
and N-methylpyrrolidone (NMP). Oxygen compounds, too, can be parily removed by means
of a water scrub. The water scrub can be carried out directly using water or else using aqueous
solutions which can comprise salts such as NaHSO; (US 3,682,779, US 3,308,201,

20 US 4,125,568, US 3,336,414 or US 5,122,236).

It can be advantageous for the hydrocarbon mixture to go through a drying step after the water



froma cracker. A process for the extractive renoval of acetylenically
unsat urat ed conpounds 25 froma C4 fraction froma cracker is described,

f or exar?fa’pez,ooﬁ%%éﬁ%l and Kohl e- Erdgas- Petrocheni e ver ePRIIGEP2606/054135
Brennstof fchem e vol. 34, nunber 8, August 1981, pages 343-346. In this
process, the multiply unsaturated hydr@carbons and al so the acetylenically
unsaturated conpounds are separated off fromthe nonool efins and sat urated
hydr ocarbons by extractive distillation with water-containing NW in a

first st . r ar at ed . fromthe NWP
extract “Eutar it PAFbSEAES o BETIORAR Aafn el SRTRLER T bt

havi ng 4s prs@ondsingreanafoe esanple beehroéd oftremgl Melebyar §6@k o Acdidhtd drafye by
means WO 2006/ 024614 PCT/ EP2005/ 054135 9 of a second extractive

di stil| #£¢AwPi distilleticar Teemmatanicag havieparated RE o phasgpsepirationcde. £r nging on
froma %ﬁg&%{, pure 1, 3-butadiene is separated off by neans of two further
distillations,” wwth nethylacetylene and 1, 2-butadi ene bei ng obtai ned as
by- products. In the process of the invention, the nultistage process
descri bed here can be carried out in the sane way as a first 5 process
step, wiAdsorbratsreatpbalused te, Bmoye detipsridebpresentt il lat itroce baigeg This pended

wth, T |, of acetylenic ¢ Qunds om a .1, 3- but adi ene-.cont ai. ni ng
stream % g.‘l’[]{ng%‘%l ‘gsnléﬁcl%se’ 8 & p%eag%igfnqﬁ%i%{_fli)@f?ewwh ﬁ%ﬁcg&] B#Ac8 Of IRRIEHSS) |
e. g. as va# haskaifcant! QectéiRe lin3aditi@dh@NBsclON ahdisBhnRY BrRERT BeR Nifr

whi ch are obt al nedw% extraction in this first process step and further
conpr i sé&ompoursigt adiudive cemgonmsissandhalee TR prenefisn rmswed by meatsydfenpstream

conmpoun can.be used as startin terial .i.n the second process step,

oo hE " roF R PPl PEaRh Al R i SR ey A8 e eaBYal o
the acetybefios Aldial-imBrhatedbRehiEANRQUNGSs 5T10M S BEWTY 0588 HORISHb &R S ed
is preferably carried out by hydrogenation of the acetylenically

unsat ur atagketesbipeariods companiesy Girgxgnpledyl Alssesndee Spaninal Jejexsdrb?, By OPadi ene
and |, 2: byt adi ene,, the, hydrpo t] pr ha be very sel ecti ve,

i e. thBY }F%ﬁénﬁeipﬂiﬂd“t‘%seﬂeggggr@%%@3&%8"&#@ near butenes and the
hydr ogemnqti in BEHR : Vet ' or

t he sel gg%ifggt %63 hydrggi%éesl?icgﬁ{egj%w?g%% gn#g%g%%rﬁgﬁlgﬁ{e?h%@@g%ngg of
di enes sepdratahoibloefémsvedifton the Ipdsathlor strearnsehich ean kaerijger purified first, to
copper - cont ai ni catalysts. It is |likew se possible to use catalysts
‘conpri sf ﬁamﬁmrfgﬁ%‘é thazy ofjeqygl to rlég P; WHH@SOWISPWWY less thap er pigief e &pprabye of
the E ' [ | Par 1. cul ar

br of er eie 1o pek SRR ERI Ry REC IBELH Pl 20 Mt oS e $Pl0e e blekbloBl
conpr i sstrgnbad bsqaaln dadi iefon@erttag@ppep. TRS separation/removal can be carried out, for

example, by extraction or hydrogenation of the acetylenically unsaturated compounds. Any

20 methylacetylene present can also be removed by distillation.

The removal of acetylenic compounds by extraction has been known for a long time and is, as
work-up step, an integral part of most plants which recover 1,3-butadiene from C, fractions
from a cracker. A process for the extractive removal of acetylenically unsaturated compounds
25 from a C; fraction from a cracker is described, for example, in Erdél und Kohle-Erdgas-
Petrochemie vereinigt mit Brennstoffchemie vol. 34, number 8, August 1981, pages 343-346.
In this process, the multiply unsaturated hydrocarbons and also the acetylenically unsaturated
compounds are separated off from the monoolefins and saturated hydrocarbons by extractive
distillation with water-containing NMP in a first step. The unsaturated hydrocarbons are
30 scparated off from the NMP extract by distillation and the acetylenically unsaturated

compounds having 4 carbon atoms are separated off from the hydrocarbon distillate by means



The sel ective hydrogenation process can have one or nore stages. \Wen the
hydrogenation is carried out in a plurality of stages or in a plurality of
react or WEANEOR4E4 n series, different catalysts can bBCHFRROOH/OGHESS
reactors (EP 0 273 900). A further suitable two-stage hydrogenation
process is described in US 4,277,313, i9n which the sel ective hydrogenation
of a 30 stream conprising acetylenically unsaturated conpounds is followed
by a subsequent extractive distillation to separate off 1, 3-butadi ene. WO

2006/ 02461 / / . : t vl t nd selectivity can
al so be ?n#fﬁgﬁg gggtggéadg%ﬁlt% ﬁgrhwg}? %ﬁuﬁtcagfagh}s{% ven’tﬂs1 Y%S%O%ruéj ?Jfgae@,‘ h%q'on
exanpl e fronna dackers>BiieIGB butalfies kOWp&2Gd af0b st twé I8ethdr WidtiNatiomy, Qitht he
hydr ogenati gn can al so be carried out in a reactive distillation or a

di stil | &siAasitiencapnde,liZsbiadiony baingt grtaingd, ageryeprafucts. Ha thedprogessaef the can

be carri i 1.Qul [ 1 h as as The sel ective

hydr oge%lg‘%flgzr’]ﬁ’ adslgpﬁlpgsg AQS 3’3%‘%552&%? Iglﬁ)e%l }ééng F é} g? gaﬂ??/d glgtrlﬁﬂé% S8t WAy agapﬁ,{' dssure
of frsomprddess step, WithRae refivel off gI-Buabicte by @mmati’ont&ir% d¥ernsclingith enper at ur e
is preferably from20 to 10 250C, nore preferably from20 to 150C and

particularly preferably from30 to 80C (e.g. US 4,440,956, US 4, 126,645 and

US 6,41 N enatd on i.s rried out. in the 1iquj.d phase,
Tt s 1 ene oyl Y Bt OO RBIRR ol 15y Bl RS ety minR bty san SBHoRB ¢ he
occur r epe earditd bot ustRode c@@@br&hﬂﬁcHk?ﬁ@ds}%%tgi.ﬁﬁeyhbﬁ@faﬁge”ati on are avoided as
far as possible (US 3,912,789). 15 In a preferred enbodi nent of the first

process step, the hydrogenation is carried out in the |iquid phase over a

copper - t.aj ni ) st . LA hydrogenat i on . pr.ocess . Whi can he carysied
oot s AP BieaRef oAl AR S S MBS bt D eetonS8ehing L
6,417, 4%i%t vbeeRs sphemids QurRf *bhprit€ A Blithdetd 8nd Msa! Bt 1808ptBy RERSE TS
condi tions under %i ch the selg%ti ve 20 hydrogenation can gg Eg}Fri ed out
may be Restiienif owpoBndy] canyBe usethies Istarténgh sratapial éx pheessbyd provess popatidtrby
referen When.t hi rocess. i s used.as first process step of the process
of the 81???\}1 r??ﬁg%\r,aﬁﬂ% gr’gaeaf%liaglf}'rdgr%CttI)ﬁe first process step can, depending
on the conposition of the hydrocarbon feed m xture, have a higher content
of allenically unsaturated conpounds than the starting material. Carrying
out ¥heThs rasrovat et dsscsivianically destwrated dompowsisFran 2he7B@iredadonhacaSuset e

SOt o kRSl RSB Bh ROTRRRSE ) R BRLLLPUL e
cont ent awfid Fas RsSQTBYBERY 62N, RYRRIIBS ARCT 9a%@H liene, the hydrogenation procéss
has to be very selective, i.e. the hydrogenation of 1,3- or 1,2-butadiene to linear butenes and
the hydrogenation of butenes to butanes have to be very largely avoided. For the selective
20 hydrogenation of acetylenic compounds in the presence of dienes and monoolefins, it is
possible to use, for example, copper-containing catalysts. It is likewise possible to use
catalysts comprising a noble metal of transition group VIII of the Periodic Table of the
Elements, in particular palladium, or mixed catalysts. Particular preference is given to using
copper-containing catalysts or catalysts comprising both patladium and copper.
25
The selective hydrogenation process can have one or more stages. When the hydrogenation is
carried out in a plurality of stages or in a plurality of reactors connected in series, different
catalysts can be used in the reactors (EP 0273900). A further suitable two-stage
hydrogenation process is described in US 4,277,313, in which the selective hydrogenation of a
30 stream comprising acetylenically unsaturated compounds is followed by a subsequent

extractive distillation to separate off 1,3-butadiene.




