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pal | adi um carbene conpounds The invention relates to a process for P
preparing 5 1l-olefins by telonerization of conmpounds havi ng conj ugated
- doubl e bondsOwkt.h 584t5el ogen in the presence of a noble netal
tel oneri zation catal yst, hydrogenation- pf-the tel onmer and cl eavage of the
hydr ogenated internediate. 10 1-A efins such as 1-octene are used in |arge
quantities Protleespfodughiepaming a +sLsf e Mg dhgPHaddaHS umERL rHEXANP! €,
TS and porymers—are

surface-acti xg!ggggggh nce, plasticizers, Tubrrcants

produced fro 15 Anot her Iarge application is its use as
conononer in polyners, in particular in polyethylene. Virtually all
processes usegdoconpergially present time for prpoducing 1l-octene are
based on the 20 raw rat ghha qteetltf?rél%es Ethere |%r%?€?§%ne£?fedpfgpaﬁﬁga
product speclr@hféing- olleyi nseleomaizatrionuct f W thmpappdepr i R4eig§oi ce of

cat al yst andc@ﬁgg ggegoa@bylgnqa dde, unt ct.ene. i n t he product can
be opti ni zed d then about 259 Pg?r?tgf rt%fr%] ﬁhglse%procesgjég Y©95 means

of which the® Fraf‘oiﬂc’%&ret et agl hé%%@ﬁ@%%m@lystobhzadnwemhmn

i sol ation ofof-othene dalemdhe pi@duel eafhybur £ r apd hek1 % % gpsch
reacti on has, l%ér}ﬂngd sone inportance. 30 Apart fromt he et ased
processes, processes T#hFeh use 1, 3- but adi ene as raw materi al for prepari ng
1-octendlare al so known fromthe literature, However, 1-octene is not :
obtainable djr r ut adie r X means of dinerization,
but is obt a%eﬁf%%¥%% %g&ﬂ g?u?‘a??ﬁ?};}%f Elrr%ocg s’l% pETGR Bat et 388 ent
appl i cation ¥ @i?GLOESGdH§§éPPbe@fa Rwicnss ichewdicell pradbotadi engri s

reacted prefetatbye W t h siRiRaRAI Aive substance,  plasticizers,

lubricants and polymers are produced from l-octene.

15 Another large application is its use as comonomer in
polymers, in particular in polyethylene.

Virtually all processes used commercially at the
present time for producing l-octene are based on the
20 raw material ethene. Ethene is oligomerized to give a
product spectrum of «-olefins as main products. With
appropriate choice of catalyst and process conditions,
the amount of l-octene in the product can be optimized
and is then about 25%. Apart from these processes by
25 means of which the major part of the l-octene produced
is obtained, the isolation of l-octene from the product
mixture from'the Fischer—Tropsch reaction has attained
some importance. | |

30 Apart from the ethene-based processes, processes which
use 1,3-butadiene as raw material for preparing
l-octene are also known from the literature. However,
l-octene is not obtainable directly from butadiene, for
example by means of dimerization, but is obtained after

35 a plurality of process steps. Thus, the patent
application WO 92/10450 degcribes a process in which
1,3-butadiene is reacted preferably with methanol or
ethanol to form a 2,7-octadienyl ether which is then




et hanol to forma 2, 7-octadi enyl ether which is then 4 April 2006 % o ]'_384(?06
- 2 hydrogenated to the octyl ether and is then cleaved to gi ve - Jt' %
EP- A-0 440 995 follows an anal ogous route, but the reaction in the first
stepis with@azcas®bxylic acid. The first process step, which is 5
generally referred to as telonerization, 2is involved in both the

processes. In telonerization, a telogen (in EP-A-0 440 995 the carboxylic
acid) is gendt}aiﬂqgemmdedomthb aadtqmomdﬂ,a%ﬁ.@Uiaditﬁ@eﬁ, A LAy alent s)

to forma tel 0 | es tiqQn.reacti ons are descri bed,
inter alia, gﬁﬂg\] I nﬁ%ﬁg Eg\n{x @:hg%ﬁ gég %5&9‘0‘”@9 arg7ggalggous
Takahashi, T.r&HidanbutN. théagrlaar:ap.onTem abbdr dnidst t st2P67,s 2¢d5Eh EBP- A- O

561 779, 15 42, 1 2, NL686 08,. GB 1

245 293, e SISO e 0 T T e 5 aa ttesR a1 354

507, DE 2P 4@erpEally smaferved tows4t@1@m¢3$zaty$on,1gs 135016Rd 585 718,

US 4 104 471,bo@E gﬂleGJnga’ga% EPf- Otgﬂ&néPPza@Poﬁ” 51 etéi.‘g@%nprﬁ%esses
e

for preparin -octe basi s of but adi ene, ScCri

exanple, in PQ'Q T 09%'? Eﬁhﬁ- 0 RFPYISLig heafl@dt enks | s gsmexiaddy by

cl eavage of &naan‘:tmrl awetﬁulzsttaﬂbQin (1t e bhitdRliRes L i 9N eqlN@90RGhi Vi ties
inthis step I{ﬂtl g’;]satl sfactory. Thus, WO 92/'10450 reports a
selectivity o octeres 6% at a conversion of 80%in the cl eavage of
1- met hoxyoct ane. 30 Cat al ysts whi ch have been found to be effective for

‘telomer zat | akagn il ogen<igieaaall AdT 0L a0 ol Lad L) gﬁgpounds
e

(A. Behr, in "Aspects of nbgeneous ; Rei del
Publ i shi ng CaM¥&sy ,2iB86or dlrlécﬁltJBo%Tfﬂé)WIanéasMr Che®4, Soc. 1967,
6793; S. Takahashi, T, Shibano, N. Haglhara,
Tetrahedron Lett. 1967, 2451 ; EP-2A-0 561 779,

15 Us 3 499 042, US 3 530 187, GB 1 178 812, NL 6 816 008,
GB 1 248 593, US 3 670 029, US 3 670 032, US 3 769 352,
US 3 887 627, GB 1 354 507, DE 20 40 708, US 4 142 060,
US 4 146 738, US 4 196 135, GB 1 535 718, US 4 104 471,
DE 21 61 750 and EP-A-0 218 100.

20
In the known processes for preparing l-octene on the
basis of butadiene, as described, for example, in
WO 92/10450 or EP-A-0 440 995, the l-octene is obtained
by cleavage of an n-octane substituted in the 1

25  position. The selectivities in this step are often
unsatisfactory. Thus, WO 92/10450 reports a selectivity
to octenes of 66% at a conversion of 80% in the

cleavage of l-methoxyoctane.

30 Catalysts which have been found to be effective for
telomerization are halogen-free palladium(0) and
palladium(II) compounds (A. Behr, in “Aspects of
Homogeneous Catalysis"; editor R. Ugo, D. Reidel
Publishing Company, Doordrecht/Boston/Lancaster, 1984,

35 Vol. 5, 3). In addition, compounds of other transition
metals such as cobalt (R. Baker, A. Onions,
R.J. Popplestone, T.N. Smith, J. Chem. Soc., Perkin
Trans. II 1975, 1133-1138), rhodium, nickel (R. Baker,




35 Vol. 5, 3). In addition, conpounds of other transition netal S4Sﬁ§%if‘52006
cobalt (R Baker, A Onions, R J. Popplestone, T.N. Smth, J. Chem® SocC.,
Perkin Trans. 1l 1975, 1133-1138), rhodium nickel (R Baker, 4 April 2006
O Z 5845 - 3.zD. EBgadalliday, T.N. Smith, J. Organonet. Chem 1972, 35,

©61- C63; R Baker, Chem Rev. 1973, 73, 487-530; R Baker, A H Cook, T.N
Smith, J. Chem Soc., Perkin Trans. Il 1974, 1517-1524) and pl atinum have

al so been 5 psed asigatiahyste.ntowryen, the |@tdshomyst e e 1'ngeri or to
pal | adi um coggl exe?sjjol n terns of activity and selectivi t%/. WO 91709822
describes a cdantinbus®pr odesPEng CaBTpalfeiti ukPZdet yiacelSiabel2

?qui val ents af. Bakpkenyl phospuine @chaslafhyﬁt. g@ﬂt@idﬁl Hgb@dycwe\fiﬁtihes
turnover nuppers 44 0 achi.ev ere. wever , e
chenosel ect i Ffai”é?s &for ?#e';é)’arbéggﬁ}g%g&t angy R o B3t "f‘ﬁ?‘ﬂo EFPnunber s
are < 85% 1bs&le ase odtphsadi uicoeptexestior paltdtadt udysaleh® | Bre

conbi nation W boxyl i i o] | qnerjzation of butadiene is
known from E ggﬁgggwﬁgg b%&%%\gg?ﬂ t#lce) ‘%gﬁ}ﬁ%gxilﬁg léagrﬁ iosgngF%é‘ﬁék?’fi ed.
20 A processahdr seRecpigpdvati on of octadi enyl ethers was described in
1987 by National Distillers and Chem Corp. (US 4,642,392, US 4,831, 183).

The product mxture was separated fromthe catalyst (palladiumacetate/5
equi val ents BP PLVBARERYI pHRTAFHESS by adi sEPREERRGAS 2PYas@ASIy BAGngat al yst

as a solugi Oﬂaﬂ.maaihi'nghl--bOiééé‘@yléﬁéﬂ@ﬂéteﬂ‘e ng@ tvaﬁ_%ﬁtt},e reusgd up to
twelve tines, when s enent ar osphine is_a each tine, .However,
the initial Bﬁ?@ﬁe ggﬁﬁﬁg’ﬁi?egéfg cfarfgahjix%‘arcaté?ﬁé?tifﬂrad‘g}FEP‘HlB%eﬁnl y 57%
(correspondi ffyutrooxeFOxuibedts )22000) upThe nd4 s000 atire afcliwrddl Baees is in
this case Ofl¥edef 1-+dd YBed : ? m.xt u S .separate romthe
reaction sol ut?égne%;'/, t‘T%r exgrr?)?%,ieéggyé% fggn ¢ UEfie AR B Suct -

at such catalyst turnover numbers are < B85%.

15 The use of palladium complexes or palladium salts in
combination with carboxylic acids for the
telomerization of butadiene is known from EP 0 440 995,

However, the complexing agent is not specified.

20 A process for the preparation of octadienyl ethers was
described in 1987 by National Distillers and Chem.
Corp. (US 4,642,392, US 4,831,183). The product mixture
was separated from the catalyst (palladium acetate/5
equivalents of triphenylphosphine) by distillation,

25 leaving the catalyst as a solution in a high-boiling
solvent. The catalyst can be reused up to twelve times
when supplementary phosphine is added each time.
However, the initial batch (Example 1) gave the linear
ether in a yield of only 57% (corresponding to a TON of

30 2000). The n/iso ratio of the telomers is in this case
only 3.7:1. In US 4 831 183, the mixture was separated
from the reaction solution by, for example, extraction
with hexane. The telomerization was carried out in
dimethylformamide or sulfolane using the catalyst

35 mixture palladium(II) acetate/B egquivalents of
triphenylphosphinemonosulfonate.




with hexane. The telonerization was carried out in dimethylformyrge. 006
sul fol ane using the catalyst 35 mxture palladiun(ll) acetate/3 equi alert's
of triphenyl phosphi nenonosul fonate. 4 April 2006 O Z. 5845 - 4

Longer - chai n cpr4 maggiel cohol s such as et hanol, propanol and butanol (J.
Beger, H Reichel, J. Prakt. Chem 19734 315, 1067) also formthe
corresponding telonmers wth butadi ene. However, the catalytic activity of

the 5 known gqRfrRietStchd i eVelind Opes186K81E héﬁchna%h%tk@?l%‘ie”?]:tc%m cases.

Thus, under identical reactlon conditions [Pd (acetyliaceto

2/ PPh3/ but adiddte Rutaa @ .1:Bea8500: sboReisthelo nl- tHraktel orfdiam of
met hanol  ar eLgfxy mesusn ao;me)l Do SS%mthﬂﬁéE @6r@é@§@ﬂahn§r & chQrdcyidred in

a yield of 65% ngnanol fornme ield, of only 28%

i ke al cohol L Eh BT ac] BEVEVET ou thehIGA LTI Ko A ELet Py OF he

tel omeri z&at i ¢maveactéarsly st | tsacietehb draveut etda::eme ghae the the
correspondi ngib%q;e% Q%)réannecoﬁer Ia\é%tsl ve?hh%hgoggdgfelldie%t% 19%78&% é’ﬁ’clgew .

ratio of |inear produc /IS0 Tati©o
the |igands mndiélﬁma adl kel ¢t Rbsestorih t & bp[Rih: /dut@djenenetl. cobedm

1073, 49, 473).14218bb6: 2606 Hobcyay aghi eved usithdid p@fn;ﬂe%%%w ne as

ligand, and the ratio_could be increased
tris(o-net hylaﬁfr‘f'en??}’mﬁﬁoslﬁl %eylalﬁaeroﬁaﬁ@&xyl T-]éo%%l @f B{Qﬂaﬁml piara i c

aci d. bepgol Coreich and et haend | of 659, and ahsecdsar basdid agids, can
Iikevvi se be 5 reacted wi.,t ut.adi ene.. Shell has descri bed a process
for prepari n&zorgl-e?ﬂaéﬂ s % dﬁqlﬁé’ 2 %mer i zatl on of conjugated dienes
with carboxylic acids in US 5 030 792. 30 Tel oneri zatl on reactions in which
water is useq;3g nugleoplides hauepBeeR;bntengivgly siudied by, 1o
nucleophiles in telomerization reactions. Acetic acid
15 and Dbutadiene give the <corresponding octadienyl
derivatives in good vyields (DE 2 137 291). The ratio of
linear and branched products (n/iso ratio) can be
influenced wvia the ligands on the palladium (D. Rose,
H. Lepper, J. Organomet. Chem. 1973, 49, 473). A ratio
20 of 4/1 was achieved using triphenylphosphine as ligand,
‘and the ratio could be increased to 17/1 when using
tris (o-methylphenyl) phosphite. Other carboxylic acids
such as pivalic acid, benzoic acid and methacrylic
acid, and also dicarboxylic acids, can likewise be

25 reacted with butadiene.

Shell 0il has described a process for preparing
o-olefins based on the telomerization of conjugated
dienes with carboxylic acids in US 5 030 792.
30
Telomerization reactions in which water is used as
nucleophiles have been intensively studied by,
inter alia, the Ruraray company (US 4 334 117,
US 4 356 333, Us 5 057 631). In these reactions,
35 phosphines, usually water-soluble phosphines, or
phosphonium salts (EP 0 296 550) are used as ligands.
- The use of water-soluble disphosphines as ligands is
described in WO 98/08794. DE 195 23 335 discloses the




inter alia, the Kuraray conpany (US 4 334 117, US 4 356 333, US » 0 Liq 2006
631). In these reactions, 35 phosphines, usually water-sol ubl e phosphrnes,

or phosphoniumsalts (EP 0 296 550) are used as |igands. The use of

wat er - sol ubl S ‘é§hines as ligands is described in WO 98/08794. DE 195
23 335 discloses the 4 April 2006 O Z. 5845 - 5 reaction of al kadi enes

with water in the presence of phosphonife or phosphinite ligands. (B 1 535

718 descri bes_ t teloperi j b i it i tal yzed by
pal | adi un( 0) %Tce(?%l@)%ie.s.g%aéz%fp gasngi%%g%%i;d\g%cﬁ%%]sg? %ge%r%gpa %ti on
of octa-2, 7-rdicsthydnittemneoinspkl wintee | kigdpdsof anmoni a  and but adi ene.

