,e3ezRiz@6 TR | Process for preparing 1-octeae The invention relates to a
process for preparing 1-octene by telonerization of by neans
of 5 atelogen in the presence of a telonerization cgﬂ‘l mmalmlm @ i-al
hydr ogenati orp of. t47e11 el omer and di ssoei ation of the ena ed
internediate. 1-Cctene is used in large quantities 10 of 2i'ous chem cal
products. For active substances, plasticizers, polyners are produced from
1-octet fiel (Pxﬂcaqmlimtpmpamng Sl4setemmd yirer s, especially in
pol yethyl ene.” 15 T n the production exanpl e, surface lubricants and |e.

Anot her | arge as conononer in Virtually all processes which are at present

utilized comihei alhyedipion herptatesti ba ok 1pgocess arf®rmaswErAristhene as
raw material . %Fé&?é}?e'éy%g&qsﬁizsél equ 3-53RE8 1 &heCarOhld s S5 main

product s. 20 appropriate choice of catalyst and process conditions,

t he armunt5 ofa 1tokeeer m the Dreaepcecad Be LOHOMATAER AT |3 ¥HerS about

25% Apart fr;SHEfEf@ﬁehQFﬂ%@%%&%logy d’@a'ﬁﬁeOfté’ﬂBn@k Mgl kosdSieat Son
produced, the isaqlation of 1-octepe %réthe product m xture fromthe

Fi scher 25 Trfpstdie r%?%?f‘%%%da%?%‘? ¥ i nportance. Apart from
et hene- based processes, processes which use 1, 3-butadiene as raw material -
are al so kno (iromthe | 'iteratur oct ene |tts51 not ocli)tatnabl e 30

1.
directly, for Hﬁgﬁls “oF %aarcﬁ%'reg'l%%ﬁ%hesf FOmM DUt adi €ne; “but i s
obt ai ned1af t evf avpalmrcaisi t gheinigedcepgsoduieps.. THos, mm13045@m+ bes a

process in 3-b s re pr ef hangl 5 or
et hanol to w(;ér&ng&a %%?g%i?lg%/% et hgggggl%rzgrfter %é&}y ﬁ"régie%atr%ﬁ to the
octyl ether, E%lm@é%m@t%d REOIGRA 1-f5earenel - oGt &Rl od‘k}'u%tl?%t grge

enpl oyed in Erdyd 4P 93pplbehcife reactien ipskhedd rdontdiiind:s Wih a
carboxylic acid. The processes both i nvol ve an 2 anal ogous first

process step R AT S TR 2 YLY et R PRUYE N RLCRRt oneri zation. In the

tel oneri zation, a tel ogen (in EP-A-0 440 995, the carboxyl i c acid) is
general ly reacte axogen (1, 3-but ene, ents).to.forma
tel omer . ?Fg)r ¥ef"85ﬁre acie?sgshésr e‘é{gi"?g &8 ea%le?(’f Sﬁél ilﬂ%ls?ﬁeec?’ alia,
E. J. Srrut ny, colmn@muﬁnhyn f8wc.tHO6PBro8act 63083 ;01S. 1 Jakidras hiaxreT. b8hedano,

N. Hagi hara, n tt 24 499 042,
US 3 530 187, e EEhEREE g% i 68%%6]060]8 %hfﬁ%gf%gﬂ%é@ré% o
670 032, US TG 352, raiws 887 62Rlefns 3mS 507 TDE BOoAE 78, W)Sﬂll 142

060, US 4 146a03§§@ Mde 1860188, IB da I 8an¥S ot A ldondde gl 61
750 and EP- A- 218p100. In the butadi ene-based grocesses for prepari ng

1-octene, as ©RRCPPBBAL Por lepShinE iith WP oB¥284USH SANERSA PUUL S, t he
1-octene is obiai ned Uierdi Sbout 25%. Apart from these processes, by

means of which most l-octene is produced, the isolation

of l-octene from the product mixture from the Fischer-

25 Tropsch reaction has attained some importance.

Apart from ethene-based processes, processes which use
1,3-butadiene as raw material are also known from the
literature. However, l-octene is not obtainable
30 directly, for example by means of a dimerization, from
butadiene, but is obtained after a plurality of process
steps. Thus, WO 92/10450 describes a process in which
1,3-butadiene is reacted with, preferably, methanol or
ethanol to form a 2,7-octadienyl ether which, after
35 hydrogenation to the octyl ether, is dissociated to
give 1l-octene. An analogous route 1is employed in
EP-A-0 440 995, but the reaction in the first step is

with a carboxylic acid. The processes both involve an

AR
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20 sociation of an n-octane substituted in the 1 position. The
selectivities in this step are often unsatisfactory. Thus, W 92/10450
reports the selectivity to octenes in the dissociation of 1-methoxyoctane
at a conversi@mz of5 B0~ as being 660. 25 It is therefore an object of the
invention to di scover a process by nmeans20f which 1-octene can be prepared
from 1, 3- but adi ene but which circunvents the abovenenti oned di ssoci ation
step. 30 It hasawyovibeen fiawnd tﬁmjscelss)ct enepcanwhiecipr epar edgemetaghy purity
and good yield a ceg de_up ti ee steps. 35
The inventi of%ﬁ%ﬁ%‘? g % \§C §re“§rlzggo§relsslfl §:%%r eta‘:'!alrc?{r}loxf an"r Ogqhe %y 1
reacting 1, 3- ttml@@iﬂérene(m t I Par At-6) d@@n% théhﬁormrhoxyllc aGldH Hs-Y

where X is Oogé\lke Igix( ]gée]%:ty?urt elN of  SigaubX S AML Y fRY; edepensi ng on

t he val ence er substituents, |n t he presence of a
tel omeri zat i o?ﬂléh‘t’%tl%‘ﬁsi ot® ofPFTa 2 eF®hRFEHf the formula I H
H2C=CH CH2-CH2 CH2 CH=CH- CH2 X-Y 10 where X and Y are as defi ned above, 2)

partially hyd ting_the _conpaund ,of the 15, fornula o .for

conpound of tlF?égm%fw gfl 5ol OMSIEAEAGPTOHATI D CLp. BFE )Pe?{mﬁw and
3) obtaining inoeteagtiby d.ssoci st omy of Jthamcormmnmd Qﬁcof w6y foddula -
I11. In the t rizatg on,in_.st 1) of th ess t.he

i nvention, ﬁﬁr‘gosm b$ n{‘aok L}gaeergzrt her p’fl"”:S}E 1?35"1%u‘t adi enl\g o}g%sl%]uar’es in
whi ch 1, 30but’aeeit:eaiteecﬂnsm25 priegent . A39%873- but 24P ene- cER-aA 10 My I KTUr es,
preterence | sygiyefod ok NesThxbyhesas! b331bft17%d'8%e i e 08187008

CA- hydr ocar bons . m xtures are obt ai ned exa e, 1In crac I ng

processes forGBhe pt®d223i oHSoB éFﬁeﬁ@9llnQﬁh|3ci§7r0ef0i3r?erW%a%e75 napht ha,
gas oil, 30 L% {lgemebred petnobeunsgas) peNGo (wratiwesl wass limicho, etc.

o eact e JBe Gnd A OB, 150 Er T e v ppraich 1 fbege WackThy

process. 1Fypiprl 21, 8t but @adaedeEroncen2tations in the C4 fraction -

In the butadiene-based processes for preparing
l-octene, as described, for example, in WO 92/10450 or
EP-A-0 440 995, the 1l-octene is obtained by dis-
20 sociation of an n-octane substituted in the 1 position.
The selectivities in this step are often
unsatisfactory. Thus, WO 92/10450 reports the
selectivity to octenes in the dissociation of

l-methoxyoctane at a conversion of 80% as being 66%.

25
It is therefore an object of the invention to discover
a process by means of which l-octene can be prepared
from 1,3-butadiene but which clrcumvents the
abovementioned dissociation step.

30

It has now been found that l-octene can be prepared in
high purity and good yield by a process which is made

up essentially of three steps.

35 The invention accordingly provides a process for
preparing l-octene by
1) reacting 1,3-butadiene with a telogen of the

formula I,



obtai'ned from a naphtha steam cracker are 20-70% of 1, 3-butadiene. 5 10 15
20 25 30 35 The CQ conponents n-butane, i-butane, 1-butene, cis-2-butene,
trans-2-butene and i-butene which are |ikew se present in these fractions
do not interfere, erido not interfere significantly, in the reaction in the
tel omerization step. On the other hand,- & nes havi ng cunul at ed doubl e bonds
(1, 2-butadi ene, allene, etc.) and al kynes, in particular vinylacetyl ene,

act as noderators in the telonerization reaction. It is therefore

advant ageous to renove the C4-al kynds nd if necessary the 1, 2-butadi ene
bef orehand. This may, if possible, §£ %arrled(ﬁut by physical methods such
as distillation or extraction. Posstbl& chem cal routes are selective

hydr ogenati on of the al kynes to alkenes or alkanes and reduction of the
cunul ated dines to, epe 0GES h t

described in the prﬁggea?tisfcl?)jr (el\ﬁaf?& ein /%glg% IiEP&Zn% Z%Igdg%o

DE- A-37 44 086 or &8d4 Y70uavig2derendanggeiis FhestV@dePOcﬁ eheXprasgds¥. of the

invention, it is pgggkbkgrggeusguggglggggggnds whi ch have the formula I. In
t he fornula I, Xis O N Sor Pand Yis C_Nor,Si, where X and Y may,

dependi ng on the vaPerd¥ oPrﬁsﬁﬁﬂeY ohedr FetPRerisubseRt FETHELY S eF@rred-
substituents on X @gBdmYaacelbgdi-ogénrhal Eykmuadi gal s having 1-50 carbon
atons, aryl radicals having 6-50 carbon atons and/or heteoaryl radicals,
where the substituents may be identical or different qnd may in turn be
substituted by the groups al kyl, aryl, -F, -Cl, -Br, - dﬁgS - -

- C02R, - ng?q -SR, - sozngc—ca@rcmsengH—eesz:HW Y N= - NHZ where R
= Hor a bstituted or unsubstltuted allphatlc or aromati c hydrocarbon
radi cal having from1l to 25 carbon atons. Preference is given to X being O
or N and Y being GynhSpeckf kadexagpkessoticfehegeasook,the fornula | are -
5 - nonoal cohol s such as nethanol, ethanol, n-propanol, isopropanol, allyl
al cohol, n-butanol, i-butanol, octanol, 2-ethyl hexanol, isononanol, benzyl
al cohol , cycl phexapakriaytopentdmmiermatimg, 7thet adcenpdundl, -ofdi akhehol s
such as ethyl ene g r.o di,ol a , nedi o

1, 2- butaﬁéglol %ngpane %o? Eggﬁ,é- Spéﬁ ﬁ@ @%% gpg¥ll§bﬁggﬁnds such
as (err)- hydroxyacetlc esters, 10 - primary anlnes such as net hyl am ne,

et hyl am ne, propyl am ne, butylami ne, octyl am ne, fbctadlenylanlne

dodecyl am ne, ethylened X k%*l (Mkcondary ani nes
such as di net hyl am ne, ’c-j? et h)?l%d?aﬁ? %gp met htqt'zanl li ne, and

bi s(2, 7- oct adi enyl ) am ne, dlcyclohexylanlne nethylcyclohexylanine
pyrrolidine, piperidine, norpholine, piperazine or, hexapet hyl eni m ne.. 20
Tel ogens mhicE ) canOPRBAEANGed "REEEREa e FiASPH el Bher T ZERF 0RCTBRERAON can
be used digectly obfekre €ammbeaf armed in situ. Thus, for exanple,

2, 7-oct adi en-1-of can be fornmed in situ fromwater and butadiene in the
presence of the telonerization 25 catal yst, 2,7-octadi enyl am ne can be
formed from aimothe ded oeX-imatadirenis; etep Tel ofentbewpmitesse @artheul arly

pr eferably US%F és ”%hI{}fég%l ne&;ggﬁdl ' hk?P%%% \}% hMES”eelgé é&o' u

, 3- pr opanedi anm ne { gartlc regerence
|s given to usi AgPHERHARBE. T5 debEFwieR tife MEdCH o eb@@éﬂlﬁ@e is

1, 3-but adinepi-Bsbhe .t el on®y i zati o Kaardi & -ddie- ey  of ﬁ?ktﬁ§e§5
hydrogen at ons t he t el ogen has to be.taken into account Thus,

exanpl e, nethQﬁSEehﬁgcﬁné%nﬁ%W%Ph?ﬂrBﬁéﬁgaF&ﬁtWﬁ@®1%ﬁe gPyPBFaﬂé§ano
met hyl am ne ha@sthwethetrCc C;-hydrocarbons. Such mixtures are obtained,

for example, in cracking processes for the production
of ethene in which refinery gases, naphtha, gas o0il,
30 LPG (liquefied petroleum (gas), NGL (natural gas
liquid), etc., are reacted. The C; fractions obtained as
by-product in these processes comprise variable amounts
of 1,3-butadiene, depending on the cracking process.