tn the product stream depending on the conposition of the original

hydr ocarbon stream The first process step of the process of the invention
is ther ¥Or&d0p0ef@dabl y carried out in the 30 presence BETERRAD0§4135nhi ch
conprises essentially a mxture of finely divided, netallic copper and a
smal | amount of a pol yval ent activatorlgetal supported on ganma-al um num
oxi de WO 2006/ 024614 PCT/ EP2005/ 054135 11 having a surface area of nore
than 10 n2/g and containing fromO0.1 to 1.5% by mass of Na2O. Activator
nmetal s which can be present in the catalysts are, for exanple, silver,

plati num pal |l adium nmanganese, nickel, cobalt, chrom um and/or

ol ybdeMhencatalyst dugivitg ahd bélyctivitytche alsé dedh fisdnsed b Rditibh 8Y s1G@BlBvents as
regenerated in_a sinple fashion as described in US 3,912,789, e.g. 5 b

st |y a5 BS98i o5 HABDISimLoh STREE AonEAOR6H ehd AT6 62JL&E. domthafmimgtheas

burnin r.educi t.h xidize al yst by nmeans of
hydr ogedy et cur RS FUEAL] R EL AT A Ror o Bl B it
r eactsor seac®®. InhgdnememhattydfogehationecaaViey diric®0RE 85 theCRGUI® PhadeOltt il Aur i ng
regeneration of a catalyst. to The first process step itself can, for

exanpl ephasé. carried out by placing the catal yst ‘in a reaction zone of a
reactor through which the hydrocarbon streamis then passed. The reaction
can be carried out at tenperatures of from 10 to 150C, preferably from 50

t 0 100CThd b&ective a98io@BnatioR ab Grst prdck@dktépts pddfer@Bly RFrRIATME & a Rebsul! & RlBNCe
is given to selecting a pressure at which the process streamis present as

a honpgeddeusMPaquiots pleisebly Tiem PiBrtetS MiPecEhs testpepatwiclis piernlply rfedrh ZOhie

carrjed at _su a heric pressure. The reacti LS prefe
car rlioedzg(mc’ ﬁoregpﬁrgégoﬁcgngo r@r%(; 4 Paptigu .]éfi%e%ﬁg?y J@@‘G‘r@cﬁ’r%@% é’tg*eams
Whi ch cOSPE 440058, BS1 4)1 RR645Yarkd 1596 W1 21129, SRR FRIrSRD a6 Rch3fed Wt frPhe @
nunber of percent by volune of acetylenically unsaturated conpounds can be
hydr ogehauiié dphas® & db doppsiantyto pnsutd shagrtho diydegen g fulle dissoled psodiessthet ep
according. to the.invention, ,Particularl ood results achi eved en not
more. ¢ hi e B MOl B TS ey Fia e A R B e Giyigu B QoS RE
present (I3 phg 78ydr ocar bon stream Under such conditions, the hydrocarbon
stream can be passed through the catalyst bed at a flowrate of froml1l to 5
1*(1¥h)-1, based on the volune of the catal yst bed. Further details can
ratio of hydrogen to

once SOR 1 RGBS 3 812,100, 22 The it raLio of Y ogen i
F st P e e ey B DO BE e |02

out at eutmslfast pratdse step ihgehenbed) foroexample, in US 3,912,789 and US 6,417,419. More

precise details regarding the catalyst and the process conditions under which the selective

20 hydrogenation can be carried out may be found in US 3,912,789, which is hereby expressly

incorporated by reference. When this process is used as first process step of the process of the

invention, the product from the first process step can, depending on the composition of the

hydrocarbon feed mixture, have a higher content of allenically unsaturated compounds than

the starting material. Carrying out the first process step as described in US 3,912,789 thus has

25  the advantage that allenically unsaturated compounds, in particular 1,2-butadiene, are not only

not removed in the hydrogenation but the content of these compounds can even be increased

in the product stream, depending on the composition of the original hydrocarbon stream.

The first process step of the process of the invention is therefore preferably carried out in the
30 presence of a catalyst which comprises essentially a mixture of finely divided, metallic copper

and a small amount of a polyvalent activator metal supported on gamma-aluminum oxide



acetylenically unsaturated bonds of from1 to 2. 30 The first process step
of the selective hydrogenation can, for exanple, also be carried out as WO
2006/ 0248 D2WE2E0DD05/ 054135 12 described in US 6, 417, RCT/ER2D05HISE135
process, too, a copper-containing catalyst is used. In this enbodi nent of
the first process step according to theélinvention, the selective
hydrogenation is preferably carried out at a tenperature of from20 to
80C, preferably at a pressure of from1l.5 to 5.0 MPa and an LHSV in the

f : i ' [ f bl i ed
out i t g egrERecioa diRoRThETL) P MALOREAT A B BRI A0 R ngen

t 0 acet yAwivewr irsethlt onhidh tcon be phedett ihélic PitPIORS Srd, Ofor Tefaﬁnv\gl@,' SitkelrV Slatinum,
hydr ogenati gn of acetyl eni calbqlg% unsat ur at ed conpounds i ch can be used as

first preHadumsmageaneseyaickal.praialty efromidmasnd/or implﬂrdelmum?@f B Bctivity oﬂslevm i
6, 225, 515, 1 4, 626, i.n, particular,U A89 i
are i nccjg?tgl ratcg%&%gh e??%%rgggeggf??r%t{eé%% %g‘%ﬂdj{l% tﬁ%@ﬁ:ﬁéId%#m?%%uﬁjggggﬁg’?%ﬁv%ﬁt i Io(r:1

In thi s bprfzews bringing h3cdulyadh@n@meRNidthUnNEkyEES-E@ithinf RS I8EnIROSINSd W t h
hydrogen and a solvent into a catalytic extractive distillation unit in
whi ch™ a sebgeanspdly igRneng ithe exidizad|cataixst by ecany drforydnegenohe dirstaprotsss estipcal |y

t [ t. t d_hut . Which I 15
oaai |y PSRRI I B AR bt e Bt 0 B s B anc

rem_)VEdcﬁﬁtﬁlfﬂeﬁlﬂ&ﬁn?fe%%ﬂlérhtﬁﬂmdéfﬂl)trst. But adi enes and acetyl enes, which are
nore readily soluble in the solvent, are conveyed together with the
solvent to the reaction zone present in the catalytic extractive

distj] !l ati unit. In the reaction_zone, .the acetylenes are converted into
the. yardgatst Piskess ek O5E S0E bPO5ERAE: ok rotutl<ShAReRepE Apst o o
but adi epestied Soreedrad Rb&6r Mkdughvth IR RArdaiRdis88gs iPheh Iibﬁss@&.t’fl?ecltehé’tﬁm
distillation taking place in the unit. The stream conprising the solvent

and but & baearried que gblasepesaiuiss of dkom 40 rte dADTC,gprefehablyfiom 5Mdb 16809 dHent 0 a

stripping...col in_which the solvent is separated off fromthe butadiene.
Fur t por "R ST S BT kG w15 2 PetEe b s eEREE e tysaltrdBaecitestity
disti|] ahianhspRoces SHeaRanpRlithl RhoRBudeofPh Al phisel Thd AEoBEAS SRS 1HHS
6, 040,489), it is possible to use, in particular the catalysts us In the
aboviéne Rt berarreast et af sppgratmpsphiene pratuad.yidte reationss prefunsbly capied sing

copper, . _one or [ al ransition group VIIl of the Periodic Table
of the %P@%%?gfggnﬁ'gﬁﬁogoﬂm?eof and an inorgani c oxidic support
material. Apart fromthese materials, further activator netals can be

present. Preferred catalysts conprise a conposition conprising copper
act i vat Bodrocarbon streams which comprise olefinically unsaturated compounds and comprise up to

a number of percent by volume of acetylenically unsaturated compounds can be hydrogenated

20 selectively in this embodiment of the first process step according to the invention. Particularly
good results are achieved when not more than 0.2% by volume of acetylenically unsaturated
compounds are present in the hydrocarbon stream. Under such conditions, the hydrocarbon
stream can be passed through the catalyst bed at a flow rate of from 1 to 5 1*(I*h) ™}, based on
the volume of the catalyst bed. Further details can once again be found in US 3,912,789.

25
The molar ratio of hydrogen to acetylenic bonds is preferably at least 1. The first process step
is particularly preferably carried out using a molar excess of hydrogen. The first process step
of the process of the invention is preferably carried out at a molar ratio of hydrogen to
acetylenically unsaturated bonds of from 1 to 2.

30

The first process step of the selective hydrogenation can, for example, also be carried out as



30 with one or nore netals fromthe group consisting of silver, platinum
pal | adi u manganese, cobalt, nickel, chrom um and nol ybdenum on an
aluninuﬁﬁbéﬁﬁ 46Harticularly preferred WO 2006/ 024614 PCT/ER2D06550536135
13 catal ysts conprise a conposition conprising copper, nickel, manganese
and cobalt dispersed on ganma-al um nuntoxide, in particular on alum num
oxi de having a BET surface area of from 150 to 250 nR/g. 5 The selective
hydrogenation is preferably carried out at a nolar ratio of hydrogen to
acetyle 3 I ratio of from 9 3 .
art ) curgry A tL PR gt ety LB o, bbbl Bhabt B 8d o
pr ocess einbogineheoffhk firapesatedepicardiggmahainveatial, tid @M8c80 hRird@9Giion is

preferably from 32 to 83C and particularly preferabl };}tfrom about 50 to
about 8OtEershly cafricdout afafemppivie pERaamO ©9S0f Gerrefsebly atrgrpssarsafeom Wii ch

is pref r o 1Ok E ef.erabl.y frgm0. 1379
VPa 1o § aar B th N radle hol 8408 1000, ST M heeh ippeis

t enper aptuferably catrivdroup hateslditiontdreuax i mbﬁm@f@hy@ﬂagéﬂ it 98 riti bf hydlogen
particular at the top of the.unit, can be up to 150C or nore. The sol vent
i s sel eéd &gHdect affomtl tAds a higher affinity for unsaturated hydrocarbons
than for 15 saturated hydrocarbons. Suitable solvents are, for exanple,

di met hyl acet am de, di met hyl formam de, furfural, N-methyl pyrrolidone,
fornyl mer afilet Peacefie R nNBe dBlEctiRCRIdEEchElidbE of I&&yl&ﬁi&zﬂ%phﬂbﬁtﬁﬁéd’%ﬂm Sunds
preferably operated at a pressure of from about 0.1034 to about 0 0. 3447
MPa andWAldhegperbgt ysesd 68 Hisbpregssutstepois destbibed, fooexarme butBRl 67A@69%r e

~ obt aj,ne ? ct, fraction [ canpri ses the

ol vint UGBS cOS B isPeang, UF rdOhsdlt of il bR CRREL VAR,
unit, i incapRERET batefaédcer inwo e dielodtidé WTehe 3RéRd HrveAtiRRITARIChHDcaRd 2
process variants of this process used as first process step 25 nmay be
f ound i h3tisBligwecononing sirepar iss pagsedh togeflenr ogish duidoozepr ade s sedvenn dntohei r
par amet found.i.n EP.1. Q70 695 UsS 6,225,515, US. 6,015,933 and US
6760 A EE PP R in e Bl R SRl S e MR on
of the 6ﬁh@éty1§ﬁi6algﬂhﬂ@nﬁrbde@ dopdBndsO N Brekdht UBufindsl dndt b8tendD Wikich SarkRQWN
t hat under the hydrogenation conditions indicated the copper catalyst |oses
act iWi tigatly sgobleor 4 solpary EP2g0Bled 541 85an dverhead stream and removed from the

distillation unit. Butadienes and acetylenes, which are more readily soluble in the solvent, are

hi s

conveyed together with the solvent to the reaction zone present in the catalytic extractive
distillation unit. In the reaction zone, the acetylenes are converted into the hydrogenation
products. Hydrogenation products which are not butadienes are separated off from the
20 butadienes by the extractive distillation taking place in the unit. The stream comprising the
solvent and butadienes is removed as extract stream from the unit and is fed into a stripping
column in which the solvent is separated off from the butadiene. Further separation of the

butadienes into 1,2- and 1,3-butadiene by distillation can be dispensed with.