10 The tel onerization of butadiene with nucleophiles such as fornal dehyde,
al dehydes, ketones, carbon _dioxide, sulfur_dioxide, sulfinic acids,

(3-keto este@P 1 R oReECTHaPEnitEestelArerifathgn REt dnddimne
silanes i§ |ikaw seaflesesi bedaitaivhed i tigf at gaeladdulnt oJUNMEnp1dtesan be
said that the kno ,Palla |un}d££§§££|gf caI,I%%ts do not give, satisfactory
catal ytic t&%%b funBBfs FHONE < tht r’g? u&tieyi PreRyrafion of

t el oneri zat i @retpacti-ahisettybut-adiienes by t heabrebokariz | &fusimicailay

desired product'gti es, of > 100,000 have rarely been described for known
A,

systens. At A& ?%%i hi gh chenosel ectivities and regi osel ectivities

of > 95% should be achieved in order to obtain an ecologically

advant agegus dNPCESPondpi dhcian BEChIRRNLADA: dn OhBELASLEAT e HYgPar ed
in good yields and selectivities by carrying out a catafytic
tel oneri zati &F | AorRelecsyefce BldghvAgel eodbhfPReaNd RN adlivsice .bene

conpl ex wi t h s30Q fubseqienti dw,dr ogenatiron: of ddieid el orfjarke?&d cleaaiage of

B—diketones, malonic esters, o-formyl ketones and
silanes is likewise described in the literature.

15
In summary, it can be said that the known palladium-
phosphine catalysts do not give satisfactory catalytic
turnover numbers {(TONs, catalyst productivities) in
telomerization reactions of butadienes with alcohols.

20 Industrially desired productivities of > 100,000 have
rarely been described for known systems. At the same
time, high chemoselectivities and regioselectivities of
> 95% should be achieved in order to obtain an
ecologically advantageous process.

25
It has been found that 1l-olefins can be prepared in
gbod_ vields and selectivities by carrying out a
catalytic telomerization in the ©presence of a
nucleophile and a - palladium-carbene complex with

30 subsequent hydrogenation of the telomer and cleavage of
the hydrogenated telomer.

The present invention accordingly provides a process
for preparing l-olefing having from 8 to 16 carbon
35 atoms by telomerization of a starting olefin having at
least two conjugated bonds with a nucleophile in the
presence of a palladium catalyst, hydrogenation of the
telomer obtained in this way and Subsequent cleavage to




t he hydrogenated tel omer. The present invention accordingly provi :
process for preparing 1-olefins having from8 to 16 carbon 35 atgre}ifsp%'yl 2006
telonerization of a starting olefin having at |east two conjugated bonds
wi th a nucl eQp iledthe presence of a palladiumcatal yst, hydrogenation
of the teloner obtained in this way andgsubsequent cleavage to 4 April
2006 O. Z. 5845 - 6 the 1-olefin, wherein the pall adiumcatalyst used is a
pal | adi um carhgne, comphex, Bhelethedaald Adldun GPTPL EXES- B faReg d 1 vhi ch
the 5 carbené carbon 1's boun O two nitrogen atons. I'S neans that the
car bene | i gamds! lashprisanbrneteyalezl el enment 10 where C is the carbene
carbon which is bound to the palladiumatom Particularly preferred
pal | adi um car bene conpl exes are 15 ones having at | east one carbene |igand
of the fornulB¥efiemieq | prRAlRdiRe fomplexmac arg ones 3ip |wigeh |gheg
wher e |F<2 @gil cé%ﬁr% elaabbohndﬁ@emﬂmu ggf tﬁ&? anetbgen @t&;ﬂtnﬁearqﬂihgﬁ% anched
or cyclic - -a group or.a -Cl8-ary roup, ere the a group
and the aryl m%p%’i/ Bgﬁr carbedse rfc% o‘f’m%?l’élgﬁof: Er ,Stﬁfﬁ’é:tura)&
substi tuent s el@enrtCOOH, - COO al kyl - (G -C8), -CO al kyl 25 (Cl-Cg),
-aryl-(C6-C18), -alkyl-(Cl-C24), -COOaryl-(C6- do), -COaryl-(C6-C O,
-0-al kyl-(C1-CB), -0O CO al kyl - N

v

~ :
N

c

10
where C is the carbene carbon which is bound to the

palladium atom.

Particularly preferred palladium-carbene complexes are

15 ones having at least one carbene ligand of the formula

I or II
2 2
i l? R’ /
\ RE \
t[: £ R’j»/\: r
R 3 R°® %3

20 where R? and R® are each, independently of one another,
a linear, branched or cyclic Ci-Cyy-alkyl group or a
Cs-Cjig-aryl group, where the alkyl group and the aryl
group may bear, independently o©f one another, the

substituents -CN, -COOH, -CO00-alkyl-(Ci-Cg), -CO-alkyl-
25 (Ci-Cg), -aryl-(Ce-Cig), -alkyl-(Ci-Cps}, -COO-aryl-({(Cs-
Cip), -CO-aryl-(Ce-Cip)., ~0O-alkyl-(C1-Cg), -0-CO-alkyl-
(C:-Cg), -N-alkyl,-({C;-Cg}, -CHO, -S0;H, -NH,, -F, -C1,

~-0OH, ~CFi, -NO;, ferrocenyl,

and R! to R’ are each, independently of one another,
30 hydrogen, -CN, -COOH, -C00-alkyl-{(C;~Cg), -CO-alkyl-(Ci-

Cg), -COO0-aryl-(Cg-Cip), -CO-aryl-{(C¢-Cip), -0O-alkyl-(Ci-




(C1-C8), -Nalkyl2-(C1-C8), -CHO -S3H, -NH2, -F, -d,
ferrocenyl, and R4 to R7 are each, |ndependently of one another
hydrogen, -CN, -COOH, -COO al kyl-(Cl-Cg), -CO alkyl-(C1- C8),
-COO- aryl - (Cg G 0)5g4£0-aryl -(C6-CI O, -0-alkyl-(Cl 4 April 2006 O Z. 5845
-7 ), -OCOalkyl-(C1-C8), -NalkyL25(C1-C8), -CHO -SGBH, -NH2, -F,
-G, -OH -CF3, -NOQ2 or a linear, branched or cyclic Cl-C24-al kyl group or

a 06- Ol - aryle,gr o AL d1gy1 Alcc,9] OUR- AN ALYk COIAYP MReal oo, Kyl -

Egﬁpycg 2006

i ndependently 0 one another, the substituen -000H

(Cl- C8), co-attﬂew oL, @yl -EFs- 1892 <l ékyﬂlpetr C@@PnChe@O@Iar yl -

(C6-C10) , - @Qary -¢ el xyi Ogabiyl or( @ cGCI‘J'z*)18 a@y%ﬁbﬁﬁ' ahd ‘t@@th
and t he

-N—aIkyI2-(C1 3 -NH2, -F,

radi cal s R4 éﬂgg%b ﬁﬁoﬂﬁya§%56uﬁé'ng?uBf“beﬁﬁﬂﬁtﬂglﬁﬁﬁﬁﬁﬁﬁﬁﬁtoy &fomati c
ring. Thes nua:lzm)phnbehensed:hm shbsplonesssof-dne t-ooontl om:ooaraamrle.f erably
conpounds of ef rnul V15 R -O

R -COCH (V) ﬁkgrgs , é#%ysel Bgﬁ |nde1@Hﬂé b rontéﬁgha' kgérogen ‘
| i near, brancheH., orCGQCBWlSICEEQmaI, kwcmrgtbulﬁs Cad)kenylt ajirlorips(Cial kynyl
groups, carb | ql Ci8yary ar may
bear substl?ﬁgntscggﬁié?gggtﬁgﬁtﬁ b rgogﬁg n§|§%¢Qf q%%@ﬂ

- COO al kyl - ( citz3) ~E.co@t kytQOf Cl1- @ﬁ) Heyl -qes- t@oyfad-’-G@@—)Sarfyl an@ce C10)

- | 2 168
nal ki‘[%b(cﬁp‘%f’omf DT i Prpiing IR SRS (e

radi cals R may be |linked to one another via covalent bonds. The
process of the invention is SU|tabIe for preparlng 30 1-ol efins having

8-16 carbon ns,, u e L duct is.1-octen
starting oleﬁﬁﬁg uéﬁ e%%% F% |@§% ﬁ ?%ﬁ% % E% end " or %lggprene
are preferably compounds of the formulae III IV and V

15

RL-0-H (1D, RLN-H (V) RACOOH (V)

Rt

where R', R are selected independently f£from among
hydrogen, linear, branched or cyclic Ci1-Cyz~alkyl
20 groups, alkenyl groups, alkynyl groups, carboxyl groups
and Cs-Cig~aryl groups, where these groups may bear
substituents selected from the group comsisting of -CN,
~-COOH, -CO0-alkyl-({Ci-Cg), -CO-alkyl-(C;-Cg), -aryl-{(Cs-
Cig}, =COO0-aryl-(Cs-Cip}, —-CO-aryl-{(Cs-Cip), -0O-alkyl-{Ci-
25 Cg), -0-CO-alkyl-(Cy-Cs}, -N-alkyl,-{C;-Cg), -CHO, -S03H,
-NH;, -F, -Cl, -OH, -CF;, -NO;, and the radicals R!, R

may be linked to one another via covalent bonds.

The process of the invention is suitable for preparing
30 l-olefins having 8-16 carbon atoms; the particularly
preferred product is 1l-octene. As starting olefins,

preference is given to using 1,3-butadiene or isoprene.

In the telomerization process of the present invention,
35 it is possible to use either pure starting olefins or
mixtures of these olefins with other hydrocarbons. The



In the telonerization process of the present invention, 35 it is | Pl

to use either pure starting olefins or mxtures of these ol efi ns.4ﬁ'ﬁif 2006
ot her hydrocarbons. The 4 April 2006 O Z. 5845 - 8 further hydrocarbons
are, for exagple, ggypunsaturated conpounds or al kynes or cunul enes or

al kanes. As 1, 3-butadiene-containing mxtures, preference is given to
using m xtures of 1,3-butadiene with other C4- or C5 5 hydrocarbons. Such

m xt ures arefyyﬁg e in cki oc f_ar,

production of et é%ﬁ?h¥%96%§?%ﬁﬂéeffﬁérfﬁggséggﬂﬁgght a%%i§§%5q%yﬁ?%3
(liquefied FOMRIAUAGA 9oy, NYRemt uphl gusulrgard) oret alkeaes. rdect ed.
The CA fractijons flal etk asorfa RIQH Chi kButBst hee fINGRSSeSs CYIR/IS e,

dependi ng on the crackin rocess, varying, anounts of 1, 3-butadi ene.
Typi cal 1, 3-HSutditehdn 1k | by PREARESRR ¥ Bt PBRST obtai HedCHr om a
napht ha sf eamyelracieaibdaie. 20udl%moktuted- Riftadiieneindd, Ther Céxeafenent s

n- but ane, i-hutane, .1-butene, cis-2- butene, trans-2-butene_and i-hutene
which are Ii%&M%ﬁécﬁﬁ%%eﬂfoFﬁs?ﬁﬁsgoFr§§ﬁ(ﬁﬁ? C?ﬁﬁniﬂfeFFg?Eeorlao not
interfere sighifdlcadfinernyt pesesacnaphtha,t tmL0®1ik) onesi Zatliguefdkeep. On

t he ot her ha 'Qgﬁﬁ hng mu ou b . (1, 2- hut adi ene,

al | ene, etc.%%wggg'a iﬁgé?'iﬂmggrt{cu angi%%%acg¥§§%%gj é%ﬁgabtggg
moder at ors i weaskakl ofbei 26t i dracsdorisonobteinsd taer dhome athvent dgeous to
renove the Ciyaldyynescdededs’ 26mBPRERPT | @bSendEyl &1 butadi eng elgr ehand

(DE 195 23 335). This can, jf possible, be_carried out K using physical
met hods suchPELCESS | I'RYOFDr aBRRLRt i B8R, UsPnBUEREHPREF nBYRICadhe
al kynes can he3temadEdty sebeekntedtydnegenani onthe alkenegraet3dnal kanes

and the cumilgted dengsasan, e pydaoenaled (adiRioeIs Sy ORRESEE O

1,3-butadiene.

i5 _
The C; components n-butane, i-butane, l1l-butene, cis-2-
butene, trans-2-butene and i-butene which are likewise
present in these fractions do not interfere or do not
interfere significantly in the reaction in the

20 telomerization step. On the other hand, dienes having
cumulated double bonds (1,2-butadiene, allene, etc.)
and alkines, in particular wvinylacetylene, can act as
moderators in the telomerization reaction. It is
therefore advantageous to remove the Ci~alkynes and, if

25 appropriate, the 1,2-butadiene beforehand
(DE 195 23 335). This can, if possible, be carried out
using physical methods such as distillation or
extraction. Using chemical means, the alkynes can be
removed by selective hydrogenation to alkenes or

30 alkanes and the cumulated dienes can be hydrogenated to

| monoenes. Processes for such hydrogenations are prior
art and are described, for example, in WO 98/12160,
EP-A-0 273 900, DE-A-37 44 086 or US 4 704 492.

35 As nucleophiles (telogens), it is possible to use all
compounds which have one of the formulae III to V.
Specifically, these are:

- water, ammonia




art and are described, for exanple, in WO 98/12160, EP-A-0 273
DE- A-37 44 086 or US 4 704 492. 35 As nucl eophiles (tel ogens), it
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possible to use all conpounds which have one of the forrmulae Il to V.
Specifically, Lheggqare: water, ammonia 4 April 2006 O Z. 5845 - 9

monoal cohol s and phenol s such as nethana4,_ ethanol, n-propanol,

i sopropanol, allyl alcohol, n-butanol, |-butanol octanol 2- et hyl hexanol ,

i I, b I nol
el e o898 Phoney o ghetarighen B oY o e %g ol =-52501

propanedi ol , 1, 3- pEbparddi o PIORABEL anebFeProgancl bu oplcohol,

2, 3- but anedi ol ang.. iau%a%tlanedi%umﬁépxy wmalds SQCBtﬁ§1ﬁe5&iﬂbQXyacetl c
esters 10 - primary am nes such _as nethyl am ne, ethylamne, pro [ ani ne,

butyl am ne, octyl afPRENABOE, oct REWEKA ani et C%‘Ei%cyl anFH@lOE‘?P??P@ edi am ne
or hexangt hyl ened&ambpen&a@@ad@&y 291T-RRS a4eh -as-odi ,ngiHuHAm ne, 15

di et hyl am ne, a i ne, bis(2,7-_ octadi I 1
dlcchohexyIanlne ﬁﬁ?ﬁ?h@ycl (Ieuﬁﬁma %ﬁgfig#%iﬂgéfg?%éridiﬁe?"

nor phol i ne, pi per @sza_neﬁlbéxarmtﬂﬂpmlmdﬁeﬂc,arbozkylbﬂxtazaeﬁﬂel suthz2as
formc acid, acet b&tggllfegzigl ngo%%@%%dq_%ld,ar}&lt ergm%t%ﬂec&ldlsobut enoi ¢

aci d, ben20|c acl nzéenédi carboxylic aC| 1 ¢ acid)
Parti cul ar| y-pr ef brdgexyuchapphintss sacd st Wmmdrowcam&sters

2- et hyl hgxanol , ogtangh- 0ghenek. Q¢dRdiLNOheth$IRKAPANO! ot Ay PEAPARD! |

i sobut anol, n- but anol, “isononanol, formc acid, acetic acid, propionic
acid, n- but anoi cpﬁé’Péf ard B ut an0|k61‘a7&ad“lr{f’e'n20| cCOGEY HRMin®dt hal i €7 &ci d
and/ or wat er. octadienylamine, dodecylamine, ethylenediamine or

hexamethylenediamine

- secondary amines such as dimethylamine,

15 diethylamine, N-methylaniline, bis(2,7-
octadienyl)amine, dicyclohexylamine,
methyleyclohexylamine, pyrrolidine, piperidine,

morpholine, piperazine oxr hexamethyleneimine
- carboxylic acids such as formic acid, acetic acid,
20 propanoic acid, butenoic acid, isobutencic acid,
benzoic acid, 1, 2-benzenedicarboxylic acid
(phthalic acid}.