Typical 1,3-butadiene concentrations in the C4 fraction



- 6 'From0.001 nol to 10 nol of 1, 3-butadiene are used in the

tel onerization reaction for every nole of active hydrogen atons of the

tel ogen which can react with the 1, 3-butadi ene. Wen the reaction is
carried out uging a7571iquid phase, a ratio of fromO0.1 nol to 2 nol of

1, 3-but adi ene per nole of active hydroged i-s preferred. As telonerization
catalysts, it is possible to use honbgeneous, heterogeneous or imvobilized
catal ysts or dbteipmbdndircomsat hesofha Metearat aksskerf aird h9-ré&ctodHn are
described in ihg_%&&géfégée (cf. A Behr, "Honogeneous Transition Metal

Cat al ysts", AspectsS 0 nogeneous Catal ysis, 1984, 5, 3-73). For exanple,
transition netals of transition group VIII of the 15 Periodic Table of the

El enents and +hei r €onplexgdndhesused-sucgaast ullvpasagat al y’fi@utﬁ%,the
purposes of the present invention, the use of nickel, rhodium ga adi um

and pl ati fum €482 yBEEeRS, 20t prRF et rRAtePEr t PRAI af ~PREPRPent¥BIFR gR¥en to

usi ng pal | adi upkewi abygiresehit i $n pesskbl et tisshLi 8bemaral 1 adbrpépe, or

pal l adiunm(11) co oundi in_the teloneri,zati on.step, Exfglnpl es of, suitable
pal | adi um conPbufifs &t bﬁF?’ég?ﬁﬁ( SRR e Y patt adfEmEIdC 2P hr B de,
pal | adi un( 1 1) thaeet ot bomeral zael onn( Idterd or 1ot e theal badewn hahdoct dhenée, .

pal I adi un(I1) n di ) t a iunCll) nitrate,

pal I adi un( 1 | )h%‘gie’?% Telipied %g%gél uk?ﬁt{lr‘%a e BhRHER) \BLigRe S
KzPdd 4, 1di chébrobi enfbedkynes, nilty ideg)tdaiuladi umnwlldaspaldreli tmethasr i de,
allylpal ladi upacelabes ! ihsaldyd PaLsadhatt - de Bofy Claagkadienenal | agiunt!l)
chl oride, bis(triphenylphosphine)palladiun{ll) chloride, .

(1, 2- bi s(di phERGF pRBEPhPATPELRIFOYSal t AT ERPYE) LRI Sii-@dékymren and nyf 35

pal I adi um hal ﬁd@éss@ﬂ%acclﬂé/atmlz—b@@@&ibﬁebeb@ﬂéiﬁéihéﬂdt herHiaackiag), sfnce
free halide ions inTi it the telonerizatjon reactiaqn. Tgﬁ?gse 0

pal | adi un( 11)PREFIRLRaviBfy SFEERFE SWtorY é’.ﬁ"a.Slﬁgl | 207 RetSRE ofS 7
_ pal |l adilsm adesyiatet boat eor | xXtherwfiare prekeibde. Exampkad ofoutes
pal | adi un(0) conpl exes .i.ncl ude.conpl exes of _pal,l adi wit.h phosphorus,
nitrogen or af§8ni°C 46 3r"'eat%o¥rd|s§°€$ %/%(lle(,?n af)ée%‘ehean%ilg]?’rﬁ%scct)-‘r?plae% 1HES

Exanpl es of Sophesiiroras bhndandesdee el phosphi hes, qimsiEtieds diphesphoni t es
or phosphinit exa fi tragen Ligands ] itriles and
pyri di nes. Sp@g???gg%karfp ecgé%%ej et r aki s(lf"#ligg‘henﬁ?%}%ggﬁ?ﬁgé’g% | a %%n{ 0),
tri s(di benzyl feREERRE0AR) GPRFaPrA@ruREt) ¥ BrRMRBoln WO 938/12160,

cycl ooct adj engppalbagyynpoiheparpunt el bekoper tzaki 9n4cabal yst used
depends on its activity. In principle, any anmount of catal yst which ensures
a sufficient reaction rate can be used. 15 In honpgeneously catal yzed
reactions in mki eklstanti ig nttear ilalsf phedpebseand of tulansitventhehal

catal yst are esent _i lut i in.a shhgl it -1.S..US to e from
0.1 ppmto SOPgoﬁ%p%ogfi%éLt%al tc')%]baurs’ls'eed %I%rit hgorﬁg%?:l??%n wnrlllxcihur g%.k’e\/\htéﬁéusi ng
pal | adi um cat &pysesa 20 pretbeedogmudagilved tie @siny S o 1P ppradt® 1000
ppm partiscul arly preger abhi bl aMaAcPRMdLy 10 maMm; 0] &alayStatBhat. If

the telonerization is carried out 1n nmultirphase 25 systens (for exanple

het er ogeneousP¥ c&t aPfded Yor R/31 i i as SIRFEWHIYME Dne REAPRFERS t he
catal yst), thesBseopgentEaldroNXr aRPESY Carbengifbgeent a1han +hgicals

telonerization is carri out .in a plurality of liqui hases, it i
particul arly 3AVaREageals FEFLOR: afFeFS30 &Tﬂ&aq‘tsg g@"ﬂ)?@se?ﬁ% n
di fferent phasesbosi naeombe eatidbyst heardarerl easidixcdiss sepeteted ohé by

reans of phasg, separaLhon. 4! ase Of hen, L ALTS anes ok LhgLi guid phases.
wever, for exanplé, - péerfldorinated hydrocarbons, i1onic [ qui an
supercritical tearbba 8Bbdtdgudedaby &hso arsads eillHe samyect-Bf +©hi c

liquids, see PgyWasserschei,d, WgKeirgoingewo,fhemocddt - fk, 2009, r 39,
3772-3789). The telonerization of butadiene by neans of water in ionic
liquids is deS%@BbedSByR' -SO,NR;, -NR;, -N=CR3;, -NH, where R = H or a
substituted or unsubstituted, aliphatic or aromatic
35 hydrocarbon radical having from 1 to 25 carbon atoms.
Preference 1is given to X being O or N and Y being C.

Specific examples of telogens of the formula I are



Oz 5717 _ g J. E. L. Dullius, P. Al Z Suarez, S. Enloft, R F. de
Souza, J. Dupont, J. Fischer, A D. Can, Oganonetal lics 1999, 17,
997-1000. A review of water as carrier phase for the catal yst nay be found,
for 5 exanplep.zn B71Cornils, W A Herrmann (Eds.) "AqueousPhase
Organonetal lic Catal ysis", WIey-VCH Wisnheim New York, Chichester,
Bri sbane, Singapore, Toronto, 1998. In processes using a plurality of
liquid phases; it Jinsn@au:bhuharl y adyant ags@us tieetis€nalt el ogephahoth 10 is
present together with the catal in on«reL ﬁé‘?H whlle thjg1 pro%ucts re

o]

mai nly present in & BEQBABOphad Opfﬁgapg At i DR E%ﬂ

i ntroduced in 15 attbueafiolm i octatnbd ,pr dceshy Ihexarntol s oiasenosam)ler to
use a precursor wh,ch %anﬁlwﬁo‘ié‘t al é}él%%éx%n%cl“ Vefcfjg&aéeﬁ'? ARG Lpe

reacti on conditions. e course of th telonerizatio ion can
general |y 520 be i nprovedtednendeérably by addition of ligands to the

reaction. It iLs th&iéi@éﬁo@QV%&Qe%s dth df?ér{é’ ?‘Ig %tlep i, Qip£8§aﬂéocess
of the invention in, the presence of |gan Sui ands are.in

principle all thos@l%rch i ncr dase WP ELGlon rate, :I' Toveanadiot,
sel ectivity of thelfanataﬁed@bls:oxJp@qutiahedwmr gagelt Bebwekkieagoli f e of

the catal yst, etc. anpl es of suitable and re co unds cont ai ni ng
one or nore trival %}%rgﬁkssﬁﬂﬂmgndar E}éﬁpc aﬁt ﬁﬁ%ﬁ?xg?gﬁgﬁ%ﬁéﬁeﬁ%m 30
Exanpl es 1df phosphprimakrygamdsnes e: sqd’mspm neetiutamaset r i ptlepydpiwshi ne,
tris(p-tolyl) phos (mtolyl) tris(o-t i ne,
tris(p-net hoxyphené??%ﬁ%g% #%é tris( pl%gﬁi’g%m‘%teﬁyl am noph%%w?&ﬁ%g%hl ne,
tricycl ohexyl phosphi ﬁeoctﬁﬁc?r}ye@@hn?b p le@mlmelletfhfyhmh@s@mmlne

tris(1-naphthyl)phgsphtREemethl PeAZYL RRA9SRNI ne, tri-n-butyl phosphi ne,
tri-tert-butyl phosphine, tris{(3-sulfonato Oz 5717 - ¢ henyl%phosphl ne

(metal salt),~bis(3SSANEdRYt GIHEIRA ) PHERY| FhoSPREEEYLABLAE saft §thy

5 3- sult Lolrlest ﬁpheﬂylt éﬂi?agnyﬁpﬁ}a@%wtml %m{eé al t]@fé, 12, 7%@5@@&@1 séhﬁbna$
rime ospha rie osphate, tri ro

[yt iyl phosphat ey Lok Shiul SppigsPhate, {11 BoPYl  PhOSPIRLE: e
tri-tert-butyl phosphatéidines(2ieeljbhieryl moppdsihates, pipetenine or

phosphate, tris(2,4.4i- Ly ?enyl) phosphat e,
tris(2-tert-butyl )ﬂﬁg‘lﬁ‘r%‘%ﬁfdi’%%ﬁ%% 10 phosphat e,

tris(2-tert-butyl -4-nethyl phenyl) phosphate, tris(p-cresyl) phosphate;

phosphoniies sdehyass Melhyldl ethoxyphospll Nees phBBW @'HE%HE@WPWW ae,
phenyl di phenoxyshos phi ne, 2-phenoxy-2H di benz]|c, e][1, 2] oxaphosphori n and
15

its 15 derivatPyRSeFhZahieR FERTHLWonEaBf RheURFEr JyEReRE bYis O e+ 8B aced
by al kyl and/eanarylod adi eal-se@r halrp@q&@tonsTh@@psphlfmﬁ es suskpas,

di ph | (ph h t t f th
nyGr ogon At onf. S00SF BT ERT heRU B al ) LA Gr L 5 CHadiel S hatBgen

butadiene in the presence of the telomerization
25 catalyst, 2,7~octadienylamine can Dbe formed from

ammonia and 1, 3-butadiene, etc.

Telogens which are particularly preferably used are
methanol, ethanol, n-butanol, ethylene glycoel,
30 1,3-propanediol, dimethylamine and diethylamine. Very

particular preference is given to using methanol.

To determine the ratio of telogen to 1,3-butadiene in
the telomerization reaction, the number of active
35 hydrogen atoms in the telogen has to be taken into
account. Thus, for example, methanol has one active
hydrogen atom, ethylene glycol has two, methylamine has

two, etc.



atons, di phenyl (et hoxy) phosphi ne, di phenyl (et hoxy) phosphi ne, etc. For the
pur poses of the present invention, phosphonium 25 salts can al so function
as |igands. Exanples of suitable phosphoniumsalts and their use in

tel omerizati on. paysbe7found in, inter alia, EP-A-0 296 550. 30 Wen using
transition nmetal catalysts, the ratio ef gli-gand to netal (nol/nol) is
normally fromO0.1/1 to 500/1, preferably fromO0.5/1 to 50/1, particularly
preferably frmﬁh/ b .0012601. %el@igamdocfam 13- ladckedl éroe t Beer eardd ofmas
such, in di sst f.orm.ar tn the f 9 PB mstg,e rg?o Xes. Add{__tlonal

li gand can be %d F O FrHEA LR | bRear+8Ry P& nfURRYt i an

| ocation in thgdregemoatamsswdhthﬂstﬁkmgemluhloh Cnnth@ahnrwxﬁhatheta
conplex. O£ 3500dag;:dfe. ' hbf ekgegeaéxa%haQ%o el 0&% ﬁ% 2

tel oneri zation reactl onin e presence of bases anp es o sul tabl e
bases ar e Snet Al awjydr Ghars, |5h gagapetiefl afremkd i1 malal teydeoRPdeschind

al kal ine eartf, @%@La@ygﬁéxpéﬁsmoﬂ?t 8k sachppahparapdnnetabreferred.

