10 Cctober 2006 Q Z. 06183 1 Process for the telonerizationqgfo&ekel 2606
ol efins Théﬁogsf%nt invention relates to a process for the telonerization
of acyclic™or s having at -least two conjugated double bonds (I) with
nucl eophiles (I1) using a netal -carbene conplex as 5 catalyst. For the
pur poses of the present invention, telonedization is the reaction of

ol efins having conjugated doubl e bonds (conjugated dienes) in the presence
of a nucl eophile (telogen). The nmain products obtained are conpounds nade
up of two Bpeessdbetitestelvindrimatid efiecvulid obufims | 0 equi val ent of the

nucl eophil e. The products of the telonerization reaction are of industrial
i nportance as versatile precursors for solvents, plasticizers, fine

chem cal s ey T ' . t.adi eno .

oct adi enyl ether sgglﬁ%ggf@%g?%%ﬁog t%érégs %@@?Eﬂ gn%ér%?%qgtcjatcg%}ceﬁg}i%}é”mg at
pot enti al ledsh twotenjngateai@slé bompis¢hesistesudlesphilee(Brusiig COERESABAR ddthplex as
al kenes, The.telonerization of dienes with nucleophiles is an industrially
interesti ﬁ:&t ‘hod of adding value to inexpensive, industrially available
dienes. OMng to their ready availability, the use of butadiene, isoprene
or cracker fractions obtained fromthese dienes is of particular interest.
20 HoweverForttbe tpeposeestiiie piestnt inhention) ai@nérAtion s de Batas 8nQldamshal
enpl oyed in J1%racéi ce anlﬁ ?q% Kuraray in the fine chem cals sector for the
synt hesi s GPugaisd [dgRble borfe (Goatneaied difncehin e vessnoe ofea wheleophils dteddgen). The
tel omeri zati; j Hﬁ]ﬁﬁt' ey Gat al-yst activities,

cat al yst 3%“33’5?‘?‘%?5??2%&‘5%5 égﬁ@gtl Vi tllf/lgépe?gélogrrtx‘;”% V\Aé c{%ﬁyati%qt%ﬁéﬁezg{ef‘%ﬁnd one
cat al y$t s.eqiitvalent ¢fithe kmclegophileel oneri zati on processes result in high

catal yst costs and/or by-products which prevent 25 industrial

i npl ement ati on. Conpounds whi ch have been found to be effective catal ysts
for telo I i J i : - iun( 0 d

pal 1 adi um (i el Hinghh feact N T s REROBRL L s pregpess

edi t or R fogeplvEntsRelatttizéraplfins hclegniCospaudy int&rediates for active compounds. The

.Doordrecht/Bqgst on/ Lancaster, 1984, Vol. 5, 3). In addition, conpounds of
ot her traRSPicBat ‘}*F@?iéﬁﬂé'f sthers 8% askiany] crtersppiktainablp, fragni briadieR at®. potential

o o e g A 1 11990

The telomerization of dienes with nucleophiles is an industrially interesting method of adding

value to inexpensive, industrially available diencs. Owing to their ready availability, the use of
butadiene, isoprene or cracker fractions obtained from these dienes is of particular interest.
20 However, to the present time, the telomerization of butadiene is being employed in practice
only by Kuraray in the fine chemicals sector for the synthesis of 1-octanol. The reasons which
prevent the wider use of telomerization processes include unsatisfactory catalyst activities,
catalyst productivities and selectivity problems with telomerization catalysts. Thus, the known
telomerization processes result in high catalyst costs and/or by-products which prevent

25 industrial implementation.

Compounds which have been found to be effective catalysts for telomerization are, inter alia,
halogen-free palladium{0) and palladium (II) compounds (A. Behr, in “Aspects of
Homogeneous  Catalysis”; editor R. Ugo, D. Reidel Publishing Company,
30 Doordrecht/Boston/Lancaster, 1984, Vol. 5, 3). In addition, compounds of other transition
metals such as cobalt (R. Baker, A. Onions, R. J. Popplestone, T.N. Smith, J. Chem. Soc.,
Perkin Trans. IT 1975, 1133-1138), thodium, nickel (R. Baker, D.E. Halliday, T.N. Smith, J.




10 Cctober 2006 OZ. 06183 2 Organonet. Chem 1972, 35, C61- %Q)ct%be?%b@é
Chem Rev #9%‘}!8 73, 487-530; R Baker, A . H Cook, T.N Smth,

Soc., Perki” r?s 111974, 1517-1524. ) and pl ati num have al so been used
as- catal ysts. 5 The telonerization of dienes is described conprehensively
in the technical literature. In the telo®erization of butadiene with

nmet hanol , for exanple, the abovenentioned catalysts generally give

m xtures of the products la, 1b, 2, 3 (below) where X =0, Ra = Me. Main

product s @rgahderlChinedoTs, BUSHI I3, R, IBHREY, O | AHedT3. @gow §34-3R 3Bgkel -
However, . si gni ficant proportlons of the branched tel omer and of * ’

1, 3, 7- oct dv-Fi E06k3T.A} &mithy fe@her Goxi, Rarkia Trdns- IM9TRAIIY-192R9 and pratiRamXhddeX
2 3 Fur%ﬁ%rggé s %l%IQ%J-| cycl ohexene (Di el s-Al der product of butadi ene)
is forned églg s together with, generally in only snal

anounts, further by-products. This range of 15 products is generally also
found when using other nucl eophil es having active hydrogen atons, in which

case the qobe rtelsmﬁdatﬂﬂl oRdicaal 18 défscriﬂéﬂ doﬁﬁﬂﬁfchh\f& HGhE MRS BeBiure. In, the
i nt roduceg ni fl can ormati on of the

& ]8 &1%3211 met h X The si ?
abovenent 19 Br Bhpadiong Y Olﬁ afoF oFXaIG hthea RRGVempgtioned CatalYStS
i mpl enent gememaﬂ)oglvannmumemaf el pradﬁl:tsamt,l I&W(Wldvv) ﬁhé@@'%’opn{@&e@fe Main
extraor di ?Jd'uh aréjfhgfdeﬁlégdvlrnldﬁgt}'l?%%‘ L ELPIE %e §hod lﬁwgqhﬁﬁggg\%ﬁlmﬁcant

met hanol een I nten and

conpani es PraPREioNs 6F Bregtnchad tflqm@l?l andeof| Ha&xeoctatnebeé nrebimed
satisfdctorily. 10 Cctober 2006 O Z.06183
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Furthermore, 4-vinyl-1-cyclohexene (Diels-Alder product of butadiene) is formed in variable
yields together with, generally in only small amounts, further by-products. This range of
15 products is generally also found when using other nucleophiles having active hydrogen atoms,
in which case the corresponding radicals of the respective nucleophile are introduced in place

of the methoxy group.

The significant formation of the abovementioned by-products is a further factor which makes
20 implementation of an economical and environmentally fiiendly process extraordinarily
difficult. Although telomerization of butadiene with methanol has been intensively studied and
patented by a number of companies, the abovementioned problems have not been solved

satisfactorily.




1989, in vhicheipal | adi um acetyl acet onat e/ tri phenyl phosphine is use

cat al y5t, cat aFyst productivities (turnover nunbers) up to 44,000 were
achi eved. However, the chenoselectivities to the target product 1 at such
catal yst turnover numbers are < 85% 5 Nafional Distillers and Chem Corp.
(US 4,642,392, US 4,831, 183) described a batch process for the preparation
of octadi enyl ethers in 1987. Here, the product m xture was separated off

from the datalkystinuopaipraeisa deseeibbdtbg/ BowICh@hicAl’ indhan W1RRRSPHh "Bkob¥n which
distill ati%ﬂ |l eaving the catalyst as a solution in tetraglyne. The

catal yst CRHAYUT, SGECXiacqipnate/trinkenyiBhasphias | isnivsed fasr cafslystl Ocatiips phiodectbeiisg

added eac j i L ve the.lipear ether.in a yield
o Cont y Suhdler nbBYENPlp 1f REDY bRk AL B SRS e B RGefetaen Rohe et
t o productpr@hicsl ansichicstalysteamonst nunthefbaré < §5%.a further patent of Nati onal

Distillers, the product m xture was separated fromthe reaction solution
by ext raction with hexane. The telonerization was carried out in

acet at of 5 cooma gl i) L8RS ol S B D T i s theokrfhon Hhatehprghos
the |'i nearfort ik gpreyaratiohofactidingl cA6Q in 1582, Heke el ptbdutt ?ﬁxfggee\gjta%]g%%}:ated off

al cohol s a | ow 40% Longer-chain prinary alcohols su

pr opanol B eatelyst((palladiyga racetpte/SReq. cofetriphanylphspliine) 1heistillaRa3 leadh, the
1067) for [ |l oners with butadi ene. However, the_ 20

cat al)yst g%:% %;.ZJ %’?& %b%gq g%ga\%ﬁﬁ%%@&"&be{‘%aq ehsed wpedwelye s wah derher i n
the abyepbaphimdstitadind cititmelHURE el frsPbartiP @il B0 10 Uild: 99 Yield of

[ Pd( acet yl algei??nat e) 2/ PPh3/ but adi ene/ al cohol = 1: 2:2000:5
the tel onBRY Yo froriespasds & a HQN eEA000). Thenédooratié o€ Peiduthb sepofiucti QA ik

are formeg,d eld 9 h .of ol .are formed in a yield of
oty o1 oeessnfy LTSI LS iRl 3o} 0P NG ATEHEER, o Srmes s aves erseieg ne
cat al yst sirbor theheadtieh ashuitioady &firacti@RGHihO k208, THE RENEIE i Hra?'c&:%%@'o%t do
not all ow sa%];l)fsl actory selectivities of > 95% chenoselectivity an

regi osel edi rmamidee gy, isulfelane usiag e otatalist anixyura duediatimggi) acen@es§, of O

be achisev ' caxbo, i ¢ .aci ds, at.e suitabl e, nucl eophil es
in tel Srre{r%{liy%1 glé?%n S @3%?@%@% éee'?]irhg fﬁ‘ggcl?agc}bﬁ?i’eﬁh? ila?aé ﬁ%loﬁlie’(/léﬂtﬁd’omﬁ@ 98- of
t he corr eShosdkcngitp ot theliasatlalddaol wad wesadeq, ib and 2 with Ra = Me-CO, X =
0O (DE 2 137 291). The ratio of products 1/2 can be influenced via the

3 . In a continuous process described by Dow Chenical in WO 9148%3ébkP 2006
d as

Longer-chain primary alcohols such as ethanol, propanol and butanol (I. Beger, H. Reichel, J.
Prakt. Chem. 1973, 315, 1067) form the corresponding telomers with butadiene. However, the
20  catalyst activity of the known catalysts is in this case even lower than in the abovementioned
cases. Thus, under identic'al reaction conditions [Pd(acetylacetonate),/PPhs/butadiene/alcohol =
1:2:2000:5000; 60°C/10 h], the telomers of methanol are formed in a yield of 88%, those of

propanol are formed in a yield of 65% and those of nonano! are formed in a yield of only 21%.