Particularly preferred nucleophiles are methanol,
25 ethanol, 2-ethylhexanol, octanol, octenol, octadienol,
isobropanol, n-propanol, isobutanol, n-butanol,
isononanol, formic acid, acetic acid, propionic acid,
n-butanoic acid, isobutanoic acid, benzoic acid,
phthalic acid and/or water.
30
Nucleophiles which can themselves be obtained via a
telomerization reaction can be used directly or else
can be formed in situ. Thus, for example, 2,7-octadien-
1~0l can be formed in sgitu from water and butadiene in
35 the presence of the telomerization catalyst,
2,7-octadienylamine can be obtained from ammonia and

1,3-butadiene, etc.




30 Nucl eophi | es which can thensel ves be obtained via a teloneri Zfi‘tﬂﬁ:@il 2006
reaction can be used directly or else can be fornmed in situ. ThuS, for
exanple, 2,7-octadien- 1-ol can be forned in situ fromwater and butadi ene
in 35 the pr esences IISthe telonerization catal yst, 2,7-octadi enylam ne can
be obtai ned fron ammonia and 1, 3-butadighe, etc. 4 April 2006 O Z. 5845 -
10 For the ratio of nucleophile to starting olefin having at |east two

conj ugated d e n Ln t | onerizatjon Lon, -t n er_ of
active hydr OS%O%‘L % %rrggit%gt ﬁre%et%%cglgee%lafsgt%8ng§%%5ﬁ18i rﬂloe%(?coun\”?n% Thus,
for exanpl e, atet haresisthas tee actnjughyeédogedoubiiem kohdkeneiygl ycihe has ‘
two, nethyl am NAFED ¢ e € efer e A Snshvenst ' 01 nol
to 10 nol 1?%?0 stqr%%{\@glgo%l %%laﬁg%giln% % or% act%/vgfhegtéggépﬁl Ig#c%ﬂ%%?&t he
nucl eophi | e iR c4® r EBet SRtIFehehasarEPnde oltafien | kinthe aIBHEE | zat i on

reaction. s\Whefhidie fRaACEkORAPLE, Cafidtigghout Hak t BRel | Qut dyehagRirsyd@t i 0 of
from0.1 nol to 2 nol of startén% gl efin per nole }QJ;_/ 15 actjve hydrogen is
particul arly rFer FEEY LADS BV ERP LT 1a% hdWo%l oREFRYAEIERS eBREi drCuse i s

generally madg-®f the nucl eophile enployed if it is |Iiquid under the
reaction conditions. However, it is 20 also possible to use other solvents.
The solvents used should be largely inert. Preference is given to using
sol vent s wherPraidmeaphe | &s ghivelm dre seind dnder @ h@0l reatt iton ldbmbk i ons
are enpl gyed | a r.od E C d sad 1.ds
under tthZS %a%??%ﬁf%%néffte?%ﬁs?e uiq[féalfﬁ ﬂo%%%%é F%gfégéﬁegjlt?%hﬁ c,
cycl oal i phat itrandutisrhil ey dftvcd boifdt  Hsictexafigie Ghe @GS,

m xtures of |owerial kanes tH<L3- LBdmeeyshohoNaANGedMGHOCt AfBen  the

et hyl cycl ohexane, . . . . C s .
reaction is carried out in the ligquid phase, a ratio of
from 0.1 mol to 2 mol of starting olefin per mole of

15 active hydrogen is particularly preferred.

As solvent for the telomerization reaction, use 1is
generally made of the nucleophile employed if it is
liquid under the reaction conditions. However, it is
20 also possible to use other solvents. The solvents used
. should be largely inert. Preference is given to using
solvents when nucleophiles which are solid under the
reaction conditions are employed or 1in the case of
products which would be formed as solids under the
25 reaction conditions. Suitable solvents include
aliphatic, cycloaliphatic and aromatic hydrocarbons,

for example C(C3-Cy-alkanes, mixtures of lower alkanes .

(C3-Cz) s cyclohexane, cyclooctane, ethylcyclohexane,
alkenes and polyenes, vinylcyclohexene, 1,3,7-
30 octatriene, the Cy-hydrocarbons from Cy cracker

fractions, benzene, toluene and xylene; polar solvents
such as tertiary and secondary alcohols, amides such as
acetamide, dimethylacetamide and dimethylformamide,
nitriles such as acetonitrile and benzonitrile, ketones
35 such as acetone, methyl isobutyl ketone and diethyl
ketone; carboxylic esters such as ethyl acetate, ethers
such as dipropyl ether, diethyl ether, dimethyl ether,
methyl octyl ether, 3-methoxyoctane, dioxane,




al kenes and pol yenes, vinylcyclohexene, 1,3,7 30 octatriene, the , ril 2006
CA- hydrocarbons from C4 cracker fractions, benzene, tol uene and xfﬁ%ne;
pol ar solvents such as tertiary and secondary al cohols, am des such as
acet am de, di h tam de and dinethyl formam de, nitriles such as
acetonitrile and benZonitrile, ketones 35 such as acetone, nethyl isobutyl
ket one and di ethyl ketone; carboxylic esters such as ethyl acetate, ethers

such as di pr g{Qﬁ; i.et hyl. ether., di vl er,. .. et ctyl- ether,
3- met hoxyoct g%\ge,ra I oxéjnfehgla?’Apra}rﬁJZ@OeG' 0%4 -&]1frytlet reta{#f I of )té)rfan,

ani sol e, al kthariens yiglvdedrs shetduthfingne ggivrsd! | agidet ppllawehyllgos! and
pol yet hyl ene g1glm0l sa0d giher PRbakrSOtyeRLs-sSUGh;@s H f @hane) andi met hyl

sul f oxi de, ethyl ene _carbonate, propylene. 5 carbonate and water. lonic
liquids, for EReRd i fHd228EPem or ShYYIeRAi ufddIIBtean BEEFYBENSGsed as

sol vent s. 5 Thea3@orRitles agRAUS Q@ tRirt.her 1ghoBe QigaS d¥ Xt UFes Obxak1vari ous

sol vents. The t, erature at whi.ch t.he tel rization.reaction i carried
ot S in t heTHAREE B 90 EYTE0E LU, SPLFSbI P AT o1 S0 5 ToPRS as

particul arly galefezrtahl y 15 from 40 to 100C. The reaction pressure is from1
to 300 bar, preferably from1l to 120 bar, particularly preferably from1l

to 64 bar and very particularly preferably from1l to 20 bar. 20 An
essential aspfbet oflvértpr ecessustdt kethrveliare | or Esatmiiures of

tel onerig@ati QR i8R QN JehitGarri ed out using catalysts based on pall adi um
conpl exes containing carbene |ligands. 25 The pal |l adi um car bene conpl exes

can be introduced as such into the telonerization reaction or can be
generated i nTsied Weipd g ddd Satf 676l c@NchEXBADbAST 0fatabhepeakbtgands s
correspondi ng, to.t . .
arrie out 1is in the range from 10 to 180°C,
preferably from 30 to 120°C, particularly preferably
15 from 40 to 100°C. The reaction pressure is from 1 to
300 bar, preferably from 1 to 120 bar, particularly
preferably from 1 to 64 bar and very particularly

preferably from 1 to 20 bar.

20 An essgential aspect of the process of the invention is
that the telomerization reaction is carried out using
catalysts based on palladium complexes containing

carbene ligands.

25 The palladium-carbene complexes can be introduced as
such into the telomerization reaction or can be

generated in situ during this reaction.

Examples of carbene ligands corresponding to the

30 formulae I or II and complexes in which such ligands
are presént have already been described in the
technical literature (W.A. Herrmann, C. Kocher, Angew.
Chem. 1997, 109, 2257; &angew. Chem. Int. Ed. Engl.
1997, 36, 2162; V.P.W. BShm, C.W.K. Gstdttmayr,

35 T. Weskamp, W.A. Herrmann, J. Organcmet. Chem. 2000,
595, 186; DE 44 47 066).
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al ready been described in the technical literature (WA. Herrmannh, =C
Kocher, Angew. Chem 1997, 109, 2257; Angew. Chem Int. Ed. Engl. 1997,
36, 2162; V. P.}%l ; C.WK. Gstottmayr, 35 T. Weskanp, WA. Herrmann, J.
Or ganonet . et , 595, 186; DE 44 147 066). 4 April 2006 O Z. 5845 -
12 For the purposes of the present invention, carbene |igands include

both free cal:Ebene hm@isg}qgﬁgg?%ctmgs t]%l% g&;eljﬁs%g‘?b%q{‘pﬁ%%soncoo%gr ated to

pal | adium 5 | use di ene Trgands at &€ same
time in the prigeests ointhedenverth ofrethecernbahgst wisitcl pahl aa¢tumashi ch

forms the AiBndAAY ol dos dgantienondtlang,can be 10

i ntroduced i nt € process 1 n various ways I um car bene
conplex, in which the palladiumis preferably present in the oxidation

state (llg ory Qg _@séﬂbi@etbonl@eofdimwr&oréaﬁﬁém whi ghngheacatleysts
15 are fornmed in situ. In the case of a) Exanples are

pal | adi un{ 0) S &RIES|F it FRASESS °F g9 ARt hene- phosphi ne
conpl exes, palladiun(0)- 20 dicarbene conpl exes and pal |l adi un(11)-di carbene

coml exes, PabeLURLSN £ D05 5t ShS, POTRl Ao CAMAIB LGN can

di vi nyl t et r anettallyditsi | oxader 2,thect adiaetjloret heosddtidhs can be
comp! exeb! ar 4 SRSt AR (hEHRERSE Bin AT vl 70 U Eane 1
a) As palladium-carbene complex, in which the
palladium is preferably present in the oxidation
state (II) or (0).
b) In the form of precurscors from which the catalysts

15 are formed in situ.

In the case of a)

Examples are palladium(0)-carbene-olefin complexes,

palladium-carbene-phosphine complexes, palladium(0) -
20 dicarbene complexes and palladium(II)~dicarbene
complexes, palladium(0) -carbene-1, 6-diene complexes.

Compounds which can function as 1,6-diene are, for
example, diallylamine, 1,1'-
divinyltetramethyldisiloxane, 2,7-octadienyl ethers or

25 2,7-octadienylamines. Specific examples of suitable
palladium-carbene complexes are shown in the following
table.
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CN C=PdN DCN\i N N -CN bN I-gl-hl-i 4 April 2006 O Z. 5845 - 14 NFQ?%OOG
NIl COOVe C1L N QAc NclF4lll1/ NOAc 7 BF,N I-j~I-kl-1 The carbene comﬁ

of palladiumto be used in the process of the invention can be prepared in
a variety 5 ¢f saysg dne sinple way is, for exanple, the addition of
carbene |igands on to pall adi um conpl exesy or the replacenent of ligands on
pal | adi um conpl exes by carbene |igands. For exanple, the conplexes |I-f to

| -i are obtg-rabte—by—reptacenent—of the phosphofus 1 gands 10 of fhe
conplex bis (tri-o-tolyl phosphiln EcPall%d'U”‘ (T. Weskanp, WA,
Herrmann, J. [Organonet. em 2 7 59 1 . ?o tol)3P-Pd-P(@-tol)3 15
R ~"N+2 1| |l mcnm,%l\l\ﬁ I iC - ¥ - (0{?/@)3 NN R3 R3
|-f R = RB # Pd—=C, "—Pd_._.—:c N s

s =] | ot ]

J \ N / "{ OAc /N
BF,- |I§ BF,-
Ij I-k H

The carbene complexes of palladium to be used in the
process of the invention can be prepared in a variety
5 of ways. One simple way is, for example, the addition
of carbene ligands on to palladiurﬁ complexes or the
replacement of ligands on palladium complexes by
carbene ligands. For example, the complexes I-f to I-i
are obtainable by replacement of the phosphorus ligands
10 of the complex bis(tri-o-tolylphosphine)palladium(0)
(T. Weskamp, W.A. Herrmann, J. Organomet. Chem. 2000,

595, 186).
RZ
{
N
N
+2 [N/C ‘Bz F\;Z
\ 4 N N
tol -—-—————R—--—>- [ \C Pd C/ ]
(o-toh)p—Pd—Plotoly 73 (o-tol),P N W
}:{a F{a
15
I-f R? = R® = mesityl
I-g R? = R® = c-hexyl
I-h R? = R® = t-butyl
20 I-i R? = R® = i-propyl

In the case of b)

As precursors of the palladium catalysts, it is

possible to use palladium salts such as palladium(II)
25 acetate, palladium{II) chloride, palladium(II) bromide,

lithium tetrachloropalladate, palladium(II)

acetylacetonate, palladium(0)-dibenzylideneacetone




l-g R = R3 = c-hexyl 1-h R =R3 =t-butyl 20 1-i R = R3 =1i-p : 9

the case of b) As precursors of the palladiumcatalysts, it is b%ggg%ﬁ%;%QPs
use palladiumsalts such as palladiun(ll) 25 acetate, palladiun(ll)
chloride, pald afli usgdd4) bromide, lithiumtetrachl oropall adate,

pal l adiun(11) acetylacetonate, palladiw¥g Q)-dibenzylideneacetone 4 April
2006 O Z. 5845 - 15 conpl exes, palladiun(ll) propionate,

bi sacet oni tridgpsdagh un(l1) cM<1#é¥§adguﬁ fiphenylphosMBféﬁﬁﬁﬂéggyn(H)
u -

ol yI phosphi )T e B CHELASHEREET bal | adi um( 0)  and. paERNAA 1)

conpl exes. T&ﬁgﬁﬁiﬁﬂﬁﬁyfﬁﬁpsﬁﬁihéﬁﬁlI@a{@mUIpf free C&FbQﬂQﬁﬂQ&i&@IHEtm

b our sor s o PIRACATbLrS o T IO i he | CAREZKACar . | F01S Gamse sal (s

of the cabbengs Hphowephide) pal Tadben ) andndtl | £utThBrR3 B IRHi MM | \ Y

KR\ vy S2 &ﬁwiiéangﬁfh$§%I COéﬁheégg R6, R7 are as defined in fornmul ae
IS ng charg

| and Il an a si ani'ohic group or, in 20 accordance with
the stoichionetry, a fraction of a nultiply charged anionic group.

The carbenes are used in the form of free carbenes or
as metal - complexes or are generated in situ from
10 carbene precursors.

Suitable precursors of the carbenes of the formulae I
and II are, for example salts of the carbenes having
the formulae VI and VII,

15
R? R?
g L 54 [
N R N
I >Y R- >Y
R® R® l\aa
Vi Vil

where R?, R’, R*, R°, R®, R’ are as defined in formulae I
and IT and Y is a singly charged anionic group or, in
20 accordance with the stoichiometry, a fraction of a

multiply charged anionic group.

Examples of Y are halides, hydrogensulfate, sulfate,
alkyl sulfates, aryl sulfates, borates,

25 hydrogencarbonate, carbonate, alkyl carboxylates,
phosphates or aryl carboxylates.

The corresponding carbenes can be liberated from the
carbene salts by, for example, reaction with a base.

30
The concentration of the catalyst, formally indicated
in ppm (by mass) of palladium 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.




Exanpl es of Y are halides, hydrogensulfate, sulfate, alkyl sulfa Y.
sul fates, borates, 25 hydrogencarbonate, carbonate, alkyl carboxyéq%brfi 5006
phosphat es or aryl carboxyl ates. The correspondi ng carbenes can be

| i berat ed frgp&}h% %erbene salts by, for exanple, reaction with a base. 30
The concentrat’i @ﬁ he catal yst, fornq%ly indicated in ppm (by mass) of
pal | adi um net al based on the total nmass, is from0.01 ppmto 1000 ppm

preferably from Q. tlc | arl r erab fr 0,50 ppm
4 April 2006°8* iy RRL1 B! ks F’%F/#oor]ﬁfl%ak L0 bLeg s Pom
0.01:1 to 236011,pnﬂﬂaﬁﬁﬂqbfycnﬁﬂpm.tb loota, ﬁaﬂtﬂculaﬁrylcpdetewably
from1l:1 to % %é$45, %?Ib| t#b carry out the telomerization process
in the presence o th |gan nprinciple, all ligands which

i ncrease the reaction rate i nprove the selectivity of the formation of

the tel oner, 1iiNGreLassssibee Cabakkstyl idh @IE- teBbResibhabba E)QBCEQ'SS
purpose. 10 Exanpl es of suitable further Ilgands ar e conpounds contalnlng

one or nore ﬂPrﬁgF%nPrﬁﬁﬁgﬁﬁoﬁﬁ% LorEeey c 1198RESoMP FrHERERN &téns.
Exanpl es of phegplaey Uu$hid:lgaﬁlﬂ&r@é%e JtﬁlePh@eabtmeﬁ el aslmprove the

triph | ph 1) ph h t | ) pho h ,

oo phosglte oG, LAY AR o (Lo Pheselie,

tris(p- d|nethybamanmdbeﬂyﬂﬁﬂhﬂsphnneh dre cyel ohleky| Eophohphi parpose.