25  As catalysts in this process (US 6,040,489), it is possible to use, in particular the catalysts
used in the abovementioned patents, in particular catalyst compositions comprising copper,
one or more metals of transition group VIII of the Periodic Table of the Elements or mixtures
thereof and an inorganic oxidic support material. Apart from these materials, further activator
metals can be present. Preferred catalysts comprise a composition comprising copper activated

30 with one or more metals from the group consisting of silver, platinum, palladium, manganese,

cobalt, nickel, chromium and molybdenum on an aluminum support. Particularly preferred



and has to be regenerated at regular intervals. Various nethods of
regenerg& n‘%g /ge catal yst have been described in the literature (US
3,912, 7840 256K 515 and US 6, 194, 626); in parti cul aPCT{BR20851064 1t e
use of two reactors is described. The first process step therefore
enconpasses at |east two hydrogenationl¥eactors, so that the overall

process can continue to be 5 operated while a catalyst is being
regenerated. As described in EP 1 070 695 and US 6, 225,515, the

h
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sol vent ourgaanna;alumlilysm oxrdeganpmﬁtulmnomam@mmnmdeﬂrmrtgemnaﬁlﬂfa@e lafeafdfom 32
to 260C, f(g 2%8 is from1l.034 to 3.447 MPa and the LHSV of the
fﬁogn 1 &N

sol vent 10 h-1. In addition, the tine between 10 successive
regenerations can be increased by neans of sinmultaneous netering-in of
hydr ocar bon stream and sol vent during the hydrogenation (EP 1 070 695, US

6, 275, 4T8¢ aclectivdBytrokortiva6) prefwataf baeled beganeamalat afio df ?dl@gé@{dﬁ:%ty%@ al so
be treatg}d}_ at_ el evat ed terrper ature wth an oxidant, erably oxygen, in

part : cuP W PEblyaf gantio ghiramylelgeh epdicnisy p(ﬁgrrahliyraga@aug op to 2.
S 3,912 7
37867 515° *‘%gﬁ el Bock AN BlerBADIoh SRt Vil SR M b Fopec

proc eSSpEtfﬁp)blgzeﬁfbrbeixt@r $3°eﬁaxm1pamaulm pia@bB freh dbduf 5P aBbit $0°0f The
reactors, wth these being able to be connected in series or in parallel.
If a pl irraeratyreds d?@&é@f&r@ tée OPEEERY PrepRde WhiRh énprafesabip éoat @d3ThMPartal | el

in sari S e S he_f rst rocess 20 step
of the broootR SO bRRART SRR PR oS4 R tant bl U SRS e ror o
f eed podistiBativn unétaThe feRgRiire e aﬁlbﬂ{)la&@dn &ﬂéseﬂnaz% #821atibS uttit idGaRtalar US
4,704,492 or US 6,417,419) Distribution of the total anobunt of hydrogen

over varlitBaPorride Wk ﬁ{ﬂl;b‘?:‘éihfol BR3Cosmoser eased sel ectivity of the
hydr ogenati on. This concept is, for exanple, subject matter of the docunent
US 4,704,492, which is incorporat ed by reference into the disclosure of the

pr esent Tha velnéritaf selected kly diad detins ihigherainife ForRR8MUFERACH R Ib dafbonB §ndnl f5t
process steédcan be separated off inits entirety or partly by known

net Hedssaafraisd tihidsocgtheps.or S@éﬁblfbe Sﬂlé@ntﬁog@é@,heforw etamphee ctﬁmeﬂythcctamndmns to
t he sec te be separated,off, f.or exa
ina de(gig% s%%ﬁ‘{ﬁ/%@%déi g‘ﬁr ﬁgg opl%& %9@ Hjiornﬁ’ a %FQ’?IF?IPH&% er t he

| osses @detohitdte.and 1, 2- but adi ene very small, the acetyl enical I y unsat ur at ed
WD 2006/ 024614 PCT/ EP2005/ 054135 15 :

The stripping column is preferably operated at a pressﬁre of from about 0.1034 to about
20 0.3447 MPa and a temperature of from about 30 to about 200°C. The butadienes are obtained
as overhead prbduct. The bottom fraction, which comprises the solvent, can be recirculated to

the catalytic extractive distillation unit, if appropriate after work-up.

Further details or parameters and process variants of this process used as first process step

25 may be found in US 6,040,489.

Further similar hydrogenation processes and their parameters may be found in EP 1 070 695,
US 6,225,515, US 6,015,933 and US 6,194,626, with, in particular, further details regarding
the composition of the catalysts being able to be found in US 6,417,419,

30

It is known that under the hydrogenation conditions indicated the copper catalyst loses activity



conpounds are preferably not hydrogenated conpletely. For this reason, the
hydr ocar, bE) streams obtained fromthe first process steE referably

cont ai n WPARH 26634 ppm by nass, preferably at least 0 CE&HWSMélﬁSand
particularly preferably at lest 0.5 ppmby nass of acetylenically

unsat urat ed conpounds. The degree of hj4lrogenati on can be set by neans of 5
-appropriate selection of the process paraneters, e.g. choice of the

catal yst, residence tinme of the reaction mxture in the reactor, reaction
t enper a i th.th
e T S G R

prel i n havey bbes tiescrib€d Tihehec itannte @S APIBMEAVS B, zuagsas Uindt B8 6¢10as2dn dis
(e.g. 1, 2-butadjen é in the hydrocarbon stream obtained fromthe first

pr ocess Paticplag sihe AMsHairery 05 e [Teackers it jdesctibetl e They firstpprocgss rstepe sherqfbre, i n

compounaie (g 1 By bR ol AP B I O B S Sl BBT PR, (e

firsts popeesd sihilp ai satpiyef ¢¢ ahine a*egér@aa‘iéd 8@% (etiBed Vi) EPOR) §9EfmKabl y
at | east 85%q(rel ative), particularly 15 preferably at |east 90% (rel ative)

and ver Pai$i-¢ln. di9 Vg%@éﬁt@ﬂéﬁﬂ e strried g8t bodgoreaciiraonipiging the catabyst wtucgu nal

cont ent t. The 1 but.adi e IS
dependi hsgioon k eh%gﬂﬁéébﬁ&%%ﬁggéﬁ lgt%t (f?%%%? &‘SWéhWBr%@aar Egpen tﬁ“ﬁ al?’ t he’
regi on edgehigtiomnt@iditkaRCEN tedipeiturc AS fidn! 83w 6@, M@Wﬁs'f@&nqmﬁ%)em ne
to 20 1, 3-butadiene, the 1, 3-butadi ene content hclan i'ncrease by an anount

cor r espardi MPa and the TdhoYief thst stlyanérs rempl.54eA0 h” Aln advitionn e tlmné)etvaiesnal I
par tltoof stddssived r%%gl‘q{lglﬁe cgl"flgl%eb J:r&sg% ﬁ%lxge{ngs]‘d f,%]r]?lfﬁt gﬁ%grp gltgxlggo nng?or en

reacted 1n secon reactiro

oil). Ihydrb&rwmm ehdBbdTesht @h@;b&g BelirgfRa6ON{EMY 0ab k95, Uhe F7i43k ApOCESS
step is preferably in the range froma nmaxi num of 10% (absol utej above to

a m ni i G1P4e 2k effens éiq?ﬂ?@@)ﬁtl% tesreatgstican also cb@ mr@etnd rataclpmiecbfemperauue

1, 3-but e e SS._ S .range from 5%
(absol ut'e 8%8\5}@6{1{3 H:{%/fefa%b's §f(ﬁ§ee) Hbepla%&l aﬁea%ﬁnﬂfp fri ocﬁ‘é(g?ﬂ 1p orﬁg ration

1, 3- but glingingoffT b cablypw s ddseiibdddr byhep oRRRE: &0 USE0 BOTHRIHA @S 3k ls1 amount
of high boilers (green oil) 30 which have been f or med during t he

hy driégepns fos nalladiura gpfabyets Vgt 3etsids to separate of f the high boilers
fromthe hydrocarbon stream obtai ned as hydrogenation product fromthe
first WD 2006/ 024614 PCT/ EP2005/ 054135 16 process step before it is fed to

e Sscmdoagesse it shat o e B OB 1 1080, yfATRLL
~ being able to be comnected in series or in parallel. If a plurality of reactors or reactor beds
which are operated in parallel, in series or as combinations thereof are used in the first process

20  step of the process of the invention, the hydrogen can be fed in at one or more feed points on
each reactor/reactor bed (US 4,704,492, US 4,126,645, US 4,704,492 or US 6,417,419).
Distribution of the total amount of hydrogen over various feed points can lead to increased

selectivity of the hydrogenation. This concept is, for example, subject matter of the document

US 4,704,492, which is incorporated by reference into the disclosure of the present invention.

25
Hydrogen which has not been reacted in the first process step can be separated off in its
entirety or partly by known methods after this step or can be fed together with the
Cy-hydrocarbons to the second process step. The hydrogen can be separated off, for example,
n a degassing vessel or as offgas stream in a distillation.

30

To keep the losses of 1,3- and 1,2-butadiene very small, the acetylenically unsaturated



conpounds (green oil) formed during the process nostly having nore than 5
carbon atons. Conponents having 5 carbon atons are nostly introduced into
t he prod¥e<2098/02 ities in the 5 raw material, but canPCAERRNBICEI30f
choi ce, be separated off together with the green oil or can remain in
their entirety or partly in the C4 stregam The high boilers can be
-separated off prior to the telonerization, for exanple by distillation.
The output fromthe hydrogenation, i.e. the process product fromthe first

B ore e PuPondt P SELEER) ot SR ohpud it (IR Hh TR thcaridi

(tel onesirzahs obthined Grokn IhBltAGredtes step §abRrabl0 Bbrhin efforf AUt @ PpRABY mass,
optionally be mxed with the output fromthe first process step and this

m xt ur e PEAgFably aideast Onl pme byenasseandzpariionarlnpreferatls at dest 8rft prae ibyrmads of
tyl enicall: in th | st d.to th
e ooy PLE PR BREHEALE CofRERRT e hrbd e b BBl R b S o s cpt

exanpl e a%ﬁbpﬁa_eﬁem&icﬁﬂﬁofathe g&%@ Peeginétersae g18ndl 06 REtaRke Mtsiddhc VB of
1,3-butadiene is isolated by extractive distillation. As indicated above,
t he hydilscepgiinn mixtengria thi resstor.srepesipnt ismphwature [aodrenionat awshorspregsurgpofher abl y

has a content of .ace eni cal | y. unsat urated coppounds .of |ess._than or equal
R A e S e A ST A
nucl eoplin e presiftndritdsike tel omeri zation step of the process of the

invention in addition to the hydrocarbon streamfromthe first process
step are preferably conpounds of the fornmulae Ill, IV and V RL1-O-H (Il1)

RJa- N H.( | - . 1 5 wh . sel ect.ed
 ndeBendBh PYTT ShedRiR YR BGURT AT e trlarhRateB Ingpe pgiocarbon
Cl - C22- ghdevh oB2fHeR, fré (A e o @EOk cﬁﬂr&:{;gﬂaﬁ oﬁrtﬁéjgbartﬁlé%\%@giﬁn forﬁykorgr oup

or a -COalkyl-(G-Cs) group or a - a (C5-d o) group, ese
groups bednpje.aisl thet tng8e froom 0 tes Bbys iyt messt $hs edoatne of fallenictliye ugsadurpted

consi sting of .- - . - | kyl - (Cl - 2006/ 024614

ST EpotOtp Gioss Gt 1S E5focoon ki Cptagicatys (e frt process step

- 000 ar 1l pfe@BalfF Q) leasOR00F YicidkiFE), GAGR:, kel 161 - -

0 00 kD e i Py el 1 S5 fgletve, Pty
- CF3l5 - neferabdpdt least 90% (relative) and very particularly preferably at least 95% (relative), of the

original content of allenically unsaturated compounds.