hydr ogencar bonates, in particular alkali metal and al kaline earth netal
carbonates and al kali metal and al kaline earth netal hydrogen carbonates,
hydr oxi des ofad0 wmr@ématmr&aﬂawswmosmmnmm baas,lbabkoxbdease
enol at es, phenoxi des rretabte alts of carboxylic § %i anuges such as
sodi um ani de BPTPFERFONT di FERHEGECHS G i T HePat bBFShf S R |
metal al i nuomrhlynmadeenandh@lr@@m c Marty ogevabpses, fomr thigartescataonam nes
such as triet i{éam@& Ipl?/kgééjl ne 0 b OCtF[E@Eir:Q‘Eur |§Cgart|£ul %}h}.‘
advant ageous use" et salts of the telogen, correspondlng to

formula IV. ZDHWFIHIWWD‘IHE tIrang o ¥en aManals SaivBAuwalSént ABPEFtSr af

fraction depeﬁghggeﬂgoﬁge éé@&ﬁ?éP@PtrDQSﬂ: aspol yvahent ﬁSEa|ex§hﬁﬂg Y are
as defined above. " Mis preferab gn al all 25 netal, alkaline earth netal,

boron or al urﬁ'—ﬁ%ﬁ*lbh@ﬂl HERFLS pPef eFEHPF F19%hi u%‘fo%dlwﬁ;%r Dbt ak’¢um

Conpoundg sof péeibd@isurabl¥ eFn wHd eml beewbs abnad tersid Yednigetde geaction
of the telogen of the tal. This can also be carried

out in situ. ‘éﬁe%hﬁu%ﬁﬁﬁﬁ?ﬁyb%ecaﬁagﬁs B-the tel onerization reaction is

strongly dependent on the type of base used. V\hen usi ng transition netal

catal ysts, i te A o] 00 Qas nRer, ol g¢of
transition 35 Jrjr?st g?l ng#e%peré%ﬁeygfr%got%%@er% ° par t%l %ul aég)
preferably fronehel, t oiBBbiuml , p@flllﬁéiselmpe@n%lmlétﬁlnum Zatsiypts ll.LS
transitiomp rr%@éfeﬁeas ab§9ti?9§§&?| eplorésendePl VEal fiyeRlf P@segsahgonce.
The addition of_other auxiliaries can be, advant ageous
palladium catalysts. It 1is possible to wuse either
palladium(0) oxr palladium(II) compounds in the
telomerization step. Examples of suitable palladium
compounds are palladium(II) chloride, palladium(II)

25 Dbromide, palladium(II) acetate, palladium(II) formate,

palladium(II) octanoate, palladium{II) carbonate,
palladium(II) sulfate, palladium(II) nitrate,
palladium(II) acetylacetonate, palladium(II) alkyl-
sulfonate, Na,PdCl,, K,PdCly, dichlorobis (benzo-
30 nitrile)palladium, allylpalladium chloride,
allylpalladium acetate, trisallylpalladium, 1,5-cyclo-
octadienepalladium(II) chloride, bis(triphenyl-
phosphine)palladium(II) chloride, (1,2-bis(diphenyl-
phosphino) ethane)palladium(II) chloride. When using

35 palladium halides, an activator needs to be added to
the reaction, since free halide ions inhibit the
telomerization reaction. The use of palladium(II) salts

having organic anions, e.g. palladium acetate or



5 for carrying out step 1 of the process of the invention. For exanple, it
may be advantageous to use inhibitors which suppress the polynerization of
but adi ene. Such inhibitors are normally present in conmercial (stabilized)
pure 1, 3-but agdienes7An exanple 10 of a standard stabilizer is
tert-butylcatechol. Step 1 of the procesg of the invention can be carried
out in the absence of solvents or with addition of solvents. The sol vent
used shoul d bgalBagely i&%@tylb@eeroelfa@eencelés gheeie flog-et hepogeétiea. of

sol vents when_t el ogens ar.e s l.i,d under the reactjon conditions_are
used or in th&*¥ER e%foﬁh dpgl Qﬁ FOTPd S& So bt SO ¢ %RS uRBer the
reaction condbalbaéluﬁuwhaﬂiephoprDEQS|ncmudEogémphaiiarsemdboadomhatlc
and 20 aronmat dr ns, f QY.L I I S re | ower
or hi gher aIK%%égg(Cgig%gg cyc ebé%ﬁg §%§% gggpgléiggthéﬂg%ﬁh %xgﬁe

al kenes and p@hqemerUS|nyﬂoy%&@hExenQrel 3phospharneisene, EMOﬁQMWDearbons
from G4 fractLofsphoRimt 6L ACkeIho b BANANC. 240! URARHARA 0 CRLEr POLAT
sol vents such_ as ?ertlar and ‘secondary_ al'cohol s, ani des such as acet am de,
di net hyl acet aki genafd %%Pwpﬁérf e el 19§ t @NCesPYGaA1ASSaceSRRFEFiFe and

benzonitril e,ek@;hpn% SAES a.se@e:ﬂ&p@earl Mlpmﬁﬂﬂekﬁépwﬁm dj et hyl
30 ketone and dje $ ketf g car box sg f ﬁé B as et cgia%

et hers such aErH?L %B??Z% h ??eﬂFﬁFﬂi? ther @ g t e lﬂ%ﬂ h
(MIBE), dioretbytlebbeadierehyhldetiytimet her, 3- met hoxyoct ane, di oxane,
tetrahydrofuran, anisole, alkyl and aryl ethers of 35 ethylene glycol,

di et hyl ene gl ycol and pol yet hyl ene gl ycol and other polar solvents such as
sul f ol ane, di Heehpmosultf oxf deelemhyﬁeneioar artatley stndupedpyepradzar bonat e.

Wat er can a'SPtheﬂ%ﬁgvﬁéySOFMF”Euulhﬁpl an§7lg?0uﬁg §9Ivgg{§}9§ﬁeused

al one or as mxtures of various $sol vents. Ste e process
present |nventhﬁhl§n§u§G§aﬁ%aﬁégﬁéFyeéérFQQ§9ﬁﬂn|?ﬁ%%ecaﬁséﬁteu%$ oxygen,

since oxygen hashamogdnebse1¢f fetlanpddersiabibnéyiaf wHiercas@dysing
systenms. The t eraiure at _whi ch t%s tel oner.ization reaction is 10 carried

out 15 in t heMRERBEAtF onPIBBIFES 2808 SprerBEiii T M o1 o et 3T

particularly-preéemabhnIEUmnuMHatﬂnléoelnﬁh@ mMHﬁeonlpresswﬁhaB toom 1
bar to 300 bar pr-ef er abl.y a rly any
from1l bar to %ﬁ ggP%a%g]vé%§ & g?t?@ﬁléﬁﬁy pre %?% 3%9%eglfﬂg %o 20
bar. For the peapbses omlxherpﬁocewbe@f wmangnupﬂlkndlum |san@lyaESessary
to achi eve coppleleefonvasian al the 4 |0 bbe & omeghgathan. The

but adi ene 20 tonversion is from5%to 100% y from5 1000,
particul arly pretegabeylyr oﬁrséer@élzooérogt eé PRSt ttRe p]rQﬂ:é%@“of ?he
i nvention cancggagﬁgflﬁgtgyt continuously or batchw se and is not
restricted to 25 the use of particular types of reactor. Exanples of
reactors in which the reaction can be carried out are stirred tank
reactors, castAdeshef tstlomed zanks; filsowchulesdandukoopnr eact oishase

Cbnblnatl ns o] I r I |kl I rred
t ank rgﬁct%¥5¥%é%tﬁ3¥nﬁﬁ§£gé§%%mﬁ§%TZ§ﬁg$ﬁ%ﬁﬁ?'beégﬁ%g§%g§t%%$ ?%gctlon
mhlch |s evol veduia tHesemcrifonvhichemived depkiewms mehRodeatdabysekanpl e
by means of 'E'I’a@é@ag tue??ﬁtr%rt'l%ln CRONGES - capeaid | &9%E¥reh|9' S Wik 3enénvol ve

t he use of shell-an be reactors, reactors wth cool |qg%f|q$ers cool i ng
coi I's or cool FRYCHPELEILEPRPRENCSR BRI THY ol ¥ edc KRG etygredst r eam

(recircul ati oph&east oris Reachersivhlarigcydw@intageous for catalyst
30 and product to be present 1in different phases, since

the catalyst can then easily be separated off by means

of phase separation. Water often forms one of the

liquid phases. However, for example, perfluorinated
hydrocarbons, ionic liguids and supercritical carbon

35 dioxide are also used (on the subject of ionic liquids,

see P. Wasserscheid, W. Keim, Angew. Chem., Int. Ed.

2000, 39, 3772-3789). The telomerization of butadiene

by means of water in ionic liquids is described by



- 13 ' The telonerization catalyst used in step 1 of the process of the

i nvention can be recovered after the tel onerization reaction and all or
sonme of it can be 5 used for further telonerization reactions (cf. EP-A-0
218 100). Theocatat'yst can be separated off by, for exanple, distillation,
extraction, precipitation or adsorptionr. 81+ all or sone of the catalyst is
present in a second phase, it can be separated off sinply by 10 separation
of the phasesJ. IE. k. absblpossi bl B. forAt he ZTat alSsdren, be $rodiinkoftpri or to
bei ng separatgd of f - or ring the ratian. Thi plies anal ogously to
the total or 1gar iaﬁié)l%g#zé%l:l rc“t1 atﬁl‘lgjgoa}ftrf tﬁg p?&é’%@%&'\mgch ](B:ém (?']L%zw se be
preceded by nodydncmetabloést A@9%0at al¥st 99Foil 08RanH ereSew D6 WaBer
descri bes a proc is j h t st.J ilLze y S O
auxiliaries pé?o%%?gl%%ﬁggéaggt%de%¥f N A‘?atlgége%ggag?%nf??%%t hfeorot her
20 products, ¢xamplect ifaPedCanaidét uMhed -t Herr@eEocdES . )AS" Agueous-
alternative, phgssat@loiosihialix0 ke rwakked up wn1elbeeunaye thh&im! he
reaction (cf. WO 90/13531 .Ug 5 254 782),. .25 If the tel ogen used i s not
react ed conmpl BEBTYOTH st ShL FReFRET exc BES SPERGgen SIS abl JPE¥PER at ed
of f fromthe DR®PUt THI posieapel afsitite prptesslotyt b€ ilnvanid ophasesall or
some of it is,return to step. 1. 30 Step 1 of the process of the invention
results in fofmatto %% ltcﬁlg‘aﬁragduac Vao%atqqeeo%sortn%l 25T % gcgee ST V\‘ﬁ’el?ﬁgh as

by- produdls, i mneserit otogdittee swbshi tthhed datalhest3 posi bhen,phase

L3, 7-octat rigner and.ge 33,4yl Gy 00X GRE 1 9Bk c3BRUNT 3101 T eLaLing! Y

hi ghboi | i ng conponents are also present. For “th Further process, It can be
advant ageous Pla8eparate off all or part of the by-product fromthe product
of the formula O Z 5717 - 14 11. In principle, all nmethods or

conmbi nations of net hﬁgs b¥ means of which the conpound of the formula I
can be separat®® fFBHPPREIPFAEUARL FPLAGYEEan BE eMs oy T e ef B red
separati Qs t esboigee fogmd iditsd | that pebcesbe Gt ilt ai o fitanh beimar¢tred out
usi ng all avajl abl e apparatuses and techni qu for npl ray_col ums,
packed col urm%c,’ aPvi Gi ﬁﬁeﬁ/ﬁﬁsofol‘”&%%{ Céé)ﬁm%a%t |evecaqt|a§;<¥ “I%‘—?ejl‘fc?ﬁ,g(f’ﬁ%‘ﬁefi | m
evapor at ors asple¢aési wgdér| phevapachionscofifietseparati on by 10 distillation
can be carried out in one or nore steps and is dependent on the boiling
points of the conponents present in the product mxture. [f

but adi ene- conTAe nFAYL AP xPhr &8eoft edoMeyrdrREaHIBo e AT tel U ctpasI Peerat b ks,

the remaixp Nngp&A1hydboear Rons iRty the 4@9estoRobki NG JREIFY @ndegan

t herefore eaS|I¥ be separated ofL at the top of the distillation apparatus.
Wien i sobut enERStpPRsentt i &St hERFERRPRENSP At Dot af@FaAVcotdFs are
used as tel ogebept hebE ithe2bidweskidof i ohal ipoeaithoh iy ddhesepaeasnag of f
excess al coholc{ oggLher ki LRE Ofshudracarhons, and feqcld ng f hemurt her
in other proceésses: For exaone, [ sobut ene i's ﬁbresenjt in e

CQ hydr ocar bowsiahd nettremsei s tised asacdliogen, reten C4inhpdevear bons

[ emal ni ng Al {41 28 L el IR A boRaEaBaDE, 5 CpabEHa 0L | Ot hEas il
excess nethanol and fed together 1nto an MIBE synthesis. It can also_be
advant ageous thei sipdtindt Hérfcopfonehres FFakYithe GHput EFRBRILEEepPl of

the process ofuibgble ligands are compounds containing one or more

trivalent phosphorus, arsenic, antimony or nitrogen

atoms.
30
Examples of phosphorus ligands are:
phosphines such as triphenylphoshine, tris(p-tolyl)-
phosphine, tris(m-tolyl)phosphine, - tris(o-tolyl) -
phosphine, tris (p-methoxyphenyl)phosphine, tris(p-di-
35 methylaminophenyl)phosphine, tricyclohexylphosphine,

tricyclopentylphosphine, triethylphosphine, tris-
(1-naphthyl)phosphine, tribenzylphosphine, tri-n-butyl-
phosphine, tri-tert-butylphosphine, tris(3-sulfonato-



invention and, if appropriate, return themto the process or utilize them
separately. As regards the techni ques used for this purpose, what has been
said in the case of the isolation of the product of the forrmula 35 |
appl i es anal ogogsl g71Conponents which nmay usefully be isolated are, in
particular, the tel ogen used, excess 1,-3-%utadiene, the 1,7-octadi ene
substituted in O Z 5717 - 15 the 3 position, 1,3,7-octatriene,