25 In summary, it can be said that the known palladium-phosphine catalysts for the telomerization
reactions of butadiene with alcohols do not allow satisfactory selectivities of > 95%

chemoselectivity and regioselectivity, as required for an ecologically advantageous process, to

be achieved.

30 Like alcohols, carboxylic acids are suitable nucleophiles in telomerization reactions. Acetic
acid and butadiene give good yields of the corresponding octadienyl derivatives 1a, 1b and 2
with R* = Me-CO, X = O (DE 2 137 291). The ratio of products 1/2 can be influenced via the
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Lepper, J. g ? gyet. Chem 1973, 49, 473). Aratio of 4/1 Cgél%cfgberzwﬁ
achi eved u5|ng ri phenyl phosphine as ligand, and the ratio could be
inecreased to 17/1 when tris(o-nethyl phenyl) phosphite was used. O her
carboxylic acids such as pivalic acid, bénzoic acid or nmethacrylic acid
and al so dicarboxylic acids can |ikew se be reacted with 5 butadiene.

Shell O has described a process based on the telonerization of conjugated

di enes wi tligandaobtixypalledian (@5 Rose, HhEep@EﬁQaO?édn%zePfCl%nPﬁ?’fj % iy U§ rgmggp

792. 10 Te rrerlzatlon reactions in which water is used as nucfeo hile
been st udi qhagvpd usipg triphanyiphpspiindas gy, mdsm &t cdild be B rdasdb fo

3, US 5 ] bl e .phosphi
S hosphon ul(r)nﬁga )‘z’é@%@%%ﬂgéﬁfp Dt AR st IS b pitaeils D Rraavaic
wat er - sol Wids beigtiesdd iop fetsnlic @aiatnd Asol8ssbhBee abﬂs\l:\gl RRLDRe ﬁé’?eacéﬂ QienDE

195 23 335 discloses the reaction of al kadienes™wth water 1n the presence
of phosph dnitadéenes 5 or phosphinite |ligands. The tel onerization of butadiene
wi t h nucl eophil es such as formal dehyde, al dehydes, ketones, carbon

di oxi de, sulfur dioxide, sulfinic acids, (3-keto esters, [3-diketones,

mal oni ¢ eBiRISOilahast @dstibedk 8t RDESs Aced bﬁ ahe SelBRrikAts V\f)is soﬁﬁﬁe(fj gise?lgé Rag:

20 Most of the work on telonerization has been carrle adiéne.
However , toarbexylieasds fontheareparationind caplpfinsad U3 0801892.di enes haV| ng

conj ugat ed doubl e bonds. These can formally be regarded as derivatives of
but adi ene i n which hydrogen atons have been replaced by other groups.

| soprene iTelaferpatibn edtbfdnd MOMBLR vaer {TRME ANGRIeo ?hf‘é:ﬁavé &eﬁ%ﬂidﬁ&lsﬂﬁe’iﬁve
but adi ene, 25 isgprene is an unsynmetrical nolecu telonerization resu

in for mat |bé’nmt‘.ﬁ" ah@laﬂ@fé?@l@@ﬁ’ewﬁ 73 USBRgss 33CRIS DOSTHBK, Hete, pigisphiats, udually

Pr akt . 9 Th t
i Fn? I uence con %erg%%? ’t%é)htoﬁ‘%h—? ? {} Qﬁ’pﬁlzﬁg}‘gﬁh qeh‘zg?‘én&ﬁﬁe@sﬁfhgands
| i gands. qmen@set of tme@d@mmnpndaﬁﬁges %PQEéaﬁ@‘?s Hesdrited ! & %[%@6@ R apd,

products and t he grobl ens 30 associated with the present sta the a
there i s HHylEat3 Addisclopesthoresation yEalkadietesnwitlf water frethermresenct d:ﬁqjhosphomte

reacti Qns possible to carry out the reactions on an
i ndust fr%l aﬁ%ﬁgﬁ%%ggﬁd&

The telomerization of butadiene with nucleophiles such as formaldehyde, aldehydes, ketones,
carbon dioxide, sulfur dioxide, sulfinic acids, B-keto esters, B-diketones, malonic esters, o-
formyl ketones and silanes has likewise been described.,
20
Most of the work on telomerization has been carried out using butadiene. However, this
reaction can also be applied to other dienes having conjugated double bonds. These can
formally be regarded as derivatives of butadiene in which hydrogen atoms have been replaced
by other groups. Isoprene is of particular industrial importance. Since, in contrast to butadieﬁe,
25 1soprene is an unsymmetrical molecule, telomerization results in formation of further 1SOMeErs
(J. Beger, Ch. Duschek, H. Reichel, J. Prakt. Chem. 1973, 315, 1077 - 89). The ratio of these

isomers is influenced considerably by the type of nucleophile and the choice of ligands,

Owing to the abovementioned importance of the telomerization products and the problems
30 associated with the present state of the art, there is a great need for new catalyst systems for
telomerization reactions which make it possible to carry out the reactions on an industrial scale

with high catalyst productivity and give telomerization products in high yield and purity.




with high catalyst productivity and give telonerization produ [
yield and g L% ? 10 Cctober 2006 0O Z.06183 5 It has surpri gp%{:ﬂ:b@ggﬁ%
found that “the e?fomerlzatlon reactions of an acyclic olefin with a
nuel eophil e are-catal yzed by netals of groups 8 to 10 of the Periodic Table
and particular carbene ligands so as to @ive high conversions and
selectivities. 5 The invention accordingly provides a process for the
catalytic telonerization of acyclic olefins having at | east two conjugated
doubl e bonitidhas isnrpp@irigiyc bear foaay ahatcthel telbhsizfiont

Rxi r 4 Rxs Fﬁ‘?%’ R x Rxs 10 with at | east one nuﬁéﬁﬁwﬁ‘#h&@“%a
conpl exes IBB hids At satalyzed by mytalspé gpoups 8L® dO of Hbe Peribdidi Tabkaimdepaticilhe

El enent s ne I| and ane of the fornulae 6 R3
R R K ngthgé’ﬁ%%lﬁg &,eg%%%ﬁ EIpEs a1 elﬁ&gﬁﬂem CN/ NCo RI2Z R R
R R(I11) (1V) (V) (VI) 15 where RX, R'2, R', Rx< Rxs RX& are

|dent| cal ﬁ’(e different and are each Hor a linear, branched, substituted
unsubs tRedRERtiep ecradmelyprpeles aproabss;ihathemataﬂytmrtemmeatwmmcym;valms

f r .om 1 10 15¢ingat han o LRjugated double bonds, in particular acyclic olefins of the formula (I)

10 with at least one nucleophile,

wherein complexes comprising metals of groups 8 to 10 of the Periodic Table of the Elements

and at least one carbene ligand having one of the formulae

R R R
RY I 5 I 5
Rs_L/ N, R N, R s, N/Iil\
RS | o | )]\ C
s '}' R* ’,“ R TN N
R? R? Isz

R R* ||22
(1 (IV) V) (v1)
15
where
R¥, R*, R™ R* R¥ R*® are identical or different and are each H or a linear, branched,
substituted or unsubstituted cyclic or alicyclic aliphatic or aromatic group
having from 1 to 24 carbon atoms,
20

R% R>: are identical or different and are each a) a linear, branched, substituted or

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




20 R2; RR are identical or different and are each a) a |lineagqg @é@l&g?%os
subst i tute‘gz) éénsubst Ituted cyclic or alicyclic alkyl group haV| n

to 24 ‘car bon a%om; 10 Cctober 2006 4 O Z. 06183 6 or b) a substltut ed or
unsubsti t ut ed, m)nocycl ic or polycyclic aryl group having from6 to 24
carbon atons or c) a nonocyclic or polycyélic, substituted or unsubstituted
heterocycle having from4 to 24 carbon atons and at | east one heteroatom
fromthe 5 group consisting of N, 0, S, R4, R5, R6, R : are identical or

different and are each hydbpganbsthted lor uﬁ§1i!5'sﬁltu 1 BloRa¢ Oaﬂ@
~CDalkyl, ~CO0-aryl, SOCO-alkyl, - 0002 e gl £¥Lw °r98i6%¥5%9 } group

_CHO, -CO al kyl , cohavlyg fronp6 ig %carbcmatamyl - NH2 - NH( al kyI )
, -fer

-N(al kyl) 2, -NH(aryI) ay

ooyl Scar poarp. ke E¥ichBexsiiir pEbHE bbbtz veaeaivesions
the aryl groups have fraavihgtien?4 t6 2uRAfbaRl Afhs A i'oadi

may al so be part of a bri dgl ng aliphatic or ar%mat iﬂfzfg?sl r?ggh%%k&tﬁ ﬁfbﬁﬁjt
provi so® that when the negeupsbngsiingsy ™ @,8,10 of the Periodic Table is Pd,
R2 and/or R3 have the neaning c), are used as catalyst. R2 and R3 are in
particul ar a nmonocyclic or polycyclic ring which contains at |east one

het er oat om s@*eri &f, R :OMRTB&aHichNG BIfeeRMn Al Ldopoen, oxygen and sul fur and
may bear further 20 substituents selected fromanong the groups -CN,

-COOH, COO- al kyl, - COO ahydrogenOathyhldcyll heteroaml,aCN, ,-COOHpC&J(k-‘ﬁlk,yl —COO—ary]
-OCOO aryl CHO COaI I alky
_NH2, -NH(alkyl), -N(al ky #9 “%I%{a‘é%rﬁw %Qckglky% -0CPO0-2xyl, -CHP, C(P-HHCYCH
-CF3, N2, -ferrocenyl, .cEQ8, -0RMBH2. O] anky| liﬁg é 1 4
carbon atons and the ar yI ag{y iups have f }gﬁn SN%(% 2 &ig@% (ffik&e \mﬂﬁ%
is used as netal of group¥akyDa -FO-(f -Br24, 1018, -PFs,j -Di).¢-fEabienyl, S, HI-POG))
of the ligands R2 and R3vs.rﬂcrﬁ:(?he Qﬁyfegroup nhavg%-24 carbon atoms and the aryl groups have
from 5 to 24 carbon atoms and the radicals R* and R® may also be part of
a bridging aliphatic or aromatic Ting,
15 with the proviso that when the metal of groups 8 to 10 of the Periodic Table is Pd, R? and/or R?

have the meaning c), are used as catalyst.