The 1,3-butadiene content is, depending on the concentration in the starting hydrocarbon
stream, 1n the region of the inlet concentration. As a result of hydrogenation of butenine to
20 - 1,3-butadiene, the 1,3-butadiene content can increase by an amount corresponding to the
amount of butenine present. At the same time, a small part of the 1,3-butadiene can be lost as
a result of hydrogenation or be reacted in secondary reactions, for example to form high
boilers (green oil). In the process claimed, the butadiene content after the first process step is
preferably m the range from a maximum of 10% (absolute) above to a minimum of 10%
25  (absolute) below the inlet concentration of 1,3-butadiene in the first process step, preferably in
the range from 5% (absolute) above to 5% (absolute) below the inlet concentration of

1,3-butadiene.

The output from the hydrogenation can contain a small amount of high boilers (gree.n oil)
30 which have been formed during the hydrogenation. It can be advantageous to separate off the

high boilers from the hydrocarbon stream obtained as hydrogenation product from the first



the radicals Ra and Rib can be joined to one another via coval ent bonds.
Particul_arl referred nucleophiles are conpounds in which the radicals Rl
_and'Rlbxgpé%@ggﬂ4ﬁyﬁrogen, methyl, 5 ethyl, n-propyl, isBpr&HA005/054135
‘tert-butyl, n-butyl, sec-butyl, pentyl, hexyl, heptyl, octyl, octenyl,
oct adi enyl, isononyl, 2-ethyl hexyl, n-honyl, phenyl, m, o- or

-p- et hyl phenyl , naphthyl, 2,4-di-tert-butyl phenyl,

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

‘et hyl ca I Cif | Iy e
aro R sl bR £ RAMY e BRER- ER gRe lomd B Tht EiEh Bl R

et hanol comppse pfon odxanipsn prompamalds haling| mosd detnok, on-sbuirda| ators, bubtantie,
octanol, 2-ethyl hexangl, isqnonanol, benzyl al cohol, cyclohexanol,

cycl opeRPRABYNAS {exeery ofd fygicd lurng|the progess|mostly havinganersHbims S sationaaoms.

T, 2 bt See e b BB E Rl P EABANGE B el Al DS iss i such

as a-shydavoxatarial,ibut est, @ s mattepéf dhdicy, Bdepastedwdhtogsthamk iy LRMEre®) oil or can
et hyl am ne,. propyl ami ne, butyl am ne, octylam ne, 2,7-octadienyl am ne,

dodecy! Ef3iB In HicHAndingd on ARHY b the{exdiremhyhe hegl koversecan 2 separated wdmor

am nes L y ! Al N- anilin ..

bi's( 2. 7 oL PRI R Bl A RRCT SHEh e Wssrratiomde- e
pyrrol i gioess prpdune fioeh the firstprgleed 466 is PleReildy ubdl difecheXRMRiRYLIERE, A Or -
carboxylic acids such as form c acid, acetic acid, propanoic acid, butenoic
aci d, . fhsdpeh Reilrasardng walsral s thecjeaondiprocess step fiekimsazbiéon)! i ¢ aci d
(phthalic acid). 25 Very particularly preferred conpounds for use as

nucl eophiles in the telonmerization step are nethanol, ethanol,

2- et hl yhgxpaedien® etr@Rl fro iR aburceC tadoivahbily bs aikePdnalthe BuPaPBBRCHhe
i sobutanol, n-butanol, isononanol, formc acid, acetic acid, propionic
aci d, niiptPEITEsScStercang thisimgBie aspbeussdiie thegelemsrization, withihe teuceutrationd

phenol , _di . ) 1, N i.a 3 ng/ oy . wat er .. t.hanol is
advanta@%%ﬂsFgﬂgseégggﬁﬁﬁéﬁﬁ%%%?Tg%ﬂ€@$§88§?8§&€%2qé%ﬁ#%?ﬁﬁﬁgﬁggﬂfg%“S18
Nucl eopthiahes whiat o Cl@0 phhe MBRky @8n R, Gkt atnffle, Vitfeamst WhieRBké ZBEdiR feaction
can be introduced directly or _else be formed in situ. Thus, for exanple,
2, 7-18ct higpdiang plant ig arhigdel .3 fwtadicae iniselated by extrraiive distidladorbut adi ene in the
presence of the telonerization catalyst,
As indicated above, the hydrocarbon mixture which is fed to the telomerization step
preferably has a content of acetylenically unsaturated compounds of less than or equal to

50 ppm by mass, particularly preferably 20 ppm by mass.

20
The nucleophiles used in the telomerization step of the process of the invention in addition to
the hydrocarbon stream from the first process step are preferably compounds of the
formulae IIL, IV and V
RIH_O_H HI Ria" T
(D N-H () RCOOH (V)
b
25 R’

where R'™ and R'® are selected independently from among hydrogen, a linear, branched or
cyclic Ci-Cyz-alkyl group, an alkenyl group, an alkynyl group, a Cs-Cjg-aryl group or a
—CO4aﬂ<yl-(Cl-Cg) group or a —CO-aryl-(Cs-Cyg) group, with these groups being able to
30 cpntéin substituents selected from the group consisting of -CN, -COOH, -COO-atkyl-(C;-Cs),



2, 7-oct adi enyl am ne can be forned from ammoni a and 1, 3-but adi ene, etc. 5 In
deci di ng_t he ratlo of nucleophile to 1, 3-butadiene in the tel onerization
reacti oﬁ’V of active hydrogen atoms in the tePogdiP20a8/066135e
taken into ac_count. Thus, for exanple, nethanol has one active hydrogen
atom ethyl ene glycol has two, nethylabfne has two, etc. 10 Preference is
-given to using fromO0.001 nol to 10 nol of 1, 3-butadiene in the

tel oneri zation reacti on per nole of active hydrogen atons of the

nucl eoph t t aghe V the regeti IS

carried g{}fﬂﬂeﬁ@ | gé Qg‘ fbé@%qﬁgo@(g frg% 5 d/\P{ﬁg)ﬂog akﬁta)@o o) ,

1, 3- but a@+@haﬂg&{Cﬁﬂk)3 -Idfallqzt;t (CreCHyTIBQesS08, pNHEI-@“yL(alr lyHprEFgrred. anks

Cat al ysts used t he,tel onerization are caonpl exesij o lﬁfé’htl cul ar car bene
OTa§t

conpl exélseraelacaltsr%*e andeR a1can Bafqings ter?peraagthew@mak@; ¢ldﬁlﬂi(mferf€dsrri um
(or) ooRakdn ke bR, (RYich el it (e B KR Ll Hoaflecll B

Pref erence 1s gl o usi ng pa i'um conpou

pal I adi ethytarprepsl, ¢oPpeK asrt-batyt,ai-Bhty tsed- But?rhqbeh@l ¥R, BaptyDBcBA, echten?y@ The
ligands in _the netal conplexes used as catalyst are, for exarrpl e, trivalent
phos phoPtiddieBdnpsnang. é’reﬂéﬁh@%e 5-nongh enhe@dnm emwrhmaﬁlgflahenwb asphtig |
heteroa f er abl t al
2oL R0 S AR SR AN, EBSEAER e BRusRab o

101 28 &MlcafaﬁnsllOﬂro@lc%BnylIaEpﬂl@[ﬂyma)oz@Q DE 100 62 577, £P 1 308 157 and
WO 01/66248. These docunents and, in particular, the Ilgands descri bed
there are 25 incorporated by reference in the disclosure of the present

pat et gB ﬁtf?]% t%@s'.ezf rthermore, the active conplex can bear further
| i gands. e car ene | igands are, in particular, conmpounds having the
structural W@emumaenid, to 1X 30 WD 2006/ 024614 PCT/ EP2005/ 054135 19 3 R

3R3I 5RRE RS RN NN SNN RRC C C C 5r NIl MNRANA R
- monoalcohols and phenols such as methanol, ethanol, n-propanol, isopropanol, allyl

alcohol, n-butanol, i-butanol, octanol, 2-ethylhexanol, isononanol, benzyl alcohol,
cyclohexanol, cyclopentanol or 2,7-octadien-1-ol, phenol,

15 -  dialcohols such as ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,
1,2-butanediol, 2,3-butanediol and 1,3-butanediol,

- hydroxy compounds such as a-hydroxyacetic esters,
- primary amines such as methylamine, ethylamine, propylamine, butylamine, octylamine,
2,7-octadienylamine, dodecylamine, ethylenediamine or hexamethylenediamine,

20 -  secondary amines such as dimethylamine, diethylamine, N-methylaniline,
bis(2,7-octadienyl)amine, dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
piperidine, morpholine, piperazine or hexamethylenimine or |

- carboxylic acids such as formic acid, acetic acid, propanoic acid, butenoic acid,
isobutenoic acid, benzoic acid, 1,2-benzenedicarboxylic acid (phthalic acid).

25

Very particularly preferred compounds for use as nucleophiles in the telomerization step are
methanol, ethanol, 2-ethlyhexanol, octanol, octenol, octadienol, isopropanol, n-propanol,
isobutanol, n-butanol, isononanol, formic acid, acetic acid, propionic acid, n-butanoic acid,
isobutanoic acid, benzoic acid, phthalic acid, phenol, dimethylamine, methylamine, ammonia

30  and/or water. Methanol is advantageously used as nucleophile.



