;e3e\nL6Tjg .nnn nn O Z 5781 *159159* Process for the tel onerizatioa. of

acyclic olefins The present invention relates to a proces
tel onerization of acyclic olefins having at |east tvvo 5 cmmumwm“mmnmmm e
" bonds (1) bygymeang~gh nucl eophiles (11) using a pallad

catal yst. For 'the purposes of the present |nvent| on, teI OMer | z'?ﬁ”i on is the

reaction of ol efgssediayifr he Ayl toion ebﬂ)(Huisc:(xmrqlaﬁmsd dines) in
t he presence of a nucleophile (telogen). Miin products obtained are

conpounds nmade up of two equival ents of the diene and one equival ent of the
nucl eophi | e. The Theependucisvaitide trellates zabi oa meatdssn Have thdustri al

i nportance a ersat.i| recurs I giﬁﬁ i ci-zeyr i
chem cal s an% \ir?fnéefﬁlez&%alt%es orgggf:l?/% c%ge\%%s;sh e‘&c%lt gluersla sg o?:\?gdl enol ,
oct adi eny$  etdosr] ugiad egct ddilehg| besidsr s (2D éh/t aihpabse Gf oﬁ’#ﬁh?@ﬁhéﬁ@sar e

potential interyedia RNGCAIHES ok o GAICRG IS espondi ng al kenes.

The telonerlzatlon o%ldle es y nmeans of nucleophiles is an industrially
interesting nethod of upgradi ng 25 i nexpensive, industrially available

di mes. Owi ng g3 t heife r eagyrg¥akkabi bity, dihe usgrefedtit adignentisaprene or
cracker fractiqns caonprising these dines is.of particu i nteres

However, up tt@]{qq@rd%stéﬁ“tlﬁ Fhe telegﬁérl PZat i% 0#1 i%ﬁ}% eir:llavﬁag been
enpl oyed130 idbrphasideee (miu)bltey fdom dso N aow j Kigaduesly ldnenlee)fl ne chéeical s

field for the s nt hesis 0 as el ogetizabi-gRyREAcesses
have not bee®t e}/ d Fror € WI é?el mcrél%%gé %nsggl%s} }:étnory ggt al ygt agtl VI ties,

catal yst pr odmttametd esrand:%tmoemda/|m§fd9r o ePF FFCasIBEI R P t RE

tel omerizati qn, oAl St q TS eddit dnawn delaerigalddphirocesses |ead to
hi gh catal yst costs and/ or by-products which prevent industrial

i npl enent ati on. OZ 5781 - 2 5 10 15 20 25 Hal ogen-free pall adi un(0)

and pal | adi unﬁﬂé) ﬁﬁa@@@ess bave diren t‘f@lﬁlﬁbﬁpzmcﬁ{feﬁéaaeloﬁt ahwes for

telo merization Behr, Qsectso ous Cg(taglll ggtor
Ugo, D. Rei dellncbtﬁﬁ‘?%"’}ﬁ ng ’ﬁB?rB ﬁgceDo&sdr eceh’f o on/lﬁancas er 1 Vol .
5 3). In adohd]mtaorrppﬂ:aelsmizether tfiavesi teloemimsalsd s, ardg. iogieatt (R

-??Sﬁ; |Ai ?S%@e‘fﬁé‘%gn@%) e‘ﬁég{bﬁm N &uﬁa(R Béekgra%mgo%%s B:%cr%iaé;/,n T.N.

Smith, J. Orgémrm Cresiadionpyl 35 e C63NR.  BaE&dieydm Re&‘»erf973

73 487- é? % 16 AfidonCogkeadi dhe S'E'rteh:pdte@i?@l S0 ermBalilitesTr ans.
1974, 1517-1524) and pl ati num have al so been u(sed as cat al ysts. However,

t he latter syk? SPEORLSENTEPT o?r?%aﬁaf?‘i‘ AR THT TR HrER®%8pect  of
activity and selectivity. Telonerization has been conpr ehensi vel y descri bed

n the technical erature. ,The errent at al 15 al |
Igl ve, for ex:aTrtﬂ)‘Fe £ of“ﬁélilzgitéﬁélrlogt Bh %?I gt ad adg%rggém ;f; trrr%ac?]is% Z)Tl’gq %ano?/,
m xtures of the pamductiduderiably 2,irtetestinagharechod QFf Rupgxadimich
product s jare Hlf §§§é{\%} 'f&%ﬁge@fa{mﬁ)em%raaq%ﬂe' NgaEnksl Or@/hsn%la @nd 1b.

However, “si gni proportions branched tel omer 2 _and
1,3, 7-octatri theis arr@aﬁdr neavaRabdi Hty: = the xige 150f - W@dlﬁﬁled% X /

21 11 3 -;¥abiahbe o ebfscivér 4 trabyh ohsCyedmhexeitey ( Bheke- Alidetes
igs of particular interest. However, up to the present
time, the telomerization of butadiene has been employed

30 in practice only by the company Kuraray in the fine
chemicals field for the synthesis of l-octanol. Reasons
why telomerization processes have not been used more
widely include unsatisfactory catalyst activities,
catalyst productivities and selectivity problems

35 associated with telomerization catalysts. Thus, the
known telomerization processes lead to high catalyst
costs and/or Dby-products which prevent industrial

implementation.
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O Z 5781 - 3 product of butadiene) are also forned, as are, generally in
only small anounts, further by-products. This product spectrumis generally
al so found when using ot her nucl eophiles having active H atons, with 5 the

" met hoxy group, bei ngygiepl aced by the corrgsponding radicals of the
r.espective nucl eophile. Significant formation of the by-products nentioned
is a further reason for inplenentation of an econom cal and 10
environnmental ly friendly process being ext raorcgia]gla Ily difficult. Thus, the
abovement i oné IR ke aRAot a6 W8I0 e 2Rt iRF C{J‘“r"’r (I e s FPMBOURESt act
that the tel aumfd zakean edubit adi epe f fmarissof caeabgaek hiasr beedo-

i ntensively researched and_pat ed by.a nuynber aof 15 go jes.1n

cont i nuous protei? with ﬂés b rdesc?'?bed[}%f i Crnhi c ot . ?élf?09822
in 1989 and uwsesabadladi unedcedyt ac®. ondic,2 doui vBedded offublishing

tri phenyl phosphi ne as LodHCt y yghi e§o4t Usnowsr,
nunbers) Sp thOIQPf 0 I\%g?]g&%c ]‘?{%Z/Bé%galg—@%/\%%%?g tﬁg' q%em)'sel 8cti viti Zs to the
target producin laddisieh, caembyends upfoothenubansisien<mgtals;se.g-1087,

Nati onal Di st&g%@ ang ChegprCprp. A US 8n642s392,rUB 4, 83bph@3)odrscri bed
a batch process for preparing octadi en($/clF ethers..In this pr si&? he
t

product ni xt uf N wadkebar af ed Wi st59F at | FEFTIM (HE St al 'l adi um
acetate/5 equived entsspf 2BotRiuphenyd @hesphRne)BaMuch Derai mad laslay
solution_ in tetrag . The catalyst can then be . ed t velase times,
with supgiPenehtBr yé%ﬂ%%phi“ﬁe b '%%n%{ﬂ%léd eég?:%mti e wej\v/bgr,%ﬁ%\é\%s%éérti ng
bat ch gave the. |Balear, ettieemi n Reyi elX®WF, onl3, 5A8T-cdtespondBakera TON of
35 2 000). The n/i r at [,0,,0f ~pr.educt 1 rodyst 2p-wasg;hn bhis case only
3.75:1. In a Ul{rft h‘;‘?"%at gh?'bﬁ%&’oﬁ%l . %I?i I?ggsﬁ t he f)roduct m xture was
separated frok?The ASdT-iloR 430l 4t oR 1By i8%EY LATIn2WSPh BRSANESEY 3%, 5781

- 4 The tel opprizabion WaGeGaL! i @thOUlat tenli 6 by OnFBNIIGAE eati osul ol ane
using a catal yst m xture of pall adi ungl ) acetate/3 _equiyv len{és ofa 4

tri phenyliFhosphi haAbWBs ul FBRERXSSThe 1P  STETRECh g&fe tRESTYHEAr (BlOner
with 5 a TON g£1880ivibg.selectivity to the |linear al cohol was a | ow 40~.
Longer-chain primry al cohols such as ethanol, propanol and butanol (J.
Beger, H. Reichel, J. Prakt. Chem 10 1973, 325, 1067) also formthe
corr espondi ngTekbmeei sanibh bwsdibeen Howpvehenshvedst afigserieedviiy of
the known catglystsolanliBalNeqq (63380, RYCN fNCTaddithdrt {dHSP Taidikoned
above. Thus, rdentical reaction conditions ,