R? and R® are in particular a monocyclic or polycyclic ring which contains at least one

heteroatom selected from among the elements nitrogen, oxygen and sulfur and may bear further
20 substituents selected from among the groups -CN, -COGH, COO-alkyl, -COO-aryl, -OCO-

alkyl, -OCO-aryl, -OCOO—alkyl, -0COO0-aryl, -CHO, -CO-alkyl, -CO-aryl, -aryl, -alkyl,

-O-alkyl, -O-aryl, -NH,, -NH(alkyl), -N(alkyl),, -NH(aryl), -N(alkyl),, -F, -Cl, -Br, -I, -OH,

-CF3, -NO,, -ferrocenyl, -SO:H, -PO;H,. The alkyl groups have from 1 to 24 carbon atoms and

the aryl groups have from 5 to 24 carbon atoms. When Pd is used as metal of groups 8 to 10 of
25  the Periodic Table, one or both of the ligands R? and R> have these meanings.

The radicals R?, R® ,R%, R® R® and/or R” can be identical or different and may bear at least one
substituent from the group conmsisting of -H, -CN, -COOH, -COO-alkyl, -COQ-aryl,
-OCO-alkyl, -OCO-aryl, -OCOO-alkyl, -OCOO-aryl, -CHO, ~CO-alkyl, -CO-aryl, -aryl, -alkyl,
30 -alkenyl, -allyl, -O-alkyl, -O-aryl, -NH,, -NH(alkyl), -N(alkyl),, -NH(aryl), -N(alkyl),, -F, -Cl,
-Br, -1, -OH, -CFs, -NO,, -ferrocenyl, -SOsH, -PO5H,, where the alkyl groups have from 1 to
24, preferably from 1 to 20, carbon atoms, the alkenyl groups have from 2 to 24 carbon atoms,




The radicals R2, R3, R4, R5, R6 and/or R7 can be identical or 4di f d
may bear ngg}j %Ei;#:,) one substituent fromthe group consisting (3';3 6%—&’"”%?32068
- 000H,* - al’kyl”, -COO-aryl, -0CO al kyl, -0OCO aryl, -0OCOO al kyl,
-0CO0O-aryl, -CHO, -CO al kyl, -COaryl, -aryl, -alkyl, 30 -al kenyl, -allyl,
-0-al kyl, -0-aryl, -NH2i -NH(alkyl), -N(al’kyl)2, -NH(aryl), -N(alkyl)2, -F,
-ad, -Br, -1, -OH, -CF3, -N®, -ferrocenyl, -SO3H, -PG3H2, where the alkyl
groups have from1l to 24, preferably from1l to 20, carbon atons, the

al kenyl grtheipRylhavepsi iavadm 9 t244Gare r L £.P8183 7
the allyl _groyps h?/e from3 to 24 ca?ggﬁtﬁﬁﬁ@n@égﬁ\%%%ﬁgﬁ%%%%gf@cg%fgmum
pol ycycl i.é‘aﬁ?gflf’nb?&%mrmféomﬁom 5 to 24 carbon atoms. The radicals R4 to
R6 may al so be coval ently bound to one another, e.g. via CH2 or CH groups.
5 Substituents havi Hg aﬁci di ¢ hydrogen atons can al so have netal or anmoni um
ions in plHAeeaditals RAe RF 8la9ako bE yGhufid Reofd eyl alia,
nonocyclic or polycyclic r?ngs clo&ﬁ}rﬂai@fgli ng agtﬁ?%ast Og%é’@%g?%%{{ég%gﬁﬁups‘
These ate, for exanple, radicals which are derived fromfive- and

si x- menber, . | kanes,, het eroal kenes and het eroaromati cs such as
1, 4- di ox ar%?%r@?ﬁ%?‘ﬁﬂ%gmg{cpvp%@ AR Farfdso bayeimstal ofeamponing ines inpylacegife,

furan, thitgphenms. pyrazole, imdazole, thiazole and oxazole. Specific
exanpl es of such radicals R2 and R3 are shown in the table below. In the
table below. In the table, --- in each case indicates the point of |inkage

it KI t Qf 4f :A:f%é g%gpai{ gﬂ a%%}% 1'%%' gtra,%: £ L.l%i, n}oﬁocylglilc o%ol\ycycll\llclﬁl;llg? -cciLnt;limél-gzat 'lbt;-agt oﬁé o
10 heteroatom. These are, for example, radicals which are derived from five- and six-membered
heteroalkanes, heteroalkenes and heteroaromatics such as 1,4-dioxane, morpholine, y-pyran,
pyridine, pyrimidine, pyrazine, pyrrole, furan, thiophene, pyrazole, imidazole, thiazole and
oxazole. Specific examples of such radicals R2 and R3 are shown in the table below. In the

table below. In the table, ~ in each case indicates the point of linkage to the five-membered
15 heterocycle. |

) | | Y
. = . N. =N
he
Al A2 T A3 ~A-19
| = ‘ AN | 2
. N
A-4 T A5 - A-6 7
AT
N S/*‘\—— O,N 2N
~N >:\ |/ﬁ
= Y SYN ‘\(N
N ~ A9
A-8 ~
~  A-10 A-11
| CH,Ph N
“ * SOGRVTS
y
Q - a4 | N A5
T A-12 ~ A3




N YN A-10 A-11 N NH2Ph N A-14 A-15 9\ N A-12 A-13
Doos 0 2 GOPYERP EL Ve |1 I A7 NAIE A6 For the plj}rgp(%%g’%g?opﬁe
present inventron, carbene |igands include both free carbenes which can
function as ligand and al so carbenes coordinated to netals. 5 Suitable
metal s can be, for exanple, Pd, Fe, Ru, G8, Co, Rh, Ir, Nl or Pt. In the
tel onerization carried out by the process of the invention, it is in
principle possible to use all acyclic olefins having at | east two

' oubl bonds. F S8R (O ot Ne presemntrnventron, —the
3221 g?agg?rpg ndsyof 1he fol I n particylar 1,3-butfadi ene and |10
| soprene < et bu i ~Spreferred. It is pogsible to use botih
the pure (d \er:g xt JA_(; in which t hgseNdi enes are present. As
m xt ures.conpri si ng™t, 3-blitadi ene/ i sopreng, pregre_i%gce i s{given to using
m xtures |0f.14, 3- butadieng or isoprene with oth -, C49 and/or _
C5- hydr oclarbons. Such m xtures are obtained, 15 for exanple, in cracking

processes for the production of ethene, in which refinery gases, naphtta,
gas oil, LPG_(liquefi egd petrol eum gas), NG (natur al gas liquid), et c, are
react ed. !ﬁ?éthe@&“?qsﬁ%? e Sresentanyradoncayeng Hisends indlwde togls Gep cobers ehich can

' fBerend | rqcess, variabl e anounts of
iogp[Jlutsgdl ene. H%ggca: %%P%aﬁgg#%%gr@gﬂgéﬁqmg?ﬁons inthe C4 fraction
obtai ned froma naphtha steam cracker are from20 to 70% of 1, 3-but adi ene.

5 Suitable metals can be, for example, Pd, Fe, Ru, Os, Co, Rh, Ir, Ni or Pt.

In the telomerization carried out by the process of the invention, it is in principle possible to
use all acyclic olefins having at least two conjugated double bonds. For the purposes of the
present invention, the use of compounds of the formula (I), in particular 1,3-butadiene and
10 isoprene (2-methyl-1,3-butadiene), is preferred. It is possible to use both the pure dienes and

mixtures in which these dienes are present.

As mixtures éomprising 1,3-butadiene/isoprene, preference is given to using mixtures of 1,3-
butadiene or isoprene with other C;-, Cy4~ and/or Cs-hydrocarbons. Such mixtures are obtained,
15 for example, in cracking processes for the production of ethene, in which refinery gases, '
naphtha, gas oil, LPG (liquefied petroleum gas), NGL (natural gas liquid), etc, are reacted. The
C4 fractions obtained as By—product in these processes comprise, depending on the cracking
process, variable amounts of 1,3-butadiene. Typical 1,3-butadiene concentrations in the Cj4
fraction obtained from a naphtha steam cracker are from 20 to 70% of 1,3-butadiene.
20
The C; components n-butane, i-butane, I-butene, cis-2-butene, trans-2-butene and i-butene,
which are likewise present in these fractions, interfere only inconsequentially, if at all, in the

reaction in the telomerization step.

