QZ. 06183 1 Process for the telonerization of acyclic olefins The present

i nvention (5?' g&@% to a process for the telonerization of acyclic olefins
havi ng at “Teast 'two conjugated doubl e bonds (1) w th nucleophiles (I1I)
using a netal -carbene conplex as 5 catalyst. For the purposes of the
present invention, telonerization is the reaction of ol efins having

conj ugat ed doubl e bonds (conjugated dienes) in the presence of a

nucl eophil e (telogen). The main products obtained are conpounds made up of
two equi vaireness forf thelteloiesization 6f aenelic oBfimgui val ent of the nucl eophile. The
products of the telonerization reaction are of industrial inportance as
versatile precursors for solvents, plasticizers, fine chemcals and

i nt er medi afRSpré@hit aRlchiéh SQABOWIE rockRe foraht Qﬂbﬁ@ﬁiatioﬁ%faééy@mbleﬁﬁé‘ﬁ{uanp Lt
oct adi enyl esters obtainable frombutadi ene are potential ~15 I nternediates
i n procesdesst oy cpyegrted daypbboborels 1O ndithgudédphiles (I Tiseng ehmetubrarbaid @mpléx as
di enes g/vl th ugl eophiles is an industrially interesting nmethod of adding
val ue to iA 5 nsive, industrially available dienes. OMng to their ready
availability, the use of butadiene, isoprene or cracker fractions obtained
fromthese dienes is of particular interest. 20 However, to the present
time, the Roeltberpuipoats of thef ptes¢m dineseions tdiemadzatiop|ie ke rédotipn adtdleftns Rating
by Kuraray in the fine . chem cals sector for the synthesis of 1-octanol. The
easons. WRPEREAET doURlE HoRés {foduGadigtes) & Brarehs Bha prgleerhyles(tylpganydEhe
unsati sfa o AGtLVIE o t o PLRAUGED ML :

sel ecti vi %Q%gpgg(lf%ﬁésM%Etnﬁgtdé%/gn%@?zz%%si %%@éc}g?a? yst SH&&%A&%&& t% Eetﬁ%:(r%%% and one

t el onetd zatjuivaleptr adchsswdeophdel t i n high catal yst costs and/ or by-products
whi ch prevent 25 industrial inplenmentation. Conpounds whi ch have been
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The telomerization of dienes with nucleophiles is an industrially interesting method of adding
value to iexpensive, industrially available dienes. 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 “dspects 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, ./ Chem. Soc.,
Perkin Trans. II 1975, 1133-1138), thodium, nickel (R. Baker, D.E. Halliday, T.N. Smith, J.



O:. ganonet . Chen1 1972, 35, C61-C63; R Baker, Chem Rev. 1973, 73, 487-530;
R Baker, gook, T.N Smth, J. Chem Soc., Perkin Trans. 111974,
1517- 1524, an& pl ati num have al so been used as catal ysts. 5 The

tel omerization-of dienes is described conprehensively in the technical
literature. In the telonerization of butadiene with nethanol, for exanple,
t he abovenenti oned catal ysts generally give m xtures of the products | a,
1b, 2, 3 (below) where X = 0, Ra = Me. Main products are the desired,

i ndust ri allryanampor Cant. 19738, Cel-@ﬂsz mkaxﬂ(thbbz HEOWBYRY, 735 kgnkio; C@“Baker
proportions of the branched teloner 2 and of 1,3, 7-octatriene 3 are forned.
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sat i sf act Bfoppifiongof the bogrhed wigmer @drﬂfllsﬁﬁrastap're@eésage flewedi bed by Dow
Chem ci@l in WD 91/09822 in 1989, in which palladium

acetyl acetonate/tri phenyl phosphine is used as catal yst, catalyst
productivities (turnover numbers) up to/AUW\Q ®However, the
chenosel ectivities to the target produc/ 1™at sdch catal y%(t t ur ndfer

nunbers are < 85% 5
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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 friendly 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.



National Distillers and Chem Corp. (US 4,642,392, US 4,831, 183) descri bed
a batch prpgegsgafor the preparation of octadienyl ethers in 1987. Here,

t he prioduct m xture was separated off fromthe catal yst (palladium
acetate/5 eq. of triphenyl phosphine) by distillation, |eaving the catalyst
as a solution in tetraglyne. The catal yst3can be reused up to twelve tines,
with further 10 phosphene being added each time. However, the first batch
gave the linear ether in a yield of only 57% (corresponds to a TON of
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catal yst m xture pa acet at 6,

tri phenyl phasphi aammwamtambeernmﬁ)efgirskmch gave the |inear telomer
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Chem ?97‘? ﬁﬁ’évlﬂlf’?glism@}&@% B /ifsv(cgfﬁ?lag%‘@ the fingyraglomse N@tha”cllON of 900.
tri phenyl phosphiinRy asthk ligandicoRBwhde1dwlde, coul d be increased to 17/1
when tris(o-nethylphenyl) phosphite was used. Qther carboxylic acids such

as pivalic acid, benzoic acid or nethacrylic acid and al so dicarboxylic
aci ds canLIikem$se be re cteq %
onger-chain primary alcohols such as ethanol, propanol and butanol (J. 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 identical 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 nonanol 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



5. butadiene. Shell G| has described a process based on the tel onerization
of conj ugay edpglisgnes with carboxylic acids for the preparation of
a-olefiins 'n US 5 030 792. 10 Teloneri zation reactions in which water is
used as nucl eophil e have been studied intensively by, inter alia, Kuraray
(US 4 334 117, US 4 356 333, US 5 057 631). Here, phosphines, usually

wat er - sol ubl e phosphi nes, or phosphoniumsalts (EP 0 296 550) are usually
used as ligands. The use of water-soluble diphosphines as ligands is

descr i bed ligandA®fa8¢ p8lladoum (BnRosdDH. 15p&3./.30abmel THes. 19T, 4ea413)0A réfio of
al kadi enes mﬁhﬂ teﬁ_in t he presence of phosphonite 15 or phosphinite
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has been carried out using butadi ene. However, this reaction can also be
appl i ed t BudiK8e- di enes havi ng conj ugat ed doubl e bonds. These can fornally
be regarded as derivatives of butadiene in which hydrogen atons have been
repl aced by other groups. Isoprene is of particular industrial inportance.