[ Pd( acet A (acetohal vy 2sPPaSn L2 hHY el w8 coHAIr 15xample 2igootle oorldo 10

h result in G@EABREGANOLA NSl RIQIRS Sopf meBhBanel rdtrandls) dubfcdidy {hose
of propanol in_a yield o ~ an ose of, nananol in a_vyiel :
20 In sunnary?fi€£%ﬂP?ﬁ§%ﬁﬁ§if%ataghegkmﬁmf %WTadV%ﬁﬁﬁogpﬁiﬁg'c%?d%ysts
for tel onerizaki.on Nehet | erodafctlsut adirene tkig h desdolells dndmestyiably
satisfactory catalytic tu nunbe = TQN\s) . > HPH-as are
sought in indﬁ???§¥%5§e r%$§¥§£been d%g%é?beENES %?angﬁn s?g?gns. At the
same tine5it signdésiceall eonewatiiave af giihselicanched egeppmergsz. and
chenosel ecti vijy 1aRd7.6Qi-a3¢k @k 8 by-ol Boeh@der. to obtain an ecol ogically
advant ageous procéss. 30 Like alcohols, carboxylic acids are suitable

nucl eophiles in telonerization reactions. Acetic acid and butadi ene give
good yields of the correspondi ng octadi enyl derivatives la, 1b and 2 in
which R= Me-C0, X =0 (DE 2 137 291). Th;égg;}g\glﬁpggykagqgkk 1/2 can 35
be influenced via the |igands on the pal | & tmr{ D ~Rose” H. Xeppertay.
Organonet. Chem 1973, 49, 473 ) . Use of triphenyl phosphine as |igand gave
aratio of 4/1, while use of tris(o-nethyLBﬁggélegppggpL;§>x\ClZ.15781 -5
enabled the ratio to be increased to 17/ 1UO%er boxyl acRds such as
pivalic acid, benzoic acid or nethacrylic acid, and alﬁg1dicarboxylic
acids, can likewi se bg reacted with butadiene. 5 In Y5 030 792, Shell Ol
has descri bed & pFovess fror Ropepbring™a- ol efi ns whichl i s based on the

tel oneri zation of conjugated dinmes by nmean b i acids. 1@

Tel oneri zation reactions in which water i %sed as nucl eophi | e have been
intensively studied by, inter alia, Kuraray (US 4 334 117, US 4 356 333, US

5 057 631). Here, phosphines, nostly wat eWW 3

B Variable vyields of 4-vinyl-l-cyclohexene (Diels-Alder



15 phosphi nes, or phosphoniumsalts (EP 0O 296 550) are used as |igands. The
use of water-sol uble di phosphines as ligands is described in WO 98 08 794,
while DE 195 23 335 clains the reaction of alkadienes with water in the
- presence of phespBeghte or phosphinite 20 1igands. The tel onmerization of
hut adi ene by means of nucl eophiles such as fornal dehyde, al dehydes,
ket ones, carbon dioxide, sulfur dioxide, sulfinic acids, (3-keto 25 esters,
~i -di ket ones, nmlonic esters, a-fornyl ketones and iIangs has | i kew se been
described. TRECRHFSr Rt BRCRAECHBI Kk GF St el BHET | z4PFBA%has Afeen®t@rri ed
out using buiadieeas1yHoweveniyt hendigackinotnts, 3G rltderappy +sabdects. ot her
di mes havi ng_cqnj ugat ed doubl e bonds., These can .fornal | regar as
derivatives g%lﬁhtgHP HETi n°RAT ﬁuThé“ﬁyé¥%ﬁﬁﬁﬁgﬁbn§E§Fg ?gﬁchgﬁggy ot her
groups. |sopugigg Sotiepanticdeophiiledushavihgi medritvancé. aSiomse i sbphene i s,
unl i ke 35_butadi ene,. an unsynmetri.cal , wtel ri i ts in
the formali oﬁrf%(?f I?%?}f%}@f ?géﬁgrsbe(l'%% B%@géfggg. b&s%k%gﬁé%?% szl.hljl J.
Prakt. Chem rdgiiz3al31®f tbe718@pecthiver anicd eobhiil€se i somers is influenced
toa OZ 5781 5 10 - 6 considerable extent by the type of nucl eophile
and the choice of |igands. Onng to the stated inportance of telpnerization
products and Sig@ifdesmend aFeddion &F it BRI E2rPent e 5 a®gr eat
need for newmatcdestr&asdremnbof OLmpebRBRERZADHOB fr @ACt éomsomidea Lhahdve

i nexpensj ve stahl e |igands, ich not di spl t he di f the
known ca%%|yﬁqyﬁﬁQE9§i&§¥iKJ$%he%ﬂgYsBFF&SF%23%1?%m%§???§?8§ﬁ%?§1 nt ati on
an;:l }/\/ni ;:h gi \éftifiﬂie:}%leﬂ OMBrigat tha pmmt%nnbﬁg@m@@}s vcg'}?mncwzgge

catal yst productivity uri Thi s ec a e a
process for tiv Yﬁétef%ﬁg?tgﬁgégglgf é%%%?ﬁé ol e +nsEﬁg§in 5?ylegs¥ t wo
conj ugat ed daellcndharrdsidn) of Mutastienea obr irgaiF saéh wetEtansl bPafeans of

nucl eophi | es ﬂelaér) U Mk B, D3} | A AR A DeNed CONPEE¥e@ShE ak ahMber 28I N a
preferred enbodi nent, the nucleophiles (11) used are conmpounds of the

fornul a Pl a)c®ayad., R1-0-H (11a), R-NH (Ilb) R where R, Rl~ are
sel ected i ndependently from anong 25 hydrogen, |inear, branched or cyclic

Cl- Cz2- al kyl groups, al kenyl groups | kynyl _gr , a oxyl oup and
C6- Cla- ar yi gﬁ'b@s?é%@?‘éo‘¥%e§’é°%$%%p‘§hh%§ ]B%%rBé%ﬁs???%é%@é&é&egggd from
the group cor®@ietiaegl ofin CNO 9COOPB22C00nal k989 (aTid C8)ses - palapkyHm
(Cl-Cg) . 3 O a4 Q2 ) equs ¥ s 511009 1 phoSoh Ay as(
C6-0 o) -Oaﬁe;‘{kyla&ét."%tqip% oe%-las%éﬁﬁ-&%(é’fg cé\izl, -l\%a 13 (c1os) |
-CHO, -S@8H, carlyst, caflalysH, profectiwppieandtureovadi BEMSeRF) RP~ nay
be j |0i ned tod@&e W]Ed'tﬁ]' bI- W/ ?la&gﬁd_ Ry, bloﬁ‘ﬂi)%reverg_- Z. ¢hedl 'chEmo?:_he g
catal yst used is preferably a adi um co X_.conprjsing, carbene |igands
of the fonﬂﬂ%ﬁ¥¢q43v%ﬁl?§\ﬁozg RATIRK ﬁgaéi%&—ﬁzah Epgthﬁ%aggsﬁs 111
|V 5 where R2oahibi8r amensacd, atedepesrlent |y of one another, a l|inear
branched or cyclic Cl-C24-al kyl or CS-Cl8-aryl group and the al kyl and aryl
groups may, independently of one another, bear the substituents -CN, -COOH,
10 C00- akByl -Iff CILLH7,) , Na@dcenady| - Qistildeys | and| - Gheats- C1LEOFP,:
-al kyl - (Cl1- %’93% vyl gs( @68510) 83 ) - GRAMed - Bhoth, prcaldey! -

- (Cl-CSf , .- N-al ky

6 -
(Ci-c8) , -O a%ky 32- (C1-C8), ... - , - SO03H, .- NH2,
-F, -Cl, -OH foxrpreprg2ngf é}q—myl éthers. In ‘this process, the

product mixture was seﬁarated by distillation from the
catalyst (palladium acetate/5 equivalents of
30 triphenylphosphine) which remained as a solution in
tetraglyme. The catalyst can then be reused up to
twelve times, with supplementary phosphine being added
each time. However, the starting batch gave the linear
ether in a yield of only 57% (corresponds to a TON of
35 2 000). The n/iso ratio of product 1 to product 2 was
in this case only 3.75:1. In a further patent by
National Distillers, the product mixture was separated

from the reaction solution by extraction with hexane.