25  Dienes having cumulated double bonds (1,2-butadicne, allene, etc) and alkynes, in particular
vinylacetylene can, on the other hand, act as moderators in the telomerization reaction. It is
 therefore advantageous to remove the alkynes and possibly the 1,2-butadiene beforehand (e.g.
as described in DE 195 23 335). This can, if possible, be carried out by means of physical



20. The C4 components n-butane, i-butane, 1-butene, cis-2-buteng,

trans-2-bu %6‘"1‘?9 i -butene, which are |ikew se present in tﬁgsgctoberzomi
fractions, interfere only inconsequentially, if at all, inthe reaction in
the telonerization step. 25 Di enes having cunul ated doubl e bonds

(1, 2-butadi ene, allene, etc) and al kynes, 9n particular vinylacetylene
can, on the other hand, act as noderators in the telonerization reaction.
It is therefore advantageous to renove the allcynes and possibly the

1, 2- but adi proeesbef asuehand igtillation2%r d8864dBEd Pdic; 335) .. This ca

i f possible,, be carried out by neans ?)?édgﬁg'si%déflg%oj%g%lo (larf?)og%f% arerz?%E&%S
9  process®ETIFRAIGH ofjthstalkmgs ite alkeneseot alkartes and rEhEbDIoE HehaFglatd e

are sel ectjiue Fon of the a es to. al kenes or al kanes and
reduction o¥ ki gé/.gi\rggqﬁ}ﬁgsﬁégcm%m ?CL%HB‘%&‘?E@!OHR/@F%BBQT ait apdrars desgribed, for
such hydr oganpld, @0 @LE/1RIGREPAA L) 2xboal BRILSET4 or le, in WO
98/ 12160, EP-A-0O 273 900, DE-A-37 44 086 or S aGor Ba 70 eophi | es
in the process of the invention, preference is given to using compounds of
the formu | -Z-+-R' (11). _where 10 Z is O  N(R ), N(CH2CH=CH2) ,
C(H2), Si (‘%ﬁ ’)"éc&ﬁg",hﬁ??:’& th?:?i%c%ﬁgz’)th%w%’e% preference is given ftp using Kpmpeihds ©f Be H
-Si- -G -formuld(IPH N2 O and R, R'or R' are identical or different and
are each H, a substituted or unsubstituted, | i near, branched or cyclic

al kyl or al kenyl group haR#&RYon@) to 22 carbon atons, a carboxyl group

15 or an aryl g&%up, where the radicals RlL, R' may be joined to one another
via coval ent bonds :

10 Zis O, N(R"),N(CH,CH=CH,), C(H,), Si(R"")(OH), C=0, C(H)(NOy) or S(Oy),

Y1Z.
—0—  —N—  —N— o
R" 0
A S i
§ 7 R
OH NO )

and R, RVor R are identical or different and are each H, a substituted or unsubstituted, linear,
branched or cyclic alkyl or alkenyl group having from 1 to 22 carbon atoms, a carboxyl group
15 or an aryl group, where the radicals R', R may be joined to one another via covalent bonds
and R' and R" may bear identical or different substituents, e.g. one or more substituents
selected from the group consisting of —CN, -COOH, -COO-alkyl, -CO-alkyl, -aryl, -alkyl,
-COO-aryl, -CO-aryl, -O-alkyl, -O-CO-alkyl, ~N-alkyl,, -CHO, -SO,H, -NH,, -F, -Cl, -OH,
-CF;, -NO,. The alkyl groups on the substituents preferably have from 1 to 24 carbon atoms

20 and the ary! groups on the substituents preferably have from 5 to 24 carbon atoms. -

In a preferred embodiment, compounds of the formula {Ita) or (ITb)

” RLOH  (la), RINH (b
|

RY




and R and R' may bear identical or different substituents, e.,g. L
nmor e substbtzufé@g sel ected fromthe group consisting of -CN, 19(9%‘—}'%8?2006
- COO al kyl = Bfkyl , -aryl, -alkyl, -COOaryl, -COaryl, -0-alkyl,
-OCOalkyl, -N-alky]2, -CHO, -S@H, -NH, -F, -d, -OH -CF31 -NQ2. The
al kyl groups on the substituents preferably have from1 to 24 carbon atons
20 and the aryl groups on the substituents preferably have from5 to 24
carbon atons. In a preferred enbodi nent, conpounds of the forrmula (Ha) or
(I''b) R-OH (Ea), R-NNH (Ilb) 25 R 10 Cctober 2006 O Z. 06183 10
where R, R' arg identical or different and are each H a substituted or
unsubst i t u¥bde R Reatre idaptigalotratifferentcym are eathk§l, acubsitkea s vgsambay lingar,

froml to rbhon at o a _carhoxyl grqu or_an_aryl group and the

radi cal s F@,g“%%d r?é&y%e? qu%fl r?é&ﬁ(teﬂ%oﬂé“%ﬁ%‘@éﬁom h Q&% sitkon alopisaa carhpwyl ggoup
used as nusH LORYI Bug bhd theFadidfld RR' RIMBY, ;b{f;\%{ - ' Lf.feren
substituents, e. gé;rgoé]ga or nore substi tua nt Oéde? ggiogg%?t%rnﬁ%ﬁé‘?aé%f?ﬁnds’ are
consi st § ngsed as mgleopbded]). - COO- al kyl, -CO-al kyl, -aryl, -alkyl, -COO Aryl,
-COaryl, -0-alkyl, -0-COalkyl, -Nalkyl2, -CHO -SO3H, -NH2, -F, -d,

-OH, -CF31 -NQ2. to The al kyl groups have from1l to 24 carbon atons and the

G ven o el e Ry Goneas el R ep B uetS PG Bl
of the f orframh dhq giopp apesishig ofwilN -CODE0IMDG-atloyl] DTaMYS YL halRs, EOOALGA,.
cthancl ncRLARENRL iSRRI Pkl ShAGT oLy g PLaneL - Setehdl o
o e SR e BRSO BASEN) a5 LA
1, 2- but anatbnad., 2, 3- but anedi ol and 1, 3- but anedi ol , pol yols such as
gl ycerol, glucose, sucrose,
As nucleophiles, preference is given to using any compounds having the formula (I). Examples
of telogens of the formula (II) are
15 - water, |
alcohols and phenols such as methanol, ethanol, n-propanol, isopropanol, allyl alcohol,
butanol, octanol, 2-ethythexanol, isononanol, benzyl alcohol, cyclohexanol, cyclopentanol,
2-methoxyethanol, phenol or 2,7-octadien-1-ol,
dialcohols such as ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,
20 1,2-butanediol, 2,3-butanediol and 1,3-butanediol,
polyols such as glycefol, glucose, sucrose,
hydroxy compounds such as a-hydroxyacetic esters,
carboxylic acids such as acetic acid, propanoic acid, butanoic acid, isobutanoic acid,
benzoic acid, 1,2-benzenedicarboxylic acid, 1,3-benzenedicarboxylic acid, 1,4-benzene-
25 dicarboxylic acid, 1,2,4-benzenetricarboxylic acid,
ammonia,
primary amines such as methylamine, ethylamine, propylamine, butylamine, octylamine,
2,7-octadienylamine, dodecylamine, aniline, ethylenediamine or hexamethylenediamine,
secondary ~amines such as  dimethylamine, diethylamine, N-methylaniline,
30 bis(2,7-octadienyl)amine,  dicyclohexylamine, methylcyclohexylamine, pyrrolidine,

piperidine, morpholine, piperazine or hexamethylenimine.




- hydroxy conpounds such as a-hydroxyacetic esters, - carboxyl h
as acetic gfydyeipsopanoi c acid, butanoic acid, isobutanoic aci g‘b@%@;&%@%

acid, 1, 2- benzenedlcarboxyllc aC|d 1, 3- benzenedlcarboxyllc aci d,

1, 4- benzene- 25- di carboxylic acid, 1,2, 4-benzeneticarboxylic aC|d -
armoni a, primary ami nes such as nethylaniﬁe, et hyl am ne, propylanine,
butyl am ne, octylam ne, 2,7-octadienylam ne, dodecyl am ne, aniline,

et hyl enedi am ne or hexanet hyl enedi am ne, secondary am nes such as

di net hyl ani[‘nle gcﬂlvﬁhﬁﬁz&fﬂmﬁﬁsel%srﬁ%tdﬂﬂdlﬂé& ty Jlezoﬁ&ﬁaﬁ&( ?eachﬂlCéaﬁ% %@éfd RN
dlcyclohex B1g? He hyl cycl ohexyl am ne, pyrrolidine, i"din

nor phol i ne PPHETEELAR SBY- af%t%?llni?kb Ai7rectadi€n- 0ol olnebe %ﬁﬁd nﬁ) ht@ ﬁbﬁﬁw&tl:r

Tel ogens V\Q.ldcg G a telomerization reaction can
be used direct Pyafo}f]é qgl@g ]%g&fl r?ggth? ntglé’fn[eﬂ TSl Yy Zekasiplignylamine can be
2, 7- oct adi @tainedromammibenit anded-tuiladiddellett! Om wat er  and but adiene in the
presence of the telonerization catal yst 2, 7- oct adi enyl am ne can be

obt ai ned from anmoni a and 1, 3- but adi ene, etc 5 Partlcul arly preferred
nol, allyl alcohol

t el ogens n et hanol

2- met hoxy?f%ano%ﬁ); enogéil Pehc?%ﬂ"enaer gWﬁ%I 333°br GBHﬁ‘éldl @b“tagplycelbél alcohol,

gl ucose, shffednfyctBafl, $hendl iethyldu lahiQl, hox

acid, ammoni a di et hylgjm ne and diet hi/Cl %?fo%ané'ch%l egrg e‘%gé of I%éﬁee acetic

i nvent i on 3¢y, éﬂ@ﬂ%‘ﬁéﬁﬁdyls@d?eﬂlwdwambomlqm prmseis dinéthglasMe@aidictiamine.

solvent, use is generally nmade of the nucl eophile enpl oyed, |f it is

present as a |iquid under the reaction conditions. However, Is al so

possi bie (Theysecest hithe ankitait & profBRbalMER!Sit LR reég%'o?alggm ﬁ{ gely inert.