~Z VI I XVI VII In the structural forrmulae VI to | X, the radicals R2 to
R7 have the follow ng neanings: 5 R2; R3: identical or different, a)

1inear, BP0 9346,ubst i tuted or unsubstituted cyclic oPCAERZPESOE4EISKY]

groups having from1l to 24 carbon atons, or b) substituted or

unsubsti tuted, nonocyclic or polycyclitgaryl groups having from6 to 24

.carbon atons, or c) nonocyclic or polycyclic, substituted or unsubstituted
het erocycles 10 having from4 to 24 carbon atons and at | east .one

‘het er oa A g t , R4, - R5, RG, R7: identical
o i 1 oripbis WEOLaL DRGRING| b 4ellindd ok oStelRpridipogy RacrShi et )

15 - COOimroduesd dﬂ@yﬂdnkylbe be -foXE2dImyditu, TﬁﬁE}Q@r a:lkabre, 2; 78Sk i @d- Yot can H6HO
-CO al kyl -, -CO ar -0-al kyl-, -0-aryl-, -NH2, -NH(al kyl)-,

-N( al ky[fgrgle mmq(.laggqn) water NpgA Wa(ygne in fthe p(qsencegpf thej telm@mzau@:?,:ata.lys@z

-f k h 2 b
e oM s Ao R B S5 UBRR G 2 o Pon ot

t he rsadi caI s R4 and R5 nay al so be part of a bridgi ng al i phatic or
aromatic ri d% In particular, R2 and are - linear, branched, cyclic or
al i cycl fredesidiyg ﬂ@rr@tespgf mlﬁonigﬂef odn? butadleaﬂnt@c brdemettization reagson, thomoulyer| i

I 6t 4 b t - I
or hol Y G Mdtbedt SRS I Do Mlslto k. Bt Bed abeiiLeTudt & FRBiGnong
WO 2006&&&&5&1411515’6% E&%Q@ﬂ%@ml@t@m 2hylehbelyRbENR RS, rﬁethylaﬂl% ha@ ¢80 and

sul fur, any further subsfituents are sel écted from anong t he groups - CN,
-COH, -COO al kyl - -COO aryl - OCOaI kyl - OCOaryI OCOOaI kyl -

] %l f’yeferw 1S g“ﬁflgo al kX‘from Rﬁ)g?%;ﬁrt 10 mq{"q{ é,ﬁy@j’tacﬁeg ml\tlbgFag?}p?réélatlonF
-C, - Bfeactidn peiOnole QF@.ctlv %ef CEARES he m{Bphile IR canRgcRliH! thgr oups

of the substituents have from1l to 24 carbon atons and the aryl groups of
t he subsBihuadigns. Wahea the reaction is carried out in the liquid phase, a ratio of from 0.1 mol to

2 mol of 1,3-butadiene per mole of active hydrogen is particularly preferred.

15 Catalysts used for the telomerization are complexes, in particular carbene complexes, of the
metals palladium (Pd), iron (Fe), ruthenium (Ru), osmium (Os), cobalt (Co), rhodium (Rh),
iridium (Ir), nickel (Ni) or platinum (Pt). Preference is given to using palladium compounds,

in particular palladium-carbene complexes as catalyst in the telomerization step.

20  The ligands in the metal complexes used as catalyst are, for example, trivalent phosphorus
compounds or carbenes. Metal complexes having at least one heteroatom-stabilized carbene
as ligand are preferably used as catalyst. Examples of such ligands are described, inter alia, in
the documents DE 101 28 144, DE 101 49 348, DE 101 48 722, DE 100 62 577, EP 1 308 157
and WO 01/66248. These documents and, in particular, the ligands described there are

25  incorporated by reference in the disclosure of the present patent application. Furthermore, the

active complex can bear further ligands.

Suitable carbene ligands are, in particular, compounds having the structural formulae VI to
IX:
30



from5 to 24 carbon atons. The radicals R4, R5, R6 and/or R7 can be
identical or different and can bear at |east one 10 substituent fromthe
group coRSiZOPNg4¥4 -H - CN, - COOH, -COO al kyl, -COO ar yPCT/ERA00SAISKYAS

+OCO-aryl, -0COO al kyl, -0OCOO-aryl, -CHO -CO alkyl, -COaryl, -aryl,

-al kyl , - al kenyl, -all yI , -0-alkyl, -0taryl, -NH2, -NH(al kyl), -N(alkyl) 2,
--NH(aryI), - N( al kyI)2, -F, -d, -Br, -1, -OH, -CF3, -NO2, -ferrocenyl,
-SBH, -PG8H2, where the al kyl groups can have from1l to 24 carbon atons,
preferably from1 to 20 carbop atons, the al kenyl groups can have 15 from 2
to 24 cargén atons, t he al | yR groups can have from3 to carbon atons and
t he m)nojﬂ or pol )R: cl |§lq aryl gr%hfls:@n have from/ENto 24 carbon

va|

atons. The Madiggls R4 to tan be covaljently j oi ned ong anot her vi a,
for exa L CH2¢* or CH oups'. 20 Substli t yeht s havin di ¢ hydrogen
atons can asd\lhave netglt” or Nammoni urR¥6nsN n pl ace tNhe protons. The
radicals R2 ang2 R3 are, inteEZalla nonocyegj2i ¢ or chy'ac rings
containing at l'east one 25 heteroatom These are, for exanple, radicals
derived from5- and 6-nenbered heteroal kanes, heteroal kees and

het er oar omaf'li cs such as 1V4- di oxane, nor plidl i ne, y-pyralX pyridine,

pyrim di ne, pyrazine, pyrrole, furan, thiophene, pyrazole, imdazole,
t hi azol e and oxazol e. Specific exanples of such radicals R2 and R3 are

shown i he ta beI .adi cal in each_case indicates the -
point o ﬁthf"; gﬁﬁf‘{]{}e Iﬁeﬁﬁ ‘{é%f‘?%é @rs%clwpéh pLLE e
PCT/EP2005/054135 21 NNIN/ t NtENA1 A2 A3 ~A19 iNI iIiNiN\ IN
A-4 A-5 A-6 A-7 N NO2ZNNY S NN A8 - A9 A-10 A-11

5 R%L R identical or different, a) linear, branched, substituted or unsubstituted

cyclic or alicyclic alkyl groups having from 1 to 24 carbon atoms,

or b) substituted or unsubstituted, monocyelic or polycyclic aryl groups

having from 6 to 24 carbon atoms,

or ¢) monocyclic or polycyclic, substituted or unsubstituted heterocycles
10 having from 4 to 24 carbon atoms and at least one heteroatom from the

group consisting of N, O, S;

R* R, R° R”: identical or different,
hydrogen, alkyl, aryl, heteroaryl, -CN, -COOH, -COO-alkyl-,
15 -COO-aryl-, -OCO-alkyl-, -OCO-aryl-, -OCOOQ-alkyl-, -OCOO-aryl-,
-CHO, -CO-alkyl-, -CO-aryl-, -O-alkyl-, -G-aryl-, -NH,, -NH(alkyl)-,
-N(alkyl);-, -NH(aryl)-, -N(alkyl),-, -F, -Cl, -Br, -I, -OH, -CF3, -NO,,
-ferrocenyl, -SO;H, -POsH;, where the alkyl groups have 1-24 carbon
atoms and the aryl and heteroaryl groups have from 5 to 24 carbon
20 atoms. and the radicals R* and R’ may also be part of a bridging

aliphatic or aromatic ring.

In particular, R? and R? are
- linear, branched, cyclic or alicyclic alkyl groups having from 1 to 24 carbon atoms,
25 - monocyclic or polycyclic aryl groups having from 6 to 24 carbon atoms or

- monocyclic or polycyclic rings containing at least one heteroatom selected from among
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ri met hyl phenyl or 2, 6-diisopropyl phenyl. Particular preference is
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as solids under the reaction conditions are us
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e e, lnter alia, aliphatic, cycloaliphatic and aromatic
F%rt())ﬁ{)g e ﬁargén %@fngzo al kanes, m xtures of |ower al kanes (C3--C20),

ons “suc
xane, cycl ooctane, ethylcycl ohexane, al kenes and pol yenes,

cl ohexene, 1,3, 7, octatriene, the CA-hydrocarbons fromC4 fractions

dhagrédieals RoeRyeRe andior Rénernabel ideptiesleor ¢ifbrnt sod vembsarsatcleasisone
YuRBtheRP SRR A5BNResi8E SPSH, -CN, -COOH, -COO-alkyl, -COO-aryl,
-0CO-alkyl, -OCO-aryl, -OCOQ-alkyl, -OCOO-aryl, -CHO, -CO-alkyl, -CO-aryl, -aryl,
-alkyl, -alkenyl, -allyl, -O-alkyl, -O-aryl, -NH;, -NH(alkyl), -N(alkyl);, -NH(aryl), -Nalkyl),,
-F, -], -Br, -1, -OH, -CF3, -NO,, -ferrocenyl, -SO:H, -PO;3H,, where the alkyl groups can have
from 1 to 24 carbon atoms, preferably from 1 to 20 carbon atoms, the alkenyl groups can have
from 2 to 24 carbon atoms, the allyl groups can have from 3 to 24 carbon atoms and the

monocyclic or polycyclic aryl groups can have from 5 to 24 carbon atoms.

The radicals R* to R® can be covalently joined to one another via, for example, CH,- or CH-

groups.

Substituents having acidic hydrogen atoms can also have metal or ammonium ions in place of

the protons.

The radicals R* and R® are, inter alia, ‘monocyclic or polycyclic rings containing at least one
heteroatom. These are, for example, radicals derived from 5- and 6-membered heteroalkanes,
heteroalkenes and heteroaromatics such as 1,4-dioxane, morpholine, y-pyran, pyridine,
pyrimidine, pyrazine, pyrrole, furan, thiophene, pyrazole, imidazole, thiazole and oxazole.
Specific examples of such radicals R* and R® are shown in the table below. In these radicals

~ in each case indicates the point of linkage to the five-membered heterocycle.

5
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The radicals R? and R? are particularly preferably substituted or unsubstituted phenyl radicals,

for example, 2,4,6-trimethylphenyl or 2,6-diisopropylphenyl. Particular preference is given to
the radicals R*, R°, R® and R’ being hydrogen, methyl, F or CL.

The metal-carbene complexes can be used as such in the telomerization reaction or can be

generated in situ during this reaction. In the preparation of the catalyst in the reaction mixture,

it 1s usual to react a quaternary ammonium salt having an appropriate structure with a base to

form the carbene of which at least a proportion coordinates to the metal present in the

golution.



al i phatic or/and ar omatic carboxylic acids, e.g. acetates, propionates,
benzoat es or P riate carbonates, hydrogencarbonates, al koxi des of

al kal i ﬁ@@aﬂ()@%)ﬁﬂﬁ al kaline earth metals, phosphates, PEYERI§OHORSEhat es
‘or/ and hydr oxi des, preferably of lithium sodium potassium 15 cal cium
magnesi um cesi um anmmoni um conpounds 2nd phosphoni um conpounds.