15 and R4 to R are each, independently of one another, hydrogen, -CN,
-COOH, -C00-al kyl-(C1-C8), -COal kyl- (C1-Ce) , -COO0-aryl- (C6-do) ,
~COaryl- (C6-Co) , -Oalkyl- (C1-Ce) , -OCOalkyl- (Cl1-Ca) , -Nalkyl2-
(C1-C8) , -CHO, -8§Q3H, -NH2, -F, -Cl, -QH--CF3, -NO2 or a linear, 20

hr anched or cycl ic Cl-C24- aI kyl or C6-Cla-aryl group and the al kyl and aryl
groups may, independently of one another, bear the substituents -CN, - COCH,
-COO al kyl (C1-C8) , -CO-al kyl- (C1-C8) ,. -ary (C6-

- 000 ar yl ( CsTeROtel omemig@afion GRSy FHrried- %Wern flﬂeéﬁylfor@a%d%
alqlé%l (Ng% %V\A% :sxrll\fhcﬂéﬁédzus:l(@ i:a):aé:aégé(a mlsﬁ?oﬂl eb szalfadiﬁﬁlIIm

- ere t radi cal s an so. be gi ng

al i phatic or AGESREE 5 ri ngT 2 tHett el oferi zatd oﬁhen}/ P Osﬁhlﬁ?ﬁé#g

possi bl e to 3Q1fRarkl atyclfiirsd édtrsh hyanragtlag lmeartv\elemﬁ]fu*gat:bd

doubl e bopds._ Eqr.t e

1, 3- but ad? ené& z;[%\I i°§§p93’:ab;m %% %5%1&{@% &%2&}% +€%?3£E§?g(§jlfeﬁé§ i's
preferred. |ta ilowdd3i.ble to use both the pure dienes and m xtures in which
these dines are present. 5 As 1, 3-but adi ene-contai ning m xtures, preference
is given to using mxtures of 1, 3-butadiene with other C4- hydrocar bgns

and/ or C5- hy droeteHa 1 ISR A 5o (73 £2ORR S 0B B nadl, eFBANek anBFePaRA

cracki ng progggseputanotihe @rOdwéélon of, ekbeaneu n Jvhl czlramej‘l nehgmgases,

10 napht hgtcgﬁ}’% Oi Ia%é &§|6L72uef %ck etrol (? acéfs%ond ULa mggg

l'i quid), ‘e ns o a| ne

by- product i nritdtesleupadiesses Hoomyerse, thd@peadaihgsbn atdtevurtafcmf]gtbﬁ’ocess
vari abl e am) nt s of di;ene, | T I u eng 2 congentpations
inthe C4 fr Y6h o%% ﬁgégf rle%m a n)aéglhtg%a c'l‘at%a% %?gféker are 20-70~ of

1, 3- but adi enethdgwe ome@@ncpméint sahowat aneThys put dientiasdt en&SaEE49Tbut ene,

trans-2- bUte%ﬂ%lor@teﬂﬁdwbébﬁé@eg&ét& wﬁﬁlg,pbe%eatlehe/tahe&eol
fractions do not Interfere Slg lcant he reactl n InI e

tel oneri 2ati oh dtép2 PROEBNPP hé‘\}l FF@E%%| aPed YOt P hoREs 25
(1, 2-but adi engye atbebRerst &1 ra@@haa:hd(yneﬁ, d nypardi edl 68’8%” nyhaset pifene,

can act as noderators in the I e t|on ore
advant ageous R%?P?‘F%fd,nalakﬂfe% (g 76?’ paﬁ?‘(% 8 Otfhe dfﬁafg%t alél &ne to
be renmpved befisbhantl iy 1806% 23 335). 30 This can i f possi bl e, be carried
out by means of physical processes such as distill ati on or extraction. A
possi bl e chem cal route is selective hydrogenation to convert the al kynes
into al kéfes b ahmeylarﬂd'- tpenclheul 22 kd Ghats GhR okneWBemed 1 agiyfEsses
for such 35 k% tpé' Of ol tr AN 6 S | hethediomexatpl e, in
WD 98/ 12160, EP- 0 273 90 3& 44 qgg or US 4,704 4%&r1r Q. Z. 5781 -
9 As nucl eoph??%@le%‘?efeFEhceallé:O ustAg afy VEomPS\ES AW have
the formul a |¢at&xpept esuehotekogendeafs t e Tamsul aTONsapé -> 00005 -
nonoal cohol s and phenols such LaS; anol h a

i sopropanol , &F| ¢ €al T Bt af r?usmléf aHSI‘e’E ?Eq{%lfhgégﬁolr&gg?cg&r?&?anol
benzyl aI2r50hoforc);znbwhesaabbmseyétopéﬂt spok, tineet Aéxyiet Ifmsdirabdifertdl or

2, -octadi en Oyidh a asoet byl 65¢ Qlilaclectivit
1,2-pr Opaned|% ieivé hlg(éian% %elﬁvwggﬁt anedi ol , 1, 2- but anedi al ity

2, 3- but anedi oiménaeglgss eghedibY, in PELES] §0519Ma&§1 ViR Oglﬁa&éé’se

sucrose, - hygaggﬁtgﬁgaggnggogggg as a-hydroxyacetic esters, 15 -
carboxylic acids such as acetic acid, propanoic acid, but anoi ¢ aci d,

i sobut anoi ¢ acid, benzoic acid, 1, 2- benzenedlcarboxyllc aci d,

1, 3- benZQnEdiQ@kboxthcahdL&” lzbanbuxykiﬁcarbok§3ic acied, suitable
1,2, 4- benzenetr| ar hox C i a, 1 iy as
nethylanlne §Fgﬁ$ X %pfggy?gﬁﬁﬁgrl% pgmﬁﬁféylaﬁggngggeee=%&¥a
2, 7- oct adi enylaach Im;tatbxi@wclgammegpgﬁc]yl%\mﬁh o, éhﬁyl%%ﬁ%@r&ﬁ

hexamet hy| e“e@!k@%l}en 25der§%e&%ey 187 185 s5Mcle as dinmithyd anime,co,
di et hyl am ne I ne, s(2,7-oct adi en

ani | ani ne, _ dic exyl ani ne,
net hyl cycl ohe%yFa@l r{%’E By L3d| |2§|1r1\e TS A dHhE r%reprﬂﬁff%c % Jpé] he or
hexamet hydeni gene.i ;¥ yenced via the ligands on the palladium

(D. Rose, H. Lepper, J. Organomet. Chem. 1973, 49,
473). Use of triphenylphosphine as ligand gave a ratio
of 4/1, while use of tris(o-methylphenyl) phosphite



Tel ogens whi ch can thensel ves be obtained via a telonerization reaction can
be introduced directly or else forned in situ. Thus, for exanple,
2, 7-oct adi en- 1ol can be fornmed in situ fromwater and butadiene in 35 the
presence of the tekgierization catal yst,s2, 7-octadi enyl ami ne can be
abt ai ned from'ammoni a and 1, 3- but adi ene, etc. Oz 5781 - 10
Particularly preferred telogens are water, nethanol, ethanol n- but anol ,
al lyl al cohol, 2-nethoxyethanal, phenol, ethylene gl¥col 3- proganediol,
gl ycerol, gIGﬁ@%@iﬁ%uéiﬁéeraéé@tlGoacpﬁ bucaResedacra, 57 /1
1, 2- benzenediGaaxmliicc Acids SHERNLS, pdk;e&tlbylaamme k&’étdzcﬂicetél&iarrbﬂe. As
solvents, use is génerally de of the_nucl 0% gployed i.n thCan
reaction, prRAEFIHEC | 2G| G £4S Sndgﬁ £ ofg i oRCE8RdI t FBfs.
However, ot harikelisents aaacdasd wishisedadilmmesol vent s used shoul d be
largely ipert. The addition of solvents is preferred when using
nucl eophi tes which are solid under the reaction conditions or in the case
of products viini dfs wouP30b@925 SheadlnédladiasoldencidiRd @ hereeaesi 6AY
condi tions. e;&g}%gsolv E§efﬂﬁEUdevﬁHo‘H‘at'Es cygla@ald phagid ¢ apde

0

aromati c hydro ns suc CZO al kanes, m xtures_of | ower al kanes
(C3- C20), cydieinmemicatean oo@?am?oné'tq%ﬂt(ﬂﬁcl ofESBfR, Bker®R2RHd Bbl yenes,
20 vinyl cycl ohesigs il dok@st atriene, the C4-hydrocarbons from C4
fractions fromcrackers, benzene, toluene and xyl ene; polar solvents such
as terti &Py and secondary al cohols, ami des such as acet ani de,

di et hyl acet ar deneanick et it hydefa@rtimmsde inni whiikks wacdr asisacetsed t Bl e 25
and penzon Ll dBLONeS 1S BRCACCLAPEN LY doohly| el onacBRd

di et hyl ket orf& OXyTiC esters suc acet ate, rs suc
di propyl et halla:u et hyl RKurheey di met (J§ ethd4, 11ﬁat hyl o@§y|4 bResy 3.