Si nce, i nSaeNt®iddiastdestriieddh @R6ces? DatetlOph GRS t¢16mBAZAHISYSITBSHLEALd ARINEE Wifh
tel omerization results in formation of further isomers Q Beger, .
Duschek, rarbreylipsids for thepaparationefp-olefns in 3155 030 792.- 89). The ratio of
these isoners is influenced considerably by the type of nucl eophile and
the choice of ligands. OM ng to the abovenentioned inportance of the
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The telomerization of butadiene with nucleophiles such as formaldehyde, aldehydes, ketones,
carbon dioxide, sulfur dioxide, sulfinic acids, B-keto esters, B-diketones, malonic esters, a-
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 butadiene,
25 isoprene 1s an unsymmetrical molecule, telomerization results in formation of further isomers
(J. Beger, Ch. Duschek, H. Reichel, J. Prakt. Chem. 1973, 315, 1077 - 89). The ratio of these

isomers 1s 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.



having at least two conjugated double bonds, in particular acyclic olefins
of the forgml goighz) RX5 RX2 RX1 RX3 RX4 RX6 10 with at |east one

nucl edphi | e, (I) wherei n conpl exes conprising nmetals of groups 8 to 10 of
the Periodic Table of the Elenents and at | east one carbene |igand having
one of the formulae RBRBR3R5 1 R51 RR-~NMN NN SN NC I C I C C
R12 11 RA 17/ -NRA NPANNR / RR RR (IIl) (IV) (V) (M) 15
where RX1, RX2, RX3, RX4 RX5, RX6 are identical or different and are each

Hor a |iAehas sirpasioplecheesubatd thut ete atlomeszdhi fobdtams Gl Scyelic %héﬂhsz'lthCa
aliphatic o aropatlc rou having from1l to 24 carbon atons, 20
are | dent POSIPORIFIcRep roefaied drvgmaials eharuay Sato | hehithe BﬁmﬁJ@blesmpaalmlen

or  unsubghivktd RehiQY € bStoYiv@hibh¥Ghtefsiidohl I Rbavi ng froml to 24

carbon atons,

5 The invention accordingly provides a process for the catalytic telomerization of acyclic olefins

having at least two conjugated double bonds, in particular acyclic olefins of the formula (D

R
Rm ( ) Rx3 (I)
X6

X4

R R

10 with at least one nucleophile,

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

and at Ieast one carbene ligand having one of the formulae

R s 7 5 I?S
R R
RQ/ N\ N\ S\ N/N\ .
” e | c | )[\ C:
7 N R4 N R4 N a N
e e ootk
() (IV) (V) Vi)
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,



O Z. 06183 6 5 or b) a substituted or unsubstituted, nonocyclic or
poI ycycli g arydiggroup having from6 to 24 carbon atoms or c) a monocyclic
or polycyclic, substl tuted or unsubstituted heterocycle having from4 to
24 carbon atons and at | east one heteroatomfromthe group consisting of
N, 0, S, R4, R5, Rs, R: are identical or®different and are each hydr ogen,
al kyl, aryl, heteroaryl, -CN, -000H, -COO alkyl, -COO aryl, -0CO alkyl,
-0CO aryl, -0COO al kyl, -0OCOO-aryl, -CHO, -COalkyl, 10 -CO aryl,

-0-al kyl, -0-aryl, - NH2, OPbﬂ-l@ahliGylltL)ted eN(lﬁukytit)l@d mNh&@E:M& ¥ pﬁ@lﬂé)ﬁ@l%mcuﬂ:
-d, -Br, -1, -OH -CF3, -ferrocen - SG3H, - PG3H2, ere the al kyl
groups have 1-24 carbon Qf‘ﬁﬁ%ﬁaﬂh‘sf%@%f%}? n #pHGps have from5 to 24 carbon

atonms and the radicals a br| hat i c
or aromatic ring, 15 wi Fﬁ @)% ?ﬁo ﬁi[ﬁ&y&&% %%ﬁtgtute - Ui g‘éﬁ?‘g%@?t%"‘fyc‘fielo
of the Periodic Table i shRdng E}Bnﬁmdaﬂ a4 cibonhotfs bt aRadiond heteroaddrB fHb3S theds
catalyst. R2 and R3 are in particular a nmonocyclic or polycyclic ring which

contains at |east one h&oEPEaRBFHINE 6P, f r om anong t he el enents
ni trogen, oxygen and sul fur and rmay bear further 20 substituents sel ected
from anong the groups -CN, -000H, COO al kyl, -COOaryl, -0CO alkyl,
-OCO-aryl, -ROW, &kyl:, aroeEtRsYdr difHR and @R @lcky! , -CO-aryl, -aryl,
-al kyl , ‘0-al kyl, -0- arﬁll -NH2, -NH(al kyl'), -N(al kyI ) 2, -NH(aryI)
_N(al kyl)2, -F, -0, -Brhydrpgen, aliyl, argdreteronsd, CNeCMnﬂQOaE@&HQO@@Hz.
The al kyl groups have fr r &%_9 ups.. hav
from5 to 24 carbon ato %%E%I’ngﬁ@ qﬂgledéggﬁf@lt‘a%lld 9 S‘Dé C%E(so ‘i@ a@?y?
25 theyoPeriodi c Tabl e, 1bobhuigfl, toariii IRRdS -RE(A

%y 1%2 R%r%ndgg? 12'ﬁz)e i dent |cal garyl)

meani ngs. The radical s R2 R7 can
different and may bear atN(B]éfé(Bt, -Bnéﬂ Brbdt iR 6§ N, tﬂaﬁogangUpSngm,siPﬁ;.;Hag

%0000 al ky! , 0000 ary!, Phche AR BRI tave Ao sty A ey grogps ave

-al kenyl, -allyl, -0-al kﬂ)m 5'1@ A dkborr MHas and\Heahdi¥hd R* 2 RF ¥Hy)atso be part of
-NH(aryl), -N(al kyI )2, -F,
a bndgmg aliphatic or aromatic ring,
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 clements nitrogen, oxygen and sulfur and may bear further
20  substituents selected from among the groups -CN, -COOH, COO-alkyl, -COO-aryl, -OCO-
alkyl, -OCO-aryl, -OCOO-alkyl, -OCOQ-aryl, -CHO, -CO-alkyl, -CO-aryl, -aryl, -alkyl,
-O-alkyl, -O-aryl, -NHz, -NH(alkyl), -N(alkyl),, -NH(aryl), -N(alkyl),, -F, -Cl, -Br, -1, -OH,
~CF;, -NOg, -ferrocenyl, -SOsH, -POs;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 consisting of -H, -CN, -COOH, -COO-alkyl, -COO-aryl,
-OCO-alkyl, -OCO-aryl, -0CO0-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, -CF3, -NO,, -ferrocenyl, -SOsH, -PO;H;, 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,



-Br, -1, -OH, -CF3, -NO2, -ferroceriyl, -SQ8H, -PO3H2, where the al kyl
groups haygzf ol to 24, preferably from1 to 20, carbon atons, the

al kenyl groups have from2 to 24 carbon atons, O Z. 06183 7 the ally!
gr-oups have from3 to 24 carbon atons and_t he nonocyclic or polycyclic aryl
groups have fromb5 to 24 carbon atons. 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 ng aci di ¢ hydrogen atons can al so have nmetal or ammoniumions in place
of the ptltalhd groupséavafionas so B2 caibdn Rbnieshdote mdHoeyclRl drpolyHOREHKS] boupd
pol ycycl i?‘ riggq%éc‘%%t aining at |least one 10 heteroatom These are, for
exanpl e,  raYi At 1of8f-i ved from five- and si x- nenbered

het er oal kanes, het eroal kenes and heteroaromatics such as 1, 4-di oxane,
nmor phol i ne, y-pyr an, p ridine, pyrimdine, pyrazine, pyrrole, furan,
t hi ophene Thpyadizdd R) td R slay alse be tbv-Acnlyboandto shcagpltRr, eSPR6 EHE ofX
such radicals R2 and R3 are shown in the table below. In the table
In theable, - in each case indicates the point of l|inkage to the