L EYeL g RoSRY nBe | Lt AbhBh SRRy 295 5Ehakl A3ah BulhBlgaRy ne.
phosphi

tribenzy trr-n- hosphi ne hospnirne, “tris(3-
sulfonatopheﬁ@mﬁﬁh@yﬂgrﬁﬁ?n@ﬁmﬂﬁﬁﬁtﬁrlﬁaéeat phOSphorusf arsenlc,
sul f onat ophepwyh)ipleRy lrhesrhddRn Mids salt), (3-
sul f onat ophenyl ) di phenyl phosphi ne (nmetal salt), 25 phosphites such as
trimethyl phosphite, triethyl-

Examples of phosphorus ligands are:

15 Phosgphines such as triphenylphosphine, tris(p-
tolyl)phosphine, tris (m-tolyl)phosphine, tris{o-
tolyl)phosphine, tris (p-methoxyphenyl)}phosphine,
tris (p-dimethylaminophenyl)phosphine, tricyclohexyl-

phogsphine, tricyclopentylphosphine, triethylphosphine,
20 tris(l-naphthyl)phosphine, tribenzylphosphine, tri-n-

butylphosphine, tri-tert-butylphosphine, tris(3-
sulfonatophenyl)phosphine (metal salt), bis(3-
sulfonatophenyl)phenylphosphine {metal salt), (3-

sulfonatophenyl}diphenylphosphine {(metal salt},

25 phosphites such as trimethylphosphite, triethyl-
phosphite, " tri-n-propylphosphite, tri-i-propyl-
phosphite, tri-n-butylphosphite, tri-i-butylphosphite,
tri-tert-butylphosphite, tris(2-ethylhexyl)phosphite,
triphenylphosphite, tris(2,4-di-tert-butylphenyl) ~

30 phosphite, tris(2-tert-butyl-4-methoxyphenyl)phosphite,
tris{2-tert-butyl-4-methylphenyl)phosphite, tris{p-
cresyl)phosphite,
phosphonites such as methyldiethoxyphosphine,
phenyldimethoxyphosphine, phenyldiphenoxyphosphine,

35 2-phenoxy-2H~dibenz{c,e][1,2]oxaphesphorin and
derivatives thereof in which all or some of the
hydrogen atoms are replaced by alkyl and/or aryl
radicals or halogen atoms,

&



phosphite, tri-n-propyl phosphite, tri-i-propyl- phosphite,
tri-n-butyl phosphite, tri-i-butyl phosphite, tri-tert- butylphosphlt%?prll 2006
tris(2-ethyl hexyl)phosphite, triphenyl phosphite,
tris(2,4-di-tgerd-bigad phenyl) 30 phosphite,
tris(2-tert-butyl-4-nmethoxyphenyl ) phosphi- e,
tris(2-tert-butyl-4-nethyl phenyl ) phosphite, tris(p- cresyl) phosphite,
phosphoni t es sHiE, yl gi, et hoxyph @,y{L,q o%gqq

phenyl di phenoxy hgﬁﬁﬁg%%b Q&@E ﬁ%nogsggﬁgg}(gﬁgﬁc e] F%%% %&$Ehhosp orln
and derivat i Vierigtst |rFWﬁF al P or Wl of iheorhy§P6§bn t orfdi€ar e

repl aced by aiﬂ@d:logmﬂ/ cut@ﬁyl ai‘@dlﬁéﬁﬁa@édhabS?geﬁlkwnﬁanﬁ/ﬁﬂ“ l2r$Q06 O Z.
5845 - 17 phos ites s as d| henyl ( 0X hos nd _derivatives
thereof in whi q1 5 of T s offe O toﬂ dr%@?ﬁ 3@ EEFIF al kyl
and/ or aryl dmphanykxaﬂhdxykghﬂsphxnsn ah¢menyl(nethoxy)phosph|ne 5

di phenyl (et hoxy) phosphi ne, etc. For the purposes of the present invention,
phosphonium salts can also function as further |igands. Exanpl es of

sui t abl e phodishorihen sarpesand ofhdilre useesent Oineenteenz aphospimnioe f ound,
inter alia, I - 289, 550 rati r a al l;adi um
can be from %%lf%§($39500/1 pr%?%?%béé ??g%?%y }QSénhgg %QgTége%rthularly
preferably fESvtEPRG o ZGFOSRRRIHWRI ) . Siﬂq‘és f upRPer FhEaRd cafebe in

i ntroduced i Red dnfee IRAGIIPON agay SUCKe asf@us@| Uti 9Ater i nathg,f or mpof

metal conpl exes.. Addjt. | i gand can be introduced into the reaction 20
at . any pointéﬁ_%;aﬁy%ﬁﬁyiﬁ‘any point in the reactor, either as such, as a

solution or in the formof a netal conplex. Onng to the catalyst
vt T A AR LS eudterley  PRGARAS! PO phd 1438 A dn 2BV
0.1/1 to 500/1, ©preferably from 0.5/1 to 50/1,

15 particularly preferably from 1/1 to 20/1 [mol/mol]}. The

further ligand can be introduced into the reaction as

such, as a solution or in the form of metal complexes.

Additional ligand can be introduced into the reaction
20 at any point in time and at any point in the reactor,
either as such, as a solution or in the form of a metal

complex,

Owing to the catalyst activities and stabilities, it is
25 possible to use small amounts of catalyst in the

process of the invention. This offers, as an

alternative to &a procedure in which the catalyst is

reused, the option of not recycling the catalyst. Both

variants have been described in the patent literature
30 (WO 90/13531, US 5254782, US 4642392).

It is often advantageous to carry out the
telomerization reaction 1in the presence of bases.
Preference is giveh to using basic components having a

35 pKy of less than 7, in particular compounds selected
from the group consisting of amines, alkall metal salts
and alkaline earth metal salts.
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Both variants have been described in the patent literature 30 (WO

90/ 13531, US $2b47H245 US 4642392). It is often advantageous to carry out

the telonerization reaction in the presgnce of bases. Preference is given
to using basic conponents having a 35 pKb of |ess than 7, in particular

conpounds selggtiadd rmi@ec%ﬁaﬂeﬁeasa%l ngo@‘ ' agémlséw F%‘?Ae sal ts

and al kal i ne earth rret al salts. 4 April 2006 O basi c
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alicyclic or/@angdopeini ¢aj nalrgl degetal kaki/afat alkan/igrd e%lﬂ@fi i Lar th
netal salts of allg%atl or/and ar %c car boxylic acids g.
acetates, prdfitidrat ?1916%15%8 Br r @§861ﬁ‘&llﬁg C%%?W%%‘és acids,

hlygr Io_gencar bcma:te&ace:taanb@mh dpmpﬂenaﬁabkobedeﬁaabﬁal load Ic%ﬁeﬁp&rﬁm{gﬂ g
al kal i ne eart pho t es ro osp ate an oxi des,
qyékes %P rqﬁéﬂsagk ﬁgﬁé) %Hﬁ?%ggﬁ

preferably of 1Um - 'sodi um sium Tal ci Jif} nes ium or
anmoni um or pﬂid*s-pﬂaiﬂsum Oﬁorrpdtﬁmds Rregfadrsencand fogi veikkbihgdr @ardes of

the alkali q@étag%and anggbﬂgtggrth neﬁ%&g%gg%ﬁll alts % tarlll%

nucl eophi | es of t e for I[T1T-V., 15 In aS|c component is
used i n an afdifhtowidesr oprefensblynords & étb@umal s odtamd O telssiswarting

ol efin), 1pr eferiabilum f reayRe 8004, mek¥ite, 5 510! HrAdidi T ¥ on%%&aw
preferably from 0. 00 Iﬁ&%’d to 1 mol % 20 Additi ona:IL basg %gin I ntroduced

into the rea@BPHIes anj%’rﬁ’éieﬁFI%Cﬁ t e ENETat EonyRBEFARIARSt HE 1 é8& or |
either as sucikmli mdteelscndialkalingheapthcresalt bhe mevant isenist he

|/ i hi | f 1:100
Lo 1001, pretera et oo S Eok BRIy Sy e e e Trom

i5 In general, the basic component is used in an amount of
from 0.00001 mol% to 10 mol% (based on the starting
olefin), preferably from 0.0001 mol% to 5 mol% and very
particularly preferably from 0.001 mol% to 1 mol%.

20 Additional base can be introduced into the reaction at
~any point in time and at any point in the reactor,

either as such or in the solution.

In the process of the invention, the ratio [mol/mol] of

25 starting olefin used and nucleophile is from 1:100 to
100:1, preferably from 1:50 to 10:1, particularly
preferably from 1:10 to 2:1.

The telomerization reaction of the process of the

30 invention can be carried out continuously or batchwise
and 1s not limited to the use of particular types of
reactor. Examples of reactors in which the reaction can
be carried out are stirred tank reactors, cascades of
stirred tanks, flow tubes and loop reactors.

35 Combinations of wvarious reactors are also possible, for
example a stirred tank reactor with a downstream flow
tube.




preferably from1:10 to 2:1. The tel onerization reaction of the g{gges %006
the 30 invention can be carried out continuously or batchw se and 5 o
limted to the use of particular types of reactor. Exanples of reactors in
whi ch t he re?cklogsg%n be carried out are stirred tank reactors, cascades
of stirred tanks,” fl'ow tubes and | oop hgactors. 35 Conbinations of various
reactors are al so possible, for exanplé a stirred tank reactor with a

downst rearn f Lgw tube. A g1 200,07 o58a5.e 19, LN Lhe P asess of the

present inventi on, Mene i gands ar e U OnMEri-zati on-reacti ons.
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producti vity rocess of i"nvention,  turnover
catal ysts (cﬁﬁ&ﬁ?@ﬂumpﬁﬁ&ﬁﬂﬁHW%le§?t6ﬁyﬁﬁ§tordg?t%f 1o, 006G mefe can

readi |y be agbhevedwvikyr xamMpodidtidiecy el arer tiat igroceisbyadicgae with
al cohols. 10,1t is . al so p055|ble to. carry_out the telfyiéézgtlon I n

mul ti phase 59§F§ﬁ§1PP0r§§E£ﬂM R nktustye cata FatalyRE
presence of pwedhicgiid tileasesobf thwhlcﬁ:d‘d@!l‘lemﬁomo,m{)thﬁdcaﬁ@ﬂ'eysb)an The
concentration _15.canges | e cata i S var
telonerizati5ﬁa%ﬁﬁg uréﬁleVéa] 1gui © a¢%£%3 éﬁ% FFE%FE#F?H
advantageousoﬁobucadabwgtwam@ pﬂ@@@@ﬂSto be present in dlfferent phases so
that. the ﬁatalyst can then be separated off in a sinple fashion by neans

p

of a 20 ase separatlon In such a case, water often fornms one of the
liquid phasedt Héweeio BREsikle) 58 RBRAEY Bt thanbeLomeFipeiiPnoifnat ed

hydr ocar bonsmuu@&pﬁabsbqw cb@;st@mé SUpEfct i t i ERAmEBE bonhétéfbéénéaﬂslbe
subj ect of I%@E&yzé%“é? in tﬁ; gﬁéégﬁégh% t#g § hﬁ&dA” ases of
which one comprises the catalyst). The concentration

15 ranges in which the catalyst is used can vary. In a
telomerization in a plurality of liquid phases, it is
particularly advantageous for catalyst and product to

be present in different phases so that the catalyst can

then be separated off in a simple fashion by means of a

20 phase separation. In such a case, water often forms one

0of the liquid phases. However, use is also made, for

example, of perfluorinated hydrocarbons, ionic liguids

and supercritical carbon dioxide (on the subject of

ionic liquids, cf. P. Wasserscheid, W. Keim, Angew.

2% Chemn., Int. Ed. 2000, 39, 3772-3789) . The
telomerization of butadiene with water in ionic liguids
is described by J.E.L. Dullius, P.A.%Z. Suarez,

S. Einloft, R.F. de Souza, J. Dupont, J. Fischer,
A.D. Cian, Organometallics 1999, 17, 997-1000. A review

30 of water as carrier phase for the catalyst may be
found, for example, in B. Cornils, W.A. Herrmann (Eds.)
*Aqueous-Phase Organometallic Catalysis”, Wiley-VCH,
Weinheim, New York, Chichester, Brisbane, Singapore,
Toronto, 1998, pages 442-446. In the case of processes

35 in which a plurality of liquid phases are present, it
is particularly advantageous to use a telogen which is
present together with the catalyst in one phase and the
products are mainly present in a second phase.




25 Chem, Int. Ed. 2000, 39, 3772-3789). The telonerization of but
with water inionic liquids 1is described by J.E.L. Dullius, AZ"I?;%%J:‘.;JP:ZZOOG
S. Einloft, RF. de Souza, J. Dupont, J. Fischer, A D O'an,

Organonetal | i 1999, 17, 997-1000. A review 30 of water as carrier phase
f-or the catalyst may be found, for exanphe, in B. Cornils, WA Herrmann
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it is particf apthendaunidgesdest Gﬂaléeb?allti@l a@aﬁnwhgeﬁ,u gorpraxsamle

t oget her wt*tﬂéteuaéltaty%hwleagspaﬁaaha@%pbli%ssprt@@%ﬁ & B Yl ok

present in a second phase. April 2006 O Z. 5845 - en carryl ng out

the tel oneri 2 iBrcadepnet h%ualadttlhéhlters()ﬁﬁ@r namatLlar iBas G 4R STy
advant ages, figaf examfbecibhe UsRa0filifdd) t opsrani Qh3sw|aaa§éntehe an

pol ymeri zation _ of but d| ene in fors are_nor al so sent 5
in conmmerci al ’f‘?t%tlb‘?l‘? cga 3515%1?%%}%% 1nte ’i%’fﬁ% ‘6?“:‘310 ndar d
stabilizer is tert-butyl cat echol The telonerization reaction is preferably

not carried .l {0 6RIPLELEs SATELSLONOT S LNGALALLING, Oheli e bl D 1S

frequently a ant ageous conver Si
preferably 88%t The cemnphetiezatdwrersicryst dde @tmetcm@redieéﬁ.ner Tthe

tel omeriggtian, r@:ﬁﬁtons daa«tfanea%@aut 23 i’iiﬁﬁntﬂ% tontesd 1 bar dourd her

tel omerization r The catal yst can, % Sr
exanpl e, be eI &F 017 'byPIF%%?i%aIE)]FYdﬁ‘%%t |1ation, extraction,

precipitation or adsorption. If all or sonme of the catalyst is present in
2, 2e00nd phasgq L0 SSORLELL G0 20,030, 0% SO e CUL SLIBLY Y eeparali g
or during theesleperaitiaon st epeathionappid esll or part of it can be
15 used for further telomerization reactions
(cf. EP-A-0 218 100). The catalyst can, for example, be
separated off by means of distillation, extraction,
precipitation or adsorption. If all or some of the
catalyst is present in a second phase, the separation

20 can be carried out simply by separating the phases.

It is also possible for the catalyst to be modified
prior to or during the separation step.‘This applies
analogously to the complete or partial recirculation to
25 the process which can 1likewise be preceded by
modification of the catalyst. For example, US 4 146 738
describes a process in which the catalyst is stabilized.
by means of auxiliaries prior to being separated off.
After the separation from the other products, it is
30 activated and returned to the process.