3- et hoxyoctfg? o DX gy ) tetHre‘%@drBf-lHE? 1né§' S%@gtﬁp kel -aad udny

et hers of et ene glycol, diethylene g c pol | e choI and
other poflar SHeRBRIRuch s MDA é@Py?S&%é ggtoﬁ

carbonate, propydeas Qi@ﬁﬁa@temﬁdme@f WQBE@ Ebqubde, dfl@hoesmtmlee

i m dazol ium or pyridiniumsalts | so_be ent e

sol vents are ¥sed ‘RS al dfie o€ sa%r]%%ffureg of"v@:érj? gisssgéoz}/\/en'?@ﬂ%

5781 - 11 T@Etmezahtmie atl adfnischthbe ted griem zefi onlkadienen mt@arrl ed

out is in the range fro nﬁg &%Q%O%réef %‘B%MOMQQ 3<9rt2>hjo%%ﬁm1te

particul arly "ﬁre‘?eréﬁ’l y eaction preSsure 1s froml to
5 300 bar0 prkigandsy froml to 120 bar, particularly preferably from1l to
64 bar and very particularly preferably from1 to 20 bar. An essenti al
feature of the process of the inventi 10 that the tel orrerlzatl
reaction is CBERi edtBLPMEEFAGLLES Al ygg §§§8 dafTFal | & umMEGHS

conpri si ng C&E@@D@oﬁhgﬁéﬁssu&anﬁl esonﬁamem@e | agdetydet, th:eau‘cmerwl a lll

v 15 d I whi
gesc\rll bedalnn '%%’é ?lg)éﬁﬁif’lé{gfiel’: tcsélrla uure J(C%?ntgé ﬁéﬁ%%ﬁ%@”éﬂ@éﬁhgﬁ Angew
Chem 1925 268te2257;pAhfesro@hem nmakoniky. @tgars,lgwfwylmne\% P. W
Bohm C WK gﬁ&iﬁﬁ*ﬁ% %GEV‘fJ%iééWse%@enZQeE@fiH@Hn J. Organonet. Chem

2000, 595, 18 For the purposes of the present invention,
the term carbene |igands enconpasses both free carbenes which 25 can

function as |ipgangagie GHRENES €8er didix Qﬁiﬁ_t@em@ineﬂdzaﬂlof[hha@satrﬁetﬁt
nmet al pal | adi umfrom which the a tlvaécatali%;ts are f ned unger t he

reaction condfershedc SHB0HERY nPrEGHEERS N ‘”feﬁ’eerpro sTPRVAPToUs ways.
a) As palimdi disear bppeicabpeexes | therch dimezal Ieediing i s:cm:ei@taéﬂ y

present in thgﬂ]o%dat an 8 tatem,{e%e) o&;aAO) Jt_)l)naigyt hgeforxrggoc\f | agi um
ca

precursors fr Fch o Che S35 ysts are Porned in Situ. the case of
a): derivatives of butadiene in which the Zhydrogen atoms

are replaced by other groups. Isoprene is of particular
industrial importance. Since isoprene 1is, unlike
35 butadiene, an unsymmetrical molecule, telomerization
results in the formation of further isomers (J. Beger,
Ch. Duschek, H. Reichel, J. Prakt. Chem. 1973, 315,

1077-89). The ratio of these isomers is influenced to a



O Z 5781 - 12 Exanples are palladi un(0)-carbene-ol efin conpl exes,

pal I adi un(0) - di car bene conpl exes and pal | adi un(11)di carbene conpl exes,

pal | adi um( 0) - car bene-1, 6-di ne conpl exes. Conpounds whi ch can function as
1,6-dime 5 agey fepgaxanple, diallylanng,-

1,1 -divinyl tetranet hyl di sil oxane, 2, 7-octadi enyl ether or

2, 7-oct adi enyl am nes. Further exanpl es are shown in the forrrul ae l-ato l-a

below 10 IV IV N 7-Pr ~\\ i-Pr ~~ ~ - Pr
'S\ ez CN-copgiglarablsy-exfant cb_\rba‘ﬂi&re tXEGf@ 1‘?P~@h13§ nﬁ%é H"‘

i -pPr ,» ~Si MZHoikd of JAlgandk., ~ i-Pr I-bl-ci-al \' I \' / 1\ N..~S ez

. N Npd o N ~~c-Pd-c c=Pa NH1 SiMz CNNR,,.~ N,,,~ ~\ R:

adamantyl i I-d I-a I-f OZ 5781 - 13 510 15 NNN NN N~ ~CPd Q

CN: EdCC SI~ ~ @wWRh\ to N bhdl Nsta®ed h importyesooe 1dfl cbelbmepgzgtivnw N ; N
P I 4 | T rbene

conpl exes~ of pprzﬁ(f Sumaélancl-b %aroz]iorleggsl Sg\\g/grl:\)lfggge\%iva e stlﬂr?p ggﬁ'%gte IS,

for exanpl e, aiie aduine ors of @m@*@n@e@ﬁgﬁﬁﬁsn@w Fﬁ‘éaKEEFaéﬁﬁﬁﬁF‘Soﬁorl gands

on pal I adi umcoy f@l or?af%éﬂsganﬁiﬁlcﬂ_hﬂévefQﬁeﬁﬁéﬁﬁhee thgneenpl exes
I-f to I-i1 are ta| e by _repl acerrent of ghorus Ilgagds of the

conpl ex bi s(tlrligaé‘-c’fsol Wrﬁ)%fb%pﬂ?né‘j’ﬁal 188 03 ? 9% A° HEPPmann,
J. O ganonet .kxfhem ZD00LvHE05, dB86tes&s) which are suitable for

10 industrial implementation and which give the
telomerization products in high yield, with high
catalyst productivity and in high purity.

This object is achieved by a process for the
15 telomerization of acyclic olefins having at least two
conjugated double bonds (I) or mixtures comprising such
olefins by means of nucleophiles (II) using a

palladium-carbene complex as catalyst.

20 In a preferred embodiment, the nucleophiles (II) used
are compounds of the formula (IIa) or (IIb),

R'-0-H (IIa), R'-N-H (IIb)

L

where R!, RY are selected independently from among
25 hydrogen, linear, branched or cyclic Ci;-Cxp~-alkyl
groups, alkenyl groups, alkynyl groups, the carboxyl
group and Cg-Cig-aryl groups, where these groups may

bear substituents selected from the group consisting of

-CN, -COOH, -C00-alkyl-(C1-Cg), -CO-alkyl-(C1-Cg),
30 -aryl-(Cs-Cio). -CO0-aryl- (Cs-Cio0) , -CO-aryl-(Cs-Ci0),
-0O-alkyl- (C:1-Cs}, -0-CO-alkyl- (C1-Cjg), -N-alkyl,- (C1-Cg),

-CHO, -SOs;H, -NH;, -F, -Cl, -OH, -CFs3, -NOz,

and the radicals R}, R' may be joined to one another

- 35 wvia covalent bonds.



N2 RR RRs N~ iNo-tol P-Pd-P(o-tol) ----~ ~CPdQ ()33-2(o-tol)aP
NRs Ral-f RZ=R3 - nesityl I-g R2 = R3 - c-hexyl I-h R = R3 - t-butyl
-i R - R3 = i-propyl O Z 5781 - 14 5 10 In the case of b): Palladium
precursors whi gh gamibe used are, for exanple: palladiun(ll) acetate,

pal l adiun(l1) chloride, palladiun(ll) bromde, |ithium

tetrachl oropal | adate, palladiun(ll) acetyl acetonat e,

pal | adi um( 0) di benzyl i deneacet one conpl exes, palladiunm(ll) propionate,

bi s(acetonitrile)palladiunm(ll) chloride,

bi s(tri phenyhphosphtaeypal lasbdin(ilsl ) pdeebkapide,a palladium complex

bi s(b trile)palladium(ll) chi
b1 S(t 11 - of ol RS e  BAMER oy A & (A & B Pad R o ard”)

pal I adi un(11) conpl exes. The carbgnes of the formulgg 111 and IV are used
in the 15 formof free carbgpes as netal co ex or are generated in
situ from carbene precursorR, Suytabl e carbenegdecyrsors are, for exanple,
salts of the carbenes which hdyve e formul ae nd \ﬂ, 202 R4 NyY RS N
RBV2RI RR N NR5 R3 VI er& RZ , R3, Ry, R6, R- are as de f
fined in the formulae 111 g&d I'"Nand Y is a si y '‘¢harged ani oni c group or
a fraction corresponding to the %ﬁoichionetry of g multiply charged

ani oni ¢ group. Exanples of Y an al i des, hydrogensul fate, sulfate,

al kyl sul fates, arylsul fates, borates, hydrogencarbonate, carbonate,

al kyl car bgxyl at es, aryl30 carboxylates The correspondi ng carbenes can be

| i berated " fromthe 5781 - sal]ts of the carbenes by, for exanple,
reaction wi t Whenmd®. aﬂ?e Peor?é”@nte?aﬁl}'onlréﬁelfeﬁéd%’%]ﬂ y_t, OPﬁdF‘ESFEBrfor mal | y
5in ppm (by a[mﬁzﬁﬂe&hf, pﬁkhﬁdhém IEISE'[ &iydlﬁi&eCthIEth?lka abr Cs5-Cis- aryl

group and the alkyl and aryl groups may, independently

of one another, bear the substituents -CN, -COOH,
10 CO00O-alkyl-(C;-Cg), -CO-alkyl-(C1-Csg), -aryl-(Cs-Cig),
~alkyl- (C1-Cas), -C00-aryl- (Cs-C10) . -CO-aryl- (Cs-Cio),
-0-alkyl-(C1-Cg), -0-CO-alkyl-(C:i-Csg), -N-alkyly-(Ci1-Cg),