4-vi nyl cycl ohpkeng]l) phestSﬁeoruha&QB us&d)andbagy3sshWéﬁhauspﬂenTm¢—
product of the hy nat e n st roduct
of the fornul%hFﬁygggﬁgp%%B (nl gﬁh %%%Mﬂa ?? %%gfégaéggglé |n pure
formor el se phenviphpephwneh mﬂéaérsnﬁté of the other conponents fron1step
1. 10 The hy%ﬁss?ﬁ&heg to @ M ble pEoductn el the Jamnla IILreaeh9@
carried out as_a T quid-phase or gas-phase hydrogenation or by a

conbi nati h oPhpFBBétEechni §hésnaRdCR¥A be EgPFPgHtBUt i ntsheloPrapyé

steps, for exgABkBhiRed Preldsi Naru rOge@&Usgﬁl%%ﬂ a fipah- i5butyl
hydr ogenati on. The hydro enatlo arried out contjnuous %
Iy onnation san, {bnueLl¥0r

bat chwi se. ReRBPSPEiGEed G&n QIR o FELEL HF SERY
hydrogenat|onﬁhoéphleéanmh&phenyuepﬂugbﬂitéeatfbg$2 Ehalheaftebutgaetion'

which is evoly the rea on i nple
by neans of iﬁgnga @%hﬁr c o+% g ?P%QTI ﬁﬂgkﬁaﬁePﬁ | ve
t he use dW)shphbsahthub¢nm§wﬂ1nertﬂhuﬂxkﬂ4;mmuhyknhﬂnykpfphgeph;teooling

coils or coolkg?sgé BE@E?i)OPthgﬂﬁﬁemh'Ch invol ve cooling of a recycle
stream (recirculatfon reacto eactors with recycle). The hydrogenation

is carried ouPhPEPRRBLpFESesiReN ofes @&FQV}éﬂethPXN§hQ§§§ﬂ@Pe tBhgs¥lei t her

honmogeneous 051%9th8k9§ﬁ6§5ﬁ9ﬁ§ catal ysts. ﬁﬂPbEenék?ﬁﬁbEbHﬂn@Eta|s
in particular cogg chro gn1a dth als ansltlon group VI of
the Periodic 3B noéVezas §5% Stﬁﬂiét PERP HF? RYdPogendffon: 355when

usi ng hormfgendeusvaaﬁab;sstlsl widdiH maml oti gamds ocfarth hsdtbdegeabeomswi t h

t he cat al yst netal %%L abl Ilgand are gpounds 03 trlvalent
phosphor us (f8F eXal §§éc ejg’f)hlr-’iegl 6ﬁb§bh?f% )ra A 7he

conpounds of &tpwmalent arsenic or antlnDny nitrogen conpounds (for exanpl e

ami nes, pyri dbpgsondht Lekeshorald (agndarbonIRAOX R, A0d cyapide; (8 In

the case of h ter geneous catal ysts, s may
modi fi ed wthdgrhéatﬁrﬁﬁal $rortrisderatbrer TAS, Offort@am;ﬂréoq% acemgity

and sel ecig vi 5¥e0frelmtaefémqayoa§kml 3t \yp cak-@l yehaiake sf rQauURRt byen
nodi fied by addition of sul

or carbon 10 noxi de ro on of
Chrom um 1 1 PEqUEN | yCHHEEY L SEORREY EaPaPYLTe,  THatARBRE (eLBRBYL o
catal ysts i s geaephalihy, advant ageous since snmaller amounts of netal are 15
required and the properties of the catal yst can additionally be influenced
via the nature of the support . Support materials which have been found to
be useful arefFoforthexanpimgsextoVatbd cassemt alnemurenxi depsshbnton

S: gg;f‘euhzr% i coneal ugpum opd de, ebari oy 20 car hanatgye bargum sl at ggand
d suitable phosphonium salts and their use in

telomerization may be found in, inter alia,
EP-A-0 296 550.

30 When wusing transition metal catalysts, the ratio of
ligand to metal (mol/mol) is normally from 0.1/1 to
500/1, preferably from 0.5/1 to 50/1, particularly
preferably from 1/1 to 20/1. The ligand can be added to
the reaction as such, in dissolved form or in the form

35 o0f metal complexes. Additional ligand can be added to
the reaction at any point in time and at any location
in the reactor as such, as a solution or in the form of

a metal complex.



The hydrogenation of the 2,7-octadienyl radical to the 2-octenyl radical is
known fromthe literature. Exanples of the honogeneously catalyzed

hydr ogenati on 25 may be found in Chem stry Letters 1977, 1083-1084 and
Bull. Chem Socz.Jap171968, 41, 254 - 255. US 5 118 837 describes the use
of heterogeneous catal ysts. The hydrogenatiens are carried out at
tenperatures of 30 fromO to 400C, preferably from 20 to 200C. The pressure
isin the range fromO0.01 to 300 bar preferably from0.1 to 125 bar,

particularly ef erably m1lt e hydro nat| Do in
l'iquid phase,f ega?’%l esgf&% whet é’ra t%% u%ormgzeneousaflqg r he‘tler ogéﬂ%ousl y
catal yzed, cahebemealzaEdonutreacthenabsenc¢hﬁ gotesmTice orof n basepr esence

of additional g eg% Qb ta %ﬁ%] basds E%%%DHE& fcﬁgaggghgegolvegts are

al i phatic and cyc [ ch‘latI c hydrocar Bons anes, m xtures
of lower & hpgheicalranaskadd- apetal cyuidsiesisles end| edkadi@angarth
et hyl cycl ohexa@ealal CORRIrD3 qeeCh asmé@etitanobarsbﬂaaels praQﬂﬁnol metal

i sopropanol, n but anol obut anol , ethylhex no nanol
i sot ri decanol &Y 6?98P§a§§eﬁa5§5et hyPen®3FHE c?t}j?agﬁe nd

1, 3- pr opanedi atkamdné léanﬁranmdtatt ctau‘mma/ttes: as.tiersl}samh a&tet]hyhnd

acetate et hers, such as_10.di her d | _.ether | met et her
rothol Ciert oRTbR ERRaEat Far i 5, i o vk SR RY e
t et r ahydrldX ur gnatarkgkyet ammenmtmet hyl epleogplymiumdl Bony | en@l]gd)yi;dés and

pol yethyl ene gﬁ&if%tessubfh%h%@ﬁ di ”%ﬁ%\é’él syLipxi de. Cf%{i}’n:éfﬁr 99&@“3 15

propyl ene carbonaté ahd VENtsS are use se as
m xtures of vaetebs sunideRs. SWeen t A8 hypdienat iavndss cakri eéllEi}t-uﬁﬂn t he

l'iquid phase, 4@cPhyiahi ¥, OfalHaHLL!L dmRRaseSH&APh REr &S N1 k3A sThiks gBt hod
is particul arli advant a%ty when cat al yst and prqduct are present in
di fferent phal&¥MiBPRce NYRE 1888a) 19 ca rgﬁ’éhcea&lltﬁroﬁgnseﬁgﬁsﬁ%'d ofF by

phase sep® atpentivéler (Hrﬁ:ﬁ'lfesa.l suchor a8 meﬁhyltmnnln@,w dvphddes blewever,
for exanpl e, erf I go i hat ed dr qQcar.hon o i%gi dsoand fo
supercritical 5%\?8 ¥ai"sR%Fde 4 ﬁl R e 5r11yt h% LRBrRErCsP iShi B°°

| i quids, see ﬁet&hsssaétbei@i mthmelmelﬁgﬁnm Crrermesporidigl. 2600th89
3772-3789). AfE?%hf&’?b wat er as carrier phase for the catal yst may be
found, for exanple B. 30 Cornils, W A Herrmann (Eds.) "Aqueous-Phase
Organonetal lic Catalysis", WIey-VCH Winheim New York, Chichester,

Bri sbane, Singapor e, Toronto, 1998M the caag?of hydr ogenations in the
gas phasgn)other 35 gases may be pg@& in adidition to hydrogen and
substr at For exanpl e, nitrogen and/ or argon and/ or al kanes which are
gaseous under the hydrogenation O Z. 5717 - 18 conditions, for exanple
rnezlhaneI pr ogaﬂe thﬁsblﬂo&mﬁ;la@am bes addadnoBettbnitn ngaslphasea hydaogeoat i ons
and in |iqui

the process oflgPﬁﬁsﬁﬂgeﬁ ge(r:t%t#og% rﬁy in {afe]epcog{p a n}lt?n%% ?tSt 1 |1 °
possi bl e for &hés& catrrmoatentiefahsd tabee r éduted poeder sty oaImdaiLkehs of
the hydrogenaflpgy , Thusx JOmexamphen Rk 1’ 0chadbanes Subgihhuhed, i n
particularly preferably lithium, sodium or potassium.
Compounds of the formula IV can often be obtained
easily from the reaction of the telogen of the formula
I with the metal. This can also be carried out in situ.
30
The amount of base added to the telomerization reaction
is strongly dependent on the type of base used. When
using transition metal catalysts, it is normal to use
from 0 to 50 000 mol of base per mole of transition
35 metal, preferably from 0.5 to 5 000 mol, particularly
preferably from 0.5 to 500 mol, of bhase per mole of



10 the 3 position which are forned as by-product are at |east partly

hydr ogenated, while the 1,3,7-octatriene is |ikew se converted at | east
partly into |l ess unsaturated or saturated species (octadi enes, octenes,
octane). 15 Thezhydrogenation in step 2 of the process of the invention can
be carried out continuously, sem contisaubusty or batchwise. It is
preferably carried out continuously. 20 In step 2 of the process of the

i nvention, a veagscomphet eetadver diton 0§ taésconpossdbde the f oasml aall is
preferably aC$EE¥8§itgb$@V§ése%taksoﬁEEO possible to stop the reaction at a
partial conversion and to separate off the unreacted conpound Il from
the remai ni ng conponents and return it to step 2 or, if desired, utilize it

ot her wi se. Thenar Qdudle i¢fn 15, EOREH abli1 {40785t 8Rn2 Hes gaoaﬁeageoég ina
third step into 1-octene and further dissociation products. It nay b

useful to PurfPy t FETE¥EAGct VI t HEEIRr mhil aCF| | thEf o RIRERE Dy %ysFEﬁl

nethods. In pih@ehphien.i tFrdrs @;@@ﬁ% e E.@ etR} e ablivanthodouer €®MpEaati ons
of net hods by if gﬁi of whi ch, t he éwodu S can ge conpl ter orfpartly

separ at ed of f ERES conpdtiry of S11P° N@eﬁﬁéﬁ rP8d
separation t ebhnaduenes dbBathl | ahhohitdhe dasei | hatmahlganpbeseatri ¢d out -

using all avaEIﬁgggcﬂgﬁarQJEﬁﬂﬁfﬁﬂgy éﬁgé ?7%7but%%1eF%Cth9u8 %?lve

exanple tray coO Tvidin urms

di stillatli®n, othanstandagdaséabuéﬁgean@mf alertngutvﬂnra@egb@ﬂat ors. The
separation by distillation can be carried out in one or 5 nore steps and is
dependent on the boiling points of the conponents present in the product

m xture. 1n sBERP3lofok hen@r BEesesEf athethdveRVEBRIOBhEEORAUABTBECEhe

formula 111 igydi Sﬁ@“t@lteEdabﬁéﬁ@Eedc)ft%oﬁﬁﬁe&ﬁ‘tf}s 18rocwleae aﬁfaqtfllant hge

di ssoci ation gﬁgducts anghdepe dent_ on tae telog n use 1. For
exanpl e, whenSReVRRASK Sse&f senttel Yged i fRQt % Peof I’f@e F”océggrBf t he

i nventiorn,5 f orpefdebyde iis fglmed tghi trewheidiatikanobfi salsashtsacehahdehyde
is formed, when,n-butan use n f n

dlethylanlne ??lugeag ?h f?lgeg%%1ne8 %hgh%'§%§%ﬁécwgn 8§§%Eéogﬁrrled
out either inarhe Usegi d»rphme tdve | pashe FfaspphdsetsTheh ikl sowivdtd ohecan 20

be carried OuaFtalhea PLESencA iQfs amhRPUNELOf pé@@«éléﬁbsgaﬂsﬁﬁlwﬁgch are
inert or large Inert under the dissociation conditions. For exanple

ni trogen or a?ﬁbﬁabﬂeeﬁ§évﬁﬁﬁér1“&%H§e\%ﬁkﬁ i Gl karekoalibphasl fetRdne,

propane qgfp bukaBRacan behpdiﬂ@@lar]a&nérhe tﬁfper@kampl@t wbi-ah,t Bekanes,
di ssoci ation of the conp E f the fornulg % is carried out is |? t he
range fron110@lFBu§8§C Bfef er8BFY fr8m 150*¢ e%oocﬁ?%ﬁ??FculéF¥¢b°

preferably fropr26BekanB00Cyclidotitangr,essine dyg ]fcrmamﬁuéJS ébké‘xﬁ)@s bangd
preferably frgg&l 8 125 bar, aﬂggﬁizﬂggg&%eferabl rgnbg ? Qar The
[ iati eact ou

di ssoci ation on‘can be caP?l he 35 absahie SF yéts or
in the presente-fdhetarioreeodsarat alfyst LraRtafarencérion gi oean@rasu ng

catal yst o yihi sBnbane, Lowbsudsd d £RN Qi Senk0r SYAHP! SATRERIOUSUCh s
silica-al'uminas, alumnas,_silicas, Sil

tertiary and secondary alcohols amides such as

acetamide, dimethylacetamide and dimethylformamide,

nitriles such as acetonitrile and benzonitrile, ketones

such as acetone, methyl isobutyl ketone and diethyl

30 ketone and diethyl ketone, carboxylic esters such as

ethyl acetate, ethers such as dipropyl ether, diethyl

ether, methyl tert-butyl ether (MTBE), dimethyl ether,

methyl octyl ether, 3-methoxyoctane, dioxane,

tetrahydrofuran, anisole, alkyl and aryl ethers of

35 ethylene glycol, diethylene glycol and polyethylene

glycol and other polar solvents such as sulfolane,

dimethyl sulfoxide, ethylene carbonate and propylene

carbonate. Water can also be used as solvent. The



O Z. 5717 - 20 gels, alum numcontaining silica gels, clay mnerals and
zeolites. The dissociation in step 3 of the process of the 5 invention can
be carried out continuously, sem continuously or batchw se. A further
process vari aptzi ssdigsoci ati on of the conpound of the formula Il with the
di ssociation 10 products being separatedipff at the sane tine. The

di ssoci ation products can, for exanple, be separated off via the gas phase.
This can, forsexasnte, &deeachsededlqmohniozal kg byikeawesof od diratiblati on;
in the lower, hotter part of the distillation, the conpound of 15 the
formula 111 i8° Vggéﬁrated, while the 1-octene forned and, if appropriate,
further dissociation products are separated off at the top. In the

di ssoci ati on, t.af t ou h rm . LS
di ssoci at ed. Fﬁé%hgicggg 5?epa$??g%ggoﬁggrg?5%,%F%%e%ﬁiggbéfbggﬁbhels
di ssoci at i%on 8@ventegAcuFAY wWiwdaddovtarin ngheatdpsencef atheokpganla |11.