As an alternative, the catalyst can also be worked up
in other ways after the reaction ({cf. WO 90/13531,
UsS 5 254 782).

35
If the telogen used is not reacted completely, the
excess telogen is preferably separated off from the



anal ogously to the conplete or partlal recirculation to 25 the pr SS.
whi ch can |i kew se be preceded by nodification of the catalyst. 4£9§b§31 2006
exanpl e, US 4 146 738 describes a process in which the catalyst is

stabilized ?E %f auxiliaries prior to being separated off. After
t-he separation’ on1% e other products, 41 is 30 activated and returned to
the process. As an alternative, the catalyst can also be worked up in

oLer ways afdSipliie cLeactiion (el 90133 cadd 3 2264782) vﬁogf]gfagr;

tel ogen used 15 react ed conp Excess 1 Iog n*

separ at ed of foff reartie vetywripéed 2006tiee Zred8ubon. 21 out put fron1the

tel onerization reaction and is wholly or partly returned to the reaction.
|f the process of the invention is enployed for 5 preparing 1-octene by
t el omeri zat i okt of the 3-pueaesenecfbytheodGBVENEBORI ndd aredmiwiviad, for

3-substi t yt e%répe?rﬂ@éa@-éliﬁené Byl - 061 Ghéd 828 1. dn VbBY lCyLiahaxens, and
further C8-olefins._In addition, there are small, anmounts of h|q61b0|llng
lt

component s. ﬁyrﬁ?ﬂg??ﬁ?herQHFﬁﬁ¥%%ss arg cafdErBdvantia
all or sonre Jofmdsmthm@,dumts frr-oﬁtaheleﬁ@duqt—vahytLlagclb@Ie&@@ Zald on

ti L I t hod
(r:gﬁgl Ing'?l ons %é Igod%‘8 ‘glle%égosm " éﬁﬁ% Ogl o%‘? n%anoﬁg grégﬁr?rj?}( ed off
from 15 the mmmMnmsrnmﬁuheghAbpmﬁm%Nedomppaeatson.Fenhnﬂquefuﬁther
distil]athonofleddie sepagaliql Qavg%é%é&ey 20 ddmodd ROPSLD! & use

all avai abI tec nlques exa col'ums, packe
di vi di ng wal 19 coltdmms, E%quéf&'-fﬂl stﬁllqnat i gihe t hlnil-”chUrQ'ﬁ eva?pforattéles 20

and falling fﬂémr@é/ﬁpﬁ@i&{ Sredbeisaparal i goiA¥ipdest iild aibo'bc&%'lﬂi%
carried out i one qr more steps and s dependent on'the borling points of
t he
means of which the telomer can be separated off from
15 the product mixture. A preferred separation technique
ig distillation. For the separation by distillatibn, it
is possible to use all available techniques, for
example tray columns, packed columns, dividing wall
columns, extracted distillation, thin film evaporators
20 and falling film ewvaporators. The separation by
distillation can be carried out in one or more steps
and is dependent on the boiling points of the
components present in the product mixture. If
butadiene-containing mixtures of Cy-hydrocarbons are
25 used asg starting materials, the remaining
Ci-hydrocarbons have the lowest boiling point and can

therefore be separated off simply wvia the top.

If isobutene is present in the remaining
30 Cy-hydrocarbons and alcohols are used as telogen, an
additional possibility is to separate off excess
alcohol together with the C4-hydrocarbons and to react
it further in other processes. For example, 1if
isobutene 1is ©present in the Ci-hydrocarbons and
35 methanol is used as telogen, C4-hydrocarbons remaining
after the telomerization can be separated off together
with excess methanol and together fed to an MTBE
synthesis. In addition, it may be advantagecus to




conponents present in the product m xture. if butadi ene-contai ni .
m xtures of C4-hydrocarbons are 25 used as starting materials, thggAprll 2006
remai ni ng C4-hydrocarbons have the | owest boiling point and can therefore
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if isobutene IS present in the CA-hydrocarbons and 35 net hanol™ 1S used as
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. isolate other 5 corrpo%%{#s of . the output fromthe tel orrF‘ri zation reaction
and, if appr8FACATE™ 1 n tHem TPIHE 1D DcesE bt | FRS® t h8m the
separately. Phosessn her achikied ushen t hleepeechmlgues THHi<h baxe been
mentioned fQr.t t, I Lon. nts_which may 10 be

i sol ated naygggfl%?’ g?lbgg etjjrpét]ﬁ'gééf%?ioﬁ&eéglr}g%:h%iqugvg%sg’ef?ﬁngﬁfééflgﬁe, t he
3-substi t ut edor, theet dopepeentioned. dsrdatiione, Cpmpangrys | ehexkeneayt he
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telonerization reactjon jis ubsequently, if appropriate_together with the
by- pr oduct s, eW&F’@ge%a%“é‘H“’t@gﬁ‘r%%‘ﬂs SRy TR Brut e dL o deRCEBAE &8RRI Ng
gases. 20 |nitBi,9-bydaegdrad, on-tihe Lnsaidiatat ol gid nbgsdoybl Baskands are
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15 The output from the telomerization reaction is
subsequently, if appropriate together with the
by-products, hydrogenated by means of hydrogen or

hydrogen-containing gases.

20 In this hydrogenation, the unsaturated olefinic double

bonds are converted into single bonds.

When using alcohols as nucleophile (telogen) and
1,3-butadiene as taxogen, for example, the main
25 products . formed in the telomerization are

2,7-octadienyl ethers which are converted in the
hydrogenation into n-octyl ethers. Analogously, n-octyl
esters are obtained from 2,7-octadienyl esters and
n-octylamines are obtained from 2,7-octadienylamine.
30
The hydrogenation can be carried out as a liguid-phase
and/or gas-phase hydrogenation or as a combination of
these technigues and can be carried out in one or more
steps, for example as a prehydrogenation and a final
35 hydrogenation.

As reactors for the hydrogenation, it is possible to
use the known standard reactors for hydrogenations, for




1, 3- but adi ene as taxogen, for exanple, the main 25 products . for int
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with recirc Circulatron reactors natron

out in the premcalsition,1Ciaralasion | reasteoskible to use either
honogeneous or heterogeneous catal ysts. Preference is given to

het er ogeneous_cat al %sts whi ch conprise at_| east one_ netal of groups 6-11

of the Perioditt® TR¥HECEENEREONERENEGRELISEL TRE Bt A tRTeoenehi of a
hydrogenabi oncaaadiyst)) arty isprfseiadley £6MRISeS G DORPET hofbgeAkBkad- at

| east one r‘n;h;atii of %jrou S 8-1(% f the Periodic Table.,20 Wen using
homogeneous cit al Ve HanF&are Sided i A-CA85FPFEN 05t hE TRl y4© net al .

Sui tabl e | i garedserargsneduy eadmplyestscowpdahdscohptribeal 20t phosphames (for
metal of groups 6-11 of the Periodic Table of the
Elements.
15
The catalysts for this hydrogenation particularly
preferably comprise copper, chromium and at least one
metal of groups 8-10 of the Periodic Table.

20 When using homogeneous catalysts, ligands are used in
_addition to the catalyst metal. Suitable ligands are,
for example, compounds of trivalent phosphorus (for
example phosphines or  phosphites), compounds of
trivalent arsenic or antimony, nitrogen compounds ({for
25 example amines, pyridines, nitriles), halides, carbon

monoxide, cyanide and carbenes.

In the case of heterogeneous catalysts, the
abovementioned metals may be modified by means of other
30 metals or moderators. Thus, for example, the activity
and selectivity of heterogeneous palladium catalysts
are often modified by addition of sulfur or carbon
monoxide. In the case of copper catalysts, a proportion
of chromium is frequently added.
35 |
The use of supported catalysts is generally
advantageous since smaller amounts of metal are
required and the properties of the catalyst can be
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barium carbonate, bariumsulfate or kieselguhr. In a preferred enbodi nent
of the present invention, a heterogeneous palladium, nickel- or platinum
cont ai ni ng cdtalyspreseused fembddiendnidrofenhii gradentlOinhent tbnper and

any unreact eq tAIIRERLT 1 NS4711 2830k cul at, ;preherence i s h en Eghusing
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o
supported, heterogeneous pa rumor platinum catal ysts t he

met al cont entcard-agrEmer appyadyelt- 1o, upedf crepl fhelshydnodesatghen of

hydr ogengy i ongh AR 1GMdr & WnAtudRerdd Wes-10fng fdupihd 0 400G,
preferably from20 to 200C. The pressure is in the range fromO0.01 to 300
bar, 20 preferably from0.1 to 125 bar, particularly preferably from1l to

64 bar. |In tlemdselelr hydredganaideons s ndtiken | gu duphage, stbported,
heterogeneous palladium or platinum catalysts in which
the metal content is preferably 0.01-10%, preferably

15 0.1-1%.

The hydrogenations are carried out at temperatures of
from 0 to 400°C, preferably from 20 to 200°C. The
pressure 1ig in the zrange from ©0.01 to 300 bar,

20 preferably from 0.1 to 125 bar, particularly preferably
from 1 to 64 bar.

In the case of hydrogenations in the liguid phase, the
welght hourly space velocity (WHSV), given in gram of
25 substrate per gram of catalyst per hour, is preferably
from 0.01 to 100 h?, particularly preferably
0.1-50 h™, very particularly preferably 0.5-10 h™. In
the case of hydrogenations in the gas phase, the weight
hourly space velocity (WHSV), given in gram of
30 substrate per gram of catalyst per hour, is preferably
from 0.1 to 200 h?, particularly preferably
0.5-100 ht, very particularly preferably 1-50 ht.

The hydrogenation in the ligquid phase, regardless of
35 whether it is homogeneously or heterogeneously
catalyzed, can Dbe carried out in the presence or
absence of additional solvents. Examples of suitable

solvents are aliphatic and cycleoaliphatic hydrocarbons
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met hyl tert- %%$h§?h9%pa aﬁﬁ ét?e%%h%pﬁh‘§§1é%&9%§§i glth%Ecéxane

tetrahydrofuﬁaﬁthaﬂkﬁthﬁﬂnN@%mﬂthﬁluﬁ%h@IgIW@bhyl HBéth?PéMé gkyesl and
pol yet hyd @ne p@lyeal ; SHEE?han&etK’éﬁEt hyl3 sdddisd e 11y | engjeanhenat e,

propyl ene carbon wat er. The solvents are used, ejther alone 15 or
as m xtures 5‘%13’ Bfent &1 ]'Flﬁlthgtgﬁgé‘ oPhy | Ay tePRasgiycol,
hydr ogenat i Oﬂ,lelthyll&rﬁ solypossidide polyathiyleaki tglvadol i quudfphases to be

present. Thi Iarly VAOL ageQus whe 20 catal yst _and
product are %ﬁgn?é:%q ﬁgif%é?{%ﬁ? phasesyfeégnce R T sprggﬁiteﬁgn be
separ at ed of ta ycebys.nd water. The solvents are used elther alone

15 or as mixtures of various solvents.

In the case of a liquid-phase hydrogenation, it is also
possible for a plurality of 1liquid phases to be
present. This method is particularly advantageous when

20 catalyst and product are present in different phases,
since the catalyst can then be separated off simply by
means of a phase separation. In such cases, water often
forms one of the liquid phases. However, use is also
made of, for example, perfluorinated hydrocarbons,

25 ionic liquids and supercritical carbon dioxide (on the
subject of ionic liquids, c<¢f. P. Wasserscheid, W. Keim,
Angew. Chem., Int. Ed. 2000, 39, 3772-3789). A review
of water as carrier phase for the catalyst may be
found, for example, in B. Cornils, W.A. Herrmann (Eds.)

30 *Aqueous-Phase Organometallic Catalysis”, Wiley-VCH,
Weinheim, New York, Chichester, Brisbane, Singapore,
Toronto, 1998, pages 352-361.

In the hydrogenations, not only hydrogen and substrate
35 but also other gases may be present. For example,
nitrogen and/or argon or else alkanes which are gaseous
under the  hydrogenation conditions, for example
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Ed. 2000, 39, 3772-3789). A review of_ er as carrier phase for the
catalyst may be found, for exanple, in B. Cornils, WA. Herrmann (Eds.) 30
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may be present. For exanple, nitrogen and/or argon or el se al kanes which

are gaseous nder the hydropgenation conditions, for exanple 4 April 2006
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bat chwi se. PPEFETHSES i s REEBCE cohti ndIE™ hybPogéhat FOATIEEPYS! y
conpl et e conhgdsiogrengftitdie tkiopelyi scpmefietabl yetwdnesichf orofn the

hydr ogenati oq, el e d 0 54 bl 0. St the .r tion at a 10
parti al convgr‘%iog%\ég\r% t%%és%éﬁ)%'}git% %‘?‘?ﬁ‘? &é) ﬁ?\%ejé%t gge P‘g 5%%%1’1??6% he
remai ni ng coffpuesi®rs ard @t ataci poesibike tey ditoyerihe oncacatonoator, if
desired,1diti bz ilsll E8nPbh8LoMA%HA 1Bo ThesddQgeBaki oL dr ad¥ehcted
(hydrogenated tel orrerg is converted into olefin and further cleavage
products. |t “Shayge uFhe 0T BURE YT h EOPPORGRL SoyRsh &S earn bt hs@s

after the hydheganaditefeti®atsn ofeakRiphi net pl f idesiiTed)osst bl £z4 0ienpl oy
all nmethods or c%tﬁbi nations of 20 nethods by nmeans of which the by-products

can be separlgtg o'y Sor partly fromthe hydrogenated

15 The hydrogenation product (hydrogenated telomer) is
converted into olefin and further cleavage products. It
may be useful to purify the product by physical methods

~after the hydrogenation reaction. In principle, it is

_ possible to employ all methods or combinations of

20 methods by means of which the by-products can be
separated ~wholly or partly from the hydrogenated
telogen. A preferred separation technique is
distillation. The separation by distillation can be
carried out using all available techniques, for example

25 Eray columns, packed columns, dividing wall columns,
extracted distillation, thin £film evaporators and
falling. film evaporators. The separation by
distillation can be carried out in one or more steps
and is dependent on the boiling points of the

30 components present in the product mixture.

In the c¢leavage process of the process of the
invention, the hydrogenated telomer is cleaved to form
the desired l-olefin.

35 '
The cleavage can be carried out either in the liquid
phase or in the gas phase; cleavage in the gas phase is
preferred. The cleavage of the hydrogenated telomer can
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presence of BA§FCaRiHRY of Yaledr VanBEt ficedHAres aFechnés Bethargel y
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al so water, water vapor .or. al kanes ane or butane can

uc ) t hane, 5 op
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98% by vol umpartpenieclapkgfprebéyalikyof 0omo0 506 B vl .une. The
cl eavage reaction can be carried out thermally in 10 the absence of a
catalyst or in the presence of heterogeneous catal ysts, in each case
cont i nuous| yThesediesomdenuoeatyior banchw searrhedheut! ddvegeabrocess of

the inveyioppeth ydgegegat Le roks ¢hea t he,édesi red
'1-0Iefiﬁ?iCIggsaggbﬁégggioﬁg o? tﬁ?g tgggehgte %genxﬁ%esgf%gégb%n ?ﬁe

literature. FRESTOPRESEIEavagEabYStEN cORBI s8Rl eSRERs FINRIBYAREAYd net hod
for the prepamnatbaniaficakel b bakchidadben- Wyl , Met hoden der 20

Organi schen Chem e, Georg Thiene Verlag, Stuttgart,

In the cleavage process of the invention, the

15  hydrogenated telomer is cleaved to form the desired
l-olefin. Cleavage reactions of this type have been
described in the literature. Thus, the cleavage of
alcohols and esters is a standard method for the
preparation of olefins (cf. Houben-Weyl, Methoden der

20 Organischen Chemie, Georg Thieme Verlag, Stuttgart,
fourth edition, Volume 5/1b, page 45 £f and 105 f£f).

JP 02172924 describes the cleavage of l-octanol
obtained from a telomerization reaction and subsequent
25  hydrogenation to form l-octene. Catalysts used are,
inter alia, calcium phosphate modified with sodium

.~ hydroxide.