.Preference is given to hydroxides of the alkali netals and al kaline earth
net al s and netal salts of the nucleophile of the general formula I, IV

or V as used

from 0 x%ehﬁ’ t%%%laﬁ%h%gas g%g&gtgt%énﬁlf‘ﬁ O%Lﬁeﬁ ‘%’15 gﬁ?eé?l r%n&?yﬁ)w 5.1
mol % t o phesem| a%aanqmu ainded@E tretiba rcbidifoey. eloaivier, loftRisoRems BB ¥bsb belusa®! %
The telonerization can be operated continuously or batchw se and is not

restri ctldg spbyeptsaised shoud bﬁaﬁfgﬁldun@? Sojpts oF prefambbi added avishewictgophidasct or s

in whic rried out re 25 sti d tan ctors,
cascadegv h(%% ar% ﬁfe%éﬂgoa? @(ﬂ; "Qﬁe’c% ggn 5% B 5 B%gt%r el Pf°$l§{sa’|’a@8h are’
possisbl golids wRr GherReEbh Wasd@bny dul He ' AGHAT. Suitplk ﬁ%@éﬁw 8re@ ikt Liigd
tank reactor with a downstream flow tube. The telonerization is, in order

t o obt arhphatiki gilespplasictanderopaticdiydresarbons s*quds EutCaraliooesp hEtteres3d lower
conver5|ﬁ3(n osf (g 1 3 b t.adi ene, #s ad &ous tgeé%;strl rf
conver sion Yo %}*e %‘chch?oé: a@F’abeI X2 06762484y polyenes,
PCT/ EP2 Q@@éﬁﬁ&@ne% 3ThectaHER tthé rcqrnyamm%eﬁp AdrP CQCRRSioRd &Rnf aMoradIQf,
exanpl e, conprise mai ni the tel omerization product, by-products, "inert

C4- hydr benzeno rislueng ard emlane avbarrsolyeots suclBab tertiatiyend, se¢tmslmdud¢ohoh§mmndes of

nucl Ophl e_and, cat.al st s st em.( cat t al ses etc.) or
Fur tior St REERAE bR S O R Ratnides SRR woh SR goetShlit

1, 2- but asl eRBzdrStridd, SpetM@S%h hd) abdtbse, a@&?y%bmﬁtl&&&m ahe d?éd&)t% gétoﬁ’é esent
in the output fromthe tel omerization, in particular the 1, adi ené, can

be sepaﬁ@’b@éﬂ@fﬁsteﬁ &tﬁl‘lt%eeth)élagﬁéﬁel ethtisnclp as)dlpmpyﬂrletheur(betbyi ether dienelng| e,
distillation actio of . t he ut econd rocess
step cah &r s%e%ﬁ 3214 %’ %‘8 ’OIE}P att but&eﬁ@?%l efté/ b@ffrt tF‘?‘TdS?i'EiﬂF% oH8Rhods
such asdidicad, kétAhh@BAfhn, BRORS iGN and 8yl %ﬁa@f&%feemylaﬁeogwél' 8@%2&%19 ficﬂlg% i

following fractions by distillation can be carried ou

conpii sirreghyensuglye, tqt@ewuteaﬂ eglycd!, bprlpsileyle®>- biyteln esopyleme talymhediprdpylene
L 3 but ol 8 ShiprbpSiens Aot e PoryBRBSleht Yerftel S ST pofar fvanic S P! ©
sulfolane, dimethyl su1f0x1de, ethylene carbonate, propylene carbonate and water. Ionic
liqmds, for example imidazolium or pyridinium salts, can also be used as solvents. The
solvents can be used either alone or as mixtures of various solvents.
20
The temperature at which the telomerization reaction is carried out is preferably in the range
from 10 to 180°C, more preferably in the range from 30 to 120°C and particularly preferably
in the range from 40 to 100°C. The reaction preésure is preferably from 1 to 300 bar, more
preferably from 1 to 120 bar, particularly preferably from 1 to 64 bar and very particularly
25 preferably from 1 to 20 bar,

The concentration of the catalyst, formally reported in ppm (mass) of catalyst metal based on
the total mass, is from 0.01 ppm to 1000 ppm, preferably from 0.5 to 100 ppm, particularly
preferably from 1 to 50 ppm.

30

The ratio [mol/mol] of carbene to metal is preferably from 0.01:1 to 250:1, preferably from



+ a fraction conprising the target product (2,7-octadienyl derivative), -
a fraction conprising the by-product and/or - a fraction conprising the
cat al ystWenP05/2f6kppr opriate a fraction conprising the BCAVERASNSIS443%/ or
20 - if appropriate a solvent fraction. The fraction conprising the

nucl eophil e, the fraction conprising tbg solvent and the fraction
.conprising the catalyst can in each case be recirculated in its entirety or
partly to the second process step or else be passed to a work-up. 25 The

taroet qrofiblo Pl BELRRAYLAALED AL 2S00 SHER O SBLER, AR PLSSY °°°

f or ot her ma{ierla
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doubl e bonds and subsequent elimnation of nethanol into 1-octene. 30 In a

pr ef er r d6F WAGHR MEFITS. t he process conprises a third process step in which
the C4 fraction is separated off fromthe remai ning output fromthe second
process step. The C4- hydrocarbon 7WD 2006/ 024614 PCT/ EP2005/ 054135 25

fractg on i%béﬁérﬁﬁdi(ahﬁrg&h@ DeRAFRs It e GABmSE kdtlonCRAURINNNPAE thr&endd8f bases.
nucl eophil e, particularly when azeotropes are formed between the

nucl eophir¢ferencrd isogwemto memg lefsict bmm@hensnpoient K, Exksplime Bf innpretiadahi | es
whi ch form suc eotropes are water .and.nethanqgl. .5 The C4 fragtion can be
wor ked SREPRIGH PGS FRPL gy oruRg bf SRnge i sidha BeBorlrs offeli metd

1, 2- but aglie AR afifOdmthRRets¥halts action, e.g. by neans of distillation and/or
extractive distillation, and pass it to a further use. As an alternative,

the &4 fraction can be fed to a selective hydrogenation in which the

di enes are renoved, i.e. residual 1,3-butadiene and.the 1, 2- buytadi ene are
Convilr t SHTATIE GoALE SaMBRBEnH Gres T8 P, SHER® AV oy BRI BRECS BB For om
to the BriéRkicadan@NEhAl&alRECHIAE, afiQl RXAIMIBinG! didRe il 850
and F. Ni%esﬁr\%llﬁ:ch,ai1 ng Cberzllhau’s, Er d’ola &lKohI e, rEr gas%ﬁe#@cﬁ%ﬁ?ﬁQ 6)
39, 73- 7Bphaindwend pintayic caiveyylar #idsc aspr athicsy propatates,beazaritagirepptoapgateand

inawpluralit f stages. The hydrogenation.in the |liquid phase is |

pref er aBi‘r??m&aé%'/Sr’ ﬁ@'grclﬁ‘igc%wt%etaﬁﬁoé f u%lgg'hﬁ’ﬁﬁﬁltse@ I‘Illg%ﬁrﬁ’n?%ﬁ’t s .
Any nu | i 44l i SSaf: rat ed
L P S S T e R

whi ct§ ardciuegdinagnesolmbloesinm, warhswoniifiior conspeamp earrde tghaspdlopiveiancorhsrunds.
exanpl e

e renoved b ans of ter scrub, To.dry the C4 stream
dryi ng ’é’@?‘gﬁﬁ)&q 1s gHca rtg glg;ﬁa},‘l%ﬁsa?r@ﬁ%\é\@ﬁh fsite 2phalkalingsarth metan and wstal salisg

m Xt ur e pine %éleophile of the general formula I, IV or V as additive.

The basic component is preferably used in an amount of from 0.01 mol% to 10 mol% (based
20 on the olefin), preferably from 0.1 mol% to 5 mol% and very particularly preferably from
0.2 mol% to 1 mol%.

The telomerization can be operated continuously or batchwise and is not restricted to the use
of particular types of reactor. Examples of reactors in which the reaction can be carried out are
25 stirred tank reactors, cascades of stirred tanks, flow tubes and loop reactors. It is also possible
to use combinations of various reactors, for example a stirred tank reactor with a downstream

flow tube.

The telomerization is, in order to obtain a high space-time yield, not carried out to complete

30 conversion of the 1,3-butadiene. It is advantageous to restrict the conversion to a maximum of

95%, preferably 88%.



hydrocarbons which is largely free of 1,3-butadiene, |, 2-butadiene and
nucl eophi | e (but adi ene content preferably |ess than 5000 ppn) corresponds
very | arje13p06d246hercial raffinate | and 20 can be proBE€SERLUOGIOSAETS or
‘worked up like raffmate | in known processes. For exanple, it can be used
for preparing tert-butyl alcohol, diisobutene (or isooctane), nethyl
-tert-butyl ether, ethyl tert-butyl ether, 1-butene or C4 diners and
oligoners. |If nethanol or ethanol is used as nucleophile in the second
-process step, one has the option of 25 not renoving the nucl eophile but

i nstead passing the output fromthe hydrogenation directly to an

et her i f iMhatougt FomMak edtohl froab &l cahsfok eRaise, daniphisé ARiil§ gRUtBARriRiRRE Nt
inthe C4 streamto formnethyl tert-butyl ether or eth tert-butyl

et her. PRdICE duchrodects.t deert Co-hydiogarbamduresisdpal pmosets wdsl. k-hutadiens, tesiduslt ry,

usual ly | e i changers as catalysts. . To chi ev,

coml ot &TREROCHEREIRAA: Raa EINE SRR TN SRR LRGP ey BR A6 e
addeds  3éiclibe pretucavwha@or xaTRheadddd! dostenat ahb Nex-bivdgiehd Nand HRQL in this
restricting its scope which is defined WO 2006/ 024614 PCT/ EP2005/ 054135 26

by the @ { pi§tens- and the clai ms. Exanple 1: Selective hydrogenation using
a copper-containing catal yst The hydrogenation plant conprised a fl ooded
trickle-bed reactor having a dianeter of 14 mm 5 and a length of 2 in and

was pr ovihg @flendstiesait ﬁaxth@m%ht fbmaHé telon&eati8RGh Partitafr RRAL 8BurAlBe! ddhcal |y
so that the reaction could be carried out adiabatically. The volune of the

cat al ysbe sepasated g from thadelomenzafion pradiet maxdungdptefon txamplephsillaipne cat al yst :
6% of, Cu on ZnO pellets of the type HO016 from Degussa. The inlet
tenperature was 30C, and the pressure in the reactor was brought to 10 bar

by nmeangheffdeuehawaresr b Sutgdt Honf MRUSoR pfeteddydEPERT BRS i eﬁ}&gdeoﬁtfrrglti%o in

was 1.853 kg. The selective hydrogenation was carried out using a od
based ogeneGBlyl byolenores mdpeiat angthedst puph ef distidaipero do cixtiactoo. tFer esingdt,i ve

hyd ti i ir Tabl Lo | | v. that th t t
oy 4 e tniie oo bihe SRToRuEy il R SR Sul s ar t o four houre.
of operatiop, M fh&idn téaﬁlp@i@ﬁltge@ltblﬁﬁne;i Bobuhadi ensidrd Q-fbutﬂcnfgs-, huhadhene

havi ng changed significantly. 15 Exanple 2: Tel onmerization o
1, 3-But adi ehé-butadteaeni,ru@dichy drdbpesibbnalhdncooread thd tuvleopbilhanol Gener al
met hod for gggctlto?llcgzrrrl%%is%lgtﬂileotgrget product (2,7-octadienyl derivative),

- afraction comprising the by-product and/or

- afraction comprising the catalyst and

- 1f appropriate a fraction comprising the nucleophile and/or

20 - if appropriate a solvent fraction.

The fraction comprising the nucleophile, the fraction comprising the solvent and the fraction
comprising the catalyst can in each case be recirculated in its entirety or partly to the second
process step or else be passed to a work-up.

25
The target product of the formula I is utilized as such or serves as precursor for other
materials. For example, the target product 1-methoxyoctadi-2,7-ene can be converted by

hydrogenation of the two double bonds and subsequent elimination of methanol into 1-octene.