This can, aftgintbeckyehenad diesduabesel EraRREOBN Al Htder) di$sgei ation
products have been 25 seEarated of f, be returned to the dissociat’ion.

However, it i5R8I SBEPL¥SFLF¥SEEMSonly the 1-octene and part of the ot her
di ssoci ation products to be separated off and the recycled streamto be

recircul ated #g tge greggrific%ti néﬁﬁﬁﬁ{e m.of the actual_dissociation. 30
The 1-octene F8CsEPAPSEEFY Foftt K& STher % ofpoNiH &2 D The” Bt pte™f +8m t he
di ssoci atlilon bgrknedn oethodls, for ekanprenghastrsmpai@fContoex2paeci on,
scrubbi ng, dist] i I eciqptari oht 1 g e on
the tel ogen ué%ék%%g?gg ?é%ﬁﬁéqﬁglﬁéngg?hgé,éﬁﬁ?%éﬁ%&#ﬁghggggggéﬁgg in
t he di ssoci at Eoamoft 03CnEPhdXP-LocTdife HEAT WO aeesawek fronfroe 1-berene

sinply by extggctiofgwhih, WatgkerdfaB) € Qoppat g paPor tbs adsgdyay5 10 15
20 25 30 35 Oz 5717 -_.21
particularly preferably from 1 bar to 64 bar and very

15 particularly preferably from 1 bar to 20 bar.

For the purposes of the process of the invention, it is
not necessary to achieve complete conversion of the
butadiene in the telomerization. The butadiene
20 conversion is from 5% to 100%, preferably from 50% to

100%, particularly preferably from 80% to 100%.

Step 1 of the process of the invention can be carried
out continuously or batchwise and is not restricted to
25 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. Combinations of wvarious
reactors are also possible, for example a stirred tank

30 reactor together with a downstream flow tube.

The heat of reaction which is evolved in the reaction
is removed by known methods, for example by means of
internal or external coolers. 8Specifically, this may
35 involve the use of shell-and-tube reactors, reactors
with cooling fingers, cooling coils or cooling plates
or plants which involve cooling of a recycle stream

(recirculation reactors, reactors with recycle).



in the dissociation of 1-nethoxy-2-octene, an aqueous fornmal dehyde sol ution
is formed in the work-up. In both cases, the organic phase conprising the
1-octene can then be further purified, for exanple by distillation. On the
ot her hand, i6.butanof’, for exanple, is used as telogen in the

tel omeri zation step, the dissociation ofi13he 1-butoxy-2-octene forns, inter
alia, butyral dehyde. In this case, the products of the dissociation can be
separated into the individual conponents by, for exanple distillation The
di ssoci ation gf thg gongoundtof t he goi k f or Irs, kn a d|t

1-octene, oth Pedi Sodiat 18R b?ﬁdu%? O alﬁFﬁa uﬁ%atﬁ e %ﬁouble
and/ or tripl epbondsy whi clihien idmeemptesentcagesbei ptecovearedr affetren:edthe as

di ssoci ati on Qéﬁﬁﬁ{gﬁ LY o6 Qi 0 a&ﬁ{? dhng 0 LBR.PrEsent idy ‘ﬁr“ﬂéon s
to hydrogenat e ese drssoci ation products by neans of hydrogen. This

hydr ogenatd onuga@d befedrri Bdroberdi reetPyenizangonhe ¥e88bEpRsi on(cE.

subsequent togphg- dlﬁ@cmmonm@ A1 el téah BE Rl sepes ation of
the products from step.3 of .the_process of the invention.. The product of

the hydrogenatPBne¥aRPler Jésitidd aiosr FIGHaEHTon, PHREIREP TR uPF or in
part as tel ogefisbhApsien.lIfFailexaapkemel fofet tikgokaitalysed ias pebogrt, step
3 of the process of the % gntlon forns_a etal eh %YI%E i S cqpvebted by
hydr ogenat i on PBadk THIT 2t RAAGE! tﬁ]:ta?l%]fl 8r rsees%ao%%rr% §? ortre®

but yr al deltydesebacattan bé hizdrphematsed to form butanol again, etc. The
hydr ogenati on of the dissociation product IVis carried out in one or nore
catal ysts. The hydrogenation can be carried out in the ga phase. It is
possi bl e to ustcadtsl §$68 @osmitigéatoushei vatallysysi b et erodehieeds

transition ”efaﬁk.éra'i:% ll'fe%.‘i'lgSt dted herpr e§era@16f191f I{hd h@e#g%ﬂigﬂa'
stages s phase or in ui hoaneneoust di ssol ved cat sts

Preference is Eé?al???éleﬁoraéﬁéﬁﬁpés s & aliRg s ¥t heor CP??t5?i7 - 22
hygrogfenaLts Onrét‘lﬁbﬁldt$5ﬁ0|dﬁ| @hepr pdueksky. Wwiad ¢h cldaar E[EntfeleIQeWBMeEe
made of copper r,0 m and, .t ransiti-on t he
Peri odi ¢ TabIBrege?ﬁg]ﬁg @b§g'df: éfﬁ}oﬁgnggﬁscggﬁ&pf %Hgﬁeexamp €
abovenenti onedsnmét a8 TaH Uesmmdbhﬁﬂhvpt¢ne$®ennnwhﬂch(ﬁhmndetalpss For
exanpl e, a preopor ofte catal

The use of suggors{fegﬁcgl 1};8 gq :ﬂt{sgaé%'nezr)gl I%yg(ggq%rﬁlz% eo P%gl ?lcce %%‘ré]lﬁ?er
amount s of nefgbasptedequitied aAdtere peeperatesnof im@“caﬁéﬁystoébﬁr

addi tionagldy Beokptlyenced; M'écEB%aBéHUéﬁdOEeEﬁﬁnéé $HPRAL! provRRart
materi al s whi ch have been found to be useful are, for exanple; activated
carbon, al um num oxi de, silicon dioxide, silicon alum num oxide, barium
carbonate, banisugnsWIfwdmhand/or kKheselkgahlyst2®atheahydr egenaddlions ap the
di ssociation products IV are, i are_not carried_out_under

condi tions ofg?he %h%5067%¥§(N?gt%5' @& obfagF: PgnszStur%§ gﬁ/?ﬁgﬁ?o to
400C, preferabiby5f2bi 382t 0 250C. The pressure is in the range fromO0.01 to
300 bar, jpreferably fromO0.1 to 25 125 bar, particularly preferably form1l
to 64 bar. Reactors used can be the known standard reactors for
hydrogenati onif frhe SQIRIXN tEFeR| dsbetPl cheersd TREPAEEL1NT Feagtedn
which is evol yedthe thedRactdbyds 89 F%E@é@db@y - Jmichogiss £06m

exanpl e by neans of |nternal or extern cool ers. Specjficall this may
i nvol ve the uSBSoPUSREF SZoM (TP reatt oF8S P§8€F§FSQﬁtWP%ob Vﬁﬁt¥?ﬂgers
cool i ng coi | sand- &ddl bpgsphat 8§ ot pkaptsuvhedhtonw@kpel1cool ing of a
recycl e §ﬂ{ean135 (recirculation reactors, reactors with recycle). If the
di ssoci atlon of the conpounds of the formula Il and the hydr ogenati on of
t he dissoci at Bobepprbduht sthe pOpZes§719f the invention results in

formation of the product of the formula II together
with, as by-products, mainly 1,7-octadiene substituted
in the 3 position, 1,3,7-octatriene and 4-
35 wvinylcyclohexene. Small amounts of relatively high-
boiling components are also present. For the further
process, it can be advantageous to separate off all or

part of the by-product from the product of the formula



- 23 " are carried out in a single step, the heterogeneous catal ysts

descri bed above for the respective reactions can be used side by side. It
is also possible to use catal ysts which catal yze both reactions, for
exanple 5 trapswztieninetals on Lewis-acid supports. In this case, the

di ssoci ation reaction has to be carried oat-in the presence of hydrogen.
The hydrogenation in the |iquid phase, regardl ess of 10 whether it is
honogeneousl! yzIor heher@gene:d@aley caildl yzmi:,hcfdaen ber cacomietinauions tbe
absence of sol vent o he presence, i nal .s v | es of
sui tabl e sol v@ﬁ?ﬂ §|se TR phﬁ' i an %%Oé?l pﬁa;%lfc qi/%lrggg ggns such
as C3-Cil6-al kames;anlem mepaemmdl Gwem ot:hdm @hrelduazltkamezstw(lm CZQ) , be

cycl ohexane, ane e ex I ol s Jret hanol ,

et hanol , pr opan F89|g§opr o%gﬁm Abuta&? %% l?tf%é:%g){h t%%ﬁ Eﬁxan Fé

i sononanol5 anélFEeﬂiﬁée@anoﬂ‘hep@lﬁllé1§t‘}elf?na§aé1t Mg em@-’@%o@ut 20spRepyl ene

glycol, 1,3-pgepangdiolamand &pﬁaPHEQQEQ' Qalnd C@éQHﬁY&héseStﬂ%{xS S4Ehp 8 é et hyl
acetate; ethers such as dipropyl ether, diethyl ether, dimethyl _et

met hyl tert-bBEE§Y A MMM et IES?iCk&E]tyFOEPWéF Sdlr?é‘tqfd}@o&"laérjre CBF‘BS‘@%ﬁe
t et rahydr of ur artratkyleet bl&em@ﬁaetlbyll enemdn glﬁsdgzm srebpdiyd edes gl yaal and
pol yet hyl ene g%%gglag sulg ane, dineth sulfo et hyl_ ene .car bonat e and

propyl ene car The s venFXaEPéf%S&? "al on h%r eSS XY ur e8Y of
vari ous sldl vedtisti3Dakmnohheadi slsemwlnmre,d svmt | ianoeme soof noirteer sCapsl ef i ns

can be forned, addi ti 1zqct T, ct n fo d by
i sonmerization %? 1qegct e‘%b o%:l{ﬂgne (g:lan fo}%]%%%l‘?gon???%g?%- ogffene?ggtc.
Cct ane and octa@PeRentsn aPseseetf oried. th?— achregacs vemyxtiuge.1 35foctene

purity (> 970%ut!a¥il€ﬁ@ thaegfiar aghenngeasear yolro sepayalscQtbonart 50t these
C$ conmponents. This can be carried out by distillation, This distjllation

can either beU8&friasd H2RIT R Per Pt ﬁ%%%r%mfm‘.i%ﬁcar@% B2Y¢ 5 10
15 20 25 15 24thet Nejwaytodpeti $ihgomdite daf80Waai | DRe8E€Pr bansh Nl onal |y

car i 84 oot SEPAFERERY SETa%puFfFi CAP) O o APEIROGEEy™ SHPATET Cs

fraction. The followi ng exanples illustrate the invention wthout
restricting i co S fi he esgrptip ? ai ns.
Exanpl es Exa eVﬁeﬁl ?‘er?e ano éasgtgel %éé}ltt ox%%?oc%g%%n% I#a 70 1
aut ocl ave, k@r@f:aﬁbpﬁﬁnemd @ilcv@@ fS Pr:ﬁ)ux%ﬂ exfe, Ll BN of thareadrun(l1)

acetate, £Bp gtHE t&&@b@ﬂ&h&b°%@&ﬁﬁﬂt§6%ﬂ %feptarr'a%tﬂﬂﬁd agiepe @ﬁ{:@sﬁeat ed
to 80C in the absence of water an pressure rise to 8 bar was

obser ved. Und@FCPHQ%e§9ﬂﬁ£HQQH%lt?héﬁﬁeébrpﬁﬁr§FéFP8&s'ﬁﬁQpFéégﬁﬁﬁg

decreased agaiRewit muhcltﬁeeorrrmncefm—r&r ofpxt&taegsa@s:tl aoof dxampueadi ene.