EP 0 440 995 describes the c¢leavage of alkyl esters
30 obtained from a telomerization reaction and subsequent
hydrogenation to form l-octene. No catalysts are used

in the cleavage reactiomn.

The cleavage of ethers is likewise known. A number of
35 studies were published early in the 20th century, for

example the cleavage of ethers over Japanese acid clay

(W. Ipatiew, Berichte der Deutschen Chemischen




fourth edition, Volume 5/1b, page 45 ff and 105 ff). JP 02172924 Elegcrl_pefooﬁ
the cl eavage of 1-octanol obtained froma telonerization reaction

subsequent 25 hydrogenation to form 1-octene. Catal ysts used are, |nter
alia, calciu pzlho e nodified with sodium hydroxide. EP 0 440 995
descri bes the cleavage of al kyl esters. obtained froma tel onerization

reaction and subsequent hydrogenation t orm 1-octene. No cat al ysts are

used in the ct The, cl ge thers is_|likew known. A
number of ééfgfdflgel:‘sh%\i?e %ggfll s@d eg%fEI r%é)t ﬁ%%&’%ﬁ ceﬁfla&y, exanpl e
t he cl eavage Sfc etdimts IBALY, Ldpanese acid clay (W Ipatiew, Berichte der
Deut schen Chem schen 4 April 2006 O Z. 5845 - 28 Gesellschaft, 1904, 37,

2961; K. Kashima, Bull. Chem Soc. gn 1930, 25). The cl eavage of a
met hyl et her Theer cheavaea, & @ neY pﬁh@ghaﬂeesr aluminam silurdates and

m xtures of Hyd e | |%%t§| et PhQshAL S t al Lfates is
di scl osed i n%JUS 561483. . I n WO 92/ 130450 %ref erenceEnggl \%n%tléﬁd&mu% aci d

10 cat al yst s SinaiGAEPSl WhiRumesAldRhFRRa oy 2BE MRidY | sulferes158077 A

cl ai ms cat al yHtssi1sgletrtief Uy @pamyy. nodified Si A2, thorium oxide, the

oxi des of the 15 alkaline earth netals, the rare earth netals and the
nmetals of group IV B for the cl eavage of ethers. The patent application CN
1165053 descrirbediQt 9 /ude 58X, mfaieumnesi |ﬁSCO@l®?)eiIﬁe$OfOﬁisﬁ_lﬂ1@‘ cheawage of

octyl hyl. el.e i es te Qover 5% at_20

conver sr%é\s 01“?1(%%{113)r ci):(:stS ﬁm&&.ﬁhf{ et%er %rtllﬁgve?ﬁ% ) couV}d Be JBt4i n&§ usi ng
t hese cat al ysesiifiied. he process of the invention, the cleavage to form the
l-olefin is preferably carried out as a

CN 1158277 A claims catalysts selected from among
modified Si0;, thorium oxide, the oxides of the

15 alkaline earth metals, the rare earth metals and the
metals of group IV B for the cleavage of ethers. The
patent application CN 1165053 describes the use of
magnesium-silicon oxides for the cleavage of octyl
methyl ether. Selectivities to l-octene of over 95% at

20 conversions of the octyl methyl ether of over 80% could
.be obtained using these catalysts.

In the process of the invention, the c¢leavage to form
the l-olefin is preferably carried out as a
25  heterogeneously catalyzed gas-phase reaction. As
catalysts, it is possible to use both acid and
superacid catalysts, e.g. natural clays, acids on
support materials, acidic metal oxides and metal
sulfides, metal salts, metal oxides, zeolites, and also
30 Dbasic or strongly basic catalysts such as bases on
support materials, basic metal oxides, metal salts,
mixed oxides and zeolites (usually ion-exchanged with
alkali or alkaline earth metals).
Examples of the abovementioned catalysts may be found,
35 for example, in “New solid acids and bases: their
catalytic properties” by K. Tanabe .et al., 1989,
Elsevier Science Publighers, Amsterdam, pages 1-3.
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acids on support materials, acidic netal oxides and netal sulfldes met al
salts, netal Cﬁ 'd%[lgeolites, and al so 30 basic or strongly basic
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al um na or carbo at Theiﬁferoportl 8?18 net al hydr oxi des on the support
2

is preferabl Y5 SnePEht BIPPYT hei Hht Pasfayadiivar ifpom
preferably framni® l%py Wl@h]tt t ocd0% by wWaightweifht} he@&&rta,cutlféﬁ.ly

catal ysts used f r- e, cleayage Q0 conpri.se al kali oxi.des,
al kal i ne earPﬁ brl OXI eoén @ ibyde @S{Pﬁﬁ n of]oée tt?"e& i de,
| ant hanum othlH‘tIIﬁazmqnﬁ,oxtUe Ctattﬁlmeoxueted tfdlanithe aokeafeagai magni um
oxi de, tig rifldaldiyplal g aldalddie eanthaTeial LaiRongkea,

hydr ogen carb tes 15 an tungstat es, m xed oxXi des con an
al um num  wi tqﬁiléi%l i 7SIl S¥ERtE al IBHTHE R OFige al ¥R Omdﬁ,um

titanium zi reeRiH#Rud UBLSEEN, chbi-flum @dﬂd@ien&mrﬂhﬁf 85%€86¢ it thinkew se
gi ven to using, Jydrotaleites 20, dhe qatalysig.are, pLeber g by know
alkaline earth metal carbonates, hydrogen carbonates
15 and tungstates, mixed oxides of silicon and/or aluminum
with alkali metals and alkaline earth metals, zinc,
thorium, titanium, zirconium, tungsten, tin,
molybdenum. Preference is 1likewise given to wusing
hydrotalcites. |
20 _
The catalysts are prepared by known methods. Customary
methods are, for example, precipitation or impregnation

and subsequent calcination.

25 The cleavage can be carried out at temperatures of from
100 to 800°¢C, preferably from 200 to 450°¢C,
particularly preferably from 300 to 350°C. The pressure
(absolute) under which the cleavage is carried out is
typically from 0.1 to 25 bar. Preference is given to

30 pressures of from 0.2 to 5 bar, particularly preferably
from 1 to 2 bar. The weight hourly space velocity
(WHSV), given in gram of substrate per gram of Catalyst
per - hour, is preferably from 0.01 to 30 h,
particularly preferably 0.1-15 h™?, very partiéularly

35 preferably 0.5-10 h™.

The cleavage can be carried out to complete or partial

conversion. Unreacted starting material can, after
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100 to 800C, preferably from 200 to 450C, particularly preferably from 300
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i-s typi callg)' ’ 3 to 25 bar. Preference is given to 30 pressures of
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cl eavage can-he carri : 0 e rti nversi gn. .Unr.eact ed
starting mat é[?’l a écé%,ggaﬁgesrs %l%op% %ngL?)B% O§§45o-ﬁ%0gflgega_roa e:}ﬁ.gn of f
the 1-ol ef i nafol.neif armpipr dpr ddpeoppiate of dihirerck¢awnagepprddutss ange
returned 4 o Ej&i RAALE.  Ildhd s aks@NessiPl e LR3gAgnate ff onlythe
l-olefin and, I E%Ipropr.i ate, part of thecleavage products and §
recircul at e PERENEHHYTATY Ofa @S taeam athdhe e ¥ | ceaGoapst ream of the
actual cleavage. The cleavage is preferably carried out to parti al
conversion. The conversion i,n this case.is in the range 10 from 1Q to 95%
parti cul arl y Thfef éﬁﬁﬁivfgﬁr oS30 PEE EEFHP LYY e ST F A5 c&l%éfrl VOpr BAEEABy from
40 to 95% Therivargdiornr @hectcomanmed yor him lelol ef tasei §sseparavedangtf from

the oth co ent.s .of { th vage by.known t hods
such as%p%asge- %@pgrogtﬁoon%%’e%ér]g%?l‘yr\?ﬂ rﬁlﬁ%?%%%]g%sgf??aéboﬁooP%’
preci pitati onery ppréfiended Yy eowferiadldi sfibdn 40 dre 98%e nucl eophil e
obtained in the cleavage (e.g. 20 nmethanol) can optionally be returned to

the telonerization reactor. In the preparation of 1-octene from
1, 3- but adi eng'hl‘?y target product, namely the 1l-olefin, is separated

off from the other components of the output from the
i5 cleavage by known methods such as phase separation,
extraction, scrubbing, distillation or precipitation. A

preferred process is distillation.

The nucleophile obtained in the cleavage (e.g.
20 methanol}) can optionally be returned to the

telomerization reactor.

In the preparation of 1l-octene from 1,3-butadiene by
the process of the invention, small amounts of other
25 (Cg~olefins can be formed in addition to the l-octene.
Thus, 2-octene can be formed by iscmerization of the
i-octene, 3-octene can be formed from the 2-octene,
etc. Octane and octadienes can also be formed. To
achieve a wvery high 1l1l-octene purity (> 97%), it can
30 therefore be necessary to separate off part of these g
components. This purification can be carried out by
distillation. It can be carried out either together
with the removal of other products from the cleavage
step or separately as a purification of a previously
35 isolated Cg fraction. The Cg-olefins having intermal
double bonds which are obtained as by-products in the

process of the invention are themselves valuable
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reactionss Thgel- ol r@&&@icqma@ﬂ@red byut BELREOCESSs Of  thgnd Myeatd on ;3 are
particul arly suyitable as conononers in EOl ngEI’I zation reactions of ethene
|y

or propene. POATETE 25t Qe ryPRE 19T @ ReneaBrePEEPSLRI s p@H6RE  The

present invenls eeriyherefirc lad:SIe, phomiddste ffsr thiels JPutises®f the 1-ol efins
prepared by the process described as conononers in polynerization
reactions. The 1l-olefins are preferably used as conononers in rubbers,

crossl i nked Gheurnpresahi nkedepolippr dpydesbord Sapebyaidoptieteey for the

et hyl en ropyl e b, ds_ I . @RM t alni elastoners,

pol yam ecg, mécﬁ ;r%yctlhggl Ee%gg?gggl %si. ofa?r(is an%?%.rst@‘f‘g%gl S%E"Fsygg?ﬁie
present i nveRtS GRMOMOMETE &1 MAEICGHTAM idus rexoetgoiyml ef i ns obt ai ned by
copol ynmeri zation of at |east one olefin with the 1-ol efin obtained by the

process describeq. Preferred polyol efins.are polypropyl ene or polyethylene
25 (mononer: % eﬂéoéﬁ’ asIu p‘f“ﬁger% egﬁﬁﬁ?%}éi n‘gg?‘ﬁe as ‘comonomers 1n

rubbers, crosslinked or uncrosslinked polypropylene,
15 polyethylene, ethylene-propylene blends or copolymers,

EPDM-containing elastomers, polyamides,

polycycloalkenes, polysiloxanes and/or PET polymers.

The present invention therefore further provides

20 polyolefins obtained by copolymerization of at least
one olefin with the 1l-olefin obtained by the process
described.

Preferred polyolefins are polypropylene or polyethylene

25 (monomer : ethene and/or  propene) comprising the
l1-olefin prepared according to the invention, in
particular l-octene. The polyclefins preferably contain
from 1 to 35 mol% of the l-olefin.

30 The following examples illustrate the invention but do
not restrict its scope which 1is defined by the

description and the claims.

Examples 1-3

35 Telomerization of 1,3-butadiene with methanol.




1-olefin prepared according to the invention, in particular 1-oc e...
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protective gdsntEmaleddti shandsrSi amned byb4 it ebddetti-bm tofl dattieshwdl ut i on
(froma psesspe PURIdE) unddtt Gidteauips! aye and t@elﬁ%g@%ucqoctl%e
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regul ar interhf@o® AAT) 18T nirhes, MesdgaTe 19ashe higgttadl ev® h&d@°Caact ed;

gfter I4_20 mi {muﬁtmst @lr@ft@&%&a@.@%é%ﬁé@?to%@@eeéﬁﬁt_ icﬁr?:t['iogvaé steopped
y cooling ut oGl ave e selectivity .of the reaction to

2, 7-oct adi en '%1"- (%yfb"é;[—ljféfrmtef%ﬁ& -12),17‘11(5%%#%%, chioxiede) wREe > 96%
accor di ng t o dascdvegimsegaaphiety 2nandl y6i ¢ off t egeudisud hedmahbe
reactor. anpl f. _deg ed pethanol, 478 g _of 1, 3-butadi ene,
1.36 g o%&o%?‘ﬁ%zzhyi’%%%% g:,lv%O %o%’f' cy&foodtane+%%s Haﬁteﬁﬁg'lr%é st’&ndar d)
and 0.52 g ofinfrednatyilogatadc Hali sveselyt apred( fmeler a ppoesstireebgastite)a 3

liter autocl aygo (fKOMBHERI dvandninaHE XLohLs¥a3 thealed L9806 was
followed by gas-chromatographic analysis of samples

taken at regular intervals. After 180 minutes, 85% of

15 the butadiene had reacted; after 420 minutes, more than

99% had reacted. The experiment was stopped by cooling

the autoclave. The selectivity of the reaction to
2,7-octadienyl l-methyl ether (l-methoxy-2,7-octadiene,

1-MODE) was > 96% according to gas-chromatographic

20 amnalysis of the output from the reactor.

Example 2
209 g of degassed methanol, 478 g of 1,3-butadiene,
1.36 g of s=sodium hydroxide, 50 g of cyclooctane
25 (internal GC standard) and 0.52 g of 4-t-butylcatechol
were placed under protective gas in a 3 liter autoclave
{from Bilichi) and the mixture was heated to 80°cC.
0.0500 g of palladium acetylacetonate and 0.1253 g of
1,3-bis(2,4,6~-trimethylphenyl)-4,5-dihydroimidazolium
30 tetrafluoroborate were dissolved separately in 51 g of
degassed methanol under protective gas. The reaction
was started by introduction of this solution (from a
pressure'burette) into the autoclave and the course of
the reaction was followed Dby gas-chromatographic
35 analysis of samples taken at regular intervals. After
105 minutes, 85% of the butadiene had reacted; after
285 minutes, more than 98% had reacted. The experiment
was stopped by cooling the autoclave. The selectivity




0. 0500 g of palladium acetyl acetonate and 0. 1253 g of ril 2006
1,3-bis(2,4,6-trinmethyl phenyl)-4,5-di hydroi m dazolium 30 tetrafl uoro%orat
wer e di ssolved separately in 51 g of degassed nethanol under protective

gas. The rea%tlzon started by introduction of this solution (froma
pressure buréet’te) |n o the autoclave an the course of the reaction was
fol |l owed by gas-chromat ographi ¢ 35 anal s of sanples taken at regul ar

interval s. After ut es, . 85% u ene h reacted; after 285
mnutes, noré ftehté}ﬁ%QWr%? FeatPed QIrhoechg(%e nﬁb“\ﬁgg‘yg't oppREE byaSool i ng
t he autocl ave. 9B% setecdingt o4l %[srﬂdhrzﬂ@&@raplﬁfsﬂ&naﬁﬁm@f ofheheeacti on

to 2, 7-oct adl f”f%lf‘ tQ%[ > 96% according to
gas- chr omat ograéllﬁ c anal ysi's tﬁ output fromthe reactor. 5 Exanple 3
207 g of degassed nethanol, 521 g of 1, 3-butadiene, 1.38 g of sodium

hydr oxi de; 5@ 1 eC¥ycl ooct ane (inter naI GC standard) and 0.46 g of
4-t-butyl cat echo vvere pl aced _under prot ective gas in a 3 liter autoclave
10 (from B{i €Ri") %an8*tt héearzEafe DRkh#RL ed 34 SDCOE 0lodebugadiepsl | adi um

acet yl acet onat.g gard Ooﬂ38%o@1@h 1h)3dﬁb:§:(@e6 dl5 propy| peeBYbhk-rhdazol i um
chl ori de werz i ssol ve(gq %/ in 49 1 %E assed thanol under
protective gasPtfidaled ‘él aPigd EIECPPB GRteRReL

sol ution (freesra @rle&fm? ezrhﬂmetmﬁjtecttrﬂt\fe tc_lrws aikﬁoal aveised hheO@Qa{rée of

the rea d ag raph| a aI SIS
t aken af:Ere ul ar m%ergl\gﬁs g%\lfitge 108\%?{%81 es W@%% F Fﬁle ﬁt agﬁphe had
reacted; aft Qr 049¢ @ nef e®alhoddurh s oty bess terh teasndd. 0 T8 2 xpeoEnent

was stopped by 3coaki (29 6-ehqs%g;&9yq;ﬁzenmq 188l RG 1Y &{Jh dPead e@&&leon to
2, 7-oct adi enyl 1- g}ﬁ?’tﬁﬁﬁl 15et her was 87/% according to gas- romat ographi c

anal ysis of CHESE PBATERELYr edRt off - bl Ofe %Bééﬁe@l tefhano

1,3, 7-oct at r underwaprotective gas. The reaction was started by

15 introduction of this solution (from a pressure burette)

into the autoclave and the course of the reaction was

followed by gas-chromatographic analysis of samples

taken at regular intervals. After 210 minutes, 85% of

the butadiene had reacted; after 420 minutes, more than

20 98% had reacted. The experiment was stopped by cooling

the autoclave. The selectivity of the reaction to

2,7-octadienyl l-methyl ether was 87% according to gas-

chromatographic analysis of the output from the

reactor, and the selectivity to 1,3,7-octatriene was

25 4%. The ratio of 2,7-octadien-l-yl methyl ether to
3-methoxyoctadiene was 91.6:8.4.