-CHO, -SOsH, -NH,, -F, -Cl, -OH, -CF,;, -NO;, ferrocenyl,

15 and R* to R’ are each, independently of one another,

hydrogen, -CN, -COOH, -CO0-alkyl-{(C;-Cg),
-CO-alkyl-(C;~Cg), -COO-aryl-(Cg-Cip), -CO-aryl-(Ce-Cio),
-0-alkyl-(C1-Cg), -0-CO-alkyl-(Ci1-Cg), -N-alkylz-(Ci-Cs),

-CHO, -SO3H, -NH,, -F, -Cl, -OH, -CF;, -NO; or a linear,
20 Dbranched or cyclic Ci-Cys-alkyl or C¢-Cig-aryl group and
the alkyl and aryl groups may, independently of one
another, bear the substituents -CN, -COOH, -COO-alkyl-

(C1-Cg), -CO-alkyl-(C1-Csg), ~aryl- (Ce—Cig) ., -COO-aryl-
(C6—Ci0) , -CO-aryl-(Cs-Ci0), -0O-alkyl-(C1-Cg), -0-CO-
25 alkyl-(C1-Cs), -N-alkyl,;- (C1~Cg), -CHO, -SOs3H, -NH,, -F,

-cl, -OH, -CF;, -NO,, where the radicals R' and R® may

also be part of a bridging aliphatic or aromatic ring.

In the telomerization, it is in principle possible to
30 use all acyclic olefins having at least two conjugated
double bonds. For the purposes of the present

- invention, the wuse of 1,3-butadiene and isoprene



mass, is fromO0.01 ppmto 1 000 ppm preferably from0.5 to 100 ppm
particularly preferably from1 to 50 ppm The ratio [nol/nol] of carbene to
Pd is from0.01:1 to 10 250: 1, preferably from1:1 to 100:1, particularly
preferably fpom 154gho 50: 1. Apart framg he carbene |igands, further
l.i gands such as phosphorus |igands, e.g. triphenyl phosphine, may be present
in the reaction mxture. 15 Due to the catalyst activities and stabilities,
it is possible to use extrenely small anmounts of catalyst in the, process of
the inventi od2-Re&hy1lrlodrBUpPEaess) ntswhPEsiekEetat af ystisi sPPBELREE it is
therefore al 39 2GR0 itde FRird VIS nd Nei aisdy Sin . wiBDER Vaesants
have been descgribed in the patent literature (WO 90/13531, US 5254782, US
4642392). |t 9LENEF AR aBF&FERGeous to carry out the 25 tel onerization
reaction in the presence of bases. Preference is given to using basic
conmponents havin K . | es: T, N _pardi ar sel ected
fromthe %r 02‘5 cgrig‘zi‘gﬁl%r?glo ea%oklgé%‘fl% al inpl%é{daﬁc sal trgpé;ﬁ%f%%l i%g earth
metal salts. g3@eBExanpl essiolg smikgireshast ¢ loohpvH@adieng ewarnegtBeEh as
trialkylam n%ﬁ_ﬁg{ﬁbcgﬁ%oﬁs ablh&YSET Ok aRd RRSRGRAI NsyaRl desxralkal |

nmetal or/and al Ine earth metal salts of aliphatic or/and aromatic
carboxyl i c a@it@s,oBeangd, adérat 88amMptpi diat 852 BFLIPEnAFAESSSs for

apg/r opr i ?L eI %reboia%ﬁﬁctmblﬂr ogeﬂ @@rﬁ]&@@m e daﬂh&@ﬂ g@éf%ﬁeﬂ/kabi/asﬁgt al's

and/ or al kaline earth netal s,. phos es, drogenphosphat es ar

hydr oxi d&S, ﬁﬁa@ﬂ”é?’ﬁ‘bl yIa® ©id.z L 8?1-1%@31%40@3 Oig‘GWurﬁasadt Z]ggIr‘um

cal ci um magnesitifalcesisumiann woand g sypdadi asn feapotndss . Prkeéer r ed
addi tives are, hydroxi.des. of, .t he kali . netal d .a| i al s and
metal salts g:f‘ t%%gcﬁﬁgflesop%]ﬁ%l%ﬁaét%% ggl?%?ﬁéfl%@l Il.q'l %é%%sﬁggégﬁgg%%ent i's
general | y usewniprime .andependingr om Otlod sskekipngleraseb{basedishlehe

ol efin), prefgfaos froe 0.1 Mg, tosded®! 0 angpyesy 101parbiesbachy
preferablg from0.2 nolo to 1 nold. In th?5 grocess g{) t he |nv%nt| on, the
/ rE §2186

ratio [ mbP/ mARCEtEaF WSed Whd Fifcl &8phfFecFsOfr o di oT1EH: 12
preferably frephkik0 dteakd chadiait iand @&d-y oy efferighlbulkadiresrs.1: 10 to 2: 1.
The process of the invention can be carried out continuously or batchw se
and is not restricted to the use of particular types of reactor. Exanples
of 20 react orthd nCyhictimpidreerrteachi-bntear, bel clawtare, out-artenst,i r ced-t ank

reactors, Caszg—?)qﬁzsenoé st it&%%@—baﬁlﬁﬁieng O"\éztl&beisjb—laﬂé{g:%r‘f)@p LWPAGHO Sare

Conbi nati ons varidus réactors are al so poss] or exanple a stirred
tank readfor ltidustilms premseatdovhstheam fimmetimes ds InPt hénpgerséess of the

invention, carbaneildgands @fenusek i AcdeL OPRT izati gl Eeaehbensat9bnt he
first time. Surprisingly,” the catalysts used according to the invention are
superior to tHEXnown pal | adi um phosphi ne 30 catal ysts both in respect of

selectivity and in respect of productivity. In the process of the

invention, it_is possible, for exanple,.fo achie rn al or the
catal ysts (cattl y‘g n’fﬁao%l‘h’cti\g/)}‘?ril%%)”pl?%v%%% o% I@?Y%Fggoogéggléndwﬁ%ﬁ%
wi t hout PB6obl €2 ibuttdvl ered oneralzbenen 35ebf. but aghdne bykwpaAas of in

al cohol s. The,J.old A0 PIAPPLES I dA! I ake 488 LBVABLEPRLUELNEHL che
restricting the scope of the patent application. OZ 5781 - 17 5 10 15
20 25 30 35 E;@]fﬁﬂ%rsization reaction. It 1is therefore advantageous
for the Cs-alkynes and, if appropriate, the
1,2-butadiene to be removed beforehand (DE 195 23 335).
30 This can, 1if possible, be carried out by means of
physical processes such as distillation or extraction.
A possible chemical route is selective hydrogenation to
convert the alkynes into alkenes or alkanes and the
cumulated dienes into monoenes. Processes for such
35 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.



General procedure for the telonerization of butadiene by neans of nethanol:
In a 100 Ml Schl enk tube, an appropriate anount of catalyst (fromO0.01 to
0.0001 nmolo) is dissolved in 56 g (1.75 nol) of nmethanol under protective
gas. The sol yf izongizgiadm xed with 5 molgof triethylam ne or sodium
hydr oxi de. The reaction solution is subsequently drawn into the evacuated
autocl ave, the autoclave is cooled to T < -10C and butadi ene is condensed
in (anpbunt determ ned by neans of the decrease in mass_ of the butadi ene
stock bottle@s TEa ihfe i s PRELEEETCE t RE r 84¢EPon *PenB&r-8Bur 8*¥and
after the reaghigdurds Caﬂiletdltmdmmttle@pefatmha Unx eacErdmbplibadi efie i s
condensed in a._cold tr ool b s of dry ice. The conversion is
det ermi ned f GRS ?roetg’seeqe "ﬁés‘—’\sm%] e reaction solution. To isolate
t he pr oduct 4t heasekyution is distilled under reduced pressure. GC anal ysis:
The 5 m i sooct an t ti ( m  of
(GC stand rd) hee°g ﬁ’lg&e %[nhdeoﬁg}?%rhéf%m%sg cg] @géy%ﬁ;dl g)ﬁh%a)c/)? nmet hyl
ether: GC (col unmpEBPEABD, m isemyopnenedr.amalyl nalcelaobgochurapol . 250C,
tR(vinyl cycl Oheg%es)ml 1%—%t’ﬂg}helclan%lm % Stbrlendl T Benk R Lhicok81ni 4.5
mn. 753/ mn, at const.. flow,.a tR%gtairlene)
7z, tR(i sooct aneFYCiPhRRAROLCDEYILoREBtRARL) §-Bethoxyetharat
8 Hz, 2H, 5- H) orlz,9-bBtadkten-100Z, 5781 - 18 4-Hand 6-H , 3 .2 (s, 3H