Preference is given to the addition of solvents when usi ng nucl éophiles 15

whi ch are present as SO|IdS under the reaction conditions or in the case of
e_reaction conditions.

roduct s under t
gui tabl e \SQ%J ventg i ngﬁ%ge F 05 eanuCieQPﬁ‘%%{PPIBYE‘E%IF BATESPRBES Q:h(ﬂﬁd under

aromati c liyreacisbonsti t&m@;hHaﬁr Le3; {839 anes
(CG3-C20), 5hféﬁl ohexanelqm%cl oogt ane, gﬁh;@gﬁcﬁﬁlﬁ}ﬁ‘&%%@ S?ll%gljgg\gﬁ%’nﬁ) Sy‘ésr?gs

vi nyl cycl ¢ Re largely 1 Preferenesis Sivendo G dditiamoatsobreatsiwinmusth frfu@léb TER
f g p
rom C{ACKRiS are present as solids under the reaction conditions or in the case of products which

would be obtained as solids under the reaction conditions. Suijtable solvents mclude, nter alia,
aliphatic, cycloaliphatic and aromatic hydrocarbons such as C3-Cyo-alkanes, mixtures of lower
alkanes (C3-Cy), cyclohexane, cyclooctane, cthylcyclohexane, alkenes and polyenes,
vinylcyclohexene, 1,3,7-octatriene, the Cs-hydrocarbons from C4 fractions from crackers,
20 benzene, toluene and xylene; polar solvents such as tertiary and secondary alcohols, amides
such as acetamide, dimethylacetamide and dimethylformamide, nitriles such as acetonitrile and
benzonitrile, ketones such as acetone, methy! isobutyl ketone and diethyl ketone; carboxylic
esters such as ethyl acetate, ethers such as dipropyl ether, dicthyl ether, dimethyl ether, methyl
octyl ether, 3-methoxyoctane, dioxane, tetrahydrofuran, anisole, alkyl and aryl ethers of
25 etherne glycol, diethylene glycol and polyethylene glycol and other polar solvents such as
sulfolane, dimethyl sulfoxide, cthylene 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 or nucleophiles.
20

The temperature at which the telomerization reaction is carried out is in the range from 10 to

180°C, preferably from 30 to 120°C, particularly preferably from 40 to 100°C. The reaction




20 benzene, toluene and xyl ene; polar solvents such as tertiar

secondary f;q%g?, am des such as acetam de, dinethylacetam eégfnbé)erZOOB
di et hyl f orfé , nitriles such as acetonitrile and benzonitrile, ketones
sueh as acetone, nethyl isobutyl ketone and di ethyl ketone; carboxylic
esters such as ethyl acetate, ethers suchlas dipropyl ether, diethyl ether,
di net hyl ether, nmethyl octyl ether, 3-nethoxyoctane, dioxane,

t etrahydrof uran, anisole, alkyl and aryl ethers of 25 ethylene glycol,

di et hyl enepighyresots fnd PRI 36T bt r : ch, as
sulfol ane. i ot hyl sul foxi de, E?ﬁ?f’*é%%?%ﬂ#%??ﬁ%ﬁ%ﬁ%ﬁ%ﬁé% bl B0 1)
wat er. | on?tPariagdivesy partiarlypaaferably fromidzol20mar.or pyri di ni um salts, can

al so be used as solvents. The solvents are used either alone or as m xtures
of various solvents or nucleophiles. 30 The tenperature at which the

t el omeri zali e pré@ss bPhd mveidn 8d; sl | nﬁ-ﬁ'%& : 180C,
preferably f_ron%r 30 to 120C, parnf i@gﬁf)égrseld;ﬁlppg%%ﬁy rg%{ngg%at%goﬁ&)emﬁcﬁgm
reacti oh I&nEcabets basobon eml 0omaBxdvhavirgmshene ligandsrofthe fotruldO QI &y (VI).
preferably froml to 120 bar, particularly preferably from1l to 64 bar” and
very particularly preferably from1l to 20 bar. In the process of the

i nvent i on,Exdingl& 66 8&Bédealigdnidtcohd @B thé 3k L9 syfarried out
s using catal ysts based ononet al c%r?p?leggg thé\%fﬁgﬂ%%@gtﬁémﬂggﬂﬁgo%?le{‘??em
fornul ae (Whif) sech Viigands Ermeniresentdf boar Heee |degeribdd Gor BRSPOAHiAY tirithe
formul ae I o (VI .conp) exes in which such Iigands are present
have been(@%é‘ﬁ%’éﬁaﬁ% Cﬁlﬁ%":ﬁ%ﬁ}ﬁ%% C#"F”F-e%%%"u? 89 2237; Angewr Chemnint.d2d. Engl.
Kocher 10 Angew. 3&heim: W7 Hel@Sann2 25 Wefhd ~<lnt, . Ed. Engl. 10 1997,
36, 2162; WA. Herrnann, T. Wéskarrp,w?/. P. @vwvgmfﬁo \ia‘%‘é’g’smelsrf"%rganomemﬁw
Or ganonet dHemisiryCR@M ,sKaly 48,2069, DVBourigdn, O Gerr), FBPUGaBSAUG. BeruGHE! Chlm,
F. P. Gab |v @BE@% gﬂ Chem Rev. 2000, 100, 39-91). However, only few
exanpl es 0O ‘c%l ene” % ds and conpl exes bearing heterocyclic 15
substituents are known (J.C.C. Chen, 1.J.B. Lin, Oganonetallics 2000, 19,
5113). The. catalyst nmetal of groups 8 to 10 of the Periodic Table can be
i nt r oducedlowever, t tely pfayc eemiptes vArdaghene WAyads 2indTofplekes CRAaBRR heterocyclic

conpl EXES

ubstituents are known (J.C.C. Chen, L.I.B. Lin, Organometallics 2000, 19, 5113).

The.catalyst metal of groups 8 to 10 of the Periodic Table can be introduced into the process in

various ways:
a) " asmetal-carbene complexes,

20 b) in the form of precursors from which the catalysts are formed in situ.

Option a)
Metal-carbene complexes have been described in the technical literature (cf. W. A. Herrmann,
C. K&cher, Angew. Chem. 1997, 109, 2257; Angew. Chem. Int. Ed. Engl. 1997, 36, 2162;
25 W.A. Herrmann, T. Weskamp, V.P.W. Bshm, Advances 111 Organometallic Chemistry, 2001,
Vol. 48, 1-69; D. Bourissou, O. Guerret, F. P, Gabbai, G. Bertrand, Chem. Rev. 2000, 100,
39-91; J.C.C. Chen, L).B. Lin, Organometallics 2000, 19, 5113) and are obtainable by various
routes. For example, the complexes can be formed by addition of carbene ligand onto metal
compounds. This can be achieved with expansion of the ligand sphere or by breaking up of
30 bridge structures. Metal compounds of the formula I can often be obtained from simple
compounds of metals of groups 8 to 10 of the Periodic Table, e.g. salts or metal complexes

(acetates, acetylacetonates, carbonyls, etc) by reaction with the carbene ligands. A further




20.b) in the formof precursors fromwhich the catalysts are fﬁr(?ﬁtgbie?zow

situ. Opt'Po? @zt al - carbene conpl exes have been described in
technical [T 'era?ure (cf W A Herrmann, C. Kocher, Angew. Chem 1997,

109, 2257; Angew. Chem Int. Ed. Engl. 1997, 36, 2162; 25 WA. Herrnann,
T. Weskanp, V.P.W Bohm Advances in Orgahdnetal lic Chenmistry, 2001, Vol.
48, 1-69; D. Bourissou, O Guerret, F. P. Gabbai, G Bertrand, Chem Rev.
2000, 100, 39-91; J.C.C Chen, UB. Lin, Oganonetallics 2000, 19, 5113)
and are obpassidaity és thy repladenidst off |dh@ScooklihateX I o

f or med byvﬁjﬁgti on of ?:pgfbene Iiggr_\d onto net S{mgggﬁ%%%n%@wﬁ{gﬁ%%%lﬁgﬁd&
achi eved eSS SFOHTRIE peorflingting] liswride r(e.gosolbgntimelekilag anp daladed by itslge
structurescarg\g;lggﬂ a&%npounds of the fornula |I can often be obtained from

si npl e conpoun § of metals of groups 8 to 10 of the Periodic Table, e.g.
salts or nmetal conplexes (acetates, acetylacetonates, carbonyls, etc) by
reaction with the carbene |igands. A further 10 October 2006 Q Z. 06183 13
possi bi fi t50Ti Yt RurPPEss| ak dhemressht lingatios, pedrdiceaisegiten tohasteNteal-carstal
by the car I n t.,his case, less strongly coordinating |igands
(e.g. sol v%ﬁﬁﬁ?#g%ggﬂﬁégﬁefgﬂulai spl aced by the carbene ligands. 5 For the
pur poses of the present invention, preference is given to using

net al - carbene conpl exes having the formula [LLMOXC) [A]. (VI1) 10 where M
is a metal of dEUE&IBAko(YB) of the Periodic Table of the Elenents, Xis a
charged or uncharged, nonodentate or polydentate |igands bound to the
nmetal atomand Ais a singly charged anion or the chem cal equivalent of a
mul ti pty ofterged anion, L is one or nore ligands of the fornmulae Il to
VI, bis an.nteger froml to 3, ais an integer froml to 4 x 15 b, ¢ =0
or an int gﬂéF a mgtel oftggoups)@ ko dAdbinthe ReriodicaRatilnbé gler Flenosmts] X Qs @.chdfed or

Al i d | fate, ph hate, nitrate, pseudohali de,
19 ret? lrjglphelnsllf:l oa? et?lré%h%{%ﬁ%rt%?{)}u%(ﬁg%%%? @%a%ﬂégﬁlﬁ}s B%WS@L#SS’@%& IOcar boxyl at e
i on, anoneh ishesihgly chirgpd &fies 8bihe chbificaPeRtRiGt of Rmifipl§ loRi&rgBa BROR! L GUTRIEX

anion, for exanple tetrachl oropal |l adate, tetrac
more ligands of the formulae IIT to VI, b is an integer from 1 to 3, a is an integer from 1 to 4 x

15 b, c=0oraninteger from 1 t0 4 x b and n =0 or an integer from 1 to 6.

The group A is preferably a halide, sulfate, phosphate, nitrate, pseudohalide, tetraphenylborate,
tetrafluoroborate, hexafluorophosphate or carboxylate ion, among the latter preferably the
acetate ion, or else a metal complex anion, for example tetrachloropalladate, tetrachloro-

20  aluminate, tetrachloroferrate(I), hexafluoroferrate(III), tetracarbonylcobaltate.