After 24 hours % e aut ocl ave was ¢ g 0 rong gﬁgtgrg ang the

r emai ni ng pre%Eﬁ B GHS & B5SEST A&EOF 5 Fa yS|s,n 8t F Pﬁe

| , 3but adi ene hadusedctedteThgemai mhpnoduehsdn@carlnenlsmeemalmmnpoaénems

No. Propordd on.i : :

ot hanol 2a. aEPEs FdomeTizasion  can, be) SRSV S TReYena 18- 40- 30
. 23- Met hoxy- 1e>FCéé'§ad|I@fF1"émv)12 62ng7. giiedket hegpther- oc%laEIPeneaP MTBE

4543- 49- 848. 8synthesis.

It can also be advantageous to isolate other components
30 of the output from step 1 of the process of the
invention and, if appropriate, return them to the
process or utilize them separately. As regards the
techniques used for this purpose, what has been said in
the case of the isolation of the product of the formula
35 IT applies analogously. Components which may usefully
be isolated are, in particular, the telogen used,
excess 1,3-butadiene, the 1,7-octadiene substituted in



Ohers_. ~ ~ 1.6 To work up the output fromthe reactor, it was 30
subjected to a batch distillation at 80 nbar to separate it into a catal yst
residue and a distillate. O Z 5717 - 25 Exanple 2 (honbgeneously

cat al yzed hydoogenation) 1000 g of 1-nethoxy-2,7-octadi ene, 500 m of 5
tetrahydrofuran, 500 ml of ethanol and-216 g of

tris(triphenyl phosphi ne)rutheniun(ll) chloride were placed in a 3 1 Buchi

aut ocl ave. Thehkenperaidirta dams 3eB,7eod@Etanenkhe aut ol avechorepenssuri zed
to 30 bar by gEan% of h%dbo en. The reaction d via the 10 anount
&n°f ¢ €

s follo
of hydrogen t F€af rEal§ 6t 2BE &M ﬁ\ggé’.en%ffl&e hours, the

reacti on was stopped. According to GC anal ysis, 98~ of the

1- met hoxy-2, 7 [ t f - = 2= ' d
rans) w Lh aths) BEprarty os “B6 Tpmlig o (e SAIRNO G ELE e BB e

from sol vént standoeax dhestorgdwitst of | éb?oﬁprmiﬁpﬂéﬂ?v (e epoo@nebusty
catal yzed hydrpgeratinQih 26 A9 & iled MR- 656l | bRl 66UEREEORN
reactor from Xytel was charged with 15 g of a het'erogeneous rutheni um
catal yst. To MAFEBEREz¥ifthe QU HY POt OhadEo QHRKF | FrBPINBR S WEFeMnesh
basket . The peepoltion by weight of rutheniumon the support naterial
~,-Al1203 was 25 1~ by weight. Before commencenent of the reaction, the
catal yst was reduced in a hydrogen atnosphere at 200C. After the reduction,
900 m ofl@a nTheurteydfogdaratsidmethoxicrdy 7thet adiceheetandf the formula

ci s-1-nmet hoxy=2,7-Q¢t adi e L.t S tLo-qQf % re int u pnto
the 30 differ %%Fi éﬁ%%c??%ufggfilcgﬁér ergg%t oa{ré.le h(—%qrqélac%[ ?)gl\r%{%n@l x‘%%rég\%aéﬁgsg
hydr ogenat ed bndepobasthovomdi tPong sgombinatbefenofarttiege presbuiaues 10

bar. Accor dingnbo Gnansd ydawrildte BLRO €8S Sfiet NS I RGN OB cps40CryRS- as
follows: 35 (cis-MX - cis-1-nmethoxy-2-octene, trans-MXE - ,
trans- 1net hox§¥eMBeeent? o s-MEENINGLY 1 htuagenas inget &ficend, fiBAs- MODE
= trans- Ixrget hgdyogdeRadebadi ene) O Z 5717 - 26 LHSV-1 kg h/ltrcis-ME ~
by wttraps- MOE
The hydrogenation can be carried out continuously or
batchwise. Reactors used can be the known standard
reactors for hydrogenations, for example trickle bed
20 reactors. The heat of reaction which 1s evolved in the
reaction is removed by known methods, for example by
means of internal or external coolers. Specifically,
this may involve the use of shell-and-tube reactors,
reactors with cooling fingers, cooling coils or cooling
25 plates or plants which involve cooling of a recycle

stream (recirculation reactors, reactors with recycle).

The hydrogenation is carried out in the presence of a
catalyst. It is possible to use either homogeneous or
30 heterogeneous catalysts. For example, transition
metals, in particular copper, chromium and the metals
of transition group VIII of the Periodic Table, are

used as catalysts for this hydrogenation-

35 When using homogeneous catalysts, additional ligands
can be used together with the catalyst metal. Examples
of suitable ligands are compounds of trivalent

phosphorus (for example phosphines or phosphites),



~ by wcis-MDE ~ by wtraps-MODE $ by wt Gt hers ~ by

wt 0. 00830. 131. 336. 2591. 251. 040. 01670. 131. 996. 1609. 331. 380. 02500. 183. 056. 208
8.402. 170. 03330. 234. 116. 0187. 971. 680. 04170. 335. 575. 9586. 122. 040. 05000. 406. 8
05. 7785. 041. 990z 0667907508. 715. 6082. 113. 080. 08330. 6411. 175. 4580. 262. 480. 1083
0.8113.875.2477. 392. 690. 13331. 0016. 954.. 974~ 023. 050. 15831. 1819. 874. 7470. 873
. 350. 37502. 9852. 012. 2436. 086. 690. 40003. 2657. Z11. 8630. 097. 690. 42503. 4861. 011

. 5925. 528. 400¢dinPOin8 6001 tr2831ent8. 488en#91 Gk aazamoa@o 8R18rdd&n 58_
0 5250 | 4.20 7§ 20, 548. 6710. 9 The .above-descr.i bed t é mg Lepeated
i xpet?t

at 50C under SYFRPWR o i SRSy PERESr cBREFTEBRE ! A%l t he

reaction rat ehahtdeasedavbbh menprideuard Syanctdedi ng to GC anal ysis, the
progress of the reaction at 50C was as follows: LHSV-1 kg h/ltrcis-MXE ~ by
wttraps-MOE ~ by wtcis-MODE ~ by wtraps- MODE ~ by wt Gt hers ~ by

wt 0. 00830.5122T773. 8D90. 3825¢90. ©1670 NEBArEEIESs 14 XFE0L Y590. 2360613, 718

7. 202. 850. 03330 @éﬁe§§§o§é§4m%€§1%8&ag4%é‘%ﬂﬁiﬂ%%ﬁf%ﬁ%hjé%h§20mQé§§Q 4811.
843. 5579. 634. 500. 09170. 7017 3173.205.700. 11670. 882

1.373. 1668. 218r 38003667 2rS - 3. BRus, 4f3p1. AP Ey13the aeryvistyizand

selectivity of heterogeneous palladium catalysts are
frequently modified by addition of sulfur or carbon
10 monoxide. A proportion of chromium is frequently added

to copper catalysts.

The use of supported catalysts is generally
advantageous since smaller amounts of metal are
15 required and the properties of the catalyst can
additionally be influenced via the nature of the
support. Support materials which have been found to be
useful are, for example, activated carbon, aluminum
oxide, silicon dioxide, silicon aluminum oxide, barium

20 carbonate, barium sulfate and kieselguhr.

The hydrogenation of the 2,7-octadienyl radical to the
2-octenyl radical is known from the 1literature.
Examples of the homogeneously catalyzed hydrogenation
25 may be found in Chemistry Letters 1977, 1083-1084 and
Bull. Chem. Soc. Jap. 1968, 41, 254 - 255, US 5 118 837

describes the use of heterogeneous catalysts.

The hydrogenations are carried out at temperatures of

30 from 0 to 400°C, preferably from 20 to 200°C. The
pressure 1is 1n the range from 0.01 to 300 Dbar,
preferably from 0.1 to 125 bar, particularly preferably
from 1 to 64 bar.

35 The hydrogenation in the liquid phase, regardless of
whether it is homogeneously or heterogeneously
catalyzed, can be carried out in the absence of

solvents or in the presence of additional solvents.
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0. 38333. 2867. 720. 8813. 9714. 150. 40003. 4470. 270. 7210. 8214. 750. 41673. 5971. 530.
718. 0116. 160. 43331. 2874. 290. 445. 5218. 48. 4667 ~-3 . 9175 . 77 10 . 30 11 a51
-F 18 . 51 Exanpl.e521¢Di ssociation to give 1-octene) A gaseous m xture of
1- met hoxy-2-octene (cis and trans) 5 [CAS760171-33-7] and nitrogen was fed
continuously into a 100 ml gradient-free differential circulation reactor.
The total anpBrEmbedsi N ofas 6Qistbbdar dsallverits Theepr gordhaiof eBndrt gas
in the feed 1.5sQcCi o) ocl.e in 0

oct ene and f\cl)vr@}fﬁ?ga% §gg\%gsc c;}l rclﬁtea‘:pr grﬂ%dgrgﬁgﬁ a25her|& rt?pltﬁéggg?rele%h

t enper at ure rmmgeuDES375450C lBwsed oqrthehigherhoxylEaDeSene(Cm—@he feed

gas, the follg g%@gh%9§¥1§rs'c?/%§o%f t%n@té}ﬂi‘ye&lf%&?@foﬁéﬁ 556! e&&b&h&igs to

1- oct ene were serve resi aence S. errpera ure
[ C] 375400425CEHeEr s2Hn Mefthamady| ethagpény|PraRaRQl 83160PIPYASSlect Nvi ty of

for mation of uoahene89ikebuthaol, Qzeugmexarﬂol O ai g@8rodandl prgaass for
prepari ng 1-oc¢tene, conpr é ctln 1,3- gutadlene th a

t el ogen of théSBtFéﬁﬁﬁﬁﬁoﬁPX-Yp re %? 025N, viengnd 91¥€°€ N or
Si and X and Yrbegl endepghgtoy, or tjm@n*opaiamﬂ fah:hﬁt hEMSbbS‘ahédeals, in-

the presence of eneri zation t al to forma telo of faormul a
HDC-Ch cro- BT ROt LB e R Sl B H T hy A T | RGTTRE FATENER o
form a 1subst diprevy2- cttleme, oﬁlehhyﬂcwenher, dimethyl ether, methyl

H3C- CHZCHZ- CHg g:égggg?%e%% %}ﬁ‘;?f' (alzlcézhd'egc?f’é&‘ at 4 ”He%ﬁ?x%oéEQﬁE' tut ed

2-octene to 1 octen rocess for preepari ng ctene
claimed in cIdFﬁﬁinewheﬁéﬁﬁahwér§é&ﬁﬁmlﬂﬂﬂhk%%l)@%hﬁﬂ%n qfar@thyéﬁégen

al kyl radi cal §19amng aletwlffe%reborgl%&cﬁtor%d ar% b1yadhepbse hayipgob; -
carbon atons and/or eterg? é r adi cal re the substituents are

i dentical or 8PffeLERE:an hM?—tu?HfﬁgxégﬁstltQHh¥}QﬂF1:h§a§P8HB§eaIkyI,

aryl, -F15C1pr8bylehe -ddhxbondifRe a@@?waﬁﬁiR Tﬂaxlblvéﬁts-ﬁﬁﬁR,ugéd-SOR
-503R, SOZNR21 E= H%u iubs ituted or
unsubst it ut ed® 8P|pﬂ§t| Sra5r8&§t|5eﬁy8Fo¥§FB8HSr§8|¥§P Fdving from1 to

25 carbon atons. 30 3. The process for preparing l-octene as clainmed in

claim1 or 2 ,pher i, t e L8laoeh used; s & moneal canol y,a Jidl soligly a

primary am ne or a secondary a e process prepari'ng
1-octene as cPhpfed in RApreflidvai af Liwizl | phAeesi nCQIhebceeI BgeRcnsSed is

met hanol ,2 @t haRek, rauHLEPans! pak§99ﬁ99§m9l ad®latla k@b n e~ BHEANOL:
| -butanol OCtagoproduct a;gqbresent in different phases, since the
catalyst can then easily be separated off by phase
separation. Water often also forms one of the liquid
phases. However, for example, perfluorinated
25  hydrocarbong, ionic 1liquids and supercritical carbon
dioxide are also used (on the subject of ionic liquids,
see 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.
30 Cornils, W. A. Herrmann (Eds.) "Agueous-Phase
Organometallic Catalysis", Wiley-VCH, Weinheim, New

York, Chichester, Brisbane, Singapore, Toronto, 1998.