OCH3) , 3.7 7 - H)...:5,35- 5. 45
(m 1H, #9H) - dsaic?h(’ﬂrﬁ ﬁ%%aﬁ%‘“@‘ﬁ? %§KF?? cnr_i}cf rfgﬁ‘%ﬁz"?ls 8 -
28.6 (C-5), 32.Q,0Cp4ppadddsolC 6), 1547—1911(m®q1,73 51, @-butanedigl|c 8),
126.9 (G 2), C ien-1-yl butyl ether: 10 GC
(col umm HP 5/ 3o%m§ %&%Led&%% Sl }sé b%?iz‘%g%&%gt 8C min-1 to 280C, inj.
250C, const. I mlyl@)ls tSRCé'lvFiﬁyBéy@lee‘ﬁéxeﬁé)—lwsfz FRLOBR( oct atri ene) -
11.6 mn and 11y %dgb& Egﬁébu%ﬁslsﬁbﬂ a%RﬁdhgﬁM6&&ate¥che@t@rs7 531911
W8~ 6 4 2 ~ 10 12 fé Nat (CDCLl3, 400 NMHz) Q} 7.3 Hz,
3H, 12-HL5 1.25cegdeiylicyacidsy | SUﬂ'q aflai%etlcla%d(qprﬁ’%‘n Caﬁ&lé'— 7 Hz,
2H, 5-H) , 1 42 ph@dindtic J acidl HisoBHrahO4id), &ki¥,(m bdhkzodeH @aad 20 6- H)

. 3.26 (t, 7.
4.76- 4. 5(9 (m 2H(i é E)‘zenz§n§6h§l‘j‘)z¥§’°(%thad}qL) g Ezéé‘zfnﬁdjl%bo??ﬁljc i
3-H). 3C Ni~~ (GBGE3, 10QA-Menyze2ed cart®xy1(iC 12cidlo. 1,RCArDEnZER D5
G-5), 314 (C1Q) 9 (G6), 69.1 (C-9), 71.3 (C-1), 114.3
Ec- sg 126. 7((c- %)lca%é’g‘é&%é ?5‘:1%%38 ( (c? 7). NS gﬂe %~) : 18(2 [|v|)+] (1.4)
139 (4.3)20 126amenda,( 108 30 (24) , 101 (3.9) , 97 (11) , 93 (27) , 82
(35) , 67 (72) pfiﬁary amines such as methylamine, ethylamine,

propylamine, butylamine, octylamine, 2,7-octadienyl-
amine, dodecyclamine [sic)], aniline, ethylenediamine
or hexamethylenediamine,

25 - secondary amines such as dimethylamine, diethylamine,
N-methylaniline, bis(2,7-octadienyl)amine, dicyclo-
hexylamine, methylcyclohexylamine, pyrrolidine,
piperidine, morpholine, piperazine or hexamethylen-
imine.

30

Telogens which can themselves be obtained via a
telomerization reaction can be introduced directly or
else formed in situ. Thus, for example, 2,7-octadien-1-
ol can be formed in situ from water and butadiene in

35 the presence of the telomerization catalyst, 2,7-octa-

dienylamine can be obtained from ammonia and

1,3-butadiene, etc.



( 100 ) ; HRWs : calculated for C 2HaaO: 182 . 16707

Experi ment al
carri ed out

, found: 182.16460

Exanples 1-17: _ 35 O Z 5781 - 19 The telonerization was

by a nethod anal ogous to the general procedure for the

tel oneri zati gnyof shytadi ene usi ng nmet hangl —as al cohol . WWen usi ng ot
al cohol s, the mass of al cohol was 5 maintai ned and the anounts of
butadlene catalyst, etc., were nodified as shown in the table. As

pal | adi um co
hydr oxi de, a
i-Pr ~ ~ ~ ~

mpounds, the conplexes A-E were added. The base used S
Rartheuleasyi o efREr Qls FHL QSR cALE 182R6Er . m%hﬁlg\f

NEQnB@u, nobutbneﬂ,, L Mpz “éﬂcohbl ~ RmhethoSydezanol ,

z ~ CPd. O nt OPdW ~Si Mez. N Z |-

C\ ~~ 1/ | Phenol%v Net%N ePd c--ﬁf%ﬁ@ RO cﬁl/fycérgi
i p E ]If Glacplse,18 -suS)ﬁtbtshaESl S am‘etime padiatli umborgphekc E. 481

sol uti on 1 , t [im Ilq%.¥

I s added ? 3 ? g%gﬁgpgﬁgog %%i& blsq?%f- to(h?qﬁosp ?ﬂ%?%g}?g%?%

20 m  of tola@dedléhéyﬂ@aumﬁon m xture is stirred at OZ 5781 - 2

tenperature for one subsequently renoved under the residue with hexane (3
reduced pressure gives the 5 wi thout further ggrlflcatlon regctlonf
e

65 0, 13C NI &8 ( nYHO HBAr L&n FMF Bot¥ efirdPs OfedtedBr eSbife
X 10 ) _anG dunﬂﬁr tERNP &xc i o) Chroes degedtioat i Dt hies t 2l gued
1 und he 2eactlon conditions. However, other solvents

15

20

25

30

35

can also be used. The solvents used should be largely
inert. The addition of solvents is preferred when using
nucleophiles which are solid wunder the reaction
conditions or in the case of products which would be
obtained as solids under the reaction conditions.
Suitable solvents include aliphatic, cycloaliphatic and
aromatic hydrocarbons such as C3-Cyo-alkanes, mixtures
of lower alkanes (C3-Cpzp), cyclohexane, cyclooctane,
ethylcyclohexane, alkenes and polyenes,
vinylcyclohexene, 1,3,7-octatriene, the Cy-hydrocarbons
from C4 fractions from crackers, benzene, toluene and
xylene; polar solvents such as tertiary and secondary
alcohols, amides such as acetamide, dimethylacetamide
and dimethylformamide, nitriles such as acetonitrile
and Dbenzonitrile, ketones 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, tetrahydrofuran, anisole,
alkyl and aryl ethers of ethylene glycol, diethylene
glycol and polyethylene glycol and other polar solvents
such as sulfolane, dimethyl sulfoxide, ethylene
carbonate, propylene carbonate and water. Ionic
liquids, for example imidazolium or pyridinium salts,
can also be used as solvents.

The solvents are used either alone or as mixtures of

various solvents.

her

sodi um

Si Me2 \

-Si ve \
/ 1 g
, T

ol uene

mO0) in

0 room
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Exanpl es 19-20 10 The catalyst is generated in situ froma palladium
precursor and the carbene precursor F [Pd(QAc)2 palladiun(ll) acetate,
Pd2(dba)3 - di (di benzylideneacetone)palladium(0)]. The conpound F can be
obt ai ned by kngwn samtihods (for exanple Y® Q001739) and is also 15
commercially avallable (Strem). The telonerization was carried out using
the general procedure for the telonerization of butadi ene by neans of

met hanol. The base used was sodi um hydroxi de, and.the, reacti
each case 16 Tsurtempayatyre\ gt wm}@g the telomerization reaggléhn? was in

A ~MOOOOA 0 O REOORXOA Qm@ovwmtfame@@nom DMOOO
OO0 0Q0101I Ot f1' -1 M L 1L~O, L~ G]Eﬁmld |0ﬂ 1),0d~/ ~I ~t|11N0 NOONN |01Nc:001
OVDONOD | 1 NdF0sEauaNG-NEF PRo0t 4 1 % 13£0°¢ / v Pagtdqu ]]N N rl
rlrlr-1~M ~Odrdar N3 08000 7 CEhAd riea@@daiiNrpreddrd ~ NNLéNNNNUM to
all1MOONr LN %kNNtllN ~~

o~ 01 ~0008001° 4% dFFrooPLE D‘%ﬁﬁ%& ErEmo1b10"1‘61(]Jfé’l8%1018?6%658%8{8%101010
1dP Ul preferably from 1 to 64 bar and very particularly

i -10000t! 7( ~M ~s= r ~Hﬂ!6}ﬁ (Qa£]C]OI ~01f ~I ~CO000001L~L~L~I 0011 D
~00d~ulrl 101 101t!1701010101L~0~-0101010101010 010101N
O~N rl ~~rl~-1rl"-2rlrl~rlrir-~lrlv-lr-1~-1lrlr-1rltd OP4

1~~M-MV- MWV~ CQ0RO0CR AW B8 8P the process of the invention is
10 that the telomerization reaction is carried out using
catalysts based on palladium complexes comprising

carbene ligands.

Examples of carbene ligands of the formula III or IV

15 and complexes in which such ligands are present have
been described in the technical literature
(W.A. Herrmann, C. Kécher, Angew. Chem. 1997, 109,
2257; Angew. Chem. Int. Ed. Engl. 1997, 36, 2162;
V.P.W. Béhm, C.W.K. Gstottmayr, T. Weskamp, W.A.

20 Herrmann, J. Organomet. Chem. 2000, 595, 186;
DE 44 47 066).

For the purposes of the present invention, the term
carbene 1ligands encompasses both free carbenes which
25 can function as ligand and carbenes coordinated to

palladium.