15 TR S R e R S5 it A e

the protons.
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el ow

The radicals R? and R® may be, inter alia, monocyclic or polycyclic rings containing at least one
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.
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For the puyjpog@gsof the present invention, carbene |igands include both
free tarbehes mhlch can function as I|gand and al so carbenes coordi nat ed
to metals. 5 Suitable netals can be, for exanple, Pd, Fe, Ru, Gs, Co, Rh,
Ir, Nl or Pt. In the telonerization carri&d out by the process pf t he

i nvention, it is in principle possible to wuse all acyclic ol efins having
at least two conjugated double bonds. For the purposes of the present

i nventior, the d@e of co OMe (T), Tn pafticular _
1, 3- but adi yl-1 %i iladlene) I$ preferred. It iis
p055|ble and res in whic¢h these dienes
are prese %qur|5|ng 1, 3-but & |ene/|soprene, preference is

1,3- butadiene| or~i sqpjgne with other C3-, C4-
and/ or CH uch m xtures are|obtained, 15 fo exanple, in
cracki ng production of ethene, in whichjrefinery gases,
napht ha, gas oil, LPG (liquefied petrol eum gas), bNGL (gat ur al gﬁs liquid),
etc, are fractions obtained as, by-product in these
processes Feg &b rpf‘lgjé’sesa‘éfﬁgdaﬁeﬁﬁlt S erHen. ¢ ﬂ%andé r‘%‘é"s?sbm}%' &ee agb;eneaﬁﬁmh eanof
1, 3-but ad land aBoRUf SrhRREs ons in the C4 fraction
obt ai ned ?%%O%I%E%ﬁﬁltﬁhag safsgambg?%s?beFﬁgre @r%’?ﬁ%o to 70% of 1, 3-butadiene.
20 The C4 components n-butane, 1-butane, 1-butene, cis-2-butene,

trans-2- byl et 3001 el BePRE example, Pd, Fe, Ru, Os, Co, R, Ir. Ni or P,

given to

Ahyelr ocar bons.

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 1isoprene (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 comprising 1,3-butadiene/isoprene, preference is given to using mixtures of 1,3-
butadiene or isoprene with other Cs-, Cz- 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 Cy4
fraction obtained from a naphtha steam cracker are from 20 to 70% of 1,3-butadiene.
20
The C; components n-butane, i-butane, 1-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-butadiene, aliene, 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 beforchand (e.g

as described in DE 195 23 335). This can, if possible, be carried out by means of physical



which are |ikew se present in these fractions, interfere only

i nconsequelti ghigs, if at all, in the reaction in the telomerization step.
25 Di énes havi ng curul at ed doubl e bonds (1, 2-but adi ene, allene, etc) and
al-kynes, in particular vinylacetylene can, on the other hand, act as
noderators in the telomerization reaction? It is therefore advant ageous to
renove the al kynes and possibly the 1, 2-butadi ene beforehand (e.g. as
described in DE 195 23 335). This can, if possible, be carried out by neans
of physi calroc@ssés ©6183as9 distiladss esr sexttacasn diPskdibleatchofical @xlckaGtd ORlective
Possi bl e %hgnical_rgﬁiﬁs are selective hydrogenation of the alkynes to

al kenes orYa1ogEHRON A dhe athynes tnallencs e adianas ardtedycioresf the cumpriated diznes to

Met hods of [ tiQns are prior _.art and ar :

descri bed. " OFL" ﬁéé'e@gerrt%?&es,&?ngéﬁg%?g&ygﬁﬁ?%nﬁngf? BoY arbég&_agﬁgﬁgnb% far

US 4 704 492mpls, iksWiiues/ edisn| ERsA 278 ve0ppBcesy afosshe Usweny kon, preference
is given to using conpounds of the formula (I1l1) R -Z-R" (Il1) where to Z

is 0, N(RL"), N(CH2CH=CH2), C(H2), Si(RL")(OH), C=O, C(H) (N®R) or S(02),

viz. -0- A'g'mfci\éoi)hﬂecs"in e ﬁx%@es's? oPthe fn%en'?lio%, preference is cg;n.f%::n W héing compounds of the
formula (II)
R'-ZR" ()
where

10 Zis O, N(R"),N(CH,CH=CH,), C(H,), Si(R'""YOH), C=0, C(H)(NO) or S(Oy),

Vi1Z.

—0—  —N— —N—  —Cc—
-
0
II2 I H ci)
—— o =
OH NO, o)

and R', R"or R"" are identical or different and are each H, a substituted or unsubstituted, linear,
branched or cyclic alky! or atkenyl 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
sclected from the group consisting of —CN, -COOH, -COO-alkyl, -CO-alkyl, -aryl, -alkyl,
-COO0-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 aryl groups on the substituents preferably have from 5 to 24 carbon atoms. -

In a preferred embodiment, compounds of the formula (Ila) or (IIb)

R-0-H (Ila), R'“N-H  (Ilb)
25 |

R"



Od N2 0 and R, RL or R" are identical or different and are each H, a
substltutqgl ?}g@,substltuted |l inear, branched or cyclic al kyl or al kenyl
group-havihg from1l to 22 carbon atom; a carboxyl group 15 or an aryl
group, where the radicals R, R' may be jOIned to one anot her via coval ent
bonds and R and R' may bear identical of0 different substituents, e. g. one
or nore substituents selected fromthe group consisting of -CN, -OOOH,
-COO al kyl, -CO al kyl, -aryl, -alkyl, -COOaryl, -COaryl, -0-alkyl,
-O-COalkyl, -Nalkyl2, -CHO -S@H, -NH2, -F, -d, -OH, -CF3, -NQ2. The
g substituents preferably have from1l to 24 carbon atons

al kyl groups ogfgﬁ
20 and théﬁ%‘%‘/ o@ﬁ“s@?ﬁtlﬁ%@féiﬂ%@?mt%@rﬁrg ewleﬁeﬁébbgiltwmgrmnmhsstm@ Mear

carbon at n he formuil a )
(11b) R - S ?ﬁgﬁ”a‘; Ri] W?FF%)QP’Q%% hagi HRRL D2 B Lokl atopgs, oGl erdl
i dent i cal oprandirflf@sgnindahd radieale RER Hmaa l‘ﬁdﬁbﬁieﬂttblbﬁé' aﬂéthéirnﬁh”éﬁdléditb%gds are
| i near, branched or cycl ic al kyl or al kenyl group having from1l to

car bon %té‘ﬁ%dasdn@éﬁoﬁ@@q group or an aryl group and the radicals Rl R"
may be joined to one another via covalent bonds, are 5 used as nucl eophile
(11). R1 and R'" may bear identical or different substituents, e.g. one or

nor e subst'taarm’s nssl et ﬁiéntlézﬂ%dﬁﬁ@eﬂrﬁ!éﬂuﬁé}ﬁ@e% I8 d?fmor@NubstQ% selected
-COO al kyl, -CO-al kyl, -aryl, -alkyl, -COO Aryl, “-COaryl, -0-al
- 0- CO- al kyfom the. groRy konsistior@f -CYBHOCHHE00A]kY, GICO-althy‘l, 31@:3alky]l\|€]2001ﬁryT,he

fo 24 Cor Bon 02 enei Qi 2l é’iﬂ%%}e%ﬁsh@% " Wi By O
(11 e TR RIRohss bR 16 DY ca AR i o) BREAR ?‘T’e 952 812 Coon

n- pr opanoktomssopr opanol , allyl al cohol but anol , octanol, 2-ethyl hexanol,
i sononanol, benzyl al cohol, cyclohexanol, cycl opentanol, 2-nethoxyet hanol ,
phenol or 2,7-octadien-l-o0l, dialcohols such as ethylene glycol,