In the case of hydrogenations in the gas phase, other
35 gases may be present in addition to hydrogen and
substrate. For example, nitrogen and/or argon and/or
alkanes which are gaseous under the hydrogenation



- 2 2-ethyl hexanol, isononanol, benzyl al cohol, cycl ohexanol,

cycl opentanol or 2,7-octadien-1-ol, ethylene glycol, 1,2-propane-diol,

1, 3- propanedi ol , 1, 4-butanediol, 1,2-butanediol, 5 2,3-butanediol,

1, 3- but anedi ob .ot BM1vt- hydroxyacetic ester. 5. The process for preparing
1-octene as clained in any of clains 1-tpg83-, wherein the tel ogen used is
10 net hyl am ne, ethyl am ne, propylam ne, butylam ne, octyl am ne,

2, 7- oct adi enytafiineioflodegylasixamplet mMydrenred aprahexanebhyseaecdeani ne,
di et hyl am ne digéh | am ne, N-nethylaniline, bis(2,7-octadienyl)am ne,

di cycl ohexyl anfn899%8 - et hyl cycl ohexyl ami ne, pyrrolidine, piperidine,

nor phol i ne, piperazine or hexanethylenimne. 6. The process for preparing

1-octene as ckaj . i n i t , swherein: kr 001 20
ol Lo 10 ol 2aFET Lok gpspRaRe hfafoethBLiBad thd, sMOVLERLABMLRe 00 o
hydr ogen & omly@rogprapiotéss ong Q¥ eparengompsantentes akrenaswe® il af | east

one of clai MBfet BrBceWhete RukeliogRm ABiah haNledeast eghénesiep 1 is

recovered and returned to step 1. 8., The process for preparing l-octene as
claimed in at©FeaBt PRE -off tcli&i MPSEiRd &7 Fphd e £LAPIRSRET t# PO nEPal of
transilti gn %Eap r\éddceaf lhﬂil@ef’ekh@di@olri@ihi@ﬂ§ uselctr;@ %ﬁ@%ggﬁa}ﬁ@ﬁl 8i n
step 1. 9. rocess for prepari -octene as clained.in, cl.aim 8,
wher ei n pal | aﬁFEﬁTi e&xﬁlg"p & al gg? n;ltsft(::}a'loci’ha FrAL. SUb@.tZ%ug‘? 13 10.
The procdds foheprepawsigidnoohdrnd asrel| dbmpdd rasat byepsbdone a&frd het
precedi ng cl ai m?g[ in,a nt gi.ni riyakent S,

ar seni c, anti%%%?tq ﬁﬁ?&6ggﬁagpgﬁg?§%§éezﬂggﬂg ?P&hn%'%h?s §€8§£§§§g The
process for piepariikgwisect evarvertddi neld | heabai mPedt lvherigitr a pRBSphI ne,

phosphi te, phgsphepiheeqr Rhosphipit&yi speeedsas dddrnddds 10,8t 8Red; 12
The process for pregarlng l-octene as clained in at least one of clains 1

to 11, wherei i€heB8se is additionally used in step 1. 15 13. The process
for preparg ng 1l-octene as clained in at |least one of clains 1 to 12,

wherein the telonerization catalyst of step 1 s recovered and returned in
FUl Cor 1 parber GrdEbestaelet Y5t 1 Fretnel prot oot oBTseasa | Ag. 15hEs ene
as cl ai ned i niateheash onecat cl &ars 1choriz2d whepetn t hecheinnenszati on
catal yst of s 1 1S ur.pe : 1. , e

prepari ng 1-o%§§ﬁéogg%gﬁéP%§g P% gﬁggﬁﬁé%%ﬁhé?%?ﬁ}ﬁ%ﬁggggﬁgg§d§§r£9éd
honmbgeneous hgdtogenainvausaval yst are used in step 2.

20
In step 2 of the process of the invention, a very
complete conversion of the compound of the formula IT
is preferably achieved. However, it is also possible to
stop the reaction at a partial conversion and to
25 separate off the unreacted compound II from the
remaining components and return it to step 2 or, if

desired, utilize it otherwise.

The product of the formula III from step 2 is converted
30 in a third step into l-octene and further dissociation
products. It may be useful to purify the product of the
formula IIT Dbeforehand by physical methods. In
principle, it is possible to employ all methods or
combinations of methods by means of which the by-
35 products can be completely or partly separated off from
the compound of the formula TIII,. The preferred
separation technique is distillation. The distillation

can be carried out using all available apparatuses and



30 16. The process for preparing 1l-octene as clained in claim1, wherein
hydr ogen and a het erogeneous hydrogenati on catalyst are used in step 2. 17.
The process for preparing 1-octene as clainmed in 35 claim 15 or 16, wherein
a hydrogenationzcasalyst conprising copper, chrom umand/or a transition
metal of transition group VIII of the Pergodic Table is used in step 2.

O Z 5717 - 4 18. The process for preparing 1-octene as clainmed in at

| east one of taehpigued| nFod aerappberaiay addlamnpar tpaatkddchecolumns,
1,3,7-octatriene. for d by qduc 1] 2nated_{n_step
23 19. The pr%cess ?ge‘g?ghaffﬁﬁg%“%ctg%grggkgﬁe Egsg%géggﬁﬁgl, 7 &rein
all or part ofilme eyFporabdieneasdbsfatlierd i Hithe Svapstratonswhi Theis

obt ai ned as 1Qe é(rQEQQH% 'Blﬁftﬁﬂlét'lén ggho%%n%a%ﬂé?i P %Q Jhe
process for preparing tene as claimed in claim1, whereint

di ssoci at i%n PArst @fie@ﬁ salé@\r Aisedlerandant eapertdtaur 81l Angh@iditge #Eom
150C 15 to 60@8ke 8&mp3h8n950 §§§e£9r iRl eparppeakcecheReuas.claimed in claim
1, wherein | ess than 5~ of hydrocarbons are present in the feed to the
di ssociation in 20 step 3. 22. The process for preparing 1-octene as
clained in clahns&epmbebeimhbh@erQQmemE &ﬂh@tﬂﬂvﬁnxhdﬁlttﬁelc@mpbﬁh@n is
only partly copv i.n ste 3 The 5SS f reparin 1- oct ene
as clained in® g h % greﬁh he un%%ﬁ%?eﬁ 3 8hE 5985%9 % %h % the 1
position lGs sepaeaEedTbEffMKmhﬁmh@msammuaﬂuynxpnuﬁunus @ﬁetﬁepeudput from
30 step 3 and.js ir I 15 _or apt t te rocess
as cl ai ned |nOh Eﬁ% %%i&ggﬁe ﬁ%yclgfngt &ﬁe?e|n??ﬁ gx ene su sﬁltuted
inthe 1 35 post aaﬁh ésrééﬁﬁcalsatt@dog@nalﬁurﬁtfqlbdu% %l’é%ppvmﬁ?@ﬁsp@écedes

step 2. O Zthé7lzn<;eﬁtlaﬁ Tff%rmaq%ﬁ%feor iR epad Al 1- QPR E1€ agnehai med
in any of the rece |ng claims, wherejn the di ssociation roducts |V are
f

hydr ogenat ed ByRABShs 18f WSEhr 0GST SR G rictt13FRRA 1 g eRensPutancl

di ssoci atiizon, 1subzwuenbut@name i ssocméedj orngr whéer qiadhalardmeconpl et e
separation of thﬁ gguEtg féoglstgg 3 of the process. 26. The process for
preparing 1-oc¢t&he YESFHE T HREL

The dissociation can Dbe carried out either in the
liquid phase or in the gas phase. The dissociation can
20 Dbe carried out in the presence of any amount of other
substances which are inert or largely inert under the
dissociation conditions. For example, nitrogen or argon
or else water, water vapor or alkanes such as methane,

propane or butane can be added.

25
The temperature at which the dissociation of the
compound of the formula III is carried out is in the
range from 100 to 800°C, preferably from 150 to 600°C,
particularly preferably from 250 to 500°C.

30

The pressure is from 0.05 to 300 bar, preferably from 1

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

The dissociation reaction can be carried out in the
35 absence of catalysts or in the presence of
heterogeneocus catalysts. Preference is given to using
catalysts which have Lewis-acid centers, for example

amorphous silica-aluminas, aluminas, silicas, silica



10 any of the preceding clains, wherein, in step 3, the dissociation to
give 1l-octene is carried out sinultaneously with separation of the 1-octene
and the dissociation products IV forned fromthe starting nmaterials. 15 27.
The process forzprepari ng 1-octene .as clainmed in any of the preceding
clainms, wherein the dissociation in step@® +s carried out in the presence
of water or water vapor. 20 28. The process for preparing 1l-octene as

clai med in anyed§, t helyhiaoath deh €4 iy Widrieiah bkd sdi ssbayatmbneralstep 3
is carried out én th .egesence of catalysts. 25 . A% AF. AYE. A

. AF. AYe. Al e. AFYS Aﬁ?%% “A3. AYy. AF. AF. AFy. AYy. AF. AYe. AYy. AF. AFy. AFy. A

. AcY. A3. AFhF, . AnB. A@. AYR A3. AFe. AF Je @$VA
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} xr ngb\ W gb] XhPHe¥} cBPELSF cBPEXaPla|dveatid o] ty] 1R af ¢ R7eaf c2f] ca] ¢
a] ca] c"a]iga] cthbcafsfmita] cajraliet alidakeotdhtalic awhile the 1l-octene
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]J]caljca]lcalcalca e];!~ f10%z& ()-Mf10%z& ()-M t!10%m& ()-!t!109& () -
10%2& ()-10%& ()-J3ewx6! +! 10%& ()-Y | "10%~& ()- !'"| "10%&k ()- !I
"109&' ()- !N FnlbbezEiepoNiAtiony z&1L) oy \pﬁ!rrt@H%/@t&ie( )i (9 the 10z
10z$=10%% () £br#h1Q% {1 - Yy 414Q%&i6k=d. Kin the case of partial
conversion, the output from the dissociation still
contains unreacted starting material of the formula
III. This can, after the l-octene formed and, if
appropriate, other dissociation products have been
25 separated off, be returned to the dissociation.
However, it is also possible for only the l-octene and
part of the other dissociation products to be separated
off and the recycled stream to be recirculated to the
prepurification upstream of the actual dissociation.
30
The l-octene is separated from the other components of
the output from the dissociation by known methods, for
example phase separation, extraction, scrubbing,
distillation or precipitation. It is strongly dependent
35 on the telogen used in the telomerization. Thus, the
formaldehyde formed in the dissociation of l-methoxy-2-
octene can be separated from the l-octene simply by

extraction with water. If water or water vapor is added



2[9{\=11110%& ()- “110% & ()-!~110%& ()-!!10%& ()- " s!10%g& ()-!
sI10% & ()-K @}[9+= 10! 90! 10%& ()-!90! 10%&' ()-!~90! 10%&' () - & 10%g& ()-,)

10%& ()-!" ! 109%& ()- $VgE= 10! 9! LY

TT109&R () - s1084&. (573 10%@&' () - gS10%@&' () - 9Y10%@&' ()- 10 10A zX6E=

10! $! 10%@c&’ () -! 10%@omog’ ()-!! 10%@eR’ (}- M 10%a& ()-!Pylov@ @& ()-!"Y
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>(v10%a& () - +iA3690Er S48¢od0ati10%0 & ) 1“methoxy-2-octene, an aqueous

0 ! - 0 ! - 0 ! - F 0 ! - 0, ! - 0, ! -
107 107 10783107 E LR UPEORTE T oF o1 OREESE) 0 IOPRa Y St SRGRBED: »
"109&' ()-M " 3taeeFT& the ! o3Ha0IETLHIs¢ \ coBPpIGHEANQ) - tBe 10 (Henadl 686’ () - *
- L!!a"b"c"m&ﬁ@QO%e further purified, for example by distillation.

5 On the other hand, i1f butanol, for example, is used as
telogen in the telomerization step, the dissociation of
the l-butoxy-2-octene forms, inter alia, butyraldehyde.
In this case, the products of the dissociation can be
separated into the individual components by, for

10 example, distillation.

The dissociation of the compound of the formula TIII
forms, in addition to 1l-octene, other dissociation
products containing unsaturated bonds (double and/or
15 triple bonds) which in the present description are
referred to as dissociation products IV. One option
according to the present invention is to hydrogenate
these dissociation products by means of hydrogen. This
hydrogenation can be carried out directly during the
20 dissociation, subsequent to the dissociation or after
partial or complete separation of the products from
step 3 of the process of the invention. The product of
the hydrogenation can, if desired after purification,
be used in full or in part as telogen in step 1. For
25 example, if ethanol is used as telogen, step 3 of the
process of the invention forms acetaldehyde which 1is
converted by hydrogenation back into ethanol, butanol
correspondingly forms butyraldehyde which «can Dbe
hydrogenated to form butanol again, etc.
30
The hydrogenation of the dissociation product IV is
carried out in one or more stages in the presence of
catalysts. The hydrogenation in the individual stages
can be carried out in the gas phase or in the liquid
35 phase. It 1is possible to use homogeneously dissolved
catalysts or heterogeneous catalysts. Preference 1is
given to using heterogeneous catalysts. For example,

transition metals are wused as catalysts for the
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the metals of transition group VIII of the Perlodlc
Table.

In the case of heterogeneous catalysts, the
abovementioned metals may be modified with other metals
or moderators. For example, a proportion of chromium is

often added to copper catalysts.