30 In a preferred embodiment, the process comprises a third process step in which the Cy fraction

is separated off from the remaining output from the second process step. The Cs-hydrocarbon



20 In a 100 mM Schlenk tube, 55.9 ng (0.18 mol) of palladium
acetyl acetonate and 0.393 g (0.75 mvl) of
1, 3- bi s(WOLUS{RA6EA hyl phenyl )i mi dazol i um o- cr esoxi de- o- BEESRA2006/064135
di ssolved in 50 g (1.56 nol) of nethanol under protective gas. In a 3-liter
autoclave from Btichi, 6.72 g (0.06 np§) of o-cresol (heated to 40C on a
-wat er bath) and 3.47 g (0.06 nol) of sodium nethoxi de were di ssolved in
115 g (3.59 nol) of nethanol and in 100 g (0.52 nol) of 25 tripropylene
gl ycol . ubse ue LN ed into
Phe” auie B S EbREAL0 BN Tt BRI S DO TRRSGRYS PR hen
decr easiapgtopss aten fdrhed %W&Irpﬂié xlilﬁlléobﬁf)le ahdd Gbnauéroﬁl'o?é/ ef &S Ch%h%néﬁ%st he
reaction tenperature while stirring, the palladiumcontaining solution was
added t &Examplcs ohvesieaphiles whishdemmpsuchiaecirapes tre waseianil ortiwasl. noni tored by
means of an on-line gas chromat ograph. The reaction tinme was 14 hours. WO
2006/ 024614 PCT/ EP2005/ 054135 27 CC analysis: GC (1st col um:
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inj.: f 5.,tR rocarb = 2.76 t hanol)
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mn, tR(trans-1,3,7- octatriene) = 4. m n, tR(vi nyI cycl ohexene) 448

mn, tR utaéwnaﬁee) cwvm%mtmlrbutenemni beufan@) Suchs hgdrpgeriationst :R@aenkmom

RO Rttt A s 0 ed frSatvlndy ot i PR T b Sl eso
mn, tRELOBedHaLiAdEABE X Koﬁk:g@@dg'ﬂs nPetI‘daﬁém% (‘%93@)‘13@”@-75 Iﬁdés%@al | Bhey are
2, 7-oct adi enyl 1- met hyl et her (= 1- tadi en 3- net hy tyh

3- MODE) cartisd Exiabgthén 2 singlg ﬁageh@ldelnearmwehat:@ﬁﬁtagemthedlyﬂtr@enatmnn|thmhqmllde

C4- hydr ogar bon_m.xt.ure fro ed O In the
exarr%;l ePEEEoPdPIY Figh yt%‘?@\?ﬁﬁ @gﬁn%@%ﬁ"%ewgls%mmﬁ? g’gg?’ijdlmﬁl T’E’éﬁe‘és"%oﬁtné{i ni ng
C4- hydr g r 95%
R et R e e A S LT

t r an$- bheferre or Eftep @ls Eyydmgcrg;hpnoNucleophﬂes which are readily soluble in water (for

example methanol) can, for example, be removed by means of a water scrub. To dry the C,

stream, drying columns, inter alia, have been found to be useful. The resulting mixture of Cg-
hydrocarbons which is largely free of 1,3-butadiene, 1,2-butadiene and nucleophile (butadiene
content preferably less than 5000 ppm) corresponds very largely to commercial raffinate I and

20 can be processed further or worked up like raffinate [ in known processes. For example, it can
be used for preparing tert-butyl alcohol, diisobutene (or isooctane), methyl tert-butyl ether,
ethyl tert-butyl ether, 1-butene or C4 dimers and oligomers.

If methanol or ethanol is used as nucleophile in the second process step, one has the option of
25  not removing the nucleophile but instead passing the output from the hydrogenation directly to
an etherification in which the alcohol is reacted with the isobutene present in the C, stream to
form methyl tert-butyl ether or ethyl tert-butyl ether. This reaction, too, is carried out by
processes known in industry, usually in the presence of ion exchangers as catalysts. To
achieve complete conversion of the isobutene, additional alcohol may have to be added.
30

The following examples illustrate the invention without restricting its scope which is defined



1-but ene, 24.55% by wei ght of i-butene, 3.15% by weight of cis-butcne, 0.1%
by weight of 1,6 2-butadiene was used. 25 Conparative exanBI e 2.3: In the
.conpar aWQe?OQQQ%@é an acetyl ene-free and al |l ene-free GRCHEFRO0HOBSIBS

m xture conprising 43.19% by wei ght of 1, 3-butadiene, 1.73% by wei ght of
i-butane, 6.86%Dby weight of n-butane)65.12% by wei ght of trans-butene,
.14.80% by wei ght of 1-butene, 24.56% 30 by weight of i-butene, 3.57% by

wei ght of cis- butene is used. WD 2006/ 024614 PCT/ EP2005/ 054135 28
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1- buten@xaml‘sbnfﬁeseqwemwmenaﬁon using arcepPe -PIa NG RAtaNst of ci s- but ene,
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conprising 43.53% by weight o but adi ene, 1. 95%"5%610@1 ght of i -butane,

4.79% Blgctrishlinso 6fat thﬂtremilﬁé couldé:a%ablyed/@itgﬂdtabmcaﬂlw vegef thacadystoy

ht of te 55% b t.of i-bute h
ore hut Sies U0 1BS byl B VY G orPhet e L85 s Y R PR of
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of Exanples 2.1 to 2.5 may be found in Table 2. nparative exanple 2.
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Table 1. It can clearly be seen that the content of melacetylene and 1 butyne has been

reduced to zero after four hours of operation, without the content of 1,3-butadiene and of 1,2-

butadiene having changed significantly.

15
Example 2: Telomerization of 1,3-butadiene-containing C,-hydrocarbon mixtures with

methanol

General method for the telomerization

20 In a 100 ml Schlenk tube, 55.9 mg (0.18 mmol} of paliadium acetylacetonate and 0.393 g
(0.75mmol) of  1,3-bis(2,4,6-trimethylphenyl)imidazolium-o-cresoxide-o-cresol  were
dissolved in 50 g (1.56 mol) of methanol under protective gas. In a 3-liter autoclave from
Biichi, 6.72 g (0.06 mol) of o-cresol (heated to 40°C on a water bath) and 3.47 g (0.06 mol) of
sodium methoxide were dissolved in 115 g (3.59 mol) of methanol and in 100 g (0.52 mol) of

25  tripropylene glycol. 550 g of a Cs-hydrocarbon mixture were subsequently injected into the
autoclave by means of a gas pressure can (amount determined by decreasing mass in the C4
stock bottle). The autoclave was heated to the reaction temperature while stirring, the
palladium-containing solution was added to the contents of the autoclave and the reaction was

monitored by means of an on-line gas chromatograph. The reaction time was 14 hours.
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GC analysis:
GC (Ist column: DB-WAX/ALOs, 2nd column: DB-Wax/HP-5MS; initial temperature: 50°C,
maximum temperature: 200°C, start time: 1 min, equilibration time: 3 min; temperature
program: from 50°C at 15°C min™ to 200°C, running time: 11 min; inj.: 220°C, const. flow).

5 tr(C4-hydrocarbons) = 2.762 min, |
tr(methanol) = 3.152 min, tr(1,7-octadiene) = 3.866 min, tR(trans-l,G-octadiéne) = 3.958 min,
tr(cis-1,6-octadiene) = 4.030 min, tg(cis-1,3,7-octatriene) = 4.291 min, tr(trans-1,3,7-
octatriene) = 4.292 min, tr(vinylcyclohexene) = 4.448 min, tr(i-butane) = 4.552 min,
tr(n-butane) = 4.822 min, tr(3-MODE) = 5.523 min, tr(trans-butene) = 6.116 min,

10 tr(1-butene) = 6.240 min, tr(i-butene) = 6.412 min, tr(cis-butene) = 6.616 min,

tr(1-MODE) = 6.650 min, tr(1,2-butadiene} = 6.900 min, tr(1,3-butadiene) = 7.526 min.
2,7-octadienyl 1-methyl ether (= 1-MODE)
1,7-octadienyl 3-methyi ether (= 3-MODE)

15 Example 2.1:
In the example according to the invention, the Cs-hydrocarbon mixture from Example 1 was

used.

Example 2.2:

20 In the example according to the invention, an acetylene-frec and allene-containing
C4-hydrocarbon mixture comprising 43.53% by weight of 1,3-butadiene, 1.95% by weight of
i-butane, 4.79% by weight of n-butane, 4.58% by weight of trans-butene, 17.20% by weight of
1-butene, 24.55% by weight of i-butene, 3.15% by Weight of cis-butene, 0.1% by weight of
1,2—butadiené was used.

25
Comparative example 2.3;

In the comparative example, an acetylene-free and allene-free Cy-hydrocarbon mixture -

comprising 43.19% by weight of 1,3-butadiene, 1.73% by weight of i-butane, 6.86% by

weight of n-butane, 5.12% by weight of trans-butene, 14.80% by weight of 1-butene, 24.56%
30 by weight of i-butene, 3.57% by weight of cis-butene is used.



10

15

20

Comparative example 2.4:

In the comparative example, an acetylene-containing and allene-free C;-hydrocarbon mixture
comprising 43.19% by weight of 1,3-butadienc, 1.73% by weight of i-butane, 6.86% by
weight of n-butane, 5.12% by weight of trans-butene, 14.80% by weight of 1-butene, 24.56%
by weight of i-butene, 3.57% by weight of cis-butene, 0.0015% by weight of vinylacetylene
and 0.0012% by weight of 1-butyne was used.

Comparative example 2.5:

In this comparative example, an acetylene-containing and allene-containing C4-hydrocarbon
mixture comprising 43.53% by weight of 1,3-butadiene, 1.95% by weight of i-butane, 4.79%
by weight of n-butane, 4.58% by weight of trans-butene, 17.20% by weight of 1-butene,
24.55% by weight of i-butene, 3.15% by weight of cis-butene, 0.11% by weight of
1,2-butadiene, 0.0017% by weight of vinylacetylene and 0.0010% by weight of 1-butyne was

used.