1, 2- pr opangdi@leoptiies; RERPAREN Qben %’u%ir%"gn?r&gglip8hnds having the formula (I). Examples
of telogens of the formula (II) are
15 - water,
alcohols and phenols such as methanol, ethanol, n-propanol, 1sopropanol, allyl alcohol,
butanol, octanol, 2-ethylhexanol, 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 glycerol, 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, cthylamine, propylamine, butylamine, octylamine,
2,7-octadienylamine, dodecylamine, aniline, ethylenediamine or hexamethylenediamine,
secondary ~amines such as dimethylamine, dicthylamine, N-methylaniline,
30 bis(2,7-octadienyl)amine,  dicyclohexylamine, —methylcyclohexylamine, pyrrolidine,

piperidine, morpholine, piperazine or hexamethylenimine.



20 1, 2-butanedi ol , 2, 3-butanediol and 1, 3-butanediol, polyols such as
glycerol, @laegsg, sucrose, hydroxy conpounds 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- benzenedi car boxyl i c acid, 1, 4- benzenell 25 di car boxylic acid,

1,2, 4-benzenetricarboxylic acid, amonia, primary am nes such as

met hyl ami ne, ethyl am ne, propylam ne, butylam ne, ocyl ani ne,

2, 7- oct adi’Elggeanimech aodiesydedes be obrimedibye, tﬁEﬁﬂBfﬂg@ﬂﬂﬁdﬂﬁ@fﬂdﬁ_&:aﬁ be élet:dhdilrectly or
hexanmet hyl enedi ami ne, secqndary am nes_such as di net am ne, dethyl am ne,
N- et hyl grﬁ‘?ﬁeﬁ?&?’“@ﬁ 57 S Péﬁc{%&?{@ﬁl}]ﬂ %ﬂf%&"‘,dl@i‘lrﬁpfﬁﬂ | {arengil e sitw from water
met hyl cycl ] s Lai ne, Lperldine, r Ne, ..pi perazine or
oxanet byl oo agEh gy B EEGhE S e RUBRELARS, IR R a Bp SR EE R B
by a tel ombtiizak fran aneamtia el Casbubslisheeelcdi rectly or el se be formed in

situ. Thus, for exanple, 2,7-octadien-l-ol can be forned in situ fromwater
and butadi ene in the presence of the telonerization gaaagygti _ t .
2, 7-oct adi i e iped _fromapnonia an , 33 i , :
Particulagﬁgﬁgre eﬁ?%@ﬂ?£|%5%§§@é$§ &%%@rfmahfﬁ nSﬁ?“@th%HBanﬂ-gﬁﬁaﬁﬁPﬁﬂa
al 1yl al cchmkthoxethaiohphyaslh amglene ngg,%gh,,}gio?mh@ﬁ'&, gly¥&sl,  gldoode, ReR_NEMLR!
gl ycerol, glucose, sucrose, acetic acid, bu anoi c aci d, B . .

1, 2- benzerfedh BaapRIg 9fidcl.aticazenadiepaylicici amphend, demethylaine: dndl diethylemirik0
The process of the invention is preferably carried out in the presence of a
sol vent. As solvent, use is generally nade of the nucleophile enployed, if
it is presS@Ripréeseof thelitiventivitiepreftfbly @atdd R it @R YkdsbARDr 2HBRRKET . Tt TS

al so possible to use other solvents. The solvents used should be largely
inert. Preference is given to the addition of solvents when using

i i t i ds. d t he.reaction conditions
or i - Phe “Ssolvnb e b AhE R ERaR b % i lconRig PRloute d6 St ar dg puigper

reaction cengbatticinsondfitinkaHb® et UG afkol pAebiblSo UsBio®ier&bivants. ®hd BHBLAE used
cycloali phatic and aromati c hydrocarbons such as C3-C20-al kanes, m xtures

of |ower SshouWldpedargdyimzyPrefesnoisaemdy thyaldiont ofiwelveatshyhaysimwciphiles
G aPoc RSt AT HEAE R SR RufaBR 815 %™ procucs whih

would be obtained as solids under the reaction conditions. Suitable solvents include, inter alia,

aliphatic, cycloaliphatic and aromatic hydrocarbons such as C3-Cyp-alkanes, mixtures of lower
alkanes (Ci-Cyo), cyclohexane, cyclooctane, ethylcyclohexane, alkenes and polyenes,
vinylcyclohexene, 1,3,7-octatriene, the Cy-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, methyl isobutyl ketone and diethyl ketone; carboxylic
esters such as ethyl acetate, ethers such as dipropyl ether, diethyl ether, dimethy] ether, methyl
octyl ether, 3-methoxyoctane, dioxane, tetrahydrofuran, anisole, alkyl and aryl ethers of
25 ethylenc 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.

30

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 tertiary and
secondary(gkpgggbs, am des such as acetam de, dinethylacetam de and

di rethyl formam de, nitriles such as acetonitrile and benzonitrile, ketones
such as acetone, nethyl isobutyl ketone and di ethyl ketone; carboxylic
esters such as ethyl acetate, ethers suchls di propyl 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 eneregsyreak famd 1pol3pettay mragraily ol ane 100 bef, pagicalarSPr¥RAbSy FUEN] 35
sul f ol ane, g}"Et yl sul foxi de, ethyl ene carbonate, propylene carbonate and
wat er. | o aFPEfEY%PaﬂHCB}aﬂEPB?fﬁTIaB Viflrrad 2820 &as-or pyridinium salts, can

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

t el oner i zdhithe przasst oOthel idvanion] &dis @déentis! that tetelodNGL afib P Rabllod & cAREFout
preferably from30 to 120C, particularly preferably from40 to 100C. The
reacti oh GOSHE OBLSH bEQEdp?fé@§& eomplexesdravingteart®oe ligands of thef ferratlhy (H) anfVi).t o
120 bar, particularly preferably from1l to 64 bar and very particularly
preferably from1l to 20 bar. In the process of the invention, it is

essent i al Bxagibldshef tLbaRelidanad cOfedpBAGhL AP ths FERRNAEATIOS (V) B @?m lexes in
catal ysts based on netal conpl exes having carbene |igands of” the oPnu ae
(111) to mgh sehnpigasdof argaressat | hayandsen odessibohdimgtieo tetimidabr titdratare

I11 d i whi |_i d h b
Goser i bod (A AERRP COR RNt dpdtyrron viboR, T0Br7asal Arbew EhtmoRt Rebgmil
Chem #P97poL0%s, 2385;7W.A09%V‘fﬁn8a‘ﬁﬁ,em Wdtkambdv, IEQY Bs 1K) W%fesgzg’%éaggh{etwlﬁ’

Herrmann, T. Weskanp, V.P. ohm Advances in Organonetallic mstry,
2001, Vol Chagjsty; 8991,0/0/Békiri-6%0D, Bourioey OeGuefret, P. PGalabbai, GGBeBemntl) aneh:.