The use of supported catalysts is generally
advantageous, since smaller amounts of metal are
required and the properties of the catalyst can
additionally be influenced wvia the nature of the
support. Support materials which have been found to be
useful are, for example; activated carbon, aluminum
oxide, silicon dioxide, silicon aluminum oxide, barium

carbonate, barium sulfate and/or kieselguhr.

The hydrogenations of the dissociation products IV are,
if they are not carried out under the conditions of the
dissociation, carried out at temperatures of from 0 to
400°C, preferably from 50 to 250°C. The pressure is in
the range from 0.01 to 300 bar, preferably from 0.1 to
125 bar, particularly preferably form 1 to 64 bar.

Reactors used can be the known standard reactors for
hydrogenations, for example trickle bed reactors. The
heat of reaction which is evolved in the reaction is
removed by known methods, for example by means of
internal or external coolers. Specifically, this may
involve the use of shell-and-tube reactors, reactors
with cooling fingers, cooling coils or-cooling plates
or plants which involve cooling of a recycle stream

(recirculation reactors, reactors with recycle).

If the dissociation of the compounds of the formula III

and the hydrogenation of the dissociation products IV

109 90&’ () WU3+C! ~!

Y

10
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10 whether it is homogeneously or heterogeneously

catalyzed, can be carried out 1in the absence of
solvents or in the presence of additional solvents.
Examples of suitable solvents are water, aliphatic and
cycloaliphatic hydrocarbons such as (C3-Cjs-alkanes,
15 mixtures of lower or higher alkanes (C3-Ca0) ,
cyclohexane, cyclooctane and ethylcyclohexane; alcohols
such as methanol, ethanol, propanol, isopropanol, n-
butanol, isobutanol, 2-ethylhexanol, isononanol and
isotridecanol; polyols such as ethylene glycol,
20 propylene glycol, 1,3-propanediol and 1,4-butanediol;
carboxylic esters such as ethyl acetate; ethers such as
dipropyl ether, diethyl ether, dimethyl ether, methyl
tert-butyl ether, methyl octyl ether, 3-methoxyoctane,
dioxane, tetrahydrofuran, alkyl ethers of ethylene
25 glycol, diethylene glycol and polyethylene glycol;
sulfolane, dimethyl sulfoxide, ethylene carbonate and
propylene carbonate. The solvents are used alone or

else as mixtures of various solvents.

30 In the dissociation, small amounts of other Cgz-olefins
can be formed in addition to the l-octene. Thus, 2-
octene can be formed by isomerization of l-octene, 3-
octene can be formed from the 2-octene, etc. Octane and
octadiene can also be formed. To achieve a very high 1-

35 octene purity (> 97%), it can therefore be necessary to
separate off part of these Cg components. This can be
carried out by distillation. This distillation can

either be carried out together with the separation of
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The following examples illustrate the invention without
restricting 1ts scope which is defined 1in the

description and the claims.

10
Examples
Example 1 (methanol as telogen, l-methoxy-2,7-
octadiene)

15

In a 70 1 autoclave, 14 kg of methanol, 21 kg of 1,3-
butadiene, 7.5 g of palladium(II) acetate, 85 g of
triphenylphosphine and 160 g of triethylamine were
heated to 80°C in the absence of water and oxygen. A
20 pressure rise to 8 bar was observed. Under these
conditions, the reaction started. The pressure
decreased again with the commencement of the reaction
of 1,3-butadiene. After 24 hours, the autoclave was
cooled to room temperature and the remaining pressure
25 was released. According to GC analysis, 98% of the 1,3-

butadiene had reacted. The main products obtained were:

Component CAS No. Proportion in %
Methanol 64-56-1 32.3
1,3,7-Octatriene 1002-35-3 9.3
4-Vinylcyclohexene 100-40-3 0.2
3-Methoxy-1, 7-octadiene 20202-62-4 7.8
1-Methoxy-2, 7-octadiene 14543-49-8 48.8
Others 1.6

To work up the output from the reactor, it was
30 subjected to a Dbatch distillation at 80 mbar to

separate it into a catalyst residue and a distillate.
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1000 g of l-methoxy-2,7-octadiene, 500 ml of
5 tetrahydrofuran, 500 ml of ethanol and 2.5 g of
tris(triphenylphosphine)ruthenium(II) chloride were
placed in a 3 1 Bichi autoclave. The temperature was
set to 30°C and the autoclave was pressurized to 30 bar
by means of hydrogen. The reaction was followed via the
10 amount of hydrogen taken up and by means of GC
analyses. After 6 hours, the reaction was stopped.
According to GC analysis, 98% of the 1l-methoxy-2,7-
octadiene had reacted to form l-methoxy-2-octene (cis
and trans) with a selectivity of 89%. The l-methoxy-2-
15 octene was separated from solvents and catalyst by

distillation.
Example 3 (heterogeneously catalyzed hydrogenation)

20 A gradient-free differential circulation reactor from
Xytel was charged with 15 g of a heterogeneous
ruthenium catalyst. To immobilize the catalyst, it was
located in a small wire mesh basket. The proportion by
weight of ruthenium on the support material A-Al,0; was

25 1% by weight. Before commencement of the reaction, the
catalyst was reduced in a hydrogen atmosphere at 200°C.
After the reduction, 900 ml of a mixture of trans-1-
methoxy~2,7-octadiene and cis-l-methoxy-2,7-octadiene
in a mass ratio of 96:4 were introduced into the

30 differential circulation reactor. The reaction mixture
was hydrogenated under batch conditions at a hydrogen
partial pressure of 10 bar. According to GC analysis,

the progress of the reaction at 40°C was-as follows:

35 (cis-MOE = cis-l-methoxy-2-octene, trans-MOE = trans-1-
methoxy-2-octene, cis-MODE = cis-l-methoxy-2,7-

octadiene, trans-MODE = trans-l-methoxy-2,7-octadiene)
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0.0333 0.23 4.11 6.01 87.97 1.68
0.0417 0.33 5.57 5.95 86.12 2,04
0.0500 0.40 6.80 5.77 85.04 1.99
0.0667 0.50 8.71 5.60 82.11 3.08
0.0833 0.64 11.17 5.45 80.26 2.48
0.1083 0.81 13.87 5.24 77.39 2.69
0.1333 1.00 16.95 4.97 74.02 3.05
0.1583 1.18 19.87 4.74 70.87 3.35
0.3750 2.98 52.01 2,24 36.08 6.69
0.4000 3.26 57.11 1.86 30.09 7.69
0.4250 3.48 61.01 1.59 25.52 8.40
0.4500 3.67 65.01 1.28 21.55 8.49
0.4917 4.03 73.13 0.80 13.47 9.58
0.5250 4.20 76.2 0.54 8.67 10.39

The above-described trial was repeated at 50°C under
otherwise identical experimental conditions. As
expected, the reaction rate increased with temperature.
5 According to GC analysis, the progress of the reaction

at 50°C was as follows:

LHSV? cis-MOE trans-MOE | cis-MODE trans-MODE | Others
kg h/ltr % by wt % by wt % by wt % by wt % by wt
0.0083 0.12 2.77 3.80 90.33 2.99
0.0167 0.16 4.16 3.77 89.14 2.76
0.0250 0.23 6.01 3.71 87.20 2.85
0.0333 0.31 7.83 3.64 8424 3.98
0.0417 .036 9.01 3.63 83.13 3.87
0.0583 0.48 11.84 3.55 79.63 4.50
0.0917 0.70 17.08 3.31 73.20 5.70
0.1167 0.88 21.37 3.16 68.21 6.38
0.3667 3.06 64.30 1.09 17.87 13.68
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0.4000 3.44 70.27 0.72 10.82 14.75
0.4167 3.59 71.53 0.71 8.01 16.16
0.4333 1.28 74.29 0.44 5.52 18.48
0.4667 3.91 75.77 0.30 1.51 18.51
Example 4 (Dissociation to give l-octene)
A gaseous mixture of l-methoxy-2-octene (cis and trans)
5 [CAS 60171-33-7] and nitrogen was fed continuously into
a 100 ml gradient-free differential circulation
reactor. The total amount fed in was 60 standard
ml/min. The proportion of inert gas 1in the feed was
83%. The dissociation of 1l-methoxy-2-octene into 1-
10 octene and formaldehyde was carried out under
atmospheric pressure in a temperature range of 375-
450°C. Based on the l-methoxy-2-octene in the feed gas,
the following conversions of l-methoxy-2-octene and
selectivities to l-octene were observed at a residence
15 time of 40 s:

Temperature [°C] 375 400 425
Conversion of methyl 2-14.83 16.7 36.7
octenyl ether [%]

Selectivity of formation of |{89.7 77.7 75.7
l-octene [%]
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10@6!f&f()-fkpu{_/NA4/KPn t r- valence, ‘further substituents, in

the presence of a telomerization catalyst to
form a telomer of the formula H;C=CH-CH;-CH,-
10 CH,-CH=CH-CH,-X-Y-H,

(IT) hydrogenating the telomer to form a 1-
substituted 2-octene of the formula H;C-CH,-
CH,;-CH,;-CH,-CH=CH-CH,;-X-Y-H and

(ITTI)dissociating the 1l-substituted 2-octene to

15 give l-octene.

2. The process for preparing l-octene as claimed in
claim 1, wherein the substituents on X and/or Y
are hydrogen, alkyl radicals having 1 - 50 carbon

20 atoms, aryl radicals having 6 - 50 carbon atoms
and/or heterocaryl radicals, where the substituents
are identical or different and may in turn be
substituted by the groups alkyl, aryl, -F, -Cl, -
Br, -I, -CF;, -0OR, -COR, ~-CO;R, ~-0OCOR, -SR, -SO:R,

25 -SOR, -S03R, -SO,NR;, -NR;, -N=CR;, -NH; where R = H
or a substituted or unsubstituted, aliphatic or
aromatic hydrocarbon radical having from 1 to 25

carbon atoms.

30 3. The process for preparing l-octene as claimed in
claim 1 or 2, wherein the telogen used 1is a
monoalcohol, a dialcohol, a primary amine or a

secondary amine.

35 4. The process for preparing l-octene as claimed in
any of claims 1 to 3, wherein the telogen used is
methanol, ethanol, n-propanol, isopropanol, allyl

alcohol, n-butanol, i-butanol, octanol,
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20 mol to 10 mol of 1,3-butadiene are used in step 1

for every mole of active hydrogen atom.

7. The process for preparing l-octene as claimed in
at least one of claims 1 to 6, wherein telogen
25 which has not reacted in step 1 is recovered and

returned to step 1.

8. The process for preparing l-octene as claimed in
at least one of «claims 1 to 7, wherein a
30 transition metal of transition group VIII of the

Periodic Table is used as catalyst metal in step
1.

9. The process for preparing l-octene as claimed in
35 claim 8, wherein palladium is used as catalyst

metal in step 1.
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13. The process for preparing l-octene as claimed in
at least one of claims 1 to 12, wherein the
telomerization catalyst of step 1 is recovered and

returned in full or in part to the process.

20
14. The process for preparing l-octene as claimed in
at least one of claims 1 to 12, wherein the
telomerization catalyst of step 1 is not returned
to step 1.
25

15. The process for preparing l-octene as claimed in
claim 1, wherein hydrogen and a homogeneous

hydrogenation catalyst are used in step 2.

30 16. The process for preparing l-octene as claimed in
claim 1, wherein hydrogen and a heterogeneous

hydrogenation catalyst are used in step 2.

17. The process for preparing l-octene as claimed in

35 claim 15 or 16, whereiﬂ a hydrogenation catalyst
comprising copper, chromium and/or a transition

metal of transition group VIII of the Periodic

Table is used in step 2.
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claim 1, wherein all or part of the 1,7-octadiene
substituted in the 3 position which is obtained as

by-product in step 1 is hydrogenated in step 2.

The process for preparing l-octene as claimed in
claim 1, wherein the dissociation in step 3 1is
carried out at temperatures in the range from 150°C
to 600°C.

The process for preparing l-octene as claimed in
claim 1, wherein less than 5% of Cg-hydrocarbons
are present in the feed to the dissociation in

step 3.

The process for preparing l-octene as claimed in
claim 1, wherein the 2-octene substituted in the 1

position is only partly converted in step 3.

The process for preparing l-octene as claimed in
claim 1, wherein the unreacted 2-octene
substituted in the 1 position 1is separated off
from the remaining components of the output £from
step 3 and is recirculated in full or in part to

step 3.

The process as claimed in any of the preceding
claims, wherein the 2-octene substituted in the 1
position 1s recirculated to a purification step

which precedes step 2.
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The process for preparing l-octene as claimed in
any of the preceding claims, wherein the
dissociation products IV are hydrogenated by means
of hydrogen either directly during the
dissociation, subsequent to the dissociation or
after partial or complete separation of the

products from step 3 of the process.

The process for preparing l-octene as claimed in
any of the preceding claims, wherein, in step 3,
the dissociation to give l-octene is carried out
simultaneously with separation of the l-octene and
the dissociation products IV formed £from the

starting materials.

The process for preparing l-octene as claimed in
any of the preceding claims, wherein the
dissociation in step 3 1is carried out in the

presence of water or water vapor.

The process for preparing l-octene as claimed in
any of the preceding claims, wherein the
dissociation in step 3 1is carried out in the

presence of catalysts.