The monodentate or polydentate ligands which may be present in the complexes of Fe, Ru, Co,
Rh, Ir, Ni; Pd and Pt in addition to the carbene ligands are shown in the formula (VII) as X. X
is hydrogen or the hydrogen ion, a halogen or halogen ion, pseudohalide, carboxylate ion,

25 sulfonate ion, amide group, alkoxide group, acetylacetonate group, carbon monoxide, alkyl
radical having from 1 to 7 carbon atoms, aryl radical having from 6 to 24 carbon atoms,
isonitrile, nitrogen ligand, (for example nitrogen monoxide, nitrile, amine, pyridine),
monoolefin, diolefin, alkyne, allyl group, cyclopentadienyl group, n-aromatic or phosphorus
ligand which coordinates via the phosphorous atom. Phosphorus ligands are preferably

30 compounds of trivalent phosphorus, e.g. phosphines, phosphites, phosphonites, phosphinites. If
a plurality of ligands X are present in the metal complex, they can be identical or different.



20, alum nate, tetrachloroferrate(ll), hexafluoroferrate(lll),

tetracar. bo@yﬂh ¢gpad tate. The nonodentate or pol ydentate Ilgandsov%c oberzoog
present in‘the conplexes of Fe, Ru, Co, Rh, Ir, Ni, Pd and Pt in addltlon
to-the carbene Figands are shown in the forrrula (VII) as X. X is hydrogen
or the hydrogen ion, a hal ogen or hal ogen 14 on, pseudohal i de, carboxyl ate
ion, 25 sulfonate ion am de group, al koxi de group, acetyl acetonate group,
car bon nonoxi de, al kyI radi cal having from1l to 7 carbon atons, aryl

radi cal ha¥ |t1nfgstihsbmeﬁtstod tlel crberteolipaatio b the fosipilaé (I Qo (V) BQAP Blhe 1bﬁh5}%ups
(for exarrpenltr en monoxide, nitrile, amne, pyridine), nonoolefin,

di ol efin, ?ﬁ?y‘f‘?é‘ ‘W‘ﬁ cEoTdmste ny&eoﬁ’éﬁ‘i &t (ghelaingugpordinationo misoi described as
phosphoru I h at om  Phos ru
phoSphOr e 8R8 doalos Tl 1 A ?‘%R?Pgﬁﬁ%ﬁ%‘)@% fubeis 2008, 15
phosphi nessliphosphi t es, phosphoni tes phosphl nites. a plurality of

| i gands_X are present in t he net al corrpl ex, they can be i dentical or
differeht. 10 Cctober 2006 O Z.06183 14 If the substituents of the

car bene | i(%ﬁ[?gi‘sg of the formulae (111) to (VI) bear functional groups,

t hese can ew’'se coordinate to the metal atom (chel ating coordination,

al so_descritoenicab catbend tatnplees 0r fhirMdd iR 3ith rdrh Drbdur & biHA %az(bén&lgm
|.J.B. Li n nonetal lics 2000, 19, 5113). 3)“ on b) The neta car ene
conpl exes & bg,ng FROPTEATINt u from precursors and car bene ligand or a
carbene ligand precursor. i0 As precursors of the netal conplexes of groups
8 to 10 of the Periodic Table, it is possible to wuse, for exanple, salts
or simyl emrpcbwms oﬁﬂletrhﬁahmmﬂlsxesfo@rgr@patmbqowtﬁé Pé#ldidesble q?fsgdoss; Ie to
acet at es, ta acet etonates, netal carbonyls. For the purposes o

i |1 ustrat i"0h, 5 §KEM %;e i€ stRplgRoEwieres g thenetin, donpompds mwtad halides, metal
pal | adi u t i de, palladiun(l) brom de,
l'ithium Fg%%%t %ﬁt%_a%etg{%?ét &‘g%é,‘lmﬁa*l}:%@m@a{l ) acetyl acet onat e,

pal | adi un(0) - d| benzyl i deneacet one conpl exes, pal |l adiun(l1) propionate,

bi s(acet oni tr al | adi unEHé chl oride, bi s(t ri phenyl phosphi ne) -

pal | adi urr? PY )t ?Il Ses &f, LUBsErtiam 29me ﬁPM%aﬂxml@nﬁ yallsdieni dempounds are

bi s(tr{s OphRldnliS RUAE) palladium(I) chloride, palladium(ll) bromide, lithium tetrachloro-
palladate, palladium(ll) acetylacetonate, palladium(0)-dibenzylideneacetone complexes,
palladium(ll) propionate, bis(acetonitrile)palladium(Il) chloride, bis(triphenylphosphine)-
palladium(Il) dichloride, bis(benzonitrile)palladium(ll) chloride, bis(tri-o-tolylphosphine)-
palladium(0). Analogous compounds of the other metals of groups 8 to 10 of the Periodic Table

20 can likewise be used.

The carbenes of the formulae (I) to (VI) are used in the form of free carbenes or as metal

complexes or are generated in situ from carbene precursors.

25  Suitable carbene precursors are, for example, salts of the carbenes having the formulae (VIII) to

(XD,




pal | adi un(0). Anal ogous conpounds of the other netals of grou
the PeriodigzTgllke 20 can |ikewi se be used. The carbenes of Pl?])eé*:%o?)ﬁi(}g@%

(I'11) to (VI are used in the formof free carbenes or as metal conpl exes
or ~are generated in situ from carbene precursors. 25 Suitable carbene
precursors are, for exanple, salts of theléarbenes having the fornul ae
(M11) to (XlI), 10 Cctober 2006 O Z.06183 15 6 R3R3 RRs RS N~ NR4 +l
I I NN+ NRORAa RRNYRZ Y RYRR Y (Vill) (IX) (X) (XI) where
R2, R3, R4, R5, m® R are as dgfined above and Y is a singly charged

ani oni c grod% or,| correspgndi ng to theggtoichionmetry, part of a nultiply
char ged anRinL‘ oup. 5 Exa h%Of Y ar Bj des, hydrqgglmsulfate

noxi de, I' kylsul f at es, &ul f at es,
bor at es, hydr *tar bonat g onate, al A boxyl at e/sﬁ\ya\ryl car bonat es.
10 The car beRfes clanybe |iBerate f\r omtﬁ’e corqespondl g sal - t he
carbenes, if appﬁ)prl ate by redction with anRadditional baRé SU| tabl e

bases are, for nple met al iydri des, al koxi des,
car bonyl net al a(19 nmet al cartPQyI at es, a(%am des or ma(xel) hydr oxi des.

The concentratlon of the catalyst, formally reported in ppm (mass) of
cat al yst net al d on 65 the total mass, is fromO0.01 ppmto 1000 ppm

pr ef er abl ywhera i OR ReRfOR rR)rﬁre padeﬁmedlzbb{rg/anchaEQrsatﬁ,lycﬁdrgé@ dnidrBc
The ratloéogq%%}r@m] tof c %l is from0.01:1 to 250:1, preferab’ly
from1:1 to £ F’Iegy’pﬁaétf Nipy harged gniogicameup. | n addi ti on

to the garbene | |gands furt her |i gands, for

sul fate, phaesphat ey al koxide,]ip

Examples of Y are halides, hydrogensulfate, sulfate, phosphate, alkoxide, phenoxide,
alkylsulfates, arylsulfates, borates, hydrogen carbonate, carbonate, alkylcarboxylates,
arylcarbonates.

10  The carbenes can be liberated from the corresponding salts of the carbenes, if appropriate by
reaction with an additional base. Suitable bases are, for example, metal hydrides, metal

alkoxides, carbonylmetalates, metai carboxylates, metal amides or metal hydroxides.

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

The ratio [mol/mol] of carbene to metal is from 0.01:1 to 250:1, preferably from 1:1 to 100:1,
particularly preferably from 1:1 to 50:1. In addition to the carbene ligands, further ligands, for
20 example phosphorus ligands such as triphenylphosphine, may be present in the reaction

mixture.

Owing to the catalyst activities and stabilities, it is possible to use extremely small amounts of
catalyst in the process of the invention. Apart from a procedure in which the catalyst is reused,

25  there is also the option of not recycling the catalyst. Both variants have already been described
in the patent literature (WO 90/13531, US 5 254 782, US 4 642 392).




20. exanpl e phosphorus |igands such as triphenyl phosphi ne, may ,@e??{ ?00%”
the reactigy ogiggure. OMng to the catalyst activities and st

is possible to use extrenely snmall anmounts of catalyst in the process of
the invention. Apart froma procedure in Whl ch the catalyst is reused, 25
there is also the option of not recycling 18 he catal yst. Both variants have
al ready been described in the patent literature (WD 90/1353 1, US 5 254
782, US 4 642 392). 10 Cctober 2006 O Z.06183 16 It is often advantageous
to carry duts wifen tadventegeounitd cn:arryecamtth@melomemmOanegamemoﬁleq%&ﬁce of bases.
Preferenc rgfﬁ |ven to usin %sm conponent s havin a Kb of |l ess than 7,

in partic SH‘E)@&W&stOs'é B FSOBHHORFRES dRBing & t fesry thah 'é.rﬁnnwicular
al koxi des,corR0Rdd s8steddhrbd! thoet A ] a ear 5
Sui t abl e bagili% conponents ar eg%% P %@%ﬁ%ﬁ%gﬁg%ﬂlﬁ ’silﬂs{%ﬂes QL‘?‘HX&‘{ IE%'FF@%I
whi ch may Sbhsaraialkqlmeleartbmwaidaltspen chain, amides, alkali netal sal ts
or/and al kaline earth netal salts of ali phati c or/and aromatic carboxylic
aci ds, %.g. acet at es, propi onat es, benzoat es, correspondi ng car bonat es,

hydr ogencayhgmaties; @dn?}?ﬁ and/or_a Ilne earth to

met al s, phcl)'lsph.at s r o|§enp o’sp?? %&es o?%ﬁrﬁ%esh% oXi E’@ka 36?18?59?” mgy be

lithium sbdydim or/qmdt mrahmn, aalidesy mikalibgees skl of8%d Hl]?ahﬁé“’c’. Ik ?nﬁhs of
a

phosphoni Uﬁ] £onpou . Preferred additives are hydroxi des of netal s
and al kal ROy ¢ t%‘l'°§laélﬁd CAbERYlics Hcids, o8-8t w@etatpammpnnates,obem'zes, or

f | ed t of
from 0 08 o FeahR cABORIE hylidfe el EOMARARNL o S Facetf o BRelire o1 06
to 5 ntfl Yrmtals,vehospledes, i hydtapehphosplefar altdnd fl{ltﬁﬂxldgs , ooty of %tﬁﬁﬁln@sohﬂu‘f he

process of the |nvellr1t| on, the ratio [nol/mol] of diene used to nucfleop
used is fPSRS%E lqBE F@gﬁ?ﬁ)‘“ﬂ cestugt, é‘ﬂwlyuﬁlr@#lpbomonmnlcompmpﬂs tHreferad | y

pr ef er abl yaditiom arelfyckxidéslor 1ELRhAGR MaClndble. LAMPRLLON 8%, D] SAL 1o,

out continuously or "batc W|se and 1§ hot r &5

parti cul anutlgqpigle of thedfantude (IMExanpl-es of reactors in whi ch the reaction can
be carried out are stirred tank reactors, cascades of stirred vessels,

fl ow tubes and | oop reactors.