Chem Re 40 -91). However, only few exanpl es of carbene
| i gands a#ﬁv'g"gﬁ& @689-82 ring heterocyclic 15 substituents are known

(J.C.C. Chen, 1.J.B. Lin, Oganonetallics 2000, 19, 5113). The catal yst
metal of groups 8 to 10 of the Periodic Table can be introduced into the
process i hloweaer, oorsly wéeys : exajnplesasf netladne cigheseandrphpless Bérb) haetddgclic

formof precursors fromwhich the catalysts are forned in situ. tion a
{5 PSR e fufown 0 CC. bR, T3 L. Greamomeratiice 2000, 79, 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. Kocher, Angew. Chem. 1997, 109, 2257; Angew. Chem. Int. Ed. Engl. 1997, 36, 2162;
25  W.A. Herrmann, T. Weskamp, V.P.W. Bohm, Advances in 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, L1.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



Met al - car bene conpl exes have been described in the technical literature
(cf. W A ergf%nn, C. Kocher, Angew. Chem 1997, 109, 2257; Angew. Chem
Int. Ed é?fg[. 1997, 36, 2162; 25 WA. Herrmann, T. Weskanp, V.P.W Bohm
Advances in Organonetallic Chem stry, 2001, Vol. 48, 1-69; D. Bourissou, O
Querret, F. P. Gabbai, G Bertrand, Chem!3Rev. 2000, 100, 39-91; J.C. C
Chen, U.B. Lin, Oganonetallics 2000, 19, 5113) and are obtai nabl e by

vari ous routes. For exanple, the conpl exes can be forned by addition of
car bene | ipgasibilignis shevephkememnmybtigmets. codfiist et the canhi aead byildLoRanshan.
of the qugnd, spher.e or by breaking ug@of 30 bridge structures. Metal
conpounds BN HEsE deshitenilycoerdnatng beandp(arnsdvent snelseuled) are displaoechils tod
metal s of ghaUPf.8,40 10 of the Periodic Table, e.g. salts or netal

conpl exes 8)ac &% es, acetylacetonates, carbonyls, etc) by reaction with
the carbene ligands. A further Q Z. 06183 13 possibility is the repl acenent
of ligands coordinated to the central nmetal by the carbene ligands. In
this caSeForeds rurpessy §f &isoparsaait invgntionyapkefer¢reegis gblenetnt unnkevwetabs)rbeme
di spl aced | i gands. 5 For the purposes of the present

i nventi on,cg%lpéegg?%%%&egﬁg?%%%% to using netal -carbene conpl exes having the
formula [ LaMoXc][Aln (M) 10 where Mis a netal of groups 8 to 10 of the
Periodic Table of the Elenents, X is a charged or uncharged, nonodentate
or pol ydent at e [FiMartiBAlbo(¥) to the nmetal atomand A is a singly charged
anion or the chem cal equivalent of a nultiply charged anion, L is one or
nore |igands of the fornmulae IIl to VI, bis an integer froml to 3, ais
an intggefwHeteom 1 to 4 X 15 b, ¢ = 0 or an integer from1l to 4 x b and n =
O or an integer froml to 6. The group Ais preferably a halide, sulfate,
phosphat e M ri§ eriete]l opgearpsHakd de,oft e ReplodicyTdde af ehe Flenemd, | Xids abdraaged, or

hexaf | uor ospbhate o rboxyl ate 1pon, among the latter preferably the
acetate i gﬁ&ar etaéps? gocgenﬁag? R pcﬁ%‘%ﬁ&é‘%ﬁ&}ﬂdﬁg&%&f) tg‘?( atoni and
t et r achl onoRal diRdatRargéLitiae Bt MeQhedRaBLHiN M@k & atSliliasUharef Shicat £G4 ba
hexafl uoroferrate(lll), tetracarbonyl cob%ﬂlﬂtf ate. '?'he r%@ﬁoéler%tgat eog?]g(l4 eor
pol ydent atrr¢ ligamid o1 wWie oimuiay I eo WildsBrin integth@ora dngplexes ainté@r S 1 €94 x
Rh, Tr N'b, Pd and .Pt in addition to the carbene |igands are shown in the
formul® (W97 Vg% agintggerifeony & 6 yehanskn £Rer 8y drtsgrsrTanoh to & hal ogen or
hal ogen i on, pseudohalide, carboxylate ion,
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(Il), hexafluoroferrate(1ll), 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, m-aromatic or phosphorus
ligand which coordinates via the phosphorous atom. Phosphorus ligands are preferably
30 compounds of trivalent phosphorus, ¢.g. phosphines, phosphites, phosphonites, phosphinites. If

a plurality of ligands X are present in the metal complex, they can be identical or different.



25 sul fonate ion, am de group, al koxide group, acetylacetonate group,

car bon nmonpexi g,gzal kyl radical having from1l to 7 carbon atons, aryl
radical having from6 to 24 carbon atons, isonitrile, nitrogen |igand,
(fror exanple nitrogen nonoxide, nitrile, amne, pyridine), nonoolefin,
diolefin, alkyne, allyl group, cyclopentadi enyl group, nn-aromatic or
phosphorus |igand which coordi nates via the phosphorous atom Phosphorus
| i gands are preferably 30 conmpounds of trival ent phosphorus, e.g.

phosphi nedf therrubpitierss of Blrospleniligasds phihs fhinmilhe §I) k6 (VB trlat Adlctibiyal Groups,
| i gands X are present in tge metal co Lex, theY can be_identical or

di 71 or ont ToGF 220 JgERAse o mf“ﬁetos%sl?g‘g aors (Frelatimg ardieation) ialraripscited: wre
fornul ae Ghilhbilocdotlihai&fin El’fégﬁlgfa(ﬁﬂi@l(.] .@(@.Uégen S SERC S%zln:ggg%\égrlﬁcgse%?ogs 19,

coordinate to the netal atom ating coordi fation, a

hem | abi | él¢ordination in the literature QC. C. Chen, 1.J.B. Lin
Organonetal lics 2000, 19, 5113). 5 Option b) The netal carbene conpl exes
are farmed in situ from precursors and carbene ligand or a carbene |igand
precursor%§$ﬁn%§ precursors of the netal conplexes of groups 8 to 10 of the
Peri odi c ble, it is possible to wuse, for exanple, salts or sinple

conpl exes Tht rhétel nmbades corfipiex@xamplogmed tidlsith il §frecui@irdland 268JeAé eTandRt &
acetyl acetonates, netal carbonyls. For the purposes of illustration, sone

speci fic EXRER BEANGPGEHORdI um conpounds are 15 pal l adiun(l1) acetate,
pal l adiun(11) chloride, palladiun(ll) bromde, lithiumtetrachloro
pal | adate, palladiun(ll) acetyl acetonate, palladiunm0)-di benzyli deneacetone

conpl exes As ppedursoté ok Inictplr @pipaas of ghiupk 8agtionittikd Peldad frasle ltd Jossible to
chl oride, bis(triphenyl phosphine)- palladiunm(ll) dichloride,
bi s( benzoHf% fPT eXguaie.awite of ISTRple oswiaxes obitky melaln fonexamio optil ialides, metal

pal | adi u n f.the.other netals of groups 8 to 10 of
gg%atﬁgggffegﬁggﬁla«?&gﬁ? gi%ta? c%rtgor%ls.