The catalyst metal palladium from which the active
catalysts are formed under the reaction conditions can
30 be introduced into the process in various ways.
a) As palladium-carbene complexes in which the
palladium is preferably present in the oxidation
state (II) or (0).
b) In the form of palladium precursors from which the

35 catalysts are formed in situ.

In the case of a):
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z ON OZ 5781 - 22 Exanples 21-22 In a 100 mM Schlenk tube, 70.6 g
(0.75 nol) of phenol and the appropriate amount of the catalyst A (nolo of
Pd based on npt butadieng)] are dissolved in 7q m of 5 tetrahyd;ofuran

under protecti ve As , SOdI um phenoxi de ils added | g-based on

t he anount of used e t| on sol ut| i aQﬂb'sequen awn into
t he evacuat ed aut cI ave, the au ocI ve is coo ed t -10C anb~but adi ene
i s condensed i 8§ (armunt d by neand I eajEt;PéaseC\l nij rass of

t he but adi ene QC,EZEEN : | my¥ar—dat+6\ ph to bnggLere was
2:1. The autogl a IS heate to 90 and after hog}—iS co tq room

t enper at ur e. Unre ed butatiene i ndense?z\ old trap cool ed by
means of dry ijc con N i s determ ned fromthe i ncrease in mass of

the reaction 4o the pr oduct, solution is distlilled
under reduced oreqqurp ')n No—B: .h" at+tsotetromer i1 a.1s0 [|%4 :
[ %4 OT+VCH | %4 TON21NaOPHb. 005568 111 311 20022NaCPhQ_0016.495: 5344 400
2, 7- Cct adi en- I=yT—phenyl et her: }1H NMR (|ICDC13, 40D MHz) 8 - 1.8 (gdin, J -
7.5, 5-H), 2.3-2.4.(m 4H, A-H ap&o25 6|H) opde (d, d, J = 5. 5 J 31, 2H,
1-H), 5.2-5.35 (m H,?‘S-FﬁS,)Gﬁ(m 3H, 7H 2- 3-@ f“B-?.Zl(m
oo AT eI HpmeD| oo, ]
K 7 N OAc f
\
BF,- I‘I BF,-
X Ik ¥

The carbene complexes of palladium can be prepared in
various ways. A simple route 1is, for example, the
5 addition of carbene ligands or the replacement of
ligands on palladium complexes by carbene ligands.
Thus, for example, the complexes I-f to I-i are

obtainable by replacement of the phosphorus ligands of

the complex bis(tri-o-tolylphosphine)palladium(0)
10 (T. Weskamp, W.A. Herrmann, J. Organomet. Chem. 2000,
595, 186).
R
/
N\ .
*2 | € R? R
N / \
(o-tol),P—Pd—P(o-tol) — R~ || jo==Pdi——C ]
8 3 -2 (otol)P N N
\, 3
R R

I-f R’ = R’ = mesityl

I-g R® = R® = c-hexyl

15 I-h R? = R’ = t-butyl

3 I-i R? = R® = i-propyl



13C NNat (CDC13, 100 MHz) 8 - 28.0 (C-5), 31.6 (C4), 33.0 (C6), 68.4
(C-1), 30 114.53 (C-8), 120.5 (C11), 125.1 (G2), 129.1 (C-12), 129.2
(C10), 134.8 (CG3), 138.3 (C7), 158.5 (CG9) Msnle (0): [M] 202 (2.5),
108 (9.9), 94 (#10G);8179 (11), 67 (55),.- 54 (11), 55 (24), 43 (40), HRVs: -
cal cul ated for Cl4H1gGO 202.13577, found: 202.13485 O Z 5781 5 10 - 23
12 75 31 11 g 4 2 10 Exanple 23 The telonerization was carried out by a
nmet hod anal ogous to the general procedure for the tel onerization of

but adi ene by means of nethanol. The conplex A was added as pal | adi um
conpound. Therrbage ussk WS m)odi um i sopropoxi de, 1 nolo. The reaction time

was 16 hours at 90 and t f - | to b di

2:1. No.Cata-* ];ﬂsa[dgdmt nrmﬁ’%%‘ﬁ%%r?el }%-éo O%C:’?nf);o e[ac%ouse %‘t’ré crror e
E%|T0\|23ﬁo g/QﬁaaZnS B8P BPHl &A%t 0L 2, Fe €ca i epallyalumcbpmpyhlemée GC

col um 5C,

250C, const. fﬁ%ﬁ@%ﬁﬁy@il\ﬂ n;c/}?l[&g}f %exe%gfﬂlﬂTzatr#%%gcg?gr% ?Llléﬁgg? In]

m nand 11.7 malladi@)(II)19. 2 ni gcatRlBcetmaia’e, t R(di gl pﬁré)ladlw @>m n 201H

NNR (CDC13, ‘ﬁ%%éﬂ?@fidéﬂeégéééhéﬁ S, GEEmﬁQekksll H) 1péliaGQHhﬂ&l J =7
2H, 10 (m 4H

-H and 6- (sept, = Q 9- FD
3 82 (dd J prepiongte,) =Pig acfli?ofllﬁ)rl aéio IEM SCH)%-O% 86-5. 45
(2 T %H( C? agfséclsl r{y gr&ﬂ:pk&rté iy 4Bad-%uzmgﬁ)Nl6 ~ (CDC13ichQ6riMe) S -
(C-1), ﬁ 8% erisz‘%é%]cf%))pa%‘g%”??:‘%’) ég’“?} %g 359%%)%1‘“‘%"
E g/l; 122 E gG}ﬂQlylﬁmmHﬁz@)palWﬂﬁ)( ®) acj@d( 13)1rt93r( 25v)allazh@eﬂp
, | HHoO C 78.51, H 11. 98,
f ound: a%‘#%alppgﬁﬁﬁ&( %f&%r% 1189 -8 gg4210 Oz

5781 - 25 Clalms 1. A process for the telonerization of acyclic olefins
having at | eaple t WOri6oME4108E eehd0EB Rulae IITI and IV are used in the

15 form of free carbenes or as metal complexes or are

generated in situ from carbene precursors.

Suitable carbene precursors are, for example, salts of
the carbenes which have the formulae V and VI,

20
2 R2
R4 h{? R4 '\{4-
6
0.
Y RZ Y
Rs N { N
\R3 R \ 3
Vv Vi

where R?, R}, R%* R® R® R’ are as defined in the
formulae III and IV and Y is a singly charged anionic
group or a fraction corresponding to the stoichiometry

25 of a multiply charged anionic group.

Examples of Y are halides, hydrogensulfate, sulfate,
alkylsulfates, arylsulfates, borates, hydrogen-
carbonate, carbonate, alkylcarboxylates, aryl-

30 carboxylates.

The corresponding carbenes can be liberated from the



5 bonds (1) or mixtures conprising such ol efins by means of nucl eophil es
(rry using a pal | adi untar bene conpl ex as catal yst. 2. The process as
claimed in claim1l1, wherein the 10 nucl eophiles used are ones sel ected from
- the group copsi;stitng,of water, alcoholsjsphenols, polyols, carboxylic
acids, amonra and prinary and secondary am nes. 15 3. The process as
clalned inclaiml or 2, wherein the nucleophiles (I1l) used are conpounds
of the formula (1la) or (Ilb), RI-OH(lLla) R [~ H (I R 20 where R,
Rl~ are sel e6B3#si sdepeitieFRTRCI® D P AMAGThPHEDHeR, |5 OThr'Enched or
cyclic Cl-C22»akkyl groups, al kenyl groups, al kynyl groups, the carboxyl
group and C5-Cla-aryl groups, where these groups nay bear substituents
selected fromthe 25 group consisting of -CN, -COOH, -C00-alkyl-(Cl1-C8),

- CO al kyl - (@he(ﬂ@oncemﬂfnyétlcﬁrCSofllo:)he c081gsyl ( iE8liCaged |, fomatyl - (
C6-Cio ) - O-al kyl - Cl- ca ) y 1 y Cl- CB)
® G Boai may (hy magd) ) ofy pR KT el 1o roa{gl;t?ll%(s\l:%%ai ,
may be jOlnedea ones afigbher0 Vil pomaltent 1bBABsPrE, Tvefarsddss EEOEIalned
inclaiml or pa en usggoﬁonprlggs 35
car bene Ilgand§ opgt prokgﬁl Fgéq?HgFQ?F Br“é@g19131%¥81 - 26 MR 4R
R6 NBC R~ 5 NOsPR®-R Rs IIl |V where Rz and RS are each, independently of

one 5 angt hﬁ@hflkﬂa}ﬂeﬁ&am@mﬁ@hpdo@rcayséh@d%- ©z4-ial kﬁ’ﬁofrerC&CIL&aryl )
group and the al kyl an oups ndependently of _o r ear
t he subs%Ptu@ﬁts 'CNPIQ§§§% ﬁkx)é% § 9§§;glk ParFtﬁggg%f§ -aryl -