15 In general, the basic component is used in an amount of from 0.01 mo1% and 10 mol% (based

on the olefin), preferably from 0.1 mol% to 5 mol% and very particularly preferably from
0.2 mol% to 1 mol%.

In the process of the invention, the ratio [mol/mol] of diene used to nucleophile used is from

20 1:100 to 100:1, preferably from 1:50 to 10:1, particularly preferably from 1:10 to 2:1.

The process of the invention can be carried out continuously or batchwise and is not restricted
to the use of particular types of reactor. Examples of reactors in which the reaction can be
carried out are stirred tank reactors, cascades of stirred vessels, flow tubes and loop reactors.
25 Combinations of various reactors are also possible, for example a stirred tank reactor connected

to a downstream flow tube.

The following examples illustrate the invention without restricting the scope of the patent

application.




25. Conbi nations of various reactors are also possible, for
stirred tank pepgtor connected to a downstream flow tube. le)tgﬁo%rﬁa%

exanples il'lustrate the invention without restricting the scope of the
patent application. 10 Cctober 2006 0.2. 06183 17 Exanples Ph Mes Mes
Mes -NNNPPh3 Il NC Il N>-Rh(coD) 1¥7>-Rh /C Phl G NC N Ph

Mes Mes TfO- Mes B-1 B-2 B-3 B-4 Ms = nesityl (2,4,6-trinethyl phenyl);
COD = 1, 5-cycl ooct adi ene; the bonding of the heterocyclic carbene |igand
to the netEsamples as in the technical literature, shown in the formof a
single bond rather than as a double bond; TfO = trifluoronethansul fonate 5
Exanple 1 - Tel onerization of 1, 3-butadi ene vm'th rret hanol 211 g of degassed

da
56—g—of

met hanol ,[ 589 g of B 3- but adi ®ikg, 1.2077 tmhy-ar-oxt-ee;

cycl ooctane (interpgal GC stan ard) and O. 50 g IOF 'it’ but y|l cat ech Swer e
placed inf a 3 Iigﬁ\er\c aut ac (f rom Buch er [E ‘ot ect{i ve gas_pand heatled
to 80C. (.0494 of ~~pal | ad m acet na d 0.1Q78 g

conpound {5- mephoxyﬂ 3, 4- trlp enycl- 4 5- difhydr Il-b; 1,2, 4. triazeljne (frqm
whi ch thg carbene Bh can lijAeg med by el|li m ngkkon offomst hanol ) were
separatelly dissqlved in 48. 4 g of degassdd nethanol under] protectMe§e gas.
The reactli on waB-Istart ed by i ntB-@duci ng |t he solBs8i on (from a pregsure
burette) into the autoclave and the courge of the reactilon was ni t or ed

by gas- chMasarograintli 2. 40dtipsitylgenglimOn + ak SRyélbodtebenea! thd ShdnaR bal e
reacted, and the sel ectivity of

After 180 ut adi. ene ha
the reac Qg@c&% cfa%begs‘ 1§8?‘£W tg ¢ etalds gy In Be frshnigaklitsratse, shows do thei fogn pba
gas- chr onsingRBA rdtheraRal 454 double bond; TFO = = trifluoromethansulfonate

5

Example 1 — Tclomerization of 1,3-butadiene with methanol
211 g of degassed methanol, 589 g of 1,3-butadiene, 1.20 g of sodium hydroxide, 50 g of
cyclooctane (internal GC standard) and 0.50 g of 4-t-butylcatechol were placed in a 3 liter
autoclave (from Biichi) under protective gas and heated to 80°C. 0.0494 g of palladium
10 acetylacetonate and 0.1078 g of the compound 5-methoxy-1,3,4-triphenyl-4,5-dihydro-1H-
1,2,4-triazoline (from which the carbene B-1 can be formed by elimination of methanol) were
separately dissolved in 48.4 g of degassed methanol under protective gas. The reaction was
started by introducing the solution (from 2 pressure burette) into the autoclave and the course of
the reaction was monitored by gas-chromatographic analysis of samples taken at regular
15 intervals. After 180 minﬁtes, 18% of the butadiene had reacted, and the selectivity of the
reaction to 2,7-octadien-1-y! methyl ether was > 96.8% according to gas-chromatographic

analysis.

Example 2
20  Synthesis of the complex B-2: 60 mg of [R(COD)Cl]; ( M = 493.08 g/mol) are dissolved in

2 ml of THF (tetrahydrofuran) and admixed at room temperature with 76 mg of the carbene B-4

(M = 304.3 g/mol) dissolved in 1 ml of THF while stirring. The solution is stirred for 3 hours,

the THF is removed under reduced pressure, the precipitate 1s dissolved in CH,Cl, and filtered.

The CHxCl; is removed under reduced pressure, the residue is washed with pentane, filtered off
25  and dried under reduced pressure. The yield is 82% (110 mg, M = 550.97 g/mol).




Exanple 2 20 Synthesis of the conplex B-2: 60 ng of [Rh(COD)C =
493.08 g/ nolg, patgz dissolved in 2 nm of THE (tetrahydrofuran) 119%#%&%5@86

at roomtenperature with 76 ng of the carbene B-4 (M= 304.3 g/ nol)
dissolved in 1 m of THE while stirring. TE?e solution is stirred for 3
hours, the THE is renoved under reduced b essure, the precipitate is

di ssolved in CH2C12 and filtered. The CH2Cl12 is renoved under reduced
pressure, the residue is washed with pentane, filtered off 25 and dried
under reduemmedssure. The yield is 82% (110 ny, M = 550.97 g/nol). 10

COct ober 2 ) Z...06183 18 e 3 Synthesis of the conplex B-3: 113.6
ng of B- 2%8‘.@’%%&? C%WEJ%%%?{% at 9f,1¥‘ai@é’élm@elsil‘fl = ﬁorﬂr;pg‘monﬂﬁisamleed in
o PPn3 (0, o1 ool s 4961 SR BEMOR LB, Bt Trse Aol e®
SIS ML MR oo
pressureg. e resi. [ en. up in , filtered and part o e
CH2C12 ?s pf%%\%’g?f 1§ ﬁtg;ea r"@gﬁ@éﬂe B r%gs@ gereoverimdeyiepnesd préssuner Blod rebitlat sdakenom
alittle Ll ~ Ellter off, shed with_pentanpe
and dri ed qgﬁggﬂ %ﬁggggehp?? g s&rogm:‘trﬁgze?/lﬁ fé‘JI r&hiog g‘f‘ﬂ‘&é r?pﬁt%egare%u(%%egggp@g
g/ nol ). 10s Bresmpitated foranditie @H@MIaby aedition of @entahe AL NG %2k Wil pentane
un

but adi ene V\/lath %Et%gn%é‘in a 100 m _Schl enk tube, the appropriate a

of catal y@fdfgediiudsrrcauged pregsyre The gieldvstifAdang, W0riddM pre688tg/mel)gas. The
solution is adm xed with 1 nol % (based on the anpunt of 1, 3-butadiene
used) of sodi um net hoxi de (base) and 5 m of isooctane (internal GC

st andat) Exempicsd andSct i on sol ution is subsequently drawn into the

evacuat ed I 0,m. ;aut ocl ave _from Parr), the autoclave is cool ed
to T <- 105&21&%%&1@&@0%%0 fth tejomerization, of bytadiens withsmgthanol: ( anpunt det er ni ned

by | oss i in #4468 nmafSchiegk bibepicopsroptiae l LS, war red 1o
the reaction tenperature andet grr?%cooll&g%gﬁ)&fag})al ?%ﬁ%ﬁb&g&g?ﬁé?gg&&%%ﬁmoﬁ

hours. UnMBEESt BQtechva-geat d8F esrdution ¢ordmivedd withe k nol%o (based| dh thieaBnoaR! of

R g T RN SR

carri ed oThe iréhcHOE QOIMEHE & %Hs@qﬂeﬁﬁy drawn inte the evacuated autoclave (100 ml autoclave
from Parr), the autoclave is cooled to T < -10°C and 13.6 g of 1,3-butadiene are condensed in
(amount determined by loss in mass of the butadiene stock bottle). The autoclave is warmed-to
the reaction temperature and then cooled to room temperature after 16 hours. Unreacted
1;3-butadiene is condensed back into a cold trap cooled by means of dry ice. The reaction

20 mixture in the reactor is analyzed by gas chromatography.