t he Peri can éw sée €d. The carbenes of the fornul ae
(f) to (M) are used in the formof free carbenes or as netal conplexes or
are generated in situ from carbene precursors. 25 Suitabl e carbene

pr ecur sor E0htke Huaposex Lfpillistration, ssapie tshecifiardyempieshalipafjadibe tompubmis are

(Vi )lst Opaliaéhzm(ﬂ) acetate, palladium(ll) chloride, palladium(Il) bromide, lithium tetrachloro-
palladate, palladium(Il) acetylacetonate, palladium(0)-dibenzylideneacetone complexes,
palladium(I) propionate, bis(acetonitrile)palladium(If) chloride, bis(triphenylphosphine)-
palladium(Il) dichloride, bis(benzonitrile)palladium(Il) 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 (IIl) 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 (V) to
(XI),



O.Z. 06183 15 RB R3 NRN-N (VII!T) (IX) Il NN RAZ N R2ZY R2Y (X) where
R2, R3, Ri4p Ros 186, R are as defined above and Y is a singly charged
anionic group or, corresponding to the stoichionmetry, part of a nultiply
charged anionic group. 5 Exanples of Y ar? hal i des, hydrogensul f at e,

sul fate, phosphate, al koxi de, phenoxi de, %Ikylsulfates, aryl sul f at es,
borates, hydrogen carbonate, carbonate, alkylcarboxylates, arylcarbonates.
10 The carbenes can be |iberated from the correspondi ng salts of the

car benes, |f5apprﬁpr|ate by rqa%tlon with an additional base. Suitable

bases are, ;tz& npl e, aI hydri des, taI al koxi des,

car bonyl meR nmet aI | at es, des or aN hydrOX| des.

The concenty at on/ f the cat |y forrrall rted inp ss) of

cat al yst n%t‘?;ﬂ”‘bﬁsed on "‘tot al +from 0. O%p *to 1000 ppm
fr

preferably Fa70m0 5yto 1 ppm | particu arIy rgferalﬂ h-to 50 ppm
Theratlo[m)I/ ] of carbene R'o netal |sfr1i§m0 011t02 1, preferably

from1l:1 to 10 parti cul y preferably,from1:1 to 5 I n addition
to the car beneaf &an furtxf)dr) | i gands, cﬁd 20 exanpl e p&giphor us |igands

such as triphenyl phosphl ne, may be present in the reaction mxture. Ow ng
to the catal yst ac}lwtles and stabilities, it is possible to use extrenely
smal | arTDlWheSe aI"t aRy,sR iRi ardaes @q:fmads&aomef ath¥ is aiyly ofargAP&ibnit lbedtipdor
procedure in wh é EI Zaln i s reysed, 215ythere|s al so the option of
not recyclHERR m@é? qReqie é%‘le reuliglyehareed appniseBaRiescri bed i n
the patent literature (WO 90113531 US 5 254 782, US 4 642 392). O Z. 06183
16

Examples of Y are halides, hydrogensulfate, sulfate, phosphate, alkoxide, phenoxide,
alkylsuifates, 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, metal 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 1 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).



It is often advantageous to carry out the telonerization reaction in the

presence @fzb@gses. Preference is given to using basic conponents having a

pKb of |ess than 7, in particular conmpounds selected fromthe group

consi sting of am nes, al koxi des, phenoxi izs al kalinetal salts and

al kaline earth netal salts. 5 Suitable basic conponents are, for exanple,

am nes such as trial kyl am nes which may be alicyclic or/and open-chain,

am des, alkali nmetal salts or/and alkaline earth netal salts of aliphatic

or/and ar dnet diterc adtosagkdus webatsy oet the mdehaizadon peafibnniatias préenaoaf ©8sesOr
car bonat es, h%rggencar bonat es, al koxj des of alkali netals

correspondi . .

and/ or al Eéﬁr}%ﬁgceeﬁr £YyeR do S1G KETPARIES haipg o gk s dsisniea s/, o/ pasticular
hydr oxi deggmpéaide alRkid Hoh ititd] Lk sipum. s cal ci um . magpesi

cesi um arr?*rlgﬁi um efnd phosoﬁéon?gll%ﬂ%o%gghtn s‘.)f @?ﬁ%r%@@ld%&iaﬁ nlo\gleds? s’a%gaehme A
hydr oxi desalsfandlakaline emtlainstabsudtsal kal i ne earth netals and netal salts of
the nucleophile of the formula (I1). 15 In general, the basic conponent is
used i an anount of from 0.01 nol % and 10 nol % (based on the ol efin),

pref er abl Xufcte{b%nb?%}o} c{gﬁ‘lpzéﬁérﬁs %rMo%e?&qP 62 %Xlixg)e%r{dcﬁ ués%gcyfaglﬁ%gsr ?’VW/ %?igeof

0.2 nmol%to 1 no e process 0 ernvention,

di ene usedlidyolituslaad pipeh-ehsinedmidesf Bkal ROal sAR0ot/shdl Mafine RESE ehahl Yk rgm
1:50 to 101, particularly preferably from1:10 to 2:1. The process of the

i nvent i ond#iRtipe OFERG | @aMBtie  ewhexvivousid, of-&baacetatelss eprapignates, nbenzoates, or

trict i.cul f . tor.. | r eact
5wt on posoldife UaBofttes Bidb GcRbah L SRkideF 37 b gt R Skl "
cascades nfetald, i phogshavess hglh®geiphowpiatdesr aadhy@opdeL st RfHly 3P 1Rk, ndlihpns

of various reactors are also possible, for exanple a stirred tank reactor
connect edPORSIENAGHEHy BRI eaiyBl, aleotfivn| apdiphgspheaipi esmpéundst Prafeeretihe

i nventi on_w:thout r I et i 2 scope of e pat ent plication. O
06183 17 g&é%ﬁgeﬁge mi%e;sh;g@azk@ﬁl&%s ard alkhin P Bt tnettPRna e CSies 3 the
nucleophile of the formula (II).

15 In general, the basic component is used in an amount of from 0.01 mol% 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.



N.N PPh3 NI1J CJI >Rh(COD) Il ~RhL ~C: NN CIN C[, PhN PhMesMes TfOM es
B-1B- 2B- 3By 4 &iBs = mesityl (2,4, 6-trinethylphenyl); COD =