The results of Examples 2.1 to 2.5 may be found in Table 2. Comparative example 2.3 shows
that allenes have no mfluence on the catalysis performance. Comparative examples 2.4 and
2.5 likewise show that allenes have no influence on the catalysis. Although the catalysis starts
somewhat more slowly, 100% conversions are neverthcless achieved at equally high

selectivities.
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PCT/ EP2005/ 054135 31 Cainms: 1. A process for preparing a conpound of the
formulal | 5 in which Xis an ORla3pr NRlaRmradical, where Ra and Ri b

.are sel ected i ndependently from anong hydrogen, a |inear, branched or
cyclic Cl-C22-al kyl group, an al kenyl group, an al kynyl group, a
C5- G s- @Fyim@roup or a -COalkyl-(C-Cg) group

1. A process for preparing a compound of the formula I

NN T
I

5 in which X is an OR™ or NR®R!® radical, where R and R!® are selected
independently from among hydrogen, a linear, branched or cyclic C;-Cy;-alkyl group,

an alkenyl group, an alkynyl group, a Cs-Cyg-aryl group or a —CO-alkyl-(C;-Csg) group

or a ~CO-aryl-(Cs-Cyp) group, with these groups being able to contain substituents

selected from the group consisting of -CN, -COOH, -COQ-alkyl-(C;-Cy), -CO-alkyl-

10 (C1-Cy), -aryl-(Cs-Cyp), -COO-aryl-(Cs-Cig), -CO-aryl-(C4-Cip), -O-alkyl-(C,-Cy), -O-
CO-alkyl-(C;-Cs), -N-alkyl>-(C1-Cs), -CHO, -SO:H, -NH,, -F, -Cl, -OH, -CF;, -NO,

and the radicals R'® and R'® being able to be joined to one another via covalent bonds,

from a 1,3-butadiene-containing hydrocarbon stream comprising allenically
unsaturated compounds and more than 100 ppm by mass of acetylenically unsaturated

15 compounds, in which process the acetylenically unsaturated compounds are removed
in a first process step and 1,3-butadiene is reacted with a nucleophile in the presence

of a metal compound in a second process step (telomerization step), wherein the
hydrocarbon stream which is obtained from the first process step and is used as

starting material in the second process step has a content of acetylenically unsaturated

20 compounds of less than or equal to 100 ppm by mass and a content of allenically
unsaturated compounds which is at least 75% (relative) of the original content of

allenically unsaturated compounds.

2. The process as claimed in claim 1, wherein a compound of the formula ITA or Iib,

—R™ —R"
W /\/\/\/\N
25 - IIa iIb
is prepared by reacting 1,3-butadiene with a nucleophile of the formula I, IV or V

R“-0-H (1) RHRMN-H - (QV) R"*-COOH (V)



or a -COaryl-(C5-CG o) group, with these groups being able to contain
substituents selected fromthe group consisting of -CN, -COCH,

- COO al K¥0O-200p/024§14 - CO- al kyl 10 (Cl-Cs), -aryl-(C5- G o) PCT/EP2005/054135
=COO-aryl-(C6-CIO), -COaryl-(Cs-Cio), -Oalkyl-(Cl-C8), -0-

CO al kyl-(Cl-GCs), -Nalkyl2-(C-C8), -€H0, -S@BH, -NH2, -F, -d, -OH -CF3,
.-NO2 and the radicals RL and Rib being able to be joi ned to one anot her
via coval ent bonds, froma 1, 3-butadi ene-contai ni ng hydrocarbon stream
-conpri si ng aIIenlcaIIy unsat urat ed conpounds and nore than 100 ppm by nmass
of acetylenically unsaturated 15 conpounds, in which process the

acet yl eni cal kyhetd R Htaud at'ede aoapmILads cRIg 1renoved in a first process step
and 1, 3-butadiene is reacted with a nucleophile in the presence of a netal
conpound in a second process step (telonerization step), wherein the

wbed ae > ot anth SRR Tl AR R ooha i e s Bl hroRe B AredE

acet y eni cal hydruaﬁa@ygtagagﬁ 20 corrpounds of less than or equal to 100 ppm by
mass and a content of allenically unsaturated conmpounds which is at |east
75% (rel ative) of the original content of aI I enl call y unsat ur at ed

conpoun 2. The nrocess. as cl ai in.a_conpound of the
f or nul aqllA grhemr% oS s f’%fﬂ &q ?ﬁg%sq %ebo alms It‘}(\g wiherel the. aﬁ"C@H’LfWa”Y
reacting 1, B@Mea@&n@b&ﬂas@rmg&%ew@@&rakmfor mJ' alll, 1VorV
Ra-OH (lI) (Ra)(Rb)NH (IV) R a-COON VO 2006/ 024614 PCTBP2005/ 054135

32 where RL and R b are as defined in clalml 3. The process as clained in

cl ai 1 50r 2,..wherein a drocar bon fracgt i s used as . 5 h drocarbon
stredm 4. THEC JFOEEs &S Cgé{ﬂe i Hedf [eﬁs tapnq 8g§ha“6‘ﬁel &9 e vgisrein acelyleucallifer ei n

the acetyl enufakdrited YOS MR RO B VRO Baf@parated off by extraction.
10 5. The process as clg(?rred ineat easfgﬁiéﬂge gf clains 1 to 3, wherein

acetylenically unsaturat ed corrpounds are renmoved by hydrogenati on 6. The
process as c imed in c naS wherein a. cogcper cont.aj ning, cataly i s used
in the hydr Egﬁl{;ﬁcF%ﬁiS clarmed 11 claim 5, wherein a cdpper-containing catalyst is used 1n the
hydrogenation.
15
7. The process as claimed in claim 5, wherein a palladium-containing catalyst is used in

the hydrogenation.

8. The process as claimed in at least one of claims 5 to 7, wherein compounds having
20 more than 4 or 5 carbon atoms are separated off from the hydrocarbon stream obtained
as hydrogenation product mixture from the first process step before it is fed to the

second process step (telomerization).

0, The process as claimed in at least one of claims 1 to 7, wherein the hydrocarbon
25 stream obtained as process product from the first process step is used directly as

starting material in the second process step.

10. . The process as claimed in at least one of claims 1 to 8, wherein the hydrocarbon
stream obtained as process product from the first process step is mixed with a
30 1,3-butadiene stream from a butadiene plant and this mixture is used in the second

process step.



15 7. The process as clained in claim5, wherein a palladi umcontaining
catalyst is used in the hydrogenation. 8. The process as clained in at

| east orW0d3006/02#6kt 5 to 7, wherein conpounds having 20PGBIEP2004105413 5
‘carbon atons are separated off fromthe hydrocarbon stream obtained as
hydrogenation product m xture fromthe3first process step before it is fed
.to the second process step (telonerization). 9. The process as clained in
at |east one of clainms 1 to 7, wherein the hydrocarbon 25 stream obtai ned
-as process product fromthe first process step is used directly as

starting material in the second process step. 10. The process as clained in

at | eastiione ™k grbédsts Lldided in\WiaEMt dnk e dMEHOr 36 h@nwhﬁie'i@@ie editatned as
process product fromthe first process step is mxed with

1, 3- but adi en@cefylenigatly umﬁatuaatyhp@np@n@spm&mhmamwsnmw mmchsfaéwthen t he
second proc 93 ste 20%6/%1 g}r/ EP2005/ 054135 33 11. The process
as clai med i 8?1611'% lop SERAS 575 Yd"8%; wherein the content of

acetyd enically unsaturated corrpounds in the hydrocarbon m xture which is
fed to the telonerization step is |less than 50 ppm by mass. 5 12. The
process 13s ¢ ﬂéﬁﬁrm@esmamlamcd:m clahdrle whetefrethe anhient oftdceybmtoally rmmahﬂa;ed

unsat ur at ed ounds | roc ichis fed tot
tel omeri zat i SHmQrTF’ﬂ'ﬁp i t}re CIZ‘H%/?H %H r}‘d‘g{ ’r‘?ﬁ[ué ﬁ% tilgmei?ﬁ@mﬁr%??e§ es&s
clainmed in amanlo gpn@byHads. t0 12, wherein the nucl eophile used in the

second process step i s nethanol, ethanol, 2-ethyl hexanol, octanol, octenol,
oct adi enol, isopropanol, n-propanol, isobutanol, n-butanol, isononanol,

for cetic aci gd,. r.opi oni.c, aci anol aci d, .i.so-buytanoic
Lot a6 b3, 07 TBE et dlaimell i B 5%@%? to 13; wéffrﬁgﬂ RE SO HPFR
anmoni a or Wad@hd plodedsbtepREndthAOE EehaAS] Qtewﬁ&ah& BN oGl Rotatiided1 13,

wherein a netal - carbene conplex is used as telonefization catalyst IR the
second procesepwipem], tpropinel, psabotssl, asbwhailmednimngl, #mmid 4cidnhestiei avid

al | adi um car bene.conpl ex i s .us
P propionic acng f)(utancnc 45 %o-butanoxc acid, benzoic acid, phthalic acid, phenol,

dimethylamine, methylamine, ammonia or water.

15
14. 'The process as claimed in any of claims 1 to 13, wherein a metal-carbene complex is
used as telomerization catalyst in the second process step.
15.  The process as claimed in claim 14, wherein a palladium-carbene complex is used as
20 telomerization catalyst in the second process step.

16.  The process as claimed in any of claims 1 to 15, wherein the allenically unsaturated

- compounds are separated off from the telomerization product mixture by distillation.

25 17.  The process as claimed in any of claims 1 to 15, wherein a Cy4 fraction is separated off
from the output from the second process step and dienes are removed from this by

selective hydrogenation.

18.  The process as claimed in claim 17, wherein the hydrogenated C,4 fraction is worked

30 up like raffinate L.



20 telonerization catalyst in the second process step. 16. The process as
claimed in any of clains | to 15, wherein the allenically unsaturated
_conpound¥0a30@odidparsat ed of f fromthe tel omerization prodBCT/BERA2006/064 185
“distillation. 25 17. The process as claimed in any of clainms 1 to 15,
wherein a C4 fraction is separated off3gfromthe output fromthe second
_process step and dienes are renoved fromthis by selective hydrogenation.
18. The process as clained in claim17, wherein the hydrogenated C4
-fractio rked 30 i ke raffinat 6/,024614. .

T EP203s; 0AR% SEovessy fime 4 Bl Best 088 hEoimg T s rfety Syt g Eivai
1 to 18, mhe(ngOQQHQWRthmEQ;nuIa | is ORla or NRlaRlb where Rla is H,

met hyl , ethyl ropg , isopropyl, tert-butyl, n-butyl, sec-butyl, pentyl,
hexyl, hept 9& 1sdrgtry¢t Ylo@ihﬂnyip,rom’ttimr@)’%lt¢rt1'bgtyhoﬁly¢tyl, Seceliutyll pantyll hexyl,

o Byl i R BB ST A BB oo, s ey

et hyd car bonylmet@}BRESAT pr phenylkca bis
e e A b P e o vt

pentyl, hexy hydroge}salghonylo oephylcapledrah ydthylcarbagil, eptyspylcarbamm ny| pheByletdbyhyiexyl ,
n- nonyl , phe%cb , 0- or 10 p-creyl, naphthyl, 2,4-di-tert-butyl phenyl,
2,6-di-tert yl met hyl phenyl , hydrogencarbonyl, met hyl car bonyl ,

et hyl car bonylr!® RIFDRYEAr &Hﬂ}’h—pﬁfpyﬂ REYHARTDLBYY, n-butyl, sec-butyl, pentyl, hexyl,

heptyl, octyl, octenyl, octadienyl, isononyl, 2-ethylhexyl, n-nonyl, phenyl, m-, o- or

10 p-creyl, naphthyl, 2,4-di-tert-butylphenyl, 2,6-di-tert-butylmethylphenyl,
hydrogencarbonyl, methylcarbonyl, ethylcarbonyl, propylcarbonyl or phenylcarbonyl.