Example 4
In a Schlenk flask, 111.1 mg of sodium hydroxide and
30 1.6 mg of the palladium complex I-a were dissolved in
17.8 g of methanol wunder an argon atmosphere. The
solution was transferred under protective gas to a
100 ml autoclave (from Parr), the autoclave was cooled
and 15 g of 1,3-butadiene were condensed in. The
35 autoclave was heated at 90°C for 16 hours. During this
time, 87% of the 1,3-butadiene reacted. The selectivity
of the reaction to l-methoxyocta-2,7-diene was 95% and
that to 3-methoxyocta-1,7-diene was 2.4%.




25 4% The ratio of 2,7-octadien-1-yl nethyl ether to 3-nmethoxyogt,adi.en
was 91.6:8.4. Exanple 4 In a Schlenk flask, 111.1 ng of sodium hy‘i(;:Irﬁ?iD)(rlJ’g'e%(m6
and 30 1.6 ng of the palladiumconplex I-a were dissolved in 17.8 g of

met hanol under _an ar%on at nosphere. The solution was transferred under
protective g&’szt'o_5§4 100 M autoclave (from Parr) , the autoclave was

cooled and 15 g of 1, 3-butadi ene weré& Sbndensed in. The 35 autoclave was
heated at 90C for 16 hours. During this time, 87% of the 1, 3-butadiene
reacted. The selectivity of the reaction to 1-nethoxyocta-2,7-di ene was
95% and t hagsaeplerst hoxyocta-1, 7-di ene was 2.4% 4 April 2006 O Z. 5845 -

34 Exanple g.4 kg o{,\emet anol . wer e Iac<id in a.,70 1 steel_ autoclave. 35
g of sodi um Rydr &% d€nerBTWrEet velSFR  Blef&%retifandt, ARdl1. §tgedf
4-t-butyl cat ealtolclatre8 g3Hfg palfl adiding | hydcekbtie ard<b @i ®folvadbis(2, 4, 6-
trimethylphenyl)im iu | or j,d re, added t-0.t,hi olution. After
addi ti on ng %ée%(é[@o %’bz%rg@ii ghg,stﬁg 4a$ gjcl‘}q:é’ ARV tegtéAgt(?é
commencenent pefl lekdaurd Igiot haretateeacandn (Gatg aboudt 70CH-bihé2j 4t 6rnal

tenper at ure mﬁlettaygp\%gﬁmmfda&%ﬁgw@f&gogggeggﬂ#@ aa&@&;{;{}gF jyture

cool ed down agai n an S kept__constant a eat1 ng. hour s,

the reactor SRAY¥LAEHI-edfter Soldittdmseralt vk kacebrli Agorbadicens, anheysi s,

95% of the 1a3tbutadienasdd neaetad, apbdhe -sphBebbMbhY tQf the
1- met hoxyoct a

-2 Zfdi ene.was 93. 0% a(nd that to 3:nethoxyocta;l, 7-di ene was

2. 9% | §%9§! @%CWEP&&%&&% on & 3Rl ofTS Theth@aciRBRTRR.t ur es
wer e anal yzedehpegasurehromet Lo a&pmaxanman FFAR Ot unafteOmMrhich the
Hewl et t-Packapdee 188 NYALAQENATI 5L £A1 2! ¥8hn USEaYAS MBAR QfadNeren:
constant at 80°C by heating. After 6 hours, the reactor
was cooled to room temperature. According to GC
15 analysis, 95% of the 1,3-butadiene had reacted, and the
selectivity to l-methoxyocta-2,7-diene was 93.0% and

that to 3-methoxyocta-1,7-diene was 2.9%.

' Examples 6-9
20 Hydrogenation of the telomers
The reaction mixtures were analyzed by gas
chromatography on an FFAP column from Hewlett-Packard.
As hydrogenation catalyst, use was made of the
commercial catalyst H 14184r, produced by Degussa AG.
25 Its properties are described as follows by the

manufacturer:
Pd content 0.5% by weight
Support Al,0;
30 Form extrudates
Diameter " 1.2 mm
Length 2-8 mm
Bulk density 600 kg/m’
BET surface area 200 m?/g

35 Specific pore volume 0.65 cm’/g
Reduction method none, catalyst is prereduced




commercial catalyst H 14184r, produced by Degussa AG 25 Its propgrlgl 51 A &oe
described as follows by the manufacturer: Pd content 0.5% by wei ght
Support A1203 30 Formextrudates Dianmeter 1.2 nm Length 2-8 nm Bul k

density 600 kcg#n% f‘g’% surface area 200 n2/g 35 Specific pore volune 0.65
cnB/ g Reducti et none, catalyst is_ prereduced 4 April 2006 O Z. 5845
- 35 Exanple 6 50 g of the catal yst viere’ placed in the catal yst basket of

a 1000 m prgssur reactor and 492 g of liquid 1-nethoxy-2,7-octadiene
(1- MODE) wer ’Efd'ﬁ’gf' he 5 trans/cis ratio in the 1- MODE was 0.94. The

hydr ogenat i ors(mfg td ﬂhmmstawefedpmabeus LR the @addiR0eih et
pressure of bar e erature of The hy genat

fini shed afté’?f % hglli}rgg mtl *CoRvVersi bR% 8 V\g t%erP%Qr}Q‘%“lﬁe
yield of 10 1J:mm:thm§wf53:,t'h-rm:t(aldi\&m\|) \Ab?s—LmJEP/() el e sAdE g ofTHehe
catal yst yere.p tal;yst ket 1 r surg,reactor
and 492 g of I|qU| t1El}let;L'?3$1‘oxy¥12 7Q§§t adllelgéD%ll %%?%) rggfadd &j The
trans/cis rathiYéinqszquetlpwmt tas O0-YODETIvaS hsalroirdatbnusingheuleMODE

d
was carrie gz%wﬁb?éag P 8 Qpen &t 90%%8%@0& 28R %{»ﬁaﬂge of . 20

tenperature C..The h ogenatlon was finished after ours

conversi on of 1q\7’ODEh€€/ash¥ G2 ovn THES) i ELBL8hed] -t emox Yo hamers(-1- I\/DAN)
was 99.9% Extrp| €oBr&bs Jof ofhe -omimH yieds Wehenploaced |i nrﬁ@eyﬁélal Yot

basket 4, l-methoxyoctane (1-MOAN) was 99.9%.

Example 7
56 g of the catalyst were placed in the catalyst basket
of a 1000 ml pressure reactor and 492 g of liquid
15 1l-methoxy-2,7-octadiene (1-MODE) were  added. The
trans/cis ratio in the 1-MODE  was 0.94. The
hydrogenation of the 1-MODE was carried out using pure
hydrogen at a pressure of 20 bar and a temperature of
60°C. The hydrogenation was finished after 6 hours. The
20 conversion of 1-MODE was then 99.9%. The vyield of
l-methoxyoctane (1-MOAN) was 99.9%.

Example 8
50 g of the catalyst were placed in the catalyst basket
25 of a 1000 ml pressure reactor and 492 g of liquid
l-methoxy-2, 7-octadiene (1-MODE) were added. The
trans/cis  ratio in the - 1-MODE was 0.94. The
hydrogenation of the 1-MODE was carried out using pure
hydrogen at a pressure of 30 bar and a temperature of
30 40°C. The hydrogenation was finished after 5.5 hours.
The conversion of 1-MODE was then 99.9%. The Yield of
1-methoxyoctane (1-MOAN) was 99.9%.

Example 9

35 50 g of the catalyst were placed in the catalyst basket
of a 1000 ml pressure reactor and 492 g of 1liquid
l-methoxy-~2, 7-octadiene (1-MODE) were added. The
trans/cis ratic in the 1-MODE was 0.94. .The




25 of a 1000 m pressure reactor and 492 g of liquid .

1- met hoxy- 2, 7-oct adi ene (1- MODE) were added. The trans/cis ratio4iArPJthle 2006
1- MODE was 0.94. The hydrogenation of the 1-MODE was carried out using

pure hydrogen at essure of 30 bar and a tenperature of 30 40C. The
hydrogenatiorpvgas %’%shed after 5.5 hours. The conversion of 1-MODE was
then 99.9% The yield of 1-net hoxyoct“an%6(1- MOAN) was 99. 9% Exanple 9 35

50 g of the ﬁ_?&%fd%;épmere pl ceg&i qd_t he catal yst basket of a 1000 m
pressure readtdtt oY BF EPGUItTMOPHSTRDXG2L Fe8c ORE eIl -NODE) wer e
added. The tadisdgdrs aat a0 preddierd - VEDBwamr0. 84d Fhe et 2005r O. Z.
5845 - 36 hy enation of the 1:MODE was..cartied t usjng pure _hydrogen
at a pressure&%{‘)cg?)gﬁ% r %ﬁﬁc’%e?%%b‘@?a‘f’a?e%&?l%‘@% a%ﬁf@rhydd t | B was
fini shed afterovémmmien Tfe leoiovsT swas ofbhénMOBE.Ras thkes 99184 T yield
of 5 1-neth _ypﬁeq.}]?cgg, M%A v .99 |l e 10 - C eavage over an
acid cata ys'(t)ﬁ( e pr déj%‘i 0 '\?Jh\g@i}i/%)?o‘g%%\aﬁgﬁ?'vi z. 1-net hoxyoct ane

(1- MOAN, nethyl n-octyl ether) was used in a purity of 10 about 98% by

wei ght (2% ofmhint 0 d &f D1ddfaddCoreLNioEcid theapyseence of a
silica-alum naTaral ' a T TOW T - ctor. The catal yst

ST
was a comrercital PEaYAF Yy s PLidddieytardereenaBoenf r Barst domidioxystarks The
l'iquid sta[1 ting-Mm\e,riraAétws Mapetizedtakerd2Qad msf@%\égﬂgoai %n%LriQ?f efig
entering,the reactor, At.a reaction nperature of 2! in the reactor,
7.7 g/h %#’ Y ng Stat &Y aWeﬂvgb péégedo n Iﬁ%geléoﬁmf]o?’?ﬁ)thr%h thep g of
catal yst in grlewutagd oim ther respoattagotfo & 201 EVadtimind7 dathlyBie .
gaseous produsy e 5poliesbgh 21 £8905°Fe300E0 hg! 8L ko Tormin

commercial catalyst designated as K306 from Sid-Chemie
AG.

15 The liguid starting material was vaporized at 220°C in

a vaporizer before entering the reactor. At a reaction
temperature of 250°C in the reactor, 7.7 g/h of
starting material were passed in gaseous form through
10 g of catalyst in granule form, corresponding to a
20 WHSV of 0.77 h™l. The gaseous product was cooled in a
condenser and collected in 1liquid form in a glass
receiver.
The GC analysis of the c¢leavage product is shown in
Table 1.
25
Table 1 Cleavage of 1-MOAN over the silica-alumina
catalyst K306

1-Octene

t-4-0Octene

t-3-Octene/c-4-octene

¢-3-Octene
t-2-Octene
¢-2-Octene
Methanol

1~MOAN 67.1

G W Y | N N
N o ooy W o |




The GC anal ysis of the cleavage product is shown in Table 1. 25 | e.

Cl eavage of 1-MOAN over the silica-alunmina catalyst K306 Corrponear;'taz?pz(?liL 2006
Products of the cleavge of MOAN (% by weight) 1-COctene2.7 t-4-Cctene2.0
t-3-Cct ene/ c&l\%g;\%ggg 3 c-3-Cctenel.6 t-2-Ccteneb.2 c-2-Cctenel. 8

Met hanol 6. 2 1- .1 4 April 2006 5 O 5845 - 37 As can be seen from
Table 1, 1-MOAN is cleaved to the desired product 1-octene with a

relatively | sel&ctlwty to I-octep Z 8.79% . Exanpre Il Tne prodjyct of
t he hydrogedd T2 S 1 A (1-NMOAN. methyl n-octyl ethef) was

used in a purity of about 98% by wei ght (2% of high boilers) for the 10

cl eavage in the gres?nce of aE al u&l@g moxide modified _with_sodi um

hydr oxi de ( ATSCBCEBnPE MFT 1959 Eﬁt of *REYHY) 5 GlerRBALt Foodde
fixed- bed reatdsmiredhe griogict st Arbehgnent evitl was vepLatzedlat 22QC in a

vapori zer be@éf %&gﬁ&%%ﬁg@%g%%mﬁg eaction 15 tenperature of

350C in the redctor rial were passed in gaseous
formthrobgh 18 g of <catalyst in spherical form corresponding to a WHSV
of 1.1 h-1. gihgetasepys product was cooled in a condenser and collected

in liquid for‘m‘i'n"a"g1‘ass receiver. 20 The GC anal ysis of the cl eavage
product is shgith product of the hydrogenation, viz. l-methoxyoctane

(1-MOAN, methyl n-octyl ether) was used in a purity of
about 98% by weight (2% of high boilers) for the

10 cleavage in the presence of an aluminum oxide modified
with sodium hydroxide (Al;03 containing 1% by weight of
Naz0) in a flow-through fixed-bed reactor.
The liquid starting material was vaporized at 220°C in
a vaporizer before enteriﬁg the reactor. At a reaction

15 temperature of 350°C in the reactor, 20 g/h of starting
material were passed in gaseous form through 18 g of
catalyst in spherical form, corresponding to a WHSV of
1.1 h!. The gaseous product was cooled in a condenser
and collected in liquid form in a glass receiver. |

20 The GC analysis of the cleavage product is shown in
Table 2.

Table 2 Cleavage of 1-MOAN over the Na-modified Al,0;

catalyst
25
1-Octene 32.95
t-4-Octene 0.02
t-3-Octene/c~4~-octene 0.01
¢-3-Octene 0.01
t-2-Octene 0.77
c-2-Octene 1.25
Methanol 9.16
MOAN 47.38
Remainder 8.47




Tabl e 2. Table 2 C eavage of 1-MOAN over the Na-nodified Al203 cat.alyst

o+ M~ s~t'k di . J}[ Fi+t ~" 1d 4 2~ f ax- 3 +FZ Conpbhen _743‘2%?:%?' t%o%ﬁ

a eavage~aof~n ; aa . <, 2 ctahb [ kg7~ ( ~ylvteYl ) 1-Cctene32.95

t-4-COctene0.02 t-3-Cctene/c-4-octenel. 01 c-3-Cctene0.01 t-2-Cctenel. 77

c- 2- Oct enel. 25 fet Pehol 9. 16 MOANA7. 38 Renmi nder 8. 47 4 April 2006 O Z. 5845