1, 5-cycl ooct adi ene; the bonding of the heterocyclic carbene ligand to the
metal is, as in the technical literature, shown in the formof a single
bond rather than as a doubl e bond;, TfO 27 vi f1 uor omet hansul f onat e Exampl e
| - Telomerization of 1,3-butadiene with nethanol 211 g of degassed

met hanol , 589 g of 1, 3-butadiene, 1.20 g of sodi um hydroxide, 50 g of

cycl ooct alisagnpigser nal GC st andard) and 0.50 g of 4-t-butyl catechol were
placed in a 3 liter autoclave (fromBuchi) under protective gas and heated
to 80C. 0.0494 g of palladium 10 acetyl acetonate and 0.1078 g of the

conpound [5-TeThoXyh, 3, 4TT T pRedyt =4, S-difhydr gedt—1, 27 4=t riazotippgf+rom
whi ch t he carbenel\i 1 can be fornmed by ellim natl opppf netihanol ) were
separatelly diss g in 48. of degasse ol 3under prote Nve gas.
The react|i on vva arted by i 23 u f'on (frloma resg-ure
burette) |i nt opg I“‘;\ut ocl ave aﬁid tche cour ge N th@[ reactijon wa ni t or eg

by gas-chromat ogr a;ﬁ’hi c anal ysumes of sanpl es taig;@gl at yregullar 15 intervals.
After 180 m nutes, 18% off the butadi ene had reacted, andthe sel ivity |of
the reagtion t&2, 7-oct adi en- 182 met hyl] et her Bs8s > 96.[8% accqy ing to
gas-chro ographic anallysis., Exanple 220 Synthesis of {the conplex B-2:
60 ng of m(eom)e@n]lz(z(,% mm@&yﬁﬁeqﬂ}mCDIar% fsgcbyastibnt; the Mboring! K the

mte rature with 76 of the carbene
(t it r ahydﬁ&ér%g}? rpc caH)ene ﬂ e met 18, as 1r1r1p t%e technical literature, S?lgm in the form of a

single bond rather than as a double bond; TfO™ = trifluoromethansulfonate

Example 1 - Telomerization 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 palladiam
10 acetylacetonate and 0.1078 g of the compound 5-methoxy-1,3,4-triphenyl-4,5-dihydro-1H-
1,2,4-trazoline (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 mtroducing the solution (from a 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 minutes, 18% of the butadiene had reacted, and the selectivity of the
reaction to 2,7-octadien-1-yl methyl ether was > 96.8% according to gas-chromatographic

analysis.

Example 2
20 Synthesis of the complex B-2: 60 mg of [Rh(COD)C1]; ( 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 is dissolved in CH,Cl, and filtered.
The CH>Cl; is removed under reduced pressure, the residue is washed with pentane, filtered off

25 and dried under reduced pressure. The yicld is 82% (110 mg, M = 550.97 g/mol).



(M= 304.3 g/mol) dissolved in |l m of THE while stirring. The solution is
stirred f@sz3pheyrs, the THE is renoved under reduced pressure, the
precipitate 1s dissolved in CH2A 2 and filtered. The CH2C 2 is renoved
under reduced pressure, the residue is hed with pentane, filtered off
25 and dried under reduced pressure. Th% eld is 82% (110 ng, M = 550. 97
g/nmol). O Z 06183 18 Exanple 3 Synthesis of the conplex B-3: 113.6 ng of
B-2 (0.21 mmol, M= 550.97 g/nol), dissolved in 5 m of THF are adm xed at
RT with 5&xemptef3 AgOTf (0.01 nmmol, M= 256.94 g/nol) and 57 ng of PPh3

0.21 mol,, = 262.28 g/ no dissolved.in 10 mM of THF. The AgCl which 5
E)r eci pit alsé’étMF§s f’? Fzr’(eecioé‘%ﬂ??‘f bz%iﬂd?’@ﬂégﬂflﬁ‘? £0-?éﬂﬁv@d%ﬁd%ﬁo-9r7®mg@@ddb$@§@hme.

The resid i - J i rt of e 2, ]
r enoved uggrélréfrz ij?@‘a agﬁgleﬂs? g Grat TR %jo%ﬁorefigg(?gfjﬁ)og@cmﬁqla%a ﬁ?{%}% %{n}(’l?)t e
CH2Cl 2 by 5@d of BRh:of0. JemhmielM £ 262 28 agmof)fdissshehed 10k PENE a0k ALY \xﬁlﬂi(‘;]l_lgd

under reduced pressyre. The yield is 171.8 ng, 90 % (M= 926.88 g/ nol).
Exanpl &s BresHytatss dphiltersd ofemd dbe THF 18 Franavst ginder rednded pressurbuThedicsidae isi telken

met hanol : IR , ppropriate ampunt of catalyst [s
di ssol vedu#rllnn?g%?ggmg?égre%ﬁgé%w&%nc e":tel b%o[t%glgte ‘F%“‘g%é% PICEU i Cf’glpiex
adm xed wid predipftatedtifddasadiitio CH, 0P, ByBaditionbf patdnd uliReidese Wsad) Al sQidm
met hoxi de (base) and 5 ml_of isooctane (internal GC standard). 15 The
reaction 30 disdwndesredyendayeshte FhelvigkhisilAl 8 mad0ed M at26.88u/mol)ave (100
m autoclave fromParr), the autoclave is cooled to T < -10C and 13.6 g of
1, 3-but adi ene are condensed in (anmount determ ned by |oss in nmass of the
but adi ¥neEssmpks Bahd be). The autoclave is warnmed to the reaction

t enper at u?j%ﬂamii t hen cooled to roomtenperature after 16 hours. Unreacted

1; 3- but ad"ERE" 8! Methoditardhe telamgrization of hupdieng sithcmethanoly neans of dry

ice. The i ! i r i | y:ze i
chr omat ogr ooy TR Al ek 6 bfhoRAge RhEE T ERE SRR e RNt ot
carried outder npratectivelanse Thet dolithe igadsiald WehNoGnslSi MBaskleort ARP! xRSt Brf2

and B-3. %rgﬁ)re ction tenperature was 90C. 25 The main product obtained in
t he reacttor eng s rhepanim methpxifledhase) ang § seluadtiyooctane (mgkanali@@ standard).

ol gt acads 806 LSBT T o 21T

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 info 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 1-methoxyocta-2,7-diene (n product). In
addition, 3-methoxyocta-1,7-diene (iso product), 1,3,7-octatriene (OT), 1,7-octadiene (OD) and
vinyleyclohexene (VCEN) were formed.



19 Ex. MeOH : Cat.Rh Base n+iso n :iso Or+0Ob+VC TON

No. but adi le%[ |~ [ Mol - [AQ[AQH [ 41:2B-20.02114.697.7:2.32.4219
51:2B-30. 02111.195:52.752 n + iso = Yield of n product and iso product n :
iso = Ratio of -n product to iso product QI+OD+VCH = Yield of
1,3,7-octatriene, 1,7-octadiene, vinyl cyc]|9ohexene (total) TON = turnover
nunber Q Z. 06183 20 Clains: 1. A process for the catalytic telonerization
of acyclic olefins having at | east two conjugated double bonds (1) 5 10
Rx1 Rxs RxZExRxB Me®H :af ChtepstRione] nBadeeophidien [(T ) -8ber|@dN-GOANEXESN
conprising _netals of groups 8 to L0 of the Perijodic Table of the| El eents

and at | dad¥o-onbutgdienehe | |eldehdMalgebnel6l the Pdr myl acH 3]
4 1:2 B-2 | 0.021 1 4.6 97.7:23 2.4 219

3 1:2 B-3} 0.021 1 1.1 95:5 2.7 52

n + iso = Yield of n product and iso product
n : iso = Ratio of n product to iso product
OT+OD+VCH = Yield of 1,3,7—_0ctatriene, 1,7-octadiene, vinylcyclohexene (total)