(C6-Ca) , -adeflerdi@l CZapm, 1AL - 660 530y1- APBrEl ofrom- @bear garbe@s- Cl o) ,

:RIH;;' k}/::( . ?)gaaﬁls' %gu%%)z ij%arrocenyICN aégyl 5&)%1%) é%e%%h >oSH
i ndependent | ye .af. dneiiretH@hodgitimyemay e PXEEFRt - EDOLAEKYPAFELIORS) |

- CO al kyl - (§%£§§? C00-aryl- (C6-C o) , -CQaryl- (C6-Clo) , -0-alkyl-
(C1-¢c8) , -0- ﬁ<yl(Cl CB) , -Nalkylz- (C1-C8) , -CHO -SO03H, -NHz, -F,
20 -C1, 1BH, -CF3, - or a linear, branched or cyclic Cl-Cz4-al kyl or

C6- C18-aryl Qﬁﬂypt@n@hbm%éﬂémys&w@caivitgé@ua&dmamaﬂﬂkkﬂmmﬂenitylef one
anot her, bear the substituents - aIkyI-

1.
(C1-C8) , -aSAssikee cff%)use2§Xt668‘e&P’ |sma(1€:6 ac‘i‘o‘ﬁr}/ts ‘Egcgg%lyf&s ,
-0- 2l kyl (CL- Ggje , proes ablty Ichq CILRGS).E jon N- AbRYEz £ 1001 - a@procewm SOBH
-Nz, -F ;& cnE Ra el Vﬂerfeﬁégdragthlss ﬁéela@@bfé geyoakso be

part of é brﬂ@blng aFlphatlc or aromatic ring . The process_as cl ained
in any oR0c| adpsicn twoy, to Wﬁ@N@ﬂﬁtqh?eﬁﬂﬁﬂlfﬁ%{e??ﬁhu§é61P§t§ BaF6t adi ene

O.Z. 5781 - 270" gbsepisRa fh Iﬂe Rpacess astelatard i(moany/aBschai ns 1
to 5, wherein 1,3-butadiene is used in adm xture with 5 other

C4- hydr ocar bd#s > E8hy HDciHHd?) 7. The process as claimed in any of
claimse 1 to 6, wherein the nucleophile (Il) or an inert organic solvent or

a mxture thereof is used_as sol ent 1 The _pro as i medyign any
of clains 1 tb*7, hﬁere?ﬁt?ﬂe ré X?ng ggugarrggd o%§§§¥ te%%grat%res of

from 10 6 18661@mdr3z@tessuree@Ctionn11ntotB@0 pzesence of bases.

Preference is given to using basic components having a
pKp, of less than 7, in particular compounds selected
from the group consisting of amines, alkali metal salts
and alkaline earth metal salts.

30
Examples of suitable basic components are amines such
as trialkylamines which may be alicyclic or/and open-
chain, amides, alkali metal or/and alkaline earth metal
salts of aliphatic or/and aromatic carboxylic acids,

35 e.g. acetates, propionates or benzoates, or appropriate
carbonates, hydrogen carbonates, alkoxides of alkali
metals and/or alkaline earth metals, phosphates,

hydrogenphosphates or/and hydroxides, preferably of



15 9. The process as clainmed in any of clains 1 to 8 wherein the ratio of
carbene ligand to Pd [nol/nmol] is from0.01:1 to 250:1. 20 10. The process
as claimed in any of clains 1 to 9, wherein the palladi umcarbene conpl exes
" are used as is0@ atseggiconpl exes. 11. Theiprocess as clainmed in any of clains
1 to 10, 25 wherein the palladiumcarbene conplexes are generated in situ
during the telonerization reaction. 12. The process as clained in any of
claims 1 to 11, 30 wherein catal ytic, anounts of a basi c conponent having a

pkb of < 7 arld thddwH tSPFHEr RREFTHUNSG, CFheI Y ocBRINES I M| FEGT IR any of
claims 1 to kmoMieineidhd %m@nmﬂp@a@%umgd PBefleepapouddiB5veel ect ed

fromthe grou tln es al i tal s kall earth
netal salts (?re"eaq'ﬁf‘i‘f %e?gn};ﬂe aéii‘li rEealSZSar?ci gl%glﬁ?o%éggﬁas
clained in ameteflscl aumis nett@ 113 saltter eiof th@ebaglucleO@b@ﬁ@nt ofs tbed in an
anmount of5fr%rqrrula0]1 old to 10 nol o, based on the ol efin conmpound. 5 15.
The proceSs as clained in any of clains 1 to 14, wherein the palladium
concentration in the reaction mxture is from0.01 to 1 000 ppm
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In a 100 ml Schlenk tube, an appropriate amount of
catalyst (from 0.01 to 0.0001 mol%) is dissolved in
56 g (1.75 mol) of methanol under protective gas. The
solution is admixed with 5 mmol of triethylamine or
10 sodium hydroxide. The reaction solution is subsequently
drawn into the evacuated autoclave, the autoclave is
cooled to T < -10°C and butadiene is condensed in
(amount determined by means of the decrease in mass of
the butadiene stock bottle). The autoclave is heated to
15 the reaction temperature, and after the reaction is
cooled to room temperature. Unreacted butadiene 1is
condensed in a cold trap cooled by means of dry ice.
The conversion is determined from the increase in mass
of the reaction solution. To isolate the product, the

20 solution is distilled under reduced pressure.

GC analysis: The reaction solution was admixed with
5 ml of isococtane (a) or 5 ml of diethylene glycol
dimethyl ether (b) (GC standard).

25
2,7-0Octadien-1-y1l methyl ether:
GC (column HP 5/30 m, temp. program: 35°C, 10 min, at
goc mint' to 280°C, inj.: 250°C, const. flow, a).
tr (vinylcyclohexene) = 12.3 min, tr(octatriene) =
30 11.6 min and 11.7 min, tg(1) = 19 min, tg(isooctane) =
4.5 min.

7 5 3 1
4¢b\v/ﬁ\\//§§//~\OMe
8 6 4 2

1

¥ NMR (CDCl;, 400 MHz)
- 35 & = 1.39 (quint, 3Js, 4 anas = 8 Hz, 2H, 5-H), 1.9 (m, 4H,
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2,7-0Octadien-1-yl1 butyl ether:
10 G6C (column HP 5/30 m, temp. program: 35°C, 10 min, at
g8°Cc min' to 280°C, inj.: 250°C, const. flow, b). tg
(vinylcyclohexene) = 12 min, tg(octatriene) = 11.6 min

and 11.7 min, tr(2) 24.1 min, tg{diglyme) = 17.1 min.

7 5 g\ 1T 9 N
8 7S 9 0
15 2
1 H NMR (CDCl;, 400 MHz):
& = 0.75 (¢, J = 7.3 Hz, 3H, 12-H), 1.25 (sext, J =
7.1 Hz, 2H, 11-H), 1.39 (g, 3Js, 4 ana 6 = 7 Hz, 2H, 5-H),
1.42 (quint, J = 7.1 Hz, 2H, 10-H), 1.9 (m, 4H, 4-H and
20 6-H), 3.26 (t, J = 6.7 Hz, 2H, 9-H), 3.7 (dd, J = 6 Hz,
J = 1 Hz, 2H, 1-H), 4.76-4.9 (m, 2H, 8-H), 5.36-5.45

(m, 1H, 7-H), 5.5-5.7 (m, 2H, 2-H and 3-H).

Be NMR (CDC1l;, 100 MHz):

25 & = 13.6 (C-12), 19.1 (C-11), 28.05 (C-5), 31.4 (C-10),
31.6 (C-4), 32.9 (C-6), 69.1 (C-9), 71.3 (Cc-1), 114.3
(c-8), 126.7 (C-2), 133.5 (C-3), 138.2 (C-7).

MS m/e (%): 182 [M'] (1.4), 139 (4.3), 126 (10.6), 108

30 (24), 101 (3.9), 97 (11), 93 (27), 82 (35), 67 (72), 57
(100); HRMS: calculated for CipH;0: 182.16707, £found:
182.16460

Experimental Examples 1-17:
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etc., were modified as in the table. As pallad 1um
compounds, the complexes A-E were added. The base used
was sodium hydroxide, and the reaction time was in each

case 16 hours.
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Example 18 - Synthesis of the palladium complex E.

10

15 A solution of 915 mg of 1,3-dimesitylimidazolin-
2-ylidene in 20 ml of toluene is added to a suspension
of 1 g of bis(tri-o-tolylphosphine)palladium(0) in

20 ml of toluene. The reaction mixture is stirred at
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10 The catalyst is generated in situ from a palladium
precursor and the carbene precursor F [PA(OAc), =
palladium(II) acetate, Pd;(dba); = di(dibenzylidene-
acetone)palladium(0)]. The compound F can be obtained
by known methods (for example WO 0001739) and is also

15 commercially available (Strem). The telomerization was
carried out using the general procedure for the
telomerization of butadiene by means of methanol. The
base used was sodium hydroxide, and the reaction time
was in each case 16 hours.
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