The telomerization of 1,3-butadiene with methanol was carried out in accordance with the

general method using the complexes B-2 and B-3. The reaction temperature was 90°C,

25 The main product obtained in the reaction was l-methoxyocta-2,7-diene (n product). In
addition, 3-methoxyocta-1,7-diene (iso product), 1,3,7-octatrienc (OT), 1,7-octadiene (OD) and
. vinylcyclobexene (VCEN) were formed.




general nethod using the conplexes B-2 and B-3. The reaction

was 90C. Zé_ﬂ%glﬁi n product obtained in the reaction was Hﬁ'@@fo%fe\"’zﬁoe
1- net hoxyocta-2, 7/-diene (n product). hr addition, 3-nethoxyocta-1, 7-diene
(i so product), 1,3,7-octatiene (OT), 1,7-octadiene (OD) and

vi nyl cycl ohexene (VCEN) were formed. 10 OGE ober 2006 Q Z. 06183 19 Ex.
MeOH : Cat. Rh Base n+iso n :iso Or+OD+VC TON No. butadi ene [ Ml -%
[MOI-94 [AUA [A- H[YWQ 4 1:2 B-2 0.021 1 4.6 97.7:2.3 2.4 219 5 1:2 B-3

0.021 1 1| 1E95:/5M2OH 52Can |+ RAO F Waed d| Oh+io PF OQUGEH AOT-SP+RTIORGN N -
i OT+0D+ el d of

i so = Rat of [n Paroduct to |sooﬁ) oduct = Yi
1, 3, 7- oct ptNP-enduiagione oot adiiMak?] ViM% L1 dHdxene bt &l ) HTE@Y = |t ur ndver
nunber O Z— 06183 WP 11U} 290620 G-atne A precess—ar—the :
catal ytic teéfljorrer ilz'%Jti ()?%1 g?%l ¢ dl ef | ndRavi Ra'ﬁagt'g\l east>fwo |c®H dgat ed
doubl e bohds (1) 8:Rxs|Bx®| &es1r[ ,%a XF Hs| W [[ N g3l I gast pre nycizophi | e,
wherein mxtures of 1 R-butadienelwith okher - . C4- _and/ or
Cs- hydr ocar bises= ¥iadd ofegrodud and isngyrofiuat ol ef i ns having at |east two
conj ugat ed doubl.g bonds ith .al kynes and if appropriate 1, 2-butadiene
bei ng r enoVed® prlfaélf’ Q?BPFWECEQI 9t i on reaction, and conpl exes
conpri si NIOTREOBHYCH =¥iQHRT 18, 1-8ctdRieRl 11N hOQ] El ement s
and at | east one carbene |igand %avieng" (’)ﬁng‘:tgﬁ%ﬁg&@g}gﬁ%bg’{e&g (tto&‘f”)

TON = turnover number




6R3R3RBP%\.|\O€%3-( )RaC: CSN RC C NRaCJ\IR4CJ\IN1018thIO%E?DE§

R2 (I'4) (1 15 where Rxl, RX, Rx', RX4, Rxs Rx6 : are ea

; R3: are identical or different and are each a) a linear, branched,
substituted or 20 unsubstituted cyclic oggalicyclic alkyl group having
from1l to 24 carbon atons, or b) a substituted or unsubstituted,
nonocyclic or polycyclic aryl group having from6 to 24 carbon atons
AMVENDED SHERIm®. Z. 06183-WO 10 Cctober 2006 21 or c) a nonocyclic or
pol ycyclic, substituted or unsubstituted heterocycle having from4 to 24
carbon atons and at | east one heteroatomfromthe group consisting of N,
0, S 5 R5, , R6, R7:_.are ide tlcal or different and are each hydrogen,
al kyl, aryl, hetelMBsssyfor thg catalyjintelomerizationyef acychio elefins haviagGitalekst! two
-OCO-aryl, NEJ kel doi k@g@@&r |, -CHO, -CO-alkyl, -COaryl, -0-alkyl,
-0-aryl, -NH2 (galkyl yI)2 -NH(aryl), -N(aIkyI)2, -F, -4,
-Br, -15 -OH, -CF3, -N®, -ferrocenyl, -SO3H, -PO03H2, 10 where the alkyl
groups have 1-24 carbon atons and the aryl groups have from5 to 24 carbon
atons and the radicals I?élxsanﬁ:@S may al so be part of

/l X3 D
LT

x4

R R

X1

R

with at least one nucleophile,

wherein mixtures of 1,3-butadiene with other Cs-, C4- and/or Cs-hydrocarbons are used
10 as acyclic olefins hgving at least two conjugated double bonds, with alkynes and if

appropriate 1,2-butadiene being removed prior to the telomerization reaction, and

complexes comprising metals of groups 8 to 10 of the Periodic Table of the Elements

and at least one carbene ligand having one of thé formulae

RY [ R2 ! R2 Il2
, . N \ N7\
rR—_ " L~ /m M
o’ !}J | R* N R* N 4 N
R L I L R L
(it (V) (V) (V1)
15
where
RX! R®? R R¥* R¥XS R¥S. are each H
RZ' R3' . . . . .
;R: are identical or different and are each a) a linear, branched, substituted or
20 unsubstituted cyclic or alicyclic alkyl group having from 1 to 24 carbon
atoms,

or b) a substituted or unsubstituted, monocyclic or polycyclic aryl group

having from 6 to 24 carbon atoms

AMENDED SHEET




a bridging aliphatic or aromatic ring, with the proviso that c %hgl
of grogpsg@z 6183-0¥Ot he Periodic Table is Pd, RZ and/or R3 W;deg {qﬁ)&r

meaning c), are used as catalyst. 15 2. The process as claimed in claim1,
wherein R2, R3, R4, R5, R6 and R7 are i dentqji cal or different and have at
| east one substltuent fromthe group consi s]tl ng of -H, -CN, -COCH,
-COO al kyl, -COO-aryl, -0CO al kyI OCOaryIIk OC|OOaI IklylI O(C):OOlzgrlyl

- CHO, COaIkI COaryI -ar al keny -allyl, -0-alky
_0-aryl, - NH2y 20 - NH( al k?fl I%Mogpfaw qrgpolyqypklgrsybgtltutemgaun@ab;tgpted lhpter(fﬁlycle

Qroups. ,havg]-| f roﬂzi’ to 24 havﬁfge frf"gleny b4 Carggﬁwgﬁgvaél%f%&?ﬁmggig%h‘tﬁtg% %Pbgﬂm the
g'[ glrjrgs the allyl groups havep tominiggbONZ2®, sar bon atonms and the aryl groups
have from5 to 24 carbon atons. 25 3. The process as claimed in claim1 or

2, wherein a nucleophile of the formula (I11) R-Z-R'" (1l) where Zis O,

" " NO2 30 N(CH2CH=CH2) and
g(!:\’ R')'orS(R'O'?) arI? gcij?bn%’ ica %aﬂ%lﬁ@ﬁ &Q&P@a@ch H, aI substituted or
bstituted, |inear, &@ﬂfdg@ﬁﬂklcx | Hetedbdt¥, -OK, aEBORY LoBRMRyIN Y 1
?lerjni to 22 carbon atoms a car bo&yl%roap %%‘ an ar (F group, V\:E% Pe dt)Qg’ny
radicals R, R AVENDED SHEEFaiRylz -OUK1884, momocmk)op@(:@@oﬁyl 2CHM L Coealkyl,

oi ned to one another via ova ds. an and_R' may bear identica
Jor di fferent substituentSO2Y TE% %P’ cékanhs Whl Ma kﬂﬂ)at N(adlkgl)o, oh&l(ar),

I 1 to 3, wherein comggyﬁ feih -
((:I ?;;ns R - KI— H (I11b) V\%e e CI Elr? ﬁaé)girl di:sﬁt i C& -}‘BIPJCSIQ)%IT eréﬁr %2’
are eaéh H, a substitutedvhsre thnsatllb«sltgmups ddye 124 wadion aburangiietie afyl @ydilpk Gave

22 carpon atons,
al kyl or al kenyl group h%yl n9t052car oﬁgtoms ?itheradlcalsR4andR5mayalsobepartof

a bridging aliphatic or aromatic ring,
with the proviso that when the metal of groups 8 to 10 of the Periodic Table is Pd, R?

and/or R? have the meaning c), are used as catalyst.

15

2. The process as claimed in claim 1, wherein R, R*, R*, R®, R® and R’ are identical or
different and have at least one substituent from the group consisting of -H, -CN,
~COOH, -COO0-alkyl, -COO-aryl, -OCO-alkyl, -OCO-aryl, -0OCO0-alkyl, -OCOQ-aryl,
-CHO, -CO-alkyl, -CO-aryl, -aryl, -alkyl, -alkenyl, -allyl, -O-alkyl, -O-aryl, -NH2,
20 -NH(alkyl), -N(alkyl)2, -NH(aryl), -N(alkyl)2, -F, -CI, -Br, -I, -OH, -CF3, -NOZ2,
-ferrocenyl, -SO3H, -PO3H2, where the alkyl groups have from 1 to 24, the alkenyl
groups have from 2 to 24 carbon atoms, the allyl groups have from 3 to 24 carbon atoms

and the aryl groups have from § to 24 carbon atoms.
25 3. The process as _claimed in claim 1 or 2, wherein a nucleopilile of the formula (II)
R'-ZR" (O
where Z is O, NR™), S(0,), Si(R'")(OH), C=0, C(Hy), CH)(NO;) or
30 N(CH,CH=CH,) and R!, R"or R!" are identical or different and are each H, a

substituted or unsubstituted, linear, branched or cyclic alkyl or alkenyl group having

from 1 to 22 carbon atoms, a carboxyl group or an aryl group, where the radicals R', R

AMENDED SHEET




: . 1 . . d t
| gro r.an aryl group and the radicals R, R' may be |
grﬁ.([abg)r(]gt hgrg- ppél@o\%? e%t bonds, are used as nucl eophile. 15 5'ld @ﬁ&%ﬁrofﬂélﬁs

[ [ [ [ | cohol s, phenol s,
as*clainmed in any of clains 1 to 4, wher ei n water, a , (
pol'yol s, carboxylic acids, amoni a and/ or 25|nary or secondary anines are c
used as nucleophiles. 20 6. The process aS"clained in any of claims 1 to
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4, The process as claimed in at least one of claims 1 to 3, wherein compounds of the

5 formula (ITa) or (IIb)

R-O-H (I, RLN-H (i)

L
RI
10

where RY, R" are identical or different and are each H, a substituted or unsubstituted,
linear, branched or cyclic alkyl or alkenyl group having from 1 to 22 carbon atoms, a
carboxyl group or an aryl group and the radicals R, R" may be joined to one another
via covalent bonds, are used as nucleophile.
15
5. The process as claimed in any of claims 1 to 4, wherein water, alcohols, phenols,
polyols, carboxylic acids, ammonia and/or primary or secondary amines are used as

nucleophiles.

20 6. The process as claimed in any of claims 1 to 5 carried out in a solvent, where the

nucleophile (II) and/or inert organic solvents is/are used as solvent.
7. The process as claimed in any of claims 1 to 6, wherein the ratio of carbene ligand to

metal [mol/mol] is from 0.01:1 to 250:1.
25
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