TON = turnover number



RS 1l NC4 NR4,-~~-NRR2 R (IV) 15 where RX1, Rxa Rxs Rxa Rxs RX6 (V) are
i denti cal géffg,erent and are each Hor a Ilnear branched, substituted or
unsubstitu ed cycl ic or alicyclic aliphatic or aromat i ¢ group having from
1-to 24 carbon -atons, 20 R2; R3: are identical or different and are each a)
a linear, branched, substituted or unsub®tituted cyclic or alicyclic alkyl
group having from1 to 24 carbon atons, or b) a substituted or

unsubsti tut ed, nonocyclic or polycyclic aryl group having from6 to 24
carbon at &38iMs:7 06183 21 or c) a monocyclic or polycyclic, substituted or
unsubsti-tuted heterocycle having from4 to 24 carbon atons and at | east
one heteroatomfromthe group consisting of N, O, S, 5 R4, R5, R6, R7:are

i dentical jor diff fescesd f@ln@h@rcgta%ghtewr&gﬁ& i %}lic acflé’%% ﬂ%}i%ﬁf{lrl\éﬁm gV

-000H, -COO al kyl', -COO-aryl, -0OCO alkyl, -
-OCoo-aryl , @@Jugmwmbonds@) aryl, -0-alkyl, -0-aryl, -NH2,
- NH( al yI), -N(al kyl' )2, -NH(aryl), -N(alkyl)2, -F, -d, -Br, -1, -OH,
-CF3, - , -ferrocenyl, -S@H, -P®H2, 10 where the al kyl groups have 1-24
carbon atons and the aryIX5gr oyps have

' R R

X1
R r ) Rxs (I)
X6

X4

R R

with at least one nucleophile,

10 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

8 R’
R5RA N/hlj\
R4 I c: c. A c
R7“‘*r?1 '?] R* \
R? R’ R?
(111} (|V) (V) (V)
where
15 R*!, R*2 R¥® R** RS RX¢ 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,
R%: 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



from5 to 24 carbon atons and the radicals R4 and R5 may al so be part of a
bri dgi ng ahizpbétgsc or aromatic ring, with the proviso that when the netal

of groups 8 to 10 of the Periodic Table is Pd, R2 and/or R3 have the
nmeaning c¢), are used as catalyst. 15 2. The process as clainmed in claiml1,
wherein R2, R3, R4, R5, R6 and R7 are identical or different and have at

| east one substituent fromthe group consisting of -H, -CN, -COCH,

-COO al kyl, -COO-aryl, -0OCO al kyl, -0OCO aryl, -0COO al kyl, -0COO aryl,

-CHO -CO al kyl, -CO arylbr ¢} amphpcycht onbolyejadlilc;aﬂgblbtitutedld(ryl:niutlrs?ﬂﬁéd%terogcle
-0-aryl, -NH2, 20 -NH(al kyl.), -N(al kyl)2, -NH(aryl), -N(alkyl)2, -F -d,
-Br, }II, -OH, -CF3, -ﬁnz,ﬁg"‘}% éﬁoﬁbgéﬂ (+ carhgingtpms pigs pbleaiipae detareaten fjgm the

groups have from 1 to 24,.4he.aikevlr ps have from2 to 24 carbon
atons, the allyl groups %vg Prémﬁ% tg\l’%’%&lar bon atons and the aryl groups

have fromb5 to 24 carbon atons. 25 3. The process as clainmed in claim1 or
2, wherein a nygles¢ Qi%ﬁ of, the formula (1l1) R-Z-R" (Il) where Zis O,
N(R1"),? S(OZ),ﬁﬁl(%R%") CRiF Identiep! eydipyrentandyarae®El or 30 N( CH2CH=CH2) and
Rl, R1' or RL'' are idengj LOundi fLar ahe | H, sybsti ed . or
unsubstituted, |inear, br%‘%@ ol 2l ’c{lilr ﬁéc}grg?ﬁ?fl %E)Nfe a y]c@gﬂ%’?’h“g#%ﬁryl’
froml to 22 carbon at omOC@-aikylbogO-GYioUOCTO-akyRI-DICAD-AHA, -OHO! SO,
radicals R, R' O Z. 06183 22 may be joined to one anot her via coval ent

bonds and R and R' may dedrryldeRraledi -Qraryldi-Nibr eNH (alkpidt i adnd)s, -NH(aR,
process as clainmed in at_ one of ¢l ai g1 3yWherein co n f
the 5 formula (Ha) or (IIF(%?@QZ’-g (|E?ra) ; r@{’- SPEI’ %Q%)‘t%rfﬁcwgr'ga%’,g@ﬁﬁ&re
identimal or different antlerribe ekohgidupahaubis?d batbel a@msWAURS iyt BloBfs have

| i near, branched or cyclic al kyl or_ alkenyl group having from1°to 2

carbon atons, a car boxyfoRrbip2drarken ek and eradinds Rnend Bdimsgl adsorde paR of

may be joined to one ano&Qﬁ&gingiaﬁpﬁ:aﬁg%lrgr%tma%%rhqqsg; are used as nucl eophile.

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 RZ, R3, R4, Rs, R® and R are identical or
different and have at least one substituent from the group consisting of -H, -CN,
-COOH, -COO-alkyl, -COO-aryl, -OCO-alkyl, -OCO-aryl, -OCO0-alkyl, -OCOO-aryl,
-CHO, -CO-alkyl, -CO-aryl, -aryl, -alkyl, -alkenyl, -allyi, -O-alkyl, -O-aryl, -NH2,
20 -NH(alkyl), -N(alkyl)2, -NH(aryl), -N(alkyl)2, -F, -Cl, -Br, -I, -OH, -CF3, -NO2,
-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 5 to 24 carbon atoms.
25 3. The process as claimed in claim 1 or 2, wherein a nucleophile of the formula (II)
R'-Z-R" (O
where Z is O, NR'™), S(0)), SiR")(OH), C=0, C(Hy), C{H)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



15 5. The process as claimed in any of claims | to 4, wherein water,
al.cohol s, (pheggles, polyols, carboxylic acids, amonia and/or primary or
secondary am nes are used as nucl eophiles. 20 6. The process as claimed in
any of claims 1 to 5, wherein 1,3-butadiene or isoprene is used as acyclic
olefin (I). 7. The process as cl ai ned in«%hy of claims 1 to 6, wherein
1,3-butadiene in adm xture with other C3-, C4- and/or C5-hydrocarbons is
used as acyclic olefin (I'). 25 8. The process as clained in any of clains 1
to 7 carried oumay be mied tvemt anwvdher eiatdoealemusin@orhd RE abhl IR A hesr idBRidl or
organi c solvents_is/are used as solvent. 9. The process as clained in any
of clainms 1 to%TCrGHsPRItHUSTS ratio of carbene ligand to 30 netal

[mol /mol] is fromO0.01:1 to 250: 1.

4. The process as claimed in at least one of claims 1 to 3, wherein compounds of the

5 formula (lia) or (IIb)

R-O-H (ITa), R-N-H  (Ib)

k'
10

where R', R arc 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, wherein 1,3-butadiene or isoprene is

used as acyclic olefin (I).

7. The process as claimed in any of claims 1 to 6, wherein 1,3-butadiene in admixture with
other Cs-, C4- and/or Cs-hydrocarbons is used as acyclic olefin (I).
25
8. The process as claimed in any of claims 1 to 7 carried out in a solvent, where the

nucleophile (II) and/or inert organic solvents is/are used as solvent.

9. The process as claimed in any of claims 1 to 8, wherein the ratio of carbene ligand to

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