- 38 As can be seen fromTable 2, 1-MAANis cleaved to the desired

product 1-octene with a high selectivity to 1-octene (> 92% . 5 The

by-products |isted under "Renainder” conprise conponents which can

|i kew fse 3e qwgaaﬁ e foeen | ﬁr@gt eamﬁi aq: udivegangi Qgtﬁuelabaar tolhgse, too,

can, | esired, reciycyl ate o the c|eavage. 4 ril 2006 O Z. 5845

-39- Cdaims: cigs%%focp&oé:‘ch&r BF@S&PPﬁg Y15 erd nglll‘-ﬁviAg@iF?BWBti’o tae

carbon at ons byodtedoere(t ze2%pn of a starting 5 olefin having at least two

conj ugateg bapds Whtho3 BHELEOPN & dd tRalEeseREGShR M2 ladidilse

' components which can likewise be cleaved to form
l1-octene, including dioctyl ether. These, too, can, if

desired, be recirculated to the cleavage.



catal yst, hydrogenation of the telomer obtained in this way and
cleavage to the 1-olefin, wherein the palladiumcatalyst used i SE;%{@’%M
pal | adi um carbene conplex. 2. The process as clained in claiml1, wherein

t he carbeneql, zgarg@swcorrprl se the structural elenent 15 where Cis the
carbene carbon which is bound to the palladiumatom 20 3. The process as
claimed in claim1, wherein one or noré%onpounds of the formula | or 11

RR 2 4 RRCcCRailgB:;--N3 R5 R "3 1 25 where R2 and R3 are each,

i ndependent | y-of _.one another, a linear, branched or cyclic Cl-C24-al kyl
group or a C5-C18-aryl group, where the alkyl group and the aryI gr oup may
bear, indepebdent hypebcere @30 at S

- 00-al kyl 30 (Cl;£9) aI kylﬂleé& ﬂ?g yb§i+£j %T’@g QFEEW 8 te1-c4),
000 aryl - (06- CL0} ‘%‘c‘; ategsciby, ‘@Jﬁmmmro P 5845tad@ing

- 0- al kyl 5( C1- 08) ol@fm htakr;mg( Gt GBast I‘d:w@lwﬂa)?u4 %gndsq;,@t S03H,

-NH2, -F, -d, g NO2,, feréocen , are eac
|ndependently of one an Pﬁ%? fi SQJICGCOCH @onauadmm- C8),
- 00 al kyl - (Cl- C8) satg&tystar gayd@.—e@eﬁh&)mna@amé &éfo&;@)@btamed B
-0-al kyl - (C1- CB), ¢ni 9- Gy 2l404 é%s%&eny' ahky vag 008!2he l—oiefln a8
wherein the palladium catalyst wused .is a
10 palladimn—carbene complex.- |

2. The process as claimed in claim 1, wherein the
carbene ligands comprise the structural element

/N
C

~N
15 N'

where C is the carbene carbon which is bound to
the palladlum atom.

20 3. The process as claimed in claim 1, wherein one or
more compounds of the fermula I or IT

RZ . R4 R2

] / : ; /
I
RJ: R
R3 R E

I {1

25 where R?’ and R’ are each, independently of one
another, a linear, branched or cyclic Ci1-Czs-alkyl
group or a Cs-Cig-aryl group, where the alkyl group
and the aryl group may bear, independently of one

| another, the substituents -CN, -COOH, -C00-~alkyl-

30 (C1-Cs), -CO-alkyl-(C;-Cq), -aryl-(Ce-Cis), -alkyl-
(C1-Cad) , -C00-~aryl-(Cs-Cio), -CO-aryl- (Cs-Clor) '




-NH2, -F, -d, -OH, -CF3, -NOQ2 or a linear, branched or cyclic 2006
Cl- C24-al kyl group or a C6-Cl18 10 aryl group and the al kyl group an J?af'rjyl
group may bear, independently of one another, the substituents -CN,

~ oA, COOabkgI- £CB), -CO al kyl - (CL-C8)., ‘-aryl - (Cb- Clo),
-al kyl - ( C1- C24) aryl- (C6-Co) , -COaryl-(Ce6-Cl1l0),

-0-al kyl - (CIL- cs) 15 -0 CO al kyI (C1- CBFO~-N-al kyl 2- (C1- C8), -CHO, - SO3H,
-NH2, . -F, and t d als R4 nd R5_may al.so be
part of a brldgl ng Tal |££g1tl c(, a{romal{3 8 F‘H% 13 (E 178®d as éLz"

| i gands. 20 4. The(@r-&néss a§H6I.a| A8G:H N alld;of elF‘at reCl, t -G, whene
conpounds of the f | ae ¢ ndV OMH (ILL), N-H(I

(V) 25 where R', R'%g%]e selln'e(!‘::toegd'a}{lyfidepen%:fgntIll‘_y‘l fr%m a ngaﬁfdrgéﬁﬁ%
linear, branched oindseendemtly20fa| lgne graupshexnl kemptdmrgnms, atkyny!
groups, earboxyl grem®s apdoCail q@{J_Cg,roupée y_ﬂﬁ# t(E.es&ngrogég may

bear substituents selected fromt group consi st
- 000 al kyl - ( C1- c8)3r¥ittSenty) - (1€ @B?IYlat(gﬁ =G5+ c;p alBed-aiGy HC4 05-
Qo). -COaryl: (Co-GIR-athy Bl (ol-of)- CRaiQicOicaliy ).

N al kyl 2- (Cl- C8) , 03, L N2 kg%a%L o QH% SO +
radicals Rl, R' 35 be i nké:al’to o% anocf'lf:n?er V|1\Hj2CO\Pdfl et bb'mf%ﬁr: are
used as nucl eophi llzsanchekpr ot 2300.i@ ZC; -§545a1k{l 5 grbie psLcascas, &l ai med
in any ofgclains e n et , el hanol, .2-ethyl hexanol,

oct anol , octenol "éﬁt %rm% éﬁ{isoﬂ%o%g'n T groue r%‘anﬁrygl SHHHER A,
n-but anol , | sonon&RHL. fo%lﬁﬁiép‘a@iiﬁnt&]z’et | ©faci dqn@r opanmtheacl d the

n- but anoi ¢ aci d, |gigmgla‘mgrp;@m_@1q bendsog, acicho-AMLAal (& -agid or

wat er are used as ucl eophi l e.
ﬂiy(i Cp -Cg), -aryl-(Ce-Cio}, -alkyl-(C;-Caq), ~COO-

. aryl-(Ce-Cio), -CO-aryl-(Ce-Cio). -0O-alkyl-(Ci-Cg),

15 -0-CO-alkyl~(C;-Cg), -N-alkyl,-(Ci-Cs), ~CHO, -SO:H,
~NH;, -F, -Cl, -OH, -CF3, -NO;, and the radicals R?
and R® may also be part of a bridging aliphatic or
aromatic ring, are used as carbene ligands.

20 4. The process as claimed in any of ciaims 1 to 3,
wherein compounds of the formulae III, IV and V

R-0-H (IO, R'N-H - @V) R'-COOH (V)
25 - where R', RY are selected independently from

among hydrogen, linear, branched or cyclic C1-Cyy-
alkyl groups, alkenyl groups, alkynyl groups,
carboxyl groups and Cs-Cig-aryl groups, where these
groups may bear substituents selected from the

30 group consisting of -CN, -COOH, -CO0O-alkyl-(C;-Cs),
~CO-alkyl-(C1~-Cg}, —aryl- (Cs5-Cio) , -CO0-aryl- (Cg-
Cio), -CO-aryl-(Ce-Cio), =-O-alkyl-(Ci-Cg), -0-CO-

alkyl-(C1-Cg}, -N-alkyl;-(Ci-Cs), -CHO, -SO0:H, -NH;,
-F, -Cl, -OH, -CF;, -NO;, and the radicals R', RY

35 may be linked to one another via covalent bonds,
are used as nucleophiles.




10 6. The process as clainmed in any of clainms 1 to 5, wherein thg 006
tel onerization is carried out only to a conversion of the. startlngp JI"ef

of not nore than 95% 15 7. The process as clainmed in any of clains 1 to

6, wherein aoh?t egggsneous or honbgeneous catalyst is wused for the

hydr ogenation 0 elormer. 20 8. The process as clained in any of clains
1to 7, wherein a heterogeneous catal ysil-conprising at |east one netal of
groups 6-11 of the Periodic Table of the Elenents is used for the
hydrogenation. 25 9. The process as clained in any of clains 1 to 8,

wherein a hetl®er oge’hb@upma:tewlsysasi slasmadf dm témy olfeaybgiandf 1the 4,

hydrogenat ed tel ongy rongr-f[g progess aétﬁér% d |rban¢/lp%‘PCI ai 1 to

9, wherein a ba5|c oF asic’or an acidrc or
. catalyst is used fwtalh@lcl eavegeenot , t he ¢yhdiemat ed teimmropa&ﬁoll,l The

process ag clai nedhif-Ghndi, cl %.'s‘Bimftatrfi‘allo ﬁrcghglcat aiﬁ%osr}cfs co r| 5| ng
[

.al kali netal hydroXi des/ oxi des “or ne eart al 4
5845 -42- hydroxi deYBi¢ des2 @@ use%FePtﬂCtheaQ:Jl@:avaglrQﬂlQms: hyitrngenat ed

teloner. 12. The mM-asesendsc Clhaiied iQDBL@‘V&lQ(f)l@' dld®,1 H8n20i % rein
catal ysts conpri Sié}%i}'éafal i metal oxi dg kal i ne earth nefa €s, zinc
oxi de, al umi num ri A 9xi den tlﬁﬁt haWGﬁFEm déXecer Mﬁﬂd ox@d@
thori um oxi de, ti tI'BIUlEDphdIEE zirconium oxide, tin oxide, alkali netal
and al kajgne earth 10 netal. carbonates, hydrogencarbonates or tungstates
6. The process as claimed in any of claims 1 to 5,
wherein the telomerization is carried out only to
a conversion of the starting olefin of not more
than 95%.
15
- 7. The process as claimed in any of claims 1 to 6,
wherein a heterogeneous or homogeneous catalyst is
used for the hydrogenation of the telomer.

20 8. The process as claimed in any of claims 1 to 7,
wherein a heterogeneous catalyst comprising at
least one metal of groups 6-11 of the Periodic
Table of the Elements is wused for the

. hydrogenation. ' '

25

9. The process as claimed in any of claims 1 to 8,
wherein a heterogeneous catalyst is used for the
cleavage of the hydrogenated telomer.

30 10. The process as claimed in any of claims 1 to 9,
wherein a basic or strongly basic or an acidic or
strongly acidic catalyst is used for the cleavage
of the hydrogenated ' telomer.

35 11. The process as claimed in any of claims 1 to 10,
wherein catalysts - comprising alkali metal
hydroxides/oxides or alkaline earth metal




are used for the cleavage of the hydrogenated teloner. 13. The pfo esslaf006
claimed. in any of clains 1 to 10, 15 wherein catalysts conprisin

hydrotal cites, m xed oxides of silicon and/or-alumnumwth alkali netals
and al kal i ne gagt hggggal s, zinc, thorium ~ titanium zirconium tungsten,

tin or nolybdenum are used for the' cleavage of the hydrogenated 20

tel omer. 14. The process as cl ai ned |n—éﬁy of clains 1to 13, mherein t he

cl eavage of the hyﬂggggg@%@Q,&%&ﬁ I ares dég ]ég %%%$§§ gf ﬁ@avage

15. The process as Clai ns

of the hydrogenateHYﬂEPgﬁﬁﬁteﬂste&Dmead out at tenperatures in the range
from 100 to 800C. 30 16. The process as clained in any of clains 1 to 15,
wherein the cleava%e is carried out to a_ conversion of the hydrogenated

tel omer of 10+959% TBS PFOcﬁﬁﬁ[ﬁ%m%%élﬁgdcﬂﬁIﬁﬂYlﬂfanya@mscﬂaHns 10to0 16,

wher ei n 153- but adi gR&refini L | t at
r@ini TRMEERRHsS é&ﬁ’ﬁriaéln 63%5{%@358[{4%;& 355%(&&53%]

| east two conjugatefh £0uble bonds ril
process as clai ned® ?ﬁ?n@f?tﬂMWﬁQﬁ Pxed e§taFﬂFﬁgQﬁk§ﬁ¢1¢%Mm$@@n|n
adnmi xture with ot hexidéydrptarboms. oxit@, THRNMIRERSS askiddl Meghi{l,ANY of

clainms 1 to 18, n the teloneri, tlon IS carrled ut at, tenperatures
of from 10 to 180 <! é'a ptrr}%aoséslul}l% §FLGS ot tpgd gides o zircontum
ox1de, tin oxide, alkall metal and alkaline earth

10 metal carbonates, hydrogencarbonates or tungstates
are used for the cleavage of the hydrogenated
telomer.

13. The process as claimed in any of claims 1 to 10,
15 wherein catalysts comprising hydrotalcites, mixed
oxides of silicon and/or aluminum with alkali
metals and alkaline earth metals, zinc, thorium,
titanium, zirconium, tungsten, tin or molybdenum
are used for the  cleavage of the hydrogenated
20 telomer. '

14. The process as claimed in any of claims 1 to 13,
wherein the cleavage of the hydrogenated telomer
is carried out in the gas phase.

25
15. The process as claimed in any of claims 1 to 14,
wherein the cleavage of the hydrégenated telomer
is carried out at’ temperatures in the range from
100 to 800°cC.
30

16. The process as claimed in any of claims 1 to i5,
wherein the <c¢leavage is carried out to a
conversion of the hydrogenated telomer of 10-95%.

35 17. The process as claimed in any of claims 1 to 16,
wherein 1,3-butadiene or isoprene is used as
starting olefin having at least two conjugated
double bonds.




20. The process as clained in any of clains 1 to 19, wherein the,rati
carbene ligands to Pd [nol/nmpol) is fromO0.01:1 to 250:1. 15 21. ﬁwéér{icgoos
process as clainmed in any of clains 1 to 20, wherein the palladi um carbene
conpl exes arep,ntsggyced as such into the telonerization reaction. 20 22.
The process as clainmed in any of clainms 1 to 20,- wherein the
pal | adi um car bene conplexes are genera#dd in situ during the
telonerization reaction. 25 23. The process as clained in any of clains 1
to 20, wherejn the carbene |igands are generated in situ during the
tel omeri zat i 1 eatif oPTOZESSTheS prded@edasin| ailadah | 17 anwhefredimi gBel t 0
13, 30 wherein a dESHeEisOMRARGL haxi p <, ' added to the

KO MRARH NAXI &Y EP C%Idmdlgtﬂlse AeEH %\F:)lﬁ%rl to

telonerization re ct#oh. 5. The process as ai med ‘I nhany C
23, wherein the §E¥ HrEP@hcentration in the 35 reaction nixture of the

telonerization is from 0.01 to 1000 ppm

19. The process as claimed in any of claims 1 to 18,
wherein the telomerization is carried out at
temperatures of from 10 to 180°C and a pressure of
from 1 to 300 bar.

10

20. The process as claimed in any of claims 1 to 19,
wherein the ratio of carbene ligands to P4
[mol/mol)} is from 0.01:1 to 250:1.

15 21. The process as claimed in any‘of claims 1 to 20,
wherein the palladium-~carbene complexes are
introduced as such into the telomerization
reaction.

20 22. The process as claimed in any of claims 1 to 20,
wherein the palladium-carbene complexes are
generated in situ during the telomerization
reaction.

25 23. The process as claimed in any of claims 1 to 20,
wherein the carbene ligands are generated in situ
during the telomerization reaction.

24. The process as claimed in any of claims 1 to 13,
30 wherein a basic component having a pK, of < 7 is
added to the telomerization reaction.

25. fThe process as claimed in any of claims 1 to 23,

wherein the palladium concentration 4in the

35 reaction mixture of the telomerization is from
0.01 to 1000 ppm